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RRE MEMORANDUM No 2875

PSEUDO A MACRO-BASED HIGH LEVEL LANGUAGE FOR THE PDP-11

SUMMARY

PSEUDO is a pseudo-high-level language, developed for the PIIP-11 computer. The
language is extremely efficient and particularly suited to real-time programming
applications.
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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 MACR-11 assembler.

PSEUDO provides the features normally associated with highi level langauges, viz,
good source text readability, self-documentation, and standardisation of certain
data processing techniques. Additionally, it allows facilities which are not
normally associated with high level langauges, but which were considered
essential to the current application. These are:-

i Unimhiited use of alld Por addoressins.

ii Unlihiited use of word or-1 bytesoperatios.

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-11 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 pats
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-1IR includes a macro processor. A comprehensive set of assembly
directives and macro-expansion directives are provided; these are used
extensively by PSEUDO as discussed briefly in Appendix I.

2.3 MACRO-Il Syntax

PSEUDO incorporates the syntax of the HACRO-11 assembly language; ie, any
legal MACRO-l1 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 W Constant

Symbol

Asciiconversion

,Expression>

Constant a Octalnumber

Decimal number

Octalnumber = Sequence of octal digits

Decimalnumber W Sequence of decimal digits terminated by period

Symbol - Sequence of letters or digits starting with a letter

Asciiconversion - 'Asciicharacter

"Asciicharacter Asciicharacter

Binaryoperator a +

* (multiply)

/ (divide)

& (logical AND)

(logical OR)
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Unaryoperator + +

Expressions aee evaluated from left to right, with no operator hierarchy
except that term 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 @f the
form:-

Symbol - Expression

eg:

ON - 1
NOTOFF - ON
TTYEGISTER - 777562

Registers may be named symbollically by the register assignmnt statmnt:-

Symbol - % Octaldigit

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

RI -l; initial assignment of symbol R1 to register 1

POINTER - RI assignment of name POINTER to register 1.
; l is a single term register expression.

2.4 Addressing Modes

Memory reference statements consist of an operand (instruction nem-monic)
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 address 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 defin.d by ER gives the address
of the operand.

Immediate The value of E is the operand.

Absolute @tE 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,

ADD (PARTSUM)+, TOTAL assembles as one word. The word
pointed to by PARTSUM is added to
TOTAL. PARTSUM contents are then
incremented to point to next word
location.

ADD WORKSPACE (OFFSET), TOTAL assembles as two words. OFFSET'TH
item of WORSPACE is added to TOTAL.

MOVB 4*'A, @ t TTYREG 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
separators are space(s) tab(s) or comma.

The following conventions are used:-
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i E, E1 . ... . .. are any expressions, as defined in 2.3.

ii A, A1 . . . . . . . are any operand address specification formats, as defined

in 2.4.

iii S, S1 ....... 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 - ZO

Rl - 21

R7 - 27

SP - R6 (stack pointer)

PC = R7 (program counter)

SR - 177776 (status register)

SWR = 177570 (switch register)

CR - 15 (Ascii, carriage return)

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 rPIRDS] <Sit S 2 S n> (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

FTESI

allocates words or bytes named SI , S2 ... Sn, initialised to zero.
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Eg:

CREATE WORDS <WORDI ,WORD2>

CREATE BYTES <FLAG1,FLAG2,DONE> FOR INPUT/OUTPUT FLAGS

CREATE LIST S E1  WRDS' E2 (1) (2) (3) (4) (5) (6) (7)

allocates a block structured list named S, E 1 words or bytes long, E2 words

or bytes per block, headed by

S-10: Legth of data area in bytes

S-8: Input pointer location, preset to S

S-6: Output

S-4: Size of block in bytes

S-2: Address of last block

S Data area

eg, (identical declarations)

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 ol0000 (Done, no errors)

S+4 : Location for message character count. Set to E

S+6 : Start of data area.

eg, (identical samples)

CREATE BUFFER BUFFI 64. CHARACTERS

TTYCHARS - 100

CREATF BUFFER BUFFI, TTYCHARS LONG, FOR TELETYPE INPUT.
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3.3 Data Presetting

Items of data may preset, using the macro WITH.

WITH (DATA) E1, E2  E >

associates values E l, E2 .... 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 TW56ADDRESSASCIIXY, TWOADDRESS,LEFTATZERO>

WITH DATA <TW56,"XY,ONE+I>

CREATE BUFFER TTYOUTPUT, 16. CHARS

WITH DATA <'O,'U,'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 LISTl POINTER may be a register or

word location.

POINT @(POINTER) TO LAST BLOCK IN LIST1 ; POINTER must be a register,

which contains the address of

the address of the word which
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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 @WORDl PAST END OF LIST1 DATA WORDI contained the address

of the pointer.

STEP *IP" (POINTER) [ON] (THROUGH) E

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 RI POINTER ON PAST LIST1

CYCLE [IP' (POINTER) ON (THRO~UGH) E

OP LBACK

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 [IPi (TO) A

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 LISTI OP TO 40 LISTl+ <4*BLOCKSIZE> ; Point OP to fourth block.

BLOCKS IZE

, value set by previous

assignment.
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GET E BLOCKSIZE IN 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 I:-

GET LISTI BLOCKSIZE IN BLOCKN; BLOCKN assigned to a register

MUL BLOCKN BY #N,ANSWER IN BLOCKN 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 (TO) 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 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 Since status is a byte, STATBYTE

may be a byte.
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GET TTYBUFF COUNT IN -COUNT Count is a word. hlcn.t,

snould be a word (or registur

SET E (°Ulj (TO) A

sets the buffer header count defined by E to the value held at the location

defined by A.

Eg,

SET TTYOUTPUT COUNT TO V64.

SET BUFFI COUNT FROM CHARCOUNT

READY E (FOR) ASCII1 (1) (2) (3) (4)

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) [HSP [VOIY A]

LTTYJ

initiates interrupt driven oatput from the buffer 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 is done, or when an error is detected.

Eg,

OUTPUT TTYMFSSAGE TO TTY

OUTPUT BUFFER TO LSP, TELL NEXTBUFFERPROCESS

INPUT [LSR1 (TO) E fNTIFY) A]

IHSR [VOID j
LKBD

-imilalrly initiates input from low-speed reader, hign-speed reader or teletype
key)o;ruG
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Eg,

INPUT KBD TO KBOARD

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 P>, ENTER P1

TYPE NL

outputs CR, LF to the teletype printer.

kbo 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

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

JUMP TO E IF EOM ERROR

EOF

TRUNC

MODE

CHKSUN

causes a jump to the address specified by E if the specified error is

detected by the input/output executive. The errors are:-

EOM: end of medium, eg, no tape in punch.

EOF: end of file.

TRUNC: truncation of an input message (buffer too small).
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MOI)E: message not formatted according to mode.

CHKS1IM: Checksum error on formatted binary inputs.

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

Eg,

TEST BUFFER ERRORS

JUMP TO Li 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 imediately follow the associated

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

Eg,
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OUTPUT BUFFER TO LSP, NOTIFY DONE
Processing continues while

buffer is emptied by interrupt.

(End of procedure)

DONE: (Start of test procedure)

TEST BUFFER ERRORS

JUMP TO BADI IF NODE ERROR

etc.

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

CONVERT [rA)RD] A I (TO) (ASCII) LOCT] (AT) A2
[BYTE] [IN]

converts the word or byte at the location specified by A. to an octal or
binary ASCII character string in the byte field specifiel by A2 .

Eg,

CONVERT WORD AZIMUTH TO ASCII OCT AT #OPBUFFER+25

Debug teletype listing is obtained using the macro LIST:-

LIST AI  VRDS] (FROM) A2 (IN) [OCT 1

Pricessing is suspended while the listing is in progress.

Eg,

LIST #t4 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 YT I R A 2

TORDJ

where R * ( less than

) greater than

a equal to

13



)( not equal to

)= greater than or equal to

(w 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 1

and A Thus:-

IF WORD WI M W2 means "if the word named (whose address is) W1 is equal
to the word named W2".

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

IF WORD W1-2 = #4 means "if the word preceding W1 is equal to 4", and
is not the same as "IF WORD Wl - 46".

Conditional "GOTO" statements take the form

IF [BYTE A, R A2  [BRANCH] (TO) E

LWORDJ JUMP J
where E defines a label.

Eg,

IF BYTE @BYTEADDRESSES(INDEX) - CHARACTER(INDEX),JUMP TO LABELI+6
BRANCH is 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] AI R A 2 THEN <STATEMENT> ELSE <STATEMENT>1

[WORD AVOID

where STATEMFNT is any MACRO-I1 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 a *$ON THEN -IF WORD Wl = W2 THEN -TYPE <MESSAGE>"-

Where nkire than one line is required, the construction is:-
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IF BYTEi A I R A2

[WORD)]

THEN BEGIN

Consequence statement sequence

END

ELSE BEGIN

Alternative statement sequence

END

Nesting is allowed to any practical level. ELSE BEGIN clauses are optional.

Eg,

IF WORD W1 - W2

THEN BEGIN

IF BYTE FLAG =

THEN BEGIN

TYPE 4WI - W2, FLAG - O>

END

ELSE BEGIN

TYPE -Wl - W2, FLAG NON-ZERO>

CLRB FLAG

TYPE -FLAG RE-SET TO ZERO>

END

END

ELSE BEGIN

IF WORD WI ) W2 THEN <TYPE <Wl BIGGER>> ELSE <TYPE<W2 BIGGER">

IF BYTE FLAG - **O THEN <IF WORD W1 -4*, JUMP TO LABEL>

IF BYTE FLAG )(FLAGI

THEN BEGIN

TYPE <FLAGS NOT EQUAL>

MOVB FLAGI,FLAG
END

END
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Incorrect nesting in the form of too many "ENDS" makes the END macro generat,
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 Z, are set following instruction execution as
follows:-

Z:- if the result was zero.

N:- if the result was negative.

C:- if a car:-7 from the most significant bit occurred.

V:- if arithmetic overflow occurred.

This type of IF clause takes the form

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 WORDI ; Test WORD 1

IF POSITIVE THEN <P> ELSE -<Q> If WORD 1 is positive do

statement P else do statement

Q

BIT *llOO, WORD ; Test bits 6 and 9 of WORD]

IF SET ...... If either set .......

BIC #1100, WORDI Clear bits 6 and 9 of WORD

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

BLACK - POSITIVE

WHITE a NEGATIVE

GREY - ZERO

L6



TST GREYSCAIU

IF BLACK JUMP TO Li

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 comunicators.

Eg,

ERROR VSET

SEN ; Set N bit as a parameter for Pl.

DO PI ; Procedure call.

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

IF WORD WI - W2

THEN BEGIN

IF BYTE Bl - B2 THEN <DO P1> ELSE <DO P2>

END

ELSE BEGIN

IF BYTE BI - 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
follow each other.

Eg,

TST WORD 1

IF POSITIVE THEN <ADD WORD2, WORD3>

IF ZERO ..... ; "if WORD is zero ..... " if WORM is non-positive, but

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

17



3.7 Loops

The general form of construction for loop control is:-

LOOP

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, znd the loop is left
when the count is zero. If 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 WI - W2

LOOP LOOPCOUNT TIMES

BIT 4MASK, LOOPCNTRL

LOOP IF SET ; 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-R.5 on stack.

18



Eg,

SAVE REGISTERS

UNSAVE (1)

restores the contents of registers RO-PR5 from the stack.

Eg,

UNSAVE REGISTERS

STACK <Al, A2, A3  .. .. .. .. . A >

pushes the words defined by A1 -A onto the stack.

Eg,

STACK <ITEM1, ITEM2, (POINTER), @ADDRESSES(INDEX),#4,$"XY>

UNSTACK <A1,A2 ,A3 . .. .. . An>

successively pops word from the siack into the specified locations.

Eg,

UNSTACK <WORDI,WORD2,6(POINTER) . 2LIDEX)+>

RESERVE N (1) (2) (3) (4) (5) (6) (7) (8)

makes space on the stack for N vords.

Eg,

RESERVE 4 WORDS ON STACK FOR SUB-ROUTINE ANSWERS.

DISCARD N (1) (2) (3) (4) (5) (7) (8)

pops N word off the stack and discards them.

Eg,

DISCARD 4 STACK WORDS JUST USED FOR SUB-ROUTINE ANSWERS.

3.9 Procedure Cal Is

Procedure input or output parameters may be passed on stack, or in registers.

DO A A 1 , A2. . ... .. . An>

puts the words specified by A, A 2 . . . . . . . . A on stack, enters the program

specified by A, and on return restores the stack to its original state.

Eg:-

DO P1 <PARAMI, 45, LIST(INDEX), @(RI)> ; Direct entry.
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DO P2(SWITCHVALUE) ; Switched entry (no para-

; meters) via a jump table

DO @PROCADDRESS <PARAMI, PAAI42, #"XY> ; Indirect entry.

DO (dPROC(PROCNUMBER) <PARAMl,PARAM2> ; Switched indirect entry,
; via a procedure address

table.

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 (KEII-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 ML and DIV statements are:-

ML A I BY A2

MUL A I BY A2 (ANSWER) IN A 3

MUL A I BY A2 (ANSWER) IN A3 ,A 4

MUL BY A 1

DIV A I BY A2

DIV A I BY A 2 (ANSWER) IN A1

DIV AI BY A2 (ANSWER) IN A3 (REMAINDER) IN A4

DIV A1 ,A2 BY A3

DIV AI, A 2 BY A 3 (ANSWER) IN A4

D[V A l, A2 BY A 3 (ANSWER) IN A4 (REMAINDER) IN A5

DIV BY A1

Eg,

ML WORDI BY WRD2 ; The product WORDl X WORD2

MUL BY WORD3 ; X WORD3

MUL BY $4, ANS IN WORD4, WORD5 ; X4 is put in double length location

; WORD4,WORD5.
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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, UNSAVECNVERT, 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 COIMENTS

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
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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 progranuter (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 documentation.
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 macro 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-1IR 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 ; 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.

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

ADD tjSIOOOO, SP ; then generate the code required to reset the stack

; pointer, to its original position.

.LNDM

Some macros used 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:-

23

. .. . I I IIIIIIilll .. .. .. ... .. .. . . . II / Il I I I I L .... A



.ACRO SFORM1 S00005

S'SOO005 .

.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:-

IA)



SPi-ORMI \SOOOO4

The back-slash is a macro-processor directive, indicating that the actual
parameter we wish to pass is not the symbol S00004 buL the ASCI1 octal character
string representing the value of S00004. Thus, if S00004 - o105 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 SFORMI, and of various types of conditionals is exemplified by
the macro LOOP:-

.MACRO LOOP A I X R Y ; five formal parameters.

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

S00004-SOOO4+3 ; Increase resting-level count

SFORM1 \S0004 , and form a label for loop return.

.MEXIT ; and exit from macro.

.ENDC

.IF NB A ; End of loop.

.IF LT S00004-IO ; If nesting-level count is less than 10.
("ground" level is 7) there has been a nesting
error.

SY <LOOP> ; So call macro SY to generate an error report
in the assembly listing.

.ENDC

.IF IDN I, TIMES ; If "I" is the character string TIMES.

DEC A ; generate the code DEC "A".

J2 \S00004 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;

S00004-SO0004-3 ; drop the nesting level count.

.MEXIT ; and exit from the macro.

i.NDC

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

SY < A, ; error so call SY to report

.MEXIT ; and exit.

XENDC
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SIF B ; If "X" is blank, call is "LOOP IF CONDITION"
type:-

J3 I \SO0004 ; 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
satisfied.

S00004-SO0004-3 ; 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 ; Call macro P to check that there are no

unspecified actuals* (otherwise report error).

K I ; Call macro K to check that "I" is the

character string WORD or BYTE* (otherwise

report error).

Jl I X R Y SO004 ; 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

satisfied.

S00004=SOOOO4-3 ; 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, S12, S15 .... , THEN and ELSE invoke
generation of SIO, S13, S16 ...... , and END invokes generation of 51, S14, 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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1APPEP4OIK 2, TV0ICAL SOURCE TEXT.

,TITLE EXAMPLL
*SSTTL LIST AND CNVIRT S/RSoUSEu ST PSEUDO.

ON4CALL MACHIO$

,PAGE
*SSTTL LIST
#UEsUG LISTING PPOGRAM.ENTCEIO VIA MACRO *LIlT.,
ightgNol WITH No CONTAINING NUMBER OF ITEM$ FOR LISTING

41R CONTAINING ADDRESS OF FIRST ITEN
*Ri CONTAINING LISTING CO0910
P SILlS? vTtIs IN OCTAL
I iS6LIST WORDS IN OCTAL
I *LII? SYTS IN INR
* ASLIST NORUS IN BINjARY,

ILWSIN6 IS TO YTTYPDMATTEO IN COLUMNS*

CREATE HUFFER OSUFFERFbA. CMA'oSfTO HOLD ONE TIT LINE,
CREATL WORDS 4CHAPSGENERATEO TO MOLD NUPSER OF CHARS PER ITT WORD.

LISTINGS*@ 1AOORISS Of LAST ITEM.
ITEMPOINTER64I $ADDRESS OF ITEM CURRENTLY SEING LISTED.
CDLUNNSsft3 $NUMBER OF COLUMNS LEFT IN CURRENT ITT LINE,
OPCOOisRR ofiPERATION CODE,
CNAgeOUkTrea ICOUNT of NUMBER or CHARS PUT IN OSUFFER,
SUFFPQINTERBS I OSUFFER POINTER,

TABSII
WOROSeI ITMIS BIT IS SET IN OPCOOE FOR WORD OPEIATIONS.

INUASER OF CHAOACIERS PER CULUMNtANQ NUMBER Of COLUMNS PER
FLINEAS A FUNCTION OF OPCODEI.
WOlztl. BSYTE 3
TICOLSI BYTTE A,

.BYTE 6
,STTE S.
,BYTE. S.
obYTE 4
,BYTE 16,
,BYTE 3

#DESPATCH VECTOMS FOR CONVERSION ROUTINtSS.
CONVERSIONSI CONON

CONOB

#CONVERSION ROUTINES..
CONOISCONVERT OTTE OITEMPOINTEO To ASCII OCT AT SUFFPOINTER

MYI
CONOWICUNVERT WORD OITEMPOINTLO To ASCII OCT AT SUFFPOINTE4

EXIT
CONSWICONVERT SYTE *ITEMqPOINT90 TO ASCII SIM AT SUPFFOIkNtft

EXIT
CONSWICONVERT WORD SITEMPOIPITER TO ASCII SIN AT SUFFPZINjTER

EXIT



AOL) RINH #FOR" LISTENO,
MOVO wOS1ZECOPCUOEhCAR.ENE4ATEO
TYPE NL
REAOlY DbUFPEA FOR FASCIX OUTPUT TO TTY
LOOP

POINT SUFFPOINT9R AT OSUFFER DATA
MOWS TTCOLS(OPCUOL)#COLUMNS
CL" CHAMCOUNT

00) *CONVERSIONSCOPCOOE)
BIT SwCIMDSIT,OPCODE
IF SET THEN cAO sipITEMPOINTERb ELSE 4INC ITEMPOINTERb
ADD C,4AIE6ENENATEDoCIIARCOUNT
AO CMAkSGENEMATEDIUFFPOINTER
VikC COLUMNS
IF ZERO,SMANCH TO LINCTERMINATION
14005 *TAS, CwUFFPOINTEM).
INC CHARCOUNT

LOOP IF MO ITLMPOINTER (a LI8TtNO

LINETERMINATIONI
"OWdS CR. CSUFFPOINTER).
MOWS BLF. CSUFFPOINTER)*
ADD 020CPIARCOUNT
SET OSUFFER COUNT TO CMARCOUNT
OUTPUY ODUFFEIR TO TTY
TEST DOUFFEN TRANSFER DONE

LOOP IF wOko ITEMPOINTE4 (a LISTENO
EXIT

*PAGE
*SSTTL CNVEPT
#SINARY To ASCII STRING CONVERSIONENTEREO VIA MACRO NCONVERTN@
IENTERED WITH Ad CONTAINING ADDRESS OF FIELD AT WHICH ASCII
ICHARS ARE TO BE PLACtD.RI CONTAINING BYTE ON 00RD FOR CONVERSION
5ANO RE CONTAINING OPCODE8-

@*SCONVERT BYTE TO OCTAL STRING

OCHARACTER MA3MS,AS A FUNCTION Of OPCOO91a
CI4MASNI 177T1

INUMIER Of CHAR$ DEVELOPKD.AS A FUNCTION Of OPCOOleS
CHARNOs 3 53 CHARS IN AN OCTAL SYTEa

6 IETC9
6.
16o

OPCODE.Na
MA SN s A
CHCOUNTOAJ
CF19LOoRG
OPITlM@RI
WORN SPACE. Re

2 '



Nov CI4ASKCOPCODE).N*ss
NOV CMANNOCOPCODEJOCHCOUNT
ADD CNCou"ToCFZELD IFIELU 13 FILLED 'IACKWANDOS%

NEX TC 4AR I
NOV OPITEMoWORKSPAC[ #GET ITEM#
SIC HASK.WORUSPACE IMASK IT0
A00 U.I.UORKSPACE PCONVERT TO ASCII#
Movg WORKSPACE..(cpIELO3IANO Put I? IN FIELD,

DEC CHCOUNT
IF NONZE*O
THIN BE6IN

IF wORD OPCODI )a 04
TkEN BEGIN

EO LSHIFT OPITEM I PLACE 0

ELSE BEGIN
LIMIPT OPITEM 3 PLACES A

I ND
GR NEXTCHAI

END
ELSE BEGIN

EXIT
END

FINISH



IAPPtNL)IX 3, AS4L-AiLV LISTING.
I .. . . . . . . . . .a. . . .
EXAMPLE PACMO VROSA 01JN7 fo11
?ARLt OF CONTLNIS

I - 3 LIST ANO CNVERTU S/KeSU3FO BY PSEtjoC.
I LIST

3- 1 CNVE.RT



CXAMPLE MACRO VRS5& SIoJjAke. OI619 PAGE !

oTITLE EXAMPLE
9lSTSL LIST AND CNVCRT S,1S,USED SY PSEUDO,

4
1 .MCALL MACRO$
6 M3151 PSEUDO

IS
11



EXAMPLE MACRO VNI5A *1-JAN-72 09119 PAGE Z

LIST

I .5FMTTL LIST

a JDESUG LISTING PROGNAm.EmTEREO VIA MACRO *LIST's
3 PENTEREO WITM Re CONTAINING NUMBER OF ITEMS FOR LISTING

4 g 0R CONTAINING ADDRESS OF FIRST ITEM

9 02 CONTAINING LISTING COOe.

6 5 ULIST BYTE$ IN OCTAL
2LIST WORDS IN OCTAL

aS I 4LIST STES IN BINARY

9 1 b6LlST WORDS IN SINARY.

Is LISTING IS TO TTYFONMATTED IN COLUMNS,

11
I seem@ CREATE BUFFER OBUFFER,64. CNARS.TO MOLD ONE TTY LINE.

13 61o0b CREATE WORDS 4CHARHbENERATEO, TO MOLO NUMBER OF CMARS PER TYTY WO

14
IS gee00 L1STEN09RO 1ADORE3S OF LAST ITEM,

lb 100001 ITEMPOINTLReRL PADORESS OF ITEM CURRENTLY BEING LISTEO.
IT 066103 COLUMN&SR3 $NUMBER OF COLUMNS LEFT IN CURRENT TTY LINE,

I& Svoll OPCOOIER2 1OPERATION CODE,
19 9604 CHARCOUTwR4 ?COUNT OF NUMBER OF CMARS PUT IN DOBUFFER,

29 019005 RUFFPOJNTLRukS JDBUFFEk POINTER,

22 9b0011 TA~euI

23 059001 WORO9ITsZ ITHIS SIT IS SET IN OPCOOE FOR WORO OPERATION$
24
i5 FNUMBER OF CNARAMCTRS PER COLUMNAND NUMBER OF COLUMNS PER

2b pLINEAS A FUNCTION OF OPCOOES.

27 00111 003 WOSIZEI 0BYTE 3
28 gMll S1 TTCOL58 BYTE 6,

29 01111 mOb OYTE 6
39 96113 616 BYTE 5,
31 89114 615 *BYTE S.
31 N911 sea BYTE 
33 9011b 610 ,BYTE 16,
34 90111 693 *BYTE S
35
36 IDE3PATCH VECTORS FOR CONVERSION ROUTINES,.
37 90120 000130'CONVERSlON3I CONOR

3S 6612a 8091620 CONOW

39 wol~e 909621' CONGO

40 96 16 006e16' Coaew

42 /CONVERSION ROUTINE5s-

43 00130 CONOBICONVERT BYTE OITEMPOINTER TO ASCII OCT AT BUFFPQINTER

44 00160 EXIT

45 09162 CONOWICONVERT WORD OITEMPOINTER TO ASCII OCT AT BUFFPOINTER

46 021@ EXIT
47 90212 CONOBICONVERT BYTE OITEMPOINTER TO ASCII $IN AT BUFFPOINTER

48 90644 EXIT
49 01246 CONOWICONVERT WORD OZTEMPOINTER TO ASCII BIN AT BUFFPOINTER

5 90274 EXIT
51

5 9976 LISTO
93 9676 060100 *AO0 QiR IFORM LISTENO,
54 00309 11686? MQVb WOOIZE(OPCOOE)tCNANSGENCATED

1776T9

55 06306 TYPE NL

3-3



EXAMPLE MACHO V005A 01.JANTI? 02i119 PAGt 20

L131

sb 90312 IICAUY OqUP-PEP FOR FA3CII OUTPUT TOTT
57 00316 LOOP
56 0031b PUINT BuPFPOINTER AT DRUFFER DATA
59 00322 iieo3 M0Vkf TTCOLSIOPCOOE),COLUMN3

6i 002 *i~iOi" CL' C"ANCOUNT
61 0330 LOOP
69 Whi330 DO OCOt4VII4SON3(OPCUO&)
b3 1AM33dl 0327? BIT 0WOROb!T*OPCODE

64 00g340 ~ IF SEr THNA DU 02.ITEMPOINTERD ELbf 4INC ITIMP
65 d35j hj66704 ADO CmAR36ENEkAYEOJ1CHARCOUNT

bb 00356 066,5~ ADO CPAk3GENERATfUteUFPPOINTEP

b? 003bi 0150 DEC COLUMNS
68 0034 IF ZENO,6EhANCM TO LINETERfMINATION
b9 00k3bbS 17L5 MOVv OTAR,(BUFFPOlNTER)o

To 00372 00526'A INC ChAWCOUNT
71 00S74 LOOP IF wOkU ITEMPOINTEP (a L13TENO
72
73 00400 LINEIEHMINATIONI
74 *00aI00 112725 MUVb #CR,(duFFPOINTEP)#

75 Vi0484 1127ce MOVO *LF,CBUFFPCJINTtR)#

76 uGIIp OWd06 AUO fdCHARCOUNT

77 00414o SET DO8UPFE CUUNT TO C.4ARCOUNT
78 00420i OUTPUT UBJFFEN TO TTY
79 003 TEST OSUFFEN TRANSFERI DONL

&a 00ea3b LOOP If WURO ITEMPOINTEP t L13TEND

61 40442 EXIT

S3d



EXAMPLE MACRO VR6bA 21aJAN.72 OR119 PAG.E 3
-' CNVERT

I *SSTTL CNVERT
2 18114ANY TO ASCII STRING CONVERSIONsENTEREU VIA MACRO "CONVOIT
3 IENTERfO WITH4 Re CONTAININdG ADORESS OF FIELD AT WMZC ASCII

4 ICHARS ARE TO St PLACEO,11 CONTAINING BYTE 04 WORD FOR CONVEAII
5 ;ANU N2 CONTAINING OPCOOEI-
6 0 09CONVEIET BYTE TO OCTAL STRING
7 1 8 0 1tp vI~l9 0 , 0 t ,a @
-' 4 *q...,....YTE.....SZNA"Yq.....

11 IGMARACTER MASK3,AS A FUNCTION OF OPCODLI-
I66444 1?7776 CHMASNS 177776

13 W4d4b 177778 177770
-~ 14 *6451d 177776 177776

15 00451 177776 177776
16
17 INUMBLR OF CHARS OEVELOPEOPA3 A FUNCTION OF OPCOOES.
16 660I5' 030003 CMANNOI 3 13 CHARS IN AN OCTAL, BYTE.
19 064Sb 000961d 6 JETC,
26 664bb 060616 so
21 0914b2 006026 16,
2

-~ 23 000002 OPCOD&Eub2
24 o8008 MASKSUS
25 WMI5163 CmCOUNTmR3
17b 008606 CPIELDamw
27 006681 OPITE~M@l
as 886684 WORKSPACEOR4

-. 29
36 6PI4bG CNVEPTI
31 06464 016205 MOV CHMASICCOPCODE)#NASE

-% 988444*
32 UP470 016283 NOV CMARNOCOPCOOE),CHCOUNT

0884540
33 0047'i Wb6306 ADD CMCOUNTCFIELD IPIELD 13 FILLED SOACKWAROS'.
34 81447b NEXTCHARI
35 6041b 610104 NOV OPITEMNvORKSPACE $SET ITEM,
3b MOU6 040S04 sic MAA,wNKMSPACE IMASK IT,
37 00502 W62764 ADO 06@,NORMSPACE $CONVERT TO ASCIIP

8066
38 8e5~i6 110440 MOV9 WOkwKSPACE,.(CIELO)jAN) PUT IT IN FIELD.
39
40 (6510 005303 DEC CNCOUNT

- 41 16512 IF NONZERO
42 60514 THEN UEGIN
43 00520 IF ,iORO OPCOOE )a 84
44 BidSas THEN BEGIN
45 00531 LSHIFT OPITEM4 I PLACE 0
46 0053b END

- 47 8053b ELSE BEGIN
48 6542 L3"IFT OPITEM 3 PLACES 0
49 90552 END
so 56 ss 86 oist DR75 NEXTCHAR
51 was54 END
s8 d5sm ELSE BEGIN

93 *G9bka EXIT
94 V0562 END

EXAMPLE MACRO VNdI.A fluJANe?2 Ud119 PAGE 2.
CINV EN7

95
56 66561 FINISH
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EXAAPLE mACIO VM05A @j.JAN.12 6I19 PAGE 3*

SYMOOL TA1'Lt

&C vO 610 S 0406t rFQe0

SVINT3TS... G BYTE 88601019 CARRY OWI00913

CCLE.ARG 04000 CF11L0630066
6 d CMARCOaR4004 i

CMAWNO OW641540 CmAmSID 6891960 C.4COU'4'X6'0SS3

CHMASK 9100444R CLEAR a 060300 CNVfQT 0OkIA4G

COLUMN10000O3 CoN0A vSSeeIR CONBW Oa@9b
0

CONO 0001300l CONOW owe16i0 CUNvEM 0081201

Ck a vlosCOE? S 0003 DBuFFE 00US

DIV 0 177300 "SP a 0160006 H50 a O88

tTL14601Z661001 KOO0 a 000000 LP a 040012

L1INEI'E 06040OR LIST 00027ORG LISTENUI6IdOO0

Lap owwm a 000064 BM 663 MASK 01040005

mu 177300 MUL 0 177306 NCLEAMO 040001

NEGATIe 177777 NEITCM 9004760 NJ. a te*** G

NONZERO. 80000R NSET 6 177777 OPCOO~SPO60?

OPITEMOZO16001 OVEMPLO 066004 PC 0%00007

P0911>10 ~I6 0 a0000 01 no 80600061

Re 0%00002 03 szIodeoU 04 4160008o

R5 SX0166005 Rb .100006. 67 2616007

SAVE a ***@** G SET 0 06000a SETuPPO **.... G

SP .1.ii66160 SPACE 8 069090 SO a 177776

$No a i775'0 500 000081 samooim oweveS

30900490 000007 8005 06010 3660664 000011

5160006 0166? 31a a 646631bR 813 6 ad6sBaR

314 a ~0056R 815 a 063366 31b a 6665360

BI a1 0005529 TAB a 006611 ?TCOL3 606111P

TTY * 040001 UN3AVES **-*0 VCLEAMS 066005

V3ET a 00060U wDSIZE 0001100 WORD a @Oaks?

0000819 9116002 WOiiSP81689904 ZERO 0 some@@

ZBET m 606006
*A63. 0090100 000

000562 ill

ERRORS UETECTED1 0

FREE COREI 7585, WOODS
IDOI aX



IAPPENDIX 4, ASSEMLY LISTINGWITH MACRO EXPANSION.

J(NON.SATISFIED CONDITIONALS NOT LISTED.)
EXAMPLE MACRO YMHSA a*1JAN0?a Oi?12
TABLE OF CONTENTS

1 3 LIST AND CNVERT 5/RS#US!O BY PSEUO.o

2a 1 LIST
3o I CNVERT

t --.



EXAMPLE mACNO VM~bA h01-JAN-72 02120 PAGE I

a *TITLL tXAMPLE
3 ,I5dTTL LIST AND CNVERT SIOfSUSEU bT PSEUOU.

I .M-CALL MACAUS
6 008000 PSEUOO

0400001 Mist

ooowo3 Nida%3

000ovu W7%7
ooe0 PCB%7

177776 Swol7777b
1775708 S*.Aoh7757ii
1773oa H(2177304~
17Jo2 AC@177302

177300 U1V31773d~o
1773k'b MULUI7730b
e1Gimlu PUSITI&Z
177777 NLGATIm.I
177777 NSETv-l
0060 UQUaL
0000 ZSETOW
[did w0 0 CLEARBO

0090 CAWlR~vJ

14160003 CSET63
000

4
f OVENFL94

0000 VSET*M
000001 NCLLAN81
0005 VCLEAWuS
000006 CCLLAkeb

0000t~~ W0WU67

0001 9YTLOS*
*GLODL nUPTbT, SAVEUNSAVE SETAUPPCNVEM1',81OXLIST, ML

0004 SPACE840

hWOOP1 5 CwoI5

9

16A



EXAMPLt MA~CRO VkldSA 01-JAN-72 02120 PAGE 2
LIST

I *SHTTL LIST
a IUiEBUG LISTING PROGRAM.ENTENEO VIA MACRO "LIST".
3 IENTLEE wITH kW CONTAINJING NU.24ER OF ITEMS FOR LISTING
4 R1 CONTAINING ADDRESS OF FIRST ITEM
5 09 CONTAINING LISTING COOt I-
b OO0LIST WYES IN OCTAL

7 28LIST WORDS IN OCTAL
a I QNLIST BYTES IN BINARY

9P bmLlST WURDS IN BINARY$
t0 IL15TING I3 TO TTYFOkMATTEO IN COLUMNS.
I I
le 000 CWEATE mUFFLR DOUFFEN,64. CNANSpTO H~OLD ONE TTY LINE.

00000 S20t '00u
00000 000100 OUbUFER16a.
40002 1910000 1vovoo

.bLI&B b,"
000100
0040041 S000101

* ME XIT
13 Mob2 C.kEt.Tt 0OIOS 4CNARSGENERATEU* TO MOLD NUMOER OF CHARS PER TTV ,

0000ide~ $00P4'
h00000 5000180

*IRP QgCMAkSGENfRATEOb

* ENUM
00101. 0004 CHARSGENEkATEDOW

0009102 Swoooovsmpwoo.
* MEX~IT

14
1s 00400~0 LISTFNOUPO 1ADOPESS OF LAST ITEM,
1b 0401001 ITEMPOINTENSPI IAODRESS OF ITEM CURRENTLY BEING g.ISTEO.
17 00000 COLLJMNSGR3 INUMBER OF COLUMNS LEFT IN CUNRENT TTY LINE.
18 0000g2 OPCQOEUk2 $OPERATION CODE.
19 000004 CNAkCOUNTUR4 #COUNT OF NUMbER OF CmANS PuT IN OBUFFEN.
20 0005 BUFFPOINTE~oR5 IOBUFFER POINTER,
21
22 000011 TAHSII
23 000? WORDBITea ITHIS SIT 1S SET IN OPCODE FOR WOD CPERAIZONS.
24
as INUMBER OF CHARACTERS PER COLU'MNpAND NUMBER OF COLOMN5 PER
26 ILINEAS A FUNCTION OF OPCOOES.
27 06110 003 WOSIZE.I dbYTE 3
28 00111 o10 TTCOLSI *RYTE 8.
29 (60119 2106 .bYTE b
30 00113 010 *BYTE 8,
31 00116 010 *bYTf 8,
32 00115 646 .BYTE a
33 60116 1620 SbYTE 16,
34 60117 003 OBYTE 3
35
36 POESPATCH VECTOI4S FOR CONVERSION ROUTINES;.
37 (00110 00&iI300CONVERSIONSI CONDO
38 00121 0001b20 CONOW
39 0(6124 L0621?' CONMOi
66 0812b 0662ab' CONOw

L4-3



EXAMPLE MACRO0 VkhbA 01JN? OeI2 PAGE 2#

42 OCONVLRSION ROUTINESI.
43 Oili CLNutiICCNvEI4T BYTE *ItEMPOINTER TO ASCII OCT AT SUPPO!NTER

140130P NuPDPOINTER
ffielsoK myTE

Idu130 m OLT
wo 1 31oSAVE

40130 ovay? J54J PC.SAVE

STACO dUFOPOINTEP

~i~A3' ~ Nkk U0 TEfU,.SP)

013b 111101 M~vt4 OITEMPUINTER,kt

00P 4Mb UNSIACK WO

.14P ,4ol
MCV (bP).,rU

.ENUM
Z01'4b elbo moV (Sp)*.RA0

Oid150i Ou CNVERT
Wid 1 '3 00470 JbR PCCNVLWT

301,56 uuUNSAVt

091154 00da7bl JSW PC,UNSAVE

ovi I 6 000207 RTS PC
as 0162CUNOWICUNVEkT WOHLJ *ITEMPOINTLR TO ASCII OCT AT AWFFONTtR

00162P MUFFPUINTtR

001b2K wOWU

001b2 SAVE

vi1b2 00 SAVE

klo 1 b2 0047 bI JSR PCSAVE(

.ME xIT
OldI bb STACK tiUFPOINTLR

* ENUN

016h 010659b MUV 8UPfPUlNTLP,.(SP)



k IAMPLf 4 A CWL Vw) i- A 1-71 " e P AI 6L

L IS T

ot,1,7 i I l l 17 mlDI TEFk

Ov 1 F J

oo1? 01 0c A

j~oe DC CN.

L x I T
4 b ope1 E)t

d e ooeV7 OITS PC
41 ev'12 Cu~dRIC"-NvENT 8YTE OITEmPOI9NLh TC; ASCII 6I AT 6uFFPZIN'Ek

0 l 14?Q SA

001 o 0 1 b7 JSR Pc.SAVF

. Vx I T

zoilb SACK kuFFPOINTER

.1Pi W,t~uFPPOINTER'b

* ENPM

Zdce~h G 4IN

ld 0 3 2UNSIACK NO

016236i 0 CNVEJ'T
ee 54 ov7b? JSR PC , C ~N fHT

*ME X I T
UNSAvt

Ut. UNShwE

d~ieu-1 0046lb7 Jb PCL,u%SAVE

m f~ X I T



EXAMPL. MAC40' .4'5A v1'JAN.7? 'e1S' P46E a*
LI1ST

'&Q 00dh CvN".CU~vEivT wUkeU *ZTEmPUINTER TO ASCII BI AT og,.FFPOJ1iTt'

iboi a bSAVL

(A We a 6 )0Q 76 7 J3'4 PL,3AVE

.1 trI A14141 T

0 L)S 2SACk KwFFPUI4TkW

mow Ut-(3P)

41t2c5bt ol14)5b m4v )uFFPUJNTLm,-(5vr)

i1411') 01I11&1l MUV 0ITtmppOINTtW#WI

41ie5b 01241 MUjV th,Iv2

00262UKS1ALK NIi

M(JV (.SP).,Q

o4ebg? oiIeb4 muv (sP)*,mkS
ioe~ha 0 CNVtkaT

. MLI?
(h k f!7 0UNSA Vt

oceliOU USAVt

i k1?i 441'47b7 J5'? PCLN5AVf

.Mt.KI T
50 iwe74 E xI T

0927M' 00641471 MrS PC

51
52 41h2~b LISTI

53 002~7b 41botop 41 lA k3*N41 DPOW4 LISILNO,
5d4 00300.'4 llbeT MUVU 0O5IZkOCUOEJ.C1*IESGENtkATFt?

155 0030b TVIJL NL

0000ML

.*MEXI T

sb *0S12 ktAUY ObL*Ft.R FUR FASCII OUTPUT TO TTY?

*MEXIT

s7 OV16 LOUPr

vA51b SP(Mvje)fe41o'



EXAM'PLE MACRaO Vkbli~A 01-JAN-72 @28&10 PAGE 20
LIST

I MF. xIT
so 0031b POINT buFFPUINTtA AT DSUPFER DATA

9@116 01JI0t5 MOV wUFUFFEk~b#PUFFPOINTfR

.ME iIT
59 OPU32 11bZk3 MOVU TTCOLS(OPCQODEiCOLUJNs

60 0@G32b dh~(dJG CLg CP44WCOUN'T
61 *S33 LUOI'

ddooliS SOM04ogdu0If6l4*3
UN30SPOAMI NskSwom

OME IT
62 003306 00 OCONVEPSXONS(OPCOOE)

h9fo33h1 wZ.au72 Ji~k PCo@CUNVENSIOlNS(OPCOOL)

, NEXIT
63 Ia0334 03270oP BIT NWOkOOTTOPCOUE

64 00160k IF SET THEN cA00 62,ITEmP0INTERb ELSE cmN IYC"P
0034W 8NE~bE THEN 4A00 82#ZTEMPOINTE~b ELSE 41NC ITEMPOINTE~zb

0 a a i sU55~i~.
000013 Sl5005800005*3
000014 SPONM1 S~09164

OWQ 005201 INC ITEMPOINTER

00134b SPORMI Nsw10W06

08306 SIoope N380095
0b#'3406.o513

0046 SPOkvm3 BNE %0i0b
0034k1 00~100? ONE S14

w0034b' .OS14
00134b OW01~ AD0 SelITEMPOINTER

00352 SPOkMj \340095

SPOMM2 %S05091

00340 SFONM3 ORl \000095
00344 000402 OR~ 513

eO00320.313
00l35d! Ob

0I0I10SOdmOSU.
OMEXIT
OMENIT

65 00352 Obb700 ADD CNAOSGENERATE0,CmAOCOU*4T
17 75 31W

66 00356 0667CIS ADD CNAVSGENENATE,SUFFPOZNTER
17 154!4

67 60136? 00,3303 DEC COLUMNS



EXAMPLE MACRO VR05A at.J*N.-?2 Ot?$~ PAGE 2*
LIST

bO 003ba If ZEMOS0AteCH TO LINLYEqMI04ATION
lie lIf U,bNE 1INANCH 470b LPIIMZNATION b(

Ww3b& WAJAW HtQ LNPTEMMINATIO'i
'MIEXIT
'MEXIT

b9 036b 112725i MOtES fTA8#(bUPFPOIP4TfN)*
60,60S 11

70 0037i ;DlbZwa INC CHANCOUNT
TI 4031i LOOP If WORD ITLMPOINTEkE (V LISTEP4O

0(0174 ~ P LISTENC
0031a K WU01)

kip ~ J 31 i ORD ITEMPOINTEH (0 L.I51'NO %30000'i
dej~aIfP ORD ITEMPOINTER to LISTENO bRANCH TO 3

00S74 M6108 CKPZTMOTCLIEN
o~b 86 LOSd41 BRANCHE 4Ob $15 -lb

Vi037b 101750 IILO3 515

TI 90i400 L 114ETERM INA TION #
74 004Rb0 112725 move fCR.CSuPFPOINTIR)*

is S44' 112725 MOV5 #LF,(SUFPPOIT4Ekt)*

7b6ot baea~S ADD0 *dCARCOuNT

7? 00414 SET ObUFFEP CUUNT TO CHARCOUNT
Uses. PCIARCOUN?

00414 tI64661 M~OV CmAQCOUNT#ObUPFlR*4

,MERIT
is 0@420e OUTPUT OBufflif TO ?TV

*MCALL 10

000003 L3R@3
wwwoo5 04365
0000ae LSP84

60420 004707 J3P PCpbIOX

00424 U0gSU'fl6UFFER

19 o~o3d TEST OSUFFER TRANSFIN DONE
wQ'e3d habib? ITO~ UDUPP1A.3

I1I73Sit?
40434 10W315S SPL *.A

so W6636 LOOP IF WORD) ITtMFOINTER (9 LI&TEND
OV63b LISTE140

L_ __L



EXMPLE PACRO VOISA 910JANoll lifilf PAGE 1*
LIST

$4436K WORD
d9456 J1 WOkO ITIMPUINTLO (6 LISTkNO %300894
d9436 IF wNO ITEmPUItiTLI (a LISTENO SIANCO TO 311
98436 K WOOD)

10436 *lI0kd0 CHP ITEMPgIPETLILISTENO
OPOOW I SLOSobNI ONANCE 000, 511
0044s 161716 OLOS All

$"EXIT
$MERIT

@POOP? 3SVg&sSfbgo3
01 1041 [%IT

0002 goa1s? OTS PC



1xAAMPLE MACMO vwh15A 01-JAN-72 0?12e P46C 3

CNVf NT

.507%T LNVEWT
In.1NAkY TU ASCII STWING CONVENSIONLNTEIEU VIA M&CIRO "CLJNVEMTTM .

S ItNTLNILI WITH kki CONTAINING *UNEfbS OF FIELU AT WH4ICH ASCII

U JCP4A118 AWE TO Ot PLACEO.NI CONTAINING 8TT UJR WOPL) FOW CONVk)RSIQ

5 IANU W2 COJNIAININt. OPCOV(3-

6 MoSCUNVENT OvTL TO OCTAL STRPNb,

9 I~n s s. .. 6 6 6 6 0

it 1CMAI'AC EN MA5KS,AS A FUNCTION UP OPCOUE.
12 80444 I1770 ChMAbftS 177178

13 o0a~Ob 117778 117770
14 0481j 11777b 17177

15 00452 17777b 171778
1 b
17 INUMPLk Of CHARS UEVELOPEU#4S A FUNCTION OF OPCODL1-

18 0W'"5" 80k10k CI4A"NNu 5 13 GMAQ3 IN AN OCTAL I4YTE,

19 o00"5 00400b f% IETC.

21 07I4b2 140It1e
2  16.

22
23 00002 OpCOOtake
2db 00005 PIAS,,S

25 0'00'W3 CMCUIJNTUI?3
2 O00000 CFIELDoc@~

27 0l000 OPITEMUN1
28 000004 M(JNKSPAC~E04
29
30 004ib4 CfvtPT I

31 004486 016M0 NOV CNMASN(OPCOOE)#MASK
'00444'

32 80140 416203 NOV CMAINO(OPCOOI)#CNCOUNT

33 8094 060300 AUD CHCLUNTPCFIELD PPIELD 15 FILLED "SACKIWARUS".

34 0047b NEXTCH*WJ

35 000478 L10104 NOV OPITEM,44ORKSPACE $GET ITLM,

36 60500 000504 RIC MASK#*OkKbPACE IMASK ITS

37 001502 w082704 ADD #bO,WOUKSPACE ?CONVERT TO AIICI!,

38 00506 1184440 MOVb WORXSPACL,wCCFIELOD)IANO PUT IT IN FIELD.

39

ao 0i6,10 005303 DE~C CMCOUNT
41 410511' IP NONZP'NO

80512 oi RNE,I3Eu
00512 dg1lo2 ONE .#b

* MEX~IT

42 00514 *MZ THE E
e(JTHE I a U!)

000014 SoooobabPe80b*3

00514 SFORMI \SOM005

43 ~olawIF WORDl OPtOOt $4 g

K NIJRU

LL 4 .- /



*a'~~~ A,'5 a J. L . ~

E i

da526 ~ ~ 2iie1 ?

4' p 4 2 '"

agdi.6517

dl 5t ) I~ d E

aidsib ~ ~ SS. \58v

4 1?3b MC1 1?4

'd a 003

OeAddS wEP 3-1b5S~t

* .11 OPbE
Sj0a S2k~

80E53& 5fi~ I bsm PI

dP550 d~6Ua1 I000 OPITIP'



EXAMPLE MACNO VNOSA ali.AN-72 02120 PAGL 30

CN Vt T

49 08551 ~ END

W(4552 30901 \S900b

0053b ij 3.u " JP Slb

0053b OWW167b JMP S17

00152 01 0b 0~

'31 0054 ~ ENO

looiaSPOWM3 \5000biI
Oldi 0j5IdA

0013,34SFOWMZ \544190
000514#*f~3

W60,14OOM10JM7 JMP 314

169554 Sb~~b6~

@@ @1 SodwM kvoo Ej5 N

0055 13 5sS~ 6

0054.313

@ObJ4 SFOM4 \SWW0

Best& wolb JMP 314#4

005,34SFORMI \500005

05540313in.

ao5bot o1 0207 M73 PC

dfA62SFQ4MI \3000'b

wip5b2 5FQNM2 \300005

MassaSFOR'MS JMP \Sk0I0

@d54 OWg0167 JPIP 311

U005bA8* 93I

WWOM'1IJ SO0@MbSS@QlWbl3
iaratelo 3Swoseboboa*3

ss*~8 iNS



EXAMPLE MACRO VROSA 0I.JAN-72 02120 PAGE 3#
SYMBOL TAkILE

AC 0 17?302 BIOX a tete** . @uFPOmv0id65
BUFTSTS ****we G WEY7 a 0iQ01fd CA~WN a *il0U'Ids
CCLt.Aks 90000b CFIELU@0090016~ CHAeSC~0dmoaa
CIIANNO 000454h CMAMSL6 000k10bR CMCOuNDzIWUd3
CMMASK 0w00'44R CLEAR a 2000 CNVERT 0abdRG

*CULUMNOZiO2I013 CONbb 0U12" CONdsw 0002abR
CONuO 00013(PR CONOW 000lb2N CUNVER 0401200
CR a pdaui21' CbLT a 000,403 flbuppe 060600k
DIV a 177300 Mbp 0 20000b HbR a QadA0a
ITL1MPO.CI40Jc1 KUo 5 000d0 LF a 014ioIZ

C LINETE CO)'40OR LIST 04027bN. LISTElysg(O
*LSP a 0000914 OR~ a P000 MASK 8%0d000

MW~ 8 177i3'd MUL a 177304b NCLEA,~a Od0kbd1
NL6(ATI@ 117777 NtXTCM 040476A NL a ***at* 6
NONZUIg MwO2 NSET a 177777 OPCOOfeX640AB02
OPITM@i900i0Q0 OVENFLe OW00 PL almae007

*PU31TIO @0v'A91 Re 91000000 RI *zpameal
142 8%000600 Ii 8~1~00003 Idi vX048001B
Rs aZ10fue Rb 8104~~00 R7 WZ'00007

*r SAVeL a *t*** G StT a G000 3tTuPPa ****we 6
SP OX00000ib SPACE 8 00040 sit a 117776
SWR a 177570 S3009M0~0002 300401m 0000
300048R~ 0000k07 300I05a 00001ki Sg0eabe 000011
510000o PAROP2 312 a 000316R S13 a 46160554R
S14 a 000l562P 815 a 00033OR Slih a 04053bR
S17 a 0fl0k552P TAB a 00001 TTCIJL3 AdMIIIR
TTY 9 00woo1 UNSA~ea to**** GT VCLEA~s 04005
Y SET a 000004 WUSIZL aweIldR WORID a Sadou,7
O'4Uble b40&ik19 wORKSPSZ10dAA ZU.RU * RSa vo
ZSET a O00WOki
*At13, 80400U (o

*ERRORS UETECTEOI 0
FREE CORCI 7b&5. WORDS

VT IZaOT I /L!I ME #NLICN0



JAPPtNUIX 5, IPStUU0 MACAdO DEFINITIONS.

ONACMCJ MACMUS
*NCALL E.LYmTYPtCAtA1fL~I4IFT,0LPEL
*MCALL P I N7 *IF# TPEhLNOkLSE @SO ON" ItSFUQMSTACK UNSTAC(
9MCALL 5Ot3SOMB.aTSTSTP NTLIGt.50b
*NCALL LOUO#JI ,JS~CON~tITPUDKi',UNSySAVtUNSAVEOO
*MCAL. 1tbtJJNPMINAOY,5TE~,CVCLE. 1NPUT,OUTPUT.MUL.UIV
,NCALL Wtbtwt.UICNCJpfI4I3pEXZT

*PIACRU 01.
*USAdL LSK

*PiACRU tL
*LNAML L~d

*MALP3 UN

,tkNO4 IUN3VEC PARAM
. t N ull
.MACAUI 3y K
*tRNO ISYNTA11- X

,MACROU P x

,IF a K
UNP
*ENUC
,ENUM
,MACRO K

IF 0F Ijo~
*fR.OW P1YTE OR WORUI

,LNUC
*ENkiC
ELN 0M

.MACAdU STACK K

9ZMP fjf*K
MO0W Up.CSP)

*ENOM

,MACAUJ UNSTACK X

Nov (SP)sfQ

GMACI'O UISCAI4U N A 6 C 0 t p to N
ADD v*NNSP
'LNOM

$MACRO WEbERdVE N A 0 C 0 E F 6 m
sun vN*N04P

,MACANO PINISM K

,IF NPk 5PVI0iSoR,
*CNIIok ItNOll
'ENUC
.IF NE SWjfhO0-7
*CNdI4QN DLeOP II

'kNU K
*ENON

.mACOQO L X 1

OT3 PC
.CwOM



.mAC"o PILuOC

43v13

05015

PIS 17??1 h.

DIV. I 77Sd

Zt.Pug

CLL&NS&W
'4UNIE..Au
SLY&2
CAN.RYa3
CSET@3
OVER0 L&4.
WSE Ta'
SCLEAME I
VCLt~hsS
CCLLAiU4,
WORD67

LFU Id
3f#AC. rn4a
CROIS

0 ENOM

'MACMU uo P x
.IF d d3.
JbR Pcop
,MEIT

STACK 4Kb
J30 PCFP
ADO alasupo'SP

*I4ACkO L3HIIPT X V M N

,IF IUN NVI
CLC

*.A(PT V-1
ASR x

SM( All
'k.AOC

OIPT vU *

ASL X

, ME xI r
.'VNUC
ST N
OLNUPI



*MACRO CONVERT I I TO A 7 A

K I

SAVt
STACK Z
,IF ION ItWORO

@IF ID(4 !.NTTE

SIC $17741iRi
GYT

UNSACA wd
DO CNv6WT

.ENOM

,MACRO L13T N I FM A w T

,IF OIF I,t)YTL3
.IF 0IF I,wOSOS
3y 1
OMEX IT

SAVE
STACK N
DEC (bP)
MOV ApNI
,IF IUN I#WuiOoS

FT
ASL (SP)
SENUC
*If JUN 1,BYTES

G T
.ENOC
UNSTACI( RW
00 L13T
UJNSAVE

oMACI4O F T
*IlP ION~ TPOCTsmov' 02;R2
,IIF ION T#14INPMOV 0#&,Ri

OMAC600 G T
*IIF IDA, ToOCTPCLR R2
,IIF ION TUIN,9MOV 64#042
*ENDM
eMACRO H I
,IF DIF T,.6jN
,IF DIV~ T,OCT
SY 7
*ENDC .

ENOM



omiC40 MAJL A W 0 N INd C U

;OV W, 08"JL

;OV Po M4 U,11

IF Nb C

'NO C C

&MEIT

NOV £,eO44w

NOV tfpDDMUL

0 IF Ntt AN
MOV *8flilC

* IF Nt$ 0
lO v A A L,

E~NUC

E N DC

*MALW DIV A w C AN INA 0 6 IN E.

:IF IUON A,,UY

I F Nd K

,IF No INA
NOV *SX'CPN
*ENDC
NOV *SM.U#AN

*ENOC

NOV A,DOt4U
.IF 'UN QGilY

,IF NU C
*IF No IN
;Ov OxACIN

L~NOC
MOW *UMQPINA
SENOC
iE:X IT

NOV QSAC
NOV closolv
,IF N13 AN
0 1F N13 E
NOV OMAC#E

*ENOC
NOV *UNQL)
'ENOC

*tNOC



MPACHEU (.ET X Y IN Z

,IF ION ',dL0CKI(SZE
NOV 9-40l

.IF ION YSTATUS
MoVd a'*3,Z

*CNUL
01F ION YpMOOE

,IF ION Y#COUNT
MOV X*4#Z

*ENOM

'MACHO 61T x v To z
P z
,IF ION YpIP
MOV Ztx-10j
*MEXIT

SCNOC
@IF ION Y#OP
NOV 1.1.5
*NEXIT

,IF JUN Y#COUNT
NOV 1,1.4
,MEXIT
sENOC

eEND?'

,MACRO SETUP

00 31TUPP
.ENOM

,MACRO INIT Z T X A V
P y
00 b101

oUITE 1,1

OMACRO SAVE X
00 SAVE
'fNOM

MACRO UNSAVE 9
60UNBAVE

,9NOM



IMEA IT
OENOC

o SM4tPLM X N T
*MEXIT
.ENOC
.IF FOi 1.2
8 OMI,RPL X 4Mb Y 4lb

*MExIT
OfNaC
sIF EQ 1-3
0 *NF.,"LU X dMb YV 4TP
*MEIT

.IF EQ 1-4
a OC3.wcC X awb V 47X
*MEIT
*ENUC
$IF Eg 1-d&
* OVS~ejVC X (Nb y 47b
*MEXIT
,ENiOC
,IF EQ I-b
a 8COBS N 40db V 47*
'MEXIT

@IFNO 4q

.IF ION qI-b
8 OCC,BSNE T tb E to*
*MEXZT
9ENDC
,IF IN 4 R,

8II ONEBE 1,T P E N.Y

,IF ION tMb,)
5 SHL#,S T tPo E 49P
sM(*ZT
.ENUC
.IF ION t',~It
8 OLEBLOI T Pb E 49b

*ENDC
#IF ION okb,)m
* OW13,SLS T 4PP 1 40P

eMEXIT

.17 DN Rb)



.IF 10Y No(
6L03,dMI T 4Pb E 40b

oENUC
.IF ION 4N*0S)
5 *wT#RLE T 4P& F C
'MCMIT
,ENOC
.IF 1014 dkb#5(
a BLTyeau T dPb E d~ab
'MEXIT
,ECN DC
91F ION dMi.S)o
I BGk.ALY T *Pb 9 400
9MLXIT
atNOC
61F ION dk*#S(e
* SLCBB? T dPb E COP
SMEXIT

*ENDC
sy dR30

*ENO"

fMACIIO D96

'3000056t~b'

'ENOM

*MACRO 0 ASH SO Xl XR X3 X4

*MEXKIT

,IF No X1
,IF ION EleSNANCM

3Y 7
'MeXIT
*ENDC
AdR X3
*MEIT
*ENOC
*IF ION4 XI.JUMP

.1PSXI

'ENOC
BSA '#6

,"EXIT
*ENOC
*IF ION XITHNN

87 7



,IF NA X3
OIF IO)N XJ~tLS&

.IFI

OPEK IT

SFOKMrI \sk~fooU

X4

SFOHm1 %3polgab

SPORM3 ARN msioSb

SFOMJ \Sja

SFOHm3 dR \3~i0m
05fb
*MEXIT

*ENDC

usb
3FO'kMI \SidOj

3FORMI \Sbi1JWgb

SFOMM dKR \S3i6kfgb

wENUC

*?4ACWO THLN dGN X
qlF Nd bGN
*IF DIF RGN,.4EGIN

vMFXIT

'IF % "6LN
,PRINT I** dEGINI

*IF Ntj X
a IF DIP .

aMEXIT
aENDC

6POMMI \Sh10Si~hi
so,$*

OLNUM



OMACWtJ tND X Y

,IF Nd I
IFP Llf it?

:IF DIP Sol
8y x

IfP N8 Y

'IF DIF Vol
SY y
*PM1KIT
*tNoc
*INDC

IF7 LE 3SU1105-6.
,EbRROof ;TOO M4ANY E40S1

SIEIT

SFORMI \SOP~06

SFO1km3 JMP \S919686
05b
,IF Nd I
.IF IJN So?
,If NI 586005-56
,ERROR #END MISSING

£NO ?

,LNOC

,ENO"

,MACRO $FORM,? S66065

*ENOM

*MACRO SPORM3 BX SK
Ox S08X

*ENOM

.MACRO LL OGN X
,IF NO 6Gm
,If DIP SgiN 1SIGIN
*ERRUk IEL~t BGN ?

*ENOC

,INOC

,IF Nts x

.MEKI T

.tvo3c
US.

SFOqA4 \S~91IAV

SPOEM2 \3(100m
UF FM * s ao!

9*t0U



*MACgdO SFORMn sood

*M~ACRO CYCL9 P0 0 0 S T ?L
P TI

.IF IUN kt,04
ofP IO)N MOP

CMP T-1NTog

sue T-12#T-14
1.1*00 Y-m,TwlU

VMEXaIT
* INDC
'IF ION "POP
CMP T..b#T*2
OLO L.
3U8 TsliTob
1.8*00 Tw4oTwb
DL
*MEXIT
,LNUC
CMP M&T-Z
81.0 L
S3J8 T-lieM
LIAOL) T.O40
OL
'MEIJ

SENOC
*IF ION W#BACK
:IF ION mIp
Sud To4,T-1U
C#Ip T-iosy9

ADO ToliIT-1I

*MEXIT
*CNDC
IFP ION "pop

;sB T-4, Tin
CMP T-s.UT

ADD T012#706
Ll
DL
.MLAIT
,ENOC

CMP Meat

ADO T-12oM
Ll
OL
SMtEmIT

I ENOC

OL



$MACRO POINT P TO 0 4 3 7
*If ION Q.OAiO

NOV 3-20P
ADD 3-4,P

*IF ION "#B9LOCK
*IF IiN QvFIRST
'90V *T.p

eZP ION OLA3T

,ENDC
,IF ION Q.ZP
NOV T-IS.P

SENOC
01F 104 atop
hlOW Te6,P

SY 0
E~NOC
&IF ION RNOATA
NOV swhI..p
*IF No 3
'IF DIF $#END

.PIEAIT
*ENOC
ADO Q*aP
.e9NDC

ENOM

*i4ACftO STEP A 9 C 0 I

IFP ION C,ON
elF ION *IlP
ADD E-aE.19

OENOC

$IF ION A8010

£00 Ea4,A

elF IOJN C.S*C
sue L048916ii

IF ION Atop

.NEXIT

sue ESOV1.

NIXIT

IT c



.MACRO LnUP A X I h V

'ENUC
,IF NAl A

Of 4LUOPW

,IF IUN ItTIMIS

3I04650 WA 6 0 .
OMEXIT
'ENDC
,IF DIP A.IP

'ENL)C
.IF t0 X

,"EXIT
*LNOC
P y
aI

J5 I A R Y 0006

9Ep4UC
*ENOM

SMACRO it1 I I p y Se
,IF LT *-3134-246o
IF I X R Y SPANC04 TO **5@
* MEXAI T
'ENDC
IF I x W V JUMP TO 3084
*ENOM

*MACWO J?6
ONE SSB4
OLNDM

MIACRO i33 1 S4

.If LT .*5034*29&
If I BRANCH TO $034

*ENDC
IF I JUMP TO S*BA
*ENDM



SMACwdO COLATE IX N u P4 PVUST 2

.IF ld 4bL

U N

,m17 IT"~b~OU

NO N

NM

XI.6Lxh' N

*MEXI T

NO
'I O 1N1upl
IF

UN

EN.iM N

IMEKIT
aENOC
IF7 ION 4I',SUPPEU

UENO
OMEEIT

,iN ION 1syt

KINP

*"EXIT
aENUC
NY7 IO4130 ~ O
agStami



@MACRiO WITH 0 X

,IFEG wdUoe

,I Nt Awe 0

*SVTE

ILNUC

EL

Ll

BYTE lee.I
* CN DC
OFP No 0
$BYTE 14o

*CNOC
ON L4
Liss

L3SLZ.L3w2
*A3CII ON
*dYTE CRPLP
Lii .EVEN

OL
*MEXZT
ICNOC
00 NL

ECNO"



4MhCIVQ RfAOY A F N4 P 4 k 3
,IF 8

.IF IUN miAscI!

SENUC
.IF IDN MP*SCII
CLIV A#2
GMEAIT

*NO 3C o

.IF ZIN ,St
MOW 01,Aa
DMLXIT
.EN4LC
$I' 1
.6 NO04

,I4*CRO OUTPUT A T 0 N C
,IF a 0
,6EOR JOEVICE?
*14EXaIT
.e.NUc
*P4CALL 10
to
00 doIO
A

SW7 1201

aMEal r
ENyuc

*syrf 14, j
C
S 6NOM

*tiACilO INPUT A T D NC
,IF d4 0
ERR4OR. INUFFEA?

sENOC
*MCALL 10
t0
00 6109
0
41F R C
,BYTE IlA

OENOC
BSYTE 13#A

c
* N ii



,MACRO '(ST 8 P 9 R 3
,IF No P
,IF ILJ' PPERROI13
STACK 2e.3
J30 QA,dUFST
.JNSTACK "ai
£00 m.#lzCSP)
MQV *(SP)p(ap)
Jeip *(SPIO
,.'.

.06

9*

,ENOC

TSd R-3
NFL v-4

0"ACE4O JUMiP T L. I X
#IF ION 1010"

mIxI

*ENOC
:IF ION Eor

L

*MtXIT

,IF ION E@TRU4C

*MEXIT
*ENOc
,IF ION E."ODE

L

OMENI V
.ENOC
elf ION ECNK&UMq

, MEKIT
.(NOC
if E

OE'4OM

@MACRO 10
150.1
VT Ye
LSR*13
"goes
LSP04
"SPa'
*INDM


