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Terms and Conditions dfisefor Free Software

The polyFORTH system and its ~ source code and documentation is made available to you for the express purpose

of facilitating your successful use of our chips. By accepting it, you agree that we (GreenArrays, Inc. and
FORTH, Inc.) make no warranty of suitability or correctness, no gua rantee of future maintenance, and no
guarantee of upward compatibility; and you agree that you will use it at your own risk. You may redistribute the
system with your own software for our chips added , but all disclaimers and restrictions must be carried f orward
with each distribution. In addition, so that we may provide appropriate support responses, you must clearly

identify which versions of polyFORTH ® and arrayFORTH ® your distribution is based upon, and include in your
redistribution a complete list of any changes you have made to those systems for your application. In addition if

you have made any changes to a trademarked product you must label your distribution as "based on", not "as",

the trademarked product. It is recommended that you include unch anged versions of the software upon which
your work is based so that anyone may confirm your lists of changes and accurately grasp their effects.

Unless specifically noted otherwise in the documentation accompanying any software distributed in our releases
that software may only be used with chips manufactured by GreenArrays.

Otherwise, you may make as many copies of the software as you wish, and you may distribute it without any

changes whatsoever to whomever you wish. Any changes you might make to the so ftware, any works you may
derive from it, and any software you develop for our chips using it, are entirely your property to do with as you

please so long as you respect our trademarks and use them only with our chips as noted above, and so long as

you req uire those to whom you sell or deliver your software to agree with these same terms. For example, if you

create an enhanced version of arrayForth and wish to market it under your own name as a different product,

that is your right. If on the other hand you have or make chips or FPGAs that run an instruction set like ours, or
buy chips similar to ours from someone else, you are prohibited from using our software on your chips without

our written permission.

polyForth® was ported to the G144A12 by GreenArrays , Inc. and we have been granted permission by FORTH,

Inc. for use of its Registered Trademark as well as for making its model available publicly. You are authorized to

use polyFORTH as a development tool for systems and applications that run on our chips. You are not authorized
to use this software with other chips than ours, nor to port it to other computers than the F18A, without a

polyFORTH license from FORTH, Inc.

Do Not Use this software unless you understand and agree with these terms and conditions!
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1.0 INTRODUCTION

The polyFORTHSD4 Reference Manuak designed to provide a reference source for the most common features
of the polyFORTH integrated software development system. We assume at least an elementary knowledge of
Forth, of a level consistent with having studiedstarting FORTHand attended a plyFORTH programming course,

or the equivalent. If you are new to Forth, we encourage you to begin learning by readiggarting FORTH
carefully, working the problems at the end of each chapter.

This Reference Manuais primarily intended to describe how a programmer can use polyFORTH to solve
problems. This is a rather different goal from explaining how polyFORTH works, but it is a practical necessity for
the new user of a polyFORTH system. This manual is also organized to serve experienced programmérs weed

to check some point quickly.

We also highly recommend that you spend some time actually reading the polyFORTH source supplied with your
system, about 40 pages of program source with extensive embedded documentation. polyFORTH was designed to
be highly readable, and the source listing offers many examples of good usage and programming practice.

7A AATT1T O AT OAO OAI 16 DPilU&/I24( AT 11T AT AOq DIl U&/I24( E
need or use identical components. What we can dopsovide a detailed exposition of the most valuable and most
commonly used features and facilities of the system from which your application begins.

FORTH, Inc. supports polyFORTH for a growing number of mini and miecomputers. Since hardware is unique
for each computer, it is not feasible for this document to cover every feature of every computer supported. This
Reference Manugbresents features common to all polyFORTH systems. In discussing features that are hardware
specific, particularly dictionary structure, high-level object format, data base management, and peripheral drivers,
an idealized model of a polyFORTH system is used. Refer to the @BEkific supplement that accompanies each
system for specifics of that system.

1.1 FORTH LANGUAGE FEATRES

Many of the following topics are treated in a tutorial form inStarting FORTH This section highlights special
considerations arising from the polyFORTH implementation. More detailed technical discussions of gerdis
covered here will be found in lagr sections of this manual, especially Section 2.0.

1.1.1 Dictionary

4EA AEAOQOEITAOU Ai1 OAET O All OEA AgAAOOAAT A O1 OOET A0 i
routines are entries predefined in the dictionary that become available when thsystem is booted. Eletves are

definitions that are optionally compiled to the dictionary just after booting. Usedefined words are entries that

you add subsequently. System and elective definitions are available to all users in a mulier configuration,

whereas userdefined words are available only to the user. Otherwise there are no differences in size, speed, or
structure. You may make user words available to other users simply by loading them with the other electives.

The dictionary is the fundamental mechanism by which polyFORTH aléates memory, and by which Forth |
PAOAEI OI O-OAAURAT T PAOAOGEIT T O8 "AAAOOA OEA AEAOET T AOU OAc
understand how to use it. You may wish to review this material iBtarting FORTH
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The dictionary is a linked list of variablelength entries of Forth words and their definitions. It grows toward high
memory; each entry points to the one that logically precedes it (see Fig. 1.1). The next available cell at the end of
the dictionary is pointed to by the variableH. This address will be put on the stack by the wordERE

The dictionary is searched by sequentially matching names in source text against names compiled in the
dictionary. To speed dictionary searches, the dionary is organized in eightlinked chains of approximately
ANOGAT 1 Al CcOES I xT OA xEI 1 AA A OTA ET T1TA 1T /&£ OEAOGA
AT A OEA OOI AAAOI AOUG6 ET xEEAE OEA xI1 QlArieE &hdStaftidgkORTA | O
p. 219)- The search follows the selected chain until a match is found or the end of the chain is reached. Since the
latest definition will be found first, this organization permits a word to be redefined, a technique that ifequently

useful.

T P
> M
)

Higher memory addresses

Maost recent definition

(in any chain)

— Previous definitions

Fig. 1.1
The Atopd of a Hpsimstdtise nakiacatlable byte; thgre is a copy of Hfor each user in a multi-
user system.
I OO01T AAAOGI AU EO A OOAOGAO 1T &£ OEA AEAOET 1 AOQdike thhdel OAET ET
vocabularies present in all systems and these are available to all users on aergrant basis:

Word Description

FORTH #1171 OAET O All OOUOOAI 6 -Artrdni pariioA @ anfapplzationrOEA OEAOAA OA
EDITOR Contains commands used to edjiolyFORTH text.

ASSEMBLER Contains commands used only in code definitions (epodes, etc.).

In addition, each user in a multiterminal system may have his own prate dictionary, which may contain words
added to the standard vocablaries. Each user has private variable called CONTEXTwhich tells the text
interpreter the order in which to search the vocabularies. All private dictionaries are linked to the public
AEAOEIT T AOUh xEEAE [ AAT O OEAO A OAAOAE x Entolgh Iis0phivat® E
definitions before searching through the shared dictionary. This has the effect of protecting private portions of
the dictionary from mistaken or unauthorized use.

OE/

* In the second edition; p. 242 in the first edition.
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Cells containing the address of the “top” of each chain
.J\“
CHAIN = 1 2 3 4 5 6 7
Ve addr ‘
A code
link name addr -4 Most recent definition in Chain 0
.
link name Sode - Next most recent, etc.
e addr
.
link name cade
P addr |
!_\A
- 8 ame code - Last entry in Chain 0; zero
addr value marks the end
Fig. 1.2

Diagram of the logical structure of the polyFORTH dictionary. Logicallycons ecuti ve definitions don
in contiguous memory.

The essential structure of all dictionary entries is the same for all words and is diagrammed in Fig. 1.2. The first

cell, called the link, contains the location of the precedg entry. This speeds up searches, which start at the
OOAAAT 66 AT A 1T &£ OEA AEAOEI T AOU AT A xi1 OE AAAExAOAO 01 O
of a word is always found. In a developed application, where the user is dealing withe highest level of the

program, this process optimizes search time.

The second cell of a dictionary entry contains the count of characters in the name field, followed by the first of
three or more characters of the name. The name may be longer, depemglion what the value of the user variable
WIDTHwas when the definition was compiled, and how long the name iSWIDTHsets the maximum number of

characters which will be saved when a name is compiled. On processors that require addresses to be on-even
byte addressesWIDTHshould be set to an odd value. On most machin&g)DTHworks with any value from 3 to
31.

WIDTHis a variable, two of whose bytes are used separately. The lowest addressed byte holds a character count
up to 31, to be used as the maxiom character count of the next definition. The next byte dfVIDTHstores a
default value (also up to 31), to which the lowest addressed byte is set after each definition. Most of the

polyFORTH nucleus is compiled using threeharacter names, soNVIDTHin the system as furnished is set to the
hex value 0303. If you want to chang®/IDTHto compile a 3kcharacter name, you may do it two ways. Using:
31 WIDTH C!

changes the lowest addressed byte only. After the next definitiod/IDTHwill again be set to 3. You may get the
same offset by usingthe-j OOE1T AA6 q A I~ précAdindadefinifo® $eis\IDTHto 31, specifying that the
next definition only will be compiled to its full width. For example:

: CONTEST ... FORTH words ... ;

~: CONTEXT ... FORTH words ... ;

Revised 8/25/12 3
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: DABBLE ... FORTH words ... ;

Introduction

In this example, three definitions will be created. The entries foDABBLEand CONTESTwill each have names
with three letters and a count. The entry folCONTEXTwill contain all seven letters. The wods CONTESTand
CONTEXTWwill not interfere with each other. If their order in the dictionary were reversed, CONTEXTwould never
be found by a search beauseCONTESWould be found and executed by each search f&RONTEXT As a result, it
is important that such name conflicts be resolved by always using ~ with the most recent of the conflicting pair.

417 1T AEA A OPAOIWDTAD O

HEX 1F1F WIDTH! DECIMAL

AEAE QAOA B

op

(hex 1F is 31 decimal)

O00Aq4

This changes both bytes 0fVIDTHto 31" Remember: WIDTH C! stores a byte into the lowest addressed byte of
WIDTH while WIDTH 1+ C! stores a byte into the highest addressed byte &¥IDTH andWIDTH ! changes both
lowest and highest addressed bytesNeveruse31 WIDTH! , which pus 0 in the default byte ofWIDTH rendering
all subsequent defhitions invisible (becauseWIDTHwill be thereafter set to 0).

“Head” of the definition (for dictionary searches)

Name Field

Link
Field

Count

Field

Locate
Field

l ‘
Address of pre-
vious definition

Block# of source
(optional)

Char | Char

Count

“Smudge” bit

Precedence bit

ar'd
Char

1% 2" Code
Field

‘ Address of
execution code

Parameter
Field

Truncate bit

Structure of a dictionary entry. The actual byte order and position of bits varies somewhat with each CPU; see

Fig. 1.3

the polyFORTH ISD-4 CPU Supplement for the correct order for your system.

The use of three characters and a count gives you far more flexibility than a simple limit on the number of
characters, and saves a substantial amount of space in comparison with compugiall names to full width, but it
does require uniqueness in the length and first three characters. Any characters other than space, backspace and

carriage-return can be used as part of a name field.

Although the name field is arranged in each implemen@E | 1

O T POEI EUA AAAE

i AAEET A ¢

general model in Fig. 1.3 is followed whenever possible. In this example, since the longest allowed name field has
31 characters, and needs only five bits to express a count, the byte taining the count in a dictionary entry has

its three most significant bits available for other purposes.

The most significant bit, bit seven, is used as the

* On 32bit sytems such as the M68000WIDTHis a 16bit cell. Therefore, to change both bytes at once you would use the

phrase:

HEX 1F1F WIDTH W! DECIMAL

Revised8/25/12
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precedence bit. When the precedence bit is set, the word is executed by the compiler at compile time. The
precedence bit is set by the wordMMEDIATE, and is used for a few special words, such as compiler ditees.

The precedence bit is set to zero for most words. Bit six is reserved for future use by FORTH, Inc. Bit five is the
001 OACA6 AEOigis set7theAnord i Eésible t a dictionary search. The smudge bit is set by the
compiler when starting to compile at the beginning of a colon definition, to prevent unintentional recursive
references. It is reset by the semicolon that ends the defiion. This is accomplished by the worcSMUDGEwhich
toggles the smudge bit of the most recent definition, setting it if it is reset and viegrsa.

In another common arrangement the most significant bit of the cell containg the count and first charater
remains the precedence bit, but bit seven of the cell is the smudge bit. Consult y@PU Supplemerfor your

i AAEET A6O AOOAT CAIi A1 08 4EA AEAEOOO AAIl AEOCAO OEA TAIA
definition. This pointer i0 AA1T 1T AA A OAT AA mEEAI Ao AT A PTET OO O 1 AAEE
word.

For aCONSTAN,Tthe code field address refers to code that puts the value of the constant (which is in the second
cell after the name field) on the stack:

— Truncate bit

Locate Link Count Code
Field Field Field Field
| | | | |

Address of constant (run-

time code for words defined by
= CONSTANT)

Dictionary entry resulting from the definition:

17 CONSTANT VALUE
The value is stored in the parameter field. When VALUE is executed, the
code routine eonstant will push the value onto the stack.

Fig. 1.4

Revised 8/25/12 5
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For aVARIABLE, the code field address refers to code that puts the address of th&ue (stored just after the code
field address) on the stack:

Truncate bit

Link Count
Field Field
|

Address of create (run-time
code for words defined by
VARIABLE)

5

Diagram showing the dictionary entry created by:

~ VARIABLE VALVE
The ~ (“tilde") caused then name to be compiled to full length, to avoid
confusion with above. The parameter field is available to contain a
single precision number.

Fig. 1.5

For a defined word, the code field address points to a portion of the address interpreter that will begin following a
string of addresses starting just after the code field cell and will continue until it finds th&XIT compiled by ;
which terminates that definition. A diagram of a definition is shown in Fig. 1.6.

Link Count D o - Code Addr of Addr of Addr of
Field Field ; Field OR 0= EXIT
i | |
Address of colon ends execution

(run-time code for words defined by :) of this definition

Diagram showing the dictionary entry for the definition:

: DO= (D - T) OR 0= ;
The head and addresses are compiled by : and the address of EXIT
that terminates the definition is compile by ;.

Fig. 1.6

6 Revised8/25/12
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For assembler coded words, the pointer is to the next cell itself, which contains the first instruction of the code
that is executed directly:

Link Count Code
Field |Field| ® = Field s
| | |
AN <

Diagram showing the dictionary entry for the definition:
CODE 0= 0 POP ...

Fig. 1.7

A problem which can occur is finding the code field address from a given link field address, despite a variable
length, possibly truncated name field. The predefined wor€FA translates a link field address to a code field

address, so that you do not neetb write this code yourself.

The cells after the code field address are called the parameter field, which is of variable length. Words such as
CONSTANY andVARIABLEs keep their values in the first parameter field cell, as noted above. Other definitions
may keep several values. In the latter cases, the length of the parameter field is either determined by the type of
definition or kept in one of the early cells in the field.

The polyFORTH words concerned with dictionary management atéand HERE

Command Function
H i! OAOEAAI AsQ #11 OAET O OEA 1T AAOQETT 1 &£ OEA EAAA
H 2+ (H4+for32-AEO | AAEET AO8(Q #11 OAET O OEA AAAOAOCO 1T £ OEA
HERE Pushes the contents oHonto the stack.
ALLOT Increments Hby a number of bytes given on the stack.

REFERENCES

CODBefinitions, Section 6.1

Code Field Addresses, Section 2.7.4
Creating Dictionary Entries, Section 2.7.1
Vocabularies, Section 3.4
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1.1.2 Parameter Stack

Each muliprogrammed task has a parameter stack in the upper part of its partition, as shown in Fig. 1.8. The

purpose of the parameter stack is to contain numeric operands for polyFORTH operators. polyFORTH operators

expect their parameters on this stack and leavtheir results there. The size of a parameter stack is indefinite; its

1 ACAl AT 1T AET A@OAT AO AEOI i EOO OOAOO Al x1 xAOA OIPADEA O b
and working storage. These amounts vary, but typically appraxiately 256 bytes must be reserved for working

storage. The parameter stack rarely grows beyond 120 entries in a wellwritten application.

When numbers are pushed onto or popped off of the stack, the remaining numbers are not moved. Instead, a
pointer is adjusted to indicate the last used (bottom) cell in a static memory array. On most computers, the stack
pointer is kept in a register.

It is important that the stack extend toward low memory for two reasons:
1. So that a positive address relative to the st&gointer will locate numbers on the stack, and

2. So that doublecell items are placed on the stack in the same rdiae position that they have in memory.
"AAAOOA OEA OOAAE CcOi xO OI xAOA 1ix 1 AiTOUh A ODPOOE:
poii OAOh xEEI A A OPi D6 ET OI 1 OAO ET AOAI AT OET ¢ EOS

A number encountered in text by the text interpreter will be converted to binary and pushed onto the stack.
DIl U&/24( O1T1T O1 06 YARAELEs ardCANSDANE) @GrA HefinAdto push their addresses or
values onto the stack. Thus, the stack provides a medium of communication not only between routines but

between a person and the computer. You may, for example, place a number or address on the stack and then type
a word which acts on this to produce aesired result. Typing:

12 2400 * 45/ .

pushes the number 12 on the stack, pushes 2400 over it (see Fig. 1.9), replaces both numbers by their produt (
pushes 45 on the stack, divides the product by 43 | and types the quotient ( ). All numbers puton the stack are
removed, leaving the stack as it was before typing 12.

The basic dictionary provides some words for simple manipulation of single and doublength operands on the
stack: SWAPDUR DROR2SWAPR etc. (covered in detail in Section 2.1).

8 Revised8/25/12
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User Variables

Return Stack

l

!

Input Message Buffer

Parameter Stack

l

PAD

""-\_ User Area of a
/ Terminal Task

User Variables

Return Stack

User
Dictionary

'

Parameter Stack

'

“.__User Area of
/" Control Task

a

Fig. 1.8

Relative location of the parameter stack in both a terminal task and a background task.

The use of the puskdown stack simplifies the internal structure of polyFORTH and produces naturally rentrant
routines. Passing parmeters viathe stack means that feyvef variables ‘must tge ,ngnjed, (eduging ‘the amount of o
memory required for named variables (as well as the asscsiOAA D OT COAI I A0O6 O ET OOAEAADEI

The parameter stack in memory. SOpoi nt s

(in
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' PiEIT OAO O OEA Oi P jiAOAOO AT Oouq 1T & OEA puehuzéé OOAAE

4EA AAI1T EITAAEAOAT U AAT OA OEA OAT O00i i 6 DPAOAI AGAO OOAAE
space which, in most systems, is used for the terminal input buffer. Ate top of this region lies the return stack.

This arrangement helps make the system resistant to minor stack undows. Severe underflows, however, can

cause a system crash.

polyFORTH checks for stack underflow only after attempting to execute a wordofm the input stream.
Underflows that occur during execution will not be detected at that time.

The result of a detected stack underflow is the message:
Stack empty
followed by a system abort.

REFERENCES

Forth Re-entrancy, Section 4.1
Stack Manipulation, Setion 2.1
System Abort Routines, Section 2.4.7

1.1.3 Return Stack

Each multiprogrammed task has its own return stack, located above its parameter stack in memory (see Fig. 1.8).
The return stack serves the following purposes:

1. It holds return addressesfor nested definitions.
2. It holds loop parameters.
3. It saves temporary datagspeciallyfile and record pointers in the Data Base Support.
4. It saves interpreter pointers when loading source text blocks.
Since the return stack has multiple uses, caraust be exercised when using it to avoid conflicts.

There are no commands for direct manipulation of the return stack, except for those moving parameters to and
from the top of the stack.

The maximum size of the return stack for each task is specified dte time that the task is defined, and remains
fixed during operation; a typical size is 64 cells (136 cells on 3Bit machines).

REFERENCES

Loading, Section 3.3.1

Loop Parameters, Section 2.4.4

Parameter Stack, Section 1.1.2

Return Stack Use in DatBase Support, Section 8.1.3
Transfers Between Stacks, Section 2.1.3
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1.1.4 Text Interpreter
The text interpreter serves two critical functions:
1. It executes the commands that users type.
2. It executes commands in source blocks stored on disk.

The terminal is the default text source. The terminal input interrupt hander will accept up to 80 characters into a
OA@O AOEEAO AAI 1 AA OEWRB.CEitheQHe Bdgusition pfith éightieth EhaedefeCoh ain ASCO

RETURN character (OR) wilcAOOA OEA OAOI ET A1 80 OAOE O AA AAOEOAOAAN
will process the text in the buffer. For example, typing:

100 LOAD

however, directs the interpreter to the 1024byte string that is stored in Block 100. This string is twught into

memory from mass storage autmatically. In order to let one block load another, the current block number (the

user variable BLK, set to zero for terminal input) and the text intepreter character pointer (the user variable

>INh DOT 1T IHTAAAR AR OAOAA 11 OEA OAQOADLf ore G4k Enat blocBrhay ET
direct LOADNg a different block, and return to complete the first block.

When the text interpreter executes a defining word (such a€ONSTANTVARIABLE, or : ) the result is that a
definition is compiled into the dictionary.

Because the text interpreter is a colon definition, it is interpreted by the address interpreter. The text interpreter
is defined by a phrase equivalent to:

: INTERPRET BEGIN -'IF NUMBE R ELSE
DROP EXECUTE DEPTH 0<
ABORT" Stack empty" THEN AGAIN ;

where:

Word Function

BEGIN Marks the beginning of an infinite loop.

- Extracts a word from the input string using the dé Ei EOAO o¢ | OAT ATES EIT I ¢
searches the didbnary, returning a true value on the stack if the interpreter does not find a match
for the word, false otherwise.

IF Continues on a true condition, otherwise skips to the word aftetELSE

NUMBER Attempts to convert the word to a binary number; if the caversion fails (due to illegal
characters), it aborts with an error message.

ELSE DROP Eliminates an unused address left by '.

EXECUTE Executes the address of the word found in the dictionary.

DEPTH 0< Returns a true value if there is a stack underflowondition, false otherwise

Revised 8/25/12 11
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Word

ABORT" Stack empty"

THEN

AGAIN

Introduction

INTERPRET
() BEGIN

1

Get the next string of characters delimited by
blanks and try to look it up in the dictionary

Th
€ 5f.:
sfrf,,g is £
Oun

DROP EXECUTE
Execute the word

NUMBER
Try to convert the string to a number

M
Sucy, "oy,
€a o

|

Push the number
on the stack

g

DEPTH 0<
Check stack underflow

ABORT” ?”
Reset the stacks and interpreter

A
'4 ABORT” Stack empty”
AGAIN Reset the stacks and interpreter

Loop back to BEGIN endlessly

Fig. 1.10
Diagram of INTERPRET, the text interpreter.

Function
I AT 0060

xEOE OEA A0OOI O i AGOACA 0630

Marks the place where both branches merge and continue.

Returns to BEGINto repeat the procedure.

A

p>

This process is diagrammed in Figure 1.10.

REFERENCES

Disk Blocks, Section 1.2.2

System Abort Routines, Section 2.4.7

Text Interpreter Words, Section2.6

The LOADNg Process, Section 3.3.1

Using EXIT to Leave a Load Block, Section 2.4.6

12
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1.1.5 Numeric Input

The word NUMBERSs used by the text interpreter to convert strings of ASCIl numerals and punctuation into
binary integers that are pushed onto the sick. polyFORTH interprets any number containing an imbedded
punctuation character (see below) as a doubkprecision integer” Single-precision numbers are recognized by
their lack of special punctuation. Conversions operate on character strings of tfalowing format:

[ -]1dddd [ punctuation ] dddd ...delimiter
xEAOA OAAAAG EO 1T1TA 1O i1 O0OA OAIEA AEGCEOO AAAI OAEI ¢ Ol
variable BASEis always used as the radix. All numeric strings must be ended by a blank or a carriage return. If
another character is encountered i(e, a character which is neither a digit according to the base nor punctuation
or a blank), an abort will occur. Thee must be no spaces within the number, since a space is a delimiter.

The leading minus sign, if present, must immediately precede the first digit or punctuation character.

Any of the following punctuation characters may appear in a number:

Word Description
, (comma)
(period)
+ (plus)

- (hyphen, may appear anywhere other than to the immediate left of the most significant digit)
/ (slash)
(colon)
All punctuation characters are functionally equivalent. A punctuation character causes the digits that follda be
counted. This count may be used later by certain of the conversion words. The punctuation character performs
no other function than to set a flag that indicates its presence. Multiple punctuation characters may be contained
in a single number; the following two character strings would convert to the same number:
1234.56
1,234.56
Punctuation characters do not affect the resulting number.
The user variablePTRis used during the number conversion process to track punctuationPTRis initialized to a

large negative value, and is incnrmented every time a digit is processed. Whenever a punctuation character is
detected, it is set to zero. Thus the value BfTRimmediately following a number conversion contains potentially

useful information:

£ Ifit is negative, the number was unpunctuated and is singlerecision.

*Onsbitand 16AEO AT | OO DDA EOEIIETEGIOR CAOO E-DOLAEAREDDOG x ER
CPUs suclas the 68000, widths are 32 and 64 bits, respectively.

BREADAGCO
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E Zero or a positive nonzero value indicates the presence of a doublgrecision number, and gives the
number of digits to the right of the rightmost punctuation character.

This information may be used to scale a number with a variable number of decimal places. SRERAT AOT 8 O AAOA
(or, indeed know) what punctuation character was used, it works equally well with American decimal points and
European commas to start the fractional part o number.

The working copy of the number during the conversion process is 32 bits on the stack. If the number is single
precision (negative PTR), the high-order part of the working number (normally zero) is saved in a location given
by the phrase:

'‘NUMBER 2+ (4+ on 32-bit CPUs)

This information may be recovered to force the number to double precision. This is useful when dealing with
naturally unpunctuated large numbers such as fivligit zip codes.

Most large numbers are punctuated, however, because humaremember them better that way. Some numbers
such as:

22948-0332
8/03/40
372-8493
3,124,896
8:45:06

will automatically convert appropriately.

REFERENCES

Use of the Text Interpreter for Number Input, Section 2.6.2
1.1.6 Address Interpreter
The addressinterpreter executes previously compiled highlevel definitions, which compile to a string of absolute

addresses of definitions to be executed in turn. When a standard Forth colon definition is invoked, the +time
code for a colon definition (calledcolon ) sets the interpreter pointer | to the parameter field of the definition

and executesNEXT" NEXTis the most fundamental routine of the address interpreter, which branches to the
next routine (address) to be executed as indicated bly. NEXTperforms the following functions:

1. Moves the current value ofl into W so thatWpoints at the code field address of the word now being
executed.

2. Increments| to pointto the next address.
3. Performs an indirect jump to the address inN
4. Increments Wto point to the parameter field of the word being executed.

AEA AEEEAEAT AU xEOE xEEAE OEAOA T PAOAOGEIT O AAT AA DPAOA
level polyFORTH. On most computerBIEXT can be reduced to one or two instructions. Ithe word being

* The interpreter pointer | should not be confused with thd which fetches a copy of the top of the return stack.
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executed is a code word, the machine code is executed directly. If it is anothedefinition, however, the run-time
code for: is executed. The wordtolon performs the following functions:

1. Pushes the current value of onto the return stack (which has a topof-stack pointer namedR).
2. MovesW(the parameter field address) intol .
3. ExecutesNEXT

At the end of a: definition, the run-time code for; (the word EXIT) is executed. EXIT performs the following
functions:

1. Pops the eturn stack intol .
2. ExecutesNEXT

The time required to execute the rurtime code for the: ... ; pair is the overhead to nest higHevel
definitions.

REFERENCES

., Section 2.7.4

Compiling Words and Literals, Section 2.8
EXIT, Section 2.4.6

| , Section 27.4, 6.4

1.2 poly FORTH OPERATING SY&M FEATURES

polyFORTH is based on a multitasking, muHiser operating system. Many polyFORTH implementations run in a

fully stand-alone mode, in which polyFORTH provides all drivers for the hardware attached to the system. Some
versions of polyFORTH, however, rudi A-OBDEAAT 66 11T AA xEOE A EI OO0 1 PAOAOGEI
drivers that supply 1/0O services for peripherals such as disk and terminals do so by means of issuing calls to the

host system. Although ceaesident systems may be somewhat sloer than the standalone versions, they do offer

full file compatibility with the host OS, and usually somewhat more flexibility in hardware configuration. Go

resident versions of polyFORTH usually offer all the systefevel features of the native systemsicluding multi-

user support on otherwise singleuser systems such as MBOS), plus added commands for interacting with the

host OS; the latter are documented in th€EPU Supplemerthat accompanies thisReference Manual

1.2.1 Typical Memory Organization

A diagram of memory use in a typical application is shown in Fig. 1.11. The area in low memory contains the
precompiled portion of the program. The system electives are kept in source form to facilitate changes and
additions. Since recompiling electivesand application into memory takes only a few seconds, this costs little. Re
compiling is only necessary during the boot procedure or after a system crash.

%AAE OAOI ET Al OAOE EAO A DPAOOEOEIT OEAO PAL(for@h Bings) EOO O
and dictionary. A selected vocabulary may be compiled into this partition to do some particular kind of
processing which is a subset of the application but which is not avalble to other users. The background task has

a much smallerarea, with only enough space for its stacks; there is no terminal associated with it. The routines

that the background task executes are located in the shared area or the dictionary of one of the terminal tasks.
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Pre-compiled
FORTH
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Fig. 1.11

Typical memory organization in a polyFORTH system.

1.2.2 Disk Block I/O

Disk 1/0 is handled by polyFORTH in standard blocks of 1024 bytes. This fixed block size applies both to
polyFORTH source program text and to data used by polyFORTH programs. It is used becauakoivs I/O on
different media with different physical sector or record sizes to be handled by one standard block handler.
polyFORTH applications may put several data records into one block or combine several blocks to form one data
record.

Standard polyFQRTH systems have at least two 102byte block buffers in memory. This number may be
ET AOAAOGAA | &1 O AgAi Pl Ah ET Al ADPPI EAAOEIT xEOE 1 AT U
tains the block number of the block currently residingn that buffer. The sign bit of the block number will be set if
the block has been changed since it was read into the buffer.

A block is requested by the instruction:
n BLOCK

where nis the logical block number. The block handler will check the block bief's to see whether the requested
block is already in memory; if not, it will fetch the block from disk.

16 Revised8/25/12
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When a block is to be read from disk, it will necessarily ovewrite a block that is currently in a buffer.
polyFORTH optimizes disk performance by &mpting to minimize the number of physical disk reads and writes
that must be performed. This is done by maintaining the list of buffers in an order reflecting how recently the
block currently in each buffer was refeenced.

Z When searching for a blockthe most recently used buffer is checked first.
Z When selecting a buffer to be ovewritten, the least recently used buffer will be selected.

This method of buffer management is called an LRU (fdreast Recently Used) algorithm (discussed in detail in
Section 3.2.1).

If the block buffer to be overwritten has been updated, the updated block will be automatically written to mass
storage before the requested block is read. FinallBLOCKwill push the address of the first cell of the requested
block onto the stack.

There are no explicit disk input or output commandsBLOCKwill always return the address of the block buffer in

memory, having performed actual I/O only if necessary. To the programmer, all data is always manipulated in
memory.

The command:

UPDATE

marks the most recently referenced buffer as having been updatedJPDATEs included in those operators in
DIl U&/I 24(80 OA@O AAEOI O AT A $AOA "AOA 30PDPI 00 T POEIT O

The disk buffer pool is shared among multiprogrammed tasks. This is1iadvantage because it tends to reduce
AEOE AAAAOGO &I O OPI POI AOGo Al TAEO AT A AOIEAO OEA pOIl Al A
accesses need to be restricted, you may easily add the appropriate protections.

Please note that natre (stand alone) versions of polyFORTH do not require any sort of directory in memory or on

disk since block numbers are a direct function of disk address (the exact relationship is designed to suit the

particular disk involved). Applications that involve management of complicated datafile structures sometimes
do use a disk directory; this is a feature of the application, however, rather than of polyFORTH.

The only requirement for fitting data records into this scheme is that data record numbers be a éa function of
the block number; then you can define a word that will us@LOCKto fetch the block(s) that contain records
requested by a specified record number. The accessing words in the Data Base SupporBiSeCK

Another related technique is usefufor keeping very large arrays on disk. Sometimes dat@cord applications are
written using a virtual byte array. An example of a handler for a virtual array of bytes stored beginning at Block
250 would be:

VIRTUAL(v - a) 1024 /MOD
250 + BLOCK +

V@ (v - n) VIRTUAL @ ;
:VI(nv) VIRTUAL! UPDATE;

In the example aboveVIRTUAL converts an address for the virtual array into an address that points into a block
buffer in memory. The phrase 1024MOD 250 + produces a block humber on top of the stack, with an offset
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into the block just underneath. The wordBLOCKuses the block number on top of the stack and leaves the
address of the first byte of the block buffer containing a 102&yte segment of the byte gay. The + adds the
block buffer address to the offset to produce an absolute address into the correct block buffer. The operation of
V@is straightforward, but note the UPDATEIn V!. Without the word UPDATE the changed block buffer data
would never be written out to disk when the block buffer is reused.

Error checking is not performed in the lowlevel definition of BLOCK Status bits are preserved, however, in order
that higher-level routines may check for errors and take appropriate action. The rean that error checkng is not
done at the lowest level is that it is easiest to take the apppoiate action at the application level. The action that
is appropriate in a data base application, for example, will necessarily differ from the action approate in a disk
diagnostic. You should check your system listing for details of your particular implementation. On most systems,
the following information is available:

Variable Content

PREV Address of the descriptor table for the most recently referenakbuffer.

DISK Address of theSTATUScell of the task currently accessing disk, if any. Zero if disk is available.
DISK 2+ (4+ for 32-bit machines.) Status data from the most recent operation using the disk controller.
'BLOCK Address of the routine to be executed bBLOCK

'BUFFER Address of the routine to be executed bBUFFER

'‘BUFFER 2+ (4+ for 32-bit machines). The block number of the block just written.

The buffer descriptor pointed to by PREVcontains the address of the bffer, as well as the block number of the
block in the buffer. It also contains the address of the descriptor for the next most recently used buffer, and so on
for as many buffers as are currently configured in the system.

REFERENCES

Data Base Support, $tion 8.0
DISKING Utility, Section 5.3

The Disk Driver, Section 3.2
1.2.3 Multitasking

polyFORTH makes it easy to control multiple tasks, either asynchronous background tasks or independent
terminal service tasks. Terminal tasks have text input/output faidities. Background tasks have some other func
tion. A small but crucial set of commands is dedicated to the multitasking facility.

The polyFORTH multitasker consists of one relatively small code routine call@AUSE PAUSEcontains the idle
loopof thAk OUOOAIT 8 7EAT OEA OUOOAI mAOSHOdD éekkhdior a tadk @adEt®beOOT T ET C
awakened.

The limits on the number of tasks in the system are usually defined by memory size. Since polyFORTH definitions

are naturally re-entrant, tasks rarely require much memory. The polyFORTH multitasking facilities do not limit

the number of tasks. The tasks are linked in a circular chain (Fig. 1.12) in which a new task may be inserted. The

i Ol OEPOI COAITAO A 111 x0 OBAOABABEAAIT A %WAGAA OAOEE AR OATAT GAE
AOAA T £ GEA 1T A@dO OAOE -AiiA EA AihnigieddrémélyXastan exedution; Ginc®1Hd abrlialh

process of changing tasks is also simple and fast, the result is maximized seevip all tasks. Should the

constraints of a particular application require a more elaborate queuing scheme, it may be substituted directly for

the standard definition of PAUSE
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The single task present after booting is name@®PERATOR This task sevices the terminal that is used to type

additional loading commands. Sinc®OPERATOR the first terminal task up after the boaot, it is the logical task to

begin system loading and other operations. However, aside from being first and usually having more megor
OPERATOHRoes not differ from other terminal tasks.

I OAOE EO OAEAOOAA O1 AU 1Al As yT OTEET ¢ A OAOGEGSO 1 AT A
EOO OOAO AOAAS 4EEO EEOOO AAI 1 nadie ith® gt telbtypdahAcontahdE 6 O O
jump to the succeeding task, whose address follows in the next cell. Thus, in a quiet system the processor is
simply jumping from one task to the next. When a task needs to be activated, a subroutine call 8th OAx AEAT &
section of PAUSHs substituted for the jump.

user area user area user area user area
> status > status > status | >{ status
1CRT 2CRT ARTIST TYPIS
user area user area
status - status -
WATCHER OPERATOR
A
Most Recently
Allocated Task

Fig. 1.12

Di agram showing several tasks linked in a polyFOI

When a task relinquishes control of the CPU, the following actions are performed to inactivate it:

1. 4EA OAOES O OaRADADPDPBDEAAOI T OEA OAOESO DPAOAI ABAO (¢

2. 4EA OAOCEB8O AOOOAT O PAOAI AGAO OOAAE bPi ET OAO EO OAOAA

3. 4EA OAOES8 O OOAOGOO EO OAO O OEA ADPPOI POEAOAWIET OO0
activate the task.

There are three ways to enter thdeAUSHoop in polyFORTH:
1. The word PAUSEgives each task the possibility of a turn, and then resumes execution.

2. The word STOPputs a task to sleep until something outside that task, such as amterrupt routine or

AT T OEAO OAOER OO1I OAO OEA OxAEAS6 ET OOOOAOGEITT EIT O OE

3. The assembler code endin§VAIT is used to reenter the pause loop from assembly code, and likeéTOR
does not automatically reawaken the task containing theVAIT.

The last step of most I/O routines is to enter the multitasking loop viaNAIT to wait for the device interrupt
routine to complete its data transfer (or other operation). By performing multitasking while waiting, service to
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other tasks is maximized during I/O operations. Because most I/O opergons enter the round-robin,
PT1U&/I24(80 |1 Ol OEOAOEAO EO OAEA O AA O)r/ AOEOAT 80 e
PAUSEwill retain control of the CPU.

This method has several advatages. Since a change of tasks can only happen between Forth words, there is no
need to save working registers from higHevel programs. As a result, changing tasks takes only a few CPU
instructions on any system. Secondarily, the programmer has full ool and knowledge of when the CPU wiill
and will not be relinquished, which can substantially simplify some coding situations.

On the other hand, the programmer does have the responsibility for puttinfAUSEN any CPUintensive routine
that may run morethan a few milliseconds without performing I/O. In general, such situations are rare; timing
studies have shown that on a native 8088 polyFORTH in normal operation a task needs to wait over 1 ms for
service only 1% of the time.

polyFORTH normally runs wih interrupts enabled. Interrupt vectors branch directly to the code which services
the interrupting device, without any system intervention or overhead. The interrupt code is responsible for
saving and restoring any registers it needs.

Interrupt code (actual assembler code) is responsible for performing any timeritical actions needed, such as
reading a value from an analog device and storing it in a temporary location. The interrupt routine must also
notify the task responsible for the device. Notifickon may take many forms, ranging from incrementing a
Al 601 6AO O1 OAxAEAT EWeaKEE 10 EGE /STADESAVDAKES b Colstaft containing the
code that will cause the task to become active the next time it is polled in the rowrdbin; on most systems this
will be in less than 1 millisecond. Many interrupt handlers do nothing else.

Any processing which is not timecritical can be done by a task running a routine written in higHevel
polyFORTH. In effect, the timeritical aspect of servicing an interrupt is decoupledfrom the more logically
complex aspects of dealing with the consequences of the event. Thus, igigranteedthat interrupts will be
serviced promptly, without having to wait for task scheduling, and yet as a programmer you have the convwemce
of using highlevel Forth executed by the responding task for the main logic of the application.

The process of activiing a task is the converse of the process of ectivating it:

1. 4EA OOAAE bPIiET OAO EO OAO O1 OEA OAI OA ET OEA OAOGESO (
2. 4EA OAOCEG6RandMOCGA ®IABARAA 1T ££ OEA OAOEGO DPAOAI AGAO OOAA
The task will then execute the next Forthword (pointed to by I). This is the text interpreter if the task was
awakened by a terminal message.
REFERENCES

Multitasking, Section 4.0
polyFORTH Reentrancy, Section 4.1
User Variables, Section 4.6
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1.3 THE poly FORTH ASSEMBLER

All polyFORTH systems aatain an assembler for the CPU on which the system runs. Although it offers most of the
same capabilities of other assemblers, its integration into the polyFORTH environment means it will not be fully
AT 1 DAOEATI A xEOE AOOAI Al Aoanwuddedl EAA AU OEA AT i1 POOAOCGO

A polyFORTH assembler producesxactly the same codas a conventional assembler (which means it runs at full
machine speed), but it does it some&hat differently. The differences are innotation and procedurge and are
described below. Thalifferences occur for two reasons:

1. To improve transportability of polyFORTH applications between processors by making assembler
TT OAGETT AO OEIiEI A0 AO bPiI OOEAI A xEOEITI OO Ei PAEOET C
processor fully, and

2. Toyield a compact assembler which can be resident at all times to facilitate interactive programming and
debugging.

1.3.1 Notational Differences
1.3.1.1 INSTRUCTION MNEMONIS

-1T00 ITAITTEAO OPAAEAUET ¢ ET O000O0A OGetakidhallyhthede a® Hitferer@dsi A A C
where the manufacturer uses a prefix or suffix on the mnemonic to describe something we specify as a parameter

(e.g, polyFORTH usedMOV B whereas DEC usedMOVBas a separate ogode) or to differentiate instructions

which are really different (e.g, Intel usesMOMor both memory/register operations and segment register opera

tions, whereas polyFORTH has different instruction names when segment registers are involved because the
internal instruction format is quite differ ent).

1.3.1.2 ADDRESSING MODES

In all computing, there are only a few specific addressing modes (register direct, register relative, memory
indirect, etc.). Notation specifying these has been standardized across all polyFORTHS, to make it easier for pro
grammers working with several different CPUs. Naturally, this means the notation differs from the

i AT OEAAOOOAOBO 11 OAOET TN EI xAOGAO All 1T AAOG OO6PDPI OOAA
assembler.

1.3.1.3 INSTRUCTION FORMAT

Most assemblers & AT OOACAATA O3 A£I16OOCEI O AOh xEOE 1T1TA ET OOOOAGEIT b
codes, addressing operands, and remarks. In polyFORTH, theamale itself is a Forth command which assembles

the instruction according to operands passed on thetack giving the addressing information. This leads to a

format in which the addressing mode spediers precede the opcode.

1.3.1.4 LABELS, BRANCHES, ANSTRUCTURES
polyFORTH assemblers support structured programming in the same way that hidavel Forth does. Arbitrary
branching to labeled locations is discouraged; on the other hand, structure such BEGIN ... UNTIL and

IF ... ELSE .. THENare available in the assembler (implenented as macros that assemble appropriate
conditional and unconditional branches).
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1.3.2 Procedural Differences
1.3.2.1 RESIDENT ASSEMBLER

The polyFORTH assembler is resident at all times. This means that a programmer can assemble code at any time,
either from a source block or by typing it in directly from the terminal. Regatless of where the code comes from,
the assembled version will be the same.

1.3.2.2 IMMEDIATELY EXECUTABE CODE

In conventional programming, assemblers leave the code in a file, which must be integrated with code in files
from high-level language compilerg(if any) by a linker before the resultant program can be loaded into memory
for testing. The resident polyFORTH assembler assembles the code directly into memory in executable form, thus
avoiding this whole cumbersome procedure.

1.3.2.3 RELATIONSHIP TO OHER ROUTINES

The polyFORTH assembler is used to write short, named routines that function just like routines written in high
level Forth; that is, when the name of the routine is invoked, it will be executed. Like other Forth routines, code
routines normally expect their arguments on the stack and leave their results there. Within a code definition, one
may refer to defined constants (to get a value), variables (to get an address) or other defined data types. Code
routines may be called from highlevel definitions just as other Forth words are, but cannot themselves call high
level definitions.

1.3.24 REGISTER USAGE

piiuv&/24( j1EEA 1T OEAO &I OOEOQ 00610 11 A OOEOOOAT Al i DbdOO
are kept in hardware registes, which are permanently assigned. Th&€PU Supplementor each polyFORTH

system documents the register assignments for that CPU. On each CPU some registers are always designated as
OOAOAOAES j 1 AATET C OEAU AAT Al x AdainglohAresdiihg)fhose EcdtBiting A AT A A
polyFORTH pointers must be saved and restored, if needed. polyFORTH system registers are given names which

make references to them in code easy and readable. Since most polyFORTH code routines can do what they need

using the designated scratch registers, there is less need to save and restore registers than in conventional
programming.

REFERENCES

Principles of polyFORTH Assemblers, Section 6.4
The CPU Supplemerior Your polyFORTH System

1.4 SYSTEM CONFIGURATIOAND ELECTIVES

When you first boot a polyFORTH system, it clears the screen and displays a message identifying the product
OAOOGETT AT A AAOAR OEAThi £OAAOCO OEBEuSHEHIEHh thddéiAnid Breogh O
piled nucleus contains:

1. Most Forth primitives (stack manipulation, singleprecision arithmetic, input and output number
conversion, most string operations, etc.).

2. Disk and terminal drivers.
3. The multitasker, although at this time only one taskQPERATORSs defined.

4. The address and text interpreters.
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5. The Forth compiler and assembler.

The capabilities included in the nucleus are the minimum set required for meaningful programming. Nonetheless,
you can do quite a great deal.

91 6O OAOPI T OA O1 DlotygesH & 4 ( HOE @ ORIAIOEAICA EIOI DAO "1 1T AE wh
loads some additional capabilities which we refer to asystem electives These are routines which you are more

likely to modify in the course of your work, or to selectively include pomit. They also include the configuration

of the system, specifying such things as the additional tasks defined, type of system printer (serial or parallel), and

even the number of disk buffers.

We strongly recommend that you read through Block 9 ogour system, and make note of the various capabilities
being loaded and specified.

1.4.1 Task Definition

Specific details of task definition and control are discussed in Section 4.0 of this manual and @RU Supplement
for your system. This section covex the organization of your system with respect to allocation of task user areas.

All tasks should be defined as part of th® LOADprocess, so that their definitions will reside in the shared
dictionary of the system. This is important because once a taslas been linked into the roundrobin loop it is
difficult to remove without breaking the chain, which would halt the system. Although the tasks must be defined
and initialized at this time, the definitions that they will be asked to execute need not beefined until later.

There are three types of tasks: printer tasks, serial tasks supporting terminals and other serial devices, and
background tasks performing applicationrelated functions. Printers are controlled byTERMINALtasks, as are
the serial lines. Printer tasks differ, however, in that they usually have only a limited provision for keyboard
input.

TERMINALtasks further differ from one another in that CRTs and printers have special control codes that control
polyFORTH provides for such differences byectoring the commands that perform these functions. Specific

routines are provided to specify these functions for many of the nm&t popular printers and terminals; these~ are

AAT T AA OPAOOI T AI EOU Al T AEOhd AAAAOOA OEAU OAEI AAO OEA |

4EA OAOI ET Al OPAOOI T AI EOEAOCG 0OO0OPPI EAA xEOE AAARI EBIOERLHH.
£l O DOET OAOO AOA 1 EOOAA ET "I11TAE pmndO OEAAT x Al T AES 0
personality blocks, for a primary terminal and printer. If the pair configured in the system as shipped is
inappropriate, you shauld replace them with an appropriate pair from the set provided. If your terminal and/or

DOET OAO AOAT 80 ETAI OAAAh Uil O AAT AAOGAITT B UT OO iTx1 AU O
that is similar to yours and modifying it accordingto the documentation for your device.

The personality block for a printer should be loaded immediately before the block that defines the printer task.
The terminal personality blocks are designed to be loaded by the user at the terminal in question. Tl after
the terminal task has beerPROMP&d, the user at that terminal would type (for example):

ANSI

to load the ANSistandard set of terminal control functions. Alternatively, if one or more of the additional
terminals configured by Block 9 isalways of the same type, the personality can be prspecified by loading its
block just prior to the block that defines the terminals. If you are doing this, you need to modify the block by
removing the EMPTYat the top of the block, and placing the commanBXIT before the phrases at the end of the
block that stores the addresses of the functions in the vectored word§AB , etc.
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0 ( Electives) DECIMAL
1 EDITOR
2 (Aids) 18 19 THRU ( Buffers) 44 LOAD 60 HELPS
3(32 -BIT) 2125 THRU (Traps) 29 LOAD
4 ( Date/time) 36 37 THRU 40 4* THRU 55 56 THRU DATE TIME
5 ( Extensions) 27 28 THRU
6 ( Disk Support) 43 46 THRU 57 5* THRU
7 ( Utilities) 10 LOAD
8 ( Editor Support) 51 53 THRU (F - 83) 48 LOAD
9 ( Fast Display) 54 LOAD
10: SYSTEM [60]+U DATED ." Time " TIME ;
11 ( Tasks) 30 31 THRU ( Serial) 282 LOAD
12 ( Printer) 35 LOAD 34 LOAD ( VDTs) 168 LOAD 291 LOAD
13:HELP SYSTEM;
14 GILD ' ?CREATE 'CREATE ! JOE PROMPT

15EXIT  polyFORTHIIISD -4 pF86/IBM - B Disk 1 10 July 1986

Fig. 1.13

Typical system electives load block, showing order of defining tasks.

Fig. 1.13 shows a typical load block of system electives. To summarize the
printers, Block 9 should be:

load sequence for terminals and

1. Task definition words (normally Blocks 30-31).
2. Hardware drivers for serial port, as needed.
3. Printer personality block.
4. Printer task definition.
5. Terminal personality block (optional).
6. Terminal task definition(s).
7. ThecommadGILDh xEEAE AAZET AO OEA OOl bo
8. PROMPTommands for any terminal tasks that have been defined.
The PROMPTcommands, if any, must come after th&sILD AT i I AT A ET 1T OAAO Oi
dictionaries to the full shared dictionary of the system.
REFERENCES
Background Tasks, Sections 4.3, 4.4, 4.5
Defining Terminal Tasks, Section 4.8 and theéPU Supplement
GILD, Section 3.4.4
Multitasking, Section 4.0
Printer Tasks, Section 4.11
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1.4.2 System Feature Selection

There aremany options that are selected during the loading of the system electives. These include the creation of
tasks (discussed in Section 1.4.1), the selective loading of software facilities as needed by your applications, and
the installation of features that are normally resident but not always active. The latter two categories are
discussed in this section.

Block 9 of your system as shipped loads all the features documented in this manual, except for utilities which are
normally handled as overlays. ManyirOOET AO AOA ET Al OAAA A1 O AAAE OUOO/
polyFORTH, and are appropriate for some applications but not others; these are not loaded in the product as
shipped, but you may wish to include them. You may wish to omit routines thatyoki T 6 0 A@DAAO OT OC
to allow more dictionary space for your application. You may very likely want to add routines developed to

support your application (ranging from custom hardware drivers to special math functions) in order to have them

always available in the shared dictionary.

The following items (including the section in this manual where a fuller discussion of the feature may be found)
are common configuration issues:

Feature Section Discussion

LOCATE 151 This feature compiles the source block from which each definition of any type was compiled,
so that you may interactively display the block. The cost is two bytes per definition. If you
are short of dictionary space you may wish to do without this convaance. It is installed in
the EDITORIoad block (12) by the phrase:

'<CREATE> 'CREATE !

Omit this phrase (or disable it by putting it in pare®OEAOAOQ EZA£ UIT O AT180 x
feature.

32-bit Math 2.2 -ATU APPI EAAOGET 1T O Adrdtots Qespedially Aontfol applicatidns énd hedd 1 D
using the 8087 for computation).

Calendars 35 There are two calendars: the montkday form, used when most dates are current, and the
m/d/y calen dar which is useful when dates may be in any yeae(g. birthdates). Select the
calendar of your choice by loading Block 39 or 40, plus Block 41. The internal forms are the
same for both.

?CREATE 2.6.1 This version of CREATEchecks for name conflicts, and issues a warning message if a word
being defined may conflict with a previous name. Such conflicts may be resolved by usirg
i OOEI AA6 Q8 y 0O EO AT AAT AA AU OEA PEOAOAN

' ?CREATE 'CREATE !

ET "1 1T AE w8 )& Ul O aldsjomiOthepliiad If Goi thigkhydu hddEah OA | A
inadvertent name canflict in your system electives, you may wish to move this phrase earlier

in the block. It may be used any time after Block 18 is loaded. If you are loading application

features, you may choose to load them before or after this phrase, depending on whegm

wish the check to be performed.

As an application progresses, you will probably include more and more application functions in the electives as
they are fully tested, leaving rotines that are still under development to be loaded in a terminal partibn as
overlays. Your application should have a main load block, which loads features included with polyFORTH that are
special to your application (such as graphics), plus your application drivers and other routines. This block may be
loaded at the end 6 Block 9 (pefore the GILD command) in order to include these routines in the shared
dictionary.

Revised 8/25/12 25



DBO005 polyFORTH Reference Introduction

1.5 DOCUMENTATION AND SORCE MANAGEMENT
FACILITIES

In polyFORTH, as in all other languages, the primary responsibility for producing readable code lies withet

DOl COAi i Aos DilU&/24( AT AOh EiI xAOAOh 0OOBPDPI 06 OEA POI CO/
providing a number of aids to internal documentation. In addition to these, we also recommend each Forth
programming group adopt editorial and nami ¢ OOAT AAOAO AT A Al 1 OAT OET T O xEEAE
AAEI EOUd EO £&£O01 AAT AT OATT U AT AAOOEAOEA AT A OAOEAO PAOOIT
group adhere to will aid significantly in the ability of the group to share ode and support one another.

1.5.1 Internal Documentation

polyFORTH comes with a comprehensive listing utility, capable of priimg indexes, program text, doublesided
program text, and program text with associated shadow blocks. These listing programseanost useful when you
follow certain simple conventions in writing your application program (see the section on disk and block layout
referenced below).

&1 0O AAARAE AITAE 1T &£ POI COAI Oi OOAAh OEAOA EO Acomex®AODIT 1 AE
and descriptions of the words defined in the source. Shadow blocks are a documentation facility intended to help

you document applications and use polyFORTH. Shadow blocks reside on disk at a fixed offset from the source

code blocks which are bang documented. The offset is a constant callecBHADOWSSHADOWSS used by the word

Qj £ O O0106A0uU6qh xEEAE Ai OAOT AGAT U AEODPI AUO OEA AlTAE 1 A&
for the source code, adjushg the EDITORS O A1l | A BCRacbdrdhdlyO

Shadow blocks are edited the same way as source code, and form a powerful commenting facility. polyFORTH
source code is often compact, so corrpsnding shadow block space is at a premium. Shadow blocks are therefore
intended to documentintimate code details which are necessary to use or to rewrite important words. If space is

a problem, documentation of usage should take precedence over theory of operation.

Comments embedded in polyFORTH source are enclosed in parentheses. For example
( This is a comment)

The word ( must have a space after it, so that it can be recognized and executed. polyFORTH comments are most

I £FOAT OOAA O CEOA A DPEAOOOA 1T &£ A x1 OAdldel definiichioftheOCOI AT O
polyFORTH word=is:

:=(nn - 1) - NOT;
4EA AAOE ET OEA Ai i1 AT O OAPAOAOAO A x1 OA8O AOGCOI AT 6O £&EOI
convention. The most common are:
Word Description
n A single-precision signed integer.
u A single-precision unsigned integer.
t A single-precision Boolean valugzero is falseand non-zero is true).
a A single-precision address.
d A double-precision signed integer. Thus, in the example above, the wordexpects two singleprecision

integers and returns a truth flag.
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Words which haveseparate interpretive and runtime behaviors should have comments for both sections:

: CONSTANT (n) CREATE, DOES>
(a - n @;

Electives and resident applications are generally loaded immediately after the system boot, by the commatid
IftheODOT COAI T AO AEAd Al T AE EO 11 KRBAMEcAlRIACREETEY idibskal@ed, DOEA O
the source text of any word already compiled from disk may be displayed by typing:

LOCATE word
If the word is not in the dictionary, the response will [e:
LOCATE word  word ?

If a word was defined from the keyboard or if the word exists, but was defined before the electives were loaded,
the response will be:

LOCATE word can't

If the word exists and was defined during or after the electives load, ¢hblock containing the definition of the 3
word will be displayed. SCRis set byLOCATEE O1 OEAO OEA AiI 1T AES8O OE Qféllowed A1 T AE
by a carriage return.

REFERENCES

Behavior of=, Section 2.2.2

Disk and Block Layout and Design, Sectic.2.5
Listing Utility, Section 5.2

Stack Notation Conventions, Section 2.1
Vectored CREATH<CREATEY, Section 3.1

1.5.2 Source Management

The polyFORTH system source is usually followed on disk by additional blocks for applications. On most systems,
particularly those with hard disks available, there is a region of 600 blocks or more for source, followed by a

region of the same size for the shadow blocks documenting this source. Systems with dual floppy disks usually

keep the source on the disk in Drig 0 and the shadow blocks on the disk in Drive 1. Hard disks are usually

I OCAT EUAA ET O OOi1 01 AdGs 1T &# A Ai1OATEAT O OEUA O OEAO
shadow blocks on the hard disk, as well as archival copies on floppy disksother removable media.

polyFORTH includes several utilities to assist in managing the blocks of source for an application.

The DISKING utility provides simple commands for copying ranges of blocks from one disk to another or one
place to another on a hed disk. polyFORTH organizes hard disks into logical volumes of a convenient size for
most applications. Commands are included to copy entire volumes as well as shorter ranges of blocks. A
command is also provided to copy a range of source blocks alowgh its associated range of shadow blocks.

The AUDIT utility includes facilities for comparing ranges of blocks, diglaying non-matching blocks on the screen
or printer with the differences highlighted. This facility is especially useful when severgbrogrammers are
working on the same application on different computers.

Several useful source management aids are also resident in the system. The command:
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n QX

(for Quick IndeX) displays the first part of Line 0 of a 6eblock region of disk starting with block n. The related
commandsNXand BX display the next and previous 66block regions, respectively. This is useful when you are

looking for certain blocks, or for an appropriate block to put a new feature.

The editor contains the commandS, which Searches forward over a range of blocks for a specified text string.
This is useful for finding words that cannot bd OCATH, or finding instances of a word or phrase.

REFERENCES

The AUDIT Utility, Section 5.5
The DISKING Utility, Section 5.3
S Command, Section 5.1.7
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2.0 BASIC FORTH VOCABULARY

This section defines the major elements of the polyFORTH implementation of the Forth language. These words
are grouped into categories and doamented in the following sections.

2.1 STACK OPERATIONS

Stack operators work on data thatare present on the parameter and return stacks. The words defined in this
section use the stack as the major source and destination for their operands. Many other Forth words also result
in modification of the stack. Other commands are described in theections of this manual that deal with their
primary functions. Besides the stack operators discussed in this manual, stack manipulation words that relate to
assembly language are covered in Section 6.0 and yddiPU Supplement

In this section, several wtational conventions have been adopted for clarity. The item on the top of the stack is
OAZEAOOAA O1 AODAPBAQAIOEBAAKIORAY GEA OI P 1T £ OEA OQAghE EO ¢
EOAIT 11 OEA OI B 1 £ OERAK OOR AL AEICODAEADDAAADI x ABOOSLOI A
notation reflects usage on all polyFORTH systems in which stacks grow toward low memory.

Operations that use the stack usually require that a certain number of items be present on the stacidahen
leave another number of items on the stack as results. Most operations remove their operands, leaving only the
results. To help see the effect of the operation on the number and type of items on the stack, each word in this
section has a notationunder the stack column. This same stack notation is used in your system listing to
document the stack arguments of system words.

The specific notation of the stack items follows these conventions:

Word Description
a A cellwide byte address.
b A byte,stored as the least significant 8 bits of a stack entry. The remaining bits of the stack entry are zero in

results or ignored in arguments.
c An ASCII charactestored as a bytgsee above)with the parity bit reset to zero.

n A signed singleprecision¢ 8 O AT | Bi Al AT O-bil nGathids @8 rangé i§ from-82768 through
+32767. On 32bit machines, the range is from2,147,483,648 though +2,147, 483,647. (Note that Forth
arithmetic rarely checks for integer overflow.)

u A single-precision unsigned number, with a range from 0 to 65536 on 1&it machines, or from 0 through
4,294,967,295 on 32bit machines.

d ' AT OAT A POAAEOEITh OECT AAR ¢ 6 0O-2,M7,:48B,648 ioR140,488640ACAONR
stored as two stack entries (in most syms the least significant cell is the cell below the most significant

cell). On 32bit machines, the doubleprecision range is from -9,223,372,036,854, 775,808 through
9,223,372,036,854,775,807.

ud A double-precision, unsigned integer, with a range fron® to 4,294,967,296. On 3dit machines, the range
is from 0 through 18,446,744,073,709, 551,615.
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t A single-precision Boolean truth flag (zero means false, nerero means true).

If you type several numbers on a line, the righimost will end up on top ofthe stack. As a result, we show multiple
stack arguments with the top element to the right.

These are examples of special cases which will be explained when used:

Word Description
Ic Screen position, in lines and columns, respectively.
sdn Source, destation and count.
y X A 2-vector for graphics, etc.
fl First and last limits, inclusive.
Word Description
Ih Low and high limits (exclusive high limit).
r Register (for assembler words).

Where there are several arguments of the same type, and clarity damds that they be distinguished, &
i DOT 11T O1 AAA OPOEI Ad6q xEIlI1 AA OOAAS Yyl A@OOAT OAET AOU

Please remember that these locations are relative to the top of the stack and do not affect any stack items below
the lowest stack item referenced by the operation. For example, the notation ( n-m) means that the operation
uses the top two stack items and leaves a ofieem result. Therefore, if the stack initially contained three items,
execution would result in a stack otwo items, with the bottom item unchanged and the top item derived as a
result of the operation.

2.1.1 Parameter Stack Manipulation Operations

This category of stack operations contains words which manipulate the contents of the parameter stack without
performing arithmetic, logical, or memory reference operations.

Word Stack Function

OVER (nn'-nn'n) Duplicates S+1 on the top of the stack (S).

SWAP (nn'-n'n) Swaps the top two items on the stack. S is placed in S+1 and S+1 is placed in S.

DUP (n-nn) Duplicates the top entry on the stack.

DROP (n-) Removes the top entry from the stack.

'S (-a) Fetches the address of the top of the stack, placing this address on the top. Normal usage

is to add to this value an offset such that the restihg address is that many items down
the stack. For example, to push the address of the third item below onto the top of the
stack, the following code would be used:

'S6+
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Word
'S (cont.)

2DROP
2SWAP
2DUP
20VER
ROT

?DUP

DEPTH

DBO0O05 polyFORTH Reference

Stack Function
('S 12 + on 32bit processors.) Note that althagh the actual definition is machine code,
OVERSs equivalent to:
'S2+ @
(S4+@ on322AEO OUOOAI 08Qq -Ox0801 11 01 AAA OOEAE
(d-) Removes the top doubldength item (2 cells) from the stack.
(dd'-d'd) Swaps the top two doublelength items.
(d-dd) Duplicates the top doublelength item.
(dd'-dd'd) Pushes the doubldength item (S+2,3) onto the top of the stack (S+0,1).
(n1n2n3-n2n3nl) Rotates the top three items on the stack.
(n-n,nn) Conditionally duplicates the top item on the stack if its value is nemero. Equivalent to
the following:
DUP IF DUP THEN
(-n) Tells how many items are on the stack. Note th& EPTHwill return 2 for each double-

precision integer on the stack.

The following words are included for compatibility with the FORTH83 standard. Good Forth programming
rarely accesses a parameter stack to a depth of more than 4 cells. Therefore, the following words are available in
the FORTH83 compatibility block, rather than being coded in the nucleus.

Word
PICK

Word
ROLL

REFERENCES

Stack
(n-n)

Stack
(n)

Function

Copies the nth stack entry onto the stack. S is entry number zero, S+2 is entry number
two. The phrasel PICK is equivalent to the word OVER

Function

Moves the nh stack entry to the top of the stack, moving down all the stack entries in
between.ROLLnumbers the stack in the same way aBICK.

FORTH83 Standard Compatibility, Section 2.9

2.1.2 Memory Stack Operations

This category of operations allowsyou to reference memory by using addresses that are on the stack.

Word
C@

Cl!

Revised 8/25/12

Stack
(a-b)

(ba-)

Function

Replaces S with the byte addressed by S. The byte fetched is stored in the-twder byte
of S with the remaining bits cleared to zero. PioT O1 A-fetéh8 6 A

Stores the loworder byte of S+1 at theaddress in S, removing both from the stack.
0071 T 1 O-GGNAO AR
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C+! (ba-) Adds the loworder byte of S+1 to the byte addressed by S, removing both from the stack.

001 11 OFBNAGO GFOT OA86
@ (a-n) 2APp1l AAAO 3 xEOE OEA EOAI AAAOAOGOGAA AU 38 0011
! (na-) Stores S+1 at the item addressed by S, removing both from the stack. Pronounced

0001 OA8o

+! (na-) Adds S+1 to the contents of the item addressed by S and stores theufesn the item
AAAOAOOAA AU 3h OAIT OET ¢ Al 6GOImOA86 OEA OOAAES

2@ (a-d) Pushes the doubldength item that is addressed by S onto the top of the stack (S+0,1).
Prol T OT AAMEADGEIS 6

Word Stack Function
2! (da-) Stores S+12 into the double-length item that is addressed by S, removing three cells
AOT I OEA OOAAEBOOION&a OT AAA OOxI

The following words are in 32bit systems only:

Word Stack Function

H@ (a-n) Replaces S with the 14bit (half-word) content of S,signA @OAT AAAS 00T 11 O1 A/
AROAES8S

H! (na-) Stores the loworder half-word of S+1 into the 16bit location addressed by S.
00111 OI-AAIAO BOFES

U@ (a-u) Unsigned version ofH@ 0071 1 iEANORER 600

H+! (na-) Adds the low-order signed halfword of S+1tothe 1I6BAEO AT 1T OAT 0O | £ 38 0 0]

plus-OO1T OA 86

2.1.3 Return Stack Manipulation Operations

4EA OOAOOOT 6 OOAAE EO O 1TAI AA ARAAOOA EO EO OOAA AU OE/
will return when they have finished execution. When a higtevel Forth word invokes a lowerlevel Forth word,
the address of the next cell of the highevel word is pushed onto the return stack by the address interpreter.

The return stack is a convenient place to keep frequently usedilies (because of the word$ ,I' and J), but it
should be cleared before the word reaches aBXIT (EXIT is compiled by; ) or else the address interpreter will

OAOOOT O1 OEA OAAAOAOGOG 11 OE AdlydedlO kol exain@A A E 8 4EEO AAEAO
: VECTOR >R;

will act like the word EXECUTE but will only execute: definitions. VECTORx | OEO AU bDOOEEIT ¢ A

parameter field address onto the return stack. Therefore, whe&EXIT pops the return stack into the address

inter pretive pointer | the address interpreter will begin to execute the word whose address was on the stack for
VECTOR

This section documents those operations which involve both the return stack and the parameter stack.

Word Stack Function

>R (n-) Removes the item on thedp of the parameter stack and puts it onto the return stack.
Prol T OT AAY8 6001
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R>

2>R

2R>

R@

REFERENCES

CountingLOOR (DQ, Section 2.4.4
EXECUTESection 2.4.8.1

2.1.4 Conveniences

Word
DUMP

Revised 8/25/12

(-

(-

Stack

(an-)

(a-)
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Removes the item on the top of the return stack and puts it onto the parameter stack.
Prol T OT A-.EDT 086

Pops the top two cells from the parametestack and pushes them onto the return stack.
This word is the runtime code forDGB 00T 11 Gd-GBRA OO x|

Pops the top two cells from the return stack and pushes Ehem onto the parameter stack.
2R>is the inverse of2>R8 001 T1T 6IEOAA B8OOI

Duplicates the item on top of the return stack on the parameter stack. Normally used to
obtain a copy of the index of £0O... LOOPstructure.

Identical to | ; defined for compatibility with FORTH83 standard. For maximum
compatibility, | should be used only within aDOstructure to obtain its index, andR @or

CAT AOAT OAOOOT OOAALABRBADOS 00iI 11T 61 AAA OO
Pushes onto the parameter stack a copy of the second return stack item. Used to access

either the limit inside alooporl £0T 1 A AAEZET EOCEIT T ET OI EAA EIT OF
DOEI A8d

Pushes onto the parameter stack a copy of the third return stack item. Used to access the
index of the next outer loop from an inner loop.

Function

Types out a region of cells in memory, given the starting address and length:
addr count DUMP

Output is formatted with the address on the left and up to eight values on a line; the
output conversion radix is the current value ofBASE Two cells are removed from the
stack.

Displays the contents of the parameter stack using the current base. Stacontents
remain unchanged.

Fetches from the address in S, and displays the result according to the current
conversion radix. Equivalent to the phrase:

@ .
Searches the dictionary for the word that follows tick in the input streamjeaves the
AAAOAOGO 1T &£ OEA x1 OA8O PAOAI AOGAO &EEAT A 11

00T 11 61 AARA OOEAES8HS
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2.2 ARITHMETIC AND LOGIBL OPERATIONS

polyFORTH offers a comprehensive set of commands for performing arnttetic and logical functions

PI1U&/ 24(80 AOEOEI AOGEA EO 1 POEI EUAA A1 O ET OACAmNAOEOEI A
capability and software floatingpoint is too slow for most reattime applications. polyFORTH supplies words to

perform fast, precise scalednteger and fixed-point fraction computations.

Programmers who are new to Forth should reviewStarting FORTH Chapers 2, 3, 5, and 7, which provide a
T O0i AROO

Al 1 POAEAT OEOA AEOADOOOEIT T &£ &1 OOE80 EATAIEIT C 1T &
2.2.1 Arithmetic and Logical Ope rators

The basic principles of Forth arithmetic are covered irStarting FORTH Chapter 2. More advanced concepts are
discussed in Chapter 5.

In order to achieve maximum performance, each version of polyFORTH implements most arithmetic primitives to

use the internal behavior of hardware multiply/divide instructions on that particular processor. Therefore, to 3

AET A 106060 AO OEA AEO 1 AGAI xEAO OEAOA POEI EOCEOAO Al h Ul O
The following general guidelines may Blp you use these operators:

1. The order of arguments to orderdependent operators €.9,- and/) is such that if the operator were
moved to an infix position it would algebraically describe the result. Some examples:

Forth Algebraic
ab- a-b
ab/ alb
abc* a*bl/c

2. All arithmetic words containing MOOOMOD/MOD, */MOD, etc.) are unsigned; others are normally signed.
The exception to this rule is thatM*/ on most systems require a positive divisor.

These operators perform arithmetic and Igical functions on numbers that are on the stack. In general, the
operands are removed (popped) from the stack and the results are left on the stack.

Single-Precision Operations

Word Stack Function

+ (nn-n) Adds S (popped) to S+1; leaves the result &

- (nn'-n) Subtracts S (popped) from S+1; leaves the result as S.
1+ (n-n) Adds one to the value in S.

1- (n-n) Decrements the value in S by one.

2+ (n-n) Adds two to the value in S.

* 32-bit systems also included+, 4-, and4*. These words are most valuable for ewerting cells to bytes, and incrementing and
decrementing by cell widths.

34 Revised8/25/12



Basic Forth Vocabulary

Word

2*

2/

MOD

/MOD

*/

*MOD

Double -Precision Operations

Word
D+

D-

Mixed -Precision Operations

Stack
(n-n)

(n-n)
(n-n)
(nn-n)
(nn-n)
(nn-n)

(nn-rq)

(nnn-n)

(nnn-rq)

Stack
(dd-d)

(dd-d)

DBO0O05 polyFORTH Reference

Function

Subtracts two from thevalue in S.*

Multiplies S by two (arithmetic left shift).*

Divides S by two (arithmetic right shift).

Multiplies S+1 by S (popped); leaves the result as S.

Divides S+1 by S (popped); leaves the quotient &

Divides S+1 by S (popped); leaves the remalar as S. Operands are unsigned.

Divides S+1 by S; leaves the quotient as S and the remainder as S+1. Operands are
unsigned.

Multiplies S+2 by S+1; divides th result by S; leaves the quotient as S (uses a double
precision intermediate result).

Multiplies S+2 by S+1; divides the result by S; leaves the quotient as S and the remainder
as S+1 (gives a doublprecision intermediate result). (perands are unsigned.

Function

Adds the top two doubleprecision stack values.

Subtracts the top doubleprecision stack value (S+0,1) from the next doublgrecision
value (S+2,3); leaves double-precision result as S+0,1.

These arguments have been determined by experience to be the most gealbr useful.

Word
M+

M

M*

M/

U/MOD

M*/
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Stack
(dn-d)

(dn-d)

(nn-d)

(dn-n)

(udu-rq)

(dn'n-d)

Function

Adds a doubleprecision value in S+1,2 to the singlprecision value in Sjeaves a double
precision result.

Subtracts a singleprecision value in S from a doublerecision value in S+1,2.

Multiplies two single-precision values (S and S+1) to form a doublprecision value (as
3cnhpQs T ABT @A AT AGERO OD WG Bl vBE ME Gveeh istack /£
arguments of the form (d n - d) are needed.

Divides a doubleprecision value in S+1,2 by the singlprecision value in S; leaves a
single-precision result as S; does not perform an ovddw check.

Divides S+1,2 by S, leaving a remainder as S+1 and a quotient as S. This operation is
called U/MODbecause it assumes that the arguments are unsigned, and it produces
unsigned results.

Multiplies S+2,3 (d) by S+1 (n'), giving a tripleprecision result, and then divides the

triple -precision result by S (n), leaving a doubkgrecision result. S may be unsigned; see
the stack arguments in your system listing.
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T (dn-t) Multiplies S+1,2 by S, yielding ariple -precision result (48 bits on 16-bit machines and
96 bits on 32-bit machines) as S+0,1,2. Used M*/ .

T/ (tn-d) Divides a triple-precision number in S+1,2,3 by S, yielding a doubfgecision result. S
may be unsigned. See the stack argumentsyour system listing. Used ifM*/ .

2.2.2 Logical and Relational Operations

10 ET OEA AAOA 1T £ AOEOEI AGEA 1 DAOAOGEI T Oh DI1U&I24(80 E
optimizes speed and simplicity. This does imply some limitation on gendity in 16-bit systems, although this
limitation rarely is an issue in reattime applications.

In order to fully understand the issues, we can represent the entire set of dfit integers in three ways, as shown
in Fig. 2.1.

A relational which treats agiven 16-bit integer as a point on the full signed number line (a) is needed for true
arithmetic or algebraic numbers in which the application has carefully determined that there will never be over
flow or underflow.

c. Number Circle
a. Full signed 16-bits 0
65K
\
-32768 0 32767
-16K \
— 16K
b. Unsigned 16-bits 48K /
0 32767 65535
32K
Fig. 2.1

Three ways of representing 16-bit binary numbers
For example, this type of relational is needed to test whetheR0,000 is less than +20,000.

A relational which treats all values as unsigned (b) is also needed, prarily to test locations of given addresses.

The number line, orratbtAR O O1 O AAO AEOAI Ad OEI x1 ET jAQ DPOT AAAT U 1T AA;
Relational operators which treat numbers in this way have the advantage of being able to act like signed tests

around zero and like unsigned tests around 32K. Thus thelation between two numbers is totally independent

of their absolute position on the number circle.

It may seem that the third case is the rarest and least useful. In fact, though, it turns out that it handles the vast

majority of signed comparisons in red applications, and better still, it is much faster in execution and easier to

implement than a relational that assumes number line (a).

#1 1 OEAAO OEOAA DI ET OO 11 OEA 10i AAO AEOAI Ah AO OET x1 EI
relation to true zero on the circle. Since numbers increase in a clockwise direction, point A is considered to be

greater than point X. Point B is considered to be less than point X. Notice that the maximum range of
comparisons in the circle is 32K. Further aay than that, a value will appear to lie in the opposite semicircle and

will produce the opposite result.
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Fig. 2.2

A circular representation of the range of 16-bit numbers.

Thus a relational which uses this number circle is limited to a 32K range foany single test. Since most
comparisons use an extremely small fraction of the total 65K range of the circle, this limitation is generally safe.

The number circle relational is easy to implement because it can be defined in terms of subtraey,
1< - 0<;

When A is subtracted from X, the arc of the difference is greater than 180 degrees. That is to say, the result of
subtraction will appear to be negative in sign. When B is subtracted from X, the arc of the difference is less than

180 degrees; thisA E ££ZAOAT AA xEi 1 APPAAO DI OEOEOAS yl OEA EEO0OGO
O&Al OA8S

16 bit versions of polyFORTHISD4 OOA OEA &O01 1 U OECiI AA 11 AAl j1POEIT O
relationals, as well asMAXand MIN. 32bit versions of polyFORTH use the circular model. The operatti<is

provided for unsigned comparisons, particularly for memory addresses that can extend over the ful8BK range.

Single-Precision Logical Operations

Word Stack Function

NEGATE (n-n) Negates the top value (S is set t8). The phrass(NEGATE 1- is equivalent to logical
TACAGETT jp60O Al i bl Al AT 608

MAX (nn-n) Compares S+1 and S (popped); leaves the larger as S.

MIN (nn-n) Compares S+1 and S (popped); leaves the smaller as S.

ABS (n-n) Replaces the top stack value with its absolute value (S is setA8S S).

AND (nn-n) Places the logicaANDof S+1 and S as S.

OR (nn-n) Places the logicaDRof S+1 and S as S.

XOR (nn-n) Places the exclusivdDRof S+1 and S as S. dliphrase-1 XOR - 1 is equivalent to

logical negation.

Double-Precision Logical Operations

Word Stack Function
DNEGATE (d-d) Changes the sign of a doublprecision stack value.
DABS (d-d) Takes the absolute value of a doublprecision stack value.
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DMIN (dd-d) Returns the smaller of two doubleprecision stack values.

DMAX (dd-d) Returns the larger of two doubleprecision stack values.
Comparison and Testing Operations
These operations leave on the stack a number that is based upon a testraf tontents of one or more items on the
top of the stack. This number may be interpreted as a true/false value; zero equals false @my non-zero value
equals true. The words below, which perform explicit tests, returnp &£l O OdinPafishB dnd teting
operations generally precede anF , WHILE, or UNTIL.

In general, the test always replaces the item(s) tested with the results of the test.

Word Stack Function

0= (n-t) 4R0060 3 &£ O A OAl OA -AR® AJ A3 68 00iI 11 61 AAA OUAOI
0< (n-t) TestsSforA OAl OA 1 AOO OEAT -lecBA@ERT 8® OI 11 O1 AAA OUAOI
NOT (t-1) Equivalent to O=; tests S for a value of zero. Used for program clarity to reverse the

results of a previous test. For example, the following code would test for a value greater
than or equal to zero:

0< NOT
= (nn-t) Tests S and S+1 for equality.
< (nn-) 4A000 AEI O 3Cp 1AOCO -DEMITS8®B S8 001 T1 061 AAA O1 AGO
> (nn-t) 4A000 EI O 3Cp COAAOAOD -BEAITS®B 8 001117 061 AAA OCOA
DO= (d-t) Tests the doubleprecision item in S+0,1£1 O UAOT 8 -RoANDOATI ddd OA
D< (dd'-t) 2A006010 A ITA EE 3Cnhp EO 1 AOO OG&AOERICZdvh A U

The following are written in high-level and are available when the FORTB3 compatibility block is loaded:

Word Stack Function
0> (n-t) Returns a one if S is greater than zero. Ard O1 A A Agre@d)-ABAT 86
D= (dd-t) Returns a one if the doubleprecision number in S+0,1 is equal to the doublprecision

101 AAO ET 3cCtheANOAd @isiol O1 AAA OA

You may also ge- (minus)orD>- AO A-ARDADS6 OAOOR OET -2l diffefencsififieitwo MO OOT A 1

or double-precision numbers are unequal.

REFERENCES

Conditionals , Section 2.3.5
MAXand MIN, Section 2.1.2

Posttesting Loops, Section 2.4.2

&1 O OOAOO T £ DPOAOEI 6O OAOOGEIT O T &£ PilU&l/I 24( OEAOG OOAA p AO
obtained from FORTH, Inc.
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Pre-testing Loops, Section 2.4.3
String Comparisons, Section 2.3.5
FORTH83 Standard Compatibility, Section 2.9

2.3 CHARACTER AND STRINGPERATIONS

polyFORTH contains many words that are used to reference single chaters (bytes) or character strings.
Characters nay be grouped together and thought of as a string; this group is then operated on as a single variable.
Character strings are supported by the words that are documented in this section.

A standard working area is used to hold most character strings for pcessing; this area is referred to a®AD

In addition to the words described in this section, several other words are used to reference character data in
different environments, e.g, Data Base Support. Such words are described in the appropriate seaticof this
manual.

REFERENCES

Data Base Support, Section 8.0
2.3.1 The PAD—Scratch Storage for Strings

PADis an area of storage of indefinite size that is used to hold strings for intermediate processing. Each terminal
task contains aPADarea. The wordPADplaces theaddress of the first byte inPADon the top of the stack.

PAD is physically located at a fixed displacement from the current top of the dictionaryHj. The actual
displacement is a system function, but will be at least 34 bytes. The largest displacement is the maximum length
used for pictured output number conversion. The number conversion area grows downwards froAD(see Fig.

2.3).

HERE PAD

last dictionary entry - >

Scratch area for output

: Scratch area for strings
number conversion

Fig. 2.3

Portionof user 6s di cRADonary showing

BecausePADis located relative to the dictionary pointer H, the location of PADchanges wheneverH changes.
Common operations that affecH include adding definitions; adding data or data areas using, C,, or ALLOT; or
discarding definitions using FORGETor EMPTY This means that information left inPAD before one of these
operations will not be addressable following the definition (and may in fact be overwritten by a new definition).

Altbough PADdoes not have a fixednaximum size, a minimum size of 250 bytes is maintained; an error message
i OSEAOET T AOU &0116Qq EO EOOOAA ELE OEA AEAOEITAOU OEOAAC
current size may be computed by the phrase:

'S PAD -
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REFERENCES

, andC, , Sections 2.7.6.1, 2.8.2

ALLOT, Section 2.8.1

EMPTY Section 3.3.4.1

FORGETSection 3.3.4.2

Pictured Number Conversion, Section 2.5.2

2.3.2 Single-Character Reference Words

The words C@and C! are used to reference single characters in the same wahat @and! are used to reference
cells.

C@expectsan address on the top of the stack. This address is replaced with the contents of the addressed byte.
This byte will be placed in Bits 67 of the cell on the top of the stack, with the higher ordebits set to zero C@
AT AO 116 OO0ECT A@OAT A6 Qs

C! expectsan address on the top of the stack and a character in BitsDof the cell underneath the byte pointer.
The highrorder bits of this lower cell are ignored. The character is stored in the addressdgte; the address and
character cells are removed from the stack.

For example, the following phrase would fetch the first character iRADto the top of the stack:
PAD C@

REFERENCES
C@C!, Section 2.1.2

2.3.3 String Defining Words

Short messages of a fewharacters in length may be added to the dicticary by using their ASCII codes with the
defining word MSG P OT 11 01 AAA Oi AOOA ¢ ANMSHSill, when inydked Aypelobit 4 dhaladtersA U
on the terminal. For this reason, a word defined bilSGnay only be executed by 8ERMINALtask.

The principal use ofMSGs for sending control information to terminals and other ASCII devices. Some examples
are CR(which sends a carriagereturn, line feed, and sometimes nulls for timing to a terminal)PAGE(which
OAT AOG A OAI AAO OA OADRAWan exampld &l ad dpplicaoA domband whichAsends graphics
commands to a serial graphics terminal).

The basic form of aMSds as follows:

HEX MSG NAME nn C,cc C,cc C, ...

The first byte of the string (represented by nn above) gives its length (number of bytesj. The second byte
represents the first letter of the string. Eachcc above represents the ASCII equivalent of one character of the
string.

On processors that will not tolerate odd byte addreses (such as the PBP1 or 68000) odd-length strings should
be filled out with a zero at the end; the count may be even or odd, however, and the exact specified number of
characters will be typed.

*

On DEC (PDHR1), Intel, and Ziog computers the first byte is in the loworder position of each cell.

40 Revised8/25/12



Basic Forth Vocabulary DBO0O05 polyFORTH Reference

REFERENCES

Example ofMSGSections 2.7.6.3, 3.7.3
TERMINAL Tasks, Sections 4.8, 4.9, 4.10

Terminal Output, Section 3.7.3
Use of, andC, to Compile Values, Section 2.8.2

2.3.4 String Management Operations

polyFORTH contains several words that are used to reference strings, cpane strings, and move strings bateen
different locations. In addition to these words, other words are used to input or output character strings.

Most words that operate on a single character string expect the length of that string to be on the top of the stack,
and its address beneath. Many words that operate on two separate character strings expect three items on the
top of the stack, in the fornat shown in Fig. 2.4. The exceptions areTEXT and the byte string operators in the

Data Base Support system.

Word Stack Function

ERASE (an-) Erases a region of memory (sets it to zeros), given its starting address and length:
addr count ERASE
Two cells are removed from the stack.

Word Stack Function

BLANK (an-) Sets a region of memory to blanks (hex 20); S+1 and S aeaddress and length as in
ERASE Two cells are removed from the stack.

FILL (anb-) Fills a region of memory with theleast significant byte of S. S+2 and S+1 are an address
and length, as inERASE Three cells are removed from the stack.

MOVE (sdn-) Moves the number of bytes in S from a source starting at S+2 to the destination starting
at S+1. MOVEs always the fastest way to move data, but on cediddressedmachines, s
and d may be restricted to even addresses. Transfers bytes beginning at low memory
and ending at higher memory. Three cells are removed from the stack.
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Top of Stack ——» n Length of string
da Destination address
sa Source address
Fig. 2.4

Format of arguments for most two-string operators. One length applies to both strings. The above format is
used instead of two separate character counts.

Word Stack Function

CMOVE (sdn-) Moves the number of bytes in S from a source starting &2 to the destination starthg
at S+1. Arguments and behavior are d9lOVEbutsand d may have odd values. Three
cells are removed from the stack.

Word Stack Function

<CMOVE (sdn-) <CMOVIhas arguments and behavior a€MOVE but starts transferring at high mem
ory and works toward low memory. <CMOVEs good for transferring from a data field
to an overlapping data field in higher memory. Three cells are removed from the stack.
00111 O1 AAIAT OAARE A

Field names which are character strings contained in files may be used poovide operands for string reference
operations.

REFERENCES

- TEXT, Section 2.3.5
Character String 1/0, Section 2.3.6
Fields, Data Base Support, Section 8.0

2.3.5 Comparing Character Strings

Characterstring comparisons operate on two separate charactestrings; this allows the two to be compared by
use of the ASCII collating sequence. The following words are provided:

Word Stack Function

- TEXT (ana'-n) Compares two strings of the same length. T
string beginning at the address in S is sufacted
from the string beginning at the address in S+
S+1 is the number of charactersto compare.
Retuns-p E&£ OEA 03C¢d 00O«
string, O if they are equal, and 1 if the S+2 string
COAAOAO OEAT OEA 3 00C
OEAT 06 AOA AAOMpteEhadisA Ode
length strings may not be used with- TEXT
because the strings are copared cell-by-cell.
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Word Stack Function
- MATCH(alnla2n2 Searches for a match for thetring a2 n2 in the
-alnlt) string al nl (which is presumed to be longer). If

i AOAE EO & 01 Ah O Addieésio
the first non-matching character and the length ¢
the remainder the string. If no match is founc
OAOOOT O Ap 1o 1 A1 ARABGOG

For exanple, you could compare a string whose address is returned tYAMEBwith PAD testing:
PAD length NAME - TEXT

- MATCHs generally used to find a short string in a longer string. It is used by the polyFORTH editor. The use of
686 ET OE ATEXPahdd KATCHE intended to approximate the Boolean symbol -, as a reminder that both
x| OAO OAOOOT OO00dhd@ch.ELZ OEA OOOEIT ¢cO Al

REFERENCES

B@and B!, Data Base Support, Section 8.0
PAD Section 2.3.1

2.3.6 Character String Input and Output

Character strings may be input or output by aTERMINALtask through words defined in this section. Such input

or output is only possible where the terminal or pseudeterminal device is capable of supporting the requied

operation.

2.3.6.1 CHARACTER STRING INPT

EXPECTawaits a character string from the terminal or other serial device, given the maximum number of

characters and theaddress of the place where they are to be stored. Input will be terminated by receipt of the

OPAAEEZEAA 101 AAO 1 £ AfvwhishevetcAmedfirst. Gor Axanfip A OOOT 6 j m$
PAD 10 EXPECT

will await ten characters and place them aPAD

During input, these user variables are used:

Word Description

CTR Contains the number of characters yet to come, as a negative valeeg(-80) which is incremented for each
character received.

PTR Contains theaddress into which the next character will be placed.
SPAN Contains the number of characters input.
#TIB Maximum number of characters to be processed BWORD

Incoming characters are checked fo© O A O O Q) whictj teriinates input, and backspace (08) or DEL (7§

which causesCTRand PTROT AA OAAAEAA O6po6 11T A ATA A AAAEOPAAA 1O

AEAOAAOAOO AgAAPO OEAOA xEI1T AA OAAET AA6 OI OEA OAOI ET,
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EXPECTshould not be executed if there is no terminal or serial device capable of providing input for the task.

No indication is provided at the terminal that the system is awaiting input as a result of @a@XPECTrequest. The
programmer should indicate this fact throughsome output message issued prior to thEXPECTrequest.

In some situations it may be desirable to avoid both the editing of the input string and the echoing. For this
reason, an alternative word is available, calledTRAIGHT, which is used exactly likeEXPECTbut does not
perform any editing or echoing.

The commandKEY awaits one character and leaves it on the stack. It usB§RAIGHT, and does not edit or echo.

The conventional place to put incoming strings is the input message buffer, which starts atetlbottom of the
OOA0B6 O O Oaidvdss may ke lfoOndl by the wordlB ) and extends upward in memory toward the return
stack. At least 80 bytes are available. The comma@UERYvill EXPECT80 bytes into the input message buffer
and perform the necessay housekeeping to use words from the text interpreter to process the textQUERYis

used inQUIT.

REFERENCES

Character String Output, Section 2.3.6.4
Number Conversion, Section 2.6.2

Terminal Input, Section 3.7.1
TEXT, Section 2.3.6.3

2.3.6.2 SCANNINGCHARACTERS TO A DEMITER

(@}

WORDs the main work-ET OOA 1T &£ PI1U&/I24(80 OA@dO ET OAOPOAOAOS )
(terminal input buffer or a disk block) starting at the offset given by the user variable>IN, to a specified
delimiter. W@®Dis used byTEXT, and functions in the same manner aBEXT except for the following differences:

The input characters are placed in storage starting two bytes (four bytes on 38t systems) beyond the current
dictionary head (HERE 2+ or 4+). His not modified. The first byte of the resulting string contains the actual
length of the string, up to the occurrence of the delimiter. The area where the clagters are placed is not
initialized, although there will be one trailing blank (not included in the length atHERE 2+) inserted by WORD
following the string. WORReturns on the stack theaddress of the string. This is a convenience for the words that
conventionally follow it, such asNUMBER

The space betweerH and PADis used by other polyfORTH functions, such as output number conversion. As a
result, when you useWORID pick up a string from the input stream you should finish working with it or move it
to another area (such asPAD promptly to avoid confusion. TEXT is generally preferabk, unless you need the
length of the string.

As an example oWORD O OOAh AT 1T OEAAO OE A CGEINTsla btandatd@ordvithbsp defnitidh@ AT D1 A
is shown here for convetience):

:COUNT (a - a n) DUP1+ SWAPC@ ;
: TEST 32 WORD COUNT TYPE ;

TESTwould be used:

TEST ABC (carriage return) ABC ok
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REFERENCES

Fetching Input Characters td?AD Section 2.3.6.3
NUMBERSection 2.6.2.1

Text Interpreter, Section 1.1.4
TYPE Section 2.3.6.4

2.3.6.3 FETCHING INPUT CHARBTERS TO PAD

TEXT scansthe current input stream until a delimiter is encountered. These characters are placed RAD which
TEXThas previously set to blanks for a length of at least 72 bytes.

TEXT expects the delimiter character in the loworder byte of the top of the stack. TEXT bypasses any
occurrences of this character until a nordelimiter character is encountered. That character is then placed in the
first byte in PAD Succeeding characters are then moved into the following positions BAD until a delimiter
character is encountered or the length of the string (given by#TIB ) has expired, which terminates the operation.

TEXT takes its input from the current input source. This is normally the terminal input buffer. During the time
that text is being interpreted through a LOADoperation, however, the current input source is the seleed block
being loaded.

TEXTusesWORID input the string, which is then moved toPAD

REFERENCES

PAD Section 2.3.1
Terminal Input, Section 3.7.1

The LOADOperation, Section 3.3.1
WORPDsetion 2.3.6.2
2.3.6.4 CHARACTER STRING OWPUT

TYPEoutputs a character string to the terminal or other serial device (such as a printer). The character string is
output exactly as it appears in storage, with parity bits added by the hardware if required e terminal in use.

The length of the string, in bytes, must be on the top of the stack with tleeldress of the first byte of the string on
the stack beneath it.

For example, you could use the following phrase to print thirtytwo characters fromPADon the terminal:

PAD 32 TYPE

During output, user variablesCTRand PTR contain the count andaddress, respectively, of characters yet to be
sent.

The commandEMIT will type the ASCII of a single character from the stack. Thus,

65 EMIT
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REFERENCES

PAD Section 2.3.1
Terminal Output, Section 3.7.3

2.3.6.5 COMPILING MESSAGES

There are twocases in which it is desirable to have text messages compiled in programs: to issue error messages,
and to communicate information during normal operatia. The following words provide compiled strings:

Word Description

Compiles the string following, terminated by another" . At run time, the address and length
of the string will be pushed on the stack. For example:

:"TEMP" (n) 68 > IF
"WARM" ELSE "COOL"

THEN TYPE ;
This will display the message WARNMf the temperature in the stack is greater than 68, and
"COOL otherwise.
" string" Compiles a string which will be typedout when the word that contains it is executed. For
example:

Greeting ." Hi there";

t ABORT" string" Compiles a string which will be typed out as an error message if the value on the statki¢
true when the phrase is executed. For example:

:2TEMP (n) 95>
ABORT" TOO WARM!" ;

In both cases the quote rark serves as the delimiter that marks the end of the string. Both words use the
compiling word STRING.

Note that each of these words has functions to be performed both at cgite time and at execute time. At compile
time the address of the execut¢ime function is compiled, along with the string. At execute time the behavior
differs. For" the address and length of the string must be pushed on the stack. FRBORT"the test must be
performed. For both." and ABORT"the string must be typed out.

These words must appear only inside a definition.

If ABORT"finds its argument to be true (nonrzero), it will echo the conmand most recently interpreted, issue the
message, clear both stacks, and return control to the operator.

Examples:

“HI ."HITHERE",

:CHECK (n - n) 1000 OVER <
ABORT" TOO BIG";
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REFERENCES

Error Handling, Section 2.4.7
Report Titles and Headings, Section 8.8.2
STRING, Section 2.8.7

2.4 PROGRAM STRUCTURES

Forth contains a set of words that may be used to establish program loo@sd alter the normal sequential
execution of words. Such words are desibed in this section. Please note that similar words which also alter the
normal flow of execution are defined in theASSEMBLERocabulary for use inCODHElefinitions.

Logic control words must be used within a definition, because they cannot operate properly when typed from a
keyboard. Loops generally must be opened and closed within the same definition. Loops may be nested to any
depth.

Some of the words in this section ared A1 1 AA OAT I PEI AO AEOAAOEOAOS86G 7 EAT
compiles celx EAA AAAOAOOAOG DI ETOEIC O OEA x1 OAO8 Admpildr AEAT |
directive, it executes it immediately rather than compiling it. Forth is exensible, so you may define your own

compiler directives. Exact techniques are in the section referenced below.

REFERENCES

Compiler Directives, Section 2.8.8
2.4.1 Infinite Loops

The simplest looping method available in Forth is th&8EGIN ... AGAIN loop. The BEGIN ... AGAIN loop
repeats the code between theBEGIN and AGAIN endlessly. BEGIN ...  AGAIN loops are used for control

activities which are not expected to stop. Examples of such apgditions include process control loops and
computer-sequenced mahinery. BEGIN ... AGAIN is also used inQUIT, the highest level word of an

interactive polyFORTH system.
An example of a higHevel program to control an industrial process might be:

: REACTION CONTROLS CLEAR
BEGIN DATA ERROR CORRECT AGAIN;

This process control loop clears the controls, then enters an infinite loop which continuously collects data,
calculates an error quantity, and applies a correction function. Usually such a program is run asynchronously by a
background task, and the operator sips it with a word built from task control words.

Note that the word BEGIN does not compile anything; it simply pushes the address of the next available
dictionary location on the stack at compile time. BEGIN thus marks a location for a later compiler A AOE OA O 8
compile time operations.

REFERENCES
Task Control, Sections 4.5, 4.10

2.4.2 Post-Testing Indefinite Loops

BEGIN and UNTIL allow the user to set up a loop which may be executed repetitively in a manner similar to
BEGIN ... AGAINIoops, except that &est is performed before the loop repeats.
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The form of aBEGIN ...  AGAINconstruction is:

BEGIN {words to be executed repeatedly} {test words} UNTIL
When execution reaches the wordJNTIL, the value on the top of the stack is examined and removed frorhet
stack. If this value is false (zero), then execution returns to the word that follonBEGIN; if the value is true (non
zero), execution continues with the word that followsUNTIL.

BEGINIoops can be nested. However, a loop of any type must be nestedirely within any outer loop.

BEGIN ... AGAIN may only be used within a single definition; it may not be executed by direct entry from a
terminal.

The ASSEMBLERocabulary also contains words name®EGIN and UNTIL ; these words perform similar, but not
exactly equivalent, functions.

REFERENCES
BEGIN ... UNTIL for the Assembler Vocabulary, Section 6.8
BEGIN ...  AGAIN, Section 2.4.1

Logic Operations, Section 2.2.2
2.4.3 Pre-testing Indefinite Loops

Pre-testing indefinite loops are similar to BEGIN ...  UNTIL loops except that the test to leave the loop is
performed before the end of the loop code. The syntax of the Forth presting loop is:

BEGIN {executed every iteration} {test} WHILE
{not executed on the last iteration} REPEAT

WHILE removes the numter at the top of the stack and tests it, then leaves the loop if the value is false (zero),
skipping the words betweenWHILE and REPEAT If the value on the stack is true (noizero) then WHILE con-
tinues to the next word in the loop. When the CPU reachd®EPEAT the CPU will go back to the words
immediately following BEGINand repeat the loop.

For an example, consider a word that counts fruit in a mechanical sorter:

:GOOD( - n) 0 BEGIN FRUIT 2GOOD
WHILE 1+ FETCH REPEAT ;

As long as the machinsees good fruit in the test cell the loop continues, and the machine considers the next fruit.
When the test fails, the fruit remains in the test cell, to be evaluated by some process other than the wa@GOOD

In situations when both are equally conveniat, the BEGIN ...  UNTIL loop is faster and requires fewer bytes
and is thus preferable to theBEGIN ...  WHILE ... REPEAToop.

REFERENCES

BEGIN ... UNTIL Loops, Section 2.4.2

Logic Operations, Section 2.2.2
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2.4.4 Counting (Finite) Loops
Forth provides words to allow looping within a specified index range in a manner similar to FORTRAN Bddps.
The possible forms of a counting loop are as follows:

limit index DO {words to repeat} LOOP
or limit index DO {words to repeat} value +LOOP
or limit index DO {words to repeat} value /LOOP

The words associated with counting loops are:

Word Function

DO Establishes the loop parameters. This word expects the initial loop index value on the top of the
stack with the limit value beneath it. These values are removed from the stack and stored on the
return stack when DQis executed.

Word Function

LOOP Causes the index value to be incremented by one and compared with the limit value. If the index
value is equal to or greater than the limit value, the loop is terminated and execution resumes with
the next word. If the index value is less than the return va&y control returns to the word that
follows the DOthat opened the loop.

+LOOP ResemblesLOOPbut increments the index by the specified signed value. On 4t machines,
+LOOPwWill handle any 32K range €.9.,-16384 through +16383, O through 32767,-32768
through 0, etc.). On 32it machines, +LOOPwill handle any 64K range (e.g.;32768 through
32767, 0 through 65535, and 65536 through 0).

/LOOP Resembles+LOOPbut uses an unsigned value, and can thus support a range from 0 through

65535 (131070 on 32bit machines). Where incrementing values are known to be positive (which
is most of the time),/LOOP may be significantly faster thantLOOR 001 1171 Olodls® OOAI B

| Pushes a copy of the top item on the return stack (the current value of the index) onto the top of
the parameter stack. This word may only be used for this purpose with the definition that
opened the loop, not in definitions that the loop invokesbecause nested colon definitions cause a
return address to be put on the stack on top of the loop index.

I' Pushes a copy of the second item on the return stack onto the parameter stalék. is often used in
a word called inside a loop to obtain access fo, or within the loop to reference the limit.

J Pushes a copy of the third return stack item onto the parameter stack. When two
DO ... LOOR are nested, this is the value of the outer index from inside the inner loop.
LEAVE Sets the limit equal to the curent value of the index, forcing the loop to terminate on the next

execution of LOOP+LOOPor /LOOP.

To illustrate the use of loops, the wordSUMis defined in such a way that it sums the values of the integers 1 to
100 and leaves the result on the stack:

:SUM 0 1011DO |+ LOOP;
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Note that the limit value is specified as 101, not 100, because the loop terminates when the limit value is reached
or exceeded after the index value is incremented. Loops may be nested to any depth, limited only by tygacity
of the return stack. At each point in a nested loop, the woldrefers to the index of the innermost active loop.

+LOOPallows descending index values to be used. When an index value is descending, however, the loop is
terminated when the limit is passed (not merely reached). When the index value is ascending{the increment
value specified for+LOOPis positive), the loop terminates when the index value is reached, as fo©OP

To illustrate the use of+LOOPwith descending index values, tk following definition is equivalent to the first
definition of SUM

:SUM 0 1100DO |+ -1+LOOP;
Here the initial value of the index is 100 and the final value is 1.

Since the loop parameters are checked at the end of the loop, any loop will alsdye executed once, regardless of
the initial values of the parameters. Also, loop parameters are kept on the return stack and they are not affected
by loop structures other thanDO ...  LOOPR

2.4.5 Conditionals

These words allow conditional execution ofwords within a single definition. They may only appear within a
definition and may not be used in interpretive text or in text executed by direct entry from a terminal.

The general form of usage of these words is:

{test words} IF {true-clause} ELSE {false-clause} THEN
or {test words} IF {true-clause} THEN

WhenIF is executed, the item on the top of the stack is removed from the stack and examined. If the value is true
(non-zero), execution continues with the words that followlF (i.e, the true-clause). If the value of the word is
false (zero), execution resumes with the words that followELSE (i.e, the falseclause) or with the words that
follow THENIf ELSEis not present.

Execution of the trueclause terminates with the word ELSE, if present. Kecution resumes with the word that
follows THEN

Both the true-clause and the falseclause may be any group of defined Forth words. Either clause may contain

DO ... LOOR,BEGIN ... UNTIL loops, and/or otherIF ... ELSE ... THENSstructures, so long as tke

entire structure is contained within the clause. In other words, ®0or BEGIN loop may be used in anF clause

or an ELSEclause so long as the terminator (whetheLOORUNTIL, or REPEAT appears within the same clause.

Similarly, one IF structure may be nested inside another structure of any kind so long as th&HEN that
terminates the structure appears within the same clause.

'T O1 060 1T £ OAT CAd AOOI O 1 AGOACA iniAgandiendf d contraDsiiicturd THA A E O
can also mea that one part of the control structure is missing.

REFERENCES

Logic Operations, Section 2.2.2

50 Revised8/25/12

>



Basic Forth Vocabulary DBO0O05 polyFORTH Reference

2.4.6 EXIT

EXIT allows the address interpreter to leave a definition at any pointEXIT is also the word compiled by, at the

end of every: definition. EXIT pops a value from the top of the return stack intd } OEA AAAOAOO ET Of
pointer to the next word to interpret), and then performs aNEXT, to begin execution of the next word in the

definition which called the word containing EXIT. The return stack must be clear of any loop parameters or
temporarily stored data before anEXIT can be performed.

A trivial example of EXIT is:

: TEST (n) 1. IF EXIT THEN 2 . ;
OTEST12
1TEST1

Frequently, words containing EXIT will have different stack results, depending on whether the wordEXIT s or
not. The standard stack notation for such a situation is:

(input -arguments - EXIT -case, normatcase)

EXIT is the only Forth word which permits unstructured programs (program modules with multiple exit points).
It is very bad form to useEXIT more than once in a word, because clarity and readability often suffer. If you
believe you need to us&XIT twice in a word, try factoring that word into several words.

Another property of EXIT is the way itbehaves during the text intepretation of disk blocks. When a disk block is

LOADxd, the text of the disk block is interpreted by the text interpreter defined in the wordNTERPRET
INTERPRETIs an endless loop which exits either by & EXIT JMPin WORDor by executing a word which

removes the proper depth of entries from the return stack, and then executdsXIT. When theINTERPRETIn
LOADencounters anEXIT, theEXIT BT DO OEA AAAOAOO ET OAOPOAOABXT@hicA OOOT
executes the vord after INTERPRETIn LOAD Thus interpretation of a disk block can be stopped by placing an

EXIT after the last word to be interpreted.

REFERENCES

Address Interpreter, Section 1.1.6
LOAD Sections 3.3.1, 3.3.2

Text Interpreter, Section 1.1.4
2.4.7 Abort Routines

There are three routines available for handling abort conditions for teminal tasks, plus two that may be used by
any task:

Word Function

ABORT 51 AT TAEQGETITAIT U OAOIET AGAO AgAAOOEIT AT A OAOOOI
issued. May be executed by any task.

t ABORT" text" Iftistrue (non-UAOT qh OUPAO OEA OPAAEEZEAA OAgO AO OEA 0O,
01 OEA OAOEBO0 EAIT A AAEAOEI 08 j .1 EOOOEAO x1 OAO

Must be used inside a definition; maye executed only by & ERMINALtask.

The definition of ABORT"concludes with the word ABORT
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Word Function

QUIT Terminates execution of the current word (and all words above it). All words are removed from
the return stack and the parameter stack is claad. No indication is given to the terminal that a
QUIT has occurred. Exection will not resume until a new word (or words) is entered from the
terminal. QUIT is the default idle behavior forTERMINALtasks.

STOP Terminates execution, leaving the task iactive. The task may only be awakened by an interrupt
routine or another task.

NOD An infinite loop containing STOPR This is the default idle behavior of background tasks. If an
interrupt awakens the task it will simply go inactive again.

Since a backgrand task by definition has no terminal on which to issue messages or to which control may be
passed, abort behavior for such tasks must be handled differently, normally by setting a flag and callBipOR

REFERENCES

Background Tasks, Sections 4.3, 4.4, 4.5
Terminal Tasks, Sections 4.8, 4.9, 4.10

2.4.8 Vectored Execution

1 OET OCE 11 Oi Al &1 OOE OOACA j A0 xAil AO CiT A DPOI COAIITlETC

modes of sequential, iterative, and conditional execution, it is sometimeagesirable to direct Forth to exeute a
specific function in response to some external stimulus. This technique may be used, for example, by a report that
searches a data base, selecting records according to one of a number of specified criteria; by & aEnpush
buttons, each of which is attached to a particular Forth word; or by a routine that computes the address of a
function to be executed.

2.4.8.1 USINGEXECUTH-OR VECTORED EXECUJN

The word EXECUTEexpects on the stack the address of the parametéeld of a definition. EXECUTEwill execute
the routine by jumping to its code address.

For example:
VARIABLE NUMERAL
:T1 1 .;
T2 2.;
:ONE []1T1 NUMERAL'!;

:TWO []T2 NUMERAL!;
N NUMERAL @ EXECUTE ;

If the user types:

ONE N
the computer will type 1.
Typing:

TWO N

will produce 2.
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The phrase@ EXECUTHs so common that a special word@ EXECUTE defined to save space and CPU time. The
behavior of @EXECUTES exacly the same as the phrase@ EXECUTE with the addition of a checkon the
contents of the address supplied: If the address to be executed is ze@EXECUTH®Ill simply return to the calling
definition without perform ing any operation. This means that such execution vectors may not require special
initialization.

The stack effect of all members of a set of words to HEXECUTH in a patticular context must be the same. That
is, they must all require or leave the same number of items on the stack. The behavio@EXECUTH ignoring
zero addresses is appropriate onlyri cases where there are no stack arguoents.

REFERENCES
[1 . Section2.8.6

2.4.8.2 USINGASSIGNFOR VARIABLE FUNCTINS
ASSIGNprovides a convenient means of storing a code address into RAM.

ASSIGN must be used inside a definition. When executed, ASSIGN expects an address (usually that of a
VARIABLE) to be on the stack. ASSIGN will store into that address the address of the cell that immeditely
follows ASSIGNIn the current definition. Execution of the definition containingASSIGNthen terminates, sothat
the words following ASSIGNcan be executed by a subsequent use of the phrase:

variable - name @EXECUTE

Thus in the structure:

VARIABLE A
:B AASSIGN XY Z,;

executing B will set the address of the cell that follows the address cASSIGN in the definition of B (i.e, the
address ofX) in A but will not execute X, Y, andZ. Thereafter, the phrases:

A @ EXECUTE or A @EXECUTE
will result in the execution ofX, Y, andZ.
Using this technique, the example of vectored execution may be simplified to
VARIABLE NUMERAL
: ONE NUMERAL ASSIGN 1 .;
: TWO NUMERAL ASSIGN 2 . ;
: N NUMERAL @EXECUTE ;
The use of these words would be the same as in the previous example.
An actual example of the use ASSIGN (in the standard polyFORTH graphics package) specifies plotting modes:
VARIABLE MARK

: LINES MARK ASSIGN
( code to connect the last data point to this one) ;
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: POINTS MARK ASSIGN
( code to draw a + for this data point) ;

: HISTOGRAM MARK ASSIGN
( code to draw a histogram segment from the last data point to this one) ;

:PLOT NODO IPTS @ | MARK
@EXECUTE LOOP ;

111 OEOAA Oi AOEET yam X @iudd Oifie Autrenfp@im, AvAete thd phlasd PTS @supplies
the Y value andl gives theXvalue. Nis the number of points.

The user can now type:

LINES PLOT
or POINTS PLOT
or HISTOGRAM PLOT

in a natural manner. The chosen function will remain set until changed.
2.4.8.3 CREATING VECTORED EECUTION TABLES

Most usesof EXECUTEand @EXECUTEre for implementing a variable function as described in the previous
section. The ability to generate and manage a table of execution addresses is also extremely useful for such pur
poses as managing a functicbutton pad, function menu on a graphics tablet, etc. This section will outline a
simple button response application which may serve as a model for similar situations.

Let us assume that the worBBUTTONhas been defined to wait until a button is pressed and then to return th
button number (0-15) of the button (the actual definition of BUTTONwould depend on the computer and
interface). Now consider the following®

VARIABLE BUTTONS 30 ALLOT
- IGNORE ;
"IGNORE BUTTONS ! BUTTONS DUP 2+ 30 MOVE

The above lines create a tdb with one cell for each button and also initialize all positions to contain the address
i£ A1l AiPpOU AAEET EOQOEI1T j xEEAE AEZAAOEOAI U OECIT T OAOGO
Now we will define a special defining word that will not only create an ordinary. definition but also store the

address of its parameter field into a specified cell BUTTONS"

:B(n) : LAST @ @ CFA 2+
SWAP 2* BUTTONS + ! ;

Now we can create definitions which are attached to certain buttons by using® with the button number as a

parameter. Each such definition will have a name to allow it to be tested independently of the button pad. For
example,

* For 32-bit machines, use50 ALLOT , 4+, and56 MOVE

** For 32-bit machines, useCFA 4+ and 4* .
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0 :B ESCAPE 1 ABORT"?";

AAEET AG " 00601 1T nn 61 AA Al OAOAADPAG ADOOOIT 8
All that remains is to define a raitine to monitor the button pad and handle responses:

: MONITOR BEGIN BUTTON BUTTONS
+ @EXECUTE AGAIN ;

Typing MONITORWwill place the terminal task in an infinite loop that responds to buttons. Button 0 will cause an
abort and return control to the terminal.

In practice, MONITORmay very likely be executed by a background task. In this case you must &EOPor NOD
for halting rather than ABORT"(which requires a terminal).

REFERENCES

ABORT", Section 2.4.7
BACKGROUNI2sks, Sections 4.0, 4-3.5
STOPand NOD Sections 2.4.7, 4.2

2.5 NUMERIC OUTPUT WORDS

Numeric output words allow the output of numeric quantities in ASCII This output is generally directed to the
terminal.

Numeric output words are divided into two categories: normal output words and conversion output words. The

1 AOOGAO Al 11 x OEA OPEAOOOEI Co 1T £ '3#)) OA@Oh ET A T ATTA
All numeric output words produce ASCII text, which is the ASCII number expressed in the current radix contained
in BASE TheBASEis controlled either through the appropriate radix word (e.g, OCTAL DECIMAL orHEX or by
directly setting the current value ofBASE For example BASEmight be set to binary by:
2 BASE!

REFERENCES

Numbers, Section 1.1.5

2.5.1 Standard Numeric Output Words

Several standard words allow printing of single or doubleprecision signed numbers. Each prints an output string
that consists of the following chaacters:

1. If the number is negative, a leading minus sign (hyphen).

2. The absolute value of the number, with leading zeroes suppressed. The number zero results in a single
zero in the output.

3. Atrailing blank.

The following table lists the standard numeric output words.
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Word Stack Function

(n) Prints a signed singleD OAAEOET T ET OACAO A 111 xAA AU T1TA OPAAAS8
? (a) Prints the contents of the address on the stack’(is equivalent to the phrase@ . ).
Word Stack Function
u. (u) Prints an unsigned singlelD OAAEOET 1T ET OACAO A 11T xAAOBG 11T A OPAAA
U.R (un) Prints the unsigned singleprecision integer u with leading spaces to fill a field of width n, right

justified. This word expects arinteger on the top of the stack to specify the length of the output
field. The width of the printed string that would be output by . is used to determine the number of
leading blanks printed. No trailing blanks are printed. If the magnitude of the numbeo be

printed prevents printing within the number of spaces specified, additional output characters

result.
D. Prints a signed doubleprecision integer.
D.R Prints a signed doubleprecision integer in a specified fieldwidth, as for U.R.

2.5.2 Pictured Number Conversion

polyFORTH contains a series of words that allow numeric quantities to be output through use of a pictured format
control. These words allow speciftation of field sizes, editing characters, etc.

In Forth, the description of these wordsstarts with the low-order portion of the field and continues to the high
order portion. Although this is the reverse of the method apparently used in other languages, it is the actual
conversion process in all languagesBASEis a user variable containng the current conversion radix.

These words are used to convert nhumbers on the stack into ASCII character strings which have been edited
according to the picture specifications. These strings are built in an area in memory which immediately follows
the end of the dictionary (the address left byHERB. This area is large enough to accommodate at least 32
characters of output (64 characters on 3zit machines). Following the end of picture conversion, thaddress of
the beginning of the string and the cont of the number of characters in it are passed to the user. At this point, the
converted string can be printed at the terminal withTYPEor used in some other way.

11 T &£ OEA OOAT AAOA 1 01 AOEA 1T 00POO x1 OAaka GeOWBPAD.EAS a OAT A O
result, these words may not be exauted while a pictured output conversion is in processd.g, during debugjing).

Furthermore, the user may not make new definitions during the pictured conversion process, since this would

move the area in which the string is being generated.

REFERENCES

Numbers in Forth,Starting FORTHChapter 7
PAD Section 2.3.1

Report Generator, Data Base Support, Section 8.0
Standard Numeric Output, Section 2.5.1

25.2.1 USING PICTURED NUMHR OUTPUT WORDS

These words allow control over the conversion of binary numbers into digits. This section only describes
pictured words which result in digit output; the following sections describe output of nhornumeric punctuation
such as periods and commas. Throughouténumber conversion process the number being operated on remains
on the stack, where it is repeatedly divided byBASEas digits are converted. The number is finally discarded by
#> at the end of the process.
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Word Stack Function

<# (ud - ud) Initializes pictured output of an unsigned double
or (nud-nud) precision integer. If the output is to be signed,

signed value must lie immediately beneath thi

integer to control whether or not a minus sign wil

be introduced into the output string by SIGN

(below).

# (ud -ud) Adds a digit to the loworder portion of the resulting string. Must be used after<# and
before#>. The first digit added is the lowesbrder digit (units), the next digit is the tens
digit, etc. Each time# is used, a digit is generated.

#S (ud - ud) Converts digits repetitively until all significant digits in the source item have been
converted, at which point conversion is completed. Must be used afte®# and before
#>. #S always results in at least oneoutput character, even if the number to be
converted is a zero.

Word Stack Function

SIGN (nud-ud) Inserts a minus sign at the current position in the string being converted if the signed
value in the third stack position is negative. This signed vaduis a singleprecision
number; if the highrorder bit is set, a minus sign will be introduced into the output as the
left-most nonrblank character. The magnitude of the signed value is irrelevant. In order
for the sign to appear at the left of the numbe(the usual place) SIGN must be called

after all digits have been converted.

#> (ud-an) Completes the conversion process after all digits have been converted. This word
discards the (presumably) exhausted doublgrecision number, and pushes onto the
stack theaddress of the output string, with the count of bytes in this string above it.

To aid in understanding the use of these words, consider a definition of the standard Forth word OAT 06 qd,

:.(n) DUP ABS 0 <##S SIGN #>
TYPE SPACE ;

DUP ABSputs two numbers on the stack; the absolute value of the number on top of the number itself, which is
now useful only for its sign. 0 adds a cell on top of the stack, so that the cell and the ABScell form a double
precision integer to be used by thes# ...  #> routines.

If you want to print a signed doubleprecision integer with the low-order three digits always appearing,
regardless of the value, you could use the following definition:

:NNN (d) SWAP OVER DABS <## # #S
SIGN #> TYPE SPACE . ;

The SWAPOVER DABSphrase establishes the signed value beneath the absolute value of the number to be
printed for the word SIGN. The sequencé # converts the low-order two digits, regardless of value. The word
#S converts the remaining digits and alwaysesults in at least one character of output, even if the value is zero.

From the time when the initialization word <# executes until the terminging word #> executes, the number
being converted remains on the stack. It is possible to use the stack foatdrmediate results during pictured
processing but any item placed on the stack must be removed before any subsequent picture editing or fill
characters may be processed.
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2.5.2.2 USING PICTURED FILCHARACTERS

In addition to pictured numeric output, it is possible to introduce fill characters (or punctuation) into the output
string through the use ofHOLDand'' . When one of these words is used, the appropriate character is entered
into the output string at the current position.

Arbitrary fill character s may be inserted in a string being formatted by using the wordlOLD HOLDrequires as a
parameter the numeric value of the ASCII character to be inserted. Thus,

2F HOLD (value given in hex)

inserts the character / into the output string.

produces a decimal point at the current position in the pictured numeric output. To illustrate, the word$
will print double -precision integers as signed amounts with two decimal places:

:.$(d) SWAP OVER DABS <###"'
#S SIGN #> TYPE SPACE ;

If fill characters are likely to be used in several definitions, you may wish to add commands similartb . The
following format is used for such a definition:

:'name' char - value HOLD ;

where char - value is the ASCII value of the character in the cuent radix and'name’ is the name of the word
to be defined. HOLDis defined in such a way that executinname' during pictured editing causes the indicated
fill character to be introduced into the output.

2.5.2.3 PROCESSING SPECIAHERACTERS

The normal pictured output capabilities described in the preceding two seiions are generally sufficient to handle
most output requirements. Certain special cases, however, such as the introduction of commas in a number or the
floating of a character €.g, $), require special processing. In order to perform certain of these operations, it is
necessary to refer to the unconveed portion of a number being printed.

This unconverted portion is a number that is equivalent to the original number divided by 10 (or theurrent
radix) for each numeric digit already generated. For example, if the initial number is 123, the intermediate
number is 12 (following the conversion of the first digit) and 1 (following conversion of the second digit).

The value of this number maybe tested and logical decisions may be made based upon its value. To illustrate,
consider the following definitions. The wordD.ENGprints a double-precision integer in engineering format:

0 ( Number Formats) DECIMAL

') 44 HOLD;

: (D.ENG (d) SWAP OVER DABS <# BEGIN
''# 2DUP DO= NOT WHILE 20DO
# 2DUP DO=IF LEAVE THEN LOOP REPEAT
SIGN #> ;

: D.ENG (d) (D.ENG) TYPE SPACE ;

POOWO~NOUOA~WNE

el
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12
13
14
15

Using techngues similar to those set forth above, you can do almost any kind of numeric output editing in Forth.

REFERENCES

Report Generator, Data Base Support, Section 8.8

2.6 TEXT INTERPRETER WORS

The text interpreter in Forth is used both for terminal interactionand for processing text in disk blocks (either in
direct execution or compilation). The purpose of this section is to discuss ways in which the programmer may use
the text interpreter in application routines.

REFERENCES

Text Interpreter, Section 1.1.4
2.6.1 Dictionary Searches

For the dictionary to be useful, it must be possible to look up words and their definitions in it. Forth provides
several words, all of which perform a search and then return information about the word. These searches are
used inthe text interpreter and colon compiler without modification. Note that since polyFORTH has variable
length names, words are available which find addresses that point both before and after the name.

The following are dictionary search words:

Word Stack Function

' (-a) Gets the next word from the input stream, and attempts to look up the word in the
dictionary. If the word is found, then' OAOOOT 6 OEA x1 OA80 DAOAIT A
otherwise ' aborts. Thiswordcalls'. 00T T 7 OT AAA OOEAES86

[ Must be used in a colon definition.[]  finds the next word in the text and compiles the
xI OA8O0 DAOAI A Geh dliterBE K ihednexh okl A iG the dictionary|']
aborts. [l calls-' andLITERAL. [] isanIMMEDIATEword (executed rather
than compiled by the colon compiler, see the refdk1 AAO OAAOET T Q8 - 00T 11T
OEAES8G

- (-aa'0, at) Gets the next word from the input stream and attempts to look up the word in the
dictionary. If the look-up succeeds,-' returns the parameter field address (a), the
dictionary link address (a') and a zero. If the word is not found,' returns the address

of the string (HERE 2+ or HERE 4+ on 32-bit machines) and a number guaranteed to

be nonzero (.e.,0O00OA S Q8 4 E E O e text ibrdrprefeOandicalonicdmbilerA U OE

00i 11 O1 AREABRAOE

Word Stack Function

'HEAD (-a) Gets the next word from the input stream, and attempts to look up the word in the
dictionary. If the word is found, the" HEAD returns the address of thewoA 6 O AEOOO AL
otherwise aborts. This word calls-' 8 00111 &GAMABOOOEAE

Tick performs a dictionary search for the word that immediately follows it in the current input stream.
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The phrase:
' name
when typed at a terminal or executed interpretively ina source block, pushes onto the stack the address of the
parameter field of nameif namecan be found in the dictionary. Ihamecannot be found, an abort will occur with
the error message:
name ?
The most common uses df for dictionary searches are:
1. To find out whether a word has been defined.
2. Tofind the location of a word (for example, tdUMRts contents).

3. To obtain the address of £ ONSTANTfor example, in order to change it).

Note that' is not immediate. That is, if you wish tacompilea reference to an address, as in item 3 above, you
must use[] . The words' and 'HEAD always take their operands from the current input stream at the time
they are executed. This is an important characteristic because it makes possible the use of the@seds in such

words asFORGETwhich usesHEAD O1 &£ET A OEA 11T AAOGEI 1T 1T £ OEA xi OA O AA ¢
The order in which the various vocabularies are searched is specified IBONTEXT The content of CONTEXTis
best examined as a foudigit hexadecimd number whose highorder digit is the index of the first vocabulary to be
searched, whose next digit gives the next vocabulary, etc. An index of zero terminates the search. Thus, if
CONTEXTis 1500, the search order iFORTH then EDITOR A value of 350 would specify ASSEMBLERthen
FORTH then EDITOR In some CPUs, the order is reversed. For example, 0513 on the Z80 would specify
Locate Link Name Code Parameter
Field Field Field Field |Field
| | | | |
returned by - (S+2)and ‘* HEAD returned by - (S+1), *,and [ ‘]
ASSEMBLERFORTHthenEDITOR
Fig. 2.5
Dictionary entry, showing the addresses returned from common dictionary search words.
Please note that and'HEAD make use of a lower level dictionary search word:-' § DOT T 1T 01 AGEA EOOAGSO E

The word -' searches for the next word in the input stream, delimited by blanks. If the word is found; returns
the parameter field addres, the link field address and a zero (or false) on top. If not found, returns two
numbers. The number on top is guaranteed to be nerero and the other is the address of the string which was
delimited by blanks (HERE 2+, or4+ on 32-bit machines). Tte definition of' , using-"' is:

' ( - a) -' ABORT" ?" DROP ;
The top of the stack after-' is used as a Boolean truth value bABORT" If the search succeeds, thBROP

OAi T 6OAO OEA TETE AAAOAOOKh 1 AAOGET ¢ OEhk stdclh Ofe AdarchxfailHA S O DA
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ABORT"resets the user environment and prints the text placed just abovelEREby WORDwhich happens to be
thewordthat-' AT O1 AT 80 AET AQ A 111 xAA AU Al AOOI O 1 AOOACAS

REFERENCES

[1 . Section2.8.6
ABORT", Section 2.4.7
IMMEDIATEWords, Section 2.8.8

Vocabularies, Section 3.4
WORsection 2.3.6.2

2.6.2 Input Number Conversion

7EAOAOGAO bpi OOEAI A Al Apbi EAAOEIT OET OI A AA AAOGECI AA O

capability. Thus, a hypothetical wordSCANSwhose function is to perform some useispecified number of scans
(an application function) should expect only its parameter on the stack. Then to perform 100 scans, the user
could type:

100 SCANS

Such a usage is natural and convenient for the opemtand requires no special programming to handle the input
parameter.

There are occasions in which normal Forth syntax is inadequate. Some examples include:
1. Parsing a text string that comes from a source other than a terminal, such as magnetic tape.
2. Entry of numbers that must be in doubleprecision but are not punctuated {.e, zip codes).
3. Entry of numbers that must follow rather than precede the command.

polyFORTH provides several words to enable the user to handle input numbers in a variety @fcumstances.
This section describes these methods.

2.6.2.1 NUMBER CONVERSION UG THE TEXT INTERPETER

The word NUMBERSs the standard input number conversion routine used by the text interpreter and colon
compiler. It is available to users and pdorms number conversions explicitly from ASCII to binary NUMBERSses
the value in the user variableBASEto determine which radix should be used when converting numeric strings to
binary.

Normally NUMBERmmediately follows WORD It expects on the stackhe address of the string that is to be
converted, with a count in the first byte of the string and one trailing blank following the counted bytesNUMBER
will attempt to convert that string to binary and, if successful, will leave the result on the stacklts rules for
behavior in the conversion are those described in the earlier section on numbers, depending upon the presence of
the extendedprecision math option. If the conversion fails due to illegal characters, an abort will occur, with an
erormesOACA AAET ET ¢ OEA?GO00EI C A 111 xAA AU O

Thus if the number to be converted is coming from the normal input stream, the complete sequence would be:

QUERY 32 WORD NUMBER

This would leave the converted binary value on the stack.
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Note that QUERYnputs to the input message buffer, and automatically takes care of the housekeeping necessary
to prepare the input message buffer for the interpreter.

NUMBERhay be used to convert a string from another locationg(g, a string which has not been fetchetly use of
WORP If the location of the string does not contain the count in the first byte, you may simply simulate its
presence by subtracting one byte from the starting address of the stringN\UMBERIoes not actually make use of
the count; it only adds one byte to the address before beginning. Thus, for a string whose actual location is given
by a word namedBUF, the sequence would be:

BUF 1- NUMBER

The requirement that a blank follow the string is more absolute. If it is not feasible to guarantehis$, you may
prefer to move the string toPAD as shown below, or us€€ ONVERTwhich will not abort out of the application
program asNUMBERoes when it sees a nomumeric character.

REFERENCES

CONVERTSection 2.6.2.2

Numbers, Section 1.1.5

QUERYSectiors 2.3.6.1, 3.7.1

WOR[Bection 2.3.6.2

Use of NUMBER INTERPRET, Section 1.1.4

2.6.2.2 DIRECT CONVERSION GFTRINGS

CONVERTSs useful because it stops when it encounters any nemumeric digit, rather than aborting asNUMBER
does. For this reasonCONVRT is often used when a number is input by a program directly, without using the
text interpreter.

CONVERExpects a doubleprecision integer andbyte address, and leaves a doublprecision integer and address.
The initial address into CONVERust point to the byte preceding the first digit of the string of numerals. This
byte is ignored. The initial doubleprecision number is usually set to zero.

After CONVERTEtops, the address on top of the stack is the address of the first roameric character CON¥RT
encountered. The doubleprecision integer will contain data from all the digits that have been converted thus far.

An example of the use cEONVERTs:

t INPUT ( - n) PAD 8 BLANK PAD 1+5
EXPECT 0. PAD CONVERT 2DROP ;

This definition initializ es a region ofPADto blanks, and awaits up to five digits which will be stored there.O.
provides an initial double-precision value, andPADprovides the address forCONVERT The2DROPdiscards the
address and highorder part of the numbers.

INPUT will not convert input strings with a leading minus sign, because a minus is not a digit. If negative input is
necessary, the above definition can be extended to check the character upon which conversion stopped to see if it
is a minus sign, and if it is start CONVERTgain, and negate the result. For an example of the system use of
CONVERTee the definition of NUMBER the double-precision input block.

CONVERDAOOOT 6 OEA AAAOAOGO | £ CORVERTME bdEdalledida bop MMBERAIBA O OE
CONVERTh just this way. An application similar toNUMBER O EO OEA PDPAOOEI C édmerra PAAEAO
communications line or in a tape record, in which numeric fields are separated by an arbitrary delimiter such as
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/I . To skip over sich items, or to skip fields that are not of interest, the appropriate count of bytes may simply be
added to the address, which is carried on the stack.

In some cases numbers may be in fields of known length but not separated by any delimiter. In thessesathe
best solution may be to useCMOVHEO move groups of digits toPAD where they may be converted easily by
NUMBER

REFERENCES

CMOVESection 2.3.4

EXPECT Sections 2.3.6.1, 3.7.1
NUMBERSection 2.6.2.1

PAD Section 2.3.1

2.7 DEFINING WORDS

polyFORTHprovides a basic set of words that are used to define objects of various kinds. As with other features
of polyFORTH, the set of such camands may be expanded. Here we will present those which are standard in all
polyFORTH systems, exclusive of the dafihg words that are part of the data base support option, the assembler
defining words (see yourCPU SupplemephtandMSG

REFERENCES
MSGSections 2.3.3, 2.7.6.3, 3.7.3

2.7.1 Creating a Dictionary Entry

A word is defined when an entry is created in the dtionary. CREATEIs the Forth word which creates a
dictionary entry. A dictionary entry as constructed byCREATEs shown in Fig. 2.6.CREATHES used by: , CODE
VARIABLE, CONSTAN,Tand other defining words. CREATEbehaves as follows:

1. The width between the top of the dictionary and the top of the parameter stack is checked to see if at
1 AAOGO cum AUOAO OAI AET 8 y &£ 11 6h OEAOA xEI T AA Al
same timeH is adjusted to an even cell addreson machines such as the PDP/LBIp AT A ou+ OEAOD
tolerate odd-byte addresses.

2. WORIEetches the next word of the input string to the top of the dictionary, with a cell left empty for the
dictionary link. The first byte of the copied string contans its length.

3. The empty cell is filled with a pointer to the previous entry in the proper dictionary chain for the new
word.

4. The user variableLAST is set to point to the head of the chain containing the new word.

5. Space is allotted for the neww®A S O 1T AT Ah AADPAT ARMDTH (aihchtion@ile ndnadl OA 1
may take place at this point).

6. The value ofWIDTHis reset to the default width inWIDTH 1+.

7. The code field address of the new word is set to point tthe run time code of CREATEwhich will push
the address of the parameter field onto the stack when the word just defined is executed.

CREATEnames a location in memory. Other defining words which useREATEH AU OAOAO OEA 1T Ax «x
field address by using the wordsCODEor DOES> to define different run-time behavior.
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CREATEIs often used to mark the beginning of an array. The space for the rest of the array is reserved by
incrementing Hwith ALLOT, as in this example:

CREATE DATA 200 ALLOT

The example reserves a total of 100 cells for an array nam&HRTA(50 cells on 32bit processors). WherDATA s
used in a colon definition, the address of the first byte dDATAwill be pushed on the stack by the rurtime
behavior of CREATE The array § not initialized. If you wish to set all the elements of the array to zero, you may
useERASEas in the following example:

DATA 200 ERASE

This usage is not appropriate for applications that are to be target cqmiled for ROM, because in such an
environment CREATEeturns a ROM address VARIABLE should be used in such applications, and the count for
ALLOT reduced by two to allow for the two bytesALLOTed by VARIABLE. On 32bit machines, the count for
ALLOTshould be reduced by four.

—“Terminate” bit

Locate Link Count Code
Field Field Field Field
| | |

\ Address of create (run-time
code for words defined by
CREATE)

Dictionary entry resulting from the definition:

CREATE DATA
The value is stored in the parameter field. When DATA is executed, the
code created will push the value onto the stack. Note that no parameter
field space is allotted by CREATE

Fig. 2.6

CREATEs the fundamental builder of dictionary entries. It is used by , CONSTANTVARIABLE, and all other
Forth defining words. Since it is a vectored routine you may modify or enhance the behavior of the Forth
compiler in constructing dictionary entries. Yar system provides three levels of enhancement:

Word Source Description

(CREATE) nucleus Primitive level; constructs a dictionary entry as described in Section 2.7.1, whose code
address points to code that pushes the parameter field address on the stacRoes not
allot any parameter field space.

<CREATE> 12 Compiles the information used byLOCATE(source block number) in a cell, then calls
(CREATE). Thus theLOCATHield precedes the head of the definition.

?CREATE 21 Searches the dictionary for the wod to be compiled and issues a warning message if the
word was previously defined, then executesCREATE>
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YT 1T OAAO OF OAT AAi A6 CREATE ydu Amould Btdr® ifs adilrk<d inEtlhel eecuiiodE vector
'CREATE. Thus, the phrase:

'<CREATE> 'CREATE!

in Block 9 enables the version that compiles theOCATEcell. Since this version changes the size of the head of a
definition, a constant calledB/H is provided which contains the number of bytes added to the head size BfH is

2, in other words, 'HEAD will return an address two bytes before the link field of all words, even nucleus words
OEAO Al ILOGATHieMO Rne Word-' (Section 3.3.2) always returns the link field address, however.

?CREATEmay be enabled in Block 9 by enclosingXIT within parentheses,i.e, (EXIT) 8 3ET AA EO AT AO

OEA AAOOAI AEAOEITAOU AT OOU ET BMI U xAUh EO AT AOTI 80 OAN:
REFERENCES

., Section 2.7.4

CODESections 2.7.5, 6.0
CONSTANTSection 2.7.3
ERASEBLANKFILL , Section 2.3.4
Host Defining Words, Section 7.5

Target Defining Words, Section 7.8
VARIABLE, Section 2.7.2

Vectored Routines, Section 3.1
WIDTH and the word~, Section 1.1.1

2.7.2 Variables

A VARIABLE is a named memory location whose value may be either fetched onto t&ack or stored into, with
equal ease. It may also be treated as the beginning of an array.

The form of the definition of aVARIABLE is:
VARIABLE NAME

This constructs a definition whose name iNAME with two bytes allotted for a value (four bytes on 32bit
systems). A singleprecision value may be stored into the parameter field of the definition. For example:

6 NAME !
will store 6 in the parameter field of NAME

When aVARIABLE is referenced by name, the address of its parameter field is pushed ontoettstack. This
address may be used with@or ! to fetch or store a value, respectively.

The word 2VARIABLE defines a variable whose parameter field is two cells long. Such a variable may contain
one doubleprecision number or a pair of singleprecision numbers (such as x,y coordinates)2VARIABLE differs

from VARIABLE only in the number of bytes allotted. The operars 2@and 2! are used with this format.

Similarly, CVARIABLEdefines a variable one byte long. This is only available on machines thatei@te odd-byte
addresses, such as the 8086/88. The operatofd@and C! are used with this format.
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SinceVARIABLE defines a fourbyte item on 32-bit systems, the wordHVARIABLEIis available on these systems
to define two-byte variables. The operatorsU@ H@ and H! are available on 32bit systems to access
HVARIABLES

In summary, to get the value of & ARIABLE on the stack, you invoke its name and fetch instruction. For example,
you could type:

varname @
or varname 2@

To store into a variable, you invok the name and a store instruction. For example:

value varname !
or valuel value2 varname 2!

In a read-only memory environment, VARIABLE is re-defined to allot space in read/write memory rather than its
own parameter field; in this case the read/write memory address assigned is compiled into the pamaeter field.
The run time behavior of a variable in reaebnly memory is the same as a constant.

REFERENCES

@! ,2@ and?2! , Section 2.1.2
ALLOT, Section 2.8.1

2.7.3 Constants

The purpose of aCONSTANTSs to provide a name for a value which is referenced often but changed seldom or
never. There are two constructs:

Word Description
CONSTANT Defines a singleprecision constant.
2CONSTANT On systems using the 3it electives, or on 32bit machines,defines a doubleprecision constant

whose value may be either a doublg@recision number or a pair of singleprecision numbers.
The procedure for defining constants is to declare:

value CONSTANT name

For example, you may define:

1000 CONSTANT LIMIT
050002 CONSTANT LIMITS
3.141593 2CONSTANT PI

When aCONSTANTS referenced by name, its value (not its address) is pushed onto the stack. Similarly, when a
2CONSTANTs referenced, its doubleprecision value is pushed onto the stack. In the case ZEONSTANTused

for two values as inLIMITS , above), the values are placed on the stack in the order specifiezld, 5000 on top, 0
below). In the case of a doublprecision number, the highorder part of the number is on top of the stack.

In order to change aCONSANTyou must first obtain its address. This is done by using when in interpretive

mode or[] when inside a colon definition, in either case followed by the name of tt@ONSTANT The command
I will store in to the address of aOCONSTANThus obtained ard 2! into the fetched address of @ CONSTANT
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For example, you might type this at your terminal:

100 CONSTANT COUNT 500 ' COUNT !

The first phrase creates &£ONSTANThamed COUNTwhose value is 100. The second phrase changes the value to
500.

CONSTANT in read-only memory applications cannot be changed, as the value is kept in readly memory.
Thus you should avoid storing into constants if you are developing reaohly memory applications.

2.7.4 Colon Definitions

The defining word : has already been disussed by implication in Section 1.2 and numerous examples have
appeared in other sections. The purpose of this passage is to describe the use and behavior of this important
defining word.

The basic form of a definition is:
:name content ;

Here the: constructs a dictionary entry for the word name. content represents a list of previously defined
words that will be executed in sequence whenevemameis invoked. The, terminates the definition.

Each of the words. and; has two types of behavior: ondype at compile time and another at execution time.

At compile time,: constructs the dictionary entry usingCREATEand begins compiling. In addition; resets the
search vocabulary inCONTEXTio the default in CURRENTand sets the smudge bit so that ghword will not
normally compile a reference to itself. The wordRECURSES used where the definition of a word must call itself.

The code field address of the new definition calleshame is the parameter field address of the rurtime code
shared by all: definitions. This code starts the address interpreter executing the words whose addresses form
the body of the definition, by pushing the current value of the interpreter pointed onto the return stack and
setting | to the address of the parameter fieldf the word, which is obtained from the system pointeiV

The; ends compilation and compiles the address of the code field address of the rtime code for; (the word
EXIT). This code pops the address on top of the return stack into the interpreter paer | . The effect is to return
to the calling environment.

Most of the words that make up the content of the definition are not exeited during compilation; instead their
absolute addresses are compiled in the form given in Fig. 1.6. The exception héstprocedure are the words
which are compiler directives or literals. These generally have both cqpile time and run-time behaviors, just as
: and; do.

Note: Every colon definition requires a minimum of three components: a colon, a name, and a setoico Such a
minimum definition will execute properly, but will do no work. It does have useful purposes; for example as
described inFORGETo mark a location in the dictionary as the beginning of an overlay area.

REFERENCES

Address Interpreter, Sectionl.1.6
Compiler Directives, Section 2.8.8
EXIT, Section 2.4.6
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Overlays, Section 3.3.4
Program Structures, Section 2.4

2.7.5 Code Definitions
The form of aCODHlefinition is:

CODE name {assembler instructions} {code-ending}
The word CODEperforms the following functions at assembly time:

1. Constructs a standard dictionary entry fomame using CREATE

2. 3A060 O6EA AT AA EEAT A AAAOAOO i1 £ OEA x1 OA O bl EI
3. Selects theASSEMBLERocabulary.

With CODEhere is nothing analogows to a compiler; assembler words are executed directly, with the effect of
assembling machine instructions in the parameter field of the word being defined. When higével Forth words
are encountered, they are executed directly as wellthus, words such & SWAPand DUPmanipulate the stack
during assembly. Macros can be defined asdefinitions containing assembler words. Macros must be defed in
the ASSEMBLERocabulary.

The basic principles of polyFORTH assemblers are covered in Section 6.0. Assemirinemonics, addressing
modes, and conventions are covered in thEPU Supplemerfbr each CPU on which polyFORTH is implemented.

The most common code ending iIBIEXT, which is a return to the address interpreter. All other code endings also
go to NEXTafter performing additional functions. Both the form and exact list of code endings must be taken
from the CPU Supplemerior your CPU; a typical list might include these:

Code Ending Action

NEXT Returns to the address interpreter.

WAIT Forces the current fisk to enter the multitasking loop pending an interrupt.

' PAUSE 2+ JMP Awakens the task and enters the multitasking loop. The task regains control on its next
turn. Commonly used in polling cycles. Th2+ may be smaller or greater depending on
the CPU.

' PAUSE JMP Same as above, but is first decremented by a cell, so that on return fronPAUSE the
current code definition will be re-executed, from the beginning. This is useful for polling.

" EXIT JMP Leaves the highlevel word which called the code wod containing this phrase.

REFERENCES

Assembler Code Endings, Section 6.2
NEXT, Section 1.1.6
WAIT, Section 4.2
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2.7.6 Custom Defining Words

One of the most powerful capabilities in Forth is the ability to define words that are themselves defining words.
Thus the programmer may create either new data types with characteristics peculiar to the applitan or new
generic types of words.

In creating a custom defining word, the programmer must specify two sepate behaviors:

1. The compiletime behavior of the defining word (the creation of the dictionary entry, compiling of
parameters, etc.).

2. The run-time behavior (what action members of the new class of words perform when invoked).

In the cases discussed in the next two sections, compiliene behavior is described in highlevel Forth. Several
methods are available for specifing run-time behavior; these also will be covered below.

2.7.6.1 BASIC PRINCIPLES OBEFINING WORDS

There are two ways to create new defining words in Forth. They differ in that, irné one case (usinddOES> the
run-time behavior is described in highlevel Forth, and in the other (using;CODE), the run-time behavior is
described in assembler code. The basic principles are the same and will be covered in this section.

4ER &1 OGR EBRAGET COxi OA6 | AAT O A x itiGnAry entiyfivAel exactitedl AllAv@dsA O A
defined by the same defining word share a common characteristic compitane and run-time behavior. For
example,VARIABLE is a defining word; all words definedby VARIABLE share two common characteristics:

1. Each has one cell allotted in which a value may be stored. These bytes may (in a resident system) be
initialized to zero.

2. When executed, each of these words will push onto the stack the address of thige-cell reserved area.
On the other hand, all words defined bz ONSTANTave two different characteristic behaviors:

1. Each has compiled with it a singl@recision value which was on the stack whenCONSTANTwas
executed.

2. When a word defined byCONSTAN is executed, it fetches its value and pushes the value on the stack.

In each of these examples, Behavior 1 relates to the physical construction of the word, which is determined when
the word is compiled: space allded, values compiled, etc. Behavia2 describes what all defined words of a
certain type do when they are executed. All defining words must have some comgilme behavior (1) and some
run-time behavior (2). The general form of the definition of defining word is:

{name}  {compile-time behavior}  {transition word}
{run-time behavior} ;

4EA OOOAT OEOEIT x1 OA6 1 AOEO Oinde bdnhvior ahdbegh & the siebifikdidhaE A A OE

therun-OET A AAEAOQET 08 4AEAOA AOA Oxi1 OOOAT OEOEIT x1 OAOG64
Word Description

;CODE Beginsrun-time behavior described in code.
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DOES> Begins runtime behavior described in highlevel Forth.

The exact behavior of these words is discussed in the following sections. The description of comyiiee
behavior is the same regardless of which transitio word is used. In fact, if you change the transition word and
run-time behavior from DOES>plus high-level to ;CODE plus equivalent code, no change to the compiéme
behavior is necessary.

The compiletime portion of a defining word must contain a prevously defined defining word to create the
dictionary entry. If one or more paraneters are to be compiled or if space for variable data is to be allocated, it is
convenient to use a defining word which takes care of that for you. The most common defigiwords are:

Word Function

CREATE Used when there are no compilgime parameters.
CONSTANT Used when there is to be one compiléime parameter.
2CONSTANT Used when there are to be two compildime parameters.
VARIABLE Used when one cell of storage is to kalocated.
2VARIABLE Used when two cells of storage are to be allocated.
CVARIABLE Used when one byte of storage area is to be allotted.

Every defining word must allow space for some piece of data or code belang to each member of the new class
of words. For example, when a variable is defined, space is allotted for its parameter field. If more space is
required than that allotted by a standard word YARIABLE or 2VARIABLE, for instance), the standard form is to
use CREATEfollowed by ALLOT. If the application is to be target compiled for ROM, the combination of
VARIABLE or CVARIABLEand ALLOTmust be used.

When used, a defining word may be followed by any number of words such as(which compiles a single
precision value) orC, (which compiles an8-bit value).

REFERENCES

, andC, , Section 2.8.2
;CODE Section 2.7.6.2
ALLOT, Section 2.8.1
CONSTAN;TSection 2.7.3
CREATESection 2.7.1

Defining Words,Starting FORTHChapter 11
DOES?> Section 2.7.6.3

Target Compiling Defining Words, Sections 7.5, 7.8

VARIABLE, Section 2.7.2

2.7.6.2 DEFINING CODE DEFING WORDS

The use of,CODE allows the user to specify the ruatime behavior of a new class of words in assembler code.

Every word in the new class of words will share the same piece of code: the coddt® AAEET AO -mieA xT OAS
behavior.

The form of a;CODEdefinition is as follows:
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: hame {compile-time words} ;CODE
{run-time code} code-ending

Here name is the word that will be used to create new definitions of this class. The code addreksalbsuch words
will be the address of the code that followsCODE

An example of a defining word usingCODEon an 8086 might be:

: VARIABLE CREATE 2 ALLOT
;CODE W INC W INC W PUSH NEXT

The part of VARIABLE which creates a new dictionary entryis the phrase:
CREATE 2 ALLOT

CREATEcompiles the head of a new dictionary entry, and ther2 ALLOT makes space for the data in the
parameter field. ;CODE stops the colon compilation of VARIABLE, then compiles the address of a higlevel
word which will r eset the codefield address of the word defined byCREATE so that the codefield address points
at the byte assembled by the firstW INC.

The run-time code for defining words (which is shared between all words of the same type) must find the unique
AAOA ET AAAE x1 OAGO PAOAI AOGAO £EEAI A8 4EA EEOOO AAII
field. That is, the code fiel address precedes and is adjacent to the parameter field (see Fig. 2.7). For example,
when the address interpreter executes & ARIABLE, some code ilfNEXTsets Wto point at the code field address

of that particular VARIABLE (not VARIABLEs in general, bt a particular VARIABLE). The code field address of

the VARIABLE points to the first byte of the shared runtime code for allVARIABLEs. The shared code uses the
value in W which points to the byte following the code field address of a particulaW ARIABLE, to find that
particular VARIABLEG O DA OAT AOGAO EEAI A8

Head, including code field for Compiling Run-time
colon definitions. Behaviour Behaviour
cfa cfa cfa
CONSTANT colon CREATE 7 ‘ s cade PUSH | LODS | XCHG LIP

v

When VAL is executed, it will execute the machine

Assembled by the macro NEXT
instructions pointed to by its code field 4

“Member” word created set by
by CONSTANT LAS ;code 1008
A A

Code Parameter
Field Field

Illustration of the structures produced and used by the defining word CONSTANT, defined as:
: CONSTANT ( n) CREATE , ;CODE
( - n) 2 W) PUSH NEXT
and used like this:
1000 CONSTANT VAL

Fig. 2.7
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) £ Ui O xEOE Oi Ag@AIl ET AVARIABDE) plgade GoieAHatidhd rudiheEtde & Gefiried in the/E
nucleus, near the beginning of the system source, while the compiliene definition is back in the defining words.

Examine several system defining words before writing your own usingCODE. The compiletime behavior of

:CODE s to compile a word called;code x EEAE EO OEA 1 AO0OO x1 OA O AghkdOOA EI
behavior. The word;code stores the address of the cell followingcode 6 © AAI 1 j ET OEA AAEZET EI
iT60 OAAAT O AAREETEOEI T80 AT AR EEAI A AAAOAOOS 4EA 1100
defining word containing ;code . Finally ;CODES O AT | PET A OEI A A Adnpieriahd@ntes@el O 1 A&
assembler vocabulary.

REFERENCES

Address Interpreter, Section 1.1.6
ALLOT, Section 2.8.1

Assembler Conventions, Section 6.4
CONSTAN;TSection 2.7.3
CREATESection 2.7.1

DOES> %ction 2.7.6.3

2.7.6.3 DEFINING HIGHLEVEL DEFINING WORDS

New defining words whose runtime behavior is specified in highlevel polyFORTH may be created by using a
technique similar to that used for;CODE For these definitions, the wordDOES>terminates the compile-time
portion of the definition and introduces the rurn-time portion. The form of aDOES>definition is:

: hame {compile-time words} DOES> {run-time words} ;

As with ;CODE above, name is a word which defines a new definition of this class. tliis case, however, the run
time behavior of this class of words is described at high level.

At run time, the address of the parameter field of the word is pushed onto the stack before the rtime words are
entered. This provides easy access to the parater field.

The standard example of & OES>definition is MSGwhich types short character sequences:
:MSG CREATE DOES> COUNT TYPE ;

Here is an example of howMSds used:
HEX MSG (CR) 2C, 0D C, 0A C, DECIMAL

The defined word (CR) shares the DOES>definition with all other MSGwords, but puts out its own unigue
character string, using the shared defirion.

The values that make up the string are stored in the parameter field of a word that is defined WSG At
execution time the address of the string is on the stack to serve as the parameter f@©UNT which returns the
length of the string and its byte address as the arguments fGrYPE A good example of ®BOES>word with more
elaborate behavior occursm the data base support system; if you have this option, refer to the definition B1LE .
Other examples 0DOES>words may be found in the highlevel definition of your assembler.
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DOES>works in the following way:

1. When the: compiler sees aDOES> the DOES>is executed. The compildime behavior of DOES>is to
compile the address of a word callegcode (see Fig. 2.8). The worccode resets the code field address
of the latest definition (the one constructed by the defining word containingppOES3 to point to the cell
following the compiled address of,code .

2. After the address of;code , DOES>compiles a subroutine call to the rurtime code for DOES> The
compiler then proceeds to finish compiling addresses in the new defining word. The use of a sultine
call in the defining word is hardware dependent. However, all implementations oDOES>compile
something in the defining word which will allow the run-time code forDOES>01T &£ET A OEA AAEEI]
EECE | AOAI Al AA xEOE i Lpéramelerdiéld agdre€sE Wheh theEW defiingwiord A &
is executed, its last step is to change the code field address of the entry it creates to point to the jump to
subroutine created byDOES>in the defining word.

3. When one of the defined words ceated by the new defining word is executed, the address interpreter
EOIi PO OF OEA OOAOI OOET A AAI1l ET OEA AAEET AA x1 OABC
address of the cell following itself in some CRdependent way and jumps to the rurtime code for
DOES=> The runtime code for DOES>uses the address from the subroutine linkage to find the higlevel
run-time code of the defining word. The rurtime code for DOES>also pushes the unchanged value &V
onto the parameter stack to formtheAAAOA OO T £ OEA AAZET AA x1 OA8O DPAOAI

Head, including code field Compiling Run-time
for colon definitions. Behaviour Behaviour
AN AN AN
~ T o T~ o N _1“\/-’ — S ™~
cfa cfa cfa cfa cfa
BEEPS colon | concTanT | ;code |7°R|doess | @ 0 etc.
A

When executed, SaM will execute the JSR with T containing
the address of its parameter field. The JSR will execute the
code for does> and hence the rest of the run-time
behavior, which will use the address to extract the value.

“Member” word SAM set by
created by BEEPS ;code

} }

Code Parameter
Field Field

7

lllustration of the structures produced and used by the defining word BEEPS, defined as:

: BEEPS ( n) CONSTANT DOES> @ 0 DO 7 EMIT LOOP ;
BEEPS is used to define “members” of its class as follows:

1000 CONSTANT VAL
Use of SaM will emit server beeps. Arrows show path of execution when a defined word is
executed. Note that Jsr following code represents the machine code which is equivalent to
a subroutine call to does>.
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Fig. 2.8

REFERENCES

, andC, , Section 2.8.2
:CODE, Section 2.7.6.2
CONSTAN;TSection 2.7.3
CREATESection 2.7.1
MSGSections 2.3.3, 3.7.3
TYPE Sections 2.3.6.4, 3.7.3

2.8 COMPILING WORDS ANDRITERALS
A compiling word stores addresses or values into the dictionary and allots space for definitions and data.

A literal is a number that is compiled directly into a definition or in some other unnamed form. Covered in this
section are several Forth words for ompiling literals, including LITERAL and [

2.8.1 ALLOTing Space in the Dictionary

The resident version ofALLOT reserves a specified number of byte@ the dictionary by adding to the dictionary

pointer in H8 4EA AEAOQOETTAOU ¢OI xO £OIiI 11x 1 AiTOU Ol xAOA OE,
stack. ALLOT ensures that at least 250 bytes remain betweeMERE(the next empty dictionary byte) and'S .

(The actual number of bytes assured bALLOT is systemspecific, but is intended to be sufficient to support all

editor operations in the remaining space.) If not enough space remainsl. LOTaborts the compilation by issuing

OEA AOOI O 1 AOGOACA OSEAOCEI T AOU &Oi1 1 86 ALLOTAdORefkrgdmErt ¢hi OF 1 O
the stack to the address of the next free dictionary byte in the user variabld. This addition prevents other

compiling words from compiling into the portion of memory reserved by theALLOT.

An example ofALLOT6 O O OA Q00-byietakak 5:A A

CREATE ARRAY 200 ALLOT
4EA 4AOCAO #1 1 PALOYGGB framiteddsitieht vdrsi@n in that it allots space in the target
OUOOAI 80 2! -h OAOGEAO OEAT OEA OAOCAO AEAOEITAOU j xEEAE
REFERENCES

ALLOTiing Target RAM, Section 7.3.1
CREATEArrays, Section 2.7.1

2.8.2 Use of, and C, to Compile Values

Theword, } DOT T 1T 61T AAA OAT i1 Adq OO OAO OEA EOAI AO OEA OI b 1
location (given byH) and incrementsHby two bytes (four bytes on 32-bit machines).

The most common use of is to set values into a table whose starting address is defined by usi@REATE This

word creates a definition that behaves in a manner identical t&/ARIABLE, in that when the new word is

executed its address is returned. CREATEdiffers from VARIABLE only in that it does not allot any space.
Consider this example:

CREATE TENS 1,10, 100, 1000, 10000,
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This establishes a table, the starting address of which is given BENS which contains pwers of ten from zero
through four. Indexing this table by a power of ten will give the appropriate value. A possible use might be:

:10X (nn - n) 2* TENS+@ *;

Given a singleprecision number on the stack with a power of ten on topl0X will multiply the number by the
appropriate power of ten to yield the product.

If the table will be referred to in only one instance, you may avoid the memory overhead ofGREATEdefinition
by usingHEREO provide the location. For example, a onasage table otwos would look like:

HERE 2, 4, 8, 16, 32, 64,
10X (nn - n) 2* LITERAL+ @ *;

The word HEREleaves on the stack the current dictionary pointer where the storage of data values starts. The
word LITERAL in a definition picks up a nunber from the stack (the address in this example) and compiles it.
When this version of10X is executed, the address is pushed on the stack in the same way as before.

When a single byte of data is sufficientC, performs for bytes the same function that, performs for cells. On
processors that do not tolerate odd byte addressese(g, LSt11), uses ofC, must be for strings of even byte
length. NotethatC,6 O T AT A EI Bl EAO /Asizdd Bafié ik theQlictibnad E AOAAOA O

REFERENCES

CODESections 2.5, 6.1
CONSTAN;TSection 2.7.3
CREATESection 2.7.1
LITERAL, Section 2.8.5
MSGSection 2.3.3

2.8.3 The polyFORTH Compiler: ] and |

The polyFORTH compiler usesLLOT,, } OAT i i A6 Qh ATCA to laAddvin@ddiedsdslinithe dictionary
for the address interpreter to interpret. The compiler finds the addresses by using' j OA-HEB E 6 @velpADPAOE
iT OEA EI POO OOOAAI 8 4EA AAAOAOO AT i PEI AAddiEs.O AAAE x1T

The compiler must handle two special cases besides address compilation. The first case occurs when numbers

are included in a highlevel definition. The compiler handles numbers much like the standard Forth text inter

preter. When a dictionary seach fails, the compiler attempts to convert the ASCII string usinglUMBER When

AT 1T OAOOET 1T OOAAAAAOh OEA AAAOAOGO T &£ A OPAAEAI x1 OA AAI
001 OEIi Ah OAAIT 16 xElI 1 DOOBn Adhneshtial tdletate odd Add@dses,| whedithe O E A
number is less than 256 the compiler saves space by compiling a special word called byte (instead of cell)
followed by the least significant eight bits of the number.

When the numeric conversion fails, theconversion word aborts, printing the text not understood followed by a
qguestion mark.

The second special case occurs when a word needs to be executed at compile time by the compiler. These words
AOA AAT T AA OAT I PEI AdGF, DG MAUNDOIE &d €&anples oficBpilexdirddtval. After the
word is found in the dictionary, the compiler checks the precedence bit in the header of the dictionary entry. If
the precedence bit is set, the word is executed, rather than compiled by the compilerf the precedence bit is
reset, the address of the code field address of the word is compiled. The precedence bit of a word may be set by
placing the wordIMMEDIATEA £O0AO OEA x1 OA8 O AAZET EOEI T 8
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The most common use of and] is to leave compilemode temporaily to perform some operation at compile
time. For example, suppose you wish to refer to an ASCII code in hex, in a definition containing numbers most
naturally thought of in decimal:

:GAP (n) 100DO [HEX]0A
EMIT LOOP ;

Since the words that controlBASEA O AIMBIEDIATE, it is necessary to leave compilenode to executeHEXto
permit compilation of the hex code following. The Forth word which ends compilationif j DOT T T OT-AAA

interpretation. This word is used in the definition of; .

Sometimes when Forth highlevel code is necessary, but a dictionary header is not, (as in some powagr code)
the word ] is used rather han: . Similarly, where highlevel polyFORTH is necessary but no address f&XIT
need be compiled on the end of the definition, (as when compiling endless loop)is used instead of; . In
polyFORTH the phrase$ and

;  RECOVERre equivalent, except tlat many people find; RECOVERhore readable.

Ol A.

#1171 OEAAOh &1 O AgAi pi Ah OEA OAODPITOA 01 A OOAOOAOOG EAU 1

HERE ] ." Break" CR ABORT [
ASSEMBLER BEGIN SWAP # 1 MOV STI
NEXT OA INTERRUPT

The HEREpushes the address of the next availableyte in the dictionary onto the stack.] enters compile mode,
and compiles the." message followed by the references t€Rand ABORT Note thatABORTwill abort the
operation of the terminal task which initiated the interrupt (which, on the IBM-PC fromwhich this example was
taken must beOPERATORue to the hardware configuration) and return control to the keyboard. Immediately
following the address of ABORTis the assembleMOMnstruction, followed by the rest of the code throughNEXT
The BEGIN pushed the address of thevlOVon the stack; this address andA (the interrupt vector) are the
arguments toINTERRUPT which stores the address in the interrupt vector.

7EAT OEA OOAO DPOAOGOGAO OEA O" OAAE® EAUhTtdReMOMEQADOOD O
xEEAE xEI 1 Qler péiriteOl GoEME Gegitningoh tde highlevel phrase starting with." . TheNEXTat

the end of the code will start execution of the highevel phrase, terminating with the ABORT Since the phras is

only entered in this way (never called from another highevel word, for example) there is no need to begin it with

: name and since it terminates iMBORThere is no need for arEXIT (compiled by ; ) at the end.
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until [

(search dictionary)

o, 0/70'

(NUMBER)

K7
/1//50/4
X (<o Ty &

‘ code field address , EXECUTE ?STACK

[COMPILE] LITERAL

value , | &
) L2
‘ , e%,y
ABORT” Stack empty”
Fig. 2.9
The Forth word which begins compilationis] ( pr o n o u n eberda cfikrei tgoh)t. This word contain

the compiler, and is used in the definition of : .

Please note that it is rarely the case in a multitasking environment that you can know which task is controlling the
CPU at the time an interrupt occurs. The technique used in this example is therefore appropriate only in a narrow
range of applications.

REFERENCES

ABORT Section 2.4.7

Address Interpreter, Section 1.1.6
Colon Definitions, Section 2.7.4
Compiler Directives, Section 2.8.8
Dictionary Searches, Section 2.6.1
Input Number Conversion, Section 2.5.2
Interrupts, Section 6.11

2.8.4 Use of Literals in : Definitions

When the polyFORTH compiler encounters a number in a definition the number is converted to binary and
compiled as a literal. The compiled form of a literal in a definition occupies two cells (one cell on 3zit
machines). The first contains the address of a routine which, when executed, will push the second cell onto the
stack. When Forth is comiting a definition and a number is encountered, this form is automatically compiled.
There are other ways in which a literal in a definition may be generated (which will be discussed in the following
section), but this is the most common situation.
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On conputers that tolerate odd byte addresses, a literal less than 256 will be compiled as a byte. A byte literal
occupies three bytes (the address of the routine plus the actual byte). The compiler automatically determines
which form to use.

Since a literal ocupies two cells on 16bit machines, a number that will be used frequently (more than six times)
should be defined as &CONSTANTo save space. There is not much difference between the time required to
execute aCONSTAN®BNd a literal. The space savingieven more signiftant in the case of 3zit literals versus
the use 0f2CONSTANT

REFERENCES

Explicit Literals, Section 2.8.5
Literal Addresses, Section 2.8.6

2.8.5 Explicit Literals

The word LITERAL compiles into a definition the number that was placedn the stack at compile time. When
the definition is executed, that number will be pushed onto the stack. The compiled result lOfTERAL is identi-
cal to that of a literal number, described in the previous sectionLITERAL is useful for compiling a réerence to
an address or computed number that may be computed at compile time.

Consider the tableTENSIn the example in Section 2.8.2. TFENSis to be used only by the definitionl0* , a more
compact form would be:

HERE 1, 10, 100, 1000, 10000,
:10*(nn - n) 2* LITERAL+ @ *;

HERHeaves a value on the stack whichITERAL compiles into the definition of 10* .

Both the usage and result of0* are identical to those ofl0X in Section 2.8.3. Here, however, instead of using
CREATEoO provide a definition which will return the address of the beginning of the tableHEREs used to supply
it at compile time; LITERAL compiles this address as a literal. The net saving is six bytes of memory.

Another technique is to compile the results of complexalculations that only need to be performed once. As a
trivial example, disk status infomation is stored in the locationDISK 2+. A word to retrieve that information
might be:

: STATE [DISK2+] LITERAL @ ;

The[ stops: compilation, and] restarts : compilation. During this hiatus, the wordsDISK 2+ are executed,
leaving on the stack the address of the status word, which, after compilation is resumed, is compiled into the
definition by LITERAL. Time savings can be large if the calculations ane an inner loop. (Note: On 3zit
machines, the wordsDISK 2+ would be DISK 4+))

REFERENCES

[ and], Section 2.8.3
Compilation of Literals, Section 2.8.4
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2.8.6 Use of[] to Compile Literal Addresses

The word[] is used inside a definition to compile a a literal the address of the parameter field of the word that
follows it at compile time. The most common use df] is to obtain the address of either &ZLONSTANTDr a
2CONSTANTon systems that have the 3z2bit option or on 32-bit machines). Considetthe following example:

0 500 2CONSTANT LIMITS
: RANGE []LIMITS 2!;

Given these definitions, the phrase:
0 2000 RANGE

resets the values oL.IMITS to 0 and 2000. The address of the beginning of the doubteecision parameter field
for LIMITS is compiled as a literal inRANGEand pushed onto the stack wherRANGHs executed to provide the
address for2! .

2.8.7 Compiling Strings

polyFORTH provides two methods for compiling strings. The most geradly useful word is " (pronounced
ONOI OA6 Q8 usddbElyOn colbn@dfinitrd. It compiles a string, which follows in the dictionary and is
terminated with another quotation mark. When the word containing this string is executed, the address of the
beginning of the string is pushed on the stack. Thatring is compiled with its count in the first byte (as is typical
with strings in polyFORTH). Therefore, it will frequently be useful to use the wor@OUNTo fetch the length and
address of the actual first byte of the string.

For example, lets considea word that compares a data string whose address and length are given to a specific
OO0OET ch AT A OAOOOT O OOOOAS EZEZ EO | AGAEAOG

"?NO (an - t) "no"1+ -TEXT ;

When ?NOis executed," will push the address of the compiled string on the stack. It is émemented to the
beginning of the actual text, leaving the appropriate arguments ferTEXT (which performs the comparison)”

Here is a word which will search for the compiled string in a longer string whose address and count are given:

:?DUCK (an - t)  "duck"
COUNT- MATCH SWAP DROP ;

The phrase SWAPDROPdiscards the address of the first normatching character in the first string, which is
returned by - MATCH

In either of the examples above you may need to allow the test string to contain an arlaity mixture of upper and
lower case characters. If so, you should either set or clear the appropriate bit in each byte of the test string to
standardize on all upper or all lower case before making your comparison.

Often you will find it more convenient © specify another runtime behavior than returning just the address. You
may always want the results ofCOUNTfor example, or perform some direct action such as typing the string. Or,

* Remember that- TEXTcomparescellby cell4 EEO EO AET A ET OEEO AAOAh OET AA O1i o6 |
length, you must add a space to make it even length and ensure that your test string is also bifikd if necessary. This is
usually easy to do; for example, if the & string is input from the keyboard, TEXTwill move it to a blank-filled PAD
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perhaps you want a terminating character other than a quation mark. The word STRINGwill compile a string
with a specified delimiter from the input stream to the dictionary. It has no rurtime behavior. STRINGis used
by" as well as by." ,ABORT"and other similar words.

STRING expects the ASCII code for the delimiteon the stack. It will compile the string terminated by that
delimiter with the length of the string in the first byte. An example oBTRINGG © OOA EO OEA x1 OAq

: MESSAGE" >IN @ CREATE >IN'!
34 STRING DOES> COUNT TYPE ;

MESSAGEreates messages which are named by their first word, for example:
MESSAGE" HELLO THIS IS FORTH! " ok

ExecutingHELLOwill cause the computer to print:
HELLO THIS IS FORTH! ok

The wayMESSAGHorks is as follows. The phrase:
>IN @ CREATE >IN

Creates a definition whose name is the first word (delimited by spaces) in the string followinjIESSAGE" It
saves and restores the text interpreter pointer>IN so that the first word will be incorporated in the string as well

as being the name of the déiition. The phrase34 STRINGthen compiles the string to a terminating” (22y).
The resulting definition is shown in Fig. 2.10 (Section 2.8.9). The code field address of the new definition points
to the code for the runtime behavior provided by DOES=>in the definition of MESSAGE" When the wordHELLO

is executed, the 21byte string in its parameter field will be typed out. Note that this method will handle strings
up to 127 bytes long.

REFERENCES

" and ABORT", Section 2.3.6.5
Defining Words, Sectin 2.7
String Comparisons, Section 2.3.5

2.8.8 Compiler Directives

I OAT 1 PEI AO AEOAAOEOAG ET &1 OOE ieQlurihg ax topilatiGnE Maby dach A GA A OC
words exist: DQ LOOPand +LOOP BEGIN and UNTIL; IF , ELSEand THEN literals; and others. It is rare that a

user needs to add compiler directives; it is not difficult, but requires mastery of the use ¢¥{MEDIATE and the

use of COMPILE

COMPILEis frequently used to lay down (in the dictionary) the address of the ruime behavior of a compiler

directive. When COMPILEis executed by the address interpreter, COMPILE compiles the cell immediately

following COMPILBE O AAAOAOO AAi 1 h AT A OEAT AAAO Ox1 10 £ 60q Ol
address will not beexecuted. The wordMMEDIATE s used just after a definition. Its effect is to make the word

just defined a compiler directive by setting its precedence bit (usually the higbrder bit in the count field). This

bit signals the compiler that the word isto be executed at compile time (when all nofimmediate words are being

compiled).

Consider the definition ofBEGIN:
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:BEGIN HERE ; IMMEDIATE

The actual behavior ofBEGIN is identical to HERE The crucial difference is that wherHEREappears in a
definition, its address is compiled; it will push the value oH onto the stack when the word that containsHEREis
executed. BEGIN, on the other hand, compiles nothing; it pushel onto the stack at compile time, to serve as the
address thatUNTIL needs to conpile a conditional return to that location.

Any kind of word may beIMMEDIATE Sometimes it is useful to make ¥OCABULARYIMMEDIATE, so that it
may be used to select words inside a definition.

An example of the use dfMMEDIATEvocabulary words is the use oFORTHand HOSTIin the following definition
from Block 51 of the target compiler:

:;CODE FORTH COMPILE HOST ;code
R>DROP ASSEMBLER SMUDGE ; IMMEDIATE

Note that ASSEMBLERs not an IMMEDIATE vocabulary word, and thatthe IMMEDIATE following ;CODES O
definition will make ;CODEan IMMEDIATEword.

The definition of IF shown in Fig. 2.10 illustrates the definition of a compiler directive which use€OMPILEto
lay down a runtime behavior into a: definition. Note that therun-time definition is a separate word.

REFERENCES

Colon Definitions, Section 2.7.4

COMPILE Section 2.8.9

DQLOOR Program Structure Words, Sections 2.4, 6.8
Literals, Section 2.8.5

The polyFORTH Compiler, Section 2.8.3

Use ofBEGIN, Section 2.4.1

Vocabularies, Section 3.4
2.8.9 COMPILEand [COMPILE]

Some compiler directives have only compiktime behavior (such asBEGIN). Other directives need to perform
some actions at compile time and other actions at runtime. For example, at compile tird® must mark the
position to which LOOR /LOOP or +LOOPwill return; at run -time it must push the index and limit for the loop
onto the return stack.

Head, including code field

= Parameter field, containing the code
for colon definitions.

field addresses of all words referenced

cfa cfa cfa cfa cfa cfa

ok COMPILE if HERE ] , EXIT

Link
Field { 2 s F 26h
|

A ) A
Precedence bit, set by Address of run-time
IMMEDIATE code for IF

Byte machine dictionary entry compiled from:
: IF ( - a) COMPILE if HERE 0 , ;
IMMEDIATE

Fig. 2.10
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The way these functions are managed is to define (usually witBODE the run-time activity as a seprate word
and then to have the compilgime definition, which is IMMEDIATE, compile the address of the rustime code (in
addition to its other activities). Fig. 2.10 shows a compiled bytmachine dictionary entry.

The word used to compile the address ahe run-time code isCOMPILE This word is very similar to['] , except
that whereas[] compiles as a literal the parameter field address of the word that follows (so that the address
will be pushed onto the stack at run time) COMPILElays down a pointerto the code field address, so that the
word can be executed by the address interpreter.

A very similar word, [COMPILE] , is available to compile the addresses of words which at®IMEDIATE (such as
compiler directives.)

When executed, this definition doestte following:
1. The phraseCOMPILE if compiles the address of the previously defined rutime codeif .

2. HERBpushes an address on the stack. This address will be used subsequentiyfbyENor ELSEto set the
address for the condiional branch run-time word if .

3. Finally a zero is compiled to leave space for the conditional branch address.

REFERENCES

[1 . Section2.8.6
[ and], Section 2.8.3
Compiler Directives, Section 2.8.8

2.9 FORTH83 STANDARD COMPATIBILTY

Efforts to standardize Forth have been under way since the late 1970s. An organization called the Forth
Standards Team (or FST) published a widely recognized standard in 1980, called FOR/MH In 1983 this was
extensivey revised, and theresult, called FORTHB3, is now he most widely accepted standard.

FORTH, Inc. has been a participant in these standardization efforts since the beginning. As shipped, polyFORTH
ISD4 is extremely close to the FORTH83 standard, however, there are several significant incompdiilities:

1. polyFORTH adheres to a consistent usage wherein all addresses of Forth words passed on the stack are
parameter field addresses. In FORTH3, some functions return and use parameter field addregs, while
others (' ,[] ,andEXECUTEreturn and usecode addresses

2. Finite loop structures and related words behave differently in FORT483 in order to provide a full 65K
range in LOOPand +LOOPon 16-bit machines. Specifically, inside the loop the return stack parameters
are modified, so thatl and J referencescomputethe index values (rather than simply copy them). There
is no equivalent ofl' . Moreover,LEAVEexits the loop at once (rather than adjusting loop parameters so
that the loop will terminate on this cycle). The FORTH83 versions of these waods compile full branch
addresses instead of byte offsets, costing an extra byte but preventing problems for long definitions.
Also, DOcompiles the loop exit address for use by EAVE In summary, the FORTH3 versions are
slightly slower and longer, butmore general.

3. In FORTHS3, integer division isfloored, meaning that the divsion operators round, rather than truncate,

when there is a remairder. This provides a continuous function through zero, at some cost in
performance. The actual performane difference depends upon the CPU.
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3.0 SYSTEM FUNCTIONS

This section describes words used to load, organize, and manage polyFORTH applicatiagsyell as the standard
system devices (disk, terminal, and clock).

3.1 VECTORED ROUTINES

Since there are several system functions users often wish to change (because of changing hardware or application
requirements) without recompiling the nucleus, pF/xD O1 OEAAO OABAAOOEI T OAAOI 006
current versions of these functions. There are two groups of vectored routines: those controlling systemide
functions, and those cotrolling terminal -dependent functions f.e, those whose behawr differs between
different kinds of CRT or between keyboard/display and printer). For each vectored function, there are at least
three Forth words: the fundion itself (which performs a @EXECUTE&nN the vector), the vector itself, and at least

one routine to be executed.

The following table summarizes the vectored routines controlled on a systemwide basis:

Function Vector Primitive Description

BLOCK 'BLOCK (BLOCK) Returns the address of a specified block. See references for details.

BUFFER 'BUFFER (BUFFER) Returns the address of an avable buffer, identified as contaiing a
specified block. See the references.

CREATE 'CREATE (CREATE) Creates a dictionary entry. See the references for additional versions.
Function Vector Primitive Description

NUMBER 'NUMBER (NUMBER) Converts a string at a given address to binary on the stack. See the
references.

The following table summarizes the routines vectored through user vaaibles for differing taskspecific functions.
'IDLE is used by all tasks; the emainder control CRTs and printers and are relevant only foFERMINALtasks.
See the section references below for further details.

Function Vector Primitive Description

ABORT'IDLE QUIT O) Ai A6 A AE Axeeirodtinedi execufes falldwihg an abort
TYPE 'TYPE (TYPE) Types a string, given address and count.

EXPECT 'EXPECT (EXPECT) Accepts a string, given address and count.
CR 'CR (CR)  Performs a newline function.

PAGE 'PAGE (PAGE) Clears the screen or issues a forifeed on the printer.

TAB 'TAB (TAB) 01 OEOET 10 A OAOIET AT 80 AOOOI 08
MARK 'MARK (MARK) Types highlighted text.

CLEAN 'CLEAN (CLEAN) Clears to end of line.

TYPEand EXPECTrequire some further discussion. Both words expect an address and count on the stack, and
both store these parameters the user variablesPTRand CTRrespectively. EXPECTnegates its count scCTR
starts negative and will count up to zero. EXPECTalso sets the user vaable SPANto zero where it will be
incremented, to leave a record of how many characters were receide
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You may write custom versions of vectored routines for example, to handle a special kind of disk. To substitute
a userwritten routine in a vector, follow the examples given forCREATEIn the section referenced below. In
addition to those additional versions of CREATE the system electives include errothandling versions ofBLOCK
and BUFFERBlock 48).

REFERENCES

BLOCK Sections 3.2.2, 3.2.6, 3.2.8

BUFFER Sections 3.2.3, 3.2.6, 3.2.8

CREATE Section 2.7.1

EXPECT Sections 3.7.1, 3.7.2

NUMBERSection2.6.2

Support of Special Terminal Functions, Section 3.7.5
TYPE Sections 3.7.3, 3.7.4

User Variables, Section 4.6

Vectored Execution, Section 2.4.8

3.2 THE DISK DRIVER
This section discusses the words used to access and manage disk blocks and block tufifeForth.

3.2.1 Overview of polyFORTH Disk Access

The polyFORTH disk access scheme is intended to be simple and to require a minimum of effort to use. The
polyFORTH disk driver makes data on disk directly accessible to other Forth words by placing didkta into a

buffer in memory, returning on the stack the address of the buffer containing the requested data. Forth routines

thus access disk data using the same tetigues as with other memory accesses. Since disk data always appears

to be in memory, OEEO AEOE AAAAOO OAEAI A EO A A O 1T &£ OOEOODHAT i
Basic principals of disk usage in Forth are discussed fatarting FORTH Chapter 10. If you are a newcomer to

Forth, you should review this material before proceehg further.

Another consideration in the design of the polyFORTH disk driver is to make disk access as fast as possible. For
this reason, data is read from disk to memory or written from memory to disk only when necessary, because disk
operations are ver slow compared to memory operations.

The disk is partitioned into 1024A UOA AAOA AOAAO AAI 1 AA OAI T AEOS8G 4EEO 00,
to be a useful increment of mass storage. As a unit of source text, for example, it contains an amo@isburce

which can be comfortably displayed on a CRT screen; as the basis for a data base system, it contains a useful
number of records of typical sizes.

Each block is addressed by a block number. On native ponFORTH systems the block number is a fixexdion of

OEA Al T AES8O PEUOEAAI DI OEOEIT 11 OEA AEOES I AOT 1 OOA AAZ
simplifies the knowledge a programmer must have to use the disk. Absolute addressing also eliminates most of

the need for disk drectories and indexes.

I POl COAI AT OOOAO A Al I-REEEKOETAU AA ¢ ABIOTCKEATOCKusaEA blocidl EO A
number from the stack and returns the address of the first byte of that block in memory. For example:
9 BLOCK U.

will return an address such as:
46844 ok
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where 46844 is the address of the first byte of the buffer containing Block "9.If a block is already in memory,
BLOCKwill not re -read it from disk. AlthoughBLOCKuses a disk read to get data if it is not already in memory,
BLOCKis not merely a read command.

If BLOCKmust read a requested block from disk, it useBUFFERto select a buffer to put it in. BUFFERfrees a
Al TAE AOAZEAOh x OE OE bus databoldiskAif the Adfa istnGui@AOnaVNg 2énkiiaRged since
the block was read into memory.

BUFFERtakes a block number on the stack and returns the address of the first byte of an available block buffer, to
which this block number has been assigrie For example:

127 BUFFER U.

will get a block buffer, assign the block numbei27 01T OEA AOAZEFAOh AT A OEAT OUBPA 1¢
first byte:

36084 ok
BUFFERxEI 1 Al xAUO OA1I AAO OEA |, AAOGO 2AAAT Ol thenbabrithm A0 A££EA O

polyFORTH can substantially improve throughput in a dislintensive multi-user application.

*

The commandU. was used to type out the number as an unsigned integer because block buffers are usually in high
memory. Otherwise, this address would appear as a negativember.
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hligheshBlocks Internally, the block # is

translated to a physical
address on disk

Each block buffer in memory
contains a block from disk
retrieved by BLOCK

Physical Fna_s; storage:
floppy disk, hard disk,
etc.

polyFORTH disk block

buffers, in memory polyFORTH views disk

< asa contiguous region of
blocks, spanning all
drives available

Block O

Fig. 3.1

Although BUFFERmay write a block if necessary, it willnot read data from disk. WhenBUFFERIs called by
BLOCKto assign a bufferBLOCKwill follow the selection of a buffer by actually reading the requested block from
disk into the buffer.

The following example displays an array of 100 it signhed integers starting at the beginning of Block 1000, five
numbers per line:

:SHOW 1000DO |15MOD 0=IFCR
THEN 1000 BLOCK | 2* + ? LOOP ;

The phrasel 2* + converts the loop counter from 16bit cells to bytes, as internal addresses are always byte

addresses, and adds the resulting byte offset to the address of the block buffeturned by BLOCK The word?

fetches and types out the cell at that address.

BUFFERmay be used directly in situations where no data from the disk need be saved. Examples include
initializing a region of disk to a default value such as zero or a higgpeal data acquisition routine writing in-
coming values directly to disk from a memory array 1024 bytes at a time.

You may determine the number of block buffers in your system by typing:
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NB ? 4 ok

As shipped, polyFORTH returns 4 (8 on 3Bit systems), the defalt number of block buffers. The number of
buffers may be changed easily. Applitians with several users using disk heavily may run slightly faster with
more buffers. YourCPU Supplementill give details on changing the size of the buffer pool.

The coommand UPDATEmarks the data in a buffer as having been changed, so that it will be written to disk when
the buffer must be used for another block. UPDATEwvorks on the most recently referenced buffer, so it must be
used immediately after the operation tha modifies the data’

The following example useBUFFER0 clear a range of blocks to zero:

:ZEROS (fl) 1+ SWAP DO | BUFFER
1024 ERASE UPDATE LOOP;

To take another example, assume that an application has definddD to read a value from anrA/D converter. To
record up to 512 samples in Block 700, you could use:

: SAMPLES (n) 512 MINODO A/D
700 BLOCK | 2* + | UPDATE LOOP ;

In this example, the phrase12 MINOAT EDO6 OEA ODPAAEAEAA 1 01 AAO T £ OAiI pi A
how to record data in a range of blocks). As in the example 8HOWbove, the phrasd 2* converts the loop

counter (in samples) to a byte offset added to the address of the start of the block, returned BYOCK BUFFER

cannot be used in this case, as weust preserve previous samples written in the block.

BecauseBLOCKI ADO AEOE EIT O 1 AiT ouh OOEOOOAI 1 AiT OU6 ADDIEA
memory application is to write a word transforming application addresses to physical addressed-or a virtual

byte array, such a definition is:

: VIRTUAL (v - a) 1024 /MOD 250 +
BLOCK +;
The 1024 is the number of bytes per disk block and 250 is the block number where the virtual array starts. See
the reference below (virtual arrays) for a cetailed explanation of this technique.
Fetch and store operations for this virtual memory scheme are defined as:
V@ (v - n) VIRTUALC@ ;

:VI(nv) VIRTUAL C! UPDATE;
BLOCKdoes not normally perform any error checking or retries at the primitivelevel, because an appropriate

error response is fundamentally applicationdependent. Some applications processing critical data in neeal-
time (e.g, accounting applications) should attempt retries, and if these fail, stop with an error message

y )T PiilU&/ 24(80 OAGO AAEOI OF OEA AforinURDAREUtoRaidRiyCET C  /
Similarly, the DISKING utility, Target Compiler, and other standard utilities serve as good examples of how
UPDATEshould be used in applicatios.

' -AT U OET OAI 1 ECAT 06 AEOE A1 10011
piluU&/ 24( 0011
retries from within polyFORTH.

11 AOO DPAOA&I Of OAOOEA
ET¢C AO A OGCOAOO6 O1T AAO ATT OEAO 1 PAOAOET ¢
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identifying bad data. Other apptiations running continuously at a constant sampling rateg.g, data loggers)
cannot afford to wait, and should simply log errors.

The low-level routines save error data obtained from the disk controller in the cell aDISK 2+ (on 32-bit
machines atDISK 4+) so you may add appropriate error handling code in your application. By making error
response completely usemprogrammable, polyFORTH makes it possible to ensure an appropriate response in any
application environment. A stamlard error handling facility is provided in Block 48. This may serve as an
example for application use. This facility retries failed disk operations a fixed number of times before aborting
with an error message.

Native versions of polyFORTH do not put smce blocks in named files. The block structure suffices for
polyFORTH source and for simple diskased applications. A data base support option supporting named files
consisting of ranges of blocks is included with polyFORTH. This provides prograrng tools to define and
maintain more complex data bases on disk.

Often the hardware provides several disk drives with removable media. In this situation, it is often convenient for

A OOAO O1 xT OE AO OET OGCE OEA AE OE dh6ughte@ickas oA DrivlhE forx AO Al 1
example. By convention, therefore, when a block number is processed ByOCKor BUFFER an offset is added to

generate the physical block number. The offset is set by the woRART, which uses a disk drive number (disks

are numbered starting with Drive 0, as in most hardware). For example, the phrase:

1 PART
OAOO OEA OOAOB6O OAI OA A & 1057 AthelblaEkdwilldé from Bridkd 1. OEA OOAO OU

Certain variables and arrays exist in memory to allow theystem to marage disk access. These are available to be
used by the programmer. Vadble names for 32bit systems are given in parentheses.

Word  Description

OFFSET ! OOAO OAOEAAT A AT1OAETET ¢ OEA DEUOEAABtbyAPARPaEd T O AAO
UNIT.
NB ! OUOOAI OAOEAAT A Ai1OAETETC OEA OUOOAB@Qe fiodiwh b eight. £ Al T AE

Multi -user systems tend to run faster with more block buffers, if there are more users than block buffers.
Word  Description

NB 2+ (NB 4+ on 32-bit systems.) Contains the address of the first byte of the block buffer lowest in memory. In
polyFORTH, the traditional place for block buffers is in high memory, above application memory and all user partitions.

DISK A facility variable used to ensure only one task at a time may have access to the block buffddSK is set byGET
and RELEASEn BLOCKand BUFFERDISK is also used by the disk interrupt routine to find the user area of the task using
the disk.

DISK 2+ (DISK 4+ on 32-bit systems.) Contains hardware status information, and is often only a copy of the disk
ATTO00I11A0OBO OOAOOO OACEOOAO}] 6 AEOAO DOIBR 2+ ilOwe zethAfAhderrdord x OEOA
occurred. Some disk contrlters return several bytes of status information. Check you€PU Suppleent for the handling of

your disk.

'BUFFER 2+ ('BUFFER 4+ on 32-bit systems.) Contains the abdate block number most recently written to disk, set
by BUFFER

PREV Contains the addess of the descriptor of the buffer most recently used bBLOCKor BUFFER This value is used by
UPDATEo mark the buffer descriptor to indicate a block buffer will need to be written to disk, as well as to start the search
for a block in memory or a huffer to be used.
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REFERENCES

?UPDATEDSection 3.2.3

32-Bit Block Number Conventions, Section 3.2.7
Data Base Support, Section 8.0

Facility Variables, Section 4.7

User Variables, Section 4.6

Virtual Arrays, Section 1.2.2

3.2.2 Using BLOCKfor Disk Access

BLOCKis the basic disk access word in ForthBLOCKI | OAO AAOA AAOxAAT AEOGE AT A 1 AI
in memory, which shows the data on disk. Whil8LOCKcontains a read operationBLOCKonly reads from disk

when the data is not available in memory Blocks are only written to disk when atJPDATH block buffer must be
overwritten to free a block buffer.

BLOCKexpects a block number on the stack, and returns on the stack the address of the first byte of the data in
memory. For example:

65 250 BLOCK 3+ C! UPDATE

O00i OAOG A1 Or 6 j ARAEI Al ¢ u QUPBATEMarksAhe dbciOnDf@EconfaididyBlodk 450" 1 1 A E
OOPAAOAAG O OEAO EO xEI Il AAusedd EBelsfsiem gobs déwnh OcforeAnd BEIFeD A OE
is re-used,the data will not be saved to disk. The wordFLUSHwrites all updated buffers to disk. If no changes

are made to the block buffer (when fetching data, for example) tHdPDATEshould be omitted.

The following is a detailed discussion of the mechanics 8LOCK Please refer to the Dijkstra diagram in Fig. 3.2
and to your system listing.

The word BLOCKperforms all high-level functions and calls the hardware level routingdBLOCK). BLOCKadds
OFFSETto the block number on the stack, gains exclusive accessthe block buffers by the phraseDISK GET,
and then vectors execution through the variabléBLOCK to the hardware-dependent routine (BLOCK).

The hardware-dependent portion of BLOCKis vectored through 'BLOCK so a new version for a different disk
controller can be inserted while polyFORTH is running, by a phrase such as:

' <BLOCK> 'BLOCK!

where <BLOCK>is the name of the new version ofBLOCK).

(BLOCK) first uses the word 2ABSENTto determine whether the blod is already available among the buffers. If
the block is already in memory, a superfluous disk read should not be performed. TherefofBABSENTscans
PREV checking the block numbers of all blocks in memory. If the block is already in memoPABSENTtakes the
place of (BLOCK). If the block is in memory,?ABSENTuses the block number on the stack, leaves the buffer
address on the stack, marks the buffer as the most recently accessed (by moving the number of the block buffer
into PREVY, and then exits fom (BLOCK) back into BLOCK which then releasedDISK. If the block is not present,
?ABSENTis invisible: it does not affect the stack, does not mark the buffer, and returns normally (BLOCK).
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BLOCK

INDEX
(Add OFFSET to block number)

PAUSE 7?ABSENT
(Check for buffer in memory)
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b\:ﬁe\' addres® ung

DISK GRAB
(Get exclusive control of disk resources)

‘BLOCK REXECUTE

(Execute the vectored BLOCK routine
whose low-level behavior follows)

?ABSENT
(Re-check for buffer in memory. it
may have appeared during the
PAUSE embedded GRAB)

it

. g ) B
o iOU“d B : on s’tac'\( IOC](
Lol

BloC dres
1%}

Not £
(o]
fer @ Ung

‘BUFFER @EXECUTE
(Get a buffer and push its
address on the stack)

[

Read disk data into the buffer
(disk dependent)
|
ESTABLISH
(Mark the buffer with its
new block number)

DISK RELEASE
(Release exclusive control of disk resources)

EXIT

Fig. 3.2

Dijkstra diagram of BLOCK The shaded area describes the behavior of (BLOCK), containing the hardware-
dependent functions. Custom definitions used with 'BLOCK should call (BLOCK) or its equivalent.

The next step of(BLOCK) is to vector execution through' BUFFER to (BUFFER). As with(BLOCK), (BUFFER)
is hardware-dependent.

(BUFFER) finds an old block buffer, frees it (writing the data to disk if necessary), and leaves the buffer address
of the freed block buffer on the stack. See the next section for a detailed discussio(BifFFER) .

The next gep of (BLOCK) is totally hardware-dependent: it reads the desired block whose block number is on

top of the stack into the buffer whose address is just below the top of the stack. Note that this step is only
performed when BLOCKalready knows, via?ABSENT, that the data must be read from disk, and is not already in
memory.
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Usually the disk addressing calculation word is shared by this read opdian and the write operation in
(BUFFER). The block number and buffer addresses are left on the stack by thédress calculation word.

The final step of(BLOCK) is the word ESTABLISH. ESTABLISH makes the oldest buffer (at the end of the buffer
chain) into the newest buffer (by storing the address of the buffer descriptor intdREV), and marks the new

buffer with the block humber of the second stack entry. ESTABLISH uses a block number and buffer address,
and leaves only the buffer address(BLOCK) then returns to BLOCK which gives up control of the disk system by
the phraseDISK RELEASE

REFERENCES

(BUFFER), Section 3.2.3
Adding a Disk Driver, Section 3.2.8
Virtual Arrays, Sections 1.2.6, 3.2.1

3.2.3 Using BUFFER0 Select a Block Buffer

The word BUFFERIs called by BLOCKto obtain a buffer when a block must be read from disk. It may also be
AATTAA ET AT U APPHEAAGEAAAAMMBARKIGC AOXXAEOME AOEEAOS %DA I
an entire block to some value €.g, zeroes or spaces) or copyindh Al T AE8O x1 OOE 1T £ AAOA £
BUFFERshould not be used when writing individual bytes or cells into a buffer when there is input or output (and

hence multitask access) between writes.

BUFFERexpects a block number on the stack and returnthe address of a buffer marked as containing that block.
The contents of the buffer are udefined. BUFFERx E1 1 x OEOA OEA OA1 AAOGAA AOEEAO0BSO
the buffer for this use.
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BUFFER

INDEX
(Add OFFSET to block number)

DISK GET
(Get exclusive control of disk resources)

buffer

(Call the vectored BUFFER routine
whose low-level behavior follows)

?UPDATED
(Select Least Recently Used
buffer. Has it been updated?)

o Ves

Exit with the buffer
address on the stack

ESTABLISH
(Move buffer from the bottom of the
LRU chain to the top, and mark it for
the requested block)

DISK RELEASE
(Release exclusive control of disk resources)

EXIT

Write the buffer to disk
(disk dependent)

Fig. 3.3

Dijkstra diagram of BUFFER The shaded area describes the behavior of (BUFFER), containing the hardware-
dependent functions. Custom definitions used with 'BUFFER should call (BUFFER) or its equivalent.

BUFFERs a shell routine vectoring execution through the system variabl8UFFER to the hardware-dependent
routine (BUFFER). This vectoing enables new disk drivers to be installed while polyFORTH is running. The
hardware-dependent function performed in (BUFFER) is a disk write; disk reads are performed by a similarly
vectored hardware-dependent portion of BLOCK This vectoring may also be used to modify other aspects of disk

write behavior, such as adding an error checking function like the one in Block 48.

If the new version of (BUFFER) is called <BUFFER> the installation of <BUFFER>would be achieved by the

phrase:

' <BUFFER> 'BUFFER !

The logical flow within BUFFERs diagrammed in Fig. 3.3. The principal routines used BUFFERare:

Word Stack Function
?UPDATED
(-ad)

OEA AAAOAOGO

Al ¢T OEOQEI

(-a)or Selects the Least Recently Used buffer, by an

CEOAT AAIT xh
i £ OEA OAI AKOAA AOAEAOR

AT A AEAAEO EOO

1 x

c OPAAOA AEOS Ol
i AOEAA AO OAIi POURS

?UPDATEDnust be followed by hardware-dependent words to perform the write. If a write is not required?UPDATEDwill
exit directly from the calling definition, which is normally (BUFFER).
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ESTABLISH (da-a) Moves the least recently used buffer, selected BYUPDATEDwo the top of the LRUchain (i.e,
making it the most recently referenced buffer), and marks it as containing the requesd block.

Block numbers used internally by these words are 32 bits long, to allow for disk controllers handling more than

32,768 blocks; see the referencelselow for a more detailed discussion of 3:it block numbers.

4EA |1 AOET A OOAA &£ O OAI AAOET ¢ A AITAE AOAEZAO EO AAIITl A
Recently Used buffer to be ovewritten. This attempts to minimize the number of plysical disk accesses
performed, assuming the least recently referenced block is the least likely to be needed again soon by any of the
currently running tasks. Use of this algorithm can significantly improve performance in a disktensive

application. Ageneral statement of this algorithm is as follows:

1. BLOCKalways checks whether a block is in memory before requesting a buffer preparatory to
performing a read operation. The search for the desired block always starts with th@ost recently
referenced buffer, assuming it is the most likely target, and preeeds through the buffers looking at
successively older buffers.

2. BUFFERwill always select the least recently referenced buffer, assuming that it is the one of least

interest.

The implementation of this algorithm maintains the necessary information about each buffer in a table whose
starting address is returned by the wordPREV The structure of this table is represented in Fig. 3.4 (details of the
organization of this table are systerdependent; refer to your listing and CPU Supplemeht

Points to the block # portion of the most A value of 0 identifies the least
recently referenced buffer's table recently referenced buffer's table
UPDATE UPDATE
bit bit
\J i : A J
PREV Buffer Next 31-bit block Buffer Next 31-bit block Buffer Next etc
Addr LRU number Addr LRU number ‘ Addr LRU '
Data for Buffer 0 Data for Buffer 1
Fig. 3.4

Diagram showing details of the first portion of a PREVtable in a typical polyFORTH implementation. There are
as many sets of buffer description data (8 bytes per buffer in this example) as there are buffers. The exact
structure of this table, including the order of items within a buffer descriptor, is system-dependent.

PREVAT T OAET O OEA AAAOAOGO 1T &£ OEA 11006 OAAAT 61 U OAZEAOAT AA
AAAOAOGO T &£ OEA TA@GO 1100 OAAAT OT U OAEAOCAT AAA AOEEAOGO
zero in this location. Any reference to a buffer througlBBLOCKor BUFFERwill cause that buffer to be moved to

the top of the chain.
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PREV ‘

Buffer 0 Buffer 1 Buffer 2 Buffer 3

Fig. 3.5

Example showing the use of the LRU buffer pointers in a typical implementation with four buffers. In this case a
search for a block in memory will start with Buffer 1, the most recently referenced buffer (whose descriptor is
pointed to by PREV, and proceed through O, 3, and 2. BUFFERwould select Buffer 2, the least recently

referenced buffer.

REFERENCES

32-Bit Block Number Conventions, Section 3.2.7
3.2.4 Marking Buffers Updated with UPDATE

When the contents of a block buffer have been changed, the change must be followed by the WORDATEto
ensure the change will be recorded on disklUPDATEdoes not write data todisk. UPDATEmarks a block buffer.
When the word BUFFERfrees a marked block buffer forreOOAh EO |1 60O xOEOA OEA | AOEAA
to disk. UPDATErequires no arguments becausdJPDATEmarks whatever block buffer was most recently
requested by either BLOCKor BUFFER This buffer is the one referenced ilPREV The following example
illustrates the use ofUPDATEN a virtual storage array (the array begins in Block 250). Note thalPDATHSs used
iTiu ET OEA OO0Oi OA6 |1 PAOAOGEI T 8

: VIRTUAL (v - a) 1024 /MOD 250 +

BLOCK +;

- VI (nv) VIRTUAL C! UPDATE ;
V@ (v - n) VIRTUALC@ ;

In the example aboveVIRTUAL converts an address for the virtual array into an address pointing into a block
buffer in memory. The phrase:

1024 /MOD 250 +

produces a block nhumber on top of the stack, with an offset into the block just underneath. The wdHdOCKuses
the block number on top of the stack and leaves the address of the first byte of the block buffer containing a
1024-byte segmert of the byte array. The plus adds the block buffer address to the offset to produce an absolute
address into the correct block buffer. The operation oV@is straightforward, but note the UPDATEIn V!.
Without the word UPDATE the changed block bufferdata would never be written out to disk when the block
buffer is reused.

UPDATEsets the sign bit of the block number in the buffer descriptor whose address is PREV The sign bit is
the update bit of the corresponding block buffer. Because the data tihe buffer has changed, if the buffer must be
freed, the data must be written to disk to prevent data loss.
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No words which enter the multitasking loop should be allowed betweeBLOCKand UPDATEor between BUFFER

and UPDATE If this is allowed, another tak may useBLOCKor BUFFERto change which block buffer is the most

recently used block buffer. Similarly, a block buffer address should not be used after entering the multitasking

1TT D AAAAOOA AT T OEAO OAOE | AU BEOCKehd BUEFER eptdrihe @tifaskiagd ££A O 8
loop only before they access the disk, dJdPDATEcan be peformed before another task gains control of the disk.

Words entering the multitasking loop are: words containingfPAUSEor STOR almost all input/output words, and

any assembly code word ending iWAIT. If the CPU enters the multitasking loop before doing aiPDATE some

other task may overwrite the data in the buffer, or reset which buffer is most recent by changing the buffer
pointer in PREV

For example, if theword V! from the virtual array was redefined for debugging as:

:Vi(nv) VIRTUAL DUPCR ? I UPDATE;
the results would be unpredictable in a multitasking system because the words (equivalent to a@ . ) and CR
both useTYPE TYPEis an output word that enters the multitasking loop.

A possible way to correct such an error is to place the phradeISK GETimmediately after the occurrence of
BLOCKor BUFFER andDISK RELEASE immediately after the occurrence oflUPDATE

&1 O AgAi bl Ah O Al OOAAW giekadbov@ AAADOCCET C6 OAOOEIT 1 &
:VI(nv) VIRTUAL DISK GET DUP CR?
| UPDATE DISK RELEASE ;

REFERENCES
GETand RELEASE Section 4.7

3.2.5 Other Buffer Management Words

Several other words are available to aiéh buffer management. These are:

Word  Stack Function

IDENTIFY (n) Marks the most recently used buffer with the block number on top of the stack, after adding the
contents of OFFSET IDENTIFY is used inCOPY.

FLUSH Ensures all updated buffers are writte to disk by freeing all of the buffers, usin®dUFFERn aDO LOOPR
SAVE BUFFERS Writes all UPDATIH buffers to disk, leaving them still in the buffers with theirUPDATE
flags cleared.

EMPTY BUFFERS Erases all of the block buffers to disk without savinghem. EMPTY BUFFERSworks

by resetting all the update bits inPREVand performs aFLUSHLto free all the buffers.
REFERENCES

BUFFER Section 3.2.3

COPY Section 5.1.8

FORTHS83 Standard Compatibility, Section 2.9
OFFSET Section 3.2.1

3.2.6 Disk Error Checki ng

Sometimes the disk hardware generates errors. The appropriate response to a disk error depends upon the
application. A disk diagnostic, for example, may only want to count errors. An application where background
tasks (which cannot issue error messagg) use disk may set a flag to be detected by a terminal task. Two
predefined forms of error checking exist in polyFORTH: The worBWEERwhich resides in the DISKING utility
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and checks for read errors), and the disk error handling block. See referencleslow for further discussion of
SWEEP

The disk error handling block has facilities for finding and correcting hardware errors. The redefinitions

available in this block of the hardvare routines for BLOCKand BUFFERcheck the error flags inDISK 2+

(DISK 4+0on32-AEO DOT AAOGOT 606q AT A AAT 06 xEOE A O2AAA AOOiI 06 10
block installs the new definitions. If you wish to use this feature, the block must be loaded by Block 9.

The error handling routines use(BLOCK) and (BUFFER), and are deviceindependent to a degree; however, any

changes to the buffer mangement code will have to be reflected in the disk retry code.

Word Function

/BLOCK/ Behaves like (BLOCK) and (BUFFER) except that
and /BLOCK/ and /BUFFER/ abort with an error message if
/BUFFER/ too many retries occur. /BLOCK/ and /BUFFER/ are

designed to abort safely, siBLOCK/ does not leave the
block in memory, and/BUFFER/ does not free a buffer, but
does remove the update bit. A backOi 01T A OAO
execute ABORT"to issue an error message. If background
tasks are accessing diskBLOCK/ and /BUFFER/ must

be changed to return the buffer address without aborting
and/or record the error occurrence so, if desired, a terminal
task might issue an error message.

- AT U AEOGE AIT00Ti1AOO AiT160 OAPTI OO OEA OiI 000 1T £ 001 £O06 A
&1 O AT T 00T 11 A0OO0 OADIT OOET -level @dutiis avtodaitaly érforid Feirids & Asa4ebut,O0 1 1 x
these routines will only detect un-recoverable errors.

For diagnostic purposes you may find it convenient to temporarily define and install a version ¢BLOCK) that

displays disk controller status data fromDISK 2+ (DISK 4+ on 32-bit machines).

: [BLOCK] (n - a) (BLOCK) DI  SK2+@
BASE @ SWAP HEX U. BASE ! ;
' [BLOCK] 'BLOCK !

REFERENCES

32-bit Block Number Conventions, Section 3.2.7
BACKGROUNTIzsks, Sections 4.2, 4.3, 4.4
DISKING Utility, Section 5.3

Disk Diagnostics, Section 5.3.4

SWEEPSection 5.3.4

3.2.7 32-Bit Block Number Conventions *

Some disk systems have capacities in excess of the rangehlblock numbers can handle (up to 32,767). An
IBM-AT, for example, can support a full 30 Mb hard disk plus a 1.2 Mb floppy, plus a 320 Kb floppy usingbit5
block numbers, but could not add a second 1.2 Mb floppy or a RAM disk.

Pl 1 U&/24(80 OBACKHBANRFERLIST aAdQOADall handle single precision numbers. However,
the polyFORTH disk routines facilitate the handling of doubkprecision block numbers by designing the entire

*

This section applies only to 8bit and 16-bit CPUs. On 3bit CPUs all block numbers are 32 bits, allowing
for a total capacity of 2 Gbytes.
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block and buffer management scheme around 3Bit block numbers (the high order bit is the UPDATEbit) and

defining the singleP OAAEOET 1 x 1 OA O-prédisibn vérdiobs. Th&followiig@ra defined:

Word  Stack Descriptio n

2BLOCK (d-a) Takes a 31bit block number and returns the address of the buffer containing that block.

2BUFFER (d-a) Takes a 31bit block number and returns the address of a buffer identified by that block number.
20FFSET (-a) Returns the addressof the USERvariable cortaining the 3-AEO 1T ££0AO OOAA Ol
numbers.

Word  Stack Description

2IDENTIFY (d) Marks the most recently used buffer with a 3bit block number, after adding the contents of
20FFSET

There are no 3tbit versions of LIS T and LOAD Source blocks are restrietd to a 32 Mb range of logical block

numbers. However, sincOFFSETis added before the actual disk access, the actual range may be larger.

-AOAT U PI OCCEIC ET A 1 AOCA AEOE villeDdEddss o itsEehtikelcdnfeddsh Atdal A OT &
minimum, tables in the disk driver specifying the number of heads, tracks, and sectors must be adjusted. If the
pi1U&/ 24( 1 6A1 AOO AT AOG1 60 AT 1 OAET A AOEOAO MMedmapieA DPAO
required. Since these issues are hardware dependent, consult yoGPU Supplemerd&nd program listing for
configuration information.

REFERENCES

?ABSENTand ESTABLISH, Section 3.2.2
?UPDATEDSection 3.2.3

Adding a Disk Driver, Section 3.2.8

Disk Retry Block, Section 3.2.6

Error Handling, Section 2.4.7

IDENTIFY , FLUSHand EMPTY BUFFERS Section 3.2.5
Structure of PREV Section 3.2.1

UPDATE Section 3.2.4

3.2.8 Adding A Disk Driver

Disk controllers vary considerably. Nevertheless, certaimprinciples remain constant. The guiding principle
behind disk driver design is to minimize both the number of disk accesses and the time of each access. This
section is intended to show how the basic arrangement of a polyFORTH disk driver helps these nals well as
certain low-level interfacing conventions and a technique for using more than one disk controller in a polyFORTH
system.

3.2.8.1 THE BEHAVIOR OF HARWARE-DEPENDENT CODE

The words (BLOCK) and (BUFFER) are hardware-dependent words whose addresss must reside in'BLOCK
and 'BUFFER for use by the higherlevel words 2BLOCKand 2BUFFER (and, hence,BLOCKand BUFFER.
(BLOCK) ensures that the data from the requested disk block is in a block buffer in memoryBLOCK) only
reads the data from disk if the data is not already in memory. WhgBLOCK) needs an empty buffer to move
disk data to, it callsecBUFFER) to obtain the address of a free buffer(BUFFER) determines whether a buffer has

**

The actual range is £ 32767. A single precision block number may be negative, for accessing blocks in the
previous partition.
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been changed since it was rahfrom disk (it checks a flag set by the wordJPDATE. If the data has been changed,
(BUFFER) writes the data back to disk. In either casBUFFER) returns the address of a free block buffer.

Wherever possible,BLOCKand BUFFERshould share words. Faiy often, the addressing word mapping block
numbers into physical track and sectors can be shared. Sharing words simplifies the driver and minimizes the
amount of code to be debugged.

In the following sample skeleton definitions o BLOCK) and (BUFFER), d represents a 3%bit block number and
a represents a block buffer address. Note that the read section (BLOCK) and the write section in (BUFFER)

use and leave similar arguments so code can be shared more easily between the read and write operations.
?ABSENTexits (BLOCK) if a block is already in memory. 2UPDATEDexits (BUFFER) if the next buffer to be

freed does not need to be written to disk.

: (BLOCK) (n - a) ?ABSENT
'BUFFER @EXECUTE'S2+2@ ( - dad)
read - words ( - da) ESTABLISH ;
:(BU FFER)(d - a) ?UPDATED
( - ad) write - words ( - a);
REFERENCES

32-bit Block Number Conventions, Section 3.2.7
Vectored System Routines, Section 3.1

3.2.8.2 SERVICING DISK INTERUPTS

The interrupt routine for a native polyFORTH disk driver is usudy very simple. The interrupt routine performs
the most time-critical operations required (e.g, acknowledging the interrupt and reading status bits if this cannot
be postponed) and then storeaVAKENto the status of the task using the disk to notify theéask that the operation
is complete. The interrupt routine finds the task by using the task address in the facility variabl?iSK. The value
of DISK is set when the phraseDISK GETis executed inBLOCKor BUFFER(see reference below, Facility
Variables).

Usually a disk operation is accomplished by giving a controller a sequence of commands. Disk controllers usually
interrupt as they complete acomh AT A j 1T O A OANOAT AA EZ£ OEA AT 1 007T11AO
machine code words for a&command sequence is dependent on where the code must pause to await an interrupt.
For a controller needing separate commands to move to a track, find a sector and transfer data, the following
DEOAOA | ECE O -xEION QREICDEE OOAAA

ADDRESS TRACK SECTOR READ

The controller would interrupt after TRACK SECTOR and READto indicate it had completed each of those
operations. All three of the operations are assembly coded words, each of which sends a command sequence to

the controller and then enter EA | O1 OEOAOEA OGSO OI1 O1 A WAIT) AoEdn ingefnfeAime® EA AT AA

Each time the task is awakened by the interrupt routine, the next word is executed. Waiting for interrupts in the
multitasker allows other tasks fairly frequent opportunities to get work done. Interference between tasks trying
to use the disk simultaneously is eliminated by the use of the wor@ETin the high-level definitions of BLOCKand
BUFFER

REFERENCES

GET, Facility Variables, Section 4.7
WAIT, Sections 4.2, 6.2
WAKESection 4.2
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3.2.8.3 INTERLEAVINGTHEDI&®' S DATA FOBRMEOD FOR

If the data on the disk is ordered properly, a disk driver may run four (or more) times as fast as with a
sequentially ordered disk. Depending on how the disk controller works, two forms oflata interleaving are
possible. If the controller can only transfer sectors which are a fraction of a block, then the sectors of each block
may be interleaved with the sectors of other blocks. If the controller can transfer pieces of data the size dfack,

then blocks themselves may be interleaved to speed sequential block access. On some disk drives it may be
worthwhile to perform both types of optimization (usually it is not).

Ideal timing permits the driver code to finish its data transfer and hasekeeping just in time to enable the disk

interrupt before the next piece of data becomes available. Calculation of a good data spacing consists of choosing

the smallest average distance between data segments (sectors or blocks) still resulting in a piegl access time

greater than the amount of time required by the data transfer. Usually the best pattern is determined by
formatting a disk in several ways and then benchmarking with both random and sequential block access (with

mixed read and write opefations). The information required to determine whether such optimization may be

desirable is obtained from the disk controller manual. The time between the availability of two sectors in a block

may be computed from the rotaional latency of the dived A AOAOACA OOAAES6 OEI AOS 4 |
compared with an estimate of the time required by the software to get from one block or sector request to the

next, assuming sequential block requests and normal system loading. If the software time isder than the

hardware time, some form of interleaving may be desirable.

4EA CiT Al 1T &£ OEA 1T DPOEIi EUAOETT EO OF AA AAT A O OAAA A
reading only one sector per revolution. A good test for overall parmance is to SWEERhe disk, and then

compare the time for the SWEERwith the number of revolutions. The sweep time divided by the number of

blocks per cylinder should (ideally) equal the number of cylinders covered.

REFERENCES
SWEEPSection 5.3.4

3.2.8.4 REPORTING DISK STATUS TO polyFORTH

The hardware driver code must store disk status information inDISK 2+ (DISK 4+ on 32-bit systems) and
subsequent bytes as needed. Two convions for this information are in common use.

One convention declares if no errors occurred theISK 2+ is zero. Usually drivers using this convention
perform an exclusiveORbetween a mask and the status data from the disk controller. If multiple cells of status
are available, they are logically ambined so common hardware failures may be isolated. This method has been
used most often where the controller design is such that the disk status has no bits set unless errors have
occurred.

The other convention copies status data directly from the diskontroller to DISK 2+. If multiple cells of status

data are available, they are copied to a region starting witlbISK 2+. Each method has advantages and
AEOAAOAT OACAOS 4EA OUAOT 1 AAT OOCET T AOOKREOE iMAIOESGE ABEREB
disk retry block to be standardizd and simplified in Forth systems with several different disk controllers. This

method also has a higher machine code overhead, and requires more documentation to isolate types of errors.

4 EA QOAG Adbttod is simpler to implement, faster, and more directly understandable, but sortimes

much more difficult to apply in systems with multiple controllers. Follow the convention already on your system,

if possible. Remember to document the arrangement error flags in DISK 2+ in the shadow blocks.

The most recent block number written is stored iINBUFFER 2+ ('BUFFER 4+ on 32-bit systems) by the word
?UPDATED
3.2.8.5 ASSEMBLING A SYSTEWITH MULTIPLE CONTRQLERS

Several parts of a polyFORTH system muse modified in order for it to smoothly manage a computer with
several types of disk.

Revised 8/25/12 99



DBO005 polyFORTH Reference SystemFunctions

1. BLOCKmust be modified to access all the disk over a contiguous range of block numbers (discussed later
in this section).

2. Removable media should be in physical Drav0 of multiple-drive systems, so the system can be booted
from a backup copy of polyFORTH if necessary.

3. The bootstrap must be adjusted to accommodate item 2.

4. VOLUMEthe disk size in the disking utility, is usually set to the size of the media contang the
polyFORTH system to make badkg up the system media convenient.

5. The word PARTmay need to be modified to use a lockp table.

On most polyFORTH systems, specifications 2 and 3 are already met, and need not be changed. Specifications 4
and 5are trivial and will not be discussed further. Meeting specification 1 simply is difficult, and is the subject of
the remainder of this section.

The two disk driver words (BLOCK) and (BUFFER) must be changed. Prexisting Forth disk drivers almost
always make use of a block number range starting at 0 and going up to some number of blocks dependent on the
size of the disk. Ideally, one would wish for a method to combine unmdiid disk drivers in a simple consistent
way.

The two basic problems a diskdriver-combining method must solve are:

1. Choosing the correct driver.
2. Ensuring the driver receives the correct block numbers.

A particularly nice way to solve both problems is to define a word calleBLEAT. PLEAT accepts a block number

and a maximum pasible block number. If the block number is less than the maximum block numbet.g|

acceptable to the disk driver), thenrPLEATOAOOOT 6 OEA Al 1T AE 1 061 AAOh ATA A "T11A
If the block humber is greater than, or equali(e, notacceptable), thenPLEAT returns the block number, less that

Al 160111 A080 1 AgEI 6i AAAAPOAAT A AT TAE 1 0i AAOh xEOE A "1
AOOOAT O AT 106011 1 AOd O PLUEAT@EIinGés alAthobeApBssitletbiodk Ardders, so the next

AOEOGAO AAT AACcCET EOO AITAE 10i AROO AO UAOI 8 ) £ OEA Al T/
gets the block number unchanged. Although the example is hidgavel, a real driver would havePLEAT written in

assembler.

In the following example, three different disk controllers are controlled by three separate drivers called
<BLOCK>[BLOCK] and *BLOCK*. The drivers have meaningful block number input ranges of 0 to 500, 0 to
onnnh AT A m O wnnntheShdbrduhénsEATOOARERA &1 6 B1 Ei EO86
In (BLOCK), ?ABSENTdetermines if a hardware operation is necesary? if the block is already in memory,
?ABSENTperforms all the functions of(BLOCK). The phrase:

'BUFFER @EXECUTE

returns the address of a usable block buffer (and writes out the contents if necessary). TB¥ERbrings a copy of

the block number over the buffer address. The phrasg00 PLEATleaves the block number and a 0 on the stack

if the block numberislessthh vt j OEEO AT 1 00111 A080 | AGEIRUseshhe ® AE 1 OI |
left by PLEAT,IF OOAT O&AZAOO AT 1 0011 O ©HEACKAIfth®dck nundbéravere gkeditdrA OO x 1 C
than 500, PLEAT would subtract 500 from the block number to prepae the block number for the next controller

selection, for[BLOCK] .

. PLEAT (n |l - n-11,n0)2DUP U<
IF DROP 0 ELSE - 1 THEN;

100 Revised8/25/12



System Functions DBO0O05 polyFORTH Reference

:(BLOCK) (n - 1) ?ABSENT 'BUFFER
@EXECUTE OVER (- nan) 500 PLEAT
IF 3000 PLEAT IF *BLOCK* ELSE
[BLOCK] THEN ELSE <BLOCK> THEN
ESTABLISH ;

PLEAT can be used in the definition ofBUFFER). (BUFFER) has different stack arguments tharn(BLOCK) {( -
a) rather than (n -a)} because the block number used i(BUFFER) is generated by the word?UPDATED PLEAT
must be situated so it can use the block number left on the stack BYPDATED

Therefore, the construction usingPLEAT in (BUFFER) must deal with the write words of the drivers, instead of
the whole individual versions of(BUFFER):

(BUFFER) ( - a) ?UPDATED( - a n)

500 PLEAT IF 3000 PLEAT IF *WRITE-
WORDS* ELSE [WRITE- WORDS] THEN ELSE
<WRITE WORDS> THEN ;

Otherwise the application of PLEAT to constructing a (BUFFER) is the same asPLEAT6 O ADPDI EAAOQET |
construction of a(B LOCK).

3.3 LOADING polyFORTH SOURCE BLOCKS

Most compiled languages have a threstep process of constructing execuatble programs:

1. Compile the program to an object file on disk.
2. Link this program to other previously compiled and/or assembledroutines.
3. Load the result into memory.

This oftenl AT COEU DOTI AAAOOA EAO A TACAOGEOA AEEAAO 11 A PO
supports fully interactive programming by shortening this cycle to a single, fast operation: compiling frosource
to executable form in memory. This process is accomplished by the wot@AD

3.3.1 The LOADOperation

The word LOADspecifies the interpretation of source text from a disk block.LOADexpects the block number of
the Forth block to beLOADed on thetop of the stack:

number LOAD

The current contents of OFFSETwill be added to the block number. The resulting absolute block number is

stored in the user variableBLKh OOAA AU &1 OOE6 O OA@O EI OAOPOAOAOS 10 C
current input source is suspended and input is taken from the specified disk blockzIN, the character counter,

starts at 0, and will be incremented by the action of the text interpreter until it reaches 1023 or a&XIT

command is encountered, whichevecomes first.

When all processing specified by the disk block has been completed (assuming that no errors were encountered
in processing the block), execution resumes with input from the source that was in control when tHeDADwas
encountered. Note thal. OADsets the base tdECIMALDbefore returning.

The block number specified for thdeOADcommand must be a singlgrecision integer in the range 0 < n < 32767.
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Where a block contains definitions, the result of & OADoperation will be to compile these into the dictionary.
Remember, though, that this is the result of the execution of defining and compiling words as they are prosex
by the text interpreter.

The process ofLOADNg disk blocks is identical to processig the same information entered from the terminal,
with all information in the same disk block entered at oncei(e, there will be no embedded carriage returns).

During the interpretation of a disk block, the processing of text input under program contrgbroceeds as normal,
substituting the disk block for the terminal, with the following exceptions and differences:

1. If aTEXToperation is executed, the entire remainder of the disk block will be read into memory, starting
at the first position of PAD unless the count expires or the delimiter is found. Since there is no guarantee
a delimiter will be found at all, this should be avoided.

2. Use ofWORI® equivalent to use ofTEXTand follows the same restrictions as given foTEXT.

The block to beLOADRed may itself contain aLOADcommand, at which point theLOADNg of the first block is
suspended. When this occurs, the block number of the current block, the current character pointer for the
interpreter operating in this block and the address interpreter pointer are saved on the return stack pending
loading of the requested block. This nesteHOADNg process may continue indefinitely, subject to return stack
size.

Where a group of blocks is to b& OARed, they should all be specified by OADcommands contaned in a single
block, as opposed to serial nesting,e, having each block load the next block in sequence. This is because each
nested LOADcommand requires several cells of additional space on the return stack, as explained below, and the
chances ofa return stack overflow are significantly greater when each block loads the next block in sequence.
From a management viewpoint, moreover, it is best to see all the blocks needed for a wadfined portion of an
application grouped together in one place.

The commandTHRUcan load a group of sequential blocks. For example, if Blocks 260 through 270 needed to be
loaded, THRUcould be used:

260 270 THRU

THRUEO AT Al AAOGEOA 11T AAAA EOT 1 OEA ODPOI COAI T AO AEAOG Al 1T AL
A LOADoperation may also be compiled in a daition. The requested LOADis done when the definition is

executed. Following the completion of thd OAD execution of the definition containing theLOADrequest will

resume at the word immediately following theLOAD

If, during the LOADNg process, aForth error is detected, an error message is produced and dllOADNg ceases.
Both the return stack and the parameter stack are cleared and Forth reverts to terminal input. At this point,
typing L will display the block beingLOARed when the error was deected, with the editing character pointerCHR
set to point just after the last word examined i(e, the one producing the error).

During loading, all text interpreter input is taken from the specified disk block. All output, however, proceeds to
its normal destination. Thus, the use af or other output commands will send output to the terminal of the task
executing theLOAD

REFERENCES

.(, Section 2.3.6.5
PART, Section 3.2.1
EXIT, Section 2.4.6
L, Section 5.1.1
TEXT, Section 2.3.6.3
WOR[Section2.3.6.2

102 Revised8/25/12



System Functions DBO0O05 polyFORTH Reference

3.3.2 Use of the Return Stack by LOAD

Each invocation ofLOADplaces four items on the return stack; they contain the following information:

1. The logical instruction counter forLOAD

2. The input source in effect when thd.OADwas issued {.e, the contents ofBLK).
3. The character position in the input sourcei(e, the contents of>IN ).

4. The address interpreter pointer (| ) for INTERPRET

The word LOADcalls the wordINTERPRET, which calls the wordEXECUTHor each word found in the dictionary.
At some point during theINTERPRETation of a block of source text, # OADmay be executed. The new, nested
LOADpushes the above four items on the return stack, and then proceedsIddTERPRETIts block of text. ALOAD
may terminate in one of two normal ways:

1. Whenthe word-"' in INTERPREThas exhausted the input stream.
2. When theEXECUTEN INTERPRETexecutes the wordeXIT .
Either occurrence forces Forth out of the endless loop INTERPRET, and thereby allowsLOADto continue past

INTERPRETand restore all the system data th& OADearlier stored on the return stack.

If the programmer places items on the return stack during loading and fails to remove them before the end of the
block, the four items removed fromthe return stack asLOADfinishes will be an incorrect set. This will cause an

unpredictable error, depending upon the exact values of the items. In these circumstances, it is possible loading
would continue, using an improper disk block.

REFERENCES

EXIT, Section 2.4.6
INTERPRET, Section 1.1.4

3.3.3 Named Program Blocks

The defining word CONSTANThay be used to give names to important blocks, such as blocks which in turn load
other blocks to form a utility or application. Such a block is often called@E AU A1 1T AE8 06 &1 O A@AI D

120 CONSTANT OBSERVING

will be used as:
OBSERVING LOAD

The above has the effect of loading Block 120 and any other blocks specified to be loaded by that block.
Alternatively, the word LOADcreates a definition where theLOADoperation happens automatically. In this case,
120 LOADS OBSERVING

defines OBSERVING0 you can merely type:
OBSERVING

to load this application.
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Normally, LOADSIs the more convenient way to name key blocks. Use GONSTANTs appropriate when you
want to use the name in other ways, such as:

OBSERVING LIST

We recommend the use of a key block for each entire application. Enter definitions using either of the methods

described above for named blocks as well as any other brief applicatiamide definitions. Then you can see at a

glance which of your application blocks are loaded and in what order. Your polyFORTH system contains several

such key blocks, usually named in Block 10.

50A 1T £ OEEO OAAETENOA EO 1 OAE OAER Qdcks Eahicause A Eeufs stack Co Al T
overflow. Generally one block on a system names all the key blocks in a system, andd&ed immediately after

booting. In polyFORTH systems, this is usually Block 10.

Note: There is a special danger with named blocksThey can be succedslly LOARd when in any number
conversion base. For this reason, named blocks should haveD& CIMAL command in the first line to guard
against accidental loading with an incorrect base.

REFERENCES

CONSTAN;TSection 2.6.3
LOADand the Return Stack, Section 3.3.2

3.3.4 Overlays

"AAAOOA 1T £ &1 OOES8O Al i PEI AGET 1T ObA Aild oveddy Adpdoilite Mar9 AOAT U 1
resident applications have several functionally independent subsets, however, and it is conventional toganize
OEAOCA AO 1 OOOAI T U AgAil OOEOA 1 OAOI AUOGh AT U TTA T £ xEEAE |

is done by explicit command. OnceOALed, such an overlay will remain resident until replaced by another.

Examples of such overlaycategories in a business environment might include order entry, payroll, and general
ledger. In a scientific laboratory system there may be several different data acquisition and analysis modes.

This section covers two techniques for managing such ovesta. To replace the contents of an entire task
dictionary with a new overlay, we recommend use of the wor&EMPTY To create additional levels of overlays
within the task dictionary, such that when an overlay is loaded, it will replace its alternate ovenjabeginning at
the appropriate level, we recommend use of the woréFORGET This section also discusses the option of allowing
an overlay to reset the boundary between system and private definitions.

3.3.4.1 SINGLELEVEL OVERLAYSEMPTY

The commandEMPTYAT POEAO A OOA0O8 O DPOEOAOA AEAOQEIT 1 ADIBKBIGand 1 DI 1 U&
PRINTING) begin with the word EMPT Yat the top of the load block. For example:

0 (DISKUTILITY) EMPTY DECIMAL

1 35LOAD 37 LOAD

2 etc. ..

Any application definitions which are not meant to be replaced by the overlay should have been loaded as system

electives (eh AU "1 TAE wq 110 AO PAOO 1T £ OEA OAOESO POEOAOA AE
by EMPTY
The complete definition of EMPTVis:
:EMPTY H2+ @ H! GOLDEN CONTEXT 20
MOVE ;
Note: H 2+ isH 4+ and 20 is 36 in 32bit systems.
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The mechanism used byEMPTYto remove only those definitions in the task dictionary without affecting the

system dictionary involves an array naned GOLDEN The system has on&OLDENarray containing the default

values forCONTEXBNd CURREND I OO0 OEA AECE O ~»QHatGsOelght celds, dadh ipoining t Helast
definition in each of the eight chains in the system portion of the dicticary.

Part of the function ofEMPTYEO O OO1T OA OEA OAI OAO T £# OEA OUOOAI bIEI
Thereafter, the first word to be compiled into each chain will be linked to the last word in the appropriate chain in

the system portion of the dictionary, rather than being linked to the end of whatever chains may have previously
existed in the task dictionary.

This function is accomplished by the phrase:
GOLDEN CONTEXT 20 MOVE

in the definition of EMPTY

The other function of EMPTYis to reset the value oH. His used at conpilation time to point to the next available
cell in the dictionary where a new definition may be placcdHEO OAOAO O1 OEA AACEITTEIT C |
Thus the phrase:

H2+ @H!

resets H to the begiming of the task dictionary, so that thereafter any new definitions will be written over any

previous definitions residing in the task dictionary.

REFERENCES

CONTEXTSection 3.4.3

GOLDENSections 3.3.4.3,3.4.4

3.3.4.2 MULTI-LEVEL OVERLAYSFORGET

The wordFORGEEO OOAA O AEOAAOA OEA Itioa9. TodcAndniad: BT OOET T 1 &
FORGET NAME

will discard the definition NAMEand all words defined afterNAMEET A OOAO080 DPAOOEOEI T 8

pointer Hh A O x Al 1 rikate lirdk Behds @At Ei6tinarp chains, will be reset to the last definition in the
vocabulary beforeNAME

SinceHis reset, the dictionary is truncated spatially as well as logically.
FORGEas two uses:

1. To discard only part of your definitions. For example, when testing, you may reload only the last block,
not your entire application.

2. To create additional levels of overlays.

Suppose your application includes an overlay calle6RAPHICSwhose load block begins with the command
EMPTY OnceGRAPHICS is loaded, you want to be able to load either of two additional overlays, callé@OLOR
and B&Wto load afterGRAPHICS thus creating a second level of overlay. Here is the procedure to follow.

1. SAEET A A 010611 AAEE] EOGRAPHICS Asthg adyEwbrd g Ivdhni as & dicBdnE OE | 1
marker. For example:

: OVERLAY ;

Preferably, such a null definition will be placed at the bottom of th&RAPHICSoad block.
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2. Place the appropriateFORGETphrase on the first line of the load block of each levédlvo overlay. For
instance,

( COLOR) FORGETOVERLAY :OVERLAY ;

Thus, when you execute the phrase:
COLOR LOAD

Ui &6 OmFI OCAOGd AT U AAEET EOEI T O xGREFHEESahdAregore thheddull AAAT Al
definition of OVERLAMo0 serve as a marker in the event you want to load an alternate level two definition, such as
B&W

By using different names for your null definitions, you may create any number of overlay levels. One of the
simplest chdces of overlay markers is the wordHELP, since the first definition in many applications is the
definition of the help screen displayed at the beginning of the application.

REFERENCES

Help Screens, Section 1.5
3.3.43 RESETTING THE POINTES F OR AN DICHEIMRARY "

Application words intended to be available to all users in the system are normally loaded from the electives load
block so they will become system definitions. The comman@ILD actually creates the division between system
definitions and task definitions as may be seen near the end of the electives load blockILD is defined as
follows:

: GILD CONTEXT GOLDEN 20 MOVE
HERE H 2+ !;

The first part of this phrase copies the values of the eight link heads plus copies@®NTEXTnd CURRENTh the
OPERATORiser area, at the moment the above phrase is executed, to t&®LDEMrray. Since the phrase is
executed after all system definitions have been loaded, t@OLDENarray will henceforth point to the ends of the
systemdefinition chains.

Note that it is important that CONTEXTs FORTH~vhen this is done, so the defaulCONTEXTafter EMPTY will be
FORTH

The second part of the above phrase stores the present valuetbfthe dictionary pointer) into OPERATOR® 2+
A0 A OAZEAOAT AA mEI O OEA EOOOOA AO OI xEAOA OEA OAI POU AEA
dictionary location is in H 4+; see yourCPU Supplemenjt In certain cases it is useful to have an overlay reset the

boundary between systemand task definitions by executing the above phrase. An example in polyFORTH is the
Data Base Support option, whose load block concludes wi@ILD.

This technique has the advantage of making additional capabilities available to all users on the systemhwiit
recompiling. Each user will be required to execut&EMPTMo reset the beginning of his private dictionary to the
end of the extended system dictionary. This can also be done automaticallyPROMPIfg them.

REFERENCES

GOLDENSection 3.4.4
PROMPTSction 4.10

3.4 VOCABULARIES

Vocabularies are mutually exclusive collections of definitions residing caurrently within the dictionary. Up to
eight vocabularies may exist at any one time. Dictionary searches proceed from one vocabulary to another in a

106 Revised8/25/12



System Functions DBO0O05 polyFORTH Reference

specified sequence of up to four vocabularies. This mechanism allows you to control which vocabulary or
vocabularies are to be searched. Within each vocabulary the search is from newest to oldest.

Vocabularies have three principal uses:

1. In the resident system, to segregate speciglurpose words such as those in thASSEMBLERto allow
them to have the same names as standard Forth words.

2. Inthe Target Compiler, to segregate target versions 55ORTHASSEMBLERandEDITORwords from the
resident versions.

3. In applications running in the resident system, to protect against accidental misuse of words only
intended to be available to prgrammers.

3.4.1 Vocabulary Selection

The standard vocabularies provided by Forth are:

FORTH
ASSEMBLER
EDITOR

FORTHis the standard fundamental vocabulary. ASSEMBLERontains all assembler mnemonics, addressing
modes, and other special assembler command&DITOR contains the editing commands for editing source text in
blocks.

The use of separate vocabularies makes it psible, for instance, for the wordl to be defined to supply a loop
index in one context and insert a string in another context or name a register in yet another.

There are two actions on the dictionary relevant to vocabularies: searches and additions. The sequence of
vocabularies to be searched is specified by the contents of the user varial@®NTEXT The vocabulary to which
any further definitions are to be linked is specified by the contents of the user variablEURRENT

You may change the contents @@ONTEXDy simply naming the desired vocabulary. For example, the word:
ASSEMBLER

changesCONTEXT®o future searches will begin with theASSEMBLERocabulary. CONTEXTis automatically set
to ASSEMBLERYy the defining words CODEand ;CODE

Similarly, you may employ the word:
EDITOR

to set CONTEXTo begin by searching theEDITOR vocabulary. Several of th&&DITOR commands are found in
FORTHand automatically setCONTEXTo the EDITORvocabulary.

CONTEXTs automatically reset to the contents o CURRENTDy the defining word : . For example, assumEORTH

EO OAOOOAT 06 j A0 EO OUPEAAI q AT A AEDDOR@mMntaAd® CENDEXds AET EC
now EDITOR). When the user loads the blockCONTEXBwitches back toFORTHwvhen the first : is encountered.

The contents of CURRENTmay also be changed. The wor®EFINITIONS sets CURRENTOI OEA OAIT 1 O
vocabulary. For example, the phrase:

EDITOR DEFINITIONS

first sets the value iInCONTEXTo be theEDITORvocabulary, then setsSCURREN&Iso toEDITOR Thereafter any
future definitions will be linked according to the EDITORvocabulary. When the system starts up, or following an
EMPTY the defaultvocabulary for CONTEXTBnd CURRENTS FORTH
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3.4.2 Creation of a Vocabulary

Each of the three standard vocabularies is associated with an index, as follows:

1is FORTH
3 is ASSEMBLER
5is EDITOR

For internal reasons, a vocabulary index may be any odd numbfom 1 to FH.

If you look up the definitions for the commands associated with the standard vocabularies, you will find:

HEX 0001 VOCABULARY FORTH
0015 VOCABULARY EDITOR
0013 VOCABULARY ASSEMBLER DECIMAL

(The order of the digits is reversed for some pycessors.)

When viewed as a hexadecimal number, each of the fowME O O1 EAAT AGo 1T £ OEA AT 1 O00AT O
index. Thus the variableCONTEXTmay contain as many as four vocabulary indexes. This feature allows
vocabularies to be chained; that is, after the system searches the vocaby specified by the index in the right

most nibble, it will then search the vocabulary specified by the nibblto the left, and so on. The search ctinues

until the word is found, a 0 nibble is encountered, or all four nibbles have been used, whichever comes first.

Although VOCABULARY a defining word, it does not define a vocabluAOUh A OO OA §-Epkdlyind OOIT AA/
AT 1 1 Aley6FORTH EDITOR ASSEMBLER The word VOCABULARYssociates a vocabary-specifying

constant (e.g, 0015) with each of these commands. This constant, when placedGONTEXT specifies the order

the appropriate vocabularies areto be searched. When placed i@URRENTthe first vocabulary to be searched

specifies the vocabulary to which new entries will be linked.

As mentioned above, the order of the digits is reversed for some processors. To determine which order is used by
your system, either refer to your listing, or set and displafC ONTEXDy typing:

FORTH HEX CONTEXT @ U.
)y £ OEA OAOGOI O EO p j OEA 1 AAAET ¢ UAOI O Ai1860 OEI xgqh OAAO,
the right-most nibble (vocabulary 1, orFORTH. If the result is 1000, your system first searches the vocabulary
whose index is specified by the lefinost nibble.

In all systems (regardless of the direction in which the nibbles are examial), the search order depends on the
context vocabularyas indicated in this table:

Command Search Order Constant

FORTH 1. FORTH 0001 or 1000

EDITOR 1. EDITOR 0015 or 5100
2. FORTH

ASSEMBLER 1. ASSEMBLER 0013 or 3100
2. FORTH

Although the same constant that is stored into the variabl€ONTEXTis also stored nto CURRENTresetting
CONTEXTccording to CURREN]); only the nibble in the firstsearch position is used to indicate which vocaldary
will receive new dictionary entries (see the definition of CREATEN your system listing and the references below).

The actual creation of a new vocabulary occurs after a new vocabulaspecifying command has been defined and
its associated constant has been placed @ZURRENWith the phrase:

specifying - command DEFINITIONS
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10O TAx AAEZETEOQOEI T O AOA wllbdce&tddAA A 1T Ax OOT AAAOI AOUG

If you are not target compiling, it is possible to add up to five vocabularies of your own (using the odd digitsJ,

provided you write definitions linking any new vocabulary to an existing vocabulary, especiallFORTH
(otherwise seatA EAO xEI 1 Z£ZETA 11 OEET ¢(Qs8 4EA DOET AEDPAI OO0A 1T &£ |
a resident system. Most other situations where vocabularies might be considered are better handled by one of

these methods:

1. In an application running on the resident system, to define two classes of words which may have the
same names but different meanings, we recommend the use of overlays.

2. In a target compiled application where the Forth interpreter is not present, there is no value in having
sepaate vocabularies since there are no searches.

3. In atarget compiled application in which the Forth interpreter is present, words which must be protected
against inadvertent misuse should be made headless during target compilation, thereby rendering them
unfindable in a search.

REFERENCES

CREATE Section 2.7.1
Sealed Vocabularies, Section 3.4.5
Vocabularies in the Target Compiler, Section 7.2

3.4.3 Hashed Dictionary Searches

riTT¢c OEA OOGAO OAOEAATI A0 ET A AACONTERTarid EURRENT @#AdS Eighd OOA ¢
Al T OAAOOGEOA AAI 1 O AAI T AA OEA OIETE EAAAO8S AAE 1 ETE
to one of eight linked lists that comprise the dictionary (see Fig. 3.6).

The space in the dictionary is sequentially lotted, with new entries having greater addresses than older entries.

Entries from all the linked lists are mixed together in the dictionary. In systems with multiple tasks, the private

space for each task is allotted and named in the public dictionamyhen electives are loaded immediately after

booting.

As new definitions are created, they are linked to one of the eight linked lists. The selection of which linked list
depends on a combination of the current vocabulary index and the first letter dhe word being defined. The
vocabulary index is added to the ASCII character, then the least sigcéfint bit of the 4-bit nibble is masked out to
yield an even cell offset to the array of link heads.

Top
'y

L

dictionary -
arows e |1 |2

upward |
- A A A ]

3|a|s|6|7

eight link heads

ta most recent
definition

CONTEXT CURRENT

v ¥ v

Bottom

Fig. 3.6

Dictionary Link Heads
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Thus a single list maycontain words from as many vocabularies as have been defined (up to a maximum of eight).
Yet any two words with identical names, belonging to separate vocabularies, will be linked to separate lists. This
arrangement more evenly distributes the number oflefinitions linked to the various chains, and makes it possible
to search an entire vocabulary for a given word by actually searching only oreghth of the total dictionary. This
greatly reduces search time and thus, compilation time.

As stated earlier,each terminal task user area contains its own copy of the eight link heads. When a terminal
OAOGES O AEAOQOEITAOU EO Aipbuh OEAOA EAAAO PITET O O OEA AT A
AOA AAAAAR AAAE OAGHGS GOHAEITIEA xE MAMAEE TxEEJHT 180 EXXECEEAE DEUOEAAIT |
dictionaries.

3.4.4 The GOLDEMrray

The system maintains an array, called@OLDENwhich contains a copy of the eight link heads (see Fig. 3.7) that

point to the ends of the system dd OET T AOU 1 EOOO | OAA &EC8 08¢(Qs8 4EHOO O0OUO
GOLDENand are available on a common, reentrant basis to all users. TB®OLDENrray begins with a system

value of CONTEXTspecifying the FORTHvocabulary), continues with the eight link head cells and ends with the

system value forCURRENTagain FORTH.

Thus, the definition of EMPTYcontains the phrase:
GOLDEN CONTEXT 20 MOVE

which copies the system link heads (as well a8ONTEXTand CURRENJii O OEA OOA08 O DPOEOAOA 1
resetting each of the link pointers for the task dictionary back to the end of each of the lists in the system
dictionary.

The word GILD contains the reversed phrase,

CONTEXT GOLDEN 20 MOVE
xEEAE AT PEAO OEA OOAOEO POEOAOA T ETE EAAAO ET O OEA OU
AAOxAAT OUOOAI AAEETEOEITO AT A OEA OOAO8O AAZEEIT EOEIT O8
to the above phrase become rhlic to other users (provided that they first executeEMPTYto reset their private
link heads). GILD also resets the physical bottom of the dictionary so that the user can no longer forget the

ObOAI EA6 OAAOQGEITT 1T &£ OEA AEAOQEI 1T AOUS
chain | chain | chain | chain | chain | chain | chain | chain
(%] 1 2 3 4 5 6 7
GOLDEN CURRENT
CONTEXT
Fig. 3.7

The GOLDEM\rray
GILD is found near the end of the electives block (usually Block 9). Noaity, when any definitions are meant to
be available to all users, their blocks should be loaded from the electives block, ab@i.D.

REFERENCES

EMPTY Section 3.3.4.1
FORGETSecibn 3.3.4.2
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3.4.5 Sealed Vocabularies

The vocabulary mechanism offers the potential for an exceptionally powerful security technique. You can
implement this by setting up a special application vocabulary consisting of a limited number of commands
guaranteed to be safe for users. You then ensure no application word can cha@@NTEXTand thatCONTEXTs
set so the text interpreter will only search the application vocabulary.

This has the effect of sealing a task into its limited vocabulary and renderidgi 1 T OEAO xi OAO OO1 £E

how a sealed vocabulary is constructed:

1. Define a new vocabulary for the findable words. For example:
HEX 0017 VOCABULARY APPLICATION

This vocabulary must be linked toFORTHat compile time so thatAPPLICATION words may contain
references toFORTHwords. This is done by includingFORTH(index 1) in the search order as shown in
the example.

2. Place all definitions to be available to users in the application vocabulary by declaring:
APPLICATION DEFINITIONS
before compiling such definitions.
3. Define SEALEDIike this:
: SEALED 0007 CONTEXT!;

so onceSEALEDiIs executed, only definitions in Vocabulary 7 can be accessed. TIREALEDmight be
executed as the last item in the application load block (in a reside system), and then only when the
application has been completely tested.

Note that CONTEXTannot be changed by a reference to its name, because the variableNTEXTs defined in the
FORTHvocabulary which is sealed from search, as are all words (suck b) that would enable a knowledgeable
user to changeCONTEXT

An example of the load block for a sealed application might be:

0
1:SEALED 0007 CONTEXT!;
2 HEX 0017 VOCABULARY APPLICATION
3 APPLICATION DEFINITIONS
4:GO ...;
5:STOP ... ;
6:TURN ..;
7 SEALED
8
9
10
11
12
13
14
15
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3.5 CALENDAR SUPPORT

Forth supports two optional output formats for the date:
mm/dd/yy and dd mmm yyyy

The latter uses a thredetter month-name abbreviation and assumes the current year, which may bieset in the
calendar block. An apptation may use whichever of these is most compatible by loading the appropriate
calendar block in Block 9. The calendar option currently installed can be seen by typi8Y STEMafter polyFORTH
has been booted and theptions loaded. The two calendars are located in your system in consecutive blocks.

The three-letter abbreviation type of calendar is useful because it is simple, easy to read, and does not require
double-precision integers. The abbreviation calendar isnconvenient for use in applications entering dates for a
variety of years.

For both calendars, the internal date format is the same: a singpeecision integer containing the number of days

Al ADOAA OET AR * AT OAOU ph pornhd * MERAG AAWGAG -BEG gBAIT 11AIA
representation (2 bytes vs. 6 or 8). Also, arithmetic between MJDs can be performed directly, without complex
conversions. Dates prior to March 1, 1900 will not be set or displayed correctly because only cenagridivisible

by 400 are leap years and the special conditions for 1900 are not tested for by the calendar. To obtain the day of

the week from an MJD, simply take that number modulo 7; a value of 0 is Sunday. For example:

4/24/88 M/D/Y 7 MOD .

gives 4 (Thursday).

The weekday number may be used to index a text array for output.
3.5.1 Date Input

1. dd mmm Input Format

The day/month calendar is a convenient, readable format appgmiate for applications where the
majority of dates entered are current €.g, transaction or measurement dates).

Where this option is used, the MJD conversion is performed by the monttame abbreviation, which is
actually a Forth command. The months are:

JAN MAY  SEP
FEB JUN OCT
MAR JUL NOV
APR AUG DEC

These words expect theday-number on the stack; they will add offsets for the current year and month to
leave the correct MJD on the stack. For example,

25 NOV

will leave on the stack the MJD for the twentyifth of November of the current year. To set the year type:
year A .D. (e.g,1988 A.D.)
dd mmm NOW (e.g, 25 NOV NOW
The current calendar year is the default. It is setin Block 9. The year must be edited every January.
2. mm/dd/yy Input Format

The mm/dd/yy format is most convenient for applications where dates ardrequently entered for years
other than the current one f.g, birth dates).
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The date typed in the mm/dd/yy format is converted to a doubleprecision integer on the stack by the
standard input number conversion routines. A leading zero is not requiredn the month number but is required
on the day number if it is less than ten. Years entered as 00 to 99 are treated as being in the twentieth century;
twenty -first -century dates may not be entered by this option.

The doubleprecision number thus enteredmust be given as a panmaeter to the date input conversion
routine M/D/Y , which computes the MJD. For example:

8/03/40 M/D/Y

returns the MJD for August 3, 1940.

Normally M/D/Y is incorporated in the application command that accepts the date. For exatepgiven
the definition:

:HIRED (d) M/D/Y DATE!;

then the phrase,1/15/87 HIREDwould convert the date 1/15/87 to an MJD and store it in the variable
DATE

REFERENCES

MJD Section 3.5
Number Conversion, Section 2.5.2

3.5.2 Date Output

All date output commands expect an MJD (Modified Julian Date) on the stack. This will be formatted into an
output string that has an appearance similar to the input string for the input format of the calendar option
selected.

The basic output command is:
mjd .DATE

In systems with the mm/dd/yy calendar installed, .DATE works this way:
mjd .DATE 5/16/88 ok

Systems with the daymonth option have another version of the output format:

mjd .DATE 16 MAY 1988 ok
The actual formatting is done by the word DATE) . (DATE) returns the address and length of a formatted string
(the arguments appropriate for TYPE). These arguments may also be used for other purposes, such as other

forms of output. To print only the day and month (not year) using the dayonth calendar, for exampe, one
could define:

: DAY (n) (DATE) 4 - TYPE;
4EEO xI O1 A POET O Oi AAUBO AAOA OEEO xAUq
TODAY @ .DAY 16 MAY ok

REFERENCES

MJD Section 3.5
TODAY Section 3.5.3
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3.5.3 System Date Management

The system date is stored as a singlerecision modified Julan date. The system date is nediCKS in the system
variables region of memory. The address of the system date is given by the war@DAY Thus, TODAY @wiill
return the value of the system date in modified Julian form (addATE for display).

To setthe system date, type:
date NOW

The date need only be set after powe® b 8 7EAT OEA OUOOATI EO 1 1TAAAA 10 xEA
displayed by the commandSYSTEMthe date is displayed for verification.

Note that rollover of the date at midnight isnot programmed to occur automatically, because this would add
tremendous overhead to the clock interrupt routine. Instead, the date is checked for rollover and corrected
whenever the time is read by@TIME

REFERENCES

MJD Section 3.5
Time Overflow atMidnight, Section 3.6.6

3.6 CLOCK SUPPORT

Assuming the presence of a hardware clock, polyFORTH provides standard thofeday support words. These
words allow the user to set and to print the current time of day.

The internal units of time maintained by plyFORTH areclock ticks the value of each one depending upon the
frequency of the hardware clock. Part of the standard clock support worget includes a ratio for converting
internal units to milliseconds, and most applicationlevel words operate in miliseconds.

The clock electives also allow each task to establish a timer used to deactivate a task for a ‘sgrcified time
interval.

3.6.1 Internal Time Representation

The clocks on most computers are simple time bases which generate a pulse at a reguitgrval. Most often the

pOl OA EO OOCAA OIOOMOGOA OA ODAEIAER®D EI7TERO A Al T AE EI-OA000ODPO
gram it was running, and runs a routine to increment a counter. The computer then resumes running the

program it was running before it was interrupted.

The polyFORTH clock interrupt routine is made as simple as possible to reduce the clock overhead. Usually the
polyFORTH clock interrupt routine merely increments a doublerecision variable called TICKS. All other
functions (setting the clock, hour/minute calculation, time overflow at midnight) are performed by clock words
that accessTICKS at irregular intervals (from applications, for example).

The word TICKS pushes onto the stack the address of a doubfgecision integer containing the current time of
day in units of actual clock ticks (milliseconds, sixtieths of a second, or whatever, depending on the actual clock
hardware). The stack effect oTICKS is (- a).

The most important hardware-dependent variable in the design of clock routines is the number of ticks per
second. The two most common rates are powdine frequency, 50 or 60 ticks per second (a popular timebase),
and 1000 ticks per second. With a 60 Hz clock, the clock can run about 820 days befbi€@KS will turn over to
zero. A 1000 Hz clock can run about 49 days befofé¢CKS will turn over.

The word @TIMEreturns the current double-precision value of TICKS {stack effect: (- d)}. It disables the clock
interrupt while picking up the two cells of the d 61 OAOh O AT OOOA A OEAE @AIMEOT 80 T /
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should always be used to fetch the time of day. In addition to piecting against an interfering interrupt, it also
checks for midnight, and update§ ODAYas needed.

REFERENCES
Time Overflowat Midnight, Section 3.6.6

3.6.2 Setting the Clock

On systems with clock hardware, polyFORTH provides a facility to set the system clock. The time of day is set by
the word HOURSHOURSs executed with the current time of day on the top of the stack.

Some hardware clocks cannot be turned off when the new value @iCKS is stored. Thus, potentially, on these

machines a clock interrupt could occur between the operations which store the new low and high order cells of

TICKS. This is not usually significah because the new loworder value is stored first. On extremely rare
occasions, the new loworder cell of TICKS will be 65535, and the tweA AT 1 OO0O0T OA6 1T PAOAOGEI T O
Al ET OAOOOPOHh OAOOI OET ¢ ET 11 Ockiermr ifQte AlociAtdérOpDcaonbt beA T A CE
disabled. On systems with 6&ycle clocks this time occurs for 2 microseconds (the approximate time to store a

cell on many machines) every 18 minutes, and the error can occur once a day. All systems that calh wi

circumvent this possible error by momentarily disabling the clock interrupt.

The current time of day is entered as a doublprecision integer. In the following examplehh is the hour (0-23)
and mmis the minute (00-59).

hh:mm HOURS

If the time of daygiven to HOURS ontains an invalid hour or minute specification, the results are unpredictable
and times printed by the system may be meaningless.

HOURSeparates the hours and minutes out of the doublprecision number, and computes the corresponding
number of ticks (depending upon the hardware clock frequency). The result is stored inlICKS. HOUR®an be
easily usermodified to allow setting the time to the nearest second.

REFERENCES
Time Overflow at Midnight, Section 3.6.6

3.6.3 Timed Events

polyFORTH provides the ability to use the system clock to time events, both in the sense of specifying when
something will be done and measuring how long something takes.

The word MScauses a task to suspend its operations for a specified number of millisecondsiring which time
other tasks can run. For example if you have an application wo®AMPLEwvhich records a sample, and you want

it to record a specified number of samples, one every 100 ms (ten times per second), you would write a loop like
this:

:SAMPLES  ( n) 0DO SAMPLE
100 MS LOOP ;

SinceMSdoes its timing using the system clock, the accuracy of the interval measured depends on the resolution

of that clock. If the above example were run on a version of polyFORTH (such as the Native system for the IBM

0#qQ xEEAE OAOO OE Ans idterials Bhe 40 mOWIIE e Bvéry clos® topl ms accuracy. The
polyFORTH running on the IBM as a eesident OS with MSDOS, on the other hand, is limited by the fact that

$/3 OANOEOAO OEA A1 T AE O OEAE 111 U G0OABDIUOA@OATOSH A U7 AR
between 56 and 110 ms. As a general statement, the error on an interval will be approximately the number of
milliseconds in one clock tick.
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To obtain better accuracy, you may use a clock with shorter intervals. If you need tespond promptly to an
external event, the best way is to associate an interrupt directly with the event.

REFERENCES
Interrupts, Section 6.11; TheCPU Supplement
PAUSE Section 4.2

3.6.4 Measuring Elapsed Time

polyFORTH supports two words allowing the usr to measure the elapsed time interval between two events in
milliseconds:

Command Action

COUNTER Returns on the stack the loworder cell of TICKS.

TIMER Repeats COUNTERthen subtracts the two values, and displays the time interval since the previous
execution of COUNTERN milliseconds.

For example, the following code would be used to measure the execution time of 1000 executions of the user
word XXXX :

: MEASURE COUNTER 10000 DO
xxxx LOOP TIMER;
This measurement also includes the time required to handle thBO ... LOOPitself. To arrive at a precise
value, you may compute the overhead by running the following loop:
: OVERHEAD COUNTER 10000 0 DO
LOOP TIMER;
Then subtract one tenth of thistime from the time you obtained with MEASURHEo get the actual time for 1000

executions ofxxxx .

To figure times with an arbitrary number of iterations, divide the figure given byTIMER by the number of
iterations. To do the arithmetic in Forth, type:

tl1 00n*.

where t is the time given byTIME and nis the number of iterations.

This yields the number of 1/100s of a millisecond per iteration. Note the maximum clock error per iteration (in
the same units) may be calculated by:

1000 100 Hz */ iterations /

where Hz is the clock frequency (interrupts per second).

High-precision benchmarks with nested loops are left as an exercise for the reader.
3.6.5 Time of Day Output

The current time of day may be printed by the wordTIME . An example of the use ofIM Eis:
: CLOCK BEGIN PAGE @TIME .TIME
30000 MS AGAIN ;
This word prints the time as a fivecharacter string followed by a blank. The time of day is printed only to the

most recent minute. The appropriate phrase to print the current time of day is:
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@IME .TIME

.TIME calls the word (TIME) . The word(TIME) expects a time of day, in internal representation, on the stack.
It converts this double-precision number into a string of the format hh:mm and leaves the address and length of
this string on the stack. The stack effect isd-an). (TIME) is used toformat a time of day for output using
TYPEor for some other application use.(TIME) may be used to print a stored time of day or to print the current
or stored time with the report generator.

Although it is possible to fetch the internal time representabn with the phrase:
TICKS 2@

a much better way, which automatically handles time overflow at midight, is the word:
@TIME

Since @TIMEhandles the time rollover at midnight, the phrase@ TIME.TIME should precede the system date
display to ensure accuracyfter midnight.

REFERENCES
Time Overflow at Midnight, Section 3.6.6

3.6.6 Time Overflow at Midnight

In polyFORTH, when the clock interrupt routine increments through midight, no special action is taken and the
current time of day becomes 24:00. As thelark interrupts continue, TICKS continues to be incremented,
causing an invalid time to be maintained.

Of course, the polyFORTH clock interrupt could easily be programmed to prevent this, but execution overhead
would increase because of the need for congitichecking for day rollover. polyFORTH uses a different scheme to
minimize overhead yet ensure correct dates.

The way polyFORTH resets a clock after an overflow past midnight is with the wo@TIME @TIMEreturns the
internal representation (stored in TICKS) on the stack, so it is convenient to us@TIMEnN any routine using the
contents of TICKS. For example:

@TIME .TIME

is equivalent to:

TICKS 2@ .TIME
except that the first time that @ TIMESs used in a new day@ TIMEautomatically adjusts the valuein TICKS to be
the correct time for the new day, and increments th1JDin the variable TODAY

REFERENCES
MJD Section 3.5

3.7 THE TERMINAL DRIVER

Forth supports a variety of means to perform I/O with a terminal, printer, or other serialtype 1/0O device. In
addition, a simplified method is provided to make use of cursor positioning, and other hardwarelependent
features, without forcing the use of particular models of terminal.

The general scheme of th@ YPEand EXPECTinterrupts is explained in this section, with a Dijkstra diagram (Fig.
3.8) of a representative implenentation .

Revised 8/25/12 117



DBO005 polyFORTH Reference SystemFunctions

REFERENCES

EXPECT Section 3.7.1
TYPE Section 3.7.3

3.7.1 Terminal Input Commands

What follows is a table of specialized words that handlaput from serial devices:

Word  Stack  Function

EXPECT (an) GetsnAEAOAAOAOO EOI T OEA OAOEEO OAOEAI AAOGEAAR AAETA
ata. The process will also stop EXPECTsees a carriage return. An example of use is

PAD 5 EXPECT 12345 ok

EXPECTis used for most terminal input. EXPECTx E1 1 OAAAE OPd 1 OAO DPOAOEIT OO1 U E
receives an ASCIl BS (8) dRUBOUT(7F). When the character pointer points toa, the original address,EXPECTstops
backing up and wil thereafter echo an ASCII BELL (7) for each RUBOUT or BS it receives. The number of characters that have
been input by EXPECTis available through the phrase:

SPAN @

STRAIGHT (an) GetsnAEAOAAOAOO EOI 1T OEA OAOESJ O, QaedsitherAidiOEndA x EOET O
beginning ata. STRAIGHTignores carriage returns, backspace characters, and all special characteSTRAIGHTis most
often used to transfer binary data over a serial link.
KEY (-b)  Accepts exactly one byte of data from a sal link. KEYcalls STRAIGHTOT EO Al AKEVs O AAET 8
sometimes used for input prompting and in serial protocols.KEY'is also often useful to interactively determine the numeric
value of a character:

KEY . 67 ok

Word  Stack  Function

?KEY (-bl0) CEAAEO xEAOEAO A AEAOAAOGAO EAO AAAT OAAAECGXKRECTT OEA O/
STRAIGHT KEY, or ?KEY8 y £ Oih OEA OAI OA T £ OEA AEAOAAOAO OAAAEOAA EO
returned value is primarily used as a truth flag; if you have interest in the actual character value you should use a phrase such

as:

?KEY ?DUP IF ...

Aside from returning the key value,?KEY does not retain the value. Use d€EYfollowing ?KEY will await
another keystroke.

REFERENCES

String Operations, Section 2.2
3.7.2 Basic Principles of Terminal Input

Most terminal input is accepted by the wordEXPECT EXPECTis a routine which vectors execution to some
version (potentially different for every terminal task) of (EXPECT) through the user variable'EXPECT, which
contains the address of the parameter field ofEXPECT). EXPECTtakes an address and length from the stack,
and inputs a string of characters to memory starting at the byte whose address was on the stack. An exengb
the use ofEXPECTIs:

PAD 5 EXPECT 12345 ok

This example puts five (12345) characters into memory starting aPAD If a carriage return is typed, the string
that was input will be truncated to the number of characters preceding the carriage return.n the following
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discusOETTh 17T OA OEAO OEA OOAT AAOA OA@O ETI DPOO ET OAOOODPO
This omission is intentional, so applic® ET T O AAT AA xOEGEAINT 46 AA O1T OAIT T U O
On most systemsEXPECTand STRAIGHT share interrupt code (see Section 3.7.1 for a discussion 8TRAIGHT).

In addition, systems dealing with XON and XOFF must be capable of taking action when those claaters are
received. Thus, serial interrupt routines must often deal with seven sas of possible input (see Fig. 3.8):

1. Normal characters (forEXPECT.

2. Carriage Return (00y)? resume execution (forEXPECT).

3. Backspace or delete (08 or 7F) with a patrtially filled input area (for EXPECT.
4. Backspace or delete with an empty inpuarea (for EXPECT.

5. Binary serial input (for STRAIGHT).

6. X-OFF (134, CTRLS)? turn off output stream.

7. X-ON (114, CTREQ)? turn on output stream.

The first case, normal characters, is processed by the following steps:

1. The character is input(usually from a device to an accumulator).

2. 4EA AAAOAOO 1 £ OEA OAOIEIAI B0 OAOEBO OOAO AOAA EO
OAOES O OOAO OACTERTRIaSPAN AODAAEAIT 1 U

3. Is the user variableCTRIless than zero? If itis, then the system is performing input. Positive values in
CTRindicate that the system is performing output. In this case (normaEXPECT, the result is always
yes.

4. Is the STRAIGHTflag set? If the straight flag is set, the CPU may jump directty step #10» see the case
about STRAIGHT.

5. The parity bit is cleared.

6. The character is tested to see if it iBSor DEL (this test fails for the normal case 0EXPECT.

7. The character is tested to see if it iIE€R(this test fails).

8. The character isechoed.

9. One is added to the user variablSPAN SPANis a count of the number of characters input.

10. The character is stored to the address in the user variabRTR PTRis short for PoinTeR.

11. One is added td®TRso the next character will be tored properly.

12. One is added to the user variabl€TR CTRAT 1 OAET O0 OEA Ox1 80 Al i bl AT AT O 1

that may yet be stored without overrunning the input area. Adding one bring€TRcloser to zero. CTRis
short for CounTeR.
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<TYPE> <EXPECT>
\
Save register U Save register Uand 0
Calculate address Calculate address of user area
of user area Get character from device data register
%2 — CTR<p
% © Clear parity bit
g Cf] /\.\.\_ 40141
o W ar = X OFF . ofS o,,d
SPAN A 80 # 0 Con ~ (Normal EXPECT) 4 %4
(Type disabld) Clear parity bit SO
SPAN « SPAN v 80 }
SPAN — SPAN v FF7F g s Mem(PTR) « char
/, "DE o Increment PTR
Increment CTR
- CTR)— 0 _Chay '?’1/\\
r..-/ . ~ = I/ Cr. Q O,
restore reg. 0 Echo Char Echo BS LN
(Restart TYPE Decrement SPAN Decrement SPAN Echo BELL 2
interrupt) Mem(PTR) « char Decrement PTR
Increment PTR Decrement CTR Wake task
Increment CTR l
Output Mem (PTR)
Increment PTR O/}p /
Decrement CTR >
o
C;(@ Wake task Wake task
- |
Echo SP
Mem(PTR) «— SP
CTR <0
Wake task
Restore register U
Return from interrupt /,r"'
Restore register U and 0
Return from interrupt
Fig. 3.8
D-Diagram of <TYPE>and <EXPECT>for PDP-11 polyFORTH with X-ON/X-OFF processing.
13. If CTRis zero (the input area is full), thenWAKEEO OO1 OAA ET OEA OOAOOO

awaken the terminal task.
14. The CPU returns from tle interrupt.

The second case, a carriage return, is processed by the following steps:

1. 1through 6 are identical to the normal character case, above.

7. The character is tested to see if it is a carriage return.
succeeds.

8. A space is echoed.
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9. CTRis set to zero.

10. WAKEEO OOT OAA ET OEA OOAOOO AOAA 1T & OEA OAOIETAI B8O O
11. The CPU returns from the interrupt (shared with normal case).

The third case, backspace or deleteith a partially filled input area, is processed by the following steps:

1. 1through 5 are identical to the normal character case.

6. Tests the character to see if it iBS or DEL This test is shared with the normal characters case, but
succeeds in thiscase.

7. SPAN the number of characters input, is tested to see if it is zero (this test fails).
8. A backspace is echoed.
9. PTR which points to the next empty byte of the input area, is decremented by one.

10.CTRh xEEAE AT 1T OAET O @ mhAnu@ber obtPtesAdmhiimrg Anhpd in@he input area, is
decremented by one.

11. SPAN the number of characters input, is decremented.
12. The CPU returns from the interrupt (shared with normal case).

The fourth case, backspace or delete with an emptgput area, is processed with the following steps:
1. 1through 5 are identical to the normal character case.

6. Tests the character to see if it iBS or DEL This test is shared with the normal characters case, but
succeeds in this case.

7. SPAN the number of characters input, is tested to see if it is zero. This test is shared with tB&-or-DEL-
and-input-area-partial ly-full case, but succeeds in this case.

8. An ASCIBELL is echoed, to inform the typist there are no more characters to delete.
9. TheCPU returns from the interrupt (shared with normal case).

The word STRAIGHT is a special modification ofEXPECT STRAIGHT takes the same stack arguments as
EXPECT but completely ignores the content of the data it movesSTRAIGHTIs often used when trarsferring
binary data over a serial link. On most systemSTRAIGHB® O ET OAOOODO Oi OOEAPECBEO ET (

ET OAOOODPO 01 OOEISTRAIGHDAI OAAQI0 EA EXPEEIR® A1 &I GH A1 AEAIIRMGHAOO6 AA
flag must be in the user vaigble area, so no interference occurs when several terminal tasks are in operation.
For case 5, the steps thaBTRAIGHT O ET OAOOOPO 01 OOET A PAOAE Oi AOAq4
1. 1through3areasirEXPECB O 11 Oi Al AEAOAAOAO AAOAS
4, 4 AOOGSTRMGHD& T ACo6 ET OEA OOAO OAOEAAI A AOAARAIGHFaEE O OAC
EXPECTdo not share interrupt code, this step is not performed.
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5. 4EA #05 EOI PO O OOAD nNpmn | A& EXEERTInG@iruptOskigping ah & HOAAOAOOS
input testing steps. In systems wher&TRAIGHTand EXPECTshare no interrupt code, Steps 10 through
14 are independently reproduced.

)T AAOA 1 01 ARKROOEAA QACEhA GBBA OUOOAIT EO b A o obdraEter @13) OODP OO
The steps performed are:

1. 1and 2 are identical to the normal character case.
3. CTRis found to be nornegative, meaning that the system is péorming output.
4. The parity bit is cleared.

5. The input character is found to be YOFF (13y), meaning the deviceeceiving output is getting full.

6. Atypeinterrupt-AEOAAT A £ A¢ ET OEA OAOI ET Al OAOEGO OOAO AOAA
flag, the type interrupt routine does nothing (a character is not transferred).
7. The CPU returns from the inerrupt (shared with the normal case).
yT AAOCA 1 01 AAD. OADAODAL OGRA OGUOOAT xAO PAOA&EI OIETC 1 0606DPOOHN
the receiving device got full and sent an-XOFF. Now the receiving device has digested its data and it hastsan X
ON to tell the computer to resume transmission. The steps performed are:

1. 1and 2 are identical to the normal character case.
3. CTRis found to be nonnegative, meaning the system is performing output.
4. The parity bit is cleared.

5. The inputcharacter is found not to be an YOFF (13y).
6. The input character is found to be »On (114), meaning output may be resumed.

7. The typeinterrupt -disable flag is reset, so the type interrupt will transfer characters.
8. If CTR the count of characterstd OOBDOOh EO UAOI h OEAT OAOOOT mOIT I OEA |
9. Output a character, and restart the character transfer process.

REFERENCES

Vectored Routines, Section 3.1
3.7.3 Terminal Output —High Level Discussion

All terminal output occurs by meansof the word TYPE TYPEIis a routine vectoring execution to some version
(potentially different for every ter minal task) of (TYPE) through the user variable'TYPE . 'TYPE contains the

address of the parameter field of TYPE) . TYPEuses an address and aount, storing the address into the user
variable PTR and storing the count intoCTR After the stores, on systems with interruptsTYPE initi ates the

TYPEinterrupt routine <TYPE>, and enters the multitasking loop.

TYPEis used by three other routinesof interest.

Word  Description
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>TYPE Uses an address and a count (lik€ YPE) but copies the string intoPADbefore typing it out. >TYPEis used in the
EDITORUto type lines from the block buffer being edited. BecauselT YPEcalls TYPE which enters the mutitasking loop (as
all input/output should), there is no guarantee that the contents of the block buffer will remain unchanged as the string is
typed, so>TYPEAT PEAO A 00 OERADank fypdd the Gténg frod théré 6 O

MSG A defining word used tooutput short, unchanging strings of characters to the terminalMSGs used on most systems
to define (CR), (PAGE), and other short bursts of control charactersMSGs used as follows:

MSG namenn C, cc C, ... cc C,

where nameis the name of the new wordnn is a byte telling how many characters to output, and eaditis the value
of an ASCII character.

EMIT Outputs a single character from the least significant byte of the top of the stack, and then pops the stack.
EMITisoftAT OOA&EOI &£ O ET EOEAI OAOO AT A OOU6 AAEET EOEIT O8
redefined usingMSG usually taking less space.

REFERENCES

String Output, Section 2.3.6.4
Vectored Execution, Section 2.4.8

3.7.4 Terminal Output—Low Level Discussion

On most systems TYPE makes use of an interrupt routine. TheTYPE interrupt routine (or TYPE on systems
without interrupts) transfers a character each time the terminal interface interrupts the CPU (or is ready). The
terminal interface interrupts when it is ready for another character. In order to transfer a character, the YPE
interrupt routine must:

1. &ET A OEA AT OOAAO O¥REB@rpt € And CTRAWe Aservhrriab@ Edhtaining the
count of the numberof characters to output), andPTR(the user variable pointing to the next chaacter to
output);

2. 1 6OPOO OEA AEAOAAOCA®TRI ET OAA O AU OEA OAOEGO

3. 'AA p O PIREA OAOQOEGO

4, 30A00AAO p E£HIiI OEA OAOESBO
5. ) £ OE ATRB AeoEviake the tak, and disable thel YPEinterrupt.
Some systems use the-RN/X-OFF convention. The XON/X-OFF hanghaking sequence allows terminals with

slow display-update logic to interface with fast baud rate interfaces over -8vire transmission lines. The
handshaking sequence is as follows (see Fig. 3.8):

1. 4EA OAOIETAI 60 AAOA AOEEARO | actrs Agproachiedfulldeds, fokag el Al |
terminal to send an XOFF character (ASCIl DC3, 43

2. The computer receives the YXOFF and stops transniting;

3. The terminal empties its update buffer, and then sends an®N character (ASCII DC1, L}

4. The computer receives the YON, and resumes transmission.
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In a polyFORTH system not using -®N/X-OFF handshaking, theTYPE and EXPECTinterrupt routine s are
completely independent. In systems using XON/X-OFF, theEXPECTinterrupt must turn the TYPE interrupt on
and off.

In the implementation diagrammed in Fig. 3.8cEXPECT>(the EXPECTinterrupt routine) controls <TYPE>(the
TYPEinterrupt routine) by m eans of a flag in Bit 7 of the user variablSPAN The bit is set byxEXPECT>when
<EXPECT>receives an XOFF character. WherEXPECT>receives an XON, the bit is reset, and if the user
variable CTRis greater than zero, indicating more characters tal'YPE, then <EXPECT>jumps directly into
<TYPE>

<EXPECT>must enter <TYPE>because theTYPEinterrupt occurs when the interface is finished putting out a i
character to the terminal. Since<TYPE>ignored the lastTYPEET OAOOODPO j AAAAOOAbitinE OEA O
sPANQOh  OEA ET OAOOODOTTI OOPOO 8 ET OAOOODPOTT OOPOO OANOAT AA i1 C
REFERENCES

The EXPECTInterrupt Routine, Section 3.7.2

3.7.5 Support of Special Terminal Features

Each terminal task defined byTERMINALhas wique user variables, including a port address, or other device and
system specific interrupt vedoring. The design of polyFORTH assures that each terminal task has an associated,
particular terminal. Each terminal may have different control characteraquences for the following functions:

CR PAGE TAB MARK CLEAN

These functions have their addresses stored in user variables, so public grams (such as theeDITOR) can use
private definitions of CR PAGETAB, MARKandCLEANby directed execution.

4x] OOAO OAOEAAI AO AOA AAEET AA Ol# a0dTA A£Ecordandthe nimbd OFET T 1T £
the line where printing is occurring (0-23 on most CRTS).

C# contains the column number where the next character will be placed (@9 on mod CRTs). Most special

terminal functions read or changelL# and C#.

On most systems, these terminal functions are defined as the most recent definitions when the terminal task was

created by TERMINAL When a terminal task is created, the default values ‘@R , 'PAGE, 'TAB , and'MARK are

Al i PET AA ET O OEA OAOGES0O ET EOEAI EUAOETT OAAI Ah O OEAU A
is constructed. The initialization table is provided so systems can be target compiled into readly memory.

Often it is convenient to initialize all terminals of a particlar type by loading the new terminal definitions just

before creation of all the terminal tasks servicing that particular type of terminal.

Note the convention followed by the names othe public functions, vectoing user variables, and devicespecific
primitives.  All systemsAAZET AA OAAOI OAA OI OOETAO A 111x OEEO 1AIEIC
behavior is as follows:

Public Vector Primitive Stack Function

CR 'CR (CR) Adds one to L#, sets C# to zero, and sends a terminal command equivalent to a
OA1 AOUD A gearn And €eéisdgqeAce.

PAGE 'PAGE (PAGE) SetsL# and C# to zero then clears the screen and homes the cursor on GRT

type terminals, and starts an empty pge for all others.

TAB 'TAB (TAB) (lc) SetsL# and C#with line and column numbers from the stack (with values between 23
and 0-79, respectively, for many CRTs) and positions the cursor apgdately, taking these values from the upper lefhand
corner of a CR¥screen. For example:

50 TAB
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positioning the cursor at the first character of the sixth line prined by the terminal.

Public Vector Primitive Stack Function

MARK 'MARK (MARK) (an)  Uses the same arguments aBY PE(an address and a cont). .MARKperforms
the same funtion as >TYPEexceptMARKalso highlights the text it types. MARKjoes through the following steps:

1. Copies the text toPAD so text from a block buffer can be printed without multitasking interference.

2. Setsthe ternE 1 Al 8 O in§ @@Ein& & Eederse video are preferred where possible) or, on terminals that do
not highlight, emits a caret (5ky).

3. Types the text.

4, 51 OAOO OEA Gohtad. E1 A1 860 EECE

CLEAN 'CLEAN (CLEAN) Clears to the end of the line.

Your polyFORTH system is shipped with several terminal configuration blocks. In addition, the default terminal
configuration block is near the section of source code defining the screen editor. See these blocks and their
shadow blocks for more detailed infornation.

REFERENCES

>TYPE Section 3.7.3

Target Compilation of Tasks, Section 7.9
Terminal Tasks, Sections 4.8, 4.9, 4.10
Vectored Execution, Section 2.4.8
Vectored Routines, Section 3.1

3.8 THE FORTH BOOTSTRAP

There are two basically different kinds of readwrite memory: volatile and non-volatile. Volatile memory loses
its information when its power is cut. Most semiconductor memory is volatile.

To combat the problem of loading software into a poweredip computer, computer designers place a small, nen

volatile read-only memory in the computer. This ROM contains code which is executed when the CPU powers up.
Usually the code reads Track 0, Sector 0 of Disk 0 into memory, and then jumps to the beginning of the data it has

read into memory. The ROM is cdllA OOEA OUOOAI 860 Ai 1 OOOOAD 2/ -850 4 EA
AAT 1T AA OEA OAEOE Ai1 O0O0OO0OAD86 4EA OAOI OAIT 1 OO6GOOADPS EO

polyFORTH is designed so the disk bootstrap and any assoei@tdevice drivers reside in Block 0. The polyFORTH
disk bootstrap reads the precompiled nucleus into memory and jumps to the first byte of it.

The word RELOADSs a convenience available on some polyFORTH systems allowing a programmer to simulate a
OATOOMA 006 xEOET OO PEUOEAAI T U Ol OAEET ¢ A RELOAOrkSx EOAE 1 O

1. RELOADenables the bootstrap ROM (if necessaryOl | AOEI AO OEA Ai 1T OOO0OAD 2/ -
it is not accessible), therRELOAQumps to the power-up entry point in the bootstrap ROM.

2. On some systems, the Forth system is in ROM, aRBELOADQumps to the first byte of ROM.

Whenever possible RELOADSs designed not to erase block buffers, change the date variaflEODAY) or change
the clock variable(TICKS) .

Usually, if a bootstrap installation requires a special command, the canand is calledBOOTand is available in the
DISKING utility.
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REFERENCES

DISKING Utility, Section 5.3
Power-up Initialization, Section 7.11
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4.0 MULTITASKING

Multitasking allows a computer to appear to be doing many things at once. In particular, the pF/x multitasker is
intended to provide service to mutiple programs required to operate without any fixed timing relationship (.e,
asynchronously).

This section explains how tasks are constructed, how they are controlled and how the CPU is shared between
them.

Two types of tasks are detailed: background tasks and terminalgks. Both types are fundamentally identical. A

terminal task can be thought of as an extremely elaborate background task tailored to service a terminal and run

the polyFORTH development environment. Tasks in some appltaans require a subset of the failities available

in the developmentenvOi 1 1 AT O8 4 A01 ET Al OAOGEO AAT AA AAOGEI U OpPOOI
REFERENCES

Target Compilation of Tasks, Section 7.9

4.1 FORTH REENTRANCY AND MULTITAKING
When more than one task can share a piece ofadh  OEA AT AA EAO-AA ODAIT #eMa@woysalk Al 1 A/
valuable property, because when tasks can share code, memory is conserved.

Non-re-entrant routines contain sections subject to change as the program runs. Selbdifying code is not re

enDOAT 68 21 OOET A0 xEOE OdatahtdRe@rant rAun@cAnfhiavk Privafe@dnstdnts @ O A

AT 1T OOAT 080 OAIl OA -eAtiark ©utine$ dan awiys be@rddisBnmedanfo a readnly memory.

Forth routines are naturally re-entrant. Most Forth routines keep their intermediate results on either the
parameter stack or the return stack. Prgrams to handle text or other tables can be designed to keep their tables

in the section of random access memory allotted for each task. A fagiis provided to allow a programmer to

define public routines to access vadbles, but still retain reentrancy by accessing private versions of these
OAOEAAT A0 ET AAAE OAOE j OOAE OAOEAAI AO AOA AlaeyrdA OO0
entrant with very little effort.

Because Forth routines are naturally reA T OOAT Oh P&T@ Al 11 x0 OAOEO OI OEAOA O
This practice conserves large amounts of memory. In most applications, all system and applma routines can

be shared (with the minor exception of the I/O instructions on certain processors). Therefore, as few as 2048

bytes of read/write memory per terminal can support a satisfactory program development environment.

Terminal tasks not requiring a private dictionary (such as printer spooling tasks) can operate with 300 bytes. The

i ETEI 6 OEUA £ O A OOAEOI OAOCE xEOE 11 DOEOAOA AEAOQEII
control, and some communications systems) naturally se large arrays of small tasks, with each task running a

simple shared program.

REFERENCES

User Variables, Section 4.6
4.2 PRINCIPLES OF OPERADN

The polyPF/x multitasker is designed to fulfill several goals:
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1. Provide asynchronous execution of code.

2. Be convenient to use.

3. Be fastin execution.

4. Be simple to understand.

5. Use a minimum amount of memory.

6. Be independent of particular hardware configuration €.g, a clock is unnecessary).

The pF/x multitasker satisfies 2, 3 and 4 above bgonsisting of only about 13 words. Number 5 is a consequence

I £ &1 OOES R TAADEAATGA0 CMROAODOADARANOLDAEROARAAA AO OEA AT A
1 and 6 are assured by the way Forth schedules tasks. Forth services tasksewan executing task stops to await

some form of 1/O.

Simplicity and high performance are assured because control is passed from one task to another only at known,
programmer-controllable points, and always between Forth words. This principle greatly siplifies the context
OxEOAEET C 1T PAOAOGEIT j OEOO OAAOAEI C 1T OAOEAAAQ AT A OEI PI E
multi -user environment.

The rest of this section is a detailed discussion of the scheduling algorithm, its associated words aonde useful

techniques. For a discussion of other words, see their associated sections.

I OOIODIAKET 6 Al Cci OEOEI j OAA &EC8 18pQqQ OAEAAOI AO POI AAOOIT O
the high-level words PAUSEor STOR or the assember code endingWAIT. Most words performing asynchronous

hardware operations (e.g, TYPE EXPECT BLOCK and BUFFER contain a WAIT or a jump to PAUSE so that

while a task is waiting for an I/O operation to be completed other tasks can use the CPU. 8iRorth is naturally

very fast, tasks tend to spend much of their time awaiting 1/0. Tasks that are performing extensive computations

may be prevented from impacting overall system performance by usingAUSEN a few regularly executed words.

The PF/xmd OEOAOGEAO EO OAEA O1 AA O)r/ AOEOAT 86

The following words control use of the CPU by tasks:

Word  Function

PAUSE Suspends the task that call®PAUSHo allow all other tasks one turn in control of the CPU.

STOP Puts the task that callsSTOPto sleep until that task is awakened by an interrupt routine or by some other task.

WAIT An assembler code ending that behaves exactly 8 OP

The round robin is implemented as an endless loop of jump instructions (see Fig. 4.1). Each task has its ampj
instruction, which transfers control to the jump instruction of the next task. When a task is going to awaken, the

OAOGES O EOIi D ET OOOOAOETIT EO OADPI AAAA AU Al ET OOOOAOQEIT OIi
This special instrucion is usually calledWAKEand is often a trap instruction. The round robin is sometimes
AAl | APAUSEDEADPh G OOEA EAI A 1171 BPhoe TO OOEA |1 Oi OEOAOGEET C 111

instruction is pushed on the stack by the higHevel Forth word STATUS In assembly code, the address of the

located atSTATUS 1+ on most 8bit processors, atSTATUS 2+ on most 16 and 32bit processors.
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. Assembly-Level
ngh—LeveI FORTH FORTH
¥ STOP PAUSE WAIT
OPERATOR JMP 8000 User Area
\J
Set status to
\J wake
instruction
T1 Jmp 10000 User Area
\J
y : Save task
dat
Awakened | \en 12000 | User Area aa
Task
\J \J
T2 IMP 6000 User Area Set status to
“sleep” (JMP)
~ ROUND-ROBIN
Restore task's data
(LR, S, U)
High-Level v
FORTH
NEXT

Fig. 4.1

Schematic of the relationship between the word PAUSEand the multitasking round robin. PAUSEdoes not enter
the round robin at a fixed place. PAUSEalways runs the following task.

Interrupt routines are often used to awaken taks. For example, whenever the interrupt routine foEXPECTsees

a carriagereturn, the interrupt rou tine awakens the terminal task associated with the terminal. A common way
to perform complex noncritical interrupt servicing is to have the interrupt routine perform all time-critical
operations, and then storeWAKEET O1  ASTATAD BBed the round robin gets around to the task, the task
resumes execution after the previousSTOR and runs until it executes anotherSTOP or WAITs for an 1/O
operation. Tasks typically perform asynchronous operations such as data reduction and logging. An example of a
data reduction loop being run by a dedicated task might be:

: COLLECT BEGIN ACCEPT DATA REDUCE
STORE STOP AGAIN ;

The interrupt routine that servicesthe data source for this example will awaken the task out of the wor8TOR by
storing WAKEE T O E ASTATASWhAE @ata is ready to be accepted. The specific method for doing this is
discussed in theCPU Supplemerfor each system.

The most general cae of changing turns in the round robin occurs when cdrol of the CPU is relinquished from
high-level Forth, with arrangements for the task to automatically awaken and resume execution on its next turn.
PAUSEperforms this most general casePAUSEcan be embedded in comlex calculations which perform no 1/0
and which might otherwise cause a particular task to control the CPU for undesirably long periods. Consider the
following collision orbit calculation for example:

: POSITION X STEP Y STEP;
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: ?COLLIDE 30000 0 DO POSITION HIT
PAUSE LOOP ;

In this example the word STEPis assumed to have been defined to perform the calculations for integrating the
next step in the target X or Y coordinateHIT expects the coordinate of the target (compted by POSITION) on

the stack and performs appropriate course corrections. Since all of these computations are time consuming and
since other functions must be running concurrently, it is desirable to give up the CPU for one turn around the
round robin for each step in the integration. Inserting thd®AUSERN the loop accomplishes this.

The related words, STOP and WAIT (see Fig. 4.1) share much of the code for PAUSE. These are the steps that
PAUSEperforms:

1. The WAKEnstruction is stored into STATUS replacing the roundrobin jump. This step ensures that the
task executing PAUSEwill awaken on its next turn. On many machinesWAKEis equivalent to a
subroutine jump to the code for step 5, below.

2. The system pointersl and Rare saved by beingpus AA 11 01 OEA AOOOAT O OAOGEGO b
portion of the code is the entry point forSTOPand WAIT, which by skipping step 1 do not autmatically
resume execution of the current task on the next turn.

3. The parameter stack pointer G, in assembeér) is saved in a reserved location in the user area. At the
completion of this step, all norrecoverable unshared task data for the address interpreter has been
saved. Since tasks only relinquish the CPU between Forth words, other registers do not hiavee saved.

4. The CPU jumps to the location whose address folloWBTATUS}] x EEAE EO O&TATUBAmO OAOES
proceeds to jump through the circular roundrobin loop until a WAKEnNstruction is encountered. The
WAKEHransfers control to step 5.

5. The AAAOAOO 1 £ OFATUSIA storediA O.E fh Gnachines that use alSR for the WAKE
instruction, the address ofSTATUScan be calculated using the address thAWAKHeft on the sulroutine
linkage stack. Some way of obtaining thETATUSaddress isalways available.

6. UsingUto find the task, the parameter stack pointer is restored, and theh and R are restored from the

T Ax OAOEB8O DPAOAI AGAO OOAAES

7.1 EOIBD O OEA 1TA@0O OAOE BTATUSOT ORAEET OEACEAOARIOODADAOE
AxAEAT 86

8. Finally, NEXTis executed, which invokes the Forth word indicdh A AU OEAI.T Ax OAOEB8 O

REFERENCES

Assembler Code EndingsWAIT), Section 6.2
Forth Re-entrancy and Multitasking, Section 4.1

4.3 DEFINING ABACKGROUNDASK

BACKGROUNsks have a parameter stack, a return stack, and space for variables which are not shared (these

AOA AAT 1T AA O BACKGROUKBSKS Boindt selvideaderminal or have a private dictionary.

The word BACKGROUNG@llocates memory in the dictionary andsets up a twacell task definition table for a
BACKGROUNIask (see Fig. 4.2).BACKGROUNB a defining word which expects the sizes of the user valdle

AOAA | O1 1T AGEI AOG AAT 1 AA OOEA OOAO AOAA6Qqh OEbyt&AMAT AOAO
example ofBACKGROUNDO OOA EOq,
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16 64 48 BACKGROUND SCRIBE

This defines a task whose name iISCRIBE, which has 16 bytes of user area, 64 bytes of parameter stack and 48
bytes of return stack. Task names should be job assignments (as herepo®T DAO DPAOOI 160 1 Ai A8

In the example above, 16 will be the number of bytes reserved for the user area. The smallest possible user area

is 16 bytes, and contains the taskMPin STATUS(one or two bytes), the address of the next task in the round

robin (two bytes), the stack pointer (two bytes) andSO, the bottom of the parameter stack (two bytes). To
determine the minimum size for your system, see youEPU Supplement The three extra cells irSCRIBEG © OOA O
area could be used bySCRIBEG O D Ol C OAd sariple coiirk A®irtual array address, and a device /O
address for a data logging application.

The 64 in the example indicates the parameter stack can have a maximum size of 32 siygglkecision integers or
16 double-precision integers. (On 32bit systems the maximum size would be 16 singlprecision or 8 double
precision integers.) Note that there must be sufficient space to stoteand R on the parameter stack, as well as
whatever arguments are present when the task enters the multitasking loop.

Value of SO Pcln‘ts to bottom of
task’s parameter stack
STATUS User Variables /
e —/ Points to task’
R Return Stack ] Addr STATUS s(;:;;{;)g ask's
l To run-time code for
/ cfa CREATE c TE
% 1
so @ Parameter Stack I Task name
g J
Count /
. - To next oldest
Low Dictionary Link dictionary entry
Memory
User Area Dictionary entry for a BACKGROUND
Control Task task. Should be in the shared dictionary.
(in RAM) May reside in read-only memory.
Fig. 4.2

Layout of memory allotted for a background task. The task definition table is compiled by BACKGROUNDThe
executable portion of the task is compiled by BUILD.

The 48 indicates the program can nest Forth words, loop parameters, etc. to a depft2d return stack entries (12
entries on 32-bit systems).

The total size ofSCRIBEin this example is 130 bytes, excluding the dimnary head, because a cell containing the

address of SCRIBES STATUSIs added by the wordBACKGROUNDIn addition, a cell is compiled just after the
STATUSAAAOAOO OEAO OAI 1 O xEAOA OEA 1T Ax O80GE£dalabld wherOET O /
BACKGROUNDPB executed to compile the task definition table, but need not be preserved after the ndask has

been fully initialized. Thus the cell for the value 080 is included in the space allotted for the parameter stack.

The runtime behavior of words created byBACKGROUNDB to return on the stack the address of the task

definition table, the firsO AAT 1 1T &£ xEEAE AT 1 OAET O A SBATES DhlDtheOdcatidhE A  /EE
of SCRIBES ®TATUSIs found by the phrase:
SCRIBE @

If a task has an associated interrupt routine (as terminal tasks do, for example), the interrupt routine maye

ARZET AA 10 1 ETEAA O OEA OAOE xEAT OEA OAOEBAOKGRAUNDOU E
plus whatever additional functions are needed at this time. When many generically similar tasks need to be
defined, a word combining the funcibns of memory allotment and interrupt-routine-linkage is the most
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convenient way to define them. The combination is convenient because memory allotment produces the
addresses needed for linking the interruptroutine to a task.

BACKGROUNiMots space fora task in the dictionary, but does not link the task into the round robin, or make the
task run a program. This will be described in the next section.

When targetcompiling systems with tasks in readonly-memory, BACKGROUNIust be executed as part of th
target compilation process. BACKGROUNDwst be part of target compilation becauseBACKGROUNBIlots
memory in RAM and creates the table in ROM that will be used after powep in the target system to build the

OAOEB O OOAO AOAA AT A OOAAEO E 21 -8

In a resdent environment, tasks are usually defined and initialized at the same time, during the loading of system
electives (controlled by Block 9).

REFERENCES

Initializing a BACKGROUNIask, Section 4.4

| andR» Address Interpreter, Section 1.2.5

Making aBACK&®OUNDask Run a Program, Section 4.5
Target Compiling Multiprogrammed Applications, Section 7.9

4.4 INITIALIZING A BACKGROUNDASK

When pF/x starts up, at least one task exists. This task is ang@nal task calledOPERATORIf no other task exists,
OPRRATOR O EOI B AAAOAOO x EI| OPERATORSTATUS (hEhs wdyAtdedokid Gobifh st
consists of a single jump instruction, which jumps to itself.

The word BUILD initializes the user area for a new background task and links the task intbe round robin.

1. BUILD copies the complete jump instruction, including the address of the next task, from ti&TATUSof
OPERATORto the STATUSof the new task.

2. BULDOOT OAOG OEA AAAOAOCO 1 GPEREGRAG AExO | A GREASAD AGDGAMO G EJEAO

from OPERATOR the new task to the task whichOPERATORIrmerly preceded.

3. BUILD gets a copy of the value fos0j OEA AT 00T i 1T &£ OEA 1T Ax OAOEGO DPAOA

BACKGROUN&Nd compiled just after theSTATUSAAAOAOOR AT A OO1T OAO sOimd 1T Ax
the user variableSO0.

In a resident system tasks should be defined and initialized when the electives are loaded from Block 9 by the
commandHI. Conventionally, task definitions are in Block 3gossibly also 37. It is not good practice to define a

task in a private terminal partition, since anEMPTYx 1 O1 A O&I OCAOs6 OEA OAOE ATA
Definitions in the public dictionary cannot be forgotten, and thus the tasks defined there asafe.

Here is an example of how to define a task, and then link it into the round robin. When the electives are loaded,
the task is defined by the phrase:

16 64 48 BACKGROUND SCRIBE

In a targetcompiled system, task initialization is usually part of thepower-up sequence. In a resident system,
task initialization is usually performed during the electives load, just after task definition:

SCRIBE BUILD

SCRIBE leaves the address of the task definition table on the stack. This is used BYILD to set up theOA OE 6 O
stack and user area in RAM.
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Although the task exists and is part of the round robin, note that it is not yet running a program. The words the
task executes may be defined much later.

REFERENCES

Defining aBACKGROUNTIask, Section 4.3
Making aBACKGROUNDask Run a Program, Section 4.5

4.5 CONTROLLING BACKGROUNDASK

After a task has been defined, with memory allotted to it bBACKGROUNERNd is linked into the round robin by
BUILD, the new task is asleep. This is necessary, because the task lséi not been given the values for | and R
that determine what word(s) the address interpreter will execute for the task.

The word that makes a task run a program i&ACTIVATE. ACTIVATE expects on the stack the address of a task
definition table, as retumed by executing a task nameACTIVATE clears the parameter and return stacks of the
task, and then awakens the task with a value of | that points to the word immediately followingCTIVATE.
ACTIVATE must be used in a : definition. The following examplperforms all initialization required to run a
BACKGROUNBsk. The words followingACTIVATE must end inSTOPor an endless loop.

Assume that a background task was defined and initialized during the electives load, by the following phrases
(described in previous sections):

16 64 48 BACKGROUND SCRIBE
SCRIBE BUILD

When the application is loaded, the following definition will use a specified task to record data samples onto disk:

: RECORD (a) ACTIVATE
BEGIN COLLECT >DISK PAUSE AGAIN ;

The above verton of RECORDBvould be used in the following phrase:
SCRIBE RECORD

The words in the definition of RECORDbetween ACTIVATE and ; represent a definition that performs a
hypothetical data logging activity. The wordACTIVATE uses the address of a task defition table from the stack

in the colon definition containing ACTIVATE. In the above exampleBUILD is kept separate from RECORD

because a task cannly be built once, but can be activated many times.

&1 O Ai 1 O6ATEAT AA ET OEA A 111 xEIl SCTINATEALY GoiE btiehtash TBOT AOA
Oi AOGOAO6 OAOE E ACTOETE toladtihte hedshateQaBIE 1These are the actionakien when the

phrase SCRIBE RECORI» executed:

1. The slave task (calledlSCRIBEin the example) has its return stack emptied. If the slave task were put to

sleep byPAUSER OEA OAI OA 1T &£ OEA O1I AGA3O OAOOOT OOAAE bpiET OA
ACTIVATE simulatesPAUSBE O AAOQOET T h AU OOI OEi ¢ OEA AAAOAOGO 1T &£ OEA A
[ O |

AT 60T T AAIT T A OEA 4CH M ORBAO0 O® All A OREDA OIOAG\ET8l  AAT i £
AOT T OEA AAAOADUSEelE TheEekcell©drefadidcénsee Fig. 4.2).
2. 4EA AAAOAOO ET OEACTIVATEEAOO AGADRBRAOEY PODT HhéreitdBuld O1 A O/

have been saved byPAUSE Thus when the slave awakens its | will point to the address @OLLECTin the

definition of RECORIno address is compiled for theBEGIN).

3. 4EEO OOAD AOOAT OEAI T U 1 AAOGAO OE ke 2w valdds 6i0andREst0ordd AOA O
OEAOAS 4EARA Ol AOGAGO PAOATI AOGAO OOAAE DI &t pdlamee sta@d O O

4EA OIl AGAG6O PAOAI AOGAO OOAAE HPIETOAO EO OAOGAA ET OEA Ol .
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4, AWAKEET OOOOAOQEITT EO OOI OAA ET O1T OEA OI AOGAGO OOAOOO AAI
5. The master task now finishes runningACTIVATE. The last step the master task must perform is to leave

the colon definition cortaining ACTIVATEx EOET OO0 AGAAOOET ¢ AT Ucodel ThérefaremheOEAO A A
last step of ACTIVATE s to jump to EXIT instead of NEXT.

Note that code following anACTIVATE must never reach the; because theEXIT which is compiled by a
semicolon will attempt to pop an empty return stack. Therefore, the code fowing an ACTIVATE must end
either in an endless loop (as in the example) or in the wor8TOR

Since neither the master nor the slave task ever execute tEXIT compiled byRECOR®D Q it is common to follow
such a; with the word RECOVERRECOVERacksup the dictionary pointer, removing the unneededEXIT .

Another example of a control word, this time using the wor8TOR is:
:HALT (a) ACTIVATE STOP ;

BecauseACTIVATEZAI OAEAT U OAOAOO A OAOGEB3O AGAAOOEIT ), thA definfiani T 1 AT O |
of HALT given in the example above will forciblySTOPa specified task. AlthouglHALT is occasionally uséul, it is
not a predefined Forth word because a slightly different definition is useful for terminal tasks.

REFERENCES

BEGIN, Section 23.1
Definition of HALTfor a Terminal Task, Section 4.10
PAUSESTOP andWAIT, Section 4.2

4.6 USER VARIABLES

In pF/x, many tasks can share the code for the address interpreter, I/O drivers, etc. Each task will have different
data for these facilities: the EDITOR, for example, needs to remember which line the user is editing. The fact that
all users have private copies of the variableSCRand CHR which control the editing cursor, enables them to edit
concurrently without conflicts.

pF/x accesses pwate variables through a facility calledUSERvariables. USERvariables are accessible to
programs residing in the public dictionary, yet they are not shared between tasks.

There are two ways to defindtUSEROAOEAAT AO8 4EEO EO OEA OAAOI 1 OOA6 A& OI g
0 USER STATUS 10USER SO 12 USER'IDLE

The number preceding the wordUSEREO AT 1T EEOAO ET SHATOR Ghe Abrie bf thA Vatiabl©O A OE 6 O
follows USER The compiletime behavior of USERIs like a constant: the number is compiled immediately after

the head. The rurtime behavior is to add the number to the system pointet O1 HOT AOAA AT AAAOAOGO
private user variable area. UAT 1T OAET 0 OEA AAAOAOO 1 £ @ERumEBsSr@don ATheOA T £ OF
run-time code for user \ariables is written in assembly language and uses tHéregister (or location), rather than

the word STATUS but a highlevel definition of USERcould be written as:

- USER (n) CREATE, DOES> (a)
@ STATUS +;

(@}
(@)
m

The second method of defining)SEROAOEAAT AO EO OEA OOAI AOEOAWSERATALES Ah
most appropriate when a group of user variables is being defined+tUSERexpects on the stack an offset in the
user area plus a size (in bytes) of the neWSERvariable being defned. A copy of the offset will be compiled in

the definition of the new word, and the size added to it and left on the stack for the next one. Thus, when
specifying the series, all you have to do is start with an initial offset and then specify the sizes

For example, the standard pF/XUSERvariables region on an 8086 begins like this:
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0 6+USER STATUS 2+ 2 +USER SO
2 +USER'IDLE ...

What is compiled is equivalent to the previous example. However, it is convenient to see explicitly that the task

sOAOOO AOAA EO ¢ AUOAO 111Tc¢ jOxi AUOAO A1 O OEA EOI D AT A
AUOAO j £ O OEA OOAAE DPi®e@AO OOAOAS 1T AAOCETTqQ AT A OEAI
When you are finished definingtUSERvariables, you shouldDRORhe offset. If you are defining an additional

group of user variables, you may pick up the offset from the last one by a phrase such as:

'STATUS C@

(" STATUS W@n 32-bit systems) replacing the initial O in the previous example.

The absolute method USER is most appopriate when re-naming an existing user variable; for example, if
TERMINALtasks in your applicgion will not be using the polyFORTH editor, you may use the space occupied by
its user variables for application user variables.

Terminal tasks generally hae about 128 bytes (256 on 3zbit systems) of user area, devoted to I/O, task
management, dictionary management, private text interpretation, and the editor. The minimum size for a back
COi 01T A OAOESO OOAO AeWIuppkdehprgaskimdr@dedeni. Ohk fask thin@gément bytes
usually consist of:

1. ! EOI P ET OOOOAOEIT O OEA T A@O OAOESO EOI P ET OOOO0OAC
2.1 OAOA AOAA &I O OEA OAOESO OOAAE PiIEI OAO xEEI A EO E
3. The address of the bottom of the parameter staclSQ).

Ataskmaynd A O1T ET EOEAI EUA AT 1 OEAO OAOCEBO OOMIS alows@tagkiol AOh
AAAAOO AT T OEAO O AHIEt8kés MdGafydnerisA ¢hE AdBresA 6fghe task of interest, and the
address of the executing task's user varidé of interest. For example:

2 CHUCK BASE HIS !

will set the user variable BASE of the terminal task nhamedCHUCKto 2 (binary). HIS subtracts the STATUS
address of the executing task to get the offset and then adds the offset to 8iIEATUSaddress of thedesired task.

HIS is useful for initializations. The sample data logger developed in Sections 4.3, 4.4, and 4.5 would be more
useful if the user could specify the number of samples and did not have to specify the task to run the data logging.
The user ariable definitions and COLLECTare included as examples of the use of user variableSOLLECTreads
data into a block buffer. SHELFcontains the block number of the next free disk block.

A/D is assumed to be defined to call a code routine to request ample from an analogto-digital converter and
WAIT for an interrupt signaling the completion of the conversion. The interrupt code will read the sample and
leave it in a buffer whereA/D will fetch it and leave it on the stack.

10 USER SHELF 12 USER  #SAMPLES

: COLLECT #SAMPLES @ 0 DO A/D
SHELF @ BLOCK | 2* + | UPDATE LOORP ;

: RECORD (nn2)
512 MIN SCRIBE #SAMPLES HIS!
SCRIBE SHELF HIS !
SCRIBE ACTIVATE COLLECT STOP [
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This version of RECORDMould be used with the block number andhumber of samples as its argument; the task
address is built in SCRIBE). The following phrase would record 500 samples into Block 30:

30 500 RECORD

Note that in this more sophisticated version thePAUSEto enter the multitasker is replaced by theBLOCKin
COLLECT which contains a call td?PAUSE

Also note the use of instead of; in RECORIRvoids the compilation of anEXIT (; compiles anEXIT) which will
never be executed. See Step SAETIVATE (Section 4.5).

The map of user variables in Table 4.1 shathe user variables required by a fully interactive PF/x terminal task.
91 60 #0560 EIi bl Ai AT OACET T [1AOARANIOCEOA EIOBIOKAAT BOOHITIT® O K
variables block.

Although the actual order varies, all systems possess these usariables. You can obtain the absolute address of

, TAAGETT m 1T &£ A OAOES8O OOAO AOAA AU OUDPEIT Cq

task - name @
See Block 198 for the exact organization of your user variables. Generally, the mosed user variables have
smaller offsets, so tasks needing only part of the user variables can have a miniraled user variable area. Note
also that the user variablesthat SEND moves from the master to the slave terminal task are grouped together.
Names in parentheses are used merely as identification for the reader; they are not Forth words. To address

these locations, use one of the Forth words in the table (suclks 8CR and add or subtract the appropriate number
of bytes.

Table 4.1

Map of a Typical User Area

Name Content

STATUS Indicates whether the task is ready to become active.

(Follower) Address of the next user in the multtasking chain.

(S) Stack pointer, s&ed from when the task was last active.

SO Pointer to the bottom of the parameter stack and the start of the message buffer (for terminals).
'DLE | AROAOO 1T £# OEA OEAI A AAEAOEI 06 O1 OOET A & O OAOEOS
SPAN Length of the string actually received byeXPECT

CTR  Counter for characteroriented 1/0

PTR  Pointer to the address for the current I/O.

The following are needed only for terminal tasks.

Name Content

'KEY  Contains the most recent character received since the laBXPECTor STRAIGHToperation or O if none.

DEMCE Terminal device address or other device information.
'EXPECT I AAOAOO 1 ExXPéETAutiieA OE S O
TYPE | AAOAOO 1 7&PEEUlineOAOEG O

'CR Il AAOAOGO 1 £ OEAEOADI @il AOEIOA & x

'PAGE Address of the terminal screen clear or forrfeed routine.
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'MARK ! AAOAOO T &£ A O1 6OGET A 61 1 AOE OEA AAEOI 060 ABOOI O 11
TAB ! AAOAOO T £ A O1 OGET A O DIl OEOEI T OEA OAOIi ETAI 60 AOBC
'CLEAN I AAROAOO 1T &£ OEA OAOESO OAI AAO O AT A T &£ 1 ET A6 OI

Name Content

C# 4A0OEB0O0 AOOOAT O AOOOI O PiI OEOETT jAT1 OI1 Qs
L# 4A0E8O ADOOOAT O AOOOI O PI OGEOGEI T j1ETAQs
TOP 41 b 1T £ OAOCESO OAOAAT OAOITITEI C AOAA j1ETANQs

H Dictionary pointer (to the next available byte).

(H2+¢) 0T ET OAO O1 OEA OAI b lHoon it ArérEskorsArd Bl 4+ on A4t OrEcedsas.)
OFFSET Offset automatically added to drivedependent block nunbers to calculate absolute block
numbers.

BASE Number conversion base (eight for octal, ten for decimal, sixteen for hex).

#TIB  The number of characters remaining to interpret in the input stream.

BLK  Number of the block being interpreted (zero denotes a terminal).

>N 0T ET OAO O OEA OA@O ET OAODOAOAOGO AOOOAT O PiI OEOEI T
CONTEXT Index of the vocabulary to be searched, followed by eight cells for vocabulary heads.
CURRENT Index of the vocabulary into which new definitions will be put.

SCR  Current block number. Used by IST and mostEDITORwords.

CHR  Current character position inEDITOR

EXTENT Contains the number of characters in a block that are affected by character editarnttions
(normally 64).

WIDTH Maximum width of a name, in bytes.
(WIDTH 1+) Default width of a name.
The following user variables are added by the Data Base Support option:

Name Content

R# Current record number.

F# Address of the file definition area for he current file.

L/P .0l AAO TE£ 1ETAO PAO PACA 11 OEA OAOGEGO 1 OOPOO AAOQEAX
P# Current page number for the report generator.

RPT  Address of the report heading routine for the report generator.

REFERENCES

Step 5 ofACTIVATE, Section 4.5
WAIT, Section 4.2
Data Base Support, Section 8.0
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4.7 SHARING RESOURCES YWH GETAND RELEASE

Some system resources must be shared between tasks without giving any one task permanent control. Disk units,

tape units, printers, nonre-entrant routines, and shared data areas are all examples of resources limited to use by

only one task at a time.

0&7@ Ai 1001160 AAAAOO O OEAOA OAOI OOAAO xEOE Oxi x1 OAO O
E.W., Comm. ACMS8, 9, 569.) These wrds are GETand RELEASE An example of their use is:

: BLOCK (n - a) OFFSET @ + DISK GET
block DISK RELEASE ;

In the example above, the wordBLOCKrequires private use of the disk controller and block buffers while it

performs the actual work of ensuring that a disk block is placed in a block buffer. The phradésK GETwaits in

the PAUSEIloop to obtain private access to these resources. The phm®ISK RELEASEreleases these

resources, without awakening another task.

The word DISK ET  OEA AgGAi I A AAT OA EO able. Afddlity Rariable is £nofmal O FAAET E
VARIABLE, but it must be in the public dictionary. When a facility variale contains zero, no task is using the

facility represented by the variable. When a facility is in use, then its facility variable contains the address of the
STATUSof the task that owns the facility. The wordsETwaits in the multitasking loop until the facility is free or
owned by the task which is runningGET. Highlevel code forGETwould be:

'FREE(a - at) @ DUP 0= SWAP
STATUS = OR;

: GET (a) BEGIN PAUSE FREE UNTIL
STATUS SWAP !;

GETchecks repeatedly whether a facility is free. In conventional operiti ¢ OUOOAI 6h OEEO OEI A E
xAEOhd AT A EAOTEA |1 AAOOOAO AOA OAEAT O1 Ai1 OAOOGA EOS %2
OEAOCDOS AT 1T OAT E indréitime addl aredripEeipior@d toGidadlock than assembboded versions of

GET GETis actually written in code, and the overhead rarely exceeds two or three machine instructions.

Maintaining a queue is almost always slower.

RELEASEchecks to see whethea facility is free or already owned by the executing task. If SBELEASEstores a
zero into the facility variable. Using the definition oFREEabove, a highlevel definition of release would be:

: RELEASE (a) FREEIF 0 SWAP ! ELSE
DROP THEN :
Note that GETand RELEASEA AT AA OAEAT U OOAA AU AT U OAOE AO6 Aiu OEI
integrity.

pF/x does not have any safeguards against deadlocks, where two (or more) tasks hang up because each wants a
resource that the other has. Foexample:

:1HANG DISK GET TAPE GET ...;
:2HANG TAPE GET DISK GET ...;

If IHANGand 2HANGare run by different tasks, the tasks could eventually deadlock.

The best practice to avoid deadlocks is to avoi@ETing two resources at the same time. Ithe disk/tape case, for
example, one would us&8LOCK move data to a local buffer and then to tape. In almost all cases there is a simple
way to avoid concurrentGETs. However, a poorlywritten appli cation might have the conflicting requests occur
on different levels of nest, hiding the problems until a conflict occurs.
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Remember that it is better to design an application so IGET only one resource at a time deadlocks are
impossible in such a system.

4.8 DEFINING ATERMINALTASK

The word TERMINALallots memory to a terminal task (see Fig. 4.3) and creates the task definition table for a task
that controls a serial port. ATERMINALOAOE AAT A1 01 EAOA A POEOAOA AEAOQEIT T ¢
serial port is the critical difference. Theretut OOAAEO 1T £ A OUOOAI 60 OAOI ET AT  OAC
is allowed for input message buffers and private dictionaries. Because terminal tasks can have their own
dictionary, they have user variable space for dictionary management, disk accesediting and private

interpretation of both blocks and terminal input.

TERMINALuses a machinedependent set of arguments to describe terminal 1/O arrangements and tasdize.
This example is from the PDA1 (there may be several examples in your systensting):

OCTAL 175610 310 DECIMAL
2048 TERMINAL CHUCK

The first number is a port address, the second an interrupt vector, the third (in decimal) is the total number of
bytes to be allotted to a terminal task which will be calledCHUCK The task sie argument is required by all
implementations of TERMINAL, but the other arguments vary. Note that the names of tasks are proper names (as

here) or job assignments.

Besides allotting spaceTERMINALmay also set up interrupt routines forTYPEand EXPECTfor the terminal task.
The exact method is dependent upon the serial interface hardwareTERMINALalso compiles a task definition
table that contains initialization values for certain user varables.

User Variables
STATUS »
Return Stack
R
\j
A
| Points to bottom of
Terminal VLT A task’s parameter stack
Input Buffer la
Points to task’
S0 2 Parameter Stack Addr STATUS s(;;;;UOs askes
v To run-time code for
cfa CREATE c TE
PAD Task name
i Count
o . To next oldest
HERE | Low Dictionary Link dictionary entry
Memory
User Dictionary entry for a TERMINAL
Dictionary task. Should be in the shared dictionary.
May reside in read-only memory.
User Area
Terminal Task

Fig. 4.3

Layout of memory allotted for a terminal task. Read-only memory section is compiled by TERMINAL

The initialization table compiled by TERMINAL contains values for the task addressSO, 'CR, 'PAGE, 'TAB,
'MARK, 'TYPE , 'EXPECT, CLEAN and usually a hardwaredependent field DEVICE. Some of these values are
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AT PEAA O OEA OAOIi ET Al OAOESO OOAO OACEAZTRAGIwWhighEIAT OEA
described in the next section.

SoxEI 1T AA AI DPEAA O OEA cOMSORED AIOGAIOC OARERLED BR, FBGHEAA AL OAO
etc.) which all contain the address of the parameter field of a routine to perform a terminal function (see Special

4AO0T ET Al &O0O1 AGET 1 Oh 3 AAOQEIT 1 ablesdaessetdising the rhodtAecedtly Adnpil@EA OOE.
versions ofthe terminal-dependent functions. If, for example, an ADI@A terminal task has been defined with a

special (CR) routine, and a printer task follows it with no (CR) routine of its own, the printer task will be set up

using the ADMc ! §CR) routine.

The task definition routines look for words with a name following the parenthesized conventiofNAME). For

AgAi D1 Ah OEA O1 OOET A O DPAOAEI Of APAGE)I Kshadires hiDdfe Atbréd inl DA OAOE
'PAGE when a task is set up andPAGEwill execute it. For example',TAB will be set to the address for the ADM

o ! GABIf the ADM3A version of(TAB) is nearest to the top of the dictionary. Where several of the same model

of terminal are to be connected to one Forth computer, a good apprca is to define their terminaldependent

functions once and then establish the terminal tasks contiguously in memory.

DEVICE contains the data required by<TYPE>and <EXPECT>(the terminal interrupt routines) to address the
specific terminal associated wih the terminal task. Typical values iInDEVICE might be a port address in a
memory-mapped I/O machine, a port number for a multiplexer, or an input instruction followed by a return from
a subroutine.

When building a task definition table in readonly memory, TERMINALmust be executed at target compilation
time, becauseTERMINALbuilds the ROM table used to construct the task after powarp in the target system.

REFERENCES

CONSTRUCGCTSection 4.9
Support of Special Terminal Functions, Section 3.7.5
Terminal Drivers, Sections 3.7.2, 3.7.4

4.9 INITIALIZATION OF ATERMINALTASK

After a terminal task has been defined by the word ERMINAL, the terminal task must be initialized by the use of

the word CONSTRUGCTand then be made to run a program by the use 8iCTIVATE. CONSTRUCIE similar to

BUILD (for background tasks).

4AO01I ET Al OAOE ET EOEAI EUAOETT AITTOEOOO 1T &£ I ETEEIT ¢ OEA OAC
The only remaining initialization required before a task is actually running $ to set the values of and R for the

address interpreter, which will be performed by ACTIVATE. An example of defining and initializing a terminal

task is:

OCTAL 175610 310 DECIMAL
4096 TERMINAL CHUCK
CHUCK CONSTRUCT
The word CONSTRUCperforms four separate functions:
1. Itlinks the new terminal task into the round robin (in the same way a8UILD).

2. It copies nondevice-dependent initialization from OPERATORO OOAO OAOEAAI AOG O1 OEA
variables.

3. It copies devicedependent datafrom the task definition table compiled by TERMINAL into the user
variable area of the new task. Typical deviedependent data includesDEVICE and the addresses of the
terminal-specific routines for TYPE EXPECTCR PAGE TAB, MARKandCLEAN
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4. ltsetsOEA OAOEGO OE OA B A&+ (A BAdd B2 bit pkadddsold)iatH. OA O O
When terminal definition table resides in readonly memory, CONSTRUCHust be executed after powetup in the
target system.
REFERENCES

Controlling a Terminal Task, Section 4.10
Defining a Terminal Task, Section 4.8
| andR, Section 1.2.5

410 CONTROLLING AERMINALTASK

After a terminal task has been defined and has its user variables initiakd, the new terminal task must be made
to run a program. This is done bACTIVATE, which controls TERMINALtasks in the same way aBACKGROUND
tasks.

The usual cautions about usindCTIVATE apply:
1. ACTIVATE must be in a : definition.

2. ACTIVATE uses a task address from the stack, and starts the task addressed to executing the words
following ACTIVATE. The task must never reach the ; of the definition containing ACTIVATE.

3. The task executingACTIVATE exits from the definition containing ACTIVATE, without executing any of
the words following ACTIVATE. See the reference oACTIVATE, Setion 4.5 for more information.

Since most terminal tasks exhibit the characteristic behavior of awaiting input from the keyboard and executing
commands thus received, these special words are available which specify this behavior:

Word  Stack  Function

QUIT Endlessly performs the behavior of EXPECTng keyboard input and INTERPRETng it. This is the
program being run by most Forth terminals.

PROMPT (a) Starts a terminal task whose address is on the stack performing its characteristic behavior

(QUIT) having first initialized its dictionary links to GOLDENyy using EMPTYand disbi AUET ¢ OT 1T A O1 00 1 &
ET £ Oi AGET 1T OOAE AO OEA OUOOAI OEAI P OAOAAQUD. 4A01 ET A1 OAOE
SEND text (a) Used by one terminal task to forwad a command string from its input message buffer to another

terminal task (whose address is on the stack). The other task will interpret the camands. SENDusesACTIVATE to control
the specified task, and leaves that task performin@UIT.

A simple exanple of a word usingACTIVATE to stop execution of a terminal task is:
:HALT (a) ACTIVATE QUIT ;
HALT uses a task address and forces the task addressed to rQUIT. The task that runs HALT leaves the
definition of HALT at ACTIVATE, and does not exe@UIT or the EXIT compiled by; .
An example of the use dPROMPTs:
CHUCK PROMPT
where CHUCHs the name of a terminal task PROMPifig should be done afteiGOLDENSs set, at the completion of

loading of the electives block. PROMPifg should be done afterGOLDENs set becausePROMPTperforms an
EMPTYand EMPTYusesGOLDEN An example of the use SENDis:

CHUCK SEND 7 EMIT
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which will force the task named CHUCKto interpret the phrase 7 EMIT which will ring the bell on CHUCEK O
terminal. SENDcopies the input message buffer and a subset of the user variables of 8iENDng task to the slave
task, and then usesACTIVATE to force the slave task to interpret its new input message buffer. The dictionary
heads are copied to the slaveask so that the slave task may use any words that are available to tBENDng task.
Note that this convenience implies that you may ndEORGE® definition that the slave is executing.

REFERENCES

ACTIVATE, Section 4.5

EMIT, Section 3.7.2

EMPTY Section3.3.4.1

HALTfor BACKGROUNIasks, Section 4.5
PAUSESTOR andWAIT, Section 4.2

The GOLDEMrray, Section 3.4.4

4.11 PRINTER TASKS

It is convenient to dedicate a task to the time consuming purpose of printing reports and making listings. Such a
task is a terminal task with a hard copy peripheral attached. In many instances, the peripheral has no input
facilities at all, being some sort of printer. If the peripheral interfaces differently than a standard terminal (using
a parallel port, for example), he printer task will have a private definition of TYPE

Printer tasks rarely require more than 300 bytes of memory, unless a printer task is performing a target
compilation to produce a printed log.

Printer tasks are controlled by a word that usesSEND If the printer task were namedTYPIST, then the word
would be defined:

:PRINT PRINTER GET TYPIST SEND ;

and used (for example):
PRINT 0240 INDEX 9 240 SHOW OK

The OK at the end formfeeds a page andRELEASE the facility variable PRINTER A faciliy variable (see
references below) is necessary to pneent the printer task from being accidentally recommanded in the middle of
a listing.

The definition of PRINT shown above will wait until the printer executes anOK If the printer task does not
execute anOK the above definition will wait forever. Another definition which does not wait is:

: PRINT PRINTER DUP RELEASE
@ ABORT" Not available"
PRINTER GRAB TYPIST SEND ;

REFERENCES

Device Dependent User Variables, Sections 4.8, 3.1
Facility Variables, GETand RELEASE Section 4.7
SEND Section 4.10

Terminal Drivers, Sections 3.7.3, 3.7.4
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5.0 UTILITY FUNCTIONS

A complete programmingenvironment must provide support for all aspects of the software development process.
In polyFORTH, many of these funions are integral to the system: multiprogrammed operating system, copiler,
interpreters, general purpose command set, and debuggingids such asDUMPand .S. These have all been

AEOAOOOAA ET DPOAOGEI OO OAAOET1T 08 &T OOE8 O AOOAI@UAO EOC
Supplementfor your processor. The purpose of this section is to document a number of separate ititis
provided with the system. An additionalDOCUMENTQRility is provided with the Data Base Support option,
described in Section 8.0.
5.1 EDITING CAPABILITIES
This section documents the commands that are used to edit a program block. Before any of tommands
described in this section may be issued, hosver, it is necessary to select a program block for editing. Then, to
obtain access to theEDITORvocabulary, typeEDITOR Note that for convaience, T and L are in the vocabulary
FORTH and use okither of these will automatically selectEDITORfor you.
REFERENCES
Disk and Block Layout, Section 5.2.5
Selecting a Program Block, Section 5.1.1
5.1.1 Block Display
To display a block and at the same time select it for future editing, type:

n LIST
where nis the logical block number of the desired block.
Once selected, the current program block may be (re)displayed (and tHeDITOR selected) by the following
command:

L
The number of the block will be displayed on the first line; the block will be displaykas sixteen lines of text.
Each line of the block will be numbered on the lefhand side, as 615 or 0-F depending on whether the user is
currently in DECIMALor HEX These line numbers do not actually appear in the stored text but rather are
provided by the program for your easy reference.
4EA AEAOAAOAOO OIE6 xEIl APPAAO AO OEA AT A 1T &£ OEA EETA

that Forth is ready for another command. Regardless of the position in which they appear in thespliay, these
characters do not appear in the actual text of the block.

The current block number is kept in the user variableSCR SCRis set byLIST or LOCATE all editing commands
operate on the block that is specified bCR
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Before a program block has been used, it contains data of an undefined nature. The comm@ABE will fill the
Al TAE xEOE !3#)) ODPAAAOS AEA AT TAE EO Ai 1 OEAdeyoh 0OO1T 60/
the block are all ASCII space

For convenience, three additional block display commands existN, B, andQ. N (Next) adds 1 toSCR and then

displays the next block. B (Back) sultracts 1 from SCR to go back and display the previous blockQ adds or

subtracts the shadow block dket into SCR so that typingQalternates the block display between a source block

and its shadow block. The worddN and B are added to theFORTHvocabulary when theEDITORIs loaded. The

word QEO AAAAA xEAT OEA OPOI COAII AO AEAOGS6 1 POEIT AlITAE EO 1

REFERENCES

Shadow Blocks, Section 1.4
Shadow Documentation, Section 5.2.3

5.1.2 String Buffer Management

The EDITOR contains two string buffers that are used by most of the editlg commands. These are called the
OFET A6 AOAEAO Al Phe fddbhffedEused fo Salthe AtngHitdt Wad searched for most recént

by one of the three character editing command§, D, or TILL . It is at least sixtyfour characters in length. The

insert buffer is also at least sixtyfour characters long. It contains the string that was most recently inserted into a

line by the character editing commandd or R, or the line most recently inserted or deleted by the line editing

commandsX, U, or P. The commandK interchanges the contents of the find and insert buffers, without affecting
the text in the block.

The existence of these buffers allows multiple commands to work with the same string, understanding which
commands use which buffers will enable you to uséhe EDITOR more economically. The convention is this:
Commands which may accept a string as input will expect to be followed immediately either by a space (the
delimiter following the command) and one or more additional characters followed by a carriageeturn, or by a
carriage return only.

In the former case, the string will be used and will also be placed in the string buffer that belongs to the command
(find or insert). In the latter case (carriage return only), the string that is currently in the apppriate buffer will
be used (and will remain unchanged).

For example, the character editing command:
F WORDS TO FIND
will place WORDSTO FIND in the find buffer and will find the next occurrence of the string ORDSTO FIND.

Subsequent use of the commané& immediately followed by a carriage return will find the next occurrence of
WORDSTO FIND. The following table summarizes buffer usage:

Buffer: Find Insert
Commands: F |
S R
D X
TILL U
K P
K
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5.1.3 Line Display

Any single line of the currentblock (whose number is inSCR may be selected by using the following command:
nT

where n (which must be in the range 015) is the line number to be selected.

The T (Type) command sets the user variabl&CHRto the character position of the beginning of te line. This

value may later be used to identify the line to be changed, using the commands defined in the following section.
SinceCHRIs used to store the cursor position for the character editing commands, using(i.e, initializing CHR
specifies that any search will start at the beginning of that line. The new cursor position is marked in some
convenient way.

The contents of the string buffers and of the block are unchanged by the useTof

5.1.4 Line Replacement

The commandPj O01 AA A6 Qe an Entirk lin©With theltdxt that follows it, leaving that text in the insert
buffer, or with the current content of the insert buffer (if P is followed by a carriage return).

The line number used by the® command is computed from the value that is iICHR. P is normally used after theT
command, as illustrated by the following example:

4T (command)
ATHIS IS THE OLD LINE 4 (response)
P THIS IS THE NEW LINE 4 (command + text)

A P followed by two or more spaces and a carriage return will fill the line with spaces. This is useful for blanking
single lines.

P immediately followed by a carriage return will replace the line by the current contents of the insert buffer.
Thus, a line nay be placed in several locations in a block by the use of:

1. Pfollowed by text (the first time).

2. Alternate use ofT (to select the line and confirm that this is the line to be replaced) ang followed by a
carriage return.

5.1.5 Line Insertion or Mov e

The commandU (Under) is used to insert either the text that follows or the current contents of the insert buffer
into the current program block under the line in which the current value ofCHRfalls. NormallyUis used immed
iately after the T command,where the line number specifies the line under which a new line is to be inserted.

The handling of text and the insert buffer is the same fddas for the commandP.

The word MET OEA AAEOI O AOET CO 1 ET AOplaifg. Hbu wiE & mdvé d sriés o i 65 O
lines from one block to another, first list the source block. Note the block number and the first line number. Next,
1EOCO OEA AAOOET AOCEIT Al TAE AT A OAI AAO OEA TETA OO A
inserted. Now enterblk# line# M8 4EA O1 OOAA T ET A xEil AA EIT OAOOAA
removed from the source block. The current line will be one below where it was before. Additionally the source
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block number and line number will still be on the stack but the line number will be incremented. This sets you up
to do another Mwithout entering any additional arguments. The wordMchecks the stack to be certain it contains
only two arguments. tABORD E &£ OEA A A b GavesHdifrénOaccdental knockifgEh® last line off
your block by inadvertently entering anM

5.1.6 Line Deletion

You may use the command to delete the current line (.e, the line in which the current value ofCHRfalls). You
will normally use X immediately after aT command that specifies the line to be deleted.

When a line is deleted, all highei O1 AAOAA 1 ET A0 AOA OOI 11 AA O6P6 AU TTA 1EI
addition, the contents of the deleted line are placed in the insert bigr, where they may be used by a later

command. ThusX may be combined withT followed by P or Uto allow movement of one line within a block. The

following sequence would move Line 9 to Line 4, changing only the ordering of Lines 4 through 9.

9T X 3 TU

Note that if a line is being moved to a position later in the block, th¥ operation will change the positions of the
later lines. To move the current Line 4 to a position after the current Line 13, use the following command
seguence:

4T X 12T U

Line 12 is specified as the insert position since th¥ operation moves the current Line 13 to the new Line 12.

5.1.7 Character Editor

The EDITORvocabulary also includes commands to permit editing at the character level. Except in the casé of
andS, tEA A EAOA A O A dandsAvBriOwithid &0spekifiedl range, controlled by the user variabl€XTENT
EXTENTis normally set to 64, so that the range will be confined to the current line of the current block. The line

is selected by the regulaEDITORcommand:

line# T

A cursor (indicated by a” or some form of highlighting) marks the position within the line at which insertions
will take place and from which searches will begin. Th& command sets this cursor to the beginning of the line.

Insertions will cause characters at the end of the line to be lost; they will not spill over onto the next line.
Deletions will cause blank fill on the right end of the line.

EXTENB O OA1 OA 1 AU AA OAO O pngt EARAOOETAC @A paiEbkidADES © OAR OC
edits to propagate through the entire block.

Yyl OEA T EOO 1T &£ Aii T ATAO AAT T xh OEA xi OA OOA@O6 EI AEAAOAO
of the find buffer will be used (for the commandd-, S, D, and TILL ) or the current contents of the insert buffer

will be used (forl ). If text is present, it will be left in the appropriate buffer.

The maximum length of a string is determined by the length of the two string buffers being used, at least 64
characters. In allcases the string is terminated by a carriage return or a caret. If a string that is too long is typed,

OEA OOOET ¢ xEIl AA 0001 AAOAA O OEA AOEEAOBO OEUAS
The following commands are available:
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Command Function

F text Finds a match on text anywhere aftethe current cursor position in the current block and leaves
the cursor postioned at the end of the matching text. The search begins at the present cursor
position and continues until a match is found or the end of the block is encountered. When text is
not found, issues an error message and leaves the cursor where it was before the operation.

n S text Searches for text anywhere after the current cursor poson in the current block, and continues
the search through all subsequent blocks up to but noncluding block numbern. If a match is
found, the block conaining the matching text is displayed with the cursor positioned at the end of
the matching text (as inF). If the search succeeds, the ending block number is left on the stack, so
that when you are ready to continue the search you may simply typ8.

D text Deletes the matching text or the contents of the find buffer and leaves the cursor where the
deletion occurs. When text is not found, issues an error message and leaves the cursor where it
was before the operation.

TILL text Deletes all text from the current cursor position up to and including the text or contents of the find
buffer (which must be within the boundary set byEXTENT normally on the current line) When
text is not found, issuesan error message and leaves the cursor where it was before the operation.
If text is found beyondEXTENT the current line will be blanked to the right of the cursor location
to the limit of EXTENT

| text Inserts the text or the contents of the insert bffer at the current cursor position. Any characters
that spill off the end of the line whenEXTENTis 64 will be lost. Any characters that spill off the
end of the block whenEXTENTis 1024 will be lost. The cursor is left positioned at the end of the
inserted text.

R text After text has been found (by theé- or S commands, for example), replaces the found text with the
specified text or the contents of the insert buffer, if no text is specified.

Command Function

K Exchanges the insert buffer and the findbuffer. Useful for correction of bad deletions.

5.1.8 Block COPYCommand

The COPYcommand allows a block to be copied, in its entirety, into a different block. It has the following format:
sd COPY

where sis the source block number andl is the destimation block number.

COPYmoves the entire block; it does not change the contents of the old block. Note tl&DPYuses the word
IDENTIFY to change the block number to which a block buffer will be written.

5.2 PROGRAM LISTING UTIOY

The PRINTING utility i s used to list program source blocks on disk. The output is designed forl®" x 11"
paper suitable for keeping in a convetional 3-ring binder. The utility is loaded with the following command:

PRINTING LOAD
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5.2.1 Index Listings

INDEX will produce an index listing that shows the first line of each block in a given range of blocks. It is
therefore very helpful to place apare@ EAOEUAA AT 11T AT O ET ,ETA n 1T &£# AAAE Al 1T AE
the index.

Generation of an index is specified bthe following command:

start end+1 INDEX

where start is the starting block number andend+1is the ending block number plus one. The index will be
formatted 60 lines to a page. As many full pages will be generated as necessary to cover the requestedkbloc
range. This command sends the index to the console screen. Preceding the same command with the RBINT

routes the index to the printer.

Since you can print 60 lines on a standard page, the largeale organization of a polyFORTH system source disk
tends to follow groups of 60 blocks. For example:

Block Contents

0-59 polyFORTH Electives
60-179 polyFORTH Utilities
180-239 polyFORTH System Source
240-299 polyFORTH Target Compiler and Drivers

Because of different disk capacities, the layout of yoynolyFORTH system disk may be different from the example
shown above.

5.2.2 Program Block Listings
To list the contents of entire blocks, use the following command:

start end+1 SHOW
SHOWIsts three blocks per page, with the top block number evenly divisle by three. Only entire pages will be
printed, in sufficient quantity to cover the requested block range. If eithestart or end+1is a number not evenly
divisible by three, the printout will contain more blocks than requested, to fill out the pagesOn a partially used
page, unused blocks will not be listed although space will be left for them. Pages with no used blocks will be
skipped entirely. An unused block is defined as one with only ASCII spaces in the first line (first 64 characters), as
for example a block that has beelVIPEd.
To list a single page, use the following command:

blk# TRIAD
where blk# is the block number of any block on the desired page.
5.2.3 Shadow Documentation Blocks
4EA OEAAT x Al T AE OUOOAI EOOEAKALAAIAELOAT AR GH O M omil 1AU &\/0d 40U
Shadow blocks are intended spedifally to document words with unusual usages and difficutto-decipher coding
tricks. Shadow blocks can be easily and concurrently edited with code, because the sidglter command Q (for
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guestion) flips the editing block humber from a code block to its corresponding shadow block and back. The best
time to write shadow blocks is at the time the code is written.

At FORTH, Inc. we find it very useful to print source codind the shadow documentation blocks which document
that source code on facing pages (when inserted into a binder, for example). This requires that the shadow blocks
be printed on the back of the page preceding the source blocks.

The following procedure will allow you to print this type of double-sided listing on your printer.

1. Insert the program disk in Drive 0 and the shadow disk in Drive 1. This step is unnecessary if the shadow
and program blocks are on the same disk.

2. Print an index of the blocksOT AA 1 EOOAAh EI 111 xET ¢ OEA POl AAADOOA
not terminate your command with the word OKand do not tear off the paper when the index printing has
completed.

Example command:

PRINT 0 60 INDEX
3. Print a listing of the program blocks you want, as described in Section 5.2.2 above.

Example command:

PRINT 9 45 SHOW OK
will print program Blocks 9 through 44 inclusive.

If you prefer, you may combine Steps 2 and 3 in the same command string, like this:

PRINT 0 60 INDEX 9 45 SHOW OK

4. After the listing has finished, space out one additional blank page by typing:

PRINT OK

Tear off the paper after that blank page. Remove the paper stack which has been feeding empty pages
into the printer.

5. Turn over the printed listings you have just finished and feed the beginning (top) of the paper into the
printer. When fed in correctly, the back of the last page of the index you printed in Step 2 above should
be the next surface to be imprinted.

6. Now print the shadow blocks for the program blocks just printed. The shadow block for any particular
program block should be in the block whose number is the sum of the consta®HADOWS®lus the
program block number. If you follow this convention in writing your own shadow blocks, Forthwill
compute the shadow block numbers for you. Type in the command to print shadow blocks using the
same block numbers that you have just printed the listing for, and the correct blocks will be printed.

Example command for a particular computer with an fiset of 162 blocks between source and shadow
(the offset on yours may be different):

PRINT 9 45 SHADOW OK
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will print Blocks 171-206 inclusive.

If you have positioned the paper correctly, the first shadow block should be printed on the back of the lastge of

the index. When the printout is finished and separated into pages, you should find that program and corre
sponding shadow blocks face each other as you turn the pages. Shadow block listings are useful because they
document code conveniently. A wful by-product of the shadow block system is that undocumented code is con
spicuous, and there is no physical space for unnecessary documentation.

Two standard styles of shadow blocks exist. The first is a glossasyyle format in which the words definedin the
code block are explained. The code words are on the left margin with all other text indented three spaces. The
second form is standard English text and is used for other explanations.

The commandPAIRS prints source and documentation blocks in pas of triads. Each shadow block is printed to
the right of its corresponding source block, three pairs per pagePAIRS, given the starting and ending block
number +1, prints the entire range of blocks and shadows. For example:

PRINT 0 300 PAIRS
prints source and shadow blocks from Block 0 to Block 299.

REFERENCES

Q, Section 5.1.1
Shadow Blocks, Section 1.4

5.2.4 Double-Sided Listings

Sometimes, for very large applications, it is useful to print source blocks on the front and back of every page. For
this purpose the wordsFRONTand BACKare defined in the printing utility. To obtain a listing with program
blocks on both sides of the paper, follow this procedure:

1. Print an index of the program blocks using the procedure of Steps (1) and (2) in Sectiér2.3 above.

Make sure to leave an empty page before starting the printout. Do not end the index printing command
with OK

2. Start the program listing with the FRONTcommand. This word lists every other triad of blocks, skipping
over the blocks which will be printed on the facing pages. The command format is:

PRINT start end+1 FRONT OK
where start and end are the starting and ending block numbers of the block range to be printed.
3. After printing has stopped, type:
PRINT OK
twice to leave twoAl AT E DPACAO AO OEA AT Ah OEAT -ékAneO 1T ££&£ OEA
4. Remove the blank paper feed, and insert the top of your printed listing after turning it over as in Step (5)
of Section 5.2.3. Position the paper so that the next pagedrint will appear on the back of the first triad
page.

5. Print the remaining triads using a command of the format:
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PRINT start end+1 BACK OK
where start and end are the same as in Step (2) above.

This will print the program triads skipped during the FRONTprinting. Your listing, when separated into
sheets and put into a binder, will be a frontand-back consecutive listing of the blocks of source code.

5.2.5 Disk and Block Layout Design

There are several conventions for block and disk design that withake your application programs more readable.
While these conventions are not ditated by the nature of Forth, we recommend them as good programming
practice.

Disk Design

1. Begin Line 0 of each block with a parenthesized comment that datbes the cortents of the block. The
comment is then conveniently listed by thePRINTING O O E 1 IND&XI 6 O

2. Inasingle block put only source text for words that are related to some one function or isolatable portion
of a function. Do not put unrelated words in thesame block.

3. Do not overpack a block. Leave several blank lines for expansion. There is seldom an advantage to
conserving blocks.

4. Begin subapplications on block boundaries that are divisible by three. TheéPRINTING utility
conveniently puts blockson a listed page, three blocks per page. This fits nicely ofl®" x 11" paper. By
starting sub-application block groups on these block boundaries, your printed listing is separable.

5. Begin major portions of your application on boundaries that are digible by sixty. Thus, each page
generated byINDEX will cover one such portion.

6. Write shadow blocks for your application as you program it. Six months later they may save weeks of
work.

7. If your application is a resident utility, make the applicato® O EAU 11T AA Al T AE A TAI
constant to Block 10), and add the application to the system help screen in Block 11.

8. The first shadow block (for Block 9) should have a block number divisible by 3, in order to be printed
properly (this is already done for you in Block 14).

When the application is listed the application starting blocks (modulo 60) and the subpplication starting blocks
(modulo 3) will appear at the tops of the pages.

Block Design

1. Do not define more than one word on a line. Aaxception might be two or three related constants or
variables or a couple of very brief related colon definitions.

2. Start colon definitions at the beginning of a line. A colon definition should never run over a block
boundary. A typical colon definitin uses three lines or less. Longer definitions can often be factored with
groups of words redefined as individual words, with improved readability and testability of the code.
Although Forth allows unlimited nesting of loops, rarely should it be necessato nest more than two
levels without redefining the innermost loops as words.
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3. Leave three spaces after the name that is being defined in a colon definition, to set it off from the
definition.

4. Break colon definitions up into phrases, separated byalible spaces, so that each phrase describes a
particular operation:

:DOUBLE X @ 2* X!;
5. If a definition takes more than one line, indent three or more spaces on the second and succeeding lines.
6. Separate instructions inCODElefinitions with three spaces. For example:
CODEKEY ( - c) BEGIN F7INP
2 # ANA 0= NOT UNTIL F6 INP
AL MOV 0HMVIHPUSH JMP

7. Use standard stack notation in the stack effects comment:

Word Description

a An address.

b A byte (as returned by C@.

C A byte containing an ASCII character (as returned g @.
d A double-precision signed integer.

ud An unsigned doubleprecision integer.

n A signed singleprecision number.

t A single-precision Boolean truth flag.

u An unsigned singleprecision number.

i An integer used as an index.

Defining words are more readable when stack argument comments are in both the defining section and the +un
time section; for example:

: COEFFICIENT (n) CREATE,
DOES>(n - n) @ *;

REFERENCES

Documentation Aids, Section 1.4
INDEX, Section 5.2.1

Stack Arguments Notation, Section 2.1
TRIAD, Section 5.2.2
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5.3 DISKING UTILITY
The utility named DISKING allows the user to copy ranges of blocks, backup an entire disk, and (on some
systems) format a new disk (not all disk controllers support this capability). There is some variation in the actual
AT TTATAO A£O01T1T T1TA OUOOAT OITATAG | ABEBIONT @iy fotsPdcific dedeitshor O ( Al B
list the source blocks.
To load this utility, type:
DISKING LOAD
polyFORTH has a constant nhameOLUMEwhich normally gives the number of blocks on one floppy disk,

cartridge, etc. On some systems with large disk, howeverVOLUMEnay be set to other sizes depending on the
particular system. Consult youtCPU Supplemeribr details.

5.3.1 Use ofBLOCKSand +BLOCKS

The basic word for copying a range of blocks from one part of a disk to anotherBE OCKS BLOCKSakes three
arguments: the source and dd@ation starting block numbers, and the number of blocks to be copied. Thus,

60 560 120 BLOCKS
copies Blocks 60179 to 560-679.
BLOCKSWwill correctly handle blocks which overlap either forward or backward without overwriting any blocks.

+BLOCKSIs the same aBLOCKS but copies shadow blocks as well; they are assumed to be offset from source
blocks by the value of the constanEBHADOWS

5.3.2 Special Commands
The word OBLITERATEIs defined to blank a region of disk. Its usage is:
start end+1 OBLITERATE
which will fill all blocks from start to end entirely with ASCII spaces.
5.3.3 Comparing Disks
An additional facility is provided to ensure that a range of blocks is copied correctly. The wortMATCHES
compares ranges of blocks to discover if they are identicaMATCHESakes three arguments: The source and

destination starting block numbers and the number of blocks to compare. Thus:

60 560 120 MATCHES

matches blocks 60179 to 560-679. MATCHESwill print the block numbers of any destination blocks which do
not match their corresponding source block.

Note that MATCHES not called automatically byBLOCKS

Revised 8/25/12 153



DBO005 polyFORTH Reference Utility Functions

REFERENCES

BACKURSection 3.2
BLOCKS Section 5.3.1
Disk Diagnostics, Section 5.3.4

5.3.4 Disk Diagnostics

A simple readonly disk diagnostic is provided. It reads consecutive blocks and reports any read errors
encountered. It may be used at any time and does not destroy any diskormation. It is used thus:

| h+1 SWEEP (Checks blocksl through h for read errors.)

If an error is detected, the block number is typed out, along with the disk status. Comparing the latter (in the
appropriate number base) with the disk controlleri AT OA1 8 0 EAAT OEZAZEAAOQEITT 1 &£ AOOI O
the actual type of error.

Error checking versions of BLOCKand BUFFERAAT AA [ AAA AOAEI AAT A AU 11 AAETC
(ATATETC "11TAE86
REFERENCES

Disk Error Checking, Section 3.2.6
5.3.5 Disk Formatting

Systems that need a disk formatting facility usually have it. This feature is system dependent; check yQRrU
Supplemenfor details. If provided, it is used by invoking the single command:

INITIALIZE

This command may take parametes, but normally formats an entire disk. For systems with two removable disks,
it is always Drive 1 that is fomatted (to prevent inadvertently formatting the master). For systems with fixed

and removable disks, the removable disk is the default, andsgparate command is provided to format the fixed

disk; see theCPU Supplemerior details.

5.4 DEBUGQJTILITY

There are two debugging utilities that let you decompile, breakpoint, or trace any higlevel definition. Typing
DEBUGLOADwiIll provide access todecompilation routines. TypingSTEPPER LOADwill provide access to the
above plus breakpoint (trap) and singlestepping routines. The utilities are divided in this way becaus8 TEPPER
is relatively large, and should only be loaded if needed.

5.4.1 Definition Decompiling

The source code of a definition is not always available,g, if it is in the precompiled nucleus. If you try to locate
the source code forABORT", for example, the following will occur:

LOCATE ABORT" ABORT" Can't

You can reconstruct he source code (with some limitations) by typingDEBUGLOADand using the SEE name
command, which decompiles the colon definition named name. Typirf8E ABORT"will produce:

154 Revised8/25/12



Utility Functions DBO0O05 polyFORTH Reference

COMPILE [4358] 34 STR___; IMMEDIATE
Compare this to the original definition ofABORT":

: ABORT" COMPILE abort" 34 STRING ;
IMMEDIATE

The wordabort* EO OEAAAAOI AOOhe xEEAE 1 AATO EO xAO Al i PEI AA >
address is available to the decoBME1 AO8 4 EA ODKEI &hdt' OHadbedd GePhiced with its pfa (the

number you see may be different from 4358). Likewis€STRINGhas been replaced withSTR___ because it was

compiled with aWIDTHof 3.

SEE uses the command aPROBE which begins decompilation at a specific addresa. Decompilation is
terminated either when the end of the definfion is found, or at 128 bytes (64 cell addresses) beyond the
destination of the most forward reference (such as atF ) found in the definition. The end of a definition is
signaled by a semicolon (if it exis? e.g, RECOVERas not been used); or by an unconditional exit (such as
ABORTor QUIT) or an unconditional backward branch (such asAGAIN) that lies beyond the fathest forward
reference previously encountered.

You may often want to executd®ROBHlirectly. For example, you could us®eROBEOT A @A ET A OEA OE/
abort" at the given (parameter field) address. Typing4358 PROBEwill produce:

?R@ HER_ 2+ COU__ TYP_SPA__ COU__
TYP_ CR BLK 2@ DUP {if 4} SCR 2! ABORT

The expression {if 4} is produced by an IF ... THENAI AOGOA AT A 1| AA
I

O OAOATAE
AiTAEOET T Ai1U8bH #1 1 PAOA OmBod AT AA O OEA E

i
| OECET Al AA A&
: abort" (t) ?R@ HERE 2+ COUNT TYPE

SPACE COUNT TYPE CR BLK 2@ DUP IF
SCR 2! THEN ABORT ; RECOVER

Another usage of PROBHS to determine the action of an execution vector. For example, typinPLE @ PROBE
results in:

SuUP 0STA ! QUE__INT " ok"
CR{else -14}

PR

A

(@]
p>)
O;
>
—_
p2
m
>

In this case{else - 14} is produced byAGAINAT A [ AAT O
original code is:

OEAOATI pUBAU

: QUIT SUPPLANT O STATE ! BEGIN QUERY
INTERPRET ." ok" AGAIN ; RECOVER

Most flow-of-control structures ultimately compile the run-time primitives if or else. For example, the original
source code foINTERPRETIs:

. INTERPRET STATE @EXECUTE
BEGIN -'IF NUMBER
ELSE DROP EXECUTE
DEPTH 0< ABORT" Stack empty"
THEN AGAIN ; RECOVER
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The decompiled version, resulting fromSEE INTERPRET, is:
STA__ @EXECUTE
-"{if 5} NUM___ {else 22} DRO_EXE___
DEP___ 0< ABORT" Stack empty"
{else - 35}
Of course, not all definitions can be decompile@EE DUPproduces the message:
Not a colon definition
PROBEhowever will attempt to decompile any definition; typing' TYPE @ PROBBroduces:
[950] [39914] [11234] ...

Here PROBEhas misinterpreted machine code as a sequence of headerless definitions. As stated above, in this
case decompilation stops after 64 headerless terms.

5.4.2 Breakpoint Setting

"OAAEDPI ET 00 AOA OOAEDOI & O EEI1 AEithConyOdppedrAubderE(fzdtbi®do A OCO
operating conditions. To access the bregloint or trapping routines, type: STEPPERLOAD The basic command

is TRAPname, which sets a breakpoint to occur on the next execution of hame. Subsidiary commands allow

moving and removing the breakpoint, and singlestepping through the definition of name.

Care must be taken when using breakpoints and singkepping in a multitasking environment.

For example, suppose you wish to investigate the wor@ASTas it is called by tke word Q If you typeSEE Qto
decompile it, you will get:

SCR @ SHA CAS_ LIS_;

47 O00I P j OOOAETW I Oy HOBOGE IAT ADG A Enahd ERAD EAST, witids wilbdedomplld |1
CAST.

SWA_OVE_/MO_ 1 XOR ROT * +;

AT A OAO OEA AOARAEDI ET O O AgAASTOHaving BoEERIA D ekarineAIYoh 1 A0 A
might type:

9 LIST (setsSCRto 9)
followed by:

Q
Qwill call CAST, and the trap will fire:

9321< -Topnxt ->SWA_

When the trap fires, the sack contents are displayed to the left of the brackets, and the next instruction to be
executed is displayed to the right. In this case, tH&is from SCR @and the 321 is the value ofSHADOWSThe
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next instruction to be executed isSWAP which is the frst instruction in CAST To review the remaining
instructions in CAST, you may typeSEEN which repeats the most recent decompilation:

SWA_ OVE_/MO_ 1 XOR ROT * + ;
TrOk

Notice the change in the Forth prompt fromok to TrOk. This is a remin@r that TRAP uses a special text
interpreter. From here, you can change the arguments t8AST, DUMPmemory, or take any other (reasonable)
action. You can even execut®UIT to return to the normal text interpreter. Or you can useCONT(continue)
which will continue execution of CAST(and the remainder of the original commandQin this case).

TRAPworks by installing the word tcode directly in the location to be trapped (after first saving its contents).
When tcode runs, it restores these contents and returns to the special text interpreter. TRAP displays the
decompilation before installing tcode , but subsequent uses ofSEEN will show the new version. Thus
TRAP CASTshows:

SWA_OVE_/MO_1 XOR ROT * +;
and SEENwill display:

tcode OVE_ /MO_ 1 XOR ROT * +;

The command RESTORIs used to remove the current breakpoint or trap. Thus, in this example, typing
RESTORSEENwiIll display:

SWA_OVE_/MO_1 XOR ROT * +;
If you have trapped a word but have not yet identifieda bug, you may wish to move the trap and continue
execution. The commandNEST name will move the trap to the word name and continue execution without
leaving the special text interpreter. For example, suppose you have trapp€ibut then decide that thebug you
are looking for must be inCAST. TypingTRAP Qshows the decompilation:

SCR @ SHA CAS_LIS_
Then executingQdisplays:

<-Top nxt ->SCR

You can then typeNEST CASTto move the trap toCASTand continue execution without leaving the special text
interpreter:

SWA_ OVE_ /MO_ 1 XOR ROT * + ;
9321< -Topnxt ->SWA_

NEST combines TRAP and CONTand leaves you exactly whereTRAP CAST would have left yow ready to
continue or QUIT8 $1 1 6 ONEST@ithouifst TRARAINg a word.

5.4.3 Single-Stepping Through a Definition

To access the singlstepping utility, type STEPPER LOAD(if not already loaded). This utility provides facilities
to step through a defintion, with or without skipping over intermediate words, and to cycle throughDOloops.
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For example, suppose you have determined that there is a bug in a defion (such asCAST AOO Ul O AT 1860
exactly where. You have trapped the definition and would like to execute it one word at ang&, examining the

stack after each step. As shown in the previous section, you would typRAP CASTfollowed by 9 LIST and Q

at which point the screen would show:

9321< -Topnxt ->SWA_
Now typing the commandSSj OOEOG@ABRG qQ xE1 1 A @ AIWAPahd display thé f8ligwing:x | O A
3219< -Topnxt ->O0OVE_

The top two numbers are swapped and the next instruction to be executed ®VER Subsequent uses &S will
display:

3219321 < -Topnxt ->/MOD
then 32190< - Topnxt ->1
then 321901< -Topnxt ->XOR

Now suppose you want to skip ahead in the definition. There are two commands used for thitOTOname and
GO The commandsOTOname will prepare for execution of all steps up to but not including name; the command
GOwill then perform the execution. The skip operation is divigd into these two steps in case you need to skip
over one or more occurrences ohameto get to the one you want. In this example, suppose you want to execute
all words up to but not including the+ instruction. Youwould type:

GOTO +

Then typing GOwill execute up to the + instruction, and display:
9321< -Topnxt ->+

Continue singlestepping with SS (on the IBM-PC you can use the <af10> key):
9321< -Topnxt ->+ ( press the <altF10> key)
330 < -Top nxt ->; ( press the <alt-F10> key)

Trapping done.

Single-stepping through a semicolon takes you directly to the normal text interpreter. You may usONTinstead
to return to the (pending) Qcommand.

Single-stepping through a loop is made easier with th€ YCLEcommand. Use oCYCLEat some point inside aDO
loop will cause execution of all remaining instructions in the loop, return to the beginning with index
incremented, and execution of all instructions up to the starting point,e, one complete cycle. For exaple, here
is a simple definition containing @DO ...  LOOP
:DOUBLE 1 100DO DUP.2* LOOP DROP;
Typing TRAP DOUBLEwiIll display:
1100 2>R DUP . 2* {loop -9} DRO_;

Then executingDOUBLEwill display:
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<-Topnxt ->1

Type SS. 1<-Topnxt ->10
ThenSSagain: 110< -Topnxt ->0
ThenGOTO2* followed by GO 1<-Topnxt ->2*

If you type SSat this point, you will single-step through the 2* instruction to LOOP If instead you typeCYCLE

Ul 6 xEI1l OAUAT A6 Al 1l OEA x Adgcutd el @& thdo@ batkitoitHRUR &l A O
execute all instructions in the loop, stopping again just before thg* instruction. You mayCYCLEthrough the
loop as many times as you wish; typin@Y CLEfour times in this case would produce:

2<-Top nxt ->2*
4<-Topnxt ->2*
8<-Topnxt ->2*
16 < -Top nxt ->2*
To exit from the loop,GOTQhe first word past the LOOPinstruction:
GOTO DROP
Followed by: GO The display will show:
32 64 128 256 512 1024 < -Top nxt ->DRO_
From here, you carCONTor QUIT or continue single-stepping.

Below are summarized all of the commands in thBEBUGnd STEPPERutilities:

Word Description

SEE name Decompiles and displays the definition ofname as far as possible if it is a colon definition,
otherwise issues an error message. Name fields are reconstructed to their compil®dIDTH
EAAAAOI AOO x1 OAOG AOA OAbI AAAA AU OEAEO DbEAJOS

SEEN Repeats the decompilation display of the most recent word decomipd by SEE

a PROBE Begins decompilation at address. Decompilation is terminated when the end of the definition is
found, or at 128 bytes (64 cell addresses on 1bit machines) beyond the destination of the most
forward reference found, whichever occurdirst. The end of a definition is signaled by a semicolon,
or by an unconditional exit or an unconditional backward branch that lies beyond the destination
of the farthest forward reference previously encountered.

Word Description

TRAP name Decompiles anddisplays the definition of name, and sets a breakpoint to occur on the next
execution of name. When the breakpoint or trap occurs, the current stack contents and the next
instruction to be executed are displayed. Execution ifRAPmode is controlled by aspecial text
interpreter, as signified by anTrOk response rather thanok .

CONT Continues execution of all remaining instructions in a definition that has beehRAPed.

RESTOR Removes the current breakpoint or trap, restoring the current definition.
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NEST name Moves a trap from its current position to the word name, displaying the decompilation of name.
The new name may be at the same level in a definition or lower. At least one execution of TRAP
must precede usage oNEST

SS Single-steps through the curently TRAPed definition. Each use o8Sdisplays the current stack
contents and the next instruction to be executed.

GOTOname Prepares for execution of all steps from the current one up to but not including nam&OTame
may be used several times isuccession to skip over multiple occurrences of name.

GO Executes all steps from the current one up to the step pointed to iyOTO

CYCLE When in singlestep mode inside aDOloop, CYCLEcauses execution of all remaining instructions
in the loop, return to the beginning with the index incremenéd, and execution of all instructions
up to the initial starting point (i.e, one complete cycle). Each use @fY CLEdisplays the current
stack contents and the next instruction to be executed. To exit the lodpOTCthe first word past
the LOORnstruction.

5.5 AUDIT UTILITY

The AUDIT utility (accessed by AUDIT LOAD compares two blocks or ranges of blocks and can highlight the
differences between corresponding blocks. The block ranges may be on the same oredéht parts of disk, and
may have the same or different relative block numbers. The utility is designed as an extension to the standard
polyFORTH editor and essentially lets you edit two blocks at the same tim&UDIT is often used to compare a
source part against a backup part to identify changes. It is also used to coordinate the separate efforts when more
than one programmer is working on an application.

As an example, suppose you have the following on disk in Bkot00, Part 2:

0 ( Miscellaneous)
1:STRING (n) -2 ALLOT WORD C@ 2+ 1+ ALLOT;

: ABORT" COMPILE abort" 34 STRING ; IMMEDIATE

2
3
4
5:." COMPILE dot" 34 STRING ; IMMEDIATE
6
7
8
9
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Now suppose you have aOE | DOT OAA6 OAOOGEI 1T ET "1 1TAE pnnh 0AOO 14

0 ( Miscellaneous)

1:STRING (n) -2 ALLOT WORD C@ 2+ 1+ ALLOT;

2

3: ABORT" COMPILE abort" [ASCII] " STRING ;
IMMEDIATE

:." COMPILE dot" [ASCII] " STRING ; IMMEDIATE

4
5
6
7
8
9

10

11

12

13

14

15

(AOA8O Ei x UI O xi 61 A OAO O6bp O1I AT T PAOA 0AOO ¢

2 PART 100 LIST 4 TARGET

After LIST ing a block to make it current, the phrasen TARGEThighlights all the character positions where the
current block differs from the correspondingly numbered block in Part n. In this casd, TARGEThighlights all

the differences to Block 100 on Part 4:

0 ( Miscellaneous)
1: STRING (n) -2ALLOT WORDC@ 2+ 1+ALLOT;

N

: ABORT" COMPILE abort" 34 STRING ; IMMEDIATE

3
4
5:." COMPILE dot" 34 STRING ; IMMEDIATE
6
7
8

©

10
11
12
13
14
15

m)
po
O mr
= m
o0
M mr
To —
o m
el

m)
> 0O

4
OE
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0 ( Miscellaneous)

1: STRING (n) -2 ALLOT WORD C@ 2+ 1+ ALLOT;
2
3 : ABORT COMPILE abort" [ASCII] " STRING ;
4 IMMEDIATE
5:." COMPILE dot" [ASCII] " STRING ;
6 IMMEDIATE
7
8
9
10
11
12
13
14
15

W(like Q) toggles between the current block and the other one. Whichever block you are looking at is the current
one. Walways highlights the differences between the two blocks. The comman@ will toggle between blocks
without highlighting. If you have edited or relisted the current block and lost the highlighted differences, us¥ to
see the current block with higHights. To summarize:

Differences are Differences are
not highlighted highlighted
Current block: L \
Other block: (@] W
IMPORTANT:

The highlighting method uses space @ADto hold one of the blocks and therefore interferes with the
AAEOT 060 &ET A AT A )1 OAi@ éxaipk Amble®sline indttie OubrenEback Withd x E OE h
X) and insert it into the other block, you must use theO (hon-highlighted) command rather than theW
(highlighted) command to toggle to the alternate block.

Once block differences have been examideif you decide that you prefer thecurrent block to the other block, you
can KEEPthe current block. This copies the current block to the other block and destroys the previous other
block:

KEEP (The two blocks are now identical )
If you prefer theother AT T AE j OEA 11 A UITOSShddurgefr bl Arishcopies the othek block
to the current block and destroys the previous current block:

TOSS (The two blocks are now identical )

Once editing of this pair of blocks is complete, typ& O1T AT T OET OA OGdmnadd Gl Edndaie 4 EA
corresponding blocks, stopping and displaying th@extdifference, that is, the first subsequent block which differs
between the two parts.

Auditing normally stops at the end of the part. You can lirnthe last block to be audited with then TOcommand,
which halts auditing at the current blockn:
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320 TO (Auditing stops at Block 320.)

You can also audit within a single part, or in different block numbers across parts. The command
n m MATCHINGperforms an audit comparing blocks starting at n to blocks starting at m, both in the current
part. For example, if you want to compare blocks starting at 100 to blocks starting at 150 within Part 2, you
would type:

2 PART 100 150 MATCHING

The most general commad is n m p AGAINST, which compares blocks starting an in the current part to
blocks starting atm in Part p. For example, to compare blocks starting at 100 on Part 2 to blocks starting at 200
on Part 4, you would type:

2 PART 100 200 4 AGAINST

5.6 PROMSUTILITY

The PROMDOETI EOU EO AAOGECT AA O xOEOA | OAOOI6q 11006 bibpOI
models 7128 or 7228. ThePROMSitility is called GTEK on some systems. Before using PROMS you should have
created a PROM image on a contiguouange of disk blocks. This is usually done with the target compiler
(documented separately). You must also have created the serial terminal taREMOTEtypically defined (on the

IBM-PC) as follows:

COM1 4096 CHANNEL REMOTE 1200 BAUD
REMOTE CONSTRUCT

The model 7228 runs also at 2400 baud.

The PROMSittility, like other utilities, is compiled and accessed by typing:
PROMS LOAD

There will be a brief pause while the utility initializes the GTEK prgrammer, you will see the message:
SETTING BAUD RATE

Youmay also see the message:
Prom HELP Timeout

This means that either the GTEK is not correctly connected or that tiREMOTHask is not correctly initialized.
Otherwise, you will see the message:

Prom 2716 Start0 At 0 Long 2048
Bus 1 Image 300

This means the GTEK is programmed with defaults to:
1. Burnatype2716 PROM
2. starting at O bytes offset in the disk image;
3. placing the dataat 0 bytes offset in the PROM,;
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4. burning a data array 2048 bytedong (default is the PROM size);

5. using abuswidth of 1 byte (8 bits);

6. and getting the data from the diskmagestarting at block 300.
The default PROM and bus width are on Line 15 of the load block. This line, as shipped, reads:

CR 1>2716 HELP

4EA p OAI AAOO OEA OA O Ghe REOMDES @n-8it ELANE wige ddtafoAs] add 20rednthat
two PROMs will be used in parallel for an effective 1bit (2-byte) data bus (seeEVENand ODDbelow). Most
applications will use bus width 1.

5.6.1 Burning a New PROM

The 1 >2716 default command selected a 2716 PROM. To change PROM types or to see a list of available
PROMs, type the commanBROMSwhich will display a list similar to the following:

( PROM types:

prom type menu

size name char)
2048 PROM >2716 B 2048 PROM >27C16 L
4096 PR OM >2732 C 4096 PROM >27C32 M
4096 PROM >2732A D
8192 PROM >2764 E 8192 PROM >27C64 O
16384 PROM >27128 F 32768 PROM >27256 Z

Your list may differ. PROMs a defining word, so that each line in the list creates a PROM type with a type name as
shown, an associated size in bytes which is used to seONG and an associated menu character which is sent to
the GTEK to initialize it properly. To select a different PROM, typen typename , where n is the desired bus
width in bytes and thePROM typenamis one of those in your PROMS list. For example:

1>2732A.
Every PROM selection command se8TARTand AT to zero andLONGto the nun_1ber of bytes in the PROM (the
argument to PROMn the list above). ASTARTI £ UAOI 1 AAT O OOOAO@erdngbite 6 dOT x EOE
AEOE EI ATIABOUAOQTT 1T AAT O OOOA0OO AU AOO1T ET ¢ OEAzekka€sO j UAOI

for STARTand AT is discussed below.

The starting block of the disk image is set with the commana IMAGEwhere nis the block number; for example:
300 IMAGE

The default image starting block is set to the constatEWn the PROM$oad block :
NEW IMAGE

The constantNEWSs defined with the system electives and is normally such that the image is located near the
upper end ofthe first system part. You may need to chand®MAGEto suit the size of your PROM.

164 Revised8/25/12



Utility Functions DBO0O05 polyFORTH Reference

Assuming you want to burn from the start of the disk image to the start of the PROM, none of these defaults needs

to be changed. Just insert a blank (erased) PROM in t88EK and typeBURN You may have to wait several

i ET OOAO mEI O OEA 02/- 01 AOOT h AAPATAEI C 11 OEA OUPA Al
OAA OEA O BERINstopsOniedaied if it detects an unerased byte or a defective PRA. To summarize:

1. Select a PROM type, such a$:>2716 .

2. Select a disk image starting block, for example300 IMAGE .

3. Insert a blank PROM into the GTEK and tyf@URN

4. Repeat Step 3 for multiple copies.
5.6.2 Copying a PROM
To copy an existingPROM, you can first read it into the disk image and then burn the image into a new PROM (or
PROMSs). To read a PROM, select the PROM type, set the disk image starting block (making sure there is enough
space on disk for the entire image), insert the PROM the GTEK, and typ®EAD For example:

1>2716 300 IMAGE READ

This can take several minutes.READreads the PROM image into the disk image blocks, destroying the previous

image. READalso resets the varables controlled by STARTand AT to zero andLON@&G O OAOEAAIT A Ol
the PROM in bytes.

O
m

Once the image is read, insert the new (erased) PROM and typgRN You can now burn as many PROMSs as you
like from the current disk image. If you wish to verify that the new PROM is correct, you canngpare it to the
disk image with the commandVIATCI8 yT O006i i Abuh EAOABO xEAO Ui 6 A1 o1 A
1. Select a PROM type, such a$:>2716 .
2. Select a disk image starting block, for example800 IMAGE
3. Insert the original PROM and typeREAD
4. Insert the new PROM and typeBURN
5. Optionally, type: MATCHo verify the burn.
6. Repeat Steps 4 and 5 for multiple copies.
5.6.3 Burning Partial PROMs
You can burn part of a PROM provided that the part you burn is erased. S8tARTto the starting offset (in bytes)

from the beginning of the disk image and. ONGo the number of bytes to burn. For example, to burn the first half
of a 2716 PROM from an image starting in Block 300, you would need to type:

1>2716 300 IMAGE 1024 LONG BURN

To burn the seond half from the same image, you would type:

1024 START BURN
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The STARTcommand affectsLONG adjusting it to equal the PROM length minus th8TARTvalue. STARTalso
sets AT to be equal toSTART, so that the second half of the disk image will be burnedto the second half of the
PROM. If you want to burn thesecondhalf of the disk image into thefirst half of the PROM, you need to explicitly
resetAT:

1024 START 0 AT

The START, LONG and AT commands, in combination, let you burn any part of a disk image into any part of a
PROM.

5.6.4 ODDand EVENPROMSs

Some computers, such as the IBM AT, use PROMSs in pairs, with the ewembered bytes of memory in one PROM
and the oddnumbered bytes in anoher. The data bus width is effectively 16 bits (2 bytes) and so has a bus width
of 2; for example:

2>2716

In this case you use th&&VENcommand to burn the eveanumbered bytes of a disk image into one PROM and the
ODDcommand to burn the oddnumbered bytes into another:

Insert the first PROM then type: EVEN BURN
Insert the second PROM then type: ODD BURN

Remember thatLONGspecifies the number of bytes in thelisk imagerather than in the PROM itself. If you need
to burn partial PROMs, there aréwo bytes of disk image associated with each byte of PROM, ISONGmust be
twice the length of either PROM.

5.6.5 Images Larger Than One PROM

Often you may need to burn a large program into several smaller PROMs. TidIP command specifies which
smaller PROM to burn. For example, suppose you need to burn an 8482e program into four 2716 PROMs. You
would type, in sequence:

0 CHIP BURN
1 CHIP BURN
2 CHIP BURN
3 CHIP BURN

The disk image size should be an integer multiplef the PROM size (some parts of the image may be zero). If the
bus width is 2,CHIP can be conbined with ODDand EVEN

0 CHIP EVEN BURN (first PROM)
ODD BURN (second PROM)
2 CHIP EVEN BURN (third PROM)
ODD BURN (and so on)
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5.6.6 Other PROM Programmers

If your PROM programmer is not one of the GTEK models described here, you may well be able to adapt the GTEK
code to some other type. Most intelligent PROM programmers use the same general format and commabei
with you over an RS232 serial interface line. A typical dialog looks like this:

1. You send spaces or carriage returns to the PROM programmer, allowing it to synchronize with you.

2. It sends a sigron message and a prompt sequence, which you can discard.

3. You send setup information, discardingll prompts.

4. You send the PROM image.

You should be prepared to respond to any error codes you receive.
5.7 NETWORKITILITY

The network utility is used to move ranges of blocks between two polyFORTH systems; they do not need to have
the same block humbes on each system. Binary data as well as source code and files may be sent. Before using
this utility, you should establish that you have a working serial interface between the two computers. If you have

A OADBAEAT @6 UIT O AAT Lufelé Abssed and @re ad theCpropdr voltafel lévels, and you
should use simpleTYPE and EXPECTcommands to verify that characters can be sent successfully in each
direction. Each system should have the serial terminal tasREMOTHefined and active, ypically running at 9600
baud.

The NETWORK utility has only three commandsStRANSMIT, RECEIVE, and C. TheTRAN_SMITand RECEIVE
AT T T ATAO AAAE OAEASWAPARMIOGC.A [O@Pdhm; fokeka®pleE T O

100 200 TRANSMIT  means TRANSMIT blocks 100 b 199.
100 101 RECEIVE means RECEIVE  block 100 only.
100 100 RECEIVE means RECEIVE block 100 only.

The Ccommand returns the status of the transfer, and may be executed at any time on either the receiving or the
transmitting computer. For example, on the transmitting computer before transfer has begun, one would see:

co -1

The first number returned (0) is the number of the last block successfully transmitted (or received, if the

receiving computer). In this caseno blocks have been transmitted yet. The second numberl|) is the CTRof this

Al i DbOGEAMDI®OA OE 8 )T OEEO MREMOTEs whitihdto @idel © A ELRAOSD AEAOAA
from the receiving task.

The network protocol operates as follows: First, the transmitting computer sets up the range of blocks to be sent
by executing:

start end+1 TRANSMIT

as described above. Thisactio OA OO O CREM@TiEEeR@A @6 Iandshake character, an ASCII 4 (EOT).
Next, the receiving computer executes:
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start end+1 RECEIVE

xEAOA OEA 1 AT GCOE T &£ OEA AT AE OATGCA 1000 i AGAE OEA OOAI
need to match. This action sends the EOT to the transmitter, which replies by sending the first block (1024 bytes)

and then returning to EXPECTmode for another EOT (if more than one block is to be sent). Upon receipt of 1024

bytes, the receiver generates the EOT needed for the second block transmission, and so on.

EA OOAT OR&aud AHréported byC), will start at -1, go to 0 when theEOT is received, then jump to
i
i O 6bp OI nm AO OEA A1 1T AE8O AEAOAAOAOO AOA OAAAEOAAS 4

4
pnct AT A AT O1T O Al x1T O m AO OEA AldTRE&OWIISEOA D240 OOAT OI
Al O1

(@}

For example, suppose you want to transmit Blocks-41 to another computer where they will be stored as Blocks
20-23. The transmitting computer goes first:

9 12 TRANSMIT (send 3 blocks: 9 then 10 then 11)
The receiving computer goes second:
20 23 RECEIVE (receive 3 blocks: 20 then 21 then 22)

The transfer begins immediately. You can uséto monitor the progress of the transfer on each computer. Typical
values might be:

Receiving Side Transmitting Side
C 20 -300 C 9300

C 20 -100 C 9100

C 21 -502 C 10 502

/' TAA OEA OOAT OEAO E OC wilishio® thd Ash blockOntimdber GeBelvddEadAtigat rd further
characters are expected:

C 220

NETWOREAO 11 OEAT AOEAEET C6 11T CEA AAUITA OEA ET EOEHel OANOA
O A A A ECWill €héwGhat characters were expected when transmission ceased, and which block they were for:
cz21 -2

c21 -2
c21 -2

All previous blocks were correctly sent (at least 1024 characters per block were received), and no blocks after

this one were attempted. ICEO OOOOAES6 OEEO xAUh Adfrafstifblobks SefiAg wittBfieA D OT Al .
first incorrect one.
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6.0 THEASSEMBLER

Forth is one of the fastest, most efficient highevel languages available and is used extensively in retine
programming and applications prggramming. Such programs are usually written in the extensible Forth word
set. However, where partialar time constraints exist, Forth can assemble machirkanguage definitions of Forth
words. Among the many examples of words defined by machidanguage instructions in the Forth nucleus are
the operations:

+ - SWAP DROP 2DUP

The assembler for your @rticular CPU is detailed in theCPU Supplemertb this manual. This section provides a
general overview of the assembler on any Forth system. Note that the assembler is not used in ordinary high
level Forth programming, only in CODEdefinitions. Assembler code is, by definition, machirdependent.
However, there are many characteristics of Forth assemblers that are relatively consistent across all the
processors on which Forth has been implemented. It is this set of common chamgstics which this section
addresses. Examples will be given using code for some of the most popular processors; unfortunately, space will
not permit providing versions of each example for all processors. Hopefully, the specific examples will still be
comprehensible.

6.1 CODE DEFINITIONS

The Forth defining word CODEcreates a standard dictionary entry whose code address field contains the address
of the byte that follows, which is the first byte of the parameter field where machine instructions are assbled.
See Fig. 6.1 for a diagram of this dictionary entry. The form ofZDDHlefinition is:

CODENAME ... instructions ... code ending

CODEcreates the definition, whose name INAME It also selects theASSEMBLER/ocabulary, in which the
various instruction mnemonics, addressing modes, etc., are defined. These are used to build actual machine
instructions, which are laid down in subsequent locations in the dictionary. The code ending is one of several
macros, all of which ultimately returntoH OOE8 O AAAOAOO ET OAOPOAOAOS

Link |[Count o _ Code poP Assembled
Field |Field - ‘ Field Instructions ...

/ 4 | |

RN

Fig. 6.1
Diagram of a dictionary entry for a CODEentry.

Aside from the dictionary entry header there is no higHevel language overhead in either space or time within a
code definition. All instructions are executed at full mehine speed.
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As a general rule, Forth programs are written first in highevel language. Then a time analysis is performed to
locate the most frequently executed words, which are the@ODH. Two examples of such words might be:

1. The portion of an interrupt routine that actually moves data to and from a device.

2. The innermost loop of a routine where the computer spends a significant portion of its time (for example,
the word NEXTin the Forth nucleus).

REFERENCES

Code Endings, Section 6.2
Macros, Sectin 6.7

6.2 CODE ENDINGS

Most Forth code routines end with a jump to the address interpreter, sonties after modifying the stack.
Exceptions are interrupt routines (which return to the code that was being executed before the interrupt
occurred) and routines which initiate processes whose completion will be signaled by an interrupt. These end
with a jump to the part of the multiprogrammer that will deactivate the current task and begin searching for the
next one.

The most common code ending iINEXT, a macro that assembles the address interpreter return. This, plus the
other most common code endings are summarized below. On some processors these endings assemble code or
branches to the appropriate code, whereas on others they return addresses whiatay be used as arguments to a
JMP. Refer to yourCPU Supplemeribr a list of the code endings for your processor.

Word Description

NEXT Address interpreter return.

WAIT Enters the multitasking loop.

' PAUSE JMP Enters multitasking loop for one turn. Tie code for PAUSEis prefaced by instructions that

decrement| by 2 so that the word containing’ PAUSE JMPwill be executed over and over
again. This is useful for waiting on polled devices

INTERRUPT Returns from interrupt.
Check yourCPUSupplementor the appropriate list of code endings for your processor.
6.3 ASSEMBLER INSTRUCTNS

To compile a colon definition, the interpreter enters a special compile mode in which the words of the input string
are not executed (unless designated abMMEDIATE). Instead, their addresses are placed sequentially in the
dictionary. During assembly, however, the interpreter remains in execute mode. The mnemonics of the processor
instructions are defined as words which, when executed, assemble the corresponding operaticode at the next
location in the dictionary. Operands (addresses or registers) precede instruction mnemonics in order to leave
information on the stack that will be used by the mnemonic to assemble the instruction.

Depending on the processor, several kindsf instructions and addressing are possible. These are defined in the
polyFORTH assembler for each processor to assemble instructions in the appropriate format, given the mnemonic
operation code and the additional parameters that are necessary to dasbe the instruction. The instruction is
assembled into the next available location in the dictionary.

170 Revised8/25/12



The Assembler DBO0O05 polyFORTH Reference

For example, the Intel 8080 processor has an ALU reference instruction format for instructions that perform
arithmetic computations. The Forth assembledefines the commandALU, which is used to define mnemonics of
the ALU class, which in turn assemble ALU reference instructions. For example, the mnemonic ADD is defined on
8080 systems by:

80 ALU ADD

ADDis an operation which assembles an ALtype instruction whose numeric code is 8@ and whose operand will
be on the stack. In use,

L ADD
assembles an instruction which, when executed, will add the contents of Register L into the accumulator.

6.4 NOTATIONAL CONVENTIQS

Although each Forth assembler uses the AT OEZAAOOOAOCE8O 11T AITTEAOR OEAOA AOA
conventions that are shared by all assemblers. Fundamental Forth pointers have standard names:
Name Description
S Address of the top of the parameter stack.
W Address of the parameteffield or code field of the current definition.

| Interpreter pointer.
R Address of the top of the return stack.

U Beginning of the user area.

These are often registers, but may reside in memory in some computers. Refer to y@PU Supplemerfor a
discusson of their locations on your system. Wherever these pointers reside, the standard names may be used in
code to refer to them.

2ACEOOAOO AOA 101 AAOAA ET A xAU OEAO OAmEI AAOOG OEA 1 A1l
instructions. In addition, for convenience and readability, some registers are given names by usiG@NSTANT
Thus, on the DEC PDP1:

5 CONSTANTS

enables you to refer to Register 5 by number or by the nant® (which identifies this register as containing the
stack pointer). Similarly, the Intel 8080 has named Registers H and L.

Forth code routines tend to be extremely short, averaging under a dozen instructions on bt processors.
Moreover, Forth assembler code is entirely structured. The conventional vertical formahat includes comments

on each line is not very helpful. FORTH, Inc. uses a horizontal format, with three spaces between each instruction
and one space between each cqmonent of an instruction (address specifiers, the mnemonic itself, etc.). In this
format, the average code definition occupies only two or three lines and is still readable. Comments that are
enclosed by the command and its delimiting ) may appear anywhere:

(in parentheses like this)
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Shadow blocks are also helpful.

REFERENCES

Disk andBlock Layout, Section 5.2.5
Documentation Facilities, Section 1.5

6.5 USE OF THE STACK INODE

It is necessary when using code to distinguish how the stack is used at assembly time and at execution time. The
words in a code entry are executed at assemblyme to create machine instructions which are placed in the
dictionary to be executed later. Thus,

HERE 2- TST

at assembly time places the current dictionary location on the stackHERB and decrements it by two. The
resulting number is the parameter fo TST, which assembles a machine instruction that is the equivalent of:

TST* -2

in conventional assembler notation. Similarly, such words aSWAPand DUPare executed at assembly time to
manipulate the parameters being used by assembler words, although such stack words would be compiled into
the dictionary in a : definition. For example, in the 8080:

0 HERE SWAP H LXI JMP

assembles an endless loop thdbads zero into the accumulator. HEREpushes the address of the next free byte of

dictionary space onto the stack. The phrasd LXI takes the zero from the top of the stack (at assembly time)

AT A AOOGAT AT AG A OiI T AA EIT AA @o thelHL iedisfeAp@iA dThe IMPAsSs the ddiess 1 T AA U/
left on the stack to assemble a jump to the first byte of the load.

In high-level definitions the run-time use of the stack is implicit: Numbers that you type are placed there
automatically, routines natually leave their results there, etc. Code, however, requires that parameters be
handled explicitly, usingS (the parameter stack pointer) and the codesndings that push or pop the stack before
the execution ofNEXT.

6.6 ADDRESSING MODES

AlthoughingeneAl h &1 OOES8 O AOOAI Al AO Ei RIOHADGDO | ORA T H EGIADA O ®EA OA
notational conventions used in all processors for specifying addressing modes. Obviously, not all processors have

all addressing modes or interpret terms such a® O A1 A O E O K.dNonEteleds G&rtAidBasic concepts do exist

AT A EO60 EAI p&EOI xEAT Ul OB0A x1 OEET ¢ xEOE OAdardwedd DHOT AAO

Refer to yourCPU Supplemeribr the specific addressing modes that areniplemented in your system.

Standard Forth addressing notation includes the right parenthesis, which indicates either relative addressing
(when it is by itself) or indexing (when it is combined with an index register designation). Some examples:

Word Function
S) Addressing relative to the top of the stack.
S) Indexed byS.
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1) Indexed by Register 1.

On machines with automatic incrementing or decrementing, the parenthesis may be combined withor -. On
the DEC PDHA.1 and the T1 9900, for example:

Word Function

S )+ 2AEAOO0 O1 OEA T1O6i AAO i1 O 1 &£# OEA OOAAERh ODPI DE
the stack pointer.

S -) 2AEAOO0 O1 OEA 1TA@O AOAEI AAT A TTAAQEIT 11 OEA OO

The position of the sign indicates when théncrement or decrement takes place with respect to the development
of the effective address, in this case postincrementing and predecrementing.

Immediate addressing is indicated by# and memory-indirect by the right parenthesis; the assembler can
determine from the address whether) means registerrelative or memory-relative (indirect). In addition, there
are specific items of notation for each processor these are described in theCPU Supplement

Parameters may be taken directly from memory if this is peritted by the architecture of the processor. The
assembler will automatically check to determine whether the address of the argument permits a short format
instruction. If it will not, an extended format will be used. Often pammeters may be picked up \thout being

T Al AAS8 1o 1117¢ AOG AT AAAOAOO EO i1 OEA OOAAERh EO Al AO]
HERE 55, ... LDA

will enter the literal 55in the dictionary and leave its address on the stack at assembly time. (The operation puts
the number that is on the stack into the dictionary aHEREand incrementsH by one cell.) The instructionLDA

encounters the address on the stack and assembles iastruction to move its contents to Register A.

REFERENCES

, (comma), Section 2.7.2

6.7 MACROS

Macros are easily defined in Forth by using definitions that contain assembler instructions. For example, on the
RCA 1802 one frequently uses the operationSECand STRsuccessively on the same register. For convenience,
the macro:

:DST (r) [ASSEMBLER ] DUP DEC STR;;
has been defined. The® DSTassembles the two instructions:
SDEC SSTR

Note the way theDUPIn the definition of DSTallows the singleparameter S to be used by both th®ECand STR
mnemonics.

Macros are mainly a notational convenience)STassembles two instrudions, just as if the expressions had been
written out in full.

The words used to implement the assembler structures (loops ahconditionals) are defined as macros, as are the
code endings.
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6.8 PROGRAM STRUCTURES

#1 10011 T &£ 1TTCEAAT A1l x EO EAT AT AA AU &I OOE®@ FAHDOAT Al AO
although the implementation of the commands is necessdyidifferent. The commands even have the same names

as their hightlevel analogues; ambiguity is prevented by use of separate vocabularies. The following are
implemented as standard macros:

Word Function

BEGIN Puts an address on the stackHERE.

UNTIL Assembles a conditional jump back to the address left BBEGIN. It is preceded by a condition code. The
loop is ended if the condition is met. Common condition codes afs= and 0<, as appropriate to the various
CPUs.

NOT Inverts the action taken for a coulition code.

IF Assembles a conditional forward jump, to be taken if the preceding condition is false, leaving the address of

this instruction on the stack. Itis also preceded by a condition code.

Word Function

ELSE Provides the destination ofIF 8 O HwhbsB address was on the stack) and assembles an unconditional
forward jump (whose location is left on the stack).

THEN Provides the destination for a jump instruction whose location is on the stack at assembly time (left by
or ELSE).

The ELSE clause may be omitted entirely. This construction is functionally analogous to the

IF .. ELSE.. THENAT T OOOOAOQOEIT1T DBOI OEAAA AU &1 OOES6O Al i PEI AOS
0=1IF {code for 0} ELSE {code for not 0} THEN ...
0=IF {code for O} THEN ...

Please note, however, that whereas thie= and UNTIL in high-level Forth remove an item from the stack and test
it, the corresponding asserbler words assemble conditional branches whose action will depend on condition
codes set by the result of a previoumstruction.

Since the locations or destinations of branches are left on the stack at assembly time, the structures
BEGIN ... UNTIL andIF ... ELSE .. THENmay be nested naturally. By manipulating the stack during
assembly, however, you can assemble abyanching structure.

If you wish to branch forward, uselF 01 1 AAOA OEA 11 AAOQGEIT 1T &£ OEA AOAT AESO

AOAT AEGO AAOOET AGEI T h AOET C OEA 11 AAQGEI 1T AAAEELSEor OEA OI
THENto AT | 1 AOA OEA AOATAE j AU ZEITEIC ET OEA AOAT AESGO AAOGO
If you wish to branch back to an address, leave it on the stack WiIBEGINS 10 OEA AOAT AEGO 010

address to the top of the stack ah use UNTIL or a jump mnemonic to assemble a conditional or unconditional
branch back. Be sure to manipulate the branch address before the condition mnemonic since each condition code
adds one item to the stack.

Suppose, for example, you wish to define word LOOK which takes two parameters (a delimiter on top of the
stack with a starting address beneath it) and which scans successive bytes until it finds either the delimiter or a
zero. The number of characters scanned is returned. Here is a definitiohLOOKfor the Motorola 6800:
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~CODELOOK (ac - n) BPUL APUL TSX
0)LDX BEGIN 0)TST 0=NOT IF
0)ACMP 0=NOTIF INX BINC
ROT JMP THEN THEN A CLR
TSX PUT JMP

Here the phrase0= NOT IF (used twice) assembleswo conditional forward jumps which will be executed if the
character scanned is the same as one of the delimiters. If the loop is to be repeated, @tdNC a JMPis needed

back to theBEGIN. Since the intervenindF s have left their locations on the &ck, the backwards branch must be
assembled byROTIJMP. TheROT(executed at assembly time) pulls the address left bBEGIN to the top of the

stack where itisusedadMP® O AAOOET A O BHENSll in tReEdbshniatiorUoh the@Fis A

There are ro labels in Forth. Although you could define them, their futions are better performed by the words
IF, ELSE, THEN BEGIN, and UNTIL. Since CODEdefinitions are usually extremely short, labels are not

particularly desirable; they tend to encourage comlicated flow patterns that are not appropriate in Forth.
6.9 LITERALS

Some processors allow you to define instructions to reference literals. For these, the standard Forth word for
identifying a literal is #. Thus the instruction:

1000 # 0 MOV

would move the literal 1000 into Register 0. A few processors allow a short instruction format for small literals
and a long format for larger ones. In such cases the Forth assembler automatically examines the literal and
generates the appropriate format.

On processors that do not directly support literals, the main technique for supplying them is to compile a literal
AEOAAOI Uh AT A OEAT DBAOO OEA 1 EOAOAIHERE PoRekampl©® O O1 Al

HERE 1000,
CODE FIX 0 MOV ...

In this example the literal 1000 is placed in memory and its address left on the stack. THéOVinstruction
assembles a reference to that address. When executed, the effect will be to move 1000 into Register 0.

6.10 DEVICE HANDLERS

Device handlers should be keptxdremely short, including only the instructions required to pass a value to or
from the stack or to issue a cormand. Consider, for example, a settan character display that is intefaced to an
RCA 1802 as Device 2. This is all that is needed to outpne character from the top of the stack:

CODE (EMIT) (¢) SINC S SEX
2 OUT NEXT

In this example,S INC increments the stack pointer (to get the loworder byte), S SEXsets S as the output
register, and2 OUTsends the character to the devicencrementing S again to complete &2OPR

Given this hypothetical definition of (EMIT) you could define (TYPE) at high-level to display a string of
characters whose byte address and length are on the stack:

:(TYPE) (an) 0DO PAUSE DUP C@
(EMIT) 1+ LOOP DROP ;
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To convert and display a number on the stack, you could defiBHOW
:SHOW (n) () (TYPE);

Here(.) performs the conversion, leaving the address and length of the resulting string fTYPE) . The point
here is that, given the simple codéefinition (EMIT) , full control of the display is available in higHevel Forth.

$AOEAA AOEOAOO AOA EECEI U OAOEAAT A ET 1 AOOO0OAR AADPAT AET C
a discussion of drivers for your processor in youCPU Suplementand useful examples in the system listings.

6.11 INTERRUPTS

4EA DPOAOCGAT AA T &£ &1 OOES0O 1 01 OEPOI COAi T AO j I 6O A AEAx OOA
Forth relatively simple. The principle strategy is to perform only the mostime-critical actions at interrupt time,

to notify the task responsible for the interrupting device that the interrupt has occurred, and to defer all complex

logic to hignl AOAT O OOET A0 AQAAOOAA AU OEAO OAOH®, incrénertil@E £EAAOE
IO AAAOAT AT OET ¢ A AiI O1 OAOh 1O I T AEEUET ¢ OEA OAOESO OOAOGO
the multiprogrammer cycle.

The basic form of an interrupt handler is as follows:
ASSEMBLER BEGIN{code instructions} dev# INTERRUPT

where ASSEMBLERelects the assembler vocabularyGODEdoes this for you automatically but should not be

used because it builds an unneeded head3EGIN pushes onto the stack the address of the beginning of the code

(which will be used by theword INTERRUPT); the code instructions perform the necessary work of the routine;

dev# stands for the device code or interrupt vector to which the routine will respond, andNTERRUPTIs a

OPAAEAT AT AA AT AET ¢ 1 AAOT OEAOT AOEAIORIOODDOEA EADDODBOEA (
address of the code supplied bBEGINin the interrupt vector.

The actual implementation ofINTERRUPTis highly processordependent. On machines with hardwaresectored

interrupts, the implementation merely stores the address of the code in the specified vector address. On such

machines, interrupts incur no additional overhead: only the instrutions in the interrupt routine itself are

executed. On machines in which software must identify the interrupting device, ¢hidentification system is

system specifie consult your CPU SupplementHowever, one popular method is to set the polling routines in a

AEAET h xEOE OEA #0580 EI OAOOOPO OAAOI O PIEIT OET ¢ @i OEA =&
did not generate the interrupt, the first routine executes a jump to the second routine.

On every system conventions are established for the use of registers at interrupt time. On most systems, you may
not use any registers without saving and restoringhem. Save and restore only the registers you are actually
going to use! The usual place to save registers is on the return stack. On systems with only one hardware stack,
the parameter stack becomes the place of choice. On systems with software vestand few registers, one or two
registers are routinely saved and restored so that you may use them freely. Consult ya©PU Supplemerfor
details.

6.12 EXAMPLE

As an example of the action of the assembler, consider the definition of the hitgvel compaison operator 0=.
This word expects a value on the stack. If the value is naero, it will be replaced by a zero (false); if it is zero it
will be replaced by a negative one (true). The code for this routine on the Intel 8086 is:
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CODEO=(n -t 0O POP 00OR
0#0MOV 0=IF 0DEC
THEN OPUSH NEXT

Fig. 6.2 and Table 6.2 show the processor during compilation and execution of this routine. Table 6.3 shows, for
the purpose of comparison, the defirtion of 0= for other processors.

DECOE 0=
58D 58 0 POP
58E 0B CO 00OR
590 B8 00 00 0# 0 MOV
593 7501 596 JNE
595 48 0 DEC
596 50 0 PUSH
597 AD 97 FF 25 NEXT
Fig. 6.2
Disassembly of O= (8086 version) using the polyFORTH disassembler utility (see the CPU Supplement for
details).
Table 6.2
Assembly of O= on the 8086
Instr. Action During Assembly Action During Execution
0 Pushes 0 (Register AX) onto the stack. Pops the top of the stack into

POP Assembles a POP instruction, refer Register AX.
encing Register 0.

Instr. Action During Assembly Action During Execution

0 Pushes 0 onto the stack. ORR O 2ACEOOAO '8 xEOE EOOAI £h
0 Pushes 0 onto the stack. which sets the status bits.

OR I OOAT A1 AOG AT ET OOOOAOGEITT OI Ol 0d

Register AX with itself.

0 Pushes 0 onto the stack. Puts a zero in Regiter AX,

# Pushes 10 onto the stack to indicate without affecting the status
immediate addressing mode. bits.

0 Pushes 0 onto the stack.

MOV Assembles an instruction to move

a zero to Register 0 (AX).

= Pushes 7441 T 01 OEA 00 A ABranghésif thefcondilio®bit€ q
IF Assembles a JNE instruction with do not indicate a zero.
a destination address of zero, and
leaves the address of the destination
field on the stack.

0 Pushes 0 onto the stack, for Reg. AX. Decrements Register AX.
DEC Assmbles an instruction to decre Since AX contained 0, this
ment Register AX. leaves a1 in AX.
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THEN Stores the current value oH (the No action.
top-of-dictionary pointer) in the

address left on the stack byF .

Assembles nothing.

0 Pushes 0 ontahe stack. Pushes the content of Register
PUSH Assembles an instruction to push AX (containing either 0 or-1)
the contents of Register 0 (AX) onto onto the stack.
the stack.
NEXT Assembles the following sequence: Returns to the address inter
LODS W 0 XCHG W) LIP preter.

Table 6.3

Definition of 0=
On the 68000:
CODEO=(n - t) D1CLR S)TST

0O=IF 1#Q D1SUB
THEN D1 S) MOV NEXT

On the PDP11:
CODEO=(n - t) OCLR S)TST

0=IF ODEC THEN
S)0MOV NEXT
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7.0 TARGET COMPILATION

Target compilation was originally developed to crossompile a Forth system from one type of computer to
another. Now target compilation is usedo produce standalone applications that do not require the full Forth
programming environment.
The target compiler is not a single program, but a collection of software tools to solve three problems:

1. How can a system recompile itself? This problem solved by conpiling the new system into an outof-

the-way place. The assembler and compiler are redefined. The process of using polyFORTH to recompile
itself is discussed in Sections 7.3, 7.4, 7.5, 7.6, and 7.7.

2. How can the old system locate object® the new system? This problem is solved with special dictionary
entries, which are disussed in Sections 7.1, 7.2, 7.7, and 7.8.

3. How does the old system differentiate between the dictionary entries of itself and the new system? This
problem is solved by using vocabularies, as discussed in Sections 7.1, 7.2, 7.7, and 7.8.

Other sections discuss diagnostics, debugging and other useful techniques.
The target compiler is a utility which is loaded by the command:

COMPILER LOAD

Subsequently, you load youapplication using a load block which, in turn, loads the source blocks describing the
nucleus primitives and other system support words needed, and finally the application itself. More detailed
information about recommended target compilation proceduress provided in Sections 7.1 and 7.13.

There is a facility for interactively testing target compilable applications before they are target compiled. This

AAAEI EOU EO EI A AT TAE AAI T AA OG4EA OAOCAO skdmnddds@®@E AE1 E (
understand the general meaning (but not the actual process) of certain target compiler words.

REFERENCES

The Target Compatibility Block, Section 7.12

7.1 RESIDENT, HOST, ANDARGET WORDS

Target compilation presumes that two machines existThe machine that already runs polyFORTH and acts as a

ET 00 A& O OEA OAOGCAO AiiPEIAOEIT EO AAI1T AA OEApi@en 006 |
AEgEl 060 EO AAT 1T AA OEA OOAOCAOGG 1 AAEET A8

Three sets of words exist when performing targetompilation.

1. 02AOEAAT 66 x1 OAO AOA OEA 1 OAET AOUh T AOEOA &1 OOE xI ¢
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2. O(1 666 x1 OAO Al i PEI A AREZETEOQOEITO &£ O OEA OAOCAO 0OUOO!/
provide the means by which the host offeréts resources to compile the new target system.
3. 4EA x1 OAO xEEAE xEI 1l AgQGAAOOA 11 OEA TAx OAOCAO OUOOAI

Target definitions differ from normal Forth definitions in that they have two dictionary entries one in the
AEAOET T AOU AAET ¢ Al i PEI AA £ O OEA OAOCGAOnhcoddd intheitargdt ET OEA

AEAQGEI T AOUh AT A xEi1l AA AgAAOOAA tioA for the Fakyet OFdILChAallhd | DOOA O+
constant with special unrOET A AAEAOET O xEEAE vdlileEPGT ACEAEAABCAODAT AEAOL
reference to EMPLACE AAT 1T x(Q8 4EEO OAI OA EO OEA AAAOAOGO 1T &# OEA
dictionary.

The host entry is nd AOOAOU AAAAOOA AOOET ¢ OAOCAO AT i PEI AOET1T OEA

that can be searched. Target dictionary entries may not have names and dictionary links, and may havetiore
code which cannot execute correctly on the host.

The definitions that make up the new compiler and assembler used to produce definitions for the target system
are host words In this section they are called th@ost compilerand host assembler

Resident, host, and target words all have their own vocabula®@ ET OEA EI 0080 AEAQEIT T AOUs8

REFERENCES

Defining Words, Section 2.7
EMPLACESection 7.7

Vocabulary Conventions, Section 7.2
Vocabularies, Section 3.4

7.2 VOCABULARY CONVENTNS

The host system differentiates between resident, host, and target words by usjnvocabularies. If you are not
AAT E1l EAO xEOQOE PilU&/I24(860 OOA T &£ 61 AAAOI AOCEAOKh Ul &6 OET Ol

All of the vocabularies used in the target compiler reside on the host machine. The original polyFORTH system
uses three vocabularies:

FORTH 0001
ASSEMBLER 0013
EDITOR 0015

The last digit is the first vocabulary searched. The numbers are in hedecimal with leading zeros shown. Your
machine may have the digits in reversed order.

Two new vocabularies are used for host words:

Search
Vocabulary Order Description
HOST 0017 TheHOSTAT | PETI AOh O1T 1 AGETI A0 AAI 1T AA OEA OOAOGCAOS A
produce the target program.
ASSEMBLER 0179 The HOSTAOOAT A1 AOh O1T i1 AGEI AOG AAI 1 AA OEA OOAOGCADS
wordsusedtopdi AOAA OEA OAOCAO POI COAI 880 1 OAI ADOS
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In addition to these, FORTHis re-defined to have a search order of 0071 (adding HOSTto the search order).
HOSTand this version of FORTHare alsoIMMEDIATE words, unlike most vocabularies in polyFORTH, meémg
that they will be executed immediately when they are invoked in colon definitions.

If the target system is itself programmable, three target vocabularies must reside in the host with index numbers
similar to the resident vocabulariesFORTHASSEMBLERand EDIT OR but are offset by 10 decimal (04). The

respective hexadecimal assignments for the target versions of the standard vocabularies are:

FORTH 000B
ASSEMBLER 00BD
EDITOR 00BF

The vocabulary conventions for the target compiler are intended to provideyntactically equivalent access to
both the resident and target vocablaries. The target vocabularies are accessed by the host version-6f. Since
the host compiler only uses the host ' , the host compiler will only compile words which have entries irthe
ET 0080 OAOCAO O1 AAAOI "AvdkdAb® ®mpordrily Aubgitltioga vazdoG&dyEskarch patErn
from the variable VOCinto CONTEXTand then performing a resident ' .

VOCOAOOAOG AO OEA CORRENTA Mhat & tohtdI& theAitkimg of new words. It also functions as its
CONTEXTwhen it is used by the host version of ' ). The normal value ofvOCis 000B.

The word TARGETunlinks the most recently defined word from a resident vocabulary of the host dictionary and
relinks the new word into the primary vocabulary of VOC(usually target-FORTH). TARGETIis used immediately

following the definition of a word to create words which will be executed by the target compiler rather than just
compiled. TARGETIs analogous to the residat word IMMEDIATE A good example oTARGED O OOA EO EI
AAEET EOGETT 1T &£ OEA OAOQAsed BldcioZEI &k & syQemAistihgp EThektddgetAapikA O
usually searches only the target vocabularies (according 160G, and thus itscompiler directives must be in the

target vocabularies.

REFERENCES
-', Section 2.6.1

Host (CREATE), Section 7.5.2
Vocabulary Definitions, Section 3.4.2

7.3 DICTIONARY CONVENTINS

The target compiler was designed to be usable for as many types of appliions as possible. The polyFORTH
nucleus is designed to work in either reaebnly memory or read/write memory. The target compiler can there
fore compile applications for two major environments:

1. 4EA OAT 1T OAT OET 1T A1 &6 A1 OEOT 1 1 ATidreadfivrite xrierBolyE The lsyétm OU OO/
probably has a disk and terminals.

2. 4EA OAAAEAAOAAG AT OEOIT 11 AT Oh maadntly inEdadoBly-niemdry, Bitdh COA |
small block of scratchpad read/write memory. All types of memory may need to be mimized if the

dedicated system will be massproduced.

The dedicated environment is more demanding of the target compiler, because two types of memory must be
managed. Reaanly memory can cortain programs and constants, but no variable data. The presemor absence
of read-only memory is the major difference between conventional and dedicated environments.

Revised 8/25/12 181



DBO005 polyFORTH Reference Target Compilation

7.3.1 Dictionary Conventions for Read -Only Memory

Forth creates code which is naturally norself-modifying and can be placed in notvolatile read-only-memory. All
Forth facilities, including multitasking and the targetcompiler, are designed so that they will be usable to produce
a system with a minimum amount of read/write memory.

The majority of dictionary entries in Forth contain executable routires. The rest are labels to data areas. In a
Forth system using ROM (Read Only Memory) the permanent dictionary resides in ROM. Data areas in RAM
(Random Access Memory) are labeled by constants in the dictionary in ROM. The value of the constant is a
pointer into RAM.

Because the target compiler must be able to allocate both RAM and ROM, the target compiler maintains two
dictionary pointers. 'H j DOT 11 OT AAK EOEAXEA AEAOQEI T AOU DI ETOGAO 110606
pointer H. 'H points to the next available byte of readonly-memory. 'R is the dictionary pointer to the next

available byte of read/write (RAM) memory.

These are the words for managing memory. Note that sometimes pairs of words are defined which perform
analogous functions forROM and RAM:

Word Stack Function
WINDOW (a) 4EA O1T AAAOI AOU O1 x EGRTHEefbitoAs a® Angpaded® OUOOAT 80
HDS (-a) Returns the address of the cell containing the number of bytes in a dictionary head,

excluding the cfa.HDS 2+ is the address of the default head length. The head length in
HDSis reset toHDS 2+ by (CREATE). (On 32bit processors HDS 4+ is the address
of the default head length.)HDSand HDS 2+ are set byDICTIONARY.

DICTIONARY (n) Sets the maximum number of bytes in dictionary name ton. A value of zero will let
(CREATE) compile just the code field, and results in a minimum size dictionary of
headless definitions. An interactive target uses 34 bytes, which yields a dictionary link
field, a character count, and upd 31 characters. A code field is always included.
Individual definitions can be made headless by preceding them withjaj OAA 06 | 3#) )
decimal), or they can be given nontruncated names by preceding them with-sf OOE|T AA 6 Q8

DICTIONARY also clears thetarget space to a fill value (typically-1).

HERE (-a) 2A0001 6 OEA AAAOAOGO 1T £# OEA TAgdO AUOGA T £ OGEA OA
the resident HEREbut refers to ROM storage only (not variable data areas, which must
be in RAM).

THERE (-a) 2A0001 6 OEA AAAOAOO T £ OEA TAGO AUOA T &£ OGEA Of
version of HEREused to refer to variable data areas.

ORG (a) Sets the ROM dictionary pointer'H ) to a.

GAP (n) Advances'H by n to reserve n bytes of ROM. Sitar to ALLOT.

Word Stack Function

ALLOT (n) Advances'R by nto reserven bytes of RAM. UsinA\LLOT after WINDOWets'R to an
initial non-zero RAM address. Similar tG6AR

EQU name (n) Creates a host constant without a corresponding entry in the tagg dictionary.

LABEL name Labels a ROM target address location in the host system only, usikdEREand EQU

When name is executed, it returns the target address.
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| Sets the number of bytes irHDSto 0, so that the following dictionary entry has only a
code-field address. HDSis automatically reset to a default after the target head is
created by(CREATE)8 00T 1101 AAA OAAOS j!3#)) pcgtpmnQs

~ Sets the number of bytes ilWIDTHto 31, so that the entire name is compiled for the
following dictionary entry. WIDTHis automatically reset to a default. Pronounced:
OO0EIT AAS

RECOVER Reclaims a cell in the dictionary. Often used after infinite loops or words ending in
STORABORTor QUIT to reclaim the two-byte address ofEXIT compiled by ;.

REFERENCES
~, Secton 1.1.1

7.3.2 Dictionary Conventions for Read/Write Memory

A program compiled for ROM using the tools and conventions described above will work satisfactorily in a RAM
system as well. If you wish to avoid having to allocate pseud®OM and RAM separatelfhowever, running with
data and definitions intermingled in the nucleus as they are in a resident dictionary, you may easily modify the
polyFORTH target compiler to accommodate this.

The definitions that must change are those foW ARIABLE (and its relatives) and ALLOT. In addition, you must
change references tadHERE'R , etc.
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Resident Target Compiler Remarks on Target Version
H Top of host dictionary
H ‘H Top of remote (ROM) dictionary
‘R Top of allocated RAM
HERE ( ‘H @ ) Next available byte of target ROM
HERE ( H @ )
THERE ( ‘R @ ) Next available byte of target RAM
n ALLOT ( H + ! ) n ALLOT ( ‘R +! ) Allots target RAM
n GAP ( ‘H +! ) Allots target ROM
CREATE name
CREATE tname ‘tname’ returns target ROM address
VARIABLE name VARIABLE tname ‘tname’ returns target RAM address
FORTH, EDITOR, FORTH, EDITOR,
ASSEMBLER ASSEMBLER, HOST All but ASSEMBLER are IMMEDIATE
a n DUMP a n DUMP Dumps target address space
Fig. 7.1

Chart showing Forth words used to control memory space in resident and host compilers.
7.4 COMPILATION TO A VIRUAL DICTIONARY
The target compiler produces arentirely new dictionary tailored by a programmer for the target computer.

The new dictionary is constructed in a space apart from the host dictionary, in RAM or on disk. If the target
dictionary is being built in RAM, it will be copied to disk at the endf the target compilation process.

The size of the target dictionary is controlled by the constar#K, which gives its size in units of 1024 (1K) bytes.
It will be put on disk starting at the block whose number is given by the constalNEW

7.4.1 Words th at Differ for Different Types of Target Space

7EAT OEA OAOCAO AT I PEI AOGET1T OAEAO bpiI AAAR OEA AT AA DPOT A«
Instead, space is set aside on disk or in RAM and then accessed by the target compiler through a siedice

independent vocabulary of fetch, store, and compile words. The code is usually compiled to ani8ke buffer

called RAN8 4EEO OPAAA EO OAO AOGEAA &1 O PAOA&EI Oi ET ¢ OAOGCAO AIl
byte of target spacecoincides with the first byte of the target applcation program. In many (but not all) systems,

OEA EEOOO AUOA 1T &£ OAOCAO OPAAA xEIl AA OEA OAOCAO #0580

The target compiler is designed so that it can compile to either a RAM buffer an area on disk. The target
compiler load block contains a line which will be commented:
( Compile to RAM) or ( Compile to disk)

The special words that must be defined for each type of compilation are loaded by that line. You may change that
line so that the target compiler compiles to either disk or RAM. To find the exact block numbers refer to the disk
index at the beginning of your program listing to find the( Compile to RAM)and ( Compile to disk)
blocks in the target compiler section of yousystem disk.
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Certain words are defined or redefined so as to operate in target space:

Word Stack Function

>T (a-a) Translates a target space address into a host address. See the following subsections for
details.

TC@ (a-b) Fetches a byte from targespace.

TC! (ba) Stores a byte to target space.

T@ (a-n) Fetches a cell from target space.

T! (na) Stores a cell to target space.

T+! (na) Adds to a cell in target space.

C, (b) Compiles a byte in the next byte of ROM in target space.

, (n) Compiles a cell in the next two avadlble bytes of ROM in target space (next four available

bytes on 32bit processors.

CMOVE (sdn) Movesn bytes starting from a hostsystem source addressto a target space destination
d.

DUMP (an) Dumpsn bytes to the display, starting at target space address

DICTIONARY (n) Sets the maximum number of bytes that will be placed in a dictionary name o A value

of zero will let (CREATE) compile just the code field address and results in a minimum

size dictionary of headless definitions. The default size is 34 bytes, which gives a
dictionary link field, a character count, and 31 characters. A code field is always

included. Individual definitions can be made headless by preceding them with |a

i OA Aobthey can be given noriruncated names by preceding them witha-j OOET AA6 Q8
DICTIONARY also clears the target space to 0 efl. The fill value should bel to allow

patching in most ROMbased systems.

Depending on where the target space is kept, s@other words, notably FLUSH are redefined. FLUSHoccurs
just once in the target compilation, at the end.FLUSHsaves the target space on disk. On systems which are
compiling to RAM,FLUSHis redefined to copy the target space to the range of blocks wbe start is given by the
constantNEWANd length by#K.

7.4.2 Compiling to RAM

One of the places into which the target compiler can compile code is a memory bufféf bytes in length called
RAM Compiling to RAM is much faster than compiling to disk. Fextensive targetcompiled applications,RAM
may need to be larger on some computers.

The compiled program is always saved on disk at the end of the target compilation; usually in the same place as

xEOE OEAt0cAEOEDPEI AOGEIT T | AEDAICC A EA-t6GMH- i@gprEdt| AGD-ARBDEE QA
Since target compilation compiles to different places, the definition of the wordTj D OT T | 014808 AEGNT CAC

>STOOAT 01 AOAG A T AiT0O0U AAAOAOGO A O OEA OAOQ@A&comldidhET A EI
space. The definition for>T differs considerably between a target compilation to disk and a target compilation to
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the buffer calledRAM When target compiling toRAM>T basically adds an offset to the target address to displace
it into the buffer called RAM. All physical addressing in the target compiler passes through.

Some other words are defined in special ways for RAM compilation:

Word Function
DICTIONARY Clears the RAM buffer, and setdDS the maximum dictionary length.
FLUSH Moves the RAM buffer to disk, to the range of blocks starting AAEW FLUSHshould occur only

once in a target compilation: at the very end.

DUMP Redefined to dump target space to the display.

7.4.3 Compiling to Disk

If memory is limited (for example, if you are one of a number of prgrammers sharing a system with limited
partition sizes), you can compile your program directly to the disk region described in the previous section.

'[he target qorppiler can compilg to either digk or ~RAIyI;'the choicg isALIp,thg user, basAgd‘on hQV_"_TUPt‘A RAIA\/I‘ is
AOGAEI AAT As8 #EAT CA "1 HAVEE @QEGOn T1CH ORAITGIA®I! OGBEAA OGNET ibmBA 1AA

Compiling to disk is slow, but does not require a large region of memory. Compiling to disk is sometimes
necessary whe several programmers are using one machine.

As target compilation compiles to different places, the definition ofT changes. >T translates a memory address

A 0 OEA OAOCAO T AAEET A ET O Al AAAOAOGO A& O pilvg b diski 0O

>T usesBLOCKto treat disk as virtual memory. All physical addressing in the target compiler passes througff.

Some other words are defined in special ways for disk compilation:

Word Function

DICTIONARY Clears the disk blocks of the compilation area (sets all the values b or 0), and setsHDS the
maximum dictionary name length.

CMOVE redefined in high level. Moves from host memory to target space (on disk) usiid_! .

DUMP Redefined to dump target spae to the display, usingl @
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7.4.4 Compiling to a Remote Target

It is possible to target compile directly into a target machine, provided that the machine has sufficient read/write
memory (with the correct addresses at RAM), a serial link to the host, Asn A OOAl EAO6 DOI COAI 8

The talker program must be able to: read a byte from target memory to the serial link; write a byte from the serial
link to target memory; and begin execution at an address given over the link.

An advantage of this form of target comitation is that a targetcompiled system may be interactively debugged

on the target machine. Another major advantage is that the targét1 | PET AA OUOOAT 1 AU OOA
peripherals, such as disks, printer and display. The disadntages are that the system interconnection hardware

may be clumsy to arrange and in most situations, target compilation to RAM gives almost the same or more
interaction.

This is the method of choice for cross compiling Forth to another machine. Typically, a core systs first defined
which performs terminal and disk functions over a serial line connected to the host. Then the system 1/O
functions are added until a freestanding system exists. The final step is the installation of a disk bootstrap.

The words are deined as follows:

Word Function
>T Adds an offset (which may be zero).
TC@ Is a serial 1/0 routine which sends an operation ID and an address, and receives a byte (usually

using STRAIGHT, see references).

TC! Is a serial I/0O routine which sends an operationD, an address and a byte.

Target memory reference is written to useTC@and TC! .

Word Function
EXECUTE Is a serial I/O routine. Sends an operation ID and an address. The target machine jumps to the
address.
FLUSH #1 DPEAO OEA OAOCA GiskGyueigAC@odeich data dver Ene s2i@ablidk.
CMOVE Moves bytes from the host to the target using C! .
DUMP y O AAEET AA O1 AOIi P OAOCAOTO®@AAA O OEA EI 0080 AE
REFERENCES

STRAIGHT, Section 3.7.1
7.5 HOSTDEFINING WORDS
A HOSTdefining word ( see Fig. 7.2 and 7.3) creates dictionary entries in both théOSTdictionary and the target

AEAOQEI T AOUs 4EA OAOGCAO AEAOEmé Felauior antl patardidr 1@IdsO Ehk hostA £ET A
dictionary contains constants that point tothe target dictionary entries.
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Target Compilation

Resident Dictionary Target Dictionary
Head Compile-time code Run-time code
CONSTANT DUP TWIN (CREATE) PUSH NEXT
A A
;code behaviour
» Resident CONSTANT
Head
code
LIMIT field 2
HOST vocabulary code
: 2
Target vocabulary (0B) field
A
» Host EMPLACE
Head
code
LIMIT field addr
Fig. 7.2
Resident Dictionary Target Dictionary
Head Compile-time code Run-time code
VARIABLE THERE CONSTANT 2 ‘ ALLOT JSR | does> @ ‘ EXIT
Ad
;code behaviour
Target RAM
. variable’s
» Resident CONSTANT &
Head value
code
RATE field addr
HOST vocabulary code
. addr
Target vocabulary (0B) field
A
» Host EMPLACE
Head
code
RATE field addr

Fig. 7.3

Fig. 7.2 is a diagram of the structures used and generated by a host defining word us@®DE

FORTH: 2CONSTANT( n)
DUP TWIN (CREATE), :CODE
2 W) PUSH NEXT

(8086 version). Anexample of its use is:

188
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Fig. 7.3 is a diagram of the structures used and generated by a host defining word using the IRSES>

FORTH: VARIABLE THERE CONSTANT
2 ALLOT DOES> @;

An example of its use is:
VARIABLE RATE

REFERECES
Defining Words, Section 2.7

7.5.1 Using HOSTDefining Words

In many instances, an application can be written more conveniently and compactly if defining words are used. A
defining word for a target conpiled application must be loaded after the Fortmucleus and after the host defining
words in Blocks 246250. The nucleus must be loaded so that target reime code is available for the definitions

of CREATEand CONSTANTN Block 250.

A fairly common type of application defining word defines arrays. A resident definition to define byte arrays
would be:

: ARRAY (n) CREATE ALLOT ;

What the above word does is label the beginning of an area of memory (WI@REATE, and thenALLOT memory
to form space for the array. To create an array of 30 bytes nam&dJF, the word ARRAYwould be used:

30 ARRAY BUF
Note that after this definition BUFcan be used in colon definitions to provide an address:
:@BUF(n - n) BUF+ C@;
A host version of the wordARRAYshould be usable in exactly the same way as a residesersion.
If ARRAYwere target compiled without change, several things would go wrong:

1. The host: would compile ARRAYiInto the target dictionary, making it unavailable for interpretive
execution in the host.

2. IfARRAYx AOA AOAEI AAT A ET OE A CREATEO ARREYAAUH llabef dDpoditionGrE A
target ROM, rather than target read/write memory.
Fixing these two problems might yield the definition:
FORTH : ARRAY (n) THERE EQU ALLOT ;
The word FORTHensures that the resident colon compiler compilesARRAYinto the resident dictionary (so that

ARRAYcan be executed). THEREreturns the address of the next byte of target RAMEQU generates only a
resident dictionary entry. Thus, the following sequence isiierror:
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FORTH : ARRAY (n) THERE EQU ALLOT ;
30 ARRAY BUF

:@BUF(n - n) BUF+@;

The error would occur becauseBUF(as created byEQU has no entry in the target dictionary, and thus no address
for BUFcan be compiled into@BUF No error would accur if @BURNd all other words that referenceBUFwere
defined in code, because in a code definitioBUF would be executed intepretively at target compilation time.
Also, the erroneous definitions in the example above are one of very few situations which code will load
correctly with the target compatibility block and incorrectly with the target compiler.

The definition of the host word ARRAYwhich has exactly the same usage as the resident word is:
FORTH : ARRAY (n) VARIABLE 2 - ALLOT;

Note thaO OEA OAOCAO AlVAREBLA HOgra®d i® REM i5 aCONBTANTWhich returns the
address of a cell in RAM. Thus the phraS8ARIABLE 2- is equivalent to the phraseTHERE CONSTANT

Some host defining words need to have special rdtime behaviors. For these instances, the target compiler

provides versions of the words;CODE and DOES> These words may be used exactly as in a resident system,

except that;CODEI 60O AA & 111 xAA Au AT AA ET OEA OAOCAOEO AOOAI Al
word using DOES>»

FORTH : COEFFICIENT (n) CREATE,
DOES>(a) @ *;

The host version of DOES>works differently from the resident version; DOES>is execued becauseDOES>is

IMMEDIATE The hostDOES>compiles a runtime word for itself (see Fig. 7.3) in the host definition of
COEFFICIENT, then compiles an entry point in the target dictionary. The target code at the entry point jumps to

OEA O A Otnde@éfidtiorOfé IDOES>in the target nucleus. After assembling the target entry poinDOES>

AACET O AT i PEI AGETTh AT I PEIEIC OEA OAI AETAAO 1T &£ OEA AAEE]
Al T1TxET ¢ OEA AAEET ET @ emtry poiAtS The 1@sident godion ofAhk Befiriind wokdihds a

compiled value at the end of its resident dictionary entry that is the address of the target rt@ET A BT OOET T & ¢
machine code entry point.

New target words are defined when the hosCREATEmakeO A 4 AOCAO #1101 PEI AQET 1
dictionary, and the code cormiled by the hostDOESSAEAT CAO OEA 1T Ax OAOCAO x1 0O
OEA AAEEI E ltifie mathidedcodd en®ydn the target dictionary.

>: >
ou M
p21
O

Frequently the most compact solution to a problem uses many defining words because defining words of the
same type share code.

REFERENCES

Defining Words, Section 2.7

7.5.2 The Operations of HOSTDefining Words

The first host defining word loaded with the target compiér is (CREATE). (CREATE) is used by all host defining
words to construct dictionary entries. Most of the complexity of CREATE) occurs becausqCREATE) builds

entries in the target dictionary which are either headess or have names and dictionary links(CREATE) has the
following steps:

190 Revised8/25/12



Target Compilation DBO0O05 polyFORTH Reference

It usessEMPLACEDT | AEA A AT 1T O0AT 6 EIT T1TA 1T &£ OEA EI 6680 OA
EMPLACE

It compiles a dictionary link in the target dictionary and links the new entry betweerHEAD} OEA OAOCAC
GOLDENirray) and the previous value inHEAD

YO AT i PETI AO OEA T Ax x1 OA8O0 T AIi A ET OEA OAOCAO AEAODE
The value inHDSj] x EEAE AT 1 0011 0 OEA OEUA 1T &£ OEA x1 OA80O EA/
default value inHDS 2+ (HDS 4+ on 32-bit processors).

The code field address of the target dictionary entry is set to point to the first byte following the code
AEAT A AAAOAOOS AEEO OAI OA T &£ OEA AT AA EEAIT A AAAOAC
immediately, unless the code field address is chaad (as it is after the nucleus is compiled, when target

run-time behaviors are available).

When HDShas a value of 0(CREATE) skips Steps 2 and 3, thus compiling only a code field address in the target

value in HDS 2+ at the end of(CREATE). HDS 2+ was initially set by the value intoDICTIONARY (HDS 4+ on
32-bit processors). (See Block 181 ofour system listing and the reference below).

Some target constants, addresses, and variables need to be accessed during target compilation. Since the values

£ O

OxET

OEAOA x1 OAOG AOA E1T OEA OAOCAOG8O AEAOEITWWGOreales DEAU
AEAOGEI T AOU AT 60U 1T £ OEAOA tidnhry, 0 HradidénOvocatldmh OAOOA O A D,

Some host defining words only make entries in the host dictionary. The two most notable d&€Uand LABEL.

Command Action

n EQU name Defines a resident constant of valu@ whose name isname Saves space in the target dictionary.

Note that a word created byEQUmay not be used in a target colon definition.

LABEL name Defines a resident constant with the value oHERE Useiil for labeling assembly language entry

points. Note that a word created by ABEL may not be used in a target colon definition.

REFERENCES

DICTIONARY, Section 7.3.1
EMPLACESection 7.7

7.6 THE HOST ASSEMBLER

4 EA

ET OO0 AOOAI Al A0 EGHD AAABAT AIAA O ARA DEBRO O OBDCROOAT AT AO

not confuse this with the assembler that will run on the target machine. We will use the following definitions in

this section:
Word Description
Resident Assembler Resides in the residentvocabulary called ASSEMBLERN the host computer, and
assembles code for the resident system.
Host Assembler Resides in the host vocabulary calledASSEMBLER assembles code for the target

system during target compilation.
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Target Assembler Resides in the arget system, and is not execable in the host. Will be the target
OUOOATI 80 OAOEAAT O AOOAI Al AOs

If the host and target have the same CPU, the host assembler source is identical to the source for the target and
resident assemblers. The host assembler baves differently because and C, , the lowest level conpiling words
in the assembler, areHOSTAA £ZET EOET 1 O xEEAE AT i DPEI A O OEA OAOGCAO8O AA,

At the beginning of target compilation, before the target nucleus is asséied, no target behaviors &ist, not even

NEXT. The host assembler is the part of the target compiler which creates the fundamental target belwais. The

word which first creates the heads (name, length, dictionary link, and code field address) for the host assembler is

(CREATE). (CREATE)EO OOAA ET OEA ET 00 CADEGAWeA bshi@ dater hAsA definingg OET T 1
words. (CREATE) OAOO OEA AT AA EEAT A AAAOAOGO 1T &£ OEA OAOGCAO AEAC
parameter field (see Fig. 7.2 and 7.3).

Note that if a different assembler is loaded by Block 240, and that if the source code is correct for the new
assembler, the type of CPU is unimportant to the target compiler. Target compilation forms a very powerful cross R
compilation facility (not surprising, asA 0T 00 AT I PEI AOET 1T xAO OEA OAOCAO Al il PEI £

REFERENCES

(CREATE), Section 7.5.2
CODESection 6.1

7.7 THE HOST COMPILER

4EA ET OO0 Ai I PEI A0 EAO AAAT AAI T AA OEA OOAOCAOGS AT I DPEI Ac
machine. Do not confuse this with the compiler that will run on the target machine.

Word Description

Resident Compiler Resides in the resident vocabulary calledFORTH Compiles highlevel colon definitions
for the resident system.

Host Compiler Resides in the hostvocabulary called HOSTduring target compilation, and compiles
colon definitions for the target system.

Target Compiler Resides in the target system and isnoteReOOAAT A ET OEA EI 008 7EI T A
colon compiler.

The host compiler thewad]h DOIT T 1 01 AAAd OOECEO AOAAEAOG6Qq EO OEI Pl ADO (
compiler looks up words and executes their host dictionary definitions. The result is usually to compile

something (such as the target address of the word) in the taeg dictionary. If a word cannot be found, the host

compiler attempts to convert it to a number, and compile the number in the target dictionary. The host compiler

AATTT O AA 11T AAAA O1 OEl AEOAO OEA OAOCAOG&eGs targbtAaddksseds EO A OC
for the run-time behaviors of literals,: ,; , and all compiler directives such a®QIF , etc.

When the host compiler executes the host definition of a word, the rutime behavior of the word actually
compiles values into target addres space. The most common example of such a ftime behavior is the word
EMPLACE EMPLACEcompiles the addresses in every highevel word in a target compiled system. EMPLACE
contains the runtime behavior of (CREATE) (which creates target dictionary heads, with a parallel entry in the
EIl 0080 OAOCAO Oi AAAOEMRRACKGHE 8he residént varkidn REONSTAR I cdnipile a
TAi AA OA1 OA ET A OAOGCAO OI AAAOI AOU 1 A BEVMPLACHS bxécltédGby AEAOE
the host compiler, for example) the rurtime behavior of EMPLACEAT | PET AO OEA x1 OA80 OAI
available cell of readonly memory in target address space. The words defined lIMPLACElways have values

which are the target addesses of target parameter field addresses.
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A typical definition of EMPLACES:

: EMPLACE (a) LOG CONSTANT TARGET
DOES> @ 2- ,;

LOGproduces an entry in the compilation log.CONSTANTEompiles the target address on the stack into a resident
vocabulary of the host (probablyHOST. TARGETrelinks the dictionary links to the new word, so that the new

xT OA T Au AA &£ OT A ET OEA EI 0080 OAOCBAES>EompildsAdthrgeOE A O8
address space because the comma is from th¢OSTvocabulary.

Compiler directives and similar immediate words are placed directly into a target vocabulary of the host, to be
executed by the host compiler.

REFERENCES

(CREATE), Section 7.5.2
IMMEDIATEWords, Section 2.8.8

7.8 TARGET DEFINING WORB
There arethree levels of system that can be produced by means of target compilation:
1. Non-interactive? Usually a dedicated controller of some sort. All dictionary entries are headless.

2. Interactive? Some dictionary entries have heads. The text intpreter and at least one terminal exist in
the system. An interactive system is a superset of a namteractive system.

3. Extensible Words exist in the target dictionary which can define more words in the target dictionary.
An extensible system is a superset of dnteractive system.

Target defining words are the words which make the third level possible. Target defining words are essential
DAOOO 1T £ UI OO0 PilTU&/I24( AAOGAI T PIi AT O OUOOAI 8 4EEO OAAO
words are ddfined during target compilation.

Target defining words may have both a compilktime and a runtime behavior. The basic target defining words
have runtime behavior which is code in the nucleus. To see an example of such a word, see thetime
definition of CREATERN Block 184, and the compiletime definition in Block 226. The labeled gap which precedes
the run-time code (in Block 184) will contain the highlevel colon definition of CREATE O A I-tim® fiehafior
(from Block 226).

The compiletime and run-time behaviors must be physically adjacent in memory because of the method used to
transfer the address of the runtime behavior to the codefield-address of the defined word.

Target defining words are an example of one way to handle forward refencesin Forth. Before the compiletime
definition is compiled 'H is set to the beginning of the associated labeled gap with &RG The compilation fills in
the gap left when the nucleus was assembled. When all forwardference defining words have been comifed,
OEA AT I'Hbi&resht@dvdere it pointed before theORGof the first forward -referencing defining word.

Forward referencing is not recommended because it creates unnecessary colexity. Although techniques have
been developed to eliminate foward references for the nuclear defining words, the techniques are still contro
versial because they consume slightly more space and time in critical system functions. Only six forward
references exist in most polyFORTH systems, they are:(colon), CREA'E, CONSTAN,JUSERX, andWORD
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REFERENCES

'H , Section 7.3
Defining Words, Section 2.7

7.9 TARGET COMPILATION 6 TASKS

The target compiler and multitasker are individually complex, so that target compilation of a system with multiple
tasks is not a simpleprocess.

A task is set up in three steps. First, the task must be defined and its mamallotted. Second, the task must be
initialized and linked into the round-robin. Third, the task must be activated with a program to run.

A FORTHask occupies tworegions of memory. One region contains:

1. Addictionary head,

2.1 Pl ET OAO SIATUGEIA OAOEGBO
3. 'T AAAOAOGO 1T &£ OEA AT OO1TiI 1T /&£ OEA OAOGESO PAOAI AOAO
4. Interminal tasks only, a table of devicalependent initial values for user variables.

The above part is unchanging throughout execution, and may reside in reatly memory. The other part, which
must reside in RAM, contains:

1. Both stacks,

2. The status cell,

3. The user variable area, and

4. On terminal tasks, the dictionary and input nessage buffer.
Since this part resides in read/write memory, it must be initialized every time the target system powers up. Task
definition and memory allotment must occur during target compilation. Memory is allotted for background tasks
by the word BAGKGROUNDand for TERMINAL tasks by the word TERMINAL The target nucleus and host
defining words must be compiled before a target task can be defined wiBACKGROUNDFor TERMINALtasks,

not only the nucleus and defining words, but also any deviedependent routines must also be loaded before a
target teminal task is defined. All useful multitasking functions must also be loaded.

The easiest method is to modify the multitasking definitions in Blocks 3@2 to make the definitions target
compilable. Versons of the task defining words that are suitable for target compiling are given in Blocks 25%54.

The word PROMPTheeds to be changed so th&YSTEMs replaced with a greeting or behavior appropriate to the
application.

REFERENCES

Application Defining Words, Section 7.5.1
Multitasking, Section 4.0
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7.10 CONSERVING MEMORY

It is particularly important to ROM-based applications that they occupy a modest amount of memory. The cost of
each ROM including burning, testing, and general handling can strongly impact both the production cost and
field reliability of high -volume ROMbased products.

Several techniques for conserving memory are covered in this section, notably: pruning, ceslearing, use of
RECOVERand head minimization.

Pruning is the process of renoving parts of Forth unneeded by an appliation. The system source code for Forth

is grouped into blocks by function, so that related words are together. When an entire facility is unnecessagyy,

OEA OAOCAO OUOOAI 80 Al | brot Idadeq fby tideEldad blokki ok Bh® targeEomplédUu A OA
application. Several thousand bytes may be recovered in this fashion. The facilities most commonly deleted are:
assembler, compiler, editor and disk support. Nointeractive systems may also prune th interpreter, dictionary
management and possibly the terminal drivers. Note that if a system is sold which contains the compiler or
assembler, FORTH, Inc. is entitled to royalties (see your Licensing Agreement).

If the memory size is critical (as in a sstem which will be massproduced), pruning can be done within blocks.
One way of doing this is to copy the source blocks of the nucleus, and then delete all unused Forth primitives from
the copies or move their definitions below arEXIT to reserve them fa future use.

Pruning is the last step of producing a target compilable program as much debugging as possible should be done
first. Pruning usually only requires a few hours, even on large projects.

Code sharing is another powerful conservation techniqgueCode can be shared in three ways: by subroutines, by

AT AR xEEAE EOIi PO ETOI AT1T OEAO x1 OA60 AT AAh AT A AU AAEE
amounts of code sharing occur naturally. Sharing code by jumping to the common sectionrésitine Forth

practice? useLABELs to mark entry points; they are more convenient than usinglERE For example, in an 8086

based system, the two following pieces of code will target compile into the same code:

CODE EXECUTE (a) W POP LABEL execute
W DEC W DEC W) LIP

CODE @EXECUTE (a) W POP W)W MOV
W 1 MOV 1INZIF execute IMP
THEN NEXT

With HERE the code is somewhat less readable:

CODE EXECUTE (a) W POP HERE W DEC
W DEC W) LIP

CODE @EXECUTE (a) W POP W)W MOV
W1MOV 1INZIF SWAP JMP
THEN NEXT

If the application has many words which end with a jump to a particular entry point, a custom code ending (a
colon definition in the assembler vocabulary containing the words to assemble the jump) may be appropriate.

The use of defining words is a powerful, frequently neglected technique that allows words to share code. In a

control application which uses a few standard delays in many places, the following defining word would save
memory:
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FORTH : DELAY (n) | CREA TE ,
DOES>(a) @ MS;

1000 DELAY SECOND
60000 DELAY MINUTE
300 DELAY 300MS
40 DELAY 40MS

Compare the source above with the following:

| : SECOND 1000 MS ;

| : MINUTE 60000 MS ;

| : 300MS 300 MS;

| : 40MS 40 MS;

Not only is the first solution easier to read and use, it also saves 12 bytes, and gives an equivalent result. The
savings increase as the number of similar words increases.

To see why this technique saves space, look at the defining woBIELAY. The word compiles a target ade field
address followed by a singleprecision delay. Only two cells per delay word exist in the target dictionary. THe
i DPOTTT O1T AAA OAA OoHDStédn(pdrily th feko AeAsurindthatefén is not compiled to the target
for each delay vord.

Each time a standardized delay is used in a colon definition, it will require only two bytes in the target, instead of
the six bytes required for a literal followed byMS In addition, each new delay word only requires four bytes (a
CFAand a value), instead of the ten bytesQFA LITERAL, value,MS EXIT) required by an ordinary colon
definition.

Defining words are also sometimes useful for defining standardized output sequences to particular devices. If
defining words are used for ouput, each defining word should define a very particular output style for a
particular class of devices, rather than trying to do everything. The worthSGs an example of a specialized 1/0
defining word.

The bar used in the example above may be placed before the colonGf®DDEof any definition which does not need
to be accessed interactively at rustime in the final target. If all the definitions of an application can be headless
(as in a calculator, forexample), the argument intoDICTIONARY should be zero. DICTIONARY sets the default
name length and clears the target compilation space.

Some colon definitions are an endless loope(g, QUIT, andINTERPRET). On these, theEXIT compiled by ; is
superfluou® 8 4EA 1 A0O0 AAI1T Al 1l PEI AARECOVER Wokls corieinihdACTIVATEA A 6
may also useRECOVERRECOVERay be used in resident applications as well.

REFERENCES

ACTIVATE, Section 4.5

Application Defining Words, Section 7.5

Code Ending, Section 6.2

LABEL, Target Compatibility Block, Section 7.12
MSGSection 2.7.6.3
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7.11 POWERUP INITIALIZATION

The point of the powerup initialization routine is to force all I/O devices and critical memory areas €.g, the
Forth system variables and hbck buffers) into a known state before enabling interrupts and starting the
application program.

Power-up code is sometimes difficult to debug. Therefore, the most common strategy for initializing a Forth
system is to move from machine code to a higlevel definition as quickly as possible.

The following steps are most often followed:
1. Disable interrupts (if necessary).
2. Set up the Forth registers §, 1 , Rand on a multitasking system})).
3. Perform any necessary hardware initialization.
4. ExecuteNEXT.

NEXTAGAADOOAO OEA O] shigshduld Belsét @Ah@ @ddrasd of the parameter field of a higavel
power-up routine. The highlevel power-up routine is often application-dependent. The higHevel routine should
be debugged as thoroughly sipossible before it is run on the target machine or as a poweip routine.

For an example of a powewp routine, see the initialization/power-up block of your polyFORTH system listing
and theCPU Supplement

REFERENCES

Diagnostic and Debugging TechniqueSection 7.13
The Address Interpreter, Section 1.1.6

7.12 RESIDENT TESTING OFARGET APPLICATIONS

An important principle in Forth is to keep the programming and debugging cycle as interactive as possible. When

a target machine and the host machine have ¢hsame CPU, it is usually most convenient to do as much debugging

as possible in the host. When applications are target compiled, certain words are available which are not
normally available in a resident system. Therefore, to allow target compiled apphtions to be debugged in the
ORAOGEAAT O OUOOAI h OEAOA EO A AlTAE AAI 1T AA OOGAOCAO Aili PA
compatibility block is loaded at the beginning of the application load block during resident system testing.

The target compatibility block contains definitions for words which are often used by targetompiled
applications but which are not normally defined in a resident system. The definitions in the target compatibility
block are minimal definitions that will allow almost all targetstyle source code to be loaded in a resident system,
and still emulate as closely as possible the target system behavior.

The principal difference between the resident and target environments is that during target compilation therare
three distinct memory areas available, with allocation pointers to each. These are host RAM, target RAM and
target ROM. In a resident system, there is only one memory area available for compiling: host RAM. The target
compatibility definitions pr ovide a separate region of host RAM analogous to the target RAM area, where the
values ofVARIABLEsS, etc. will reside.

The size of this RAM region must be on the stack when the compatibility block is loaded. Thus, to reserve 2K
bytes of RAM, the approprige phrase would be:
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2048 252 LOAD

This memory will be taken from your user area, so you must ensure that your user area is large enough to contain
the application plus the RAM buffer.

The target compatibility block provides a very useful level of interactie debugging not usually available on cross
compilation systems. It is not difficult to produce source code that works correctly with both the target
compatibility block and the target compiler. The following table gives the words usually present in arget
compatibility block, along with a degription of their functions and the significant differences, if any, from the
corresponding target compiler definitions.

Note that these words behave this way only when loaded from the target compatibility blocklhe target compiler
versions are different, but equivalent. You may wish to refer to your system listing of the compatibility block and
the target compiler as you read the following table.

Word Stack Function

R (-a) %i 61 AOAO OEA (phidg fbdhe dekt iamitableAbgté @ RAM. Note that a
buffer is allotted to emulate the RAM in a system. The size of the buffer must be on the
stack when the target compatibility block is loaded.

THERE (-a) Pushes the address of the next available ytof simulated target RAM onto the
parameter stack. HEREs assumed to put the address of the next available byte of ROM
on the stack.

ALLOT (n) Allots n bytes in the simulated RAM. The corresponding word for ROM GAR GAPis
rarely used, as variable arrays cannot be defined in ROM, and tables of constants are
defined using commas to compile each value.

ORG (a) Sets the value oHwhich is the pointer to the next available byte of simulated ROM. Note
that one must be caréul using absolute addresses foORG because addresses during
resident testing will be different from those in the target compiled system. Absolute
addresses may also lead the compiler to ovenrite the resident system. Alternatives to
absolute addresse are to use labels (defined later in this table) or offsets frollERE

TARGET %l 601 AOAO OEA O1 AAAOI AOU AEAT CAARGEDRIRGERA AU
changes the precedence of the most recently defined word so that the word is immediate
and will be executed at compile time.

HOST A dummy definition that sets CONTEXTo be FORTH the vocabulary containing the
resident definitions. HOSTis IMMEDIATE so that it will be executed when the
compiler sees it in a colon definition instead of compilingt$ address.

FORTH Differs from the resident version in that it isSIMMEDIATE

VARIABLE name Creates a constant whose value is the address of a cell in RAM. Used exactly like the resident
equivalent; the difference is that the parameter field and the valuare segregated in

ROM and RAM.

CVARIABLE name Creates a constant whose value is the address of a byte in RARVARIABLE s not
available on processors such as the L3L which require alignment on even byte
addresses.

LABEL name Creates a constant whosegalue is an address in program memoryLABEL is often used

to provide entry points in assembler routines. In target compiled codd ABEL adds
nothing to the code becausé ABEL creates an entry in the host dictionary rather than in
the target dictionary. In the target compatibility block, LABEL produces a dictionary
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entry whenever it is used even in the middle of assembly code! To make this
transparent, the compatibility version of LABEL assembles a jump just before the
dictionary entry to the point immediately after it.

n EQU name (n) Creates a constant with a value aof. In the taget compiler,EQUcreates a constant in the

host dictionary which is only available during target compilation. The target
compatibility block version is a normal CONSTANTThe target version ofEQUmay be
referenced in code or interpretively, but may not be referenced inside a colon definition,
because there is no target definition to compile a reference to. This is concealed by the
compatibility version, which, being a mrmal constant, may be referenced anywhere.

Words defined byEQUand LABEL can not be referenced inside target compiled colon definitions. Words defined
by EQUand LABEL may be used interpretively and in assembler code, but not in colon definitions, becsaitheir
OAOCAO Aii PEI AO ANOEOAI AT OO AT180 AOAAOA A OAOCAO AEAOQI

If you make use of vectored execution, please note that the resident versionA8SIGNmust be changed in order
to be correctly target compiled.

An example of a resident version bASSIGNis:
:assign (a) R>2+ SWAP!;

: ASSIGN (a) BEGIN COMPILE assign
COMPILE[2 - @,]; IMMEDIATE

The resident version must circumvent the fact that in a resident system, the wordOAT 1 116 EO EAAAIT A(
the phrase in brackets. Wen target compiling, an equivalent definition 0fASSIGNis:

;assign (a) R>2+ SWAP!;

FORTH: ASSIGN (a) COMPILE assign
colon, ; TARGET

ASSIGN stores the address of the behavior followingASSIGNinto the address on the stack.ASSIGN must be
used in a colon definition.

REFERENCES

Vectored Execution, Section 2.4.8
7.13 DIAGNOSTIC AND DEBUGING TECHNIQUES

The basic principle behind speedy debugging is to keep the debugging pess as interactive as possible, as long
as possible. Whethe target and host have the same CPU, it is easy to test code interactively.

A facility which is sometimes useful is the target compilation log. Every time that an entry in the target dictionary

EO AOAAOAAR OEA 11 ¢ OUPAOI ZEARAEAT ZB06O RADA AEAOBEAARAA
can be turned on by taking the.OADcommand for the log out of its parentheses in the target compiler load block

(Block 240). The log is not usually used for routine target compilations because the extra I/O slows compilation

and clutters the screen. To use the log with printer output its necessary to define alERMINALtask for the

printer with adequate memory to target compile the application. The printer task is made to perform the target

compilation.
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The target compatibility block is included in the system specifically to allow a tget-compilable application to be

compiled and run by a resident system. The resident system should have appropriate interfaces to allow

thorough program debugging. Once the application works correctly in the resident system, it can be target

compiled ard run in the host again. If it is possible to cycle power (or simulate cycling power with a reset button)

without memory loss, the powerup initialization routine can be tested directly. Alternatively, the target

compiled application can be moved to theproper (or the least nonET OAOZAOET ¢q bPI AAAO ET OEA
memory to simulate the target system. The application can be initialized by jumping in machine code to the first
instruction of the power-up initiali zation routine. Be sureto keepthA O | OA6 O1 OOET A ET A b
be copying on top of itself.

S
p2

If the system refuses to do anything at all when the poweunp code is executed, almost certainly there is a

problem in the power-up initializaOET T  O1 OOET A | A E®A @herkcdde Alreadyl). Oiovénh sorbeA OO A A
simple visible signal, for example: toggling a console light or forfeeding a page on the printer. Place this signal

code so that it will be executed as early as possible in the powap sequence. If the signal des not occur, there is
something seriously wrong with either the machine, or your undestanding of it. Read manuals carefully before

calling a technician. If the signal does occur, you can move the signaling routine to verify that each phase of
power-up initialization occurs correctly and isolate trouble spots. A good signal for higkevel code is to send
consecutive numbers to the alreadyinitialized terminal. Insert in your code:

. 1. words 2. words 3. ...
and your screen will indicate thelatest spot successfully reached.

Once you have tested as much of the software on the host as you can, it is time to mate the software to the target
hardware. The most difficult situation is a reaeonly memory application running on a target which has a
different type of CPU than the host.

Deskcheck the program until no errors are found, then targetompile it with the log turned on and program the
read-only memory. Using the log with a haretopy device will make it possible to determine where to insert o
DAOAEAOh 1 O xEAO OEA 11 CEA AT Al UUAO 1 AAT O j EE£ Ul 660A OOE

Test the software in the target. If the system does not come up, then go through the same steps described above
for bringing the application up on the host (moving a signal through the pragm). Remember that each iteration
reduces the number of errors tremendously. Be sure that you find an error or verify program correctness on
every iteration.

One of the problems with readonly memory is that it takes time to erase. It helps to have orfePROM chip set
under the ultraviolet lamp and another in the computer (emember: as interactive as possible). If you routinely
have readonly memory applications, you may find it worthwhile to construct a RAM simulator which uses read/
write memory but can be programmed by the host.

'l OAOT AGEOAT Uh OAOEAO OEAT EOAOAOQOETI ¢ xEOE %02/ -0h UT O iA
the system through a serial link choose your strategy and stick to it. Serial link compilation is much easiéor
large systems containing mostly RAM.

When the system comes up and seems to be working, remember to test the application as exhaustively as you did
on the host. The small problems that remain will not be found otherwise.

REFERENCES

RELOADThe Forth Botstrap, Section 3.8
Serial Link Compilation, Section 7.4.4
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8.0 DATA BASE SUPPORT

The polyFORTH Data Base Support option is a set of tools witthich you can design efficient data base
applications or components for general applications.

The Data Base Support option includes:

£ A simple diskoriented file manager.

Z Commands for defining records within files and fields within records.
Tools forgenerating columnar reports.
Utilities for producing totals and subtotals.

Techniques for linking subfiles to main files and for chaining records within files, and;

M ™M ™MW MW

A set of words for creating ordered indexes (for keeping sorted lists).

8.1 OVERVIEW
DI 1 U&/I24( DOAOGAT 6O EOO $AOA "AOGA 30pPI OO0 TDPOEIT ET OE?Z
developer, to create a data base design that reflects the natural organization of the data itself.

Before you begin constructing a data basepalication, you must understand a few simple premises that underlie
OEA AAOGECT 1T &£ OEA $AOA "AOA 30bpPI 00 1 POEIT S8 &EOOONh 1 Al

A data baseis the complete set of organized data that is available to the computer. A ddtase is divided into
related groups of data callediles. For example, a file might contain the names, addresses, and phone numbers of
all your clients.

A file, in turn, is divided intorecords A record might contain the name, address and phone numberr fa single
client. For every client, there would be one record in the file.

A record is itself divided into a collection ofields3 &1 O ET OOAT AAR TTA EEAT A T ECEO

In a data acquisition environment, a file might contain a set of readjs taken during one experiment. Each record
could contain the set of measumnents taken at a single point in time during the experiment; each field could
contain the reading of a different measurement. In this case, you might have numerous files, eaghtaining the
data obtained during one run of the experiment; however, the records in each file would be laid out identically.

Many applications require multiple types of files that relate one to another. Suppose you want to record all your
invoices,usl ¢ AT O! AAT 061 60 2AAAEOAAI A6 DOI COAi8 )T OEA Al O60C
same client. Rather than duplicate the name and address of the clients every time you bill them, it makes sense to

have one file for the client data, an@nother file for invoices. Each invoice record can point to one of the clients in

OEA AI EAT O EEI As yl OEEO xAUh TTA £EI A AAT OOOA6 AT T O
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8.1.1 Contiguous Files and Performance

A premise of the Data Base Support option is that you are a knowledda programmer concerned about
performance. Its approach allows you to design the data base for optimum efficiency.

In contrast, typical data base packages are intended to simplify data base construction for Rprogrammers.
These packages do not requir¢hat you think about how your data is organized. On the down side, you lose the
ability to structure your data base in the optimal way. The price for greater generality is impaired performance
and increased size of compiled code.
In a disk-oriented data base application, the key determinants of performance are:

1. How many physical disk accesses are required to access a logical data item?

2. How much head motion occurs during normal operation?

If you can minimize the number of physical accessagquired and the disk head motion, you can maximize
performance.

Disk Memory

blocks

First file

Second file

Fig. 8.1

In polyFORTH, a file occupies a contiguous range of blocks on disk. A file may be any size (using whole blocks)
up to the capacity of the disk. There is no need for a file allocation table.
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The polyFORTH Data Base Support option addresses both issues stamgously by imposing a single restriction:

a file is a contiguous region of blocks on disk4 EEO | AAT O OEA OUOOAI AT AO 110 AO
interweaving them ondisk as they expand and contract. Files are not fragmented across the disk, and there is no

need for a file allocation table to point to the fragments.

Instead, you specify the maximum size of each file when you create the file, and assign it a contiguange of
blocks on the disk. Although this requires some thought, there are several advantages:

1. Since files, and therefore records, are contiguous, the exact location of any data element can be calculated.
Thus any data element can be accessed in agle physical disk access. In traditional operating systems
and file managers, an application cannot know from a record number where that record lies physically.
The location must either be looked up in a directory, or found by following a set of chainkeportedly,
one popular operating system requires up to six disk reads to access a single logical record.

2. TEET A AAAAOOET ¢ OAOET OO0 Al Ai A1 00 xEOEET A OET GCI A £E
distance occupied by the file. Head ntion is minimized.

3. You have control over the arrangement of multiple files in relation to one another. For instance, if one file
serves as an index into another file, you can place these two files adjacent to each other on the disk.
Again, head motion $ minimized.

These benefits assume that you are running on a native polyFORTH system. If your polyFORTH runs under
another operating system, performance depends on the way that O/S treats the disk.

Just as files are contiguous and of fixed length, so tate records and fields. Again, although variabliength fields

require less thinking on the part of the user, they necessarily degrade performance. Fixemgth fields do not
necessarily imply fixedlength amounts of data, because a variable number of lsordinate records may be

AEAET AA O1I CAOEAO AO T AAARAOOAOUS i 7A811 A@bli i OA OEEO OA.
Since the primary bottleneck in diskbased file systems is dislaccess time, minimizing this bottleneck achieves
surprising efficiency. For exanple, one company sells a data base system which uses the polyFORTH Data Base
Support option to handle 300 Mbytes of data and support 64 simultaneous users with under osecond response

time even at peak load, on a single 68000 microprocessor.

REFERENCES
Disk Block I/0O, Section 1.2.2, 3.2

8.1.2 Current Files and Records
Another concept that is fundamental to the Data Base Support option is the notion that at any given moment,
AGAAOI U TTA E£EI A EO AOOOAT O AT A 1 isdhear ByAfil©eingc@reh OO OAT 08

We mentioned that a file is simply a contiguous, fixetength range of blocks on the disk. There is no file
allocation table on the disk, nor is there any other indicator of which blocks constitute which file. The knoedge

of where each file begins and ends resides within the application code, specifically in a small table that you define
for each file (using the defining wordFILE , Section 8.3). This table is calledréle Definition Area(FDA).

"AEEO [ AAT O OEAUBOA PEUOGEAAI T U Ail1OECOI 60 i1 A AEOE OOGDDPI O00OA
resident with another OS use its files to contain blocks, and thus rely on the host OS to manage disk.
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The name you give thigable is the name of the file itself. The table contains the starting block number, along with
sufficient information about the number and size of records for the Data Base Support option to be able to
calculate the absolute location of any record in thdile.

When you invoke the name of a file, the file definition places the address of its parameter field in a user variable
called F#. All record-accessing operations in the Data Base Support option use this pointer to indicate the current
FDA, which in urn points to the blocks where the desired record resides.

Thus, at any given moment, one and only one file is current. Changing files is a simple matter of invoking the file
name, which places a new address i#, taking only microseconds.

ContrastOEEO xEOE OEA POiI AAOO 1 £ O pahdpdtdting ysténis.Aln thekd siseid, C6 EE |
each open and close operation requires noticeable disk activity to read in the file directory and write it out again.

For this reason, the questio of how many files can be open simultaneously is a concern in such systems. This

AT TAAOT AEOAPPAAOO xEOE DI T U&I24(80 $A0A "AOA 30PDPT OO 1P

Program Memory Disk Memory

user variable v
F# pointer to current file

filename normal |

dictionary | First file
header
ORG starting block #
File Definition LIM max. # records
Area (FDA) B/B bytes used / blk
| B/R bytes / record
v
filename
4 orRG |
LIM 1 Second file
B/B
B/R
Fig. 8.2
For each file on disk there is a file definition in the dictionary. This definition contains four parameters describing
the | ocation and di mensions of the corresponding file.
7A AAT O0O6i 1 AOEUA OEA AAT OA AEOAOOOEIT AU OAUET ch O&EI AO
OEAO O2AAT GAGDTAOA T8l EOAGM 86

Just as there is always a current file, so there is also a current record, the number of the current record found in
the user variableR#. All the dataaccess operators refer to specified fields within theurrent recordin the current
file.
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The polyFORTH Data Base Support option is once again unigue in this-capt. Many data base packages actually
read in an entire record from the disk, then allow access to the fields within it. polyFORTH merely makes a record
current; disk access aly occurs when a field name is invoked in combination with a field access operator.

This design takes advantage of the behavior 8LOCK(Section 1.2.2). Whenever a single field is access&d,OCK
reads the entire block in which that field resides. If mitiple fields in the record are required in the same
operation (such as displaying all fields in the record for a report), it is unlikely that the block buffer will be reused
before all the fields can be displayed. (Should this happeBLOCKwill automatically read the block again.)
Moreover, it is even likely that references to neighboring records in the same block will also not require physical
disk accesses.

An important advantage to not reading the record physically is the certainty that at any givemoment only one

copy of each record exists. Systems that read a record into memory face the problem of two users accessing the

OAI A OAAT OAh AT A EAOEIT ¢ AEEEAOAT O AI PEAO | £ EOS 311 0E
complicate the system and reduce performance.

The file and record pointers are entirely independent of each other. Not only can you select records without re
selecting the file, you can also change files without affectirRy.

From time to time in your applicationyou may want to leave your current file and record temporarily (perhaps to_ .
AgAT ETA T O AEOPI AU A EEAT A &£OITiI A OAI AOGAA £EEI Agardl A OA
R# temporarily:

Word Action
SAVE pushesR#and F# onto the return stack.
RESTORE pops those items off the return stack and places them R# and F#.

Naturally, you must useSAVEand RESTOREs a paired set within the same definition, just as you would useR
and R>. Similarly, you must use both words whin or outside of anyDO ...  LOOPstructure in that definition.

Following aSAVE R#is on top of the return stack; if you need a copy of it you may get it by usiR@

REFERENCES
Return Stack, Section 2.1.3

8.1.3 How Data is Stored

The Data Base Suppormption allows storage of data in either numeric or alphanumeric form. For instance, a U.S.
telephone number, including area code, requires 14 bytes when stored in alphanumeric form:

(213) 372 - 8493

This same phone number can be stored in only 6 bytes peeaord, if it is recorded as a 1it area code and a 32
bit local number:

213 3728493

The appropriate punctuation symbols can easily be inserted when the number is displayed, using pictured
numeric output.
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The contents of numeric fields travel between thelata stack and the disk; the contents of alphanumeric strings
travel between thePADand the disk.

For instance, if we have a doubléength field namedSALARY, we can fetch the value of the field (from the current
record in the current file) by invoking the phrase:

SALARY D@

which places its value on the stack in the same way that the wori@fetches a doublelength value from an
ordinary variable. Similarly, the phrase,

SALARY D!
removes a doublelength value from the stack and places it in the currerBALARYfield.

Alternatively, the word B@fetches the contents of an alphanumeric field, and copies it to ti®AD The wordB!
stores an alphanumeric string alPADinto a given field.

Terminal Task
Memory
User Variables File
Return Stack
A\l |
A v
Input Message Buffer numeric data travels
to and from the stack
Parameter Stack - -
\ alphanumeric data
(strings) go to and
Rl 4 from the PAD
A
A
User
Dictionary
beginning
of task
partition maps to fields
Working Storage “image” of = in each record
on disk
> | record
Low Memory
Fig. 8.3

Shows how data travels between disk and memory. Numeric data travels between disk and the parameter stack,
and text strings travel between the disk and PAD
REFERENCES

Field Reference Operators, Section 8.5.3
Pictured Numeric Output, Section 2.5.2.1
String Storage inPAD Section 2.3.1
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8.1.4 Working Storage

Two features of the Data Base Support option make use of a region of nancalled working storage Working
storage is allocated at the beginning of a task partition, and serves as a place where recdata may remain
which is easily accessible, but less volatile thaRAD or the parameter stack. Since each task has a working
storage area, tasks running concuently may use the same code referring to working storage without conflict.

One use of workig storage appears in automatic totaling (Section 8.8.8). Here working storage holds the
accumulating registers for each column of data to be added as the report is generated.

4EA OAATTA OOA 1T &£ x1 OEET C OO0 OACA w&poskitns &d maidtkinedlph o | A
in the record on disk and in working storage. For example, working storage is used to hold the key during a
binary search of an ordered index (Section 8.6), in the field in which it will be found in records being searched.

The same field names that let you access fields on disk also may be used to reference the corresponding fields in

I TAAl x1T OEET ¢ OOI OAGAS AEAOA EO 1110 T1TA OOAAI OA6 EI
items as though theywere contained in records although they are tempaarily in resident memory instead of on

the disk.

working storage

name address city street ‘

a record on disk

name address city street

Fig. 8.4

Field names may be used to reference either the individual field in the current record (on disk), or the
corresponding field in working storage.

The double use of working storage for both subtotaling and key searches rarely causes a conflict, since the two
activities occur at separate times. To be on the safe side, however, the statistics component uses the word
REGISTERto return the address of theaccumulators, which in turn is defined in terms oMWORKING If you find
that you will encounter a conflict, you may resolve it by simply redefiningREGISTERSto point to some other
area.

How much working storage is necessary? If you are using the sukating feature, the amount depends on the
number of accumulating registers you need. In total, you will need the sum of:

16 register area management
4 header variables for registers
#registers * 8 8 bytes per accumulator
total
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For instance, three accumulators will require 44 byte$(16 + 4 + 3*8).
If you are using ordered indexes, working storage must be as large as the largest record in any ordered index file.

Remember that any task which performs an application that uses workingt@rage must have sufficient room
allotted for it? including the printer task. Section 8.1.6 describes methods for allocating working storage.

REFERENCES

Accessing Fields in Working Storage, Section 8.5.5
Ordered Indexes, Section 8.6
Subtotaling, Section &.8

8.1.5 Installing The Data Base Support Option

Before you begin to use the Data Base Support option, you must first decide whether you will be using it in your
personal task only, or whether other terminal tasks may need to use it simultaneously.

To load the option into a your private terminal task, list its load block with the phrase,
FILES LIST

The number of this load block is returned by the constanFILES. Make sure that the block begins with the
phrase:

EMPTY n ALLOT
where n is the amount of working storage required for your files application (see Section 8.1.4).

At the end of the load block, a null definition ofTASK should appear. This word will be the last word in the
dictionary when file applications are loaded, and will mark the point at wtih overlays will occur.

Now issue the command:
FILES LOAD

to load the Data Base Support option.

As you create data base applications, each of these should begin with the phrase:
FORGET TASK :TASK;

This makes each application an overlay, which will discd other overlays that use this convention. For instance,
if you have an accountgeceivables application, its load block should begin with the above phrase, to forget any
other applications without forgetting the Data Base Support option itself.

Finally, if you wish to output a report to your printer, you must allot a working storage area in the printer task.
This may be done with the phrase:

n TYPIST H HIS +!

* On 32bit machines these sizes should be doubled.
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This phrase advances the dictionary pointeH for TYPIST? the printer task? by the amountn. It is most
convenient to edit this phrase into theFILES load block.

Alternatively, if several terminals require use of the Data Base Support option, the package should be loaded with
the system electives by Block 9. In this case, remove the:

EMPTY nAL LOT

at the top of theFILES load block; also remove the definition ofTASKand the word EXIT at the bottom (by
placing parentheses around them). By allowing the final worGILD to execute, the Data Base Support definitions
will become available to all taks.

Edit the phrase:

FILES LOAD n TYPIST HIS +!

where nis the amount of working storage required for your files application (see Section 8.1.4) into the last line of
Block 9 (just above theEXIT). If you have already loaded the electives before makitigis addition, type:

FLUSH RELOAD

then type:

HI
Using this approach, each files application must begin with the phrase:
EMPTY n ALLOT
instead of FORGETTASK wheren is the amount of working storage needed by that application.

REFERENCES

ALLOT, Section2.8.1

EMPTY Section 3.3.4.1

FORGETSection 3.3.4.2

HIS (User variables), Section 4.6

LIST , Section 5.1.1

Overlays, Section 3.3.4

Parentheses Used for Comments, Section 1.5.1
System Electives, Section 1.4.2

8.2 CREATING A SIMPLE EE

This section introduces the procedures for creating a simple file by way of an example, and provides a contextual
framework for the detailed sections that follow.

In this section we are assuming that we already know how to structure our data; we are concerned here only with
the mechanical aspects of file creation and field layout. For a more general discussion of data base design, see
Section 8.9.

Our simple example will be a file of names and addresses. To avoid extra detail, we will only use alphanumeric
fields. No attemptwill be made at keeping a sorted file (ordered indexes are discussed in Section 8.6).
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Step 1
Define the fields:
0 20 BYTES NAME 20 BYTES STREET

14 BYTES CITY 2 BYTES STATE
6 BYTES ZIP 14 BYTES PHONE DROP

In the above lines we have defing six Forth words which will reference the individual fields in each record. The
initial zero is the relative postion within the record. The defining word BYTEScreates an alphanumeric field of
the specified width (the width must be an even number onall-aligned processors). The finaDROHs necessary
to discard the final relaive position within the record (see Section 8.5.1).

In addition to BYTES several other defining words are available for creating different types of fields (see Section
8.5.2).

Step 2
Determine how many records and blo_cks the file will need. Two words that are not generally resident are
AOGAEI AAT A ET OEA O R tokputed thedEmbér BfWekddds bfigiveA bide At 8vould fit in a
given number of blocks;#B computes the reverse: the number of blocks needed to hold a given number of
records of given size (see Section 8.3.1).
Step 3
Define the file:

74 500 39 400 FILE PEOPLE
This statement defines a file calledPEOPLEwhich contains records that are each 74 ydes in length. The file will
hold a maximum of 500 records, consuming a range of 39 contiguous blocks. The starting block will be 400 (see
Section 8.3.1).
Invoking the filename PEOPLEmMakes this file current.

Step 4

TTO0 Al OAAAU |

m
(@}
Qu
O

Initialize the file. LoadthefiletET EQEAT EUAQOEIT 1T Al T AE j EA
PEOPLE INITIALIZE

to fill all blocks in the file with zeroes (see Section 8.3.3).

Step 5

Enter data.

Here is the definition of a word that will allow data entry for a single record gerson):

* This block is not generally resident, because it is used only in the initial creation of the data base. It may usually badoat
FILES 5 +
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:enter PEOPLE SLOT READ
CR ."Name?" NAME ASK
CR ." Address? " STREET ASK
CR."City?" CITY ASK
CR ." State? " STATE ASK
CR."Zip?" ZIP ASK
CR ." Phone? " PHONE ASK;

By invoking PEOPLE we select thePEOPLHile as thecurrent file.

The word SLOT allocates a new record in the current file, and leaves its number on the stack (see Section 8.4.3).
The word READsets the current record according to the number on the stack (see Section 8.4.1).

Next, the definition prompts t£E A OOAO O AT OAO OE AASKIS lké BXPECTEEdeptAhat it 4 E A
places the expected text in the given field. The same process is followed for the remaining five fields.

Step 6
Display the data.
We define the following word to display the arrent record:

. person NAME B? CR STREET B? CR
CITY B? STATE B? ZIP B? PHONE B? ;

The word B? displays the contents of the giveBYTESfield (see Section 8.5.3).

To display the contents of all records that have been entered, we define:

:everyon e PEOPLE RECORDS DO CR
| READ person LOOP ;

By invoking PEOPLE makes thePEOPLHile current. The word RECORD®eturns the appropriate arguments for
aDO ... LOORincluding all records that have been allocated b$LOTin the current file (see Setion 8.4.3).

Within the DOloop, READmakes each record current in turn, andperson displays the information for that
record.

Here is a sample of the output oéveryone :

Andrews, Carl
1432 Morriston Ave.
Parkerville PA 17214 (717) 555 - 9853

Boehning, Greg
POB 41256
Santa Cruz CA 95061 (408) 666 - 7891

Chapel, Doug

75 Fleetwood Dr.
Rockville MD 20852 (301) 777 - 1259
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Cook, Dottie
154 Sweet Rd.
Grand Prairie TX 75050 (214) 642 - 0011
417 DOI AGAA AT 1 O0ITAO 166pOOR xA xi1 O A OOA OEA O02API 006 ' Al
For deleting records, we would use the wordSCRATCHsee Section 8.4.3).
8.3 FILE DEFINITION ANDACCESS
A polyFORTH file is a contiguous region of Forth blocks. On native versions of polyFORTH this means that the file
will be physically contiguous, and thatyou can arrange for files that are accessed together to be physically near
one another. This can significantly speed up a data base application.
Versions of polyFORTH thatare c@ AOEAAT O xEOE A OET 006 -00BARE) &ré identi€aU OOAT
from the point of view of the programmer, but since allocation of physical disk space is performed by the host
I DPAOAGET C OUOOAI Ui O EAOAT 60 OEA AAOOAT 1 AOGAT 1T &£ Ai1 06011
This section discusses how files are defined and refareed on all polyFORTH systems.
8.3.1 The FILE Definition

The word FILE is used to define files, given the attributes of the file. The format is:

length limit blocks origin FILE name

where:
Word Description
length is the length of each record in bytes (mximum 1024);
limit is the maximum number of records (on 16bit processors the limit is 32767 records per file);
blocks is the number of 1024bytes blocks occupied by the entire file;
origin is the first block number, expressed as a doublprecision number on all polyFORTHISD-4
systems (remember the decimal point!); and
name is the userassigned name of the file.

The defining word FILE creates a new name (dictionary entry) that, when invoked, will make this file current.
The dictionary entry contains theFile Definition Area (FDA) for the file being defined.

We recommend that you define all your files in a single block, making it easy to see which ranges of blocks have
been allocated for other files. If a disk will contain source or other data along wittEE1 AOh EO6O0 A Ci T A EA
these other uses in comments on the same block.

Here is an example of good file definition layout in a block:

(Bytes Records Blocks Origin Name)
26 801 22 500. FILE (GLOSSARY)
340 800 268 522. FILE GLOSSARY
4 10 244 795. FILE HITS
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24 42 1 799. FILE SECURITY
38 2600 100 800. FILE TESTS

Note that the number of blocks may be computed from the number of bytes/ record and number of records. In
fact, the blocks argument is not actually used by the Data Base Support werdt appears in this list to help you
maintain the layout of your disk space.

Generally you will choose an appropriate maximum number of records, based on a reasonable estimate of the
needs of the application and allowing for expansion. You will also haworked out the approximate size of each
record based on the width and type of fields needed. Then derive the number of blocks from the number of
records and size of each record. The wordB in the file initialization block is a helpful tool for computing the
number of blocks. After loading this block, type:

#records #bytes/record #B .
For instance, if your application requires 2000 records, and each record is 42 bytes wide, type:

2000 42 #B . 84 ok

Alternatively you can compute the number of records based on the number of blocks. The watR in the file
initialization block does the arithmetic. Type!

#blocks #bytes/record #R .

For example:

84 42 #R . 2016 ok
This shows that you can actually fian extra sixteen records in the same number of blocks.

By using these tools, you can iterate on various sizes until you get the optimal combination. Sometimes you can
increase the size of a record without increasing overall file size. For instance, dwr record width is 94 bytes, it
takes 200 blocks to store the same number of records; however 200 blocks will store 2000 records even when
each record is 102 bytes wide:

2000 94 #B . 200

2000 102 #B . 200
)y 060 A Ci T A EAAA (brds]irhcase fou Acedi®alld fidl@sAafeA B&ware, Golvever, of grossly
oversizing either your record width or file length, as both of these will increase head motion. Strive for generous
but reasonable estimates.

8.3.2 File Definition Area and Access

The word FILE establishes a File Definition Area (FDA) for each file in the system. The user variabkealways
points to the current FDA. Execution of the filename seEs# to address the associated FDA.

AAE EEI A6O &$! Al 1 OAETi® EdEh &f thesd valudd by bé hcceal b theFtllond g A
names, each of which returns the address of the associated value in the current FDA.

* Responses shown in light type.
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Name Description

ORG Starting disk-block number of the first disk block allecated to the file (Forth logicalblock number
as a doubleprecision number).

LIM Number of records, of declared record length, that the file can contain.
B/B Number of bytes used per block.
B/R Number of bytes per record.

While these words are used by the Data Base Support option, theseaarely referenced directly in applications.
ORGand LIM can be useful in debugging, however. For instance, the phrase:

ORG 2@ D.
indicates which file is current; in case of an abort, you can tell which file you were in at the time.
8.3.3 File Initial ization Utility

A file that has just been created must be initialized before it can be used. A special utility is available for this
purpose. It may be loaded with the phrase:

FILES 5 + LOAD

This blocK' is not an overlay; you may load it any time afterqu load the block in which the files to be initialized
are defined. Since initialization is done rarely (only during application development), we recommend that you do
not load this block routinely.
To initialize a file, once the initialization block idoaded, type:
filename INITIALIZE
The word INITIALIZE  performs the following functions:
1. Writes binary zeros throughout the entire file (including AVAILABLE).

2. Writesa-p ET OEA OAATTA Oxi AUOAOG 1T &£ 2AAT Qhe biparylse®ctOE A
in an index file. In other kinds of files this has no effect.

Two other words defined in this blocke #Rand#B? are useful when designing file layouts.

8.3.4 Shared Files

In polyFORTH files may be either shared or unshared. Shared fileeeghose that are defined in the common
dictionary available to all users (loaded by the electives load block). If a file is defined in an overlay, it will be
available only to the task or tasks in whose partition it is defined.

* The specific block number may vary on different versions of polyFORTH. It is usually the fifth block after tRLES load
block.
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As we discussed in SectioB.1.3, all users may freely access the file without having to worry about simultaneous
access problems, as long as standard polyFORTH accessing methods are used. This is beBa@eKensures
that there will be only one copy of a record at a time, and eh task does not have its own private copy.

Certain situations require an extra measure of control. For example, one terminal might delete a record that is

TAARAAA £ O DOT AAOGOETI ¢ AO AT T OEAO OAOI ET Al A MAMUGA GO C

record to control access.

REFERENCES

BLOCK Section 3.2
Installing the Data Base Support Option, Section 8.1.5

8.4 RECORD MANAGEMENT

The process of record management includes selecting records, finding the next free record when a new recerd i
needed, and marking deleted records as available for future use.

Not all applications require special record allocation techniques. For instance, if a file contains 100 records and
each record contains information on a permanent piece of equipment whicis identified by a two-digit number,

there is no need to allocate or deallocate records. You may just use the equipment number as the record number.

4EEO EO AAI 1 AA OAEOAAO AAAAOOS8G

In an application in which the number of active records changes dynanatly, it may be appropriate to use the
record allocation techniques described here.

8.4.1 Record Selection

Field reference operators (Section 8.5.3) access fields in the current record. The wdREEADmakes a record
current.

READ (n--) Makes record ncurrent, having verified thatn is a valid record within the current file.
The nameREADEO OI1 ECEOI U [ EOI AAAETI ¢ch ET OEAO EO AT AOGI G0
pointer to the current record. READchecks that n is not less than zero and not greater than the valueldM. Ifn
fails this range test READaborts.

READstores the number of the current record in the user variabl&R#.

REFERENCES

Current Files and Records, Section 8.1.2
8.4.2 Available Records

To distinguish allocated records from available records, the Data Base Support option uses the convention that if
the first two bytes in a record contain binary zeroes, the record is available for use. When a file igialized, all
records arefilled with zeroes. Thereafter, active records may keep any narero data in the first two bytes; when

a record is released, zero is stored in this area.
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Record #
—— 0/ 196
1 NZ —(ﬁ}}érch continaé:s::%—
2 Nz : i
3| NZ
4 Nz !
5 @ ( FREE
6/ NZ
7 NZ
NZ = non-zero number
» 196/ NZ last record allocated
197 NZ - _:_i_st examined S
198 NZ B -
199 NZ > last record in this file

Fig. 8.5

The search for an available record performed by SLOTii wr aps aroundo i f necessary at the

Record 0 of each file contains, in its first two bytes, the record number of the most recently allocated record in
that file. The word AVAILABLE returns the address of this pointer. When the file is iitialized, AVAILABLE is
zero.

OEA OUOOAI xEOE

47 Al T T AAGA A 1T Ax OAAI OAnh

searches forward for the first free record.

AACET O

If the search should reach the end of the file without finding a free recOAh EO Ox OADPO6 AOT O1 A O]
again, so that deleted records will be used. For instance, in Fig. ®AYAILABLE points to Record 196; however,

OEAOA AOA 11 11 OA EOAA OAAT OAOG AAOxAAT OEAOREATCAAOQEAI Ab A
to the beginning of the file, the search finds the available record.

8.4.3 Record Allocation/Deallocation Operators

Only two words are required for allocating and deallocating records:

Word
SLOT

Stack
(-n)

Description

Allocates a new recordn the current file and returns the number of the allocated record.

SCRATCH (n) Deallocates recordn from the current file, making it available.

SLOT searches the file for the first free record, starting with the record following the one pointed to by
AVAILABLE. If a free record is foundSLOTOA OO OAVAILAMBEH td\pbif to it. SLOTthen stores a-1 into
the first cell of the record to indicate that it is no longer free, and clears the remainder of the record to zeros. If
the file is full, an eror message occurs and processing is terminated.
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SLOTdoes not make the new record current, it only returns the selected record number on the stack. The reason
for this factoring is that you often want to do something with the record number before consumg it with READ
(which makes this new record the current record). For example, we may wish to cause a link in the current
record to point to the new record, as in the phrase

SLOT DUP LINK N! READ
Here the phraseLINK N!' must come first because after teREADx Ad1 1 AA ET A AEAAAOAT O OA
SCRATCHloes not change the contents of the record beyond the first two bytes.

REFERENCES

N!, Section 8.5.3
READ Section 8.4.1

8.4.4 Accessing Files Sequentially

The following words return appropriate stack argumentsfor a loop which will access the records in a file
sequentially:
Word Stack Description

RECORDS (‘available+11) Typically used before DQ returns the content of AVAILABLE (the record
number of the last record allocated) incremented by one and starting index (1)
for afile that has never wrapped around.

WHOLE (limit 1) Typically used beforeDQ returns the content ofLIM and starting index (1) for
the entire file.

Since these words return the parameters for theurrent fleh EO8O0 A CiI T A EAAEO O ET O E
before them, as ilPEOPLE RECORDS

When usingWHOLEyou will probably want to check inside the loop whether each record is currently activeThis
is normally done by the phrase:

LINKN@ IF ...

where LINK is the generic numeric field comprising the first two bytes of each record. If these bytes contain zero,
the record is available for use.

REFERENCES

Available Records, Section 8.4.2
DOLoops, Section 2.4.4
LIM, Section 8.3.2

8.5 FIELD DEFINITION ANDACCESS

A record description is the list of defined fields that appear in the record. Each field is an entry in the Forth
dictionary, containing the displacement of the field from the beginningfathe record in its parameter field.

A record description is not formally associated with any particular file. It is more like a mask, which is used
whenever it is appropriate to access data.
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There are several kinds of fields: numbers of various sizes @rbyte strings of specified length. The following
sections discuss the various types of fields and the related operators that are used to access the data stored in
them.

8.5.1 Record Description

A record description defines the fields that make up each cerd in a file. A record description has the following
general format:

0 field - type field - name
field - type field - name
DROP

The various field types are described in Section 8.5.2.

A value is carried on the stack throughout the above process to giveethelative displacement of the beginning of
a record. This value is initiaked by the zero at the beginning of the record description, incremented
appropriately by each field definition, and finally discarded at the end.

In a complex application the fiéds in a record description may be defined vertically, like this:

0 ( PEOPLE file records)

1
20 24 BYTES NAME ( Last name first)
3 24 BYTES STREET ( Street address)
4 10BYTES CITY,STATE
5 DOUBLE zIP ( zip code, US only)
6 AREA ( areacode)
7 DOUBLE PHONE ( phone number)
8 NUMERIC >DETAIL (link to DETAIL file)
9 ( For employees:)
10 DOUBLE SS# ( Social sec. number)
11 DOUBLE FICA
12 DOUBLE GROSS ( Gross income ytd)
13 DROP
14
15

As a quick check to verify thathe number of bytes used for each record matches the expected value (as specified 3
in the file definition), replace DROPwith . § OAT O6 Q8 4EEO &I Ol A0 Al11Tx0 Ui 6 o1 O
discussion of the file and record.

The field-names definedin the example above NAMESTREET etc? are now entries in the Forth dictionary.
When executed, these words return an address, except for fieltthmes defined withBYTES which return a count
and address (see Section 8.5.2).

A record description is not famally attached to a particular file and has no name. Use of a field name references
the relative location given by that field name in the current record of the current file.
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A record iInEMPLOYEES

NAME STREET CITY ZIP

I AREA| PHONE ss# | FICA GROSS

Thus it is possible to use thesame field names for two different files, even if the record size used in each file
varies. For instance, all the abovedefined field names could be used with a file callecHMPLOYEESwhile the first
six could be used with another file callecCUSTOMERS

A record inCUSTOMERS

NAME STREET CITY ZIP

AREA| PHONE

NOTHE], $0A O OEA $AOA " Adbokatich Gdbedrie, @ first Be@ Bfl ah dclive @dbod imayA

never contain a zero in its first two bytes. In our example, this is not a problem because ftfiest field is

Al PEAT Oi AOGEA | AGAT AT ATEO AOA OO1 OAA AO AAAEI Al o0¢60Qs8
fields so that one which will never contain zero is first.

REFERENCES

Available Records, Section 8.4.2

Field Types, Section 8.5.2

8.5.2 Field Definitions

The following field types are defined:

Word Description

1BYTE This field is for an 8bit value (range 0255). On praessors that do not tolerate odd byte
addresses (such as the PDP1 and 68000),1BYTEfields must be used in pais to avoid wasting
space.
Example: 1BYTE AGE

Words that are defined bylBYTEreturn an address, suitable for use with the ondyte memory
access operatorsl@1! , and1?.

NUMERIC NUMERIGields occupy two bytes of storage (on 3dit systems also). On celhligned processors,
NUMERIGields are automatically aligned on everbyte boundaries.

Example: NUMERICWEIGHT

Words defined by NUMERICreturn an address, suiaible for use with the rumeric field access
operators N@N!,N?, andN?.

Word Description
DOUBLE This field is for a 32bit (4-byte) value.
Example: DOUBLE SALARY
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Words defined by DOUBLEreturn an address, suitable for use with the double field access
operators D@D! , andD?.

BYTES This field is for alphanumeric text. A count is required to specify the number of bytes in the field.
Example: 24 BYTES NAME

Words defined byBYTESreturn a length and address, suitable for use with the byte field access
operators B@B! ,B?,and ?B. The width of aBYTESfield must be even.

FILLER This field reserves space in the record, typically used for future expansion or to skip regions of a
record that are to be accessed by other means-ILLER requires the number of bytes to be
reserved.

Example: 6 FILLER

FILLER creates no dictionary entry.

At compile time, the numeric field defining words {BYTE, NUMERICDOUBLE expect the current displacement

in the record on the stack. A copy of the displacement is compiled in the parameter figfithe definition, and its
value on the stack is incremented by the size of the field in bytes. BYTESfield also expects the size of the field
on the stack. This value is compiled along with the displacement, and used to increment the displacement
acaordingly.

When a fieldname defined by one of these words isxecuted it pushes onto the stack the address of working
storage, incremented by the displacement of the field to give the address of the field in the record image in
working storage. In the case oBYTESfields, the size of the field is beneath the address omé stack. The
working storage address (and size, in the case &YTESfields) is the appropriate input to the field access
operators de<ribed in the next section.

REFERENCES

Access to the Record Image in Working Storage, Section 8.5.5
Available RecordsSection 8.4.2

Direct Access to Fields, Section 8.5.4

Field Reference Operators, Section 8.5.3

Working Storage, Section 8.1.4

8.5.3 Field Reference Operators

Fields in files are referenced with special words. The following operators assume that the deglrBle and record
have been selected. They refer to fields in the current record (as indicated by the value of user variaRig see
Section 8.4.1) In all cases, the name of the field precedes the operator; the fiedne returns the appropriate
address(and length, in the case oBYTESfields) to be used by the access operator.

Word Stack Action

1@ (a-c) Fetches the contents of ABY TEfield to the top of the stack.

1! (ca-) Stores a byte into thel BY TEfield whose address is on top of the stack.
17 (a) Fetches and displays the contents of BBY TEfield.

?1 (a) As for 1?, except the results are righjustified by the report generator.

220 Revised8/25/12



Data Base Support

N@
N!
N?
?N
D@
Word
D!
D?
B@
B!

B?

?B

Example of usage:

(a-n)
(na-)
(a)
(a)
(a-d)
Stack
(da-)
(a)
(na)
(na)

(na)

(na)

GROSSD@

DBO0O05 polyFORTH Reference

Fetches the contents of NUMERIGield to the top of the stack.

Stores a number into theNUMERIQield whose address is on top of the stack.
Fetches and displays the contents of MUMERIGield.

As for N?, except the results are righfjustified by the report generator.
Fetches the contents ba DOUBLHield to the top of the stack (two cells).
Action

Stores two cells into theDOUBLHield whose address is on top of the stack.
Fetches and displays the contents of ROUBLHield.

Reads aBYTESfield, according to the declared length, int)PAD

Stores aBYTESfield, according to the declared length, fronlPAD

Fetches and displays the contents of BY TESfield, according to the declared length PADis used
as intermediate storage of the field data.

As for B?, except the results are righfjustified by the report generator.

Fetches the contents of thé& OUBLHield GROSSnto the stack.

Two other words are includedfor storing data into BY TESfields:

Word

PUT

ASK

Stack

(na)

(na)

Action
Copies the remainder of the input stream into 8YTESfield. For example:
NAME PUT Fred Ferguson ok

A string that is too long will be truncated when it is stored. If it is shorter thathe field size, it will
be blank-filled. A copy of the entire string is left ilPAD

Awaits (via EXPECT input from the keyboard, and copies it into 88Y TESfield using PUT.

The word ENTIRE may be used in place of a field name:

ENTIRE

Word
ENTIRE

(-na)

Stack

(Cont..)

Revised 8/25/12
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example:

Action
ENTIRE B?

types the contents of the current record as though it were a singBY TESfield.
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REFERENCES

EXPECT Section 3.7.1

Fetching Input to PAD Section 2.3.6.3
PAD Section 2.3.1

Report Generator, Section 8.9

8.5.4 Direct Access to Fields

The Data Base Support option is set up so that field names may be used with field access operators in a
transparent way, although in fact more is going on with these words than meets the eye. In the event that you
need to directly access fields in a file (for instance, if you wish to ud4OVEERASE etc. instead oN!, etc.), you
should understand the details explainedn this section.

The addresses returned by usedefined field names are intended to be consumed by the field reference operators

(Section 8.5.3). These addresses, however, are not the addresses of the actual data in a block buffer, but rather
addresses wthin working storage (Section 8.1.4). The field refeence operators perform the necessary offset

Al OOAAOGET T h AAlI1l OEA APPOI POEAOGA Al T AE AT A AAAARAOO OEA AA
data elsewhere (numbers are pushed omt the stack; strings are moved tdPAD. This allows the fieldname

words, which return the address, to be used transparently with either working storage or the file data itself; the

difference depends solely upon the operator that fetches or stores the t#a

Each field reference operation is an implied disk access, since it caBEOCK It is important not to carry the
address of a field in a block buffer on the stack across any I/O operation (such as displaying the content of a field
or accessing anotherfield), since in a multitasking environment another task may perform disk activity that
changes the content of the disk buffer.

Occasionally it may be useful to bypass the protection of the field reference operators, and determine the actual
address of dfield in a disk buffer. This can be done by the following phrase:

field - name ADDRESS

This phrase places the actual memory address of the field on top of the stack. For example, the following phrase
will move an array of 100 2byte data elements from workng storage to disk much faster than it would take to
calculate addresses repeatedly usiniy! :

DATA DATA ADDRESS 200 MOVE UPDATE

The first use of DATA returns the address of the image of the field in working storage. The phrase
DATA ADDRESSeturns the location of the field in virtual memory. 200 MOVEmMoves the image in working
storage to the disk buffer. UPDATHSs necessary after writing to a disk buffer.

For BYTESfields (since invoking the name of &8YTESfield pushes both the locationand length onto the stack),
the phrase:

field - name ADDRESS

OA
¢

el

0O OEA 1ATCOE AT A OEOOOAT i1 AiTou AAAOAOGO j11 OA OEA

o}
166 1 OAAOQS

O
0

p>1
OO

If direct addressing is used, you must remember that the content of the fiar can change at any time the task
either requests I/O from any source or causes execution 8fAUSEor WAIT. Furthermore, if you modify the con
tents of any field directly (without using N!, B!, etc.), you must invokedJPDATEafter the modification.
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REFERENCES

Disk Buffer Management, Section 3.2.1
MOVESection 2.3.4

Multitasking Overview, Section 1.2.3
8.5.5 Access to the Record Image in Working Storage

Because field names return addresses within local working storage, you can directly access the workatgrage
image of a record. This lets you map data items as though they were contained in records, although they are kept
ET OAOGEAAT O T AiTOU ETOOCAAA T A2 11 OEA AEOES 4EAOA EO 1T

Using ordinary memory-accessoperators in conjuction with field names provides access to working storage
locations:
Word Action
C@ Fetches an &bit number.
Example: AGE C@

Cl! Stores an 8bit number.
Example: 39 AGE C!

@ Fetches a singldength number.
Example: LINK @

! Stores a sigle-length number.
Example: 16 LINK !

2@ Fetches a doubldength number.
Example: PRICE 2@

2! Stores a doublelength number.
Example: 196.75 PRICE 2!

S@ Fetches a string from working storage td®?AD
Example: NAMES@

Sl Stores a string fromPADinto working storage.
Example: NAME S!

The word WORKIN®@ AOOOT 6 OEA AAAOAOO 1 £# OEA AACEITEITC 1T &£ OEA 0O/
REFERENCES

Memory-Stack Operations, Section 2.1.2
PAD, Section 2.3.1

Working Storage, Section 8.1.5
8.6 ORDERED INDEX FILES

An ordered index file is one in which the records are kept in ascending order depending upon the ASCII values of
akey. A key is an item of data that is used in a match or comparison.
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There are two purposes for an ordered index file. First, it greatly speedgpusearches based on the key data.
Second, it allows you to display the main file alphabetically without having to sort it.

Each record in the index file contains a key together with a link address to an associated main file. This link
resides in al6-bit field called LINK. In Fig. 8.6, the index fildNAMES) contains the names of people, ordered
alphabetically, along with links to the main file.

(NAMES) file: PEOPLE file:
R# Link Nick R# Name Company Street City
1 5 a name 1| k name q company
2 2 b name 2| b name a company
3 19 C name 3| 2 name h company
4 4 d name \\‘4 d name g company
5 12 e name 5/ a name r company
6 21 f name 6| y name d company
Fig. 8.6

An ordered index file (on the left) showing links to the corresponding records in the main data file (right).

You may have several index files addressing the same main file. For example, a file of scientific data could be
indexed by both sample name and observation number, using two separate index files. In Fig. 8.7, a second index
file (COMPHNIES) points to the same main filePEOPLE but uses the company field as a key, and keeps the
records ordered alphabetically by company.

3AAOAEAO 11 A1l 1T OAAOAA ETAA@ AOA PAOAE Oi AA OOET ¢ A OAET £/
should go if it is not in the file) with only logpnOOADO OAOEAO OEAT 1F¥¢ j xEEAE EO OEA
sequential search).

A binary search works by taking the occupied part of the file and dividing it by two, then comparing the desired
key with the field in the middle record. If the key is larger, then the high half of the file is halved again. This
process is repeated until the size of the remaining set of records is one. This remaining record must match the
key, if the key is in the file; oherwise, it is the recordbeforewhich the key would be inserted. For a file of 128
records, a binary search requires only seven comparisons, as compared with an average of 64 for a sequential
search.
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(COMPANIES) file: PEOPLE file:
R# Link Company R# Name Company Street City
1 2 a company | 1 k name q company
2 21 b company &2 b name a company
3 18 C company 3 2 name h company
4 6 d company 4/ d name g company
5 11 e company 5 a name r company
6 15 f company 6 y name d company
Fig. 8.7

Another index to the same main file shown in Fig. 8.6, this time using the company name as key.

'T T OAAOAA ETAAg EO A OAAT OA £EEI A8d 4EAO BRMALARE AOA
always reflects the number of records in the index file, and all records in the inddite can be accessed with a

DO LOOPwith the knowledge that all records are active. With files maintained usin§LOTand SCRATCHyou

must check theLINK field (first two bytes of every record) to see whether each record is active.

8.6.1 Index File Record s

At minimum, an ordered index file must contain the key and the link that associates the key with its main data
record. The link is a 16ébit record number residing in the first two bytes of the record, and the key field
immediately follows.

You can keemata other than keys in an index file and process this data in the same manner as data in other types
of files. Such a technique should be avoided, however, if more than one user will have simultaneous access to the
file, because record numbers may changiue to insertion or deletion by other users.

The time required to search an index depends upon the length of each record as well as the number of records,
because longer records will require more blocks to store the file, and hence more disk accesses @arsh it.
Therefore, you should keep these records as small as possible.

The first two bytes of each record in an index file contain the link to the associated record in the main file.
polyFORTH2012 predefines this field asLINK . The phrase:

LINK N@
reads the link field of the currently selected record and returns it on the stack.
When creating the record description (Section 8.5.1) for an index file, you must skip over théNK field by using

the phrase2 FILLER at the beginning of the layout, or by strting with a displacement of two rather than zero.
For example:

0 2 FILLER ( Link to PEOPLE file)
10 BYTES NICK ( Last name key)
DROP
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The key may be ASCII or binary. In order to make it possible to use binary integers as keys, as well as to speed up
the search, the comparison made in the search routine comparell-by-cell, rather than byteby-byte. To
accommodate this, you must make your key fields an even number of bytes in length. On machines which use a
byte order that would render the most sgnificant byte the second one in a string, the operatorB@and B!
reverse bytes when fetching and storing from disk such that the data on disk is in a compatible order.

Be aware that the order of the records in the index file is subject to frequent changs a result of file insertion or
deletion. Because the record number of an index record may change, it should not be used directly for any
purpose.

You must also take special care when sharing ordered files. We suggest you limit the index file to kaysl, keep

all other data in an associated main file record. Otherwise, a task may be pointing at a current record in an index,
but before it accesses the data in the record the index record changes position.

8.6.2 Ordered File Maintenance

1T O OAADAAEERABRD PI 1 U&/I 24( EO {aihed in Bscending ESCH sequende. EchkUO A O/
instance, an index to a file of records of people might be ordered by last names.

An ordered file allows quick searching on key fields. For instance, given anma, we can search the index file
looking for a match. From the index record where the match was found, we can obtain the link to the main file.

8.6.2.1 SEARCHING AN ORDERHBDEX
In polyFORTH, this routine is calle®INARYj T AT AA AAAAOOA EO DPAOA&AI O0i O A AET AC

O
10 xA8OA OAAT j3AAOETT w8usuvuagh AEEATA TAIAO OAOOOT OEA Al
storage. BINARY expects to find the match criteria for the desiredield in this image (Fig. 8.8).

working storage image

of index file record: index file on disk:

Link Nick Link Nick

"BINARY | - > ?

Match criterion

Fig. 8.8

BINARY searches the ordered index for a match to the key in working storage. It returns the content of the
LINK field of the matching record, and aborts if there is no match.

Make sure that you have allocated enodgroom in working storage for all tasks (including the printer task) to
hold the image of any record on which you use this technique (Section 8.1.6).
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For instance, suppose we want to take a name from the input stream, then search for it in tN&CK (short for
OT EAET Al A6 qNAMES\ fileA The ghrabed O

1 TEXT nickname NICK S!
captures the name from the input stream and stores it into the image of tié¢lCK field in working storage.

Now we useBINARY to search the index file for this name, first ensing that the index file is current. BINARY
expects on the stack the arguments returned by BYTESfield:

(NAMES) NICK BINARY
( AOA 6 BINAREYAd®sS:
Word Stack Action

BINARY (na-n) Searches the current file looking for a match between the criterien working storage and
the given field in the data. Issues a system abort if it cannot find the record requested.
On the stack is the record number of associated record in the main field (that is, the
contents of the link field of the matching index recal). The matcting index record
number is in R#.

(A related word, - BINARY, is discussed in Section 8.6.2.2.)

REFERENCES

Access to the record image in working storage, Section 8.5.5
Binary search principles, Section 8.6

R#, Section 8.4.1

TEXT, Section 2.%.3

Working Storage, Section 8.1.4
8.6.2.2 INSERTING A RECORINIAN ORDERED INDEX

Inserting a new record in an ordered file involves two steps. First, we must determine the location in the index
file for a new key to be inserted. This ensures thatthednA @ A£ET A xEI 1 Al xAUuO AA DPOiI PAO

Second, we must be able to insert the new key into the file at the apjpmiate place, moving all subsequent
records one notch down in the file.

50ET ¢ OEA AgAi PI A ET &EGS8 8 ¢ hwehdd &de® pefsdnitodir Aakathase. FFAsO | OO
must insert a new index record

into the (NAMES) file in the appropriate place, then allocate a new record in theEOPLEfile for the data itself.

Finally, we must point theLINK field in the index record to the data record in the main file.

7A80A Al OAAAU OAAT ET SLARALDIEd o alpéate dew reCofdd i da@Filds. Addidga
record to the index file is more complicated, because we must insert the new record at the appropriate place t
keep the keys ordered. For this purpose, we use the word8INARY and +ORDERED

Word Stack Action

- BINARY (na-t) Searches the current file looking for a match between the criteria in working storage and
OEA CEOAT EEAT A El ABEDABAOAAAT D OEAD AAOADA
zero flag means that no record in the file contains the indicated key. On exit, if a match is
found R# contains the number of the first matching index file record; otherwiseR#
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contairls thg Anu~njberA of_tie [ngex gcord Abefore Whi?h an insertipn vyill be made.
00T 11T O AMEAl AOGIAGBOMAED OAOGHBOT O OOOBASE EAE A

+ORDERED (-) Inserts the record whose image is in working storage into the current record in an
ordered index. Subsequent records the index file are advanced one position relative to
the start of the file.

- BINARY expects the same conditions aBINARY (Section 8.6.2.1):
1. The current file is the ordered index to be searched.
2. The match criterion is in the key field in workingstorage.
3. The arguments produced by 8YTESfield name are on the stack.
+ORDEREBXxpects the following conditions:
1. The current file is the index to be modified.
2. The record before which the insertion is to take place has been previously selected - bBINARY.
3. The key andLINK fields to be inserted are in their respective fields in working storage.

Using our example, then, the standard procedure is:

1 TEXT (scan the input stream for the name)

NICK S! (store it into the image ofNICK)

NICK - BINARY (search the index file, using theNICK field as the key)

IF (no match:)
SAVE PEOPLE SLOT RESTORE ( obtain available record number in main file)
LINK! (store the record number into working storage)
+ORDERED (insert the new index record)

ELSE (duplicate entry)

ORDERED RELEASE
1 ABORT" Already in file "
THEN ...

Because your code must provide the location into which the insertion will take place (usingBINARY), you have
the option of determining how to handle duplicate keys if- BINARY returns a false (zero) indication. This is
normally handled as an abort condition, as shown above.

During execution of the- BINARY ... +ORDEREBequence, the index file should not baccessed by any other
task, since the record numbers of all records following the insertion point are changing.

To prevent conflicts, the Data Base Support option includes a facility magement variable called
ORDERED- BINARY issues anORDEREDGET. Thk phrase protects the file from being accessed by other tasks
on the system until the current task releases it. In this way, file integrity is maintained+ORDEREDssues an
ORDEREDRELEASE If you exit from the operation in any other way, you must dchts yourself. The intent is for
the task that performed the search to retain control of the file from the moment when the insertion point has been
found until the expected insertion has taken place, or until it has decided not to do one.
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The word BINARY also performs anORDEREDGET, so that searches cannot be performed while another task is
using this facility. BINARY performs an ORDEREDRELEASEmmediately after the search, hoth OAOh O EO
the facility only during the period of the search itself.

REFERENCES

Binary Searches, Section 8.6.2.1

Facility Variables GETand RELEASE, Section 4.7
SAVEand RESTORESection 8.4.2

TEXT, Section 2.3.6.3

8.6.2.3 DELETING A RECORD FBM AN ORDERED INDEX

- ORDEREI» used to delete a record from an index file.t may only be issued immediately after the record has
been selected (normally by a prior use odBINARY).

Word Stack Action

- ORDERED () Deletes the current record R#) from an ordered index which is the current file.
Subsequent records move back ongosition, relative to the start of the file.

Because the actual space that was occupied by the deleted record will be occupied by the record that until now
followed it, the record is completely obliterated by this operation (unlikeSCRATCHwhich only charges the first
two bytes of the record).

Here is an example using ORDERED

1 TEXT (scan the input stream for the name)

NICK S! (store it into the image ofNICK)

NICK BINARY (search the index file, using théNICK field as the key; return main file record
number)

ORDERED GRAB (regain control of ORDEREDwhich BINARY released)

- ORDERED (delete the index record)

PEOPLE SCRATCH (de-allocate the record in the main file whose number is on the stack froBINARY.)

In this example we had toGRABthe facility variable ORDERERo prevent another task from accessing the file
during the moving of records that will occur during the- ORDEREMperation. GRABIs used instead ofGET

becauseGETreleases the CPU so other tasks can run (and potentially alter the file}. ORDERD performs an

ORDEREDRELEASEwhen it is finished.

REFERENCES

Binary Searches, Section 8.6.2.
Facility variables GRABGET, andRELEASE, Section 4.7
SCRATCHSection 8.4.3

8.6.3 An Example—A Simple Mailing List
The following pages show an example of amsple mailing list application. It demonstrates the use of an ordered

index to provide easy access into a file based on a key, such as last name and first initial, and a report which is in
alphabetic order based on that key.
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This application is a good exaple of the layout of a polyFORTH apgh AOET T h xEOE A OEAI B OAOA/
triad, followed by the applicdion load block and relevant file definitions. The help screen is automatdy
displayed when the application is loaded, and may be dispfed any time by the commandiELP.

%l OOET ¢ AIlTAEO AOA OEi x1 xEOE OEAEO Ai OOAOPITAEI ¢ OOEAAI
to the reduced size of this book; on most computer systems you would print the source and shadow blocks side

by-side on the same page, using tHRAIRS command in the polyFORTHPRINTING utility. The last pair of blocks

are shown vertically, due to space limitations.

REFERENCES

Disk Organization, Section 5.2.5
PRINTING Utility, Section 5.2.3

Shadow Blocks, Section%.5.1, 5.2.3
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828

0 ( Sample file system application) EMPTY
1 (Working storage) 128 ALLOT
2
3:HELP 828 HELPS; HELP
4
5 (File allocation) 830 LOAD
6 ( Record description) 831 LOAD
7 ( Data entry) 832 833 THRU
8 ( Data display) 834 LOAD
9
10
11
12
13
14
15

829
0 This application assumes FILES is loaded in Block 9

2 HELP Display these PERSONNEL instructions.

3 enter name Enter a new person into the file with
4 access key of 'name’
5
6 remove name Delete 'name’ from the data base
7
8 fix name Enter new information replacing all
9 current data for 'name’
10
11 see name Display a person whose key is 'name'
12
13s Display current person
14
15 all Display all records in the file.
830
0 (Bytes records blocks origin -~ name )
1 16 300 6 1500 FILE (PEOPLE)
2 128 300 43 1530 FILE PEOPLE
3
4
5
6
7
8
9
10
11
12
13
14
15
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1233

1 The record layout for both the PEOPLE and (PEOPLE)
2 files. The LINK is predefined, and subsequent
3 fields are offset from the previous 4 fields.
5 For example, the NICK name is 14 bytes long
6 starting in the 2nd byte.
7ZIP isa32 - bit number, as is PHONE.
8 AREA code is single precision.
9
10 The offset for the field types is carried on the
11 stack so that it may be either displayed or
12 dropped at the end of the load. We use itin
13 this case to display the record size.
14
15

1234

0 PERSON parses the input stream following it for the
1 NICK field. It leaves us pointing at the NICK

2 field in the (PEOPLE) file.

3

4 DIGITS Prompts the terminal for input and converts
5 itto binary on the stack.

6
7
8 >DOUBLE Takes the output of DIGITS and converts the
9 number to 32 - bit. PTR is negative if the
10 NUMBER conversion was 16 - bit, in which ¢ ase the
11 high - order part of the number may be found at
12 'NUMBER 2+.
13
14 'LABEL Prompts for each field in order.
15

1235
0 enter creates a new entry for the person whose

1 nickname follows in the input stream, prompting

2 for entry of additional data. If there is already

3 an entry for that nickname, an error message is

4 issued. In either case, the record remains the

5 current one for future editing.

6

7 fix accepts new data for the pre - existing entry
8 whose nickname follows in the input stream.

9

10 remove deletes the person whose nickname follows
11 from the data base.

12

13

14

15
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831

0 ( Record descriptions)
1 2 ( LINK)
2 14 BYTES NICK  ( Nickname, used as the key.)
332 BYTES NAME ( Full name, first name first.)
4 32 BYTES STREET ( Street addr. or PO Box, etc.)
532BYTES CITY
6 DOUBLE zZIP (Note: can only handle US zips)
7 NUMERIC AREA
8 DOUBLE PHONE
9

10 CR .(Mainfile:). .( Bytes)

11

12

13

14

15

832
0 ( Data storage)

:ILABEL CR."Name:" NAME ASK

CR ."Street:" STREET ASK

CR ."City, S tate: " CITY ASK
10 CR ."Zip:" DIGITS >DOUBLE ZIP D!
11 CR ."Area:" DIGITS AREA N!

1:PERS ON( - na) 1TEXT NICKS! (PEOPLE) NICK ;
2

3:DIGITS ( - d/n) QUERY 32 WORD NUMBER;

4

5:>DOUBLE (n/d - d) PTR @ 0<IF'NUMBER 2+ @
6 THEN;

2

8

9

12 ."Phone: " DIGITS >DOUBLE PHONE D! ;
13
14
15
833
0 ( Record management)
1:enter PERSON - BINARY IF SAVE PEOPLE SLOT DUP

2 READ NICK S@ NICK B! RESTORE DUP LINK'!
3 +ORDERED PEOPLE READ !LABEL

4 ELSE ORDERED RELEASE ABORT" Already known "
5 THEN,;

6 : fix PERSON BINARY PEOPLE READ !LABEL ;

7
8

9

:remove PERSON BINARY - ORDERED PEOPLE SCRATCH ;
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1236

0 .PHONE displays the AREA and PHONE numbers as one
1 would expect to see them.
2
3 .ZIP forces the zip code to be displayed in
4 nnnnn format.
5n .PERSON displays the data from the nth record in
6 the PEOPLE data file.
7 see Parses the input stream and displays the proper
8 record. s does the same thing using R#
9 (the current record).
10 all uses the RECORDS word which returns the
11 initial value and number of records+1 in the
12 datafile. T he loop counter is used to access
13 each record in the ordered index (PEOPLE),
14 where the LINK field points to the data in the
15 PEOPLE file.

834

0 ( Data Display)
1: .PHONE AREAN@ O <#41 HOLD # ## 40 HOLD #>

2 TYPE SPACE PHONE D@ <###### 45HOLD ( -)
3 ####>TYPE;
4:.ZIP ZIPD@ <######> TYPE;
5
6 : .PERSON (n) PEOPLE READ CR NAME B? 5 SPACES
7 " ("SPACE NICKB? .")'" CR STREET B?
8 CR CITYB?CR .ZIP 10 SPACES .PHONE SPACE;
9
10 : see PERSON BINARY .PERSON ;
11
12:s R# @ .PERSON;
13

14 : all (PEOPLE) RECORDS DO | (PEOPLE) READ
15 LINK N@ .PERSON CR LOOP SPACE ;

8.6.4 Hierarchical Ordered Files

DIl U&/I 24(680 1T OAAOCAA ET AA@AO EAOA i© hderted @ id®eled QlUrecadds A 1
following the point at which the action occurs are physically moved to accommodate the change. Although this
form of maintenance is somewhat slower than maintaining order by updating chains or pointers (as some data

bases do) it is substantially more reliable.

The assumption is that in most applications an index is searched frequéwt and insertions and deletions occur
relatively infrequently. As a result, we have optimized search time and reliability above maintance time.

The actual time an insertion or deletion will take depends upon the position in the file at which the action occurs
(if it is near the beginning of the file more records must be moved), the number of records in the file, and the size
of each index record. In practice, indexes of several thousand records may be maintained on a hard disk without
unacceptable delays.

Some applications, however, involve tens of thousands of records that must be searched and maintained in order.
In order to deal with such applications, the recommended approach is to divide the total index into several sub
indexes, each of which will be a manageable size. For example, a company with 40,000 employees might separate
them into departments. The department code can indea table in memory giving the appropriate origin block
number for the index of employees in each department. This block number may be put into the ORG field of the
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FDA of a private copy of a generic file definition for the index. Or, the first letter & E A Al D1 T UAAS O 1 AO(
be used to select one of 26 indexes.

Such a multilayered approach is called ahierarchy. If you are designing a hierarchical file structure, the
important considerations include keeping the decisiormaking process simple andndependent of any frequently
changing conditions. If possible, try to base the initial choice on something that can be evaluated without need for
a special file search. Above all, you should avoid keeping record numbers of records in an ordered indea in
higher-level index, as ordered index record numbers are subject to change.

REFERENCES

File Definition Areas, Section 8.3.2

8.7 CHAINING

Chaining is the linkage of one record to another, whether in the same or a different file. Generally, chaining is
appropriate when an unknown amount of data must be associated with a piece of information.

There are as many ways to chain records as there are varieties of applz& | T 08 YT OEEO OAAOQEII
the situations that require chaining, and presnt general solutions to each case.

8.7.1 Chaining Techniques

Before you begin coding, make sure that you study the exact requirements carefully. Reviewing this section for
considerations will be helpful.

Here are some design considerations to take intccaount:
1. Will the chaining occur within the same file, or to an auxiliary file?

2. Must there always be at least one auxiliary record chained to a main record, or may a main record have
no auxiliary records?

3. When you traverse the chain, should it benithe order in which its elements were added (firstin, first-
out), or in reverse (lastin, first-out), or should the chain be maintained in order by a key (such as date
and time)?

, AG6O Aobpi 1 OA OEAOA EOOOAO iITA AU 11As

In some applications, it is possibléo chain records within a single file. Naturally, this is easier than chaining to
another file.

For example, suppose that we have a file of customer names and addresses. Some of our customers have several
addresses: one for invoicing, one for shippingnd so on. Because multiple addresses are the exception, not the

001 Ah AT A AAAAOOA AAAOAOO EEAT AOG AOA 1 AOCAh xAB8A DPOALEA
customer record.

So, we use chaining instead. At this point, we must exarai how much information each auxiliary record must
contain. It turns out that each auxiliary record must contain almost as much information as the main record. If
we create a separate file for the auxiliary records, each record would need to be nearlylagye as a record in the
main file.

If there is relatively little in the main record (the one all customers have) beyond the primary address, you may as
well use additional records in the same file to contain additional addresses. As Fig. 8.9 shows, #puproach lets
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us re-use the field layout structure that we created for the main file records, even though there are some fields in
OEA DPOEIi AOU OAAT OA OEAO xA AiT160 OOA ET OEA AOQEI EAOU

For another example of chaining within a single file, we turrto the DOCUMENTGépplication included with
polyFORTHISD-4 (see Section 8.10). This application lets you enter descriptions of the commands in your
applications and produces alphabetized glossaries.

For each word that you enter into the system, th® OCUMENTGHves its name, vocabulary, stack effects (before
and after) as text strings, the source block, the date this entry was created or updated, plus as many lines of
descriptive text as you care to include.

Customer record with Address 1

LINK ‘ Co. ‘DEPT‘ STREET ‘CITY’ ZIP | PHONE | BALANCE

Chained record with Address 2

™ LINK | CO. |DEPT | STREET |CITY ZIP  PHONE | (unused)

Chained record with Address 3

LINK | CO. |DEPT | STREET |CITY| ZIP | PHONE | (unused)

Fig. 8.9

Example of a chain with all records in the same file.

Y

A

64 Bytes

Main Record:

LINK | name

vocabulary |stack before | source ‘date

Auxiliary Records:

™ LINK First line of descriptive text

™ LINK Second line of descriptive text

LINK

Last line of descriptive text

Fig. 8.10
Record chaining in the polyFORTH DOCUMENTQRlity.
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Fig. 8.10 shows the record structure for th&® OCUMENTORII data except the text is stored in the main record for
each command. This record points to an auxiliargecord that contains the text description. This record may in
turn point to a second text record, and so on. A separate index file contains the alphabetized keys that point to
main records in this file.

Although the main records and auxiliary records share@o fields in common (exceptLINK), they are the same size.
Thus it is most efficient to keep both types of records in the same file.

CUSTOMERS

link = Company Contact| Street |City/State| Zip  Phone [

I link | Company |Contact| Street |City/State| Zip | Phone |=

SERIALS

linkI serial# ‘ product ‘ owner

linkl serial# ‘ product ‘ owner

iyl

] link | serial# ‘ product ‘ owner
linkI serial# ‘ product ‘ owner }
’i link | serial# ‘ product ‘ owner }
ﬂ link | serial# ‘ product ‘ owner }
Fig. 8.11

A variable number of serial number records for products purchased by each customer. Note that each serial
number record contains a pointer back to the Aowner o recor

A third example illustrates the opposite situation. Suppose we have a list of customers whavie purchased our
products. For each customer, we also have a list of the serial numbers of the units they received. For some
customers, there are no serial numbers; for others, as many as twenty.

You can see in Fig. 8.11 that a serial number record takenuch less space than a customer record. Because of this
OEUA OAOEAT AAh EO80 AAOOAO GQUSTAMEREnODWhe other SERBIESD Edoinnkh AET A
record in the CUSTOMERSIe may chain to one or a series of records in th&ERIALS file. A record in
CUSTOMERE&an also contain an empty link, which would be represented by a value df in the LINK field. A-1

LINK also identifies the last serial number for a particular customer.

This last example raises the second consideration: wiieer the application must be able to handle the case of no
auxiliary records, or whether the minimum number of auxiliary records attached to a main record must be one.
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In the first case, when a main record is created, its link can be left alonel) and no auxiliary record need be
SLOTed. However, the routine that appends a new auxiliary record to the chain must check whether it is linking
from the main record or an auxiliary record.

In the second case, when a main record is crgated, an auxiliary record shalso be slotted, and its number saved

ET OEA 1T AET OAAT OAGAhRPOEROADBOEBRAOOERO AAOAT AET ¢ OEOI OCE
the next section.

A third consideration is whether chaining must be lasin, lastout; last-in, first-out; or both. In the case of the

DOCUMENTQfRscribed earlier, obviously chaining must be firsin, first-out. In such cases, the process of adding
a new record to the chain involves:

1. Finding the end of the existing chain;

2. Allocating a new reord,;

3. Setting the link in the last record of the existing chain to point to the new record.
An example of the opposite situation is a bookkeeping database in which each customer record chains to a series
of auxiliary records containing transactions. Bemuse we are almost always more interested in recent
transactions than ancient ones, we chain in a ladn, first-out manner. In this case, the process of adding a new
record to the chain involves:

1. Allocating a new auxiliary record;

2. Setting the mainrecord to point to it;

3. ol AAET ¢ OEA 1 AET OAAI OA3O0 POAOGEI 6O T ETE 10iAAO

mh
—_
(@}
Y

If the application demands that both directions of chaiffollowing be allowed, then each auxiliary record must
contain two link fields: one tothe next record in the chain, and one to the previous.

Each chained record should contain a pointer back to the record that is the head of the chain (which may or may
not be in the same file as the chain). Some applications use this directly. For ins@nsuppose in our serial
number example we keep an ordered index file using the serial number itself as the key. If recordsSEBRIALS
contain a pointer to the owner of the chain as shown in Fig. 8.11, then by entering a serial number the user can
see which customer has received that instrument.

4EA 1100 Ei b1 OOAT O OAAOIT A O ETAI OAET ¢ A DI EI OAO O OEA
it, is for ensuring integrity of the data. If through some mischance of hardware failure a link imé main file
becomes lost, the chains can be reconstructed and attached to the main records.

8.7.2 Chaining Commands

As we have seen in the previous section, the choice of chaining techniques depends on application needs and on
performance tradeoffs. Ratlr than attempt to decide for you, the developers of polyFORTRD12 provide a

collection of commonlyused chaining tools. You may leave them as is, or you may modify them. The table below

gives the general set of commands in the chaining toolbox. Somerds appear more than once; this is because
OAOGAOAT EIBI AT AT GAOCET T O 1 Au AA OOGAEOI h AAPATAET C 11 EIT x
The version shipped with the system is marked with an (*). The others are minor variants; code feome of the

alternate versions is given elsewhere in this chapter.
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Word Stack Action
HEAD (-a) A user variable that points to the first record (head) of the current chain.
LINK (-a) A pre-defined field (the first two bytes of any record) which may beused for chaining.

This same field is used in ordered index records to link to the main file records.

Word Stack Action

FIRST () (*) READB the HEADrecord in the chain. This version is used in applications in which
there is always at least one auxiligy record and all are within the same file.

FIRST (-1 Returns a flag indicating whether the main record is chained to any auxiliary records,
and if it is, READ the record. This version is used in applications in which thelEAD
record may have no auxibry records, and when auxiliary records are in a different file.

- NEXT (-1 (*) Reads the next record, assuming that the chain is linked through the field called
LINK 8 2A0001 0 @&OGABE E M AOEADA EO OERAZDAET 8

- NEXT (--r/0) Alternate version of- NEXT returns the record number of the next record in the chain, if

ATUR nn j OFAI OA8Qq 1T OEAOxXxEOAS $TAOC 1106 OAAA O
- LOCATE (n-t) Searches the chain, starting frorHEAD for the nth record, returning true if the chain

EOT 60 OEAO 111 ¢c8 [/ OEAOxR#aoktng B e spehifedddord. £AT OA
CHAIN (n) Inserts a new record at the nth position. Ifis larger than the length of the chain, inserts

the new record at the end. Alternate versios might take no argument and chain at the
beginning (lastin, first-out), end (first-in, first-out) or according to a key.

UNCHAIN (n) Removes the nth record from the chain.

SNATCH (ar-r) Given a field address and record number, fetches the record mber from that field and
replaces it with the record number given. It is used to update chains.

The arguments for- LOCATE CHAIN, and UNCHAINcount from zero, where zero is the first record in the chain,
and count sequentlally down the chain. An argumerdf -1 is conventionally used to specn‘y the end of the chain

i OETAA Ui O AiT180 1AARAOOAOEI U ETIT x EI x 1 ¢ OEA AEAE] E

The standard versions ofFIRST and- NEXTAOOOI A OEAOA EO Al xAUO AO 1 AAGO 111
the HEADrecord (i.e., t will be subject to the same processing as the others). The chain may be processed in a
BEGIN ...  UNTIL loop:

FIRST BEGIN ... - NEXT UNTIL ...

The alternate versions allow for the possibility that there are no auxiliary chains, and are optimized for a
BEGIN ... WHILE ... REPEAToop:

FIRST BEGIN ?DUP WHILE READ ...
NEXT REPEAT ...

If you have only one set of chained records and the top of the chain is in a different file from the members, you
may incorporate the selection of the file in the word$=IRST, etc. If you have several sets, you will need to select

the file externally. Still another set of variations might allow for the fact that you have more than one chain

attached to your main file, and therefore not all chains start with th&. INK in the main file record. Moreover,

there may even be multiple chains through the auxiliary records. In these cases, you would remove the references
to LINK in these words and specify the field externally.
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The intent here is to present a design concept thatas worked in many applications, but which presumes that you
will tailor a basic vocabulary to your specific application needs a practice that is consistent with the overall
design of Forth in general. Assuming you are adding custom versions of the cha@iwords for your application,
AT 1860 A OCAO ORILE® Ibdd biéithemderehce © thdstandard ones.

REFERENCES
BEGIN ... UNTIL, Section 2.4.2
BEGIN ... WHILE ... REPEAT Section 2.4.3

FILES Load Block, Section 8.1.5

8.7.3 Application Examples
This section offers coded solutions to two application problems.

We introduced the DOCUMENTQfRogram, which is included with your polyFORTH system, in Section 8.7.1. The
use of this utility is more thoroughly documented in Section 8.10.

The word (SHOW)includes this sequence:

( display data from the main record)
BEGIN +L - NEXT NOT WHILE

10 SPACES PHRASE B?
REPEAT ;

The word +L is similar to CR see Section 8.8.4.

The word (SHOW)displays all information about a command. The code fragméeshown above displays the list of
description lines for the command. When it begins, the main record is still current.

10 xA OAx ET 3AAOQGEI 1T w8sxs8ph OEA 1 AET OAAT OAGO 1 ETE ZEEAI A
resides in the same file. When the loop begins,NEXT determines whether the main record is linked to an
auxiliary record. If not, the loop ends and nothing is displayed. If so, tAMYHILE portion is executed, which

displays the first line of text and repeats the lop. Now - NEXT indicates whether there is another auxilary
record.

When the last record is reached, NEXTindicates this and the loop ends.
The word ?LINES is defined as:
: ?LINES 1 BEGIN 1+ - NEXT UNTIL ?PAGE ;
The purpose of?LINES is to determine whAOEAO OEA AOOOAT O Ai i1 ATA8O AAOAOEDPOE
or whether it is necessary to advance the page first to keep all of its lines together. The loop counts the number of
lines (the head plus an unknown number of auxiliary records, at anline each). The word?PAGE introduced in

Section 8.8.4, takes an argument from the stack, starting a new page if that many lines will not fit on the current
page.

Here is a definition usingSNATCH

: DELETE (r#) ... BEGIN READ
LINK O SNATCH DU P O< UNTIL DROP ;
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The part of DELETEshown here removes both the main record and all auxiliary records chained to it. The code
begins on the main record. The phraselNK 0 SNATCHEAOAEAO OEA OAAT OA80O 1 ETE FEEAI
ThishastheA £Z£ZAAO 1T £ OOAOAOGAEETI co6 OEA OAAIT OAh AOGO Al OI bPOI OE

The phraseDUP 0< tests whether the pointer indicates that the record just scratched was the last in the chain. If
so, the loop ends; otherwise, it reads the néxecord, and so on.

You may also wish to study the definitions ofT, P, and U, which use - LOCATE CHAIN, and UNCHAINin
straightforward ways.

Our second coding example is another that we introduced earlier in this section: the customer file and associated

serial numbers. Here we will present two versions of the application. The first, in Fig. 8.12, uses the versions of
FIRST,- NEXT, and- LOCATE that are provided with your polyFORTH system.

ylT OEA EEOOO AiI T AE xA3OA AAEET AA OEA OAAT OA OOOOAOOOAC
entering new customers and serial nurbers. The wordadd makes use of chaining.

As we saw in arr earlier discussion of this application, it is legitimate for ZLUSTOMER®&cord to have no serial
number attached to it. In this case, th€USTOMER®cord will contain z1 in its LINK field. If auxiliary records
are chained, they will reside in a sepate file calledSERIALS.

The process of adding a new serighumber record is not as simple as it would be if all records were contained in
the same file. Here, add must make a decision. If there is no chaining yet, it must go toSBRIALS file and use
SLOTto allocate a record.

3ETAA OEEO EO OEA EEOOO OAAT OA EIT OEANKABA Bitif a dadn hasO OO A
already been started, it will go toSERIALS and useCHAINto add a new record.

The problem is that we cant use CHAIN unless a chain exists already. If all records existed in the same file, then
the main record would be the first record in the chain; and we could simply usgHAINin all cases. We would not
need a conditional. Or, even if records existed separate files, but a minimum of one auxiliary record was always
present, we could useCHAIN and avoid the conditional.

The phrase-1 CHAINEO A A1 EAEi OEAO 1 AAT O OAOOAAE A -lTsAwesaAAT OA
number that never getsreached, andCHAIN is defined so that if it never reaches n it adds the new record to the
end of the chain.

0 ( Customers and Serial Numbers)

1 ( CUSTOMERS records:)

20 2 FILLER ( LINK to 1st serial#)

3 20 BYTES COMPANY

4 16 BYTES CONTACT

5 30BYTES STREET

6 DROP

7

8 ( SERIALS records:)

90 2 FILLER ( LINK to next serial#)
10 10 BYTES SERIAL#
11 NUMERIC PRODUCT ( product code)
12 NUMERIC OWNER ( link to owner CUSTOMERS record)
13 DROP
14
15
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0 ( Customer/serial number f ile)

redit CR ." Company name? " COMPANY ASK
CR ." Contact? " CONTACT ASK
CR ." Address? " STREET ASK;

:new CUSTOMERS SLOT DUP . READ edit;

ab~hwWNBE

6 ( Assumes a serial# chain linked thru HEAD)
7:(add) CR ." Serial#?" SERIAL# ASK ;
8:add SAVE LINKN@ DUP 0< IF ( empty chain) DROP
9 SAVE SERIALS SLOT RESTORE
10 DUP LINK N! SERIALS READ
11 ELSE HEAD ! SERIALS - 1 CHAIN ( add at end)
12 THEN (add) RESTORE;
13
14
15

cedit (n) SAVE SERIALS 1 - - LOCATE ABORT" Can't"
CR Serial# B? (add) RESTORE;

( Customer/serial number display)
:.company COMPANY B? CONTACT B? STREET B?;

:.companies CUSTOMERS RECORDS DO
CR |. IREAD .company LOOP ;

:.serials 0 SERIALS FIRST BEGIN
CR 1+ DUP . Serial# B? - NEXT UNTIL ;

CoOo~NOADWNEO

:serials CR .company LINKN@ 0> IF

10 LINKN@ HEAD'! SAVE .serials RESTORE THEN;
11 : show (n) CUSTOMERS READ serials ;

12

13 EXIT Usage:

14 To enter a new customer: new then add as needed.
15 To edit an old one: n show then add or n edit.

Fig. 8.12

An application example using the standard polyFORTH chaining operators.

The word edit may be used to change an existing serial number. From its purpose we can assume that a chain
AGEOOOh AT A OEAOAAZEI OA EO Al AOK dolnake Aubehit pdints tofaBvdlid dixiliane A 1 AET
record. It simply goes to theSERIALS file and uses- LOCATEo make the desired record current (aborting if the

argument is not valid and- LOCATEterminates before reaching it). Then it displays the current contents of the

field and lets the user reenter it. Finally it restores the file pointers tothe main file.

In the next block, the wordserials  displays the current company data, followed by a list of all associated serial
numbers. Again, since there may be no chain at all, serial must make a decision. Thelt®¢K N@O0> returns

O 6 0 O A dnk iE pBsitideE(that ik, not-1 or 0), indicating the first record in the chain. In this event, serials saves
this link in the variable HEAD selects theSERIALS file, and invokes .serials which use&IRST and - NEXT to
loop through all records in the chan.

47 GCEOA Ui 0 Al EAAA 1T &£ O i A T &£ OEA TATU PI OOEAEI EOEAON
the words FIRST, NEXT, and- LOCATE While these definitions themselves are more complicated, they reduce

the complexity of the applicaton words that use them. These versions are sensitive to the possibility that a main

record may not have any auxiliary records attached to it.

Here are the redefinitions, followed by the new versions of the affected application commands:

:VALID (n -t 0 OVER <DUP IF
SWAP READ ELSE SWAP DROP THEN ;
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: FIRST ( - t) HEAD @ VALID;
"NEXT( - t) LINKN@ VALID;

-LOCATE (n - 1) FIRST IF BEGIN DUP WHILE
1- NEXTNOTIF DROP -1EXIT THEN
REPEAT ELSE DROP -1 THEN;

radd LINKN @ HEAD! SAVE SERIALS
FIRSTIF -1 CHAIN ELSE ( no chain)
SLOT DUP RESTORE LINK N! SAVE
SERIALS READ THEN
(add) RESTORE ;

: serials LINK N@ HEAD ! SAVE 0
SERIALS FIRST BEGIN WHILE CR 1+ DUP.
SERIAL# B? NEXT REPEA T RESTORE DROP ;

In the first block, FIRST returns a flag that is true if a chain exists at all. If so, the first record in the chain is made
current. The word NEXTreturns a flag that is true if another record exists in the chain. If so, that record is made
current.

As you can see, both words make use of the same code, which we have factored into the definition caidD .

We have also recoded- LOCATEINn this block. As usual; LOCATEOAOOOT 0 A OOO0OA6 A&l AC EE

I £/ OEA AEAET AAT 110 AA A& 01 A8 YT OEEO OAOOGEI T h EO Al O
These changes simplify our application definitionsadd still has to make a decisionbut it uses FIRST for the

test.

Because of the way we have rewritterFIRST, serials  no longer needs anlF statement at all. The only
conditional is WHILE, which gets its argument the first time around fromFIRST, and henceforth fromNEXT.
Thus, if a fird record is absent, theWHILE phrase never gets executed. We eliminated the need for a subordinate
word .serials completely.

REFERENCES

Data Base Design, Section 8.9

8.8 REPORT GENERATOR

The polyFORTH Report Generator is a set of words that assist youtlie preparation of formatted output reports.
Once you have specified the page format and column headings, and indicated the layout of a single record as a row
of data, the Report Generator performs all required output formatting and also controls paginthe heading of
each page and related operations.

An optional feature of the Report Generator allows subtotals and grand totals to be accumulated in a simple
manner; these totals can then be printed on a separate line with a minimum of effort.

The following example will serve as a quick introduction to the Report Generator. It assumes the fields defined in
the example in Section 8.1. Here is the code:
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. .person NAME ?B STREET ?B CITY ?B
STATE?B ZIP 7B,

[R People \ Name Address
Cit y St. Zip ]

rall LITERAL LAYOUT +L
PEOPLE RECORDS DO | READ .person
+CR LOOP;

This produces:

FORTH, Inc. Page 1 26 AUG 1986
People

Name Address City St Zip

Andrews, Carl 1432 Morriston Ave. Parkenvile PA 17214

Boehning, Greg POB 41256 Santa Cruz CA 95061

Chapel, Doug 75 Heetwood Dr. Rockville MD 20852

Cook, Dottie 154 Sweet Rd. Grand Prairie TX 75050

In the example above, the wordperson is defined similarly to the version given in Section 8.1, except that the

field reference merator ?B is used instead ofB?. ?B is the Report Generator version oB?, and takes the same

OOAAE AOCOi AT 008 4EA AEEEAOAT AR EO OEAO EO PAOAIRI O OOAA
(third line of example). Section 8.8.3 listslathe output operators that use this table.

ThewordR OPAAEZLZEAO Ai OE A OEOI A j OEA x1 OA Oo0AiI Pi Ahd AAT OAOA.
each column). It also creates the column table mentioned above, leaving this address on thelstaBee Section
8.8.2 for more on[R .

The final word, all prints the tabulated report. It begins by invokingLITERAL so that the address passed from
[R will become part of this definition, then callSLAYOUT which consumes this address.

+Lj OET OO sEEDVA®GI & OAAO AT A@OOA AAOOEAGCA OAOOOPEOEEOT OEA
guarantees that thePEOPLEfile is current whenever we display this report. RECORDSupplies the appropriate

arguments for DQ Each time through the loopthe next record is made current with READ and the row is

displayed with .people . Then,+CRforces a newline and checks whether the page is full if so, the report

generator automatically heads the next page.

The report also contains a page banner whicimcludes some text at the uppetfleft hand corner of the page and the
page number and date in the upper right. These are formatted automatically byAYOUT but are user
configurable.

REFERENCES

Controlling Paging, Section 8.8.4
Page Banner, Section 8.8.5

8.8.1 Specifying a Title/Column -Heading Pair

A single word,[R, lets you specify both the title and the column headings. The agb phrase must appear in the
source block, usually just preceding the definition of the report for which they are designed. iBhsource text
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must be available for the application when it is running i(e, mounted on a disk drive); if you need a ROMable
version, contact FORTH, Inc.

The format for a title/column heading pair is:

[R title -text \column - heading -text]

The entire title/heading pair statement may extend over multiple lines, since the Forth interpreter treats source
blocks as contiguous 1Kbyte strings.

All characters up to the backslash, except the first blank that followfR , are used for the title text. The title tet
will be displayed approximately at the center of an 8./2" x 11" page, assuming that the titletext is about 30
characters in length (actually, the system outputs 20 spaces before typing this string to approximate the
centering; this occurs in the word+PAGBE.

All characters that follow\ , ending with the delimiter] , are used for the heading. The first character (blank or
non-blank) that follows the \ corresponds to the first column of the report page.

In addition to being displayed, the heading texis parsed at the time the block that contains the heading is loaded,

to produce a table of column widths and locations of the text to be displayed. This table is used by the set of
words that output the contents of fields for the Report Generator; this walset includes: ?B, ?N, and?1. Thus,

AAAE AT 1011 OETI x06 xEAOA EO OEI Ol A APPAAO 11 OEA PACA

When displaying BYTESfields, it is necessary to ensure that the width of the heading text for that field matches
the width of the storage field, plus a few extra spaces as desired for column separation. Any fewer spaces, or
significantly more spaces, will result in a skewe@utput.

With numeric fields, caution should be exercised that the length of the field to be printed does not exceed the
width of the column to be used. Should the actual size of a string exceed the column width, it will ntredess be
printed in full and the remaining columns permanently shifted right to accommodate it.

Also, make sure that no blank space intervenes between the last column heading and the delimiting ]; this will
cause an extra column entry in the table and may skew the output.

Finally, mE A OOOA OEAO AAAE EAAAEI C AT AO 110 Ai1TOGAET A OPAA,
as two column headings.

The address of the columns table is left on the stack at load time By ; this is the address that must be passed to
the word LAYOUT LAYOUTinitiates the printing of a report and specifies the type of page heading routine to be
invoked. It also saves the address of the title/column heading table (in user variabiRPT) so that each page of the
report will display the same headerinformation.

If the title/column -heading pair is to be used in several reports, the address of the table for the title/heading pair
may be used as the value for @ONSTAN;Tthus giving a name to the title/heading pair:

[R A Report \ Coll Col2 Col3]
COMNSTANT 'SHOW'
: SHOW 'SHOW' LAYOUT ...;

Otherwise, it is more efficient to just keep this address for RITERAL to compile as a literal in the definition that
uses this report:
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[R A Report \ Coll Col2 Col3 ]
: SHOW LITERAL LAYOUT ;

This address may, bcourse, beDURed if more than one reference is required, provided th®UPappears outside
any definition (and thus is executed):

[R A Report \ Coll Col2 Col3] DUP
: SUMMARY LITERAL LAYOUT ...;
: SHOW LITERAL LAYOUT ;

REFERENCES
+PAGE Section 8.8.4

8.8.2 Formatting Lines

To the report generator, a line consists of a series of columns, each of which has as fixed width. These columns
are used to align the data to be printed, with all data righjustified in the current column.

The following words areprovided by the Report Generator to display fields within the columns determined by the
title/column heading pair:

Word Stack Action

.N (n) Displays the singlelength integer n right justified in the next column, in the format used by.
(dot).

?N (a) Displays the contentsa address as a singldength integer n right justified in the next column, in

the format used by . (dot).

?1 (a) Displays the contents of the specified BY TEfield, right justified in the next column.

.D (d) Displays the doublelength integer d right justified in the next column, in the format used byD.

7B (na) Reads and displays EBYTESfield, according to the declared length, lefjustified in the next
column. PADis used as intermediate storage of the field.

.M/DIY (n) Given aJulian date, displays it in the next report column. Since this routine invok¢DATE) . it
will work with either calendar. Most data base applications prefer to use the mm/dd/yy calendar
(Block 43).

Each of these operators advances the columns table thet next column, determines the width of the new field,
then right-justifies the output string in this column.

You may also build your own formatting words to display columns, using the worBIGHT.

RIGHT (an) Displays an alphanumeric string of lengthn, beginning at addressa, right-justified in the next
column.

The stack arguments are identical to those GFYPE

In fact,.N,?N,?1,.D, and?B are defined usingRIGHT and behave according to its rules:
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1. If the length of the output string exceeds thavidth of the column, the results are unpredictable but will
include loss of format control.

2. If the length of the output string equals the width of the column, the string is displayed and the column
pointer is advanced.

3. If the length of the output sting is less than the width of the column, the difference is output as blank
spaces, so that the string will be righjustified.

4. Text strings are also rightjustified; however their trailing blanks are included, making them appear left
justified.

Hereis an example:

0 (Accounts example) FORGET TASK : TASK ;

1
20 10 BYTES NAME NUMERIC ACCT# DOUBLE BALANCE
3

4:($)(d - an) SWAP OVER DABS

5 <# ## 46 HOLD #S SIGN #>;

6 : ACCOUNT ACCT#?N NAME ?B

7 BALANCED@ ( .$) RIGHT;

8

9 [R Account Balances \ Account# Name Balance]
10 : balances LITERAL LAYOUT
11 ACCOUNTS RECORDS DO | READ .ACCOUNT LOOP;
12
13 :enter (nd) ACCOUNTS SLOT READ BALANCE D!
14 ACCT# N! NAME PUT ;
15 ( Example: 456 100.00 enter John Doe <RETURN>)

The word BALANCE$roduces:

FORTH, Inc. Page 1 26 AUG 1986
Account Balances
Account# Name Balance
456 John Doe 100.00
489 Mary Smith 2970.00
620 Ed Poore 2.59

.1 OEAA OEAO OEA AEEOOO pdark i ihé title doliminEhbaging pdrithied $pdrbsafted theA D
backslash. This causes the heading on the output report to be indented three spaces (the first space after the
backslash counts). On the corresponding formatted lines, the first field is forrttad with ?N, which right-justifies

OEA OOOET ¢ ACAEIT OO OEA AT A 1T &£ OGEA O! AAT 01 6bne EAAAET C8
The middle column is formatted with ?B; as a text string this field is effectively lefjustified. To make the output
iTOA PI AAOGET ch xA EAOA healing fohd flushBek to datdhi Aheé usd KRIGAT id 7B

causes the column table to be adjusted the first time a row is displayed (see Section 8.8.6).
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In the third column, the data is once again righE OOOE £ZEAA O1 AAO OEA 1 Adu@nhedaihAdd AAOAO 1
In this case, we wished to display the doubkength field in dollars-and-cents format, requiring the use of a

pictured numeric output routine (Lines 4 and 5 of the listing). On Line 6, this pictured numeric output string is

displayed, bu with RIGHT rather than TYPE

If the previous column displayed was the final column on a lindRIGHT automatically advances to the next line
and resets the column table to begin with the first column on the line.

The following words are available for speial formatting requirements:

Word Stack Action

0COL () Resets the column table pointer to point to the first column width. Exercise care with
this word, since it can cause the output to be misaligned if it is not issued when the actual
output print position is at the beginning of a line.

COLS (-n) Advances the column pointer and returns the width of the new column.
Word Stack Action

SKIP () Skips one column.

SKIPS (n) Skipsn columns.

8.8.3 Controlling Paging

The report generator counts each otput line; when no available lines remain, it forces a page heading cycle by
placing standard titling information at the top of each page.

The maximum number of lines which may be placed on a page is stored in the user variadblé (lines/page). For
the printer task, its value is normally sixty-six, which corresponds to the standard page size ofB2" x 11". In
areas of the world where the standard page is not eleven inches, this value must be set appropriately.

For terminal task, the value oL/P is usually twenty-four.
To change this value for a terminal task, simply store the new value intdP :
60 L/P !

To reset the value for the printer task, you may either place a similar phrase inside a definition that is executed by
the printer task (as in the ddinition of a report that you are printing), or with the following phrase (see Section
4.6):

60 TYPIST L/P HIS !

7EAT OOET ¢ OEA 2ADPT OO0 ' AT AOAOI Oh Edd EHA S 1AOTAEAGOAD) GHA
each row of data. As theidld-display operators cycle through the columns table, after the last column has been

displayed, the next operator resets the column pointer to the beginning of the column table again and issues a

Ol AIxET A8

The following words control pagination:

Word Sack Action
+PAGE Starts a new page, incrementing the page count P# and displaying the headings for the
new page.
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Word Stack Action

?PAGE (n) Starts a new page if there are fewer than OPAAA O OAI AET ET ¢cn 1-OEAOXE
1 ET A80

+L Issues aCRand increments the line count inL#. Also resets the column pointers using
0COL

+CR Checks whether the page is full (usind ?PAGE), then issues atL.

You can ensure that a set of related lines will appear together on the same page, by u§iRgGEbefore each set
to guarantee that they will all fit. For example, if the report consists of groups of three lines that should always
appear together, issue the following phrase immediately before displaying each thréi@e unit:

3 ?PAGE

Within the three lines, you would usetL rather than +CRto avoid a possible page break within the group.

You can unconditionally force a new page by providing an argument that appears to be greater than the largest
possible number of lines per page:

-1 ?PAGE
If you wish to suppress automatic paging totally (for example, in cases where the output is directed to a terminal
that is not a printer, where page headings are not desired), you may use the wotd in place of+CR The words
are the same except thatL does not check for page full.
Consider the code example in Section 8.8. Hefé is used at the beginning of the report, butCRis used after
each line inside the loop, to enable automatic pagination. NeitheiL nor +CRis inside .person , because this
definition (which simply displays the current record) may be used for a singleecord terminal inquiry, as well as
the many-record report all . The terminal inquiry might look like this:

: show (n) PEOPLE READ .person +L ;

Here +L is preferred because walo not want to paginate every few inquiries!

REFERENCES
OCOL, Section 8.8.3

8.8.4 The Page Banner

1O OEA Oi b 1T £ AAAE PACA 1T &£ OEA OADPI OO0 APPAAOO OEA ODPAC.
<optional text> Page nn <date>

where nnis the current page number, ancdate> is the current system date.

If you wish to modify or eliminate the optional text, simply change the' string in the definition of +PAGE(Block
133).

It is possible to eliminate the page banner entirely by replacing the wordAYOUTwith HEADING LikeLAYOUT
HEADINGtakes as an argument the address of a title/column heading table as provided by the wof, and
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AOOAAI EOEAO OEEO OAAT A AO AOOOAT Os8 ) 6 OEAT AEODPI AUO

line displays the columm headings.

HEADING (a) Saves the address of a title/heading table, and outputs the title and column headings.

8.8.5 How the Columns Table Works

The format of the columns table is:

Byte Contents

address+0, 2 Disk location of the title/heading pair (character position and block number).
+4 Address of the page heading vectored routine.

+6 First column width.

8 et seq. Subsequent column widths.

A zero entry in the table indicates the end.

A heading line can contain up to 128 characters. These linee used to establish a table of column widths at load
time in the following manner.

Starting from the backslash in the title/columntheading pair,[R scans forward using32 WORIDN a loop. Each

time it encounters a heading, it continues to scan to the fit blank character following it, computes the difference

from the starting point or previous heading (the width of the field), and compiles this into the table. This loop
repeats until the] delimiter is encountered. At this point, the indicator for theend of the line (a column width of

zero) is inserted and the scan is complete.

For example, suppose the following is the satp string for a set of column headings (the numbers across the top
are your guide to indicate column positions):

0 1 2 3 4
01234567890123456789012345678901234567890123456789
\ Account# Name  Balance]

AEA EEOOO AiI ATE AEOAO OEA O! AAT 61 6né EAAAET ¢ 1 AAOOO A
the table as the widthof EA  ZFEO0OO AT 1 Oi 1 8 4EA EEOOO Al ATE AEOAO OE
the difference, 5, is compiled as the width of the second column. The delimitihgoccurs at 34, and the difference

of 16 is compiled as the width of the third colum. Finally, a zero is compiled to indicate the end of the table.

The finished column table, as constructed bjR , contains:

12 516 0

The total width of all columns equals the position number of the last neblank character.

.1 OEAA OEAO IgghtioRA 1EAEMOA AHO COAEET ¢ DI AAA x BALENCEFeport,ithe A AT A
full 10 characters of the name field appear. What happens is that the first tilBALANCESnvokes ?B, the word

RIGHT (which is invoked by ?B) determines that a width of five is not sufficient for the 16character BY TESfield

plus the single space between columns. AccordingiRIGHT adds six to the five, to achieve the necessary eleven
spaces needed. Finally, to keep the rest of the columnadd up, RIGHT subtracts six from the next column

i O" Al AT AA6 Qs
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Thus, by the time the first row of data has been displayed, the column table contains these entries:

12 11 10 O

If you crowd the headings too close together in the title/columrheading pair,RIGHTx E1 1 OOOAAI 6 Oi
from the next column that it will contain zero. If this happens, the column table will appear to be terméed at

that point, and there will be more output operations on each line than there are columns in the table. &hesult

will be a skewed output.

A line may contain as many columns as required for the output format. Due to the method of establishing
columns, the minimum width of a column is two characters.

8.8.6 Non-standard Report Headings
By default, theOT AXACA A£O01 ACGEiI 16 PAOAEI O0i 6 OEA A 111 xEITC O00ADPO
page:

1. Displays the page banner as described in Section 8.8.5;

2. Performs a+L and skips 20 spaces (to approximately center the title);

3. Executes a wod calledTITLE . TITLE is defined as:

:TITLE RPT @ HEADING ;

RPTis the user variable that points to the current title/column heading table. HEADINGdisplays the title and
column-heading lines from the given table (Section 8.8.5).

However, the ReportGenerator lets you vector the third function above. This feature lets you execute your own
definition instead of, or in addition to, TITLE . For instance, you might add other lines of information below the
page banner.

This vectoring is possible without recompiling the FILES utility because the third cell of the title/column-
heading table contains the address of the routine to be executed at the top of each page. WRegenerates this
table, it copies in the address of the routind ITLE by default. Byre-setting this address to point to your own
definition, you can change the output of the newpage function.

Here is an example:
0 (A Non - standard Report Heading)
1 VARIABLE WHICH
2[R \ Coll Col2 Col3] DUP 4 +
3:'ITEM' LITERAL ASSIGN ." Report on Item No. "

4 WHICH ? +CR TITLE ;
5:SHOW (n) WHICH! 'ITEM' LITERAL LAYOUT ;

This example shows a report for some particular item that is selected numerically, like this:

2500 SHOW Stores2500into WHICHso that you can see a repoffor Item 2500.

The report generator will print the item number at the top of each page, with headings:

Acme Manufacturing Co. Page 1 26 AUG 1986
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Report on Item No. 2500
Coll Col2 Col3

where the top line is the standard page banner, and the te@2 ADT OO 11 ) OAi .1 8-defined EO /A&l O
code.

Here are the steps used in the above example to vector the usdafined code into the newpage routine:
1. # OAAOA A OEOI ATAT10i1 EAAAEI ¢ PAEO AOG OOOAI | ET OEEO

2. Following the creation of the title/column heading pair, invoke the phraseDUP 4+. This computes the
address of the execution vector in the table, in addition to the starting address of the table.

3. Define a word that vectors this address to the cadyou wish to execute. In the definition oI TEM'
above, the word LITERAL makes the vectoredexecution address part of the definition. IITERAL
AT1 001 A0 OEA OAAAOAOO wWSSEH cadsésQiai agldredsi td fiftl toh theEdode 8 q
following ASSIGN itself (Section 2.3.8.2).

4. The rest of the definition is the code that will be executed as the third step of the nepage routine. It
ET Al OAAO OEA [ AOGOACA O02API 06 11 )OAI .i18hd A 111 xAA
invokes +CRto move to the beginning of the next line. Finally it invokeJITLE , which displays the
title/coumn -EAAAET ¢ PAEOS Yyl OEEO AAOAh xA EAOA OPAAEEEAA
5. Define the reportgenerating word (the word SHOW) in the sual way, using the address remaining on
the stack (the beginning of the table) as the argument to this second occurrence of LITERAL.

Having once executed TEM' in the above code, the usedefined routine is now a permanent part of theSHOW
report. Howewer, other reports may be ceresident; since each has its own title/ columrheading table, each has
its own new-page execution behavior.

8.8.7 Totals and Subtotals

The Data Base Support option includes a simple utility for computing subtotals and totals mfimeric fields as the
report is being displayed. In general, the following steps must be followed:

1. 111176 AT T OCE Oxi OEEIi ¢ OO0O1I OAcCAs &£ O OEA OARQEAGTOAOO8 7
immediately after the word EMPT Yat the beginning of theFILES load block (Section 8.6). The value of
is calculated by this Forth phrase:
(# of registers needed) 8 * 4 + 16 +

See the shadow block associated with the wordEGISTERonN your system.

2. At the beginning of your report word, simultaneously dehe and clear as many accumulatepairs as
there are fields you wish to total, using the worZERO(see below).

3. As the fields are being displayed, accumulate the values in the subtotal registers by using eitB&iMor
FOOT

4. When you wish to display he subtotals (if at all), use the wordSUB followed by an appropriate humeric
output command.
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5. When you wish to display the grand totals, invoké&SRAND This copies the grand totals to the subtotals
registers. Then useSUBas in Step 3.

Here are the rekvant words in detail:

Word Stack Description

ZERO (n) Defines n subtotal accumulators, andn grand-total accumulators, and sets all to zero. Each
accumulator is doublelength.

For example, if you are totaling three fields, the phrase:

3 ZERO

creates three subtotal accumulators and three grantbtal accumulators, and sets all to zero.
ZEROmust be used at the beginning of a report if any of the following words are used.

SUM (dn) Addsd to the subtotal accumulator for the nth relative field.
FOOT (d-d) Advances to the next subtotal register and addd to it. If at the last register, wraps around to the
first.

For instance, suppose you have ROUBLHield called SALARYthat you want to both display and
add to the running total. The phras:

SALARY D@ FOOT .D
fetches the contents, adds it to the corresponding stiital register, then displays it.

SUB (--d) Advances to the next subtotal register and fetches its contents. Also adds the contents into the
corresponding grandtotal accunulator and clears the subtotal register. If at the last register,
wraps around to the first.

GRAND () Copies the grand totals to the subtotal accumulators. For example, the phrase:

SUB .D

will display the subtotal of the next field. The phrase:
GRAND SUB .D

will display the grand total of the next field.

The following example shows how subtotals and grand totals can be easily computed and displayed:

Wine Inventory by Store
Location Chablis Rose Champagne

Northern California

Palo Alto 25 42 78
San Jose 16 32 50
Mill Valley 31 29 36
San Francisco 70 59 82

142 162 246

Southern California
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Chatsworth 35 48 29
Woodland Hills 32 40 60

67 88 89

Grand Total: 209 250 335

Here is the code that produced this display:

0 ( Totals and Subtotals) FORGET TASK : TASK;
10 16 BYTES Location NUMERIC Chablis NUMERIC Rose
2 NUMERIC Champagne DROP
3
4 : .amounts Location ?B Chablis N@ 0 FOOT .D
5 Rose N@ 0 FOOT .D Champagne N@ 0 FOOT .D
6 : .subs SUB.D SUB.D SUB.D +CR;
7 [R Wine Inventory by Store \ Location Chablis
8 Rose Champagne]
9:INVENTORY LITERAL LAYOUT 3 ZERO +CR
10 ." Northern California" +CR
11 WINES RECORDS DO | READ .amounts 14 =IF +CR
12  SKIP .subs +CR ." Southern California " +CR
13 THEN LOOP +CR
14 SKIP .subs ." Grand Total: " COLS DROP
15 GRAND .subs;

The phrase3 ZEROappears in the definition ofINVENTORYon Line 9. This creates and clears three sets of
accumulators, one set for each field we wish to total.

The word FOOTappears in the definition of.amounts on Line 4:
Chablis N@ 0 FOOT .D

In this case, the field iNUMERI(single-length), so we fetch it with the operatorN@ FOOT however, expects a
double-length number; the zero preceding it supplies the higlorder part. FOOTwill add the value to the first
subtotal accumulator. FOOTalso returns a copy of the value (as a doubliength number). Finally.D displays the
value in Report Generator format

The second invocation oFOOTin:

Rose N@ 0 FOOT .D
will cause the value of theRose field to be added to the second accuntator, and so on.
The word SUBappears in the definition of.subs on Line 6. This definiion displays the contents of the three
subtotal accumulators in turn. Notice that the three uses aD correspond to the second, third, and fourth
columns in the report generator; thus we can only invokesubs when we are about to display the second cofan

(after having output or SKIP ped the first column).

In INVENTORY we display the standard header withLAYOUT below which we display the category heading
O. 1T OOEAOT #AIl E&EI Ol EA8d

Inside the loop we display the fields in the usual way, except that we chettksee if the index is 4. If so, then it is
time to display the subtotals for Northern California and the category heading for Southern California; the code
for this appears on Line 12. Here w8KIP the first Report Generator column, then issuesubs .
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After the loop has been completed and the second set of records displayed, the phrase:

SKIP .subs

(Line 14) displays the subtotals for Southern California, and issuest&CR

&QETATTU xA AEOPI AU OEA OA@O O' OAT A displéyAhe grand totdlEol th® OE A E
same line. We cannot us&KIP, because it outputs the necessary number of spaces to get to the next report
AT10i1Tn AEOGAO POET OET ¢ OEA OAgOh xA8OA EAI £ OEA xAU OE
blanks so that the message is 17 characters long (the width of the first field plus one); this leaves us in position to
display the second column.
However, the columns table must also be advanced to point to the second column. The phrase:

COLS DROP
is the same asSKIP without issuing the spaces.

Finally, GRANZopies the grandtotal accumulators to the subtotal registers, andsubs displays these.

8.9 DATA BASE DESIGN

Before building a house, it is best to have a blueprint. So too, before défimfiles and records, it is best to map
out the overall data base needs.

In general, we can formulate two simple rules for planning your data base:
1. Look at the kinds of information you have.

2. Arrange like kinds of information into files.
8.9.1 A Hospital Patient Management Data Base

Our goal in this example is to create a data base for tracking patients in a large hospital. For each patient there is

a set of information: items such as address, height, weight, dadé-birth, and so on. (Note that we savedate-of-

AEOOE AT A 110 AcAs 7A AAT Al xAUO AT 1 DOOAof-hG & ntweE OEAO
obsolete.)

Clearly, this information all belongs in a single record, one per patient. However, there is also a variable number
of information items that may be associated with each patient. For instance, each patient may have a different
number of tests, and each type of test may have a different amount of information that it produces. In short, the
amount of information that we need to leep for each patient is variable in length.

At this juncture, many data base designers would opt for variableength records and fields. But variabldength

records are complex and slow, as we saw in Section 8.1. With nearly the same convenience we chiewe the
same results by using a fixed header plus a variable number of subordinate records.
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File of Patients File of Test Results

2N

Fig. 8.13

Patient records chained to test results.

File of Patients File of Test Results
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Fig. 8.14

Three fAtest resultsodo chains for each patient.

This is where chains come in. Fig. 8.1shows that a field in eachPATIENTS record can point to the first in a
series of RESULTSrecords, each of which is chained to the next. We achieve the same effect, but at much less
expense.

Now suppose that we need to record particular test results for tkee different tests for each patient. We can

accomplish this by providing three fields in eachPATIENTS record, each pointing to a different result record or
chain of records (Fig. 8.14).
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(PATIENTS)
(Patient look-up file) PATIENTS

Patient No: g
102976

102,976" record >

Fig. 8.15
Patient numbers directly index a record in (PATIEN TS), which contains a link to the main PATIENTS file.

(AOA6O AT 1 OEAO ET OOECOEI C bOI Al Al 8 4AEA APPI EAAOQEIT AA
OPDAOEAT O 1 0i ARO8S ! PAOGEAT O 10i AAO EO AvordsAt@patiénA OCA 1
number last issued reflects the total number of patients that have ever been admitted to the hospital in its history.
This number could reach 200,000 during the lifetime of our system. However, the department for which we are

designing this application expects to see only 30,000 patients during the lifetime of this system. Unfortunately,

i AET OAETET C AT 1 OAAOAA ET AA@ AOAT 1T £ onhnnn OAAT OAOh E]
Is there any way we can translate a patient numbedirectly into a record number for our PATIENTS £E 1 A e , AC
O0U OEEO(, xAd11 AOAAOA A EAEI A T &£ ¢nnhnnn OAAT OAOh AAA

potential patient number. The twobyte field will contain a record number, pointing to the record in the
PATIENTSfile corresponding to the patient number (Fig. 8.15).

This elegant scheme requires 400 blocks for the loelp file, and yet gives immediate access to a patient record,
with only one intermediate disk access. No seeahing is needed. Furthermore, when new patients are added,
SLOTis not needed in the lookup file.

In general, direct access is much faster than searching, and should be used whenever appropriate.

8.9.2 An Integrated Business System

Our goal in this example is to create a package that will track income (sales and accounts receivable) and
expenses (purchase orders, accounts payable, and payroll), and from these inputs will produce general ledgers,

income statements and balance sheets.

Although many commercial business packages treat these functions as s@pte programs, our goal is to integrate
them into a single system. By doing so, we will make the system simpler to use and reduce the opportunity for
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error. For instance, when a sales order is ented, the order should be forwarded to the accounts receivable
component, and the sale automatilly posted to the general ledger without further manual entry.

(T x OEAIT xA T OCATEUA 100 AAOA AAOAe , AOG&e parfoCdti AU EA,
business, and the reports that we wish to obtain:

Entities: Operations: Reports:

customers sales: general ledger:

vendors order entry income statement

employees accounts receivable balance sheet

payments received
purchases:

purchase orders

accounts payable

checks written
payroll:

I:ogking fiArst, at tAhe Ieft cqur’nn', clearly we will _neecj to store information e}bout the en}ities in a file structure. 'I:hg . )
NOAOGOETT O1 AOE EOh O7EAO AT x Aurné ohitAhat foddachBfioir threditypes®@®O OEAOA
entity, the answer is remarkably similar. In each case we need to know:

name
address (street, city, state, zip)
phone number

This observation suggestions the possibility of using shared code, an oppanity for program simplification. At
the very least, this means we can use the same field definition namdsAMESTREET etc.) for three different

files.

In fact, though, we never have more than several hundred people and companies that we do business with in any
year. As a result, we can mix all people and companies in single file, caREOPLE and add an extra field called
KIND to indicate whether the entity is a customer, vendor, or employee.

4EEO OAAOGAAOG OEA 101 AAO T &£ ZEI A0 £ O OAT OEOGEAOGG6 &EOI T OEO
Because we will need to search and order this file on an alphabetical basis, we must also create an index file,

called (PEOPLE). This index will cortain simply a link field? to point to the corresponding record inPEOPLE
AT A A O1 EAET Al Aans tAeEnAmeAnta forrEHatAVE wakilitlal@habetized by.

7A AAT AOOAAI EOE OEA &I 11T xEIT ¢ 001 A0 £ O AT 60U 1T &£ OEA Ol
for human beings . last name, first name, initial
for companies ( customers or vendors ): company name

(sometimes somewhat abbr eviated)

As for the additional fields that employees need, we find it simplest to create an additional file callédJXILIARY .
Each employee record contains a pointer to a record iRUXILIARY .
Ix 1 AOBO 0001 O1 OEA 1 bAOAfh&ttibnarat musideSdved] Ehdse haddadtidns OA O O1 C
will become records in a file ofevents What do we need to know about these events? In the case of a sale, we
have:
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customer

date of sale
amount

check number

In the case of a purchase order, we have:

vendor

date of order

amount

purchase order number

In the case of payroll, we have:

employee

date of paycheck

amount

check number

commissions (for commissioned salespeople)
tax contributions, etc.

Once again, it appears that many fields exist in common. tihe excepion of the extra information needed for
payroll, we can summarize the above requirements as:

WHO
WHEN
AMOUNT
NO.

We decide to keep all events in a single file. We will call this flRETAIL. Besides the fields described above, we
will add afield called KIND to indicate whether the event is a sale, an order, etc.

When we organize our data needs in this way, we see that entities and events can be organized together for
simplicity. With this understanding, it will be easier to integrate the atire system.

, AO8 O 1 WHdeld AVhatGHiodd it contain? Perhaps the name of the person or company.

On the other hand, we know there will be many mor®ETAIL records than anything else, so we want to make
each record as small as possible. Weme to keep a name field in th®ETAIL file, it would take up considerable
space and require that we look up the name in an index in order to get the address or other information on the
name.

Instead, we will keep the record number of the related personrocompany in the WHGield. This occupies only
two bytes, and requires no searches.

I x 1TAOG6O OOOAU OIiT A 1T &£ OEA T PAOAOGEITO xAd11 xAT O OI
write checks. This is easy. We simply look through tHRETAL file looking for accounts payable entries that are

due now. From the record irDETAIL we can follow the pointer into PEOPLEo get the name and address of the
payee.

, AOBO OAEA AT 1 OEAO AgQAIi bl As 7A x AT O Oby apakticularicusomed| A A QO
io OoF A OA1T AT Os8 "00 xA EAOA PEAP(EredoidsA AlIQua Aake tdldo B letdehch T A A 6
PEOPLErecord point to the most recent transaction, then let each transaction record point to the nexhost-

recent transaction, etc. Here we are using chains.
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ACME Widgets, Inc.

# Job Ref Due
3344 1086 29 NOV
334347 626 29 NOV
3205 2270 10 OCT
277361 930 30 SEP

Page 1 31 OCT 1986

So. Bay Office Supply Account Status
DR# CR# Amount Paid Balance
5220 2100 189.24 0.00 189.24
1210 2100 10.74 0.00 10.74
2100 1030 779.74 779.74 0.00
1210 2100 59.04 59.04 0.00

Fig. 8.16

Portion of a report showing a vendor account. The first column shows the number by which each detail item is

referenced; it is actually the number of the record in the DETAIL f i | e .

the subject account. Custom report titles are described in Section 8.8.7.

The

report title 1is

Chaining is appropriate in cases such as this, in which there is no way to predict how many elements theiill be,
and it makes it easy to generate reports of activity for a vendor such as the one in Fig. 8.16.

There are at least three ways that chaining can be done:

1. Chaining from most recently entered transaction to least recent.

2. Chaining from leastrecent transaction to most recent.

3. Chaining by something other than order of entry, such as date field, etc.

In this case, we prefer to list transactions starting with the most recent events. This makes possible reports such
as shown in Fig. 8.16. Awe saw in an Section 8.7, the polyFORTH Data Base Support option includes a block of
chain manipulation words that you can customize for your particular application.

So far we have #EOPLHile and aDETAIL file. Now let us look at our desired reports.

The general ledger is produced monthly, organized by account. Under each account are itemized all transactions,
both credits and debits involving that account during the month. In the balance sheet (Fig. 8.17), we show year
to-date summaries for each acamt.

ACME Widgets, Inc.

Petty Cash

Page 1 31 OCT 1986

Balance Sheet

CURRENT ASSETS
CASH
Continental Bank 24,165
Amalgamated Bank 104,965
Short Term Investments 248,000

5000 382,130

Fig. 8.17

Portion of a Balance Sheet report.

The traditional data base approach to General Ledger might involve runing, once each day, some program that
looks through the latest events and posts them to another file containing the general ledger data. To produce the

CAT AOAI 1 AACAO AO
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But daily posting not only requires creating another file, it also involves an extra step for the bookkeeper. And
Ol OOET ¢ x1 01 A OAEA 11T1GCAO AAAAOOA EO OANOme#ed AT Al ET
polyFORTH Data Base Support option offers many techniques that reduce the need to sort.

Still, each transaction record must indicate the account it affects. When we produce the general ledger and
income statements, we will need to displajccounts by namee.gO0! AOAOOEOET C86 )y O AT AOGT 80
AAAT 01T O TAIT A ET AAAE OOAT OAAOEI T OAAT OAS8 &I 11T xETC 10O
create a new file calledACCOUNTSontaining the name of each accott Now our transaction records can simply

use a record number to point to an account record.

Actually, each transaction affects two accounts, one as a debit and one as a credit. So, each transaction really
needs two pointers. We will call oneDR# (debit record number) and the other CR#(credit record number). As

each transaction is made, we know what accounts are involved. For example, when we enter an invoice, the
amount will be credited as a sale and debited as an account receivable.

DETAIL ACCOUNTS
Account-name
4 ‘ Account-name
I;'/ =
X
/ .
\
v
/
g
- "'r
////
\\\\
WHO | WHEN | AMT

Fig. 8.18

Chains can be used to link transactions affecting each general ledger account.

Since each transaction points to a pair of account records, when displaying a transaction we can also display the
account names.

What about a general ledger file? Upon furthehT AT UOEOh xA OAAI EUA OEAO 1 01 AAOO
another file, when they are in one file already. It will be easier to run a program once a month that computes the
account balances.

To run the general ledger, we need to start with each aount, then look at the transactions that affected that
account to produce an account summary. We could loop through tBe&CCOUNTS8le, and for each account record,

step through each transaction that affected the current account during the month. This approach could also use
chains. EachACCOUNTS$ecord would point to the most recent transaction affecting it, and each transaction

would point to the previous transaction affecting the same account (Fig. 8.18).
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However, chaining is somewhat complicated, and better avoided whenever possible. Rather than chaining from
ACCOUNT® DETAIL, we can simply loop through ouDETAIL file for this month. EachDETAIL record points

to a pair of ACCOUNTS®ecords. For each transaction, we caadd the amount to an accumulator for a credit
account, andsubtract the amount from an accumulator for a debit account. In this way, we can talgfl our
account totals by looping through theDETAIL file only once.

But where do we keep these accumulators? Since we need one and only one for every account, it makes sense to
add a field calledBALANCESo our ACCOUNT&cords.

Is this idea really better than fdlowing chains? By following chains fromACCOUNT® DETAIL, we would have to
handle each transaction record twice: once while following a crediiccount chain, and once for a deb@ccount
chain. By keeping balances, we can loop through our transactioasly once.

By using a onepass posting algorithm with no chaining, we improve performance a great deal by avoiding
sorting, and by about a factor of two by not using chains.

Our ACCOUNTS8le can use some embellishments. In addition to the two fields itready has:

Account No.
Balance

we can addHISTORY, which is an array of balances for the past 12 months.

In addition, the ACCOUNTS8Ie needs an index, which we will callACCOUNTS) At first it would appear that we
could use the account numbers themselves to sort the accounts when preparing the balancing statement. In fact,
however, accountants prefer to subclassify accounts into groups for their own reasons. For instance, taxesan
expense account, but they are usually listed at the end of the list of expense accounts. For this reason, the
(ACCOUNTS)file is numbered according to the order in which we want accounts to appear on the balance sheet.

Our next step is to write words that reflect the kinds of highl AOAT AAQEI 1 O OEA AiI T EEAAPAOO
start with the operation of placing an order. How must this order affect our data base? What do we need to
know?

Clearly we are going to create a ne®ETAIL record. This record will include aWHGield to indicate the company
from which we are ordering. Since we have our vendors in theREOPLEordered index file, we need supply only
the name of the company. The program can then look up the company, find the record ragnand place it in the

WHGield of the new transaction record. The program must also link this new transaction into the chain for that
vendor.
We also need to supply the amount of the purchase, and our purchageler number.

The program itself can placehe current system date into theWHENield, and by default, place the date 30 days
hence into theDUEfield. Since this is an order, the program must place the code for a purchase in Ki&ID field.

31 xEAO OEI O1I A 100 OPOI CKikdtdtheAabokkeeper?Ovlekioiv Ge Wobkkebperindsd 1 1 1
supply:
1. The amount.

2. The purchaseorder number.

3. The name of the vendor.
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The simplest, most Forthlike solution is to call the wordBOUGH;Tprecede it with the two numeric data items and
follow it with the string data. This gives us the syntax:

200.00 5134 BOUGHT ACME
We can now take a similar approach with a program to record a sale:
3998.00 7409 SOLD CROFT

The word SOLDis preceded by amount and their purchas@rder number, and followed by thename of the
customer.

We can record the receipt of a check with the worEROM
amount check# line# FROM Conway

In the above,line# is a number that identifies the sale for which this is a payment received. The bookkeeper
finds this number on a report ofoutstanding balances (see Fig. 8.16). While this is simple for the bookkeeper, it is
also simple for the program becauséne# just happens to be the record number of th®ETAIL record showing
the sale.

The same syntax can be used for writing a check:

anpunt check# line# TO ROSS

4EOOh AAAE OPOI COAi 6 EO OEIiPIU A &i OOE x1i OAS 4EEO ADE
The problem of how the bookkeeper selects a given operation is effectively eliminated.

To appreciate the significane of this, consider the typical alternative. Most business applications are menu
based. From the main menu, the bookkeeper might select Accounts Payable. Then, from the Accounts Payable
menu the bookkeeper might choose Purchase. From there, an entryfomight appear, wherein the bookkeeper

can select or enter the customer, then fill in the data.

While popular, this menubased approach can be more laborious for the user. To avoid the switching application
modes, the bookkeeper may separate all the purelses from the sales, etc., and do each group one at a time. This
requires more paper shuffling.

Our approach, with no hierarchy, lets the user enter various transactions in any order, leading to a more pleasant,
AEEEAEAT O x1 OEET ¢ AAKNEDI AART ABOPI' AWEGEDL OWIOOAZ 1T £ OEA
learning curve.

In retrospect, we seem to have designed the data base very efficiently. The file with the most reco@ETAIL,
also has the smallest records. Each record DETAIL is only 16 bytes long, and contains no text at all. (This
means that 64 such records will fit in a block.)

8.9.3 A Facility Management System

In this example we will see how to organize and simplify a massive data problem by studying the data and looking
for a natural hierarchy.

The example involves the problem of controlling digital and analog input/ output with a distributed computer

system, where there are several thosand /O points in dozens of buildings and other locations at a large
industrial plant.
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Dige OAl ODBi1 ET 006 ET Al OAA -sebskiteGIAoE Blaies, pulsEsQd linlock fdoord, @AdGO 6nO A
Analog points include thermocouples, meters on control panels, heating levels, lighting levels, and so on. Our task
is to install a distributed computer system to control all these points.

We begin by studying the points as the architects and engineers designated them. The ID for an individual point
has the form:

ABG 123-1234

Experience has taught us that numbers such as this are usually encodedd that usually the coding scheme
presents a goldmine of information on how to organize the system. Upon further investigation we discover these
relationships:

ABC - 123 - 1234
a facility a control panel a point number on a
control panel in a facility.

This information provides the key for our establishing a hierarchical data base, a necessary strategy when dealing
with thousands of anything. Another example in which coded numbers can reveal hierarchy is with inventory or
parts numbers.
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Fig. 8.16

Diagram of the data base for the Facility Management example.

One of the things we must do is allow the control of individual points from the central computer. The operator

can enter a point ID and indicate some action. So one of our pleims is to associate a point ID with a physical

hardware location. One approach would be to have a points index contaimg the ID of each point in the system.

The nature of the coding scheme makes it a candidate for an ordered index, but with over 2@Q@cords even a

binary search is more cumbersome than we can afford. The logical hierarchy will help deal with the volume, and

thus the performance. It will also improve the information content; for example, in reports we can make use of

the implicit meaning of the data.

4EA EEOOO PAOO 1T &£ OEA AT AA EO A OEAAEI EOUGO | DEUOEA/
AEOA OOAOEI T h AOA8 -ditten@®dohsdld, & switchbbix infaklosAt, of ithriaybk Imhgily, as

in the case of points attacked directly to the computer.
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A single panel may control many points. And a computer may control many points in many buildings (for
instance, the fire station computer needs fire alarms in all buildings). But what is theelationship between
computers, facilities, panels and points?

Further digging uncovers fact that a panel is attached to only one computer. This means that each computer can
be responsible for its own private data base of panels. Each panel can be chditee any number of points. The
master computer can have a file of facilities. Each facility can be chained to any number of panels.

We can now identify four files:

FACILITIES

COMPUTERS

PANELS

POINTS
We have solved the problem of chaining from computersidx T 01  B1 ET 008 I x 1TAO6O AT 1T OE
)T DOOO C¢CAT AOAOA OAOAT 0080 't AOGAT O EAO OF AA AAAI O xEOE
alarm is triggered, a computer will need to display information about the pointsuch as which building it is in. In
other words, we must have linkage from point to panel to building.
The first step of this linkage is the association between an electrical event within the computer and the
corresponding point in the POINTS file. For nstance, the pressing of a button might cause execution of an
interrupt routine. This routine must be able to determine which point caused the interrupt.
At first it may seem logical to keep a table that associates hardware addresses with point names. But this would
OANOEOA AT A@OOA OAAOAES O EO i1 0A AEOAAO O AOAAOA A
numbers within the POINTSfile. Another benefit is that the point record number only requires two bytes, so the
table is small.
With this scheme, an electrical event is associated with a record IROINTS, which in turn contains the
information we need to know about the point, intuding its code name. Because the code name contains
meaningful information, we can now determine which building the point is in.
We can now rest assured that we have found a good solution to the problem, since we have achieved good
performance while at the same time reducing complexity. This sort of win/win situation provides the positive
AAAAAAAE OEAO OAT1 O 60 xABOA 11 OEA OECEO OOAAE AO xA EO

8.9.4 A Filing Scheme for Image Processing Applications

Our final example illustrates he flexibility the Data Base Support option provides including the freedom tonot
use some of its features when the application dictates otherwise!

Conceptually, a filed image has two elements, a header and the pixel data. The header indicates what thgéns,
when it was recorded, who made the image, the dimensions of the image (in pixels), and so on.

There are a variety of ways to index into images. But the real problem is managing the pixel data. Image
processing is a prime example of an applicatiom which speed is critical, because there is simply so much pixel
data to handle. An array of 512x512 points contains 262,144 pixels, which at 8 bytes per pixel occupies 256
blocks. Just reading this many blocks will take some time.

Now imagine trying to access these pixels one at a time usirigd(or N@. This approach involves the invocation

of BLOCKQplus the record and field accessing computations for each and every pixel. This will be unacceptably
slow.
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An approach that has proven effective is an intesting hybrid of the Data Base Support option tools, plus ordinary
direct disk-access techniques. In this approach, we use the Data Base Support commands for heademiaton,
but we keep the pixel data elsewhere on the disk. In other words, we reserthree regions on the disk: a file for
headers, another for an index to our headers, and a region of blocks that aret files for pixel data. Within the
header, a field points to theblock numberwhere the pixel data begins for that image. Anotherdld indicates how
many blocks are used.

We also recommend keeping the data in the form used by the image pessing device (usually binary integers).
You may want to process an image using floating point (although in the absence of a hardware floatingnpo
processor the fixedpoint routines supplied with polyFORTH will be much faster). But a 64it floating point
number is eight bytes long, which means an image will require eight times as many blocks and take eight times as
long to read and write off the disk. It is faster to float the numbers after fetching them.

Some users believe that saving pixel data in floating point form retains better resolution. In fact, however, the
typical A/D converter on a Vidicon camera (for instance) does not possess mabits of resolution. In industrial
vision applications, these devices rarely provide more than one byte of precision. The extra bits that floating
point provides simply represent noise.

On the other hand, some applications do utilize greater precisionubstore a much smaller number of pixels. In
astronomy, for example, an image size may be only 64x64. But the image might be recorded with a highly sensi

tive detector over a fourhour period with atmospheric correction. Thus, each pixel has already beéntegrated
and may contain as 16 bits or more of information.

8.10 DOCUMENTQRILITY

The DOCUMENTGAR a Forth utility that allows maintenance of a file that contains descriptions of Forth words.
This provides a convenient way to document polyFORTH progms. It is also an excellent example of the use of
all data base management features.
Each word defined in the glossary has the following information associated with it:

1. The block in which the word is defined.

2. The glossary vocabulary.

3. Stack usage

4. One or more lines of text that describe the word and its use.

The DOCUMENTQRIity provides commands to maintain this file and to print reports that include either selected
glossary vocabularies or the complete file of words.

8.10.1 File Structure

The DOCUMENTQRes one or more glossary files that are specified by the user. Each glossary file is physically
composed of two separate files; a data file and an index file. Index file support in the polyFORTH system is
required to implement the documenbr.

You must preallocate the two polyFORTH files required for a glossary. The data file is composed ohgte

records, several of which may be chained together to provide multiple lines of text, 64 characters per line. It is
named GLOSSARY
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The index fle used for the glossary is compiled of 2®yte records, with a 24byte key length comprised of the
word-name (12 bytes) and a vocablary-name (12 bytes). One index record is required for each glossary entry.
The name of the index file iSGLOSSARY). Itis an ordered index, ordered by wordname and vocabulary; this
has the effect of maintaining the glossary in alphabetic order.

Here is a sample definition for a glossary file that contains 450 entries.

(BYTES RECORDS BLOCKS ORG NAME)
26 450 12 160 FILE (GLOSSARY)
64 2300 144 172 FILE GLOSSARY

8.10.2 Loading Instructions
The DOCUMENTQ®Rquires a 1000-byte partition for execution. It is loaded with the following command:

DOCUMENTOR LOAD

TheDOCUMENTORET | Ai DOU OEA OOAOOerav&l@®OEOET T h OADPI AAET ¢ AT U

The procedure for entering a word into aDOCUMENTOglossary consists of making the block number and
glossary vocabulary current, entering the stack usage and the wotthme, and then entering associated text. You
can change block number, sick usage, and text lines easily. The following sections are interdependent; reading
through them at one sitting will provide a helpful overview.

8.10.3 Source Block Identification

When you begin to document your application, you will usually specify aoarce block to be documented and then
enter all the words that are defined in that block.

To specify a source block, use the following phrase:

blk# SOURCE !

Until changed by reuse of the phrase above, this current block number will automatically be storedith each
succeeding word entry.

REFERENCES

Entry Changes, Section 8.10.8

8.10.4 Glossary Vocabulary Identification

i1 T¢ xEOE AAAE x1 OAh OEA OUOOA tion @Eabuli.OThi® isdallyimédnsithel £ OE A
name of the portion of theapplication in which the word is used, such as the name of its load block. These
vocabularies are not necessarily the same as program vocabularies. Gergsvocabularies exist only for logical

grouping of words and to enable the same word to be varialy defined several times in different blocks.

Before you begin entering words for a new glossary vocabulary, make it the current vocabulary by typing:

VOCAB vocabulary - name

Note that the name cannot be longer than ten characters. Until changed, this naimé&ept in memory and copied
into each succeeding data record entered.
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In order to search for a previously entered word, you must make its vocabulary the current one.

The glossary vocabulary name serves as a secondary key for searches. This means tlesdéime word may be
entered in numerous vocabularies, with each entry unique.

The vocabulary is also set by the report commant/ OCABULARY

REFERENCES

/NOCABULARYSection 8.10.7
Finding Previously Entered Words, Section 8.10.8

8.10.5 Glossary Entries

Words are entered into the glossary through theENTERcommand. This command sets the basic entry into the
file. It has the following format:

ENTER word - name (e.g, ENTER NAME

The program will prompt you for brief (16-character) descriptions of stack etries before and after execution.
Any valid Forth word name may be used; the maximum length recognized by tiEOCUMENTOR twelve char
acters. If a longer word name is entered, its length will be truncated to twelve characters.

Following ENTER the newword is made the current word, with which will be stored the current block number,
current glossary vocabulary name, and up to four lines of associated text. Immediate subsequent usé\of
STACKST, U, or P will affect this entry.

REFERENCES

Entry Changs, Section 8.10.8
T and P, Section 8.10.6

8.10.6 Text Specification

The DOCUMENTQ#Rovides commands which allow up to four lines of text to be associated with each entry and
also allow modification of previously entered text.

The following command isused to enter a line of text that is associated with a definition:
U new text line

4EA AiiT T ATA 5 ET OAOOO O1 Ax OA@O 1 EI A6 O1 AAO OEA ADBOOAI
text line may be composed of one to 64 characters, includjrembedded blanks.

Following the use ofENTERor FIND, the current text line is initialized to zero. Use of) not only inserts a new
text line, it also increments the current line number. Thus subsequent usageld&dds additional text lines.

The commandP is used to modify existing text. You do this by displaying the line to be changed and then usthg
to replace the old text with new text. Remember that you can only work on the current word in the current
vocabulary. You display the appropriate linef text (lines are numbered starting from zero) by typing:

line#t T (e.g, 3 T todisplay the fourth line)

After a line of text has been displayed, you can modify it by using the following command:
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P replacement -text -line

The commandX is used to delete aext line previously selected by theT command. Thus, to delete Line 2 you
would type:

2T
X

Lower-case versions ofJ, T, P, andX are provided for convenience.

REFERENCES

ENTER Section 8.10.5
FIND, Section 8.10.8

8.10.7 Definition Display
To display thecurrent entry, type:

F
To print all definitions in all the vocabularies in the glossary, in ASCII alphabetical sequence, use the word
SUMMARY The same information as folFIND is printed for each word entered in the glossary. The printed
report is pagedand numbered.
The command:

/VOCABULARY

will print definitions as for SUMMARNut only in the glossary vocabulary whose name is specified.

REFERENCES

Glossary Vocabularies, Section 8.10.4
Making an Entry Current, Section 8.10.8

8.10.8 Changes
Changesalways affect the current word. Words are made current in two ways.

1. A word just entered is the current word.

2. A previously entered word in the current vocabulary may be made current by using the command:

FIND word - name

This displays the requested word, with its vocabulary name, block number, stack usage, and text description.
Following the use ofENTERor FIND, the current line number is initialized to zero.
4EA AOOOAT O x1 OABO OOAAE A1 OOEAO 1 Au AA AEAT CAA Au OUPDPEI]

#in - #out STACK

270 Revised8/25/12



Data Base Support DBO0O05 polyFORTH Reference

4 EA A OOO Asbueblotk®dray e changed by typing:
new- blk# AT

You may not change vocabulary and word names except by deleting andengtering the entry, since these two
items form the index keys.

To redisplay the complete entry for the current word, type:
F

REFEREINCES

Changing Description Lines, Section 8.10.6
Making a Vocabulary Current, Section 8.10.4

8.10.9 Text and Definition Deletion

The following command is used to remove all text lines associated with the current definition and then to delete
the current definition from the glossary:

DELETE word - name
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