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RRE MEMORANDUM No 2875
PSEUDO A MACRO-BASED HIGH LEVEL LANGUAGE FOR THE PDP-11 1

- SUMMARY
N
]
PSEUDO is a pseudo-high-level language, developed for the PIP-11 computer. The
. language is extremely efficient and particularly suited to real-time programming
applications.
X !
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1 Introduction

The PSEUDO language has been developed for use with the PDP-11 disc operating

system, for a specific real-time control application. High level source text
statements are interpreted as macrocalls, which are expanded by the standard
DOS MACRO-11 assembler.

PSEUDO provides the features normally associated with high level langauges, viz, '
good source text readability, self-documentation, and standardisation of certain l
data processing techniques. Additionally, it allows facilities which are not i
normally associated with high level langauges, but which were considered

essential to the current application. These are:-

i Uninhibited use of word or byte operations.
ii Unlimited use of all PDP-11 addressing modes. |

iii User control of register assignment and usage, including stack
operations.

iv  High efficiency, in terms both of run-time and storage, with user
choice of one or other type of efficiency in conflicting situations.

No attempt has been made in PSEUDO to replace easily understood assembly language
statements simply to emulate existing high level statements. However, the need
to write obscure assembly language has been eliminated, particularly in code
associated with loops and conditionals.

2 BACKGROUND

Since PSEUDO is designed specifically around the PDP-11 and its assembler, some
features of these must be described briefly before proceeding to a description
of PSEUDO itself.

2.1 The Processor ‘

The PDP-i1 is a 16 bit machine, with almost equal facility of byte or word
operations. Peripheral devies are allocated specific addresses, allowing
memory reference instructions to operate directly on data held in

peripheral registers. The machine has eight program accessible registers,
RO-R7. Two of these are used as program counter (R7) and stack pointer (R6)
respectively, leaving six which can be used generally as accumulators,
pointers or index registers. The stack pointer points to the last input of
a last in - first out stack held in core. Linkage parameters are moved ‘
automatically to and from this stack (by hardware), to handle interrupts,
sub=routine calls and traps (software interrupts).
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2.2 The Assembler

The DOS assembler, MACRO-11R, is a two pass assembler (the second pars
handled automatically by DOS) producing relocatable object code modules for
input to a linker. In conjunction with the machine architecture, the
assembler allows easy writing of position independant and/or re-entrant code.
MACRO-11R includes a macro processor. A cowprehensive set of assembly
directives and macro-expansion directives are provided; these are used
extensively by PSEUDO as discussed briefly in Appendix 1.

2.3 MACRO-11 Syntax

PSEUDO incorporates the syntax of the MACRO-11 assembly language; ie, any
legal MACRO-11 statement is a legal PSEUDO statement. The relevant syntax
rules refer to expressions and register expressions and are as follows:-
(Backus notation has been dropped in favour of typographical layout. Each

syntax rule has a class name on its left-hand side. Alternative expansions
for the class are on the right-hand side, each on a new line.)

Expression = Term
Unaryoperator Term

Expression Binaryoperator Term

Term = Constant
Symbol
Agsciiconversion
<Expression>
Constant = QOctalnumber

Decimal number
Octalnumber = Sequence of octal digite
Decimalnumber = Sequence of decimal digits terminated by period
Symbol = Sequence of letters or digits starting with a letter
Asciiconversion = 'Asciicharacter

"Asciicharacter Asciicharacter
Binaryoperator = +

* (multiply)

/ (divide)

& (logical AND)

! (logical OR)




[ &
3

Unaryoperator = +

Expressions a-e evaluated from left to right, with no operator hierarchy
except that terms in paired angle brackets are evaluated first.

Symbols may be defined as labels, to refer to specific locations or data, or
may be created and given values by symbolic assignment statements 5f the
form:-

Symbol = Expression

eg:

ON = 1

NOTOFF = ON

TTYREGISTER = 777562

Registers may be named symbollically by the register assignment statement:-
Symbol = I Octaldigit

A register expression is any expression containing a symbol previously
assigned to a register, eg:-

Rl = %1 ; initial assignment of symbol Rl to register 1
POINTER = R1 H assignment of name POINTER to register 1.
H Rl is & single term register expression.

2.4 Addressing Modes

Memory reference statements consist of an operand (instruction nemmonic)
followed by one or two operand address specifications. These statements
assemble to one, two or three words, depending on the number and modes of the
address specifications. Address specification formats, A, are expressed
below in terms of E, R and ER, where E is any expression, R is any register
expression and ER is any register expression or any expression having a value
in the range 0-7.

MODE FORMAT OF A

Register R The register defined by R contains the
operand.

Deferred register (ER) The register defined by ER contains the
address of the operand.

Auto-increment (ER)+ The contents of the register defined by
ER are incremented® after being used as
the address of the operand.

Auto-decrement -(ER) The contents of the register defined by

ER are decremented® before being used as
the address of the operand.
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MODE FORMAT OF A

Deferred auto- @(ER)+ The register defined by ER contains the
increment pointer to the address of the operand.
The pointer is incremented after use.

Deferred auto- @-(ER) The contents of the register defined by
decrement ER are decremented before being used as |
a pointer to the addiress of the operand. |

Index E (ER) The value of E plus the contents of the
register defined by ER gives the address
of the operand.

Deferred index @E (ER) The value of E plus the contents of the
register definzd by ER gives the address
of the operand.

Immediate 1HE The value of E is the operand.
Absolute GHE The value of E is the address of the

operand. The address is assembled in
absolute form.

Relative E The value of E is the address of the
operand. The address is assembled in
relative form.

Deferred relative @E The value of E is the address of the
address of the operand.

*By one for byte instructions, two for word instructions.

The first six modes tabulated do not increase the assembled word length of
the instruction. All other modes add one word.

Eg: assuming PARTSUM, OFFSET and TOTAL have been asigned to registers,

assembles as one word. The word
pointed to by PARTSUM is added to
TOTAL. PARTSUM contents are then
incremented to point to next word

ADD (PARTSUM)+, TOTAL

we we we we wo

location.
ADD WORKSPACE (OFFSET), TOTAL H assembles as two words. OFFSET 'TH
H item of WORSPACE is added to TOTAL.
MOVB #£'A, @ #* TTYREG H assembles as three words. Outputs
; ASCII rep of A to teletype.

3 PSEUDO STATEMENTS

PSEUDO statements consist of one or more macro calls, each consisting of a key
word (macro defining symbol) followed by macro parameter words. Legal word 1
scparators are space(s) tab(s) or comma.

The following conventions are used:- i




i E, E1 «+..... are any expressions, as defined in 2.3.

ii A, Al cessses are any operand address specification formats, as defined
in 2.4.

iii s, S1 ssessse are any legal symbols, as defined in 2.3.

iv  Square brackets indicate a choice between two or more parameters.

v Parameters represented by a character string in round brackets may be
replaced by any character string not including < > ( ); or any
separator.

vi Parameters represented by numerals in round brackets may be omitted.

Layout characters may be used freely, provided that parameter words remain on
the same line as their associated macro defining name. Angle brackets, where
shown, are mandatory (these allow character strings including macro parameter
delimiters to be passed as a single actual parameter to the macro processor).

3.1 Symbolic Assignments
All symbolic assignments and global declarations required by the language

itself are made by calling the macro PSEUDO. These include the commonly
used symbols:-

RO = 20

Rl = 71

R7 = 27

SP = R6 (stack pointer)
PC = R7 (program counter)
SR = 177776 (status register)

SWR = 177570 (switch register)

CR = 15 (Ascii, carriage retumrm)
LF = 12 (Ascii, line feed)

SPACE = 40 (Ascii, space)

3.2 Data Allocation

Data storage allocations are made by word, byte, list or buffer declarations
using the macro CREATE:-

CREATE RDS <S5 8y eeee s S > (1) (2) (3) (&) (5) (6) (7) (8) (9) (10)
BYTES '

allocates words or bytes named Sl. S2 cese s Sn. initialised to zero.
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Eg:
CREATE WORDS <WORD1,WORD2>
CREATE BYTES <FLAGl,FLAG2,DONE> FOR INPUT/OUTPUT FLAGS

CREATE LIST S E, WORDS E, (1) (2) (3) (4) (5) (&) (D)
BYTES
allocates a block structured list named S, El words or bytes long, E2 words

or bytes per block, headed by

$-10: Length of data area in bytes

S-8: Input pointer location, preset to S
S-6: Output " " " "
S=4: Size of block in bytes

§-2: Address of last block

s Data area

eg, (identical declaratiomns)

CREATE LIST TYRES 20,WORDS 5

CREATE LIST TYRES, 24 WORDS, 5 PER BLOCK

CARS = 4 WHEELS = 5

CREATE LIST TYRES, CARS*WHEELS WORDS, WHEELS PER CAR = 5, INCLUDING SPARE.

The examples above illustrate how documentation can be built in to statements,
using the optional macro call parameters.

CREATE BUFFER S E (1) (2) (3) (4) (5) (6) (7) (8) (9)

allocates an input/output buffer named S, with a data area of E bytes,
with header:-

S : Size of data area in bytes (E)

S+2 : Location for status/mode bytes. Set to 0l00000 (Done, no errors)
S+4 : Location for message character count. Set to E

S+6 : Start of data area.

eg, (identical samples)
CREATE BUFFER BUFFl1 64. CHARACTERS
TTYCHARS = 100

CREATE BUFFER BUFF1, TTYCHARS LONG, FOR TELETYPE INPUT.




3.3 Data Presetting

Items of data may preset, using the macro WITH.

WITH (DATA) <El, E2 e En>

associates values El. Ez oo En with corresponding words or bytes in a

preceding CREATE statement. WITH statements may be made consecutively. If
the preceding CREATE statement created a list or buffer, data insertion
starts at the first word or byte of the data area.

eg:
CREATE BYTES <ONE, TWO, THREE, TEN, SIXTEEN, FIFTY, TWO56>

WITH DATA «<1,2,3,10,20>

WITH DATA <50.,400>

.EVEN

CREATE WORDS TWO56ADDRESS,ASCIIXY, TWOADDRESS,LEFTATZERO>

WITH DATA <TW056,"XY,ONE+1>

CREATE BUFFER TTYOUTPUT,16. CHARS

WITH DATA <'O,'v,'T,'P,'U,'T,SPACE,'M,'E,"'S,'S,'A,'G, 'E,CR,LF>

Note that the .EVEN directive, necessary to allow word assembly after
creating an odd number of bytes, must come after the byte data WITH
statements.

3.4 List Processing

POINT A (AT) | FIRST| BLOCK (OF) E
LAST
IP
oP
sets the location defined by A to the address of the first block, last block,

block pointed to by the list header input pointer, or block pointed to by the
list header output pointer, of the list defined by E.

Eg

POINT POINTER AT IP BLOCK OF LISTI1 ; POINTER may be a register or
H word location.

POINT @(POINTER) TO LAST BLOCK IN LISTI ; POINTER must be a register,

which contains the address of

.e

the address of the word which

ikl - Ndbiaten p— . L
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H gets pointed to the last block.
POINT A (PAST) END (OF) E (1)

sets the location defined by A to the address of the first byte following
the data area of the list defined by E.

Eg,
POINT @WORD1 PAST END OF LIST1 DATA ; WORD1 contained the address

H of the pointer.

OoP BAC
A

STEP |[IP (POINTER) rm ] (THROUGH) E
K

moves the header input pointer, header output pointer, or the pointer
defined by A, on or back one block through the list defined by E.

Eg,
STEP IP VALUE ON THRU LIST1
STEP POINTERS (INDEX) PNTR BACK THROUGH LIST1

STEP R1 POINTER ON PAST LIST1

orP BAC
A

CYCLE [IP] (POINTER) [on ] (THROUGH) E
K

is the same as STEP, except that the pointer is reset to the first block if
cycled on from the last block, and vice~versa.

SET E IP (T0) A
OoP

transfers the contents of the location defined by A to the header input
pointer or output pointer location of the list defined by E.

Eg,

SET INPUTLIST IP TO NEXTINPUT

SET LIST1 OP TO #& LISTl+ <4*BLOCKSIZE> ; Point OP to fourth block.
H BLOCKSIZE
H value set by previous

; assignment.
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GET E BLOCKSIZE 1IN A

sets the location defined by A to the block size (in bytes) of the list
defined by E.

Eg, to access block N of LIST 1:-

GET LIST1 BLOCKSIZE IN BLOCKN ; BLOCKN assigned to a register
MUL BLOCKN BY A#N, ANSWER IN BLOCKN H See below (3.10)
CLR LIST1(BLOCKN) : Clear first word of block N.

3.5 Buffer Processing

Buffer headers interface to an executive program handling input/output to
non-file devices on a character per interrupt basis. Briefly, the

character count word indicates the number of characters for input or output
from the buffer, status byte indicates transmission done or error conditions,
and mode byte indicates the type of message (binary or ASCII, formatted or
unformatted).

POINT A (T0) E DATA

points the location defined by A to the start of the data area of the buffer
defined by E.

Eg,
POINT CHARPOINTER AT TTYBUFFER DATA

POINT A (PAST) E DATA END

points the location defined by A to the first byte following the last
message character in the data area of the buffer defined by E.

Eg,

POINT LABEL+2 PAST BUFFER DATA END H pointer is held in word
following LABEL.

GET E STATUS (IN) A
MODE
COUNT

allows transfer of buffer header parameters to user locations defined by A.

Eg,

GET BUFFER STATUS IN STATBYTE H Since status is a byte, STATBYTE

s may be a byte.

10
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GET TTYBUFF COUNT IN TCOUNT 5 Count 1s a word., hepee TOUUNI

should be a word (or registeri,

SET £ COUL1 (TO) A

sets the buffer header count defined by E to the value held at the locatiorn
defined by A.

Eg,
SET TTYOUTPUT COUNT TO #£64.

SET BUFF1 COUNT FROM CHARCOUNT

READY E (FOR) ASCII (1) (2) (3) (W)
FASCII
BIN
FBIN

sets the mode byte of the buffer defined by E, for input or output in the
specified mode.

Eg,
READY TAPEBUFFER FOR FBIN INPUT FROM H.S. READER

OUTPUT E (TO) LSP (NOTIFY) A

HSP VOID

TTY
initiates interrupt driven output from the buifer specified by E to the
specified device (teletype punch, high~speed punch or teletype). If the
NOTIFY A clause is included the input/output executive will make a call (at

interrupt priority level) to the procedure identified by A when buffer
transmission 18 done, or when an error is detected.

Eg,
QUTPUT TTYMESSAGE TO TTY

OUTPUT BUFFER TO LSP, TELL NEXTBUFFERPROCESS

INPUT LSR (TO) E (NOTIFY) A
HSR VOID
KBD

similarly initiates input from low-speed reader, hign-speed reader or teletype
keyboara.

11




Eg,
INPUT KBD TO KBOARD

.
'
)
b
!

.

INPUT HSR TO TAPEBUFFER, NOTIFY @PROCADDRESSES(DEVICE)
TYPE <MESSAGE> (NOTIFY) A
VOID

outputs MESSAGE (any character string not including ") to the teletype
printer, followed by CR, LF,

Eg,
TYPE <THIS IS A MESSAGE>

TYPE <NOW WE ENTER Pl>, ENTER Pl

TYPE NL
outputs CR, LF to the teletype printer.

(>0 does TYPE <>, but at the expense of generating an empty buffer).

TEST E (1) (2) (3) (4)

tests the status byte of the buffer defined by E and suspends processing
until any previously initiated input or output is done, or an error detected.

Eg,
TEST OPBUFFER READY FOR NEXT OUTPUT

TEST E ERRORS

e e

sets up a mechanism for use of the following JUMP statements:-

JUMP TO E IF [EOM | ERROR
EOF
TRUNC
MODE
CHKSUM |

causes a jump to the address specified by E if the specified error is
detected by the input/output executive, The errors are:~

LOM: end of medium, eg, no tape in punch,
EOF: end of file.
TRUNC: truncation of an input message (buffer too small),
L
3
12




MODE.: message not formatted according to mode.

CHKSUM:  Checksum error on formatted binary inputs.

Any number of different error types may be specified, in any order.
Eg,

TEST BUFFER ERRORS

JUMP TO L1 IF TRUNC ERROR

JUMP TO L2 IF MODE ERROR

TEST IPBUFFER ERRORS

JUMP TO BAD1 IF CHKSUM ERROR

JUMP TO BAD2 IF EOM ERROR

JUMP TO BAD3 IF MODE ERROR

JUMP TO BAD4 IF EOF ERROR

TEST and TEST/JUMP statements need not immediately follow the associated

INPUT or OUTPUT statement, They could, for example, be located at addresses
specified in "notify" clauses.

Eg,




OUTPUT BUFFER TO LSP, NOTIFY DONE
1

H Processing continues while
*

buffer is emptied by interrupt.

(End of procedure)

DONE : (Start of test procedure)
TEST BUFFER ERRORS

JUMP TO BAD1l IF MODE ERROR

etc.

Blank parameter fields in output buffers may be filled using the CONVERT

macro: -
CONVERT WORD Al (TO) (ASCII) oCcT (AT) A2
BYTE BIN
converts the word or byte at the location specified by to an octal or

binary ASCII character string in the byte field specified by A2‘

Eg,
CONVERT WORD AZIMUTH TO ASCII OCT AT #fOPBUFFER+25

Debug teletype listing is obtained using the macro LIST:-

LIST Al RDS (FROM) A2 (IN) oCT
XYTES BIN

Pr,cessing is suspended while the listing is in progress.

Eg,

LIST f#4 WORDS FROM £OPDATA IN OCT

3.6 Conditionals

Conditional statements are constructed from the macros IF, THEN, ELSE and END.
The general form of conditional clause is

IF YTE Al R A2
RD

where R = ( less than
) greater than

= equal to

13




)( not equal to

)= greater than or equal to

(= less than or equal to

S( arithmetically less than (signed integer)
S) arithmetically greater than
S$)= arithmetically greater than or equal to
S(= arithmetically less than or equal to

The items compared are the operands defined by address specifications A

and Az. Thus:~

IF WORD Wl = W2 means "if the word named (whose address is) Wl is equal
to the word named W2".

IF BYTE Rl = @BYTEADDRESS means "if the low order byte in register 1
equals the byte whose address is in location BYTEADDRESS.

IF WORD W1-2 = f24 means "if the word preceding W1 is equal to 4", and
is not the same as "IF WORD W1 = £#6".

Conditional "GOTO" statements take the form
IF BYTE Al RA, BRANCH (T0) E
WORD JUMP
where E defines a label.
Eg,
IF BYTE @BYTEADDRESSES (INDEX) = CHARACTER(INDEX),JUMP TO LABEL1+6
BRANCH 1is shorter and quicker than JUMP, but is restricted to a label offset
of +125 words. (Violation generates an assembler error report).
Simple conditional consequences and alternatives can be contained in the

single line statement:-

IF BYTE Al R AZ THEN <STATEMENT> |ELSE <STATEMENT>
WORD, VOID

where STATEMENT is any MACRO-11 statement, or any single line PSEUDO
statement. (Note that although THEN and ELSE are themselves macro names,
in this context they act simply as parameters for the macro IF.)

Eg,

IF WORD Wi ) (W2 THEN -ADD W3,W4> ELSE <OUTPUT BUFFER TO TTY>

IF BYTE FLAG = #&0ON THEN <1F WORD W1 = W2 THEN <TYPE <MESSAGE>>>

Where more than one line is required, the construction is:-

14




IF BYTE A. RA ) ]

WORD
THEN BEGIN

Consequence statement sequence

END

ELSE BEGIN

Alternative statement sequence '
END i
Nesting is allowed to any practical level. ELSE BEGIN clauses are optional.
Eg,

IF WORD W1 = W2

THEN BEGIN

IF BYTE FLAG = &0

THEN BEGIN 3
TYPE <Wl1 = W2, FLAG = 0>
END
ELSE BEGIN |
TYPE <Wl = W2, FLAG NON-ZERO>
CLRB FLAG
TYPE <FLAG RE-SET TO ZERO>
END
END
ELSE BEGIN
IF WORD W1 ) W2 THEN <TYPE <W1 BIGGER>> ELSE <TYPE<W2 BIGGER>>
IF BYTE FLAG = £0 THEN <IF WORD W1 = £#4, JUMP TO LABEL>
1F BYTE FLAG )( FLAG!
THEN BEGIN
TYPE <FLAGS NOT EQUAL> .
MOVB FLAGL,FLAG
F.ND

END !
15 1
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Incorrect nesting in the form of too many "ENDS" makes the END macro gencrate
an error report and return the nesting to base level. Too few "ENDS" will
normally only be detected by the FINISH macro used to terminate a source text.
A check at any END in the text may be forced by giving ? as a parameter,

This causes END's to be inserted as required to return the nesting to base
level, with an error report if applicable.

The IF clause in all constructions of conditional statements may take a form
which makes use of the state of specific bits in the processor status word.

These bits, called N, V, C and 2, are set following instruction execution as
follows:—-

Z:- if the result was zero.
N:- if the result was negative.
C:- if a car:y from the most significant bit occurred. |
V:- if arithmetic overflow occurred.
This type of IF clause takes the form i
IF CONDITION
where CONDITION is one of the symbols CSET, CCLEAR, NSET, NCLEAR, VSET,
VCLEAR, ZSET, ZCLEAR, POSITIVE, NEGATIVE, ZERO, NONZERO, SET, CLEAR,

OVERFLOW or CARRY, or any symbol equated to one of these symbols by an
assignment statement.

Eg,
ADD A,B

IF ZERO, BRANCH TO LABEL if A was equal to -B.

TST WORD! 3 Test WORD 1

IF POSITIVE THEN <P> ELSE <Q> H If WORD 1 is positive do
; statement P else do statement
; Q

BIT 41100, WORD1 : Test bits 6 and 9 of WORD!

IF SET ...... H 1f either set ,......

BIC £#1100, WORD1 Clear bits 6 and 9 of VORDI1

IF NONZERO ...... If any other bits set ......

BLACK = POSITIVE
WHITE = NEGATIVE

GREY = ZERO {

16




TST GREYSCALL

IF BLACK JUMP TO L1

IF WHITE JUMP TO L2

IF GREY JUMP TO L3

The last example shows three successive tests being applied to the same
result. The tests themselves do not change the result, nor do branch, jump,

jump to subroutine, and return from subroutine instructions. Thus the
status bits can be used as Boolean communicators.

Eg,
ERROR = VSET
1}

SEN ; Set N bit as a parameter for Pl.
DO Pl 3 Procedure call.

IF ERROR .... ; If Pl set V bit ....

IF WORD W1 = W2

THEN BEGIN
IF BYTE Bl = B2 THEN <DO Pl> ELSE <DO P2>

END
ELSE BEGIN

IF BYTE Bl = B2 THEN <DO P3> ELSE <DO P4>
END

IF ERROR .... ; If error flagged by whichever procedure ran .....

Care must be taken to avoid ambiguity, however, when status word conditionals
fol low each other.

Eg,

TST WORD 1

IF POSITIVE THEN <ADD WORD2, WORD3>

IF ZERO ..... ; "if WORD1 is zero ....." if WORDl is non-positive, but

; "if WORD3 is now zero ....." if WORDl is positive.

17




3.7 Loops

The general form of construction for loop control is:~
Loor

L

*

LOOP IFCLAUSE

Where IFCLAUSE can be any of the IF clause constructions. If the condition
in the IF clause is satisfied, processor control returns to the preceding
matching LOOP. LOOPS may be nested to any (practical) level.

An alternative construction is:-

LOOP

LOOP A TIMES

where A specifies a register or word location where the loop count is held.
This count is decremented on each iteration of the loop, &¢nd the loop is left
when the count is zero. 1If A specifies a register, this form gives the
fastest and most economical method of control, but is limited to a loop
length of 250 words.

Eg,

LooP
|

MOV COUNT, LOOPCOUNT
LOOP
'
]
LOOP
|

LOOP IF WORD W1 = W2
+

LOOP LOOPCOUNT TIMES
’

BIT #¥MASK, LOOPCNTRL
LOOP IF SET ;i Loop if any masked bits are set.

Nesting errors are detected and reported either by the LOOP macro or by
FINISH.

3.8 Stack Operations
SAVE (1)

puts the contents of registers RO-R5 on stack,

18




Eg,
SAVE REGISTERS i
UNSAVE (1)

restores the contents of registers RO-RS from the stack.

e e ————

Eg,

UNSAVE REGISTERS

STACK <A1, AZ' A3, .........An>

pushes the words defined by Al-An onto the stack.

Eg,

STACK <ITEM1, ITEM2,(POINTER), Q@ADDRESSES (INDEX),#f4,#"XY>

UNSTACK <A ,A50A5 cuooenyA ‘
successively pops word from the siack into the specified locations. 2
£, E
UNSTACK <WORD1,WORD2,6 (POINTER). ¢+ _TADEX)+> t

RESERVE N (1) (2) (3) (4) (5) (6) (73 (8)

makes space on the stack for ¥ words.

Eg,

RESERVE 4 WORDS ON STACK FOR SUB-ROUT INE ANSWERS.
DISCARD N (1) (2) (3) (4) (5) (7) (8)

pops N word off the stack and discards them.

Eg,

T a1 XA TU 5% T Y F AP PO PG T T N SO

DISCARD 4 STACK WORDS JUST USED FOR SUB-ROUTINE ANSWERS.
3.9 Procedure Calls
Procedure input or output parameters may be passed on stack, or in registers.

DO A -A , A

ll
puts the words specified by Al' Az cesenne An on stack, enters the program

specified by A, and on return restores the stack to its original state.
| i Bsz—

DO P1 <PARAM|, ##5, LIST(INDEX), @(R1)> ; Direct entry.
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DO P2 (SWITCHVALUE) ; Switched entry (no para-

; meters) via a jump table
DO @PROCADDRESS <PARAM1, PARAM2, #£"XY> ; Indirect entry.

' ) DO @PROC (PROCNUMBER) <PARAM1,PARAM2> Switched indirect entry,
via a procedure address

table.

we W we

These calls use the program counter as a linkage register. The correct
procedure exit is set up by the macro call "EXIT".

A calling program can make space on the stack for procedure answers by
using RESERVE and DISCARD as shown above. Since the stack is used to hold
linkage information for interrupt and sub-routine calls, each procedure must
leave the stack pointer, on exit, in the same position as it found it on
entry.

3.10 Arithmetic Operations ‘

Macros MUL and DIV assume use of the extended arithmetic unit (KE11-A). All
address specifications must define words, and single or double length (32
bit) operations are possible. Where double length operands are specified
the first word is least significant.

Permissible MUL and DIV statements are:-

. MUL A1 BY A2

MUL Al BY Az (ANSWER) IN A3

MUL A1 BY AZ(ANSHER) IN A3,A

MUL BY A

4

1

DIV Al BY A2

DIV Al BY Az (ANSWER) IN A1

DIV Al BY A2 (ANSWER) IN A3 (REMAINDER) IN A

DIV AI,AZ BY A3

DIV Al' A2 BY A3 (ANSWER) IN A

4

4
DIV Al' Az BY A3 (ANSWER) IN Aa (REMAINDER) IN A5
DIV BY AI
Eg,

MUL WORD1 BY WORD2 The product WORD1 X WORD2

MUL BY WORD3 H X WORD3
MUL BY #4, ANS IN WORD4, WORDS ; X4 is put in double length location
;  WORD4,WORDS.
20




DIV (POINTER) BY ##6

MUL BY @LIST (INDEX)
DIV BY DIVISOR+4, ANSWER IN WORD1, REM IN @ADDRESS
4 OPERATION

The only programming restriction is that symbols of the form Sdigitstring should
not be used.

PSEUDO macros are held on disc in the DOS macro file SYSMAC.SML. A source text
is headed by

.MCALL MACROS
PSEUDO

On reading the .MCALL directive, the assembler brings all PSEUDO macros into
core. The macro call PSEUDO is then expanded to make all assignments and global
declarations required by the language. The text is terminated by the macro call
FINISH which checks for nesting errors, and supplies the normal ".END" directive
recognised by the assembler. Some PSEUDO statements generate procedure calls.
These procedures (BUFFST, SAVE, UNSAVE,CNVERT, LIST, NL and BIOX) are held in a
system object file (PSUSRS.OBJ/CC) which must be linked with the object modules
generated by PSEUDO.

PSEUDO syntax errors are reported via error reports embedded in the macro
definitions. Errors in the generated code are reported normally by the assembler,
with printout of the offending code (in assembly language). Listings appended
show:

Appendix 2: A typical source text.

Appendix 3: Listing of the assembly, with load map and symbol table.

Appendix 4: Listing of the assembly, with conditionally satisfied macro
expansion.

Appendix 5: PSEUDO macro definitions.

Preferably, PSEUDO requires a system with 24K of core store. It has been run on
a minimum system, with 16K of core, and 64K disc, the only restriction being that
some macros had to be left on disc, (by removing their names from the MACROS
macro) and called individually as required by user texts. The macros selected
were INPUT, OUTPUT, MUL, DIV, TEST, JUMP, READY, STEP, CYCLE.

5 COMMENTS

PSEUDO has so far been in use for about 9 man-months, producing 10K of fairly
complex real-time control software. The time and effort required to write and
debug programs written in PSEUDO has proved insignificant in relation to overall
system software development. On no occasion has debugging required macro
expansion listings. Run-time and storage overheads are virtually nil, compared
with normal assembly language.

The power of the language obviously is restricted in relation to modern high
level languages; for example, with regard to allowable data structures and data

21




types. But the power is sufficient to the present application, and to most
real-time control applications.

With a little ingenuity on the part of the programmer (a fraction of that which
he normally exercises in generating incomprehensibility) and providing his
natural laziness at the typewriter can be overcome, PSEUDO can be used to

produce highly readable source texts, requiring little additional documentaticn.

In compzring PSEUDO with a conventional compiler, the reader should note that
development of PSEUDO took only 5 man-weeks.
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APPENDIX 1 Macro generation:~ examples.

In its usual form a macro consists of a defined, named, body of code, embodying
declared formal parameters. The macro is called by name, with a list of actual
parameters which replace corresponding formal parameters in the expansion. For
example, using MACRO-11 terminology, after the macroc definition.

.MACRO DO P ; macro name is DO. Its formal parameter is P

JSR PC, P

.ENDM

the statement

DO INPUTPROCEDURE

will generate the code

JSR PC, INPUTPROCEDURE

In MACRO-11R the use of assembly directives (in the body of the macro definition)
and macro-processor directives allows modification of the expanded code, other
than the simple replacement of formal parameters by actual parameters. For
example, a section of the macro body may be omitted (at expansion time) if
particular actual parameters are blank, undefined, have a particular value,
consist of a particular character string, etc.

Thus, the PSEUDO macro definition for DO is:-

.MACRO DO P X

IF B <X> ; If X is blank (no actual supplied).
JSR PC, P s generate the procedure call code.
.MEXIT ; and exit from the macro.
.ENDC ; (end of conditional).
STACK <X> Else call macro STACK, to generate the code required to

put the procedure parameters defined by X on stack, and
to set symbol S10000 equal to the number of bytes of stack
space used.

ws we We we

JSR PC, P ; generate the call to "P".

ADD F#S10000, SP ; then generate the code required to resct the stack
3 pointer, to its original position.

LENDM

Some macros uscd in PSEUDO do not generate code directly, but are used to create
or modify symbols or directives used by the assembler. An example is the macro
SFORMI, called by (nested in) macros LOOP, ELSE, END and THEN., This has the
definition:-
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.MACRO SFORM1l S00005

$'S00005 = .

.ENDM.

This generates a symbol SACTUAL, where ACTUAL is the symbol supplied as the

actual parameter, and gives it as value the current (compile-time) value of the
assembly location counter (represented by the symbol.).

However, the call of SFORMI has the form:-




SI'ORM]  \S00004

The back~slash is a macro-processor directive, indicating that the actual
parameter we wish to pass is not the symbol SO0004 but the ASClIl octal character
string representing the value of S00004. Thus, 1f S00004 = 0l05 the macro call
will generate a symbol S105, and equate this to the value of the location
counter; ie, it will generate an assemble-time label.

Typical usage of SFORMl, and of various types of conditionals is exemplified by

the macro LOOP:-
.MACRO LOOP A T X R Y

.IF B A

S00004=500004+3
SFORM1 \S00004
MEXIT

.ENDC

.IF NB A

.1F LT S00004-10

SY <LOOP>

.ENDC
.1F IDN I, TIMES
DEC A

J2 \s00004

500004=S00004-3
MEXIT
.ENDC

LOF DIF A, IF

SY < A~
LMEXIT
.ENDC

five formal parameters.

If "A" is blank (no actual parameters) must
be start of a new loop:-

Increase resting-level count#
and form a label for loop return.

and exit from macro.

End of loop.

If nesting-level count is less than 10.

("ground" level is 7) there has been a nesting

error.

So call macro SY to generate an error report
in the assembly listing.

If "1" is the character string TIMES.
generate the code DEC "A".

then call macro J2 to generate the code
required to branch back to the label set up
at the start of this loop if "A" is non-zero;

drop the nesting level count.

and exit from the macro.

If "A" is not the character string IF (and
we are still in the macro!) there is a syntax

error so call SY to report

and exit.
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JF B X H If "X" is blank, call is "LOOP IF CONDITION"
; type:- i
J3 1 \S00004 ; Call macro J3 to generate the code required
; to branch or jump (depending on the length
; of the loop) back to the label created at
; the start of this loop, if the condition is
H satisfied.
S00004=S00004-3 ; Drop the nesting level count
MEXIT ; and exit.
.ENDC
;  "X" is non-blank. We must have a call of
; the "LOOP IF ITEM X R Y" type:-
PY H Call macro P to check that there are uo
H unspecified actuals* (otherwise report error).
K1 3 Call macro K to check that "I" is the

; character string WORD or BYIE* (otherwise I
report error). ‘

Call macro J1 to generate the code required
to jump or branch (depending on the length
of the loop) back to the label created at
the start of this loop if the condition is

J1 I X R Y \S00004

we we W ws e

satisfied,
S00004=S00004-3 ; Drop the nesting level count.
.ENDC
.ENDM

+The nesting-level count is stepped by 3 to avoid a clash of generated symbols.
LOOP invokes generation of symbols S7, S§12, S15 ...., THEN and ELSE invoke
generation of S10, S13, S16 ....., and END invokes generation of S1l, 814, S17

*P and K are further examples of macros which do not produce code. They direct
the assembler to output an error report to the assembly listing when source
program syntax errors are detected,
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1APPENDOIX 2, TYPlCAL SOURCE TYEXT,

jescconcevecsnunrecscsnsoassrvensare

oTITLE ExarmPLE
«98TTYL LIBY AND CNVERY B/RS,USEL BY PBEUVDO,

«MCALL MACROS
Petuoo

PAGE
+80TTL LI8Y
JOEBUG LISTING PROGRAM ENTEHED VvIA MACRO "LI8TY,
JENTENRD w1TW  RD CONTAINING NUMBER OF ITEMS FOR LISTING
A1 CONTAINING ADORESS OF PIRSY ITEM
R2 CONTAINING LISTING CODEIN-

OeLIBY SvyTes In OCTA(

2oL187 wORDS IN OCTAL

48l 18T BYTLS IN BINANY

6oL IS8T wWORUS IN BINARY,
JLISTING I8 70 TYTV,FORMATTED [N COLUMNS,

- e W w W

CREATE WUFPFER QUUFFER, 84, CrakS,TQ NOLD ONE TTYY LINE,
CREATE wORDS «CMARSGENEWATEO® TQ WOLD NUMBER OF CNARS PER YTY wORD,

LISTENDeRQ 1A0DRESS OF LAST 1T7EM,
LTENPOINTERGRY JAQOORESS OF ITEM CURNENTLY BEING L18TERD,
COLUNNBeR] INUMBER OF COLUMNS LEFT IN CURRENY TTY LINE,
QPCODEek JUPERAYION COOE,

CHARCOUNTSRS JCOUNT OF NUMBER OF CHARS PUT 1IN DBUFFER,
SUPPPOINTERRS JOUUPFER POINTER,

TABetl
WORDBITe2 JTRIS BIT 18 SET IN OPCODE FPOK wORD OPERATIONS,

INUNBER OF CHARACTERS PER COLUMN,AND NUMBER OF COLUMNS PER
ILINE,A8 A PUNCTION OF OPCODES
wO8s1Zts ,B8YTE 3
TICOLSY ,8YTE 8,
JOYTE &
JOYTE 8,
LBYTE &,
JBYTE &
JHYTE L6,
L8YTC 3

JOESPAYCH VECTOWS FOR CONVEKRBION ROUTINESI=
CONVERS]IONS? CONDD

CUNQwW

conge

CONUMW

JCONVENSION RQUTINESTe

CONOHICONVERT BYTE OITEMPOINTER TO ASCII OCT AT BUFPFPOINTER
CONO'ICO::::Y wORD GJTEMPOINTER YO ASCIJ OCY AT BUFFPOINTER
COnIDlCOﬁ:::? BYTE OPITEMPOINTER TO 4BCI[ BIN AT BUFFPOINTER
CON.!ICO&E%EY WQRD SITEMPOIMNTER TO ABCII BIN AT BUFFPIINTER




LI8Ts

AQ0 Ri.HD 1FOKM L ISTEND,
MOVE WOSIZE(OPCUDE) ,CHARSGENERATED
TYPE NL

REAUY DBUPPFER FOR FASCII OQUTPUT YO TTY
Loor

POINT QUFFPOINTER AT OBUFPER DATA

MOvVS YTCOLS(OPCUDE),COLUMNS

CLR CHARCOUNT

LouP

DU OCONYERSIONS(OPCODE)

B1T ewOkDB]ITY,OPCODE

IF SET THEN <ADD #2,1TEMPOINTER> ELSE <INC ITEMPOINTER>
ADD CHARSGENERATED,CHARCOUNT

ADU CHANSGENEKATED,BUPFPOINTER
UEC COLUMNS

1P ZEWO,BNANCH TO LINETERMINATION
MOVE 8TAB, (BUFFPOINTENR)

INC CHARCOUNT

LOOP IF WOND JTEMPOINTER (m LISTEND

LINETERMINATIONS
MOVH SCR, (BUFFPOINTER)e
Move sLP, (BUPPPOINTER) |
ADD #2,CHARCOUNY !
SET DHUFFLR COUNTY TO CmMaARCOUNTY
OUTPUY DBUFFEN YO TTY
TEST DBUFFEN TRANSFER DONE

LO?P 1P WOKD JITEMPOINTER (= LISTEND

ExlTY

oPAGE

eJBTTL CNVERTY

PBINARY TO ASCII STRING CONVERSION,ENTERED VYIA MACRO "CONVERT®,
JENTENRED WITH RY CONTAINING AUDRESS OF FIELO AT WNICH ASCII
JCHARS ARE TO BE PLACED,R3 CONTAINING BYTE OR wORD POR CONVERSION
JAND R2 CONTAINING OPCODES-

’ @sCUNVERT BYTE TO OCTaAL STRING

' 2'..'...'.‘0““....'..'.........

Y 88, i n0eaoBYTE oo e e BINARY (440
’

6% 00000 eWORD q0esssecensnsasne

JCHARACTER MASKS,AS A FUNCTION OF OPCODEl
CHMASKS 77770

1777780

177776

17777

SNUMBER OF CHANS DEVELOPED,A8 A FUNCTION OF OPCODEle
CHARNO: 3 13 CHARS IN AN QOCTA| BYTE,

[ 1ETC,

4,

16,

OPCODEeK2
MABKasRS
CHCOUNTeR)
CPIELDeRO
OPITEMIRY
WORKSPACESRS




CNVERT)

MOV CHMASR(OPCODE),mask

MOV CHARNO(OPCODE),CHCOUNT

ADO CHMCOUNT,C’IELD IPIELD 19 FILLED "BACKWARDSY,
NEXTCHAR)Y

MOV OPITEM,wORKAPACE JGET ITENM,

BIC MABK,wORKSPACE JNASK 1T,

ADD sop,WORKSPACE JCONVERT TO ASCIE,

MOVE wORKBPACE,~(CPIELO)IAND PUT IT IN FLELD,
DEC CHCOUNT

1P NONIERD
THEN BEGIN
IF wORD OPCOOL )» 84
THEN BEGIN
LOMIPT QPITEM | PLACE R
END
ELSE BEGIN
LBMIFT OPITEM 3 PLACES N
EnD
BR NEXTCHWAR
END
ELOE BEGIN
exgy
END
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JAPPENDTIN 3, ASSEMALY LISTING,
Jomosoessnovevoncsosunasnanacsncanns
EXAMPLE MalW0O VRQSA RieJanNeT? ©2119
TAALE OF CONTENTS

Ie 3 LIST ONO CNVENRT S/nxS,USED HBY PIEULDO,
é= 1 LINTY
Je | CNVERT

S




CXARPLE MACAQ VYROSA BfeJANeT2 320119 PAGE |

«TITLE EXAMPLE
«88TTL LIST 4ND CNVERT S/RS,USED 8Y PSEUOO,

«MCALL MACROS
sso0ee PBEUOD

ot A X X' K N*F ¥

=

T g




“*""""-lllllll!llll------..........g......_.._.,_,__wp__‘!

EXAMPLE MACRO VH@SA Bi1eJANeT2 Q2119 PAGE 2

LI8Y

1 «8RTTL LISY i
2 JOEBUG LISTING PROGRAM ENTERED VIA MACRC *(IO8T", ‘
3 JENTERED WITH RO CONTAINING NUMBER OF ITEMB POR (IBTING

4 ! R} CONTAINING ADDRESS OF FIRBT ITEm

3 ) R2 CONTAINING LISTING COOCE~

. ! OsLIST BYTES IN OCTAL

7 ! 29,137 wWORDS IN QCTAL

L] ' Qs IST BYTES IN BINARY

9 ! 63 I3T WORDS IN DINARY,

19 JILISTING I3 YO TTY,FORMATTED IN COLUMNS,

11

12 o00Qe CREATE BUFPFER DBUFFER,ba, CHARS,TO MOLD ONE TTY L(INE,

13 o106 CREATE WORDS «CHARSGLENERATEQO> TO NOLD NUMBER QOF CHARS PER TTY WO

16

13 800000 LISTENDSRD JADORESS OF LAST JTEM,

16 090003 ITEMPOINTEROR] JADORESS OF ITEM CURRENTLY BEING LISTED,

17 020003 COLUMNESR] INUMBER OF COLUMNS LEFT IN CURRENT TTY LINE,

18 oveeu2 OPCODEsRR 10PERATION COOE,

19 V00004 CHARCOUNTSRA 1COUNT OF NUMHER OF CHMARS PUY IN DBUFFER,

20 20000% AUFFPOINTERsKS DBUFPEN POINTER,

21

22 006311 Tadeyl

23 00¥002 WORDB]Te2 JTHIS BIT IS SET IN OPCODE FOR WORO OPERATIONS,

24

23 INUMBER OF CHARACTERS PER COLUMN,AND NUMBER OF COLUMNS PER

26 JLINE,A8 & FUNCTION OF QPCODESe }

27 Q0110 283 wWOSIlEs ,BYTE 3 !
28 vt} 910 TYCOLSs ,BYTE 8,

29 w112 a06 JBYTE &
30 90113 010 JAYTE B,
31 P18 210 +BYTE 8,
32 #0113 P06 JHYTE & _ :
33 ootis 020 LBYTE 16, ;
34 20117 @03 JBYTE S !
33 ,
36 JOESPATCH YECTORS FOR CONVERSION ROUTINESIe
37 20120 200130°CONVERSIONSS CONGS
38 Qui22 PPB162* CONOW
319 ¢n124¢ BOB212° coNES :
40 PO126 WUB24b’ coNBw - ‘
# B
a2 JCONVERSION ROUTINESH= :
43 0P130 CONOBICONVERT BYTE OITEMPOINTER TQ ASCI] OCT AT BUFFPOINTER ‘
44 Q0160 EXIY
a5 20162 CONOWICONVERT WORD OITEMPOINTER YO ASCII OCT AT BUPFPOINTER
a6 Qo210 EXIT
a7 ep212 CONBBICONVERT BYTE OITEMPOINTER TO ASCIL BIN AT BUFFPOINTER
48 po24a ExIY
49 20A24b CONBWICONVERT WORD OTTEMPOINTER TO ABCII BIN AT BUFFPOINTER
S0 g0274 EXIT
st
32 9927 LISTS
S3 20276 262100 AOD Ri,RQ 1FORN LISTEND,
Se 90300 110267 MOV WOBIZE(OPCODE) )CHARSGENERATED

0001107

177000
35S 2030 TYPE NL
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EXAMPLE MACKO VHOYA B1=JANeT2 Q2119 PAGE 2¢

L1871
ss 22312 WEAUY OBUPFER FOR FASCII OUTPUY TO TTY
S7 @0316 LoaP
98 wo3ltle PUINT BUPFPOINTER AT DHUFFER DATA
$9 ved22 110203 MOVM TTCOLS(OPCODE),COLUMNS
voviyL’
60 V326 PBdQL CLR CHARCOUNT
o] 090330 Loop
o2 V4330 DO SCONYERSIONS(OPCODE)
63 N334 pl2ree BIT swORDEITY,QPCODE
‘ guovee
i o4 00340 IF SET THEN <«ADU #2,ITEMPOINTER> ELSE <INC ITEMP
0% 20352 veeTeu 400 CHARSGENEKATED,CHARCOUNT
E 177530
| 66 B33%6 Vo6’ Y5 ADD CHARSGENERATED,BUFPPOINTER
! 177524
| 67 ¢0362 ¥¥H303 DEC COLUMNS
: 68 P2P3e4 IF ZERO,BKANCHM YO LINETERMINATION
69 YU3be 11¢725 MOVy 8TAR, (BUFFPOINTENR)
CY.PY B8
7@ 00372 ©YAS20e INC CHAWCOUNTY
71 20374 LOOP IF wOKy JTEMPOINTER (s LISTEND
12
73 v0400 LINETENMINATIONS
Tq P06avY 112725 MUVE SCR, (BUFFPOINTER)e
vevou1s
79 044 112725 MOVp 8LF, (BUFFPUINTER) e
vAney’?
7o VN6l PBETPG ADD #2,CHARCOUNT
vevvne
77 ¢Pule SET DBUFFER CUUNT TO CHMARCOUNT
78 V340 QUTPUT DBJFFEW T0 TTY
79 80430 TEST DBUFFER TRANSFER DONE
8¢ V04ale LOQP [F WUORD L[TEMPOINTER (s LISTEND
8) Q442 Exly
82

3-4




EXAMPLE MACRO VROSA Q1eJANeT2 22119 PAGE 3
CNVERT

1
4
3
[}
S
[
7
8
9

acu4a
T XY T3
LL.TL Y]
eause

QQ4S54
0650
2Q406y
Qaude

- oh go so pm g0 po o b o
OBV BWwA -

NRNANRAMNNRUARNDN N
OCBNFTVNDBDUWN—-D

("
[ ]

Q464
Q464

-
-

32 94T

33 0PuTa
34 B¢4Te
35 0AuTe
36 do%>0Qu
37 aesee

38 09546

49 vesia
41 00512
42 ¢0%514
43 0052¢
44 90520
45 90532
46 2053b
a7 08536
48 Q0542
49 Q1YS2
S0 00552
81 6asS%4
32 9P%Se
33 0956
38 0g%e2

17777
177770
1771776
177776

CIET T}
BRBRYe
eeo0o1d
ddéeele

¥ov0oue
uP0RAesS
vovaes
200000
oeenal
0vo004

216205

oAda4a’*

016203

vev4sae’

260300

210104
040504
veeres
0ovP60
110440

005303

"TT R4S

«SBTTL CNVERTY

JBINARY TO ASCII STRING CONVERSJION,ENTERED VIA MACRD PCONVERT®,

JENTERED wITH RO CONTAINING AOORESS QF FIELD AT WnICM aSC1I

JCHMARS ARE TO Bt PLACED,Ri CONTAINING BYTE OR WORO FPOW CONVERSIO

FANU H2 CONTAINING OPCOODEN~
] AsCONVERT BYTE TO OCTAL STRING

2".."...uulolloi......".lIIQ
‘....'..Q.D'TEIQOOUUIN."'..'IQI

0% s 000e0eesWORD o 0vvoseverrcnss

- w. -

JCHARACTER maSK3,AS A FUNCTION OF OPCODESe
CHMASKY §TTTTQ

177770

17777

177770

INUMBER OF CWARS OEVELOPED,AS A FUNCTION OF
CHARNDI § 13 CHARS [N AN OCTAL BYTE,
[ JETC,
8,
16,

OPCODEmRZ
MASKSHS
CHCOUNTSER]Y
CPIELDenp
OPITEMeF]
WORRSPACE®RG

CNVERTI
MOV CHMASK({OPCODE),MASK

MOV CHARNO(OPCOOE) CHCOUNT

ADD CHCOUNT,CFIELD
NEXTCHARS

MOV OPITEM, wORKSPACE JIGET [TEM,

81C MASK,NOHKSPACE JMASK IT,

A00 #6@,w0ORKSPACE

MOVE wWOKKSPACE,=(CFIELD)IAND PUT Y

DEC CHCOUNT

OPCODESs~

JFIELD I3 FILLED "BACKwARDS®,

ICONVERT TO ASCII,

IN FIELOD,

IF NONZEROD
THEN BEGIN
IF wORD OPCOOE )» s#a
THEN BEGIN
LOMIFT OPITEM § PLACE R
EnD
ELSE BEGIN
LIMIFT OPITEN 3 PLACES R
END
BR NEXTCHAR
END
ELSE BEGIN
ExiT
END

EXAMPLE MACHO VNULA NleJANeT2 22119 PAGE 3¢

CNVENRTY

93
36 emdes

PINISH




EXAMPLE MACNU VNQSA Qil=JANT2 D2119 PaGE 3o
SYMHOL TANKLE

aC s {77322

BUPTITE eceees G

CCLEAR® QU¥WJue
CMANND QuUO43uN
CHMASK QAUBVUAUR
COLUMNEXRRRVC)
CONOB pevileRn
Ck s QUVO1S
olv s 177300
{TEMpQexAdE00L
LINETE QRUEQOR
L8r ' BOVURH
L] ¢ 177304
NEGATIe (77777
NONIENS® Q2202

OPITEMaXQOVVOL
POSITIs AUBUAY
Re s\QA8800e
RS sX3800@%
SAVE @& ecesee
3P [ 1411

SR s 177979
spoerus QURARY
$1000¢% voovaed
314 s Y0098 ¢2R
817 8 QUP93e2R
TTY e PAPADY
VSET o 300004
wORDBIs QQ¢uN2
I8ET = QURRU0
. A8, Quoede
V2562

ERRQORS DETECTEDS

gean
vol

FREE CORES 7385, wORDS

10714073 X

BION » asesee
BYTE = 300010
CFlELDeXZOR0OY
CraKSy, 0O00i0eR
CLEAN = 22000V
congs PP0212R
CONOW goe162R
CHET » PUOVO3
HSP 2 U006
k80 s geoyve
L1stY 200270RG
LOR o popeeos
MUL " 177308
NEXTCH QUQaToR
NSEY ® 377777
OVENFLe 220004
R 80008020
R3 axQ4R0Rs
RO sX3U2000
SET s Qoopee
SPACE o @Q004Q
s20@p0s pQooRl
sueoreSe poodle
812 ? QUO3ILR
813 s PORPIIGR
Tab s A0Q81}
UNSAVES eoneee {
wOSJIE QUel1eR
WORXSPIX202004
b Wy

RUFFPOOXRUAVRY ;
CARKY & 2400R) !
CHARCO=XBURRO4
CHCOUNSXQRQRRB)
CNVERT Q0uabuRG
CONBW P4RRULR
CONVER DQapl2sR
DBUPFE QoeueeR
HSR a B0200Y
LF s Qa0
LISTENeXDUURRO
MASK exQYo0R%
NCLEANS o208}

NL s ensese [

OPCODEsXPROLRR 1
rC nxeeeed7 .
Ry 2x2200021 {
R4 aXx2809084 i

/Y ax@aoeer
SETUPPE enepee [
Y s 1771776
$0Cuale Qedede
1020068 Q200114
843 = PeRSSaR
sie » 22233sR 11
TTCOLY Q@d111IR !
VCLEARS 220003 !
wORD) « QUaLRY

IERD + 220209




~ JAPPENDIX 4, ASSEMBLY LISTING,WITH MACRO EXPANSION,
'...--...--.---o--.-.--.---o.-o------..-...--------.....
J(NON=SATISPIED CONDITIONALS NOY (ISTED,)

- EXAMPLE MACRO VHOYA BleJANeT2 02129
TABLE OF CONTENTS

~ e 3 LISBT AND CNVERT B8/RS,USED BY PBELDO,
2= 1 Ll87
3= 1 CNVERY




EXAMPLE MACKRO VNQSA VieJANeT2 D21208 PAGE |

oemReo

YEVOoNd
[ LT L1
sl
Yovpel
PAUANG
(LA ]
puovine
pavar?
A0VRET
vovPab
1777178
177578
{77304
1773802
1773¢0
177306
gdaanat
IRARRAI
177
pavned
douRLae
BovALY
paveaee
YPvve
onenys
wovoel
proeuvs
VLAY
220A0t
2000V5S
Yavave
vover?
bovele

e TR
L E Y]
VYIRS
vvuver?
veuatLe
PeORL Y

CTITLE EXAMPLE
LSTTL LIST AND CNVERT 8/RS,USED BY PSEUDU,

JMCALL MACRUS
PSEUDU
RAnXd
Risx})
RP2axe
LELR S
LYY
n58XS
HouXb
R78%? i
PCLeX?
SPsXs
Sweil?17706
SwRuil7570
LI RN AR I
ACsiT732
Dlve1773d0
MUL®1T7T7308
PUSITle}
NeGAT]eef
NSETswt
IERUsE
19¢Te0
CLEARBO
NONZENE2
SETs2
CANRYs 3
CSETs}
OvewbiLee
VSETeu
NCLELANWD]
VCLEANSS
CCLtAKeD
wiKUe?
BYTEsS,
.2Long BUFTST,SAVE,UNSAVE,SETUPP,CNVERT ,BIOX,LIST,NL
LFelR
SPACEsaQ
Cregs
Sanabaen?
JeluP5e8,
SernRo89,




EXAMPLE MACRO VRUSA Ql=JAaNeT2 22120 PAGE 2
L1887

s OB SO BB WA

N~

13

14
15
16

i8
19
2¢
21

23
Py
23
s
r34
28
29
30
3
3
33
34
35
3o
37
38
3%
(1]

vooue

20900
“hnoge
vevad

de413e

LR Y-1)

vei1e
2114
ea11¢e
ov113
en1146
veL1s
221106
2e117

veyeu
@o12¢
Pt
g0

2290200
vavie0
1720009
2001 v

2n01 20
buvonl

povBYe
uedane

voneuno
peenpe

2unRRe
engent
0P2003
20vope
ovenva
020005

dovetl
vviven?

el
nie
20
810
210
ags
8ed
203

vaolle’
d00182°
vov212’
voo24s’

JSHTTL LI8T

JUBBUG LISTING PROGRAM ENTERKED VIA MACRD "LIST",

TENTERED wlTH HY CONTAINING NUMBER QF ITEMS FOR LISTING
! Ry CONTAINING ADDRESS OF PIRST ITgm

) R2 CONTAINING LISTING COOtIe

' QoL ISY BYTES IN OCTAL

} s IS8T wORDS IN OCTAL

! GsL IS8T BYTES IN BINARY

' 6u IS8T WURDS IN BINARY,

JLISTING I3 TO TYY,FORMATYED IN COLUMNS,

CREATE BUFFER OBUFFER, b4, CHARS, Y0 NOLD ONE TTY LINE,
Sgoveomsy

OBuUFFERSbG,

1v0vee

LY

«bLXB b4,

S429209520000¢04,

Sp2veiey

JMEXITY

CREATE wOKDS <CHARSGENERATECD® YO MOLD NUMBER OF CHARS PER TTY

sgagens

Spdedley

JIRP Q,<CHANSGENERATED>

G190

S¢oeQns3aUoRRe?

cENDM

CHARSGENEKATEDI®

SYVVAYESABAUReR

MEXIT

LISTENDERD JADDRESS OF LAST JTeM,

ITEMPOINTER®R] JADDRESS OF ITEM CURRENTLY BEING LISTED,
COLUMNSBR)Y INUMBER OF COLUMNS LEFT IN CURRENT TTY (INE,
OPCODEOK2 JOPERATION COOE,

CHAKCOUNTORG JCOUNT OF NUMBER OF CHANS PUT IN DBUFFEN,
BUFFPOINTENSRS JDBUFFER POINTER,

Tatis )}

WORDBITeR JTHIS BIT IS SET IN COPCQOE FOR wORD CPERATIOANS,

JNUMBER OF CHARACTERS PER COLUMN,AND NUMBER OF COLUMNS PER
SLINE,AS A FUNCTION OF QOPCOQDEILS
wWDSJZEY ,BYTE 3
TTYCOLSY ,RAYTE 8,
BYTE &
BYTE 8,
JbHYTE 8,
2BYTE 4
JBYTE L&,
+BYTE 3

JOESPATCH VECTOWS FOR CONVERSION ROUTINESIe
CONVERSIONS) CONOSB

CONOW

[+ LT.1:]

CONB W

L-3




EXAMPLE MACHD vhidSA U]eJanNeal2 22120 PALE 2¢
LIsT 4
L3
L P4 JCONVERSION ROUTINESI 4
83 ¢vildy CUVUBICONVERTY BYTE @JTEMPOINTER YO ASCII OCT aY BUPFPOINTER
va1le P MUPPPOINTER
el se X HBYTE ’,
vl e » 0ocCY
vl le SAVE
0130 UU SAVE 4
dhi3n PuureT JSH PC,S8avE
ArOVVRG
JMEXDTY g
¥nl3e STaCH YUFPPOEINTER

POVRVR Siv¢vdusy
JINF O, <BUFFPUINTERS
MOV Q,=(8P)
1R Ys3100Re2
‘t_NUH
deila d1%as MOV BRUFPPUINTER,=(SP)
2008¢e S1VVPesSin0YReg
20136 111101 MOVH @JTEMPUINTER, Y ¢
Qo1 a¥ vdeTvy BIC #3740, R
177440
I Y] G OLY 4
onled dVS580e CLR MW
1YY UNSTACK WY
JINP L, kP> <
MCV (5P)e,l
WENLM
201486 V12624 MOV (SP)e,RQ ¢
04159 QU CNVvEwT
VV1SYd vA4TeT JSR PC,CNVENRT
yuvlle ¢
JMEXTT
21154 UNSAVE
204194 DU UNSAVE ( ,
001S4 PUETET JSN PC,UNSAVE
BRVALRG6
JMEXTY ¢
44 gnide exi?
3nlbe @avwT RTS PC
45 dAlbe CUNOWICUNVERT WORD SITEMPOINTER YO ASCII OCY AT AUFFPOINTER ¢
20162 P HUFFPUINTER
20162 K wOWy
wrlee n ocY (
29162 SAVE
1Y Y4 00 Save
o162 V4T JSR PC,SAVE (
Voo
JHERLT )
woibd STACK OBUFFPOINTER « .
APl Sidvupep
+IRP U, «RUFFPOINTER>

nuv ¢, = (8k) ¢
S14€RUsS1VRNAee
ENUM

20168 V1IUS46 MUV BUFFPUINTER,«(8P) C

OAVQ0E 810uAneS1davRe




ERAMPLE MACNL VRI'SA vie Anhalg &1L PAGE o

LIST
Wil Alltul MUY @I TEMPOINTER, K
anLTe FoaCY
dW1T2 dteTuve Miv we, w2
weadve
2178 UNSTACR Wy
LIRS 24
Muv (SP)e,U
DENGH
GALTb ¢lehed PtV (SP)e, KO
L 4d OC CNVENT
2R VPUloT JSRKR PC,CNVENT
9vi@ese
eMESIT
Qdedd UNSavey
2nerd UU UNSAVE
Br2ad CadT6Y JSR PC,UNSAVE
BANdui
JMERTT
ab 2P210Q Exly
vty advevY vYS PC
47 eret1e CUNBRICUNVERTY BYTE @ITEMPOINTEN TO ASCII oIN AY BUFFPCINTEK
¢d21e P BUFFPLUINTER
ee21e K HYTE
il le nodIN
aret e SaVE '
deetle DU Savt |
V8212 ¢LET6Y JSR PC,58VE !
0PV G
eMEXIY
d¢vel b STACK HUFFPOINTER

VAUVl S1Q¢2heg
«1NP W, «RUFPPOINTER>
MOV G,=(SP)
S12eredivav@es
JENDM
dAPTIO 10546 MUv HUFFPUINTER,»(SP)
224002 S18dusdbiedrer
WA22Y 111181 MuVp SITEMPUINTER,RY
2dhcee PueTul BIC #1774¢0,R
17740
dicdeh G BIN
gece2s vi1erde MOV s4,w2
2004
voelel UNSTACK K¢
ARP U, eRp»
MOV (3SP)e, i
o ENDM
Qe 32 @1260R@ MOv (SP)e,RHy
Quele DO CNVEKT
DY 34 BPUTBY JSR PC,CNVENT
vdN2ed
JMEX]ITY
Ry UnSAVE
dnced Ul UNSAvE
BUeay JPETBT JyW PC,UNIAVE
0200
SMEXTT




EXAMPLE MACNG vnruSAh W]eJANST? 221¢¢ PAGE 2¢
LIy

48

49

50

5%
32
53
S4

355

k1]

S7

Yidew
gduu
ePeun
XL 1]
dYcles
wA2ub
vacue
L)
Angus

vuese

Buede

JdieHe
duesSe
dueSe

naee

ducdte
1. X4Lx}
L Ur4-X}

et
woete
vwnetly

vvevrs
eeete
dueto

weere
9Nsen

023une
dP32s
LRI

velle
vo3le

WAl e

AAS1b

tsl?
Wiedn? WYY PC

CONMmEICUNVERT wOKD OITEMPUINTER TO 4SCI] SIN 4T HUFFPUINTLR

P HUbPPUINTER

n oaUky

n KIN

SAvt

bu Save
BIUTeT ISk PL,J4AVE
oL dh

oMbalT

STACKR BUFFPUINTER
JAvrud Sl rley

NP U, «BUFFPYINTENS

MOV W,=(3P)

Sivenedt@uine

JENUM
QiuSubd MUV JUPFPUINTEN, «(Sy)
2MYAYe S1vnvteS1vuine?
131l MUV SITEMPOINTEN,R]

F uinN
d1erve Huv sh,N¢
L)

UNSTALK RU

JIHP W,k

MUV (5P)e,Q

dENDP
A6y MUV (SP)e,NY

VO CNVERT
CoaTeT JSk PC,CNVENT
el e

JMEXLT

UNSAVE

00 UNSAVE
¢oaTer JSR PL,UNSAYVE
oYW L

Exlry

et RTS PC

L1911
Woulyn ALY W] ,WQ JFONM L ISTEND,
110267 Myvy wOSIZE (OPCUDE) ,CHARSGENERATED
vouvite’
177000

TYrPE NL

00 NL
LT T JSW PC,NL
(LTI

JMEXTTY

kb ALY OBUFFER FOUR FASCII OUTYPUY TQ TTY
vo5067 CL® DbUPFENe?
1774n4

+MEX]T

LooOP
AENA12 SPAVPAsSBVUVEe)

SEONML \S¢@Yud

L-b




EXAMPLE MACRDO VHOSA Q1eJAN=T2 Q2120 PAGE 2+

LIsT

S8 0U3ib
Qaste
59 am3e2e

o8 vRA32e
61 V0339

LERT)
62 @233¢
R EY]
63 Vd334
64 Qnisuy

Qo 3uyv
0P 3uy

Wn3ug

T KT
en3us
20340

an3ay
0034y

0n3us
PU3Se
aa3se
vesuu
volas

003sSe

65 2¥3se2
66 20356

6T vel3ee

Ae¥316°34 2.,
SMEXTY
POINT BUFFPUINTER AT DBUFFER DATA
212795 MOV SURUFFENed,BUFFPOINTER

08vave’
JMERTT
116203 MOVYE TYCOLS(OPCODE),COLUMNS
wan131’
IRl CLR CHANCOUNT

Luov
VU0ALS S2AYB4eSANRNde]
SFORMY \SPoves
AOr3I3INn’S1Ss,
MEXTY
DO OCUNVERSIONS(OPCODE)
VALUTT2 JSk PC,PCUNVENSIONS(OPCODE)
¥duico’
JMEXIT
d327vre B1Y swOWDBIT,QPCOOE
vovone
IF SET THMEN <ADD 82, ITEMPOINTERD ELSE <«IN([ ]TEMP
4 BNE,BEG THEN <ADD 82, ]TEMPOINTER> ELSE <INC ITEMPOINTER:
use
P0¢RA13 SUALASESNURNASe]
YUV 4 SPeuRbeS30dvee]l
SFOKMY \SpRRRS
VAv3«@’S5)3s,
VP32’ e 2
¥d5201 INC ITEMPOINTER
PRP3ub’, e, 02
SFORML \SVQu@SL
CEPRTT RS- FETIN
SkOwMe \3002005
20N34Q*, 0513
SPONM3I BNE \§S0OVUGS
“wUldve BNE Sié
0346’ 0514
062TA1 ADD €2, JTEMPOINTER
veNAY2
SFEOWMY \$J2005S
Q6352751 3s,
SFORM2 \S0BAQG
vov3ubL 8814
PA0344’ 0 ,e2
SFOnM3 BR \SQ000S5
APYepe Bu S13
vv3sS2’,0913
05e
PPrall S000AbeSH0VYG=]
VAVALIA SPOURSeSNYRRS~)

JMEXTT

JMEXIY
veetTie ADD CHARSGENERATED,CHARCOUNY
1771539
go6Tys ADD CHANSGENENATED,BUFFPOINTER
1775¢4¢
[(T231'3] DEC COLUMNS




EXAMPLE MACKRO VWNOSA QleJANeTZ 22128 PAGE 2

L1sr
88 VPIbe IF LEWNO,BRANCH TO LINETERMINATION
woled A BLU,BNE WNANCH «T0> LINETERMINATION <»
Budbd Y1405 HEQ LINPTENMINATION
WMEXTY
2PEXLY
69 Yaled 11272% MOVE oTAB, (BUFFPOINTER) e
agvoll
T¢ 2037%¢ V5244 INC CHARCOUNY
Ty ov3te LOOF 1F wORD JTEMPOINTEM (w LISTEND
VuiTy P LISTENC
2037 X wWURD
0PsTe J1 wORD ITEMPOINTER (s LISTEND \S00Quds
4dita If wORD ITERPOINTER (s LISTEND WRANCHW TO S§19
a3 Ta K wORD
QY376 APY1IPD CHP ITEMPUINTER,LISTEND
"weldte 8 BLOS,dN] GRANCH «X0> 313 <>
nalTe 101754 BLOY §19
+MEXLY
«MEXLY
JMEXLY
200812 SU00RLsSPPRYVA])
72
73 Q04nQ LINETLRMINATIONS
T4 pAdRY 112725 MOvy SCR, (BUFFPOINTER)
pvUBs
7S 004Q4 11272% MOV OLF, (BUFFPOINTER) e
gudate
76 00410 002704 AUD #¢,CHARCOUNTY
LT
17 vvaele SET OWUFFER CUUNT TQ CHARCOUNY
pUese P CHARCOUNY
puate pieaa? MOV CHARCOUNT,DBUFFEReS
1773640
JMERLT
18 Q0629 CUTPUT OBUFPER YO TTY
JMCaLL [0
1 XYY 10
000080 KkDeQ
200041 TTYe)
04ga03 L39Re}
YOUedS HSHeY
P02004 LSPesa
Poudde H3IPse
PITY L] V0 B10X
23420 6PaT67 JSR PC,pl0N
2482000
JMEXLY

Q0424 NOQORD'NAUFFER
vau2e ¥12 ,BYTE 12,7ty
voe27 ' T’}
JMEXITY
79 24e3¢ TEBY UBUFFER TRANSFER DONE
UFe3d 185767 TSTH LBUFFERe]
177347
20434 10UITS BPL -4
0¥ voude LUOP 1F wORD [TemPOINTER (o LIBYEND
Bosse P LISTEND




EXANPLE MACRO VREASA O1eJANeT2 02120 PAGE 2
L1987

81

| T

2aa3s
4043e
CI.TR I
8843e
2sal3e
orasy
20680

20842
"LIYT

101726

ordon?

0207

K wQRD

Ji aOmD ITEWMPUINTER (s LISTEND \S0W20s
IF wORD ITEWMPOINTER (o LISTEND BRANCH YO 812
X wORD

CHP LITEMPOINTER,LISTEND

8 BL03,BM] BWANCH «T0» 3512 o>

BLOS 812

oMERLTY

eMEXLY

oMEXLTY

300006s3000043

Exly

RYS PC

L9




ExAMPLE MACKO VRUSA Pl=JAN=T2 Q2122 PAGE 3
CNVERT r
JHHTTL ONVERT
ToINAKY TQ ASCI] STWING CONVERSION,ENTEWED vIa MACRO "LCONVERT",
JENTEREU wITW e CONTAINING AUOWESS OF FLELU 4T wHICK ASCII
JCHARS ANE TO Bt PLACEQ,R1 CONTAINING B8YTEL UR wORD FOW CONYERSIO
pany W2 CONTAININGL OPCOUES- !
' @sCUNVERTY BYTE TO OCTAL STRING

€% s geesrooeWOND esas0s0csnssnssne

!
! 08, reoesBYTlagos e BINARY, o ,,,
)

b...'.llI.“O'ul...ilil‘..l'.l‘.

OO~ BE e

-
[~

JCHARACTEN MASKS,AS 4 FUNCTION OF OPCCUESe
3 12 0044 1TTTTQ CrhMABRY 177770
13 Q0vuus 1T7770 177718
14 YousSy L7777 177770
15 voes2 177776 177776

.-
[

17 INUMRLRK OF CHARS UEVELOPEU,AS & FUNCTION OF OPCODER-
18 UVeS4 POVOL3 CHANNUL 8 5§35 (MARS IN AN OCTAL MYTE,

19 2a4d9% pRsANG [ jerc,

20 vveed AUUeLe ",

21 NaA4B2 K0 acR 1o,

23 cUINRR OPCODEWKE

24 YUIBNS MASRINS

25 PAuayY CHCUUNTER]
2b YVVROA CFIELDex®

27 PoLoeYl OFITEMSKY

28 P0LO0G WURKSPACESRY

30 Quuby CNVERTS i

31 046y P162¥5 MOV CHMASK {OPCODE), MASK i
Ydouud’ !j

Y2 0M4TY 016283 MOV CHMANND(OPCODE) »CHCOUNT
"I L

33 GueTe €60300 VD CHCUUNY,CFIELD PPIELD I8 FILLED "BACKwARLS™,

34 Bnate NEXTCHANY

35 YoeTe Piv104 MUV OPITEM, wORKSPACE JIGEY [TeM,

36 80538 04USU4 RIC MASK,wOKKSPACE IHASK IT,

37 @052 vs2704 ADD #60,wDRKSPACE JCONVERT TO ASCII,
86060

38 0Q%06 f104ue MOVE WORKSPACE,=(CFIELD)JIAND PUY 1T IN FIELD,

40 @e51@ @e53ul DEC CHCOUNT
41 @este 1F NONZEWO
aevte 4 BNE,BEL <> <>
6AS12 2810u2 BNE b
JMEXTT
JMEXLT
42 80514 THEN WEGIN
a¢51e usbs
00val3 SYAUPSEISAVANSe) ]
BOVP14 SPNPNEeSARBVLe] ;
090514 SFONMI \$SQ0u0S i

2PBS18r813e,
PUB5EBT 8, 00
43 09529 IF wORD OPCOOL )e 84
vusSen X WURD
i
!
" Ly - 10




[ X

(1]

a7

3aces
A4l

ddses

¢rtle
dezle
2¢sle
2a% e

¢?7%3s
2253

¢?253s

82s¢ee
¢29%¢s

a23%3s
o253
22%3s

24520
42%2e

wed3e
vesle
Yodue
o546

2084y
2e544

20340
ans3e

“0Tel tenis 3 e, ave”i geicl Pagi e

Aedee” ¥ L3001, 64
XX
¢ delt, .. 4 o

Laleng 4.

LR B

i‘.:
[}
248563422 %03
208838 8d¢808
RS TR LT 5]

d6en .8
etea.’?

[ BEUIEY
L I Y )

e
engsen’ . '
aheSlie! 0,04

28

"
- e QW
[L NV I SN )
v

)
o
L

“
s e s
¢t 9 .
]

LA
.

LAY

LY
LUENN

1o

ar 6
Qe e

L U AN
oA N
R WL R U
w
.

ce R E 4
.

§FTew, (5¢222¢e
2ces3e’s 7,
§p Tamg
e2¢e%26 83y
3FZEwy
P BN

\Segees
J"P \S2d¢dn
2¢e b
c?e2¢é
22¢%36°% 031

29%
2A¢2146 5222%0032¢2320e3
22¢213 3.22750582¢2235%5)

ELIE BEuln

whe
2¢e216 322¢25087¢2256)
286217 3cecdbalgcebe}

SFCweg \Sgeees
FERLYI LI R RN

SFCwee \5232¢0
Q16T P 817ea
LY LERY ]

SpCHMe \ScR00e
Vees36? 8317

FChk} \3¢2405
220¢536°310s,
000342’ 8,04

LIMIFT CPITEm 3 PLACES R

[ -]
2dpeuy CoLC
40600t ROR CPITE™
Bo0Pa2 HEPT 3lei

AS4 QOPITEM

SENOK
206201 ASW QOPJTE™
VA2 L ASK OPITEM

JMEXIT




ExAmMPLE MACHO VROSA QleJAn-T2 B2M2? PAGE 3o
CNVEHRT

49 0a%5¢
"L S T4

20592
w3 3e
20538

0u5%2

Y8 Aanv3e
31 Q¥d3e
eSS4
00334
onatlé
gasta
20554

92 00554
onYSe
68554

2851w
80sS14

"I T1')
205%4
$3 Q8S6¢
20560
LY 1Y
8NsS62
vese2
0SS
" I'FX 1
8562

5%
S6 268562

END

srgemy \3p020b
puYss52°3ite,

SFONMZ \802605
VoS se’, 0810

SFOKM3 JHP \30R0Be
pov1eY JMP 817
Qove1d
0nush2* ,* 817

056
eNvel 4 3000060500006=)
waald S0200503000085«3

FUYILY Wi NEXTOMAR
END

SPONMY \800VAL
govssSa*sias,

SEONRMR \8SVVU0S
YOVSL4e?, 8813

SFONMY JMP \840206
gaater JmP 814
LT R L]
YoV554°,8334

D56

YPpAll 3PCUL6ESRLRYL=D
Povalo 3040058300095 =3
ELSt BEGIN
Use
yenays $00NESN330duSe]
0Avel e SuUdBern3000ubed
SFONM2 \30000%
eURS14°®,e313
SFEQWML \S4VO0S
penier JMP 8ided

A0

SFONMZ \30000s
PPN554°,0814

SFORM{ \$¥Q¥05
PB¥554°813s,
eeosSeRr’ s ¢4

ExlY
vep2p? RTY PC
EnD

SFORM] \820uRb
oV0562°314e,

SFORMZ \300VOS
Pn0594°,881)

SFONMS JMP \8UBu0BS
gudie? JMP 814
vageve
geuvsSor®,93)8

NSe
CITLER 3000068802000«
200210 300EVSESDB005e3

FINIONM
9V0801°,END

Y-{&




T e

EXAMPLE MACRO VRBSA QieJANeT2 Q2120 PAGE 3¢

¢ SYMBOL TABLE
AC s {77322 BIOX 8 eavsen § SUFFPOsXPVPOES

T BUFTSTse senaen G HYTE & AACQ1Y CARNY 8 BUPROS
CCLtARe DRIVOSL CFIELDeXRYCYPY CHARCOs X000 Id
CHAMND UBVUSER CHANSL QUU]1Q8R CrCOUNBXRURVY]

¢ CHMASK QUOUUGGR CLEAR o (9R00Y CNVERT 00R4bURG
CULUMNOXZAn0N} CONbb QU2 en CONYwW Pve2asR
CONUY (LTI I CONDw LT ENY] CUNVER QuUl2eR

¢ CR s PAvlY CSET s Qovues DeULPE QUBLAVK
oIv s {77300 HSP s Jvree HOR s ddpees
ITEMPOOXWUNIGY LT-1¢] s BuRIPY LF s AARYl1e

4 LINETE @guuddar L18T QV0R2THRE LISTENSXBQARY
LSP s APUVRY Lon s AVNBYPS MASK eXxAUQVOY
My s 177304 MUL s {77306 NCLEANRS QURGYY

( NEGATIs 177777 NEXTCH  @0Q4T6R NG s sesete
NONZeRs @apdoune NSET = (77777 OPCQOEsxBuPARN2
OPITEMOXYRO0O) OVENFL® BUEVVe L sxPaQpe?

« PUSITIe 0bvany RY "X0vR200 Ry "XM0000B1
We XARLAe RS 1000003 R4 *xP40004
RS sXyodvesd R& 82080008 RY sXPvever

" SAVE o eteese ST 8 pYevee ScTUPPs eesene §
spP sX0404006 SPACE = Qvipade W . 11717s

SWR ® 177579
SUQVnes AYVUAT
$S10000ns QAQBR2
514 s PQURSe’Rr
S17? a« VUWUSS52R
Ty ¢ YbBvavl
VSEY = AQUUO0Q4
WORDBle WOOVOR
ISET = @Uadue
. Au3, @00v0Y
11X

ven
(12}

S02nouUs APeRVAR2
300405 QQPelY
S12 s QAYBIt6R
815 s 300330R
TA8 s Qgowell
UNSAVES eaneen
woS12t Qu¥liuR
wORKSPeXPURVAM

Spevats onoBRR
$0G¢doe 2400211
513 s YVO554R
14 o 24AS3e6R
TTCULY Q4D LLR
VCLEARE 202005
WURD e BeéRVLY
LLRU o RABUOY

ERKORS UETECTEDT © .
FREE COREL 7585, WORDS |
21OT1ZaDTIX/LTISME/NLICND

Le-13 “




JAPPENULX S, PSEUDD MACRO OEFINITIONS,

JMACKU mACRUS

eMCALL «[Tm, TYPE ,LHREATE,LIRIFT,OL,EL

oMCALL POINT, IF, THEN,ENO,ELSE, SFHONMYL,SFORMN2,9TACK,UNSTACK
JMCALL SFOMNY, SPOMMA,B,GET, SET,SETUP, INTT,LISY P, ,0.n,uS6,0%08
oMCALL LOUP,J1,J2)J5,CONVERT, POSEUDD,X,P,UN,83Y,8AVE,UNSAVE,D0
MCALL TEST,JUMP,READY,STEP,CYCLE, INPUT,OUTPUT, MULsLLY
JMCALL MESLRVE ,UTSCARD,PINLISNH,EXITY

cENUM

+MACRO UL

JWEABL LB

sENUM

JHACHO €L

ot NANL LSo

oEnuM

+MALRD UN

JENN(N JUNSPEC PARAM
sENUM

«MACRU wY X

JLRHOR JSYNTAXIe X
sENDM

JMACRD P

S1F B &

UN

sENULC

sENUM

JMACRO )

JIF DIF I,40PQ

cl‘ DIF I'D'YE :
JERHON JRYTE LR wORD?
+ENULC

«ENVC

oENUM

+MACHY STACK X

8132400y

.Iﬂp JecX>

MOV Q,=(8P)

$144M0eS140UVe

cENUM

oENOM

sMACHU UNSTACK X

W IRK U, cx>

MOV (SP)e,0

JENUM

eENOH

eMACKO UJISCARU N A B C DL P LM

ADD SNen,SP

JENOM

+MACRD KESERVE N A 8 C D EF G ™

SUN SNeN, P '
sENUM i

oMACHD FINISH X
+1F NE 500vuvSes,
¢ERROR JENOY |
sENLC

«IF NE S00MNYe=?
JENRON JLUOP||
.ENOC

e ENDM

JHMACHO EXIT
nTS PC
+ENDM




T T e e

JMACWN] PSEUND
Rde X
Kiedt
R2e%
R3ek3
RasXa
R52219
Rooxn
R1a}7
pCex?
SPexo
LLIZRARANS
SulsiTT57¢
MusiT77%04
ACe1 77342
Olve1773500
MULat773006
P0S1T]a}
NewaTisel
NSETsey
LeRQsy
ISETe
CLLARSY
NUNLENS2
StYs2
CANRYa}
CSETe3
OVEWHF LR
YSETed
NCLEARNRY
VCLeAksed
CCLtanes
WORDE?
8YTZab,
WGLOBL BUFTST,8AVE,UNSAVE,SETUPP,CNVERT,B1I0X,L13T/NL
LFele
SPACLey?
CRsiS
800YNdeY
S0B8a0He8,
§004vbeY,
+ENOM

«MACKHU LO P X
JAF 8 «x>

JOR PC,P
JMEXIT

+ENUC

BTACK <x»

JSR PC,P

ADD 8y100un,SsP
sLNUM

JMACKO LIWIFY X Y M N
PN

JIF TON N R
(444

NUR X

JREPY Ya)
ASR X

cENDN
JMERIY
+ENOC

oIF LUN N,L
«REPT ¥

ASL x

+ENUN
JMEXIT
«ENOC

3Y N

oENUM

s




JMACRG CONVERT 1 X TO 4 T 4 2
Pl

L ¢

LI ¢

AVt

STaCn 2

oIF T1DON I,w0RD
MOV X,R}%

rFr

ENUC

«IF 10n I,BYTE
HOvE x,x1

8IC s177400,RY
G

sENOC

UNSTACK W@

00 CNVENRT
UhSave

o ENDM

sMACRO LISYT N 1 FR 4 ¥ T
[ ¢

LI

oIF DIF 1,8YTES
cl' 01lF l,uO'DS
3y |

JMEXIT

sENOC

sENDC

Savg

STaCk N

DEC (s&P)

MOV A, W

+IF IUN I,%0RpS
FT

ASL (3P)

W ENUC

JLF 1UN I,BYTES
6T

«ENODC

UNSTACK Ry

D0 L1987

UNSAVE

oENDM

«MACRD F 7

+IIF 1O~ T,0CT,MOV #2,R2
oIIF INN T,HIN,MOV 8h,Re
oENUM

MACRO G 7

«IlIF IO~ T,0CT,CLR R2
oIIF LON T,BIN,MQV #4,R2
o ENDM

oMACKO M T

oIF OIF T,8]N

+IF DIF T,0(T

sy ¢

+ENDC

+ENOC

eENOM

e e—— =




JMACHO MUL & W b N INC U
JIF TuN A Av
MUV U, 00nUL
IF Nt B

MOy Psmy, N
JI1F B C

MQv o84(C,C
JENUC

sENUC

JMEXIT

ENDC

oLlF OIF a,oVY
MOV A, 08MU
MOV o, 08MUL
JIF NH AN
MDY #sty,C
+IF N8 D

NOv esaAal,D
+ENDC

ENUC

«ENDC

cENUM

JMACKY DIV A & X C AN Ina O R IN E
o dF IUN A,nY
MOV U,880]V
J1F Ny X

oIF No INA
MOV #SAC, K
+ENDC

MOV 08MU, AN
+ENDC

JMEXRTLT

«ENDC

JIF ulF A, nY
MOV a,e8MU
«IF TDN G,BY
MOV X,@sDlV
oIF HNB C

«IF NoB IN
MOv @sAC, IN
+ENNC

MOV osMQ, INA
+ENDC

JHMEXIT

+ENUC

MOV Q,08AC
MOV C,0801V
J1F N8 AN
+IF NO E

MOV #8AC,E
+ENDC

MUV #8MQ,D
+ENDC

+ENVC

‘tND”




oMACKU GET X Y IN
r2

+IF 10N Y,8LO0CKS12E
MOV Xea,l

oMEX]T

+ENOC

+IP ION Y,8TATUS
Mvd xe3,2

JMERLT

JENOC

«JF IUN Y,MODE

MOVA xe2,2

JMEXIT

+ENDC

+1F ION Y,COUNT

MOV Xeq,l

oMEXIY

+ENDC

sy v

+ENDM

«MACNO ET X Y YO 2
P2

oIF 10N Y, 1P
MOV Z,X=10
oMEXIT

+ENDC

+IF 10N Y,0P
MOV 1,Xed
oJMEXIT

+ENDC

odF JOUN Y,COUNT
MOV Z,Xe8
JMEX]T

+ENDC

Yy

+ENDM

+MACRQ SETUP
00 SETUPP
+ENOHM

oMACRO INIT 2 T X A ¥ .
Py

00 810X

Y

oBYTE 1,2
+ENOM

+MACRQ BAVE X
D0 Save
+ENONM

MACRO UNSAVE X
60 UNSAVE
+ENOM

— e
" PO




JMACHO IF I X W Y TP EGQ
«IF tu ]

B BECN,HNE X «R> Y aT»
JMEXLT

JENDC

WIF 83 e}

8 UPL,AMT X <> ¥ «T>
JMEXTT

+ENDC

JIF EQ le}

B BMI,APL X <> Y «1>» -
+MEX1T

+ENDC

oIF EQ =2

B ANE,REQ X <R>» Y «Y>
JMEX]TY

+ENOC

.IF EG l-l

B dCS,MCC X «R» Y «T>»
oMEXLT

+ENUC

oIF EQ l=4

8 BYS,HVYC X «N> Y 47>
JMEXTIT

+ENOC

«IF EQ Ie5

B AVC,AVS X <H> Y aT» ;
JMEX]T

+ENOC

.l' Eu l-b

B BCC,BCY X «R> Y «T»

JMEXKIT

+ENDC

oIF NB «<R>»

K I

+11F IDON 1,BYTE,CHMPB X,Y

oIIF ION 1,WOND,CHP Xx,Y

«IF ION «i>,n

B BLO,BNE T «P>» E <>

+MEXIT

«ENDC

oIF IDN <R»,) ¢

B8 BNE,BEQ T «P>» E «O»

JMEXLT

«ENDC

.X' INN CR’,)

8 BAI,BLO0S T «P>» € «G»

MEXIT

+ENUC

|IF 10N ‘n..(

B BLO,ANIS T «P>» E «0O»

MEXIT

+1F 1DN «¢H>,)s

8 BHIS,HBLO T «P>» E «O>

+MEXIT

«ENDC




«iF LON «hp, (e

8 BLOS,8M] T «P> E <0>
WMENLTY

+ENUC

.l' ION 4qk>»,3)

8 BuT,ALE T «P> E «<»
JMEXTY

WENOC

oIF 10N <hd»,8¢(

8 BLT,B8LE T «P> E <>
oMEXIT

+ENDC

oIF 1UN «R»>»,8)s

8 GGE,ALY T «P>» £ <>
oMEXIT

+ENOC

oIF ION «k»,S(s

8 BLE,BGT T «P» £ «y»
JHMEXLT

+ENDC

8Y <R>

+ENDC

+ENDH

+MACRD USS
400059800 ¢¥P%e)
80220008P0AVB+)
+ENOM

¢MACRO D%e
$00vebesavYVLel
9092050800005=3
JENOM

+MACRO B ABR BBR X1 X2 X3 X&
«IF 8 £}

ABR o0

JMEX]T

+ENOC

+IF NB XI

+IF IDON X1,BRANCH
oIfF b X3

sy ?

JMEXLT

+ENDC

ABR X3

JMEXITY

+ENDC

«IF ION X1,JUMP
«I7 B X3

Sy ?

JMEXIT

+ENDC

BBR , 8

JHP x3

oMEXIY

+ENDC

oIF 10N X§,THEN
17 B <>

w7




JMEX]TY

oENUC

oIF NA x3

oIF IUN xS, ELSE
IF K <xu>»

sy 1?7

JMEXNLTY

sENDC

usSe

SFONML \Syunyas
P02

X4

LTy

SFORNML \3pa0npae
JFONME \Sudpas
SFORMS ABRK \Svaaee
Xe

SFONM) \Savyas
SFONMZ \Syapde
o8,2

SFORM3 BR \Suugus
DSe

oMEXIT

+ENDC

«ENUC

UsSe

SFONML \SUOVES
IR T

xe

SFORML \Skuuoe
SFONMZ \Sududy
SFONM3 dHR \SNQudb
05

JHMEXIT

+ENUC

+ENDC

+ENDM

«MACKD THEN BGN X
+1F Nd BGN

«IF DIF RGN,REGIN
SY 8GN

MEX]IT

+ENUC

+ENVC

oIF % nun

oPRINT jes WEGIN|
+ENDC

oIF NH X

.I' 01' ll‘

SY x

oMEXIT

+ENDC

+ENDC

use

SFONMY \SBUAYS
Y

sENUM

5-8
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LMACNY SFOWMI 320005
§25490dhs,
dENUM

JMACKU END X ¥
+JF Ny X
JAF VIF X, 2
oIF DIF X,
sY x
JMexg?
4 +ENDC
+ENOJC
+IF JUN 1e?
JIF NO Y
¢IF OIF v,
sY v
JMEXIT
+ENOC
+ENDC
+ENOC
LJENDC
<IF LE 30000358,
LEARDR 1700 MANY ENDSJ
JMELLT
+ENDC
SFORM] \SPP¥Bs
SFORM2 \3pu0as
SFOKM3 JMP \3SPR0QR28ae
0%é
JIF N8 X
JIF TUN X,? |
J1F NE 500Q85=8, |
JERKOR JEND MISSING '
ENOD 2 ‘
+ENOC
JENUC
+ENOC
<ENOM

LMACRO SPFORM2 300005
»08°930012Y
«ENDH

JMACRD SFORM3 BX 38X
86X $°8x

298X

dENOM

JMACRD ELSE OGN X
L1F NB dGN

J1F DIF BGN(ALGIN
LERRUK JELSE BGN 7
JMEALT

+ENDC

JENOC

JIF o AN

PRINT paetieGIN|
+ENDC

JIF NB 2

oIF VIF X2

Y

JMEXLT

+ENVC

«EN0C

use

SFORM2 \S94YUS
SHEQRME \SSUVUG
LIDLLEARS LT 1
SFONMS \SuWUYDS
B, 08

oENUM




JMACHG SFURNMG 39ANYS
JMP 8°8yQuyuded

JENON .
{

JMACHO CYCLE " G R 8 T 7L

pY ¥

L 2

3 LIF LUN K, 0N .

o1F TUN M, 1P .

CHP Tely,Tel

8L0 L

SUd Te12,T7=19

LIADD Ted,Tel@d

18

JHEXLT

«ENDC

J1F ION m,0PF

CHP Tes,Te?

8Lo0 L

SUS Te12,Tep

LIADD Ted,Teh

DL

+JMEXIT

sENDC

CMP M,T=e

BLO L

SJud Tej2,M

LIADD Tea,M

oL t

eMER]TY ‘

+ENDC !

¢IF 10N W,BACK

+IF 10N M,IP

SuUd Ted,T=10

CHP T=19,87 I

BMIS L |
i

ADO Te12,7=10
L

oL

oMEXIT

+ENDC

+1F 10N n,0P 1
SUB Ted,Ted “
CMP Tab,sT y
8MIS L !
ADD Te12,Teb |

9] 1
oL h
|
1
\
]

oMEXIT
+ENDOC

SUY Te=g,M
CHP M,mT
snls L
ADD Tel2,M
L

oL

eMEXIT
+ENDC

sY N

oL

«ENDM




JMACRO POINT P YO G R S T

+17 1OUN G,END

MOV Se2,P

ADD Se4,r

JMEXTTY )
+JENUC '
oIF 1DN w,ALOCK

JIF TUN Q,FIRST

MOy 81,P

MERLTY

<ENDC

oIF 10N Q,LAST

MOV 7-2.'

oMEX]T

+ENODC

«IF IDN Q,1IP

MOv T=10,P

JMEXTT

+ENUC

«1F 10N W,0P

HOV Y...'

JMEXITY

+ENDC

sY @

+ENOC

+1F IUN R,0ATA

MOV 8u4es,P

oIF N8 O

«IF DIF 8,END

LA} |
oMEXLTY I
«ENDC ;
ADO Gea,p

+ENDC

sMEX]IT

JENUC ;
s 7
+ENUM i

JMACRO 3TEP A B C O E

# e

.l' IUN COON

«IF IUN a,lpP .
ADD Eed,E=10 ;
oMEXIT :
<ENDC :
oIF IDN A,0OP .
ADD Eed,E=o '
oMEALY

JENULC

AUD Ewdya :
eMEXTIT i
JENDC '
JIF 10N C,8aCK

oIP 10N a,1P

BUB Eea,Ewly

JMEXLTY

+ENUC

oiF TUN A,0P

SUB Eeq)E=p k
JMEX]Y
+ENDC

$uUB Een,a
2MEXIT
+“NDC

sy C
SENDM




JMACRY LOUP 4 ] X N Y
J1F oA
SYABNeeIBUANse)
SFONML \SJRQNe
JMEXLT

+ENUC

oIF N8 a

JIF LT 800Vdgell,
8y «L00P»

oIF 1UN I,TImMES
OtC &

J2 \3v10004«
S0UVNR4e30VAYEY
JMEXIT

+ENDC

JIF OIF aA,1r

8Y <«A>

JMERLTY

JIF B 2

J3 1 \Sdovue
800004030000 de)
JMEX]TY

Py

LI ¢

Ji 1 » R Y \S00024
9408V 4e300P04=)
sENUC

+ENOM

JMACKD J1 1 X R Y Sa&

JIF LT ,=8°3u=24b,

IF I x R Y BRANCH TO 8734
JMEXIT

+ENDC

IF 1 X R Y JUMP T0O 9754
JENDM

JMACKD J2 084
BNE 8°30
SENDM

JMACRO J3 1 84

JIF LT ,287830240,
17 1 BRANCH TD 8°84
JMEXIT

+ENDC

IF 1 JUMP TO 8984
+ENDM

§
j
?




WHMACND CREATE | X N UM P VR ST VY]

LN T Y]

oIF ION «[2,(}137
.l' 9 aM>»

UN

MEX]TY

+ENDC

oIF lun «yr,m(QRULS
NeN

| §

X

MeM
XoeNoNogHIadM
L), 8LRw N
SP2vPRAeIY0NUMeNN
300N Ley

o"Ell’

.EVUC

«1F TUN euUP,BYTES
N

X

M

XoNe gty

I HLKN N
B0Y0VVeS0VBBeN
3000010}

JHERLT

+ENDC

sy v

JMEX]TY

sENDC

o I1F 10N «l®,BUFPER
oIF B N

UN

JMEXTT

+ENUC

XIN

1o0vey

N

«BLan N
S0020VeBAIPAANN
8004010}

MEXLTY

sENDC

«1F 1DON «l»,WORDS
s$dnauvisp

+IRP Q,ax»

e
S0000UeB00PNQeR
+ENDM

oMEXITY

+ENDEC

+17 ION «l»,8YTES
$odvle}

JIRP 3, cXd
Gt,ovrg @

LI LT Y LT I3
sLNUM

JMEXLTY

+ENDC

Y «l»

sENDM




JHACRD WITW D X
09800090
S0dended

L1F E0 30041
JIRP U, <x»

q
3000920308000 2e2
JENUN

ENUC

+IF Nt 80038}
JIRP Y,an>
UYTE U
S2M002e30UR0201
LENOM

JENVL

$4240ve 330040300202 |
RS TLLLT
JENDM

+MACHO TYPE My,N D 7L1 TL2 TLY L6

<I7 DIP amd,NL

EL

00 810X !
(9} !
JIF B D ;
HBYTE 1201

+ENDC

JJF NB D

+BYTE 14,])

1}

+ENDC

BN Le

L0

(]

L3ILR2al3e2

+ASC]I] ®ne

+BYTE CR,LF

L2VJEVEN

L&

oL !
JMEXIT

+ENDC ‘
' 00 NL

| +ENOM i

5-1t




«MACH] READY A F MW P 4 W 8
JIF B M

8Y HOpF

MEXKIT

+ENUC

+1F TON m,a8¢C]t
MOv 82,402
JMELLT

+ENOC

«I7 10N m,PaSC1I
CLi ae2

MEXLIY

+ENDC

oIF 10N mM,BIN
MOV 83,402
JMEXIT

-ENvC

oIF IUN m,FBIN
MOv #1,Ae2
WMEXTTY

«ENUC

Y M

oENOM

oMACRO DUTPUT 4 T DO N L
JIF 8 U

«ERROR JOEVICE?
JMEXRITY

sENUC

WMCALL 10

10

NO atox

A

2F B C

WBYTE 12,0
eMEXLT

«ENOC

EOVYE 14,0

JENDM

JMACRD INPUT A T D N C
JF 8 D

+ENROR JRUFFERY

JMEXIT

+ENOC

«MCALL 10

Io

00 810X

)

IF R C
oBYTE 11,4
oMEXET
+ENOC
OYTE 13,4
[

JENUM




+MACRO TESY B P O R S
olP NH P

oIF 1un P,ERACRS
STACK SRe3

JSR w2,BuUFTATY
UNSTACK HY

AQO s,412,(3P)
MOV o(3P), (8P)
JHP 0(3P)e
014

*12

o*19¥

b

o8

ot

oMEXIY

«ENDC

s ENUC

TSTY #ed

BPL <@

«ENDM

JMACHO Jum# T L T 2 X
«IF ION E,EUM
ePevld,

L

29,08,

oMEX1TY

«ENDC

+I1F 1ON E,EOF
8,8,

L

WBetb

oMEXIT

+ENVUC

oIF 1ON E, TRUNC
+8,y°d

L

Y

JMEXIT

«ENOC

oIF 1UN €,MUDE
8,74

L

09,02

oMEXIT

+ENDC

«IF JOUN E,CHXSUN
.l.ca

L

JMEX]Y

+ENDC

sY €

oENQNM

JMACRO 10
KB0eR
TTve)
LSRa}
LILL}]
L3Pes
KPPy
oENDM




