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OPERATING INSTRUCTICNS FOR THE ASSEMBLER GENERATOR

THE ASSEMBLER GENERATOR IN 3 GENASH WILL ACCEPT SPE.’CTFICATIONS

FOR A TARGET MACHINE. IT THEN GENERATES APL FUNCTIONS AND
VARIAI}LES WHICIH, FHEN ADDED TO THE ASSEMBLER SKELETON (IN 2
ASMOY WILL PRODUCE A COMPLETE ASSEMBLER. CERTAIN CONSTANTS ARE

* ADDED TO THE LOADER SKELETON (IN 4 LOADO) TO COMPLETE A

C()HPAI'IBLF KELOCATABLE LOADER. .

THE FUNCTION “GENASM™ CAN BE USED IN EITHER BATCH 0R| INTERACTIVE

.MODES. IF YOU ENTER

GENASM

| YOU WILL BE IN TIE INTERACTIVE MODE, IF YOU ENTER

GENASK o

wnERE "o IS THE NAME “OF AN APL VARIABLE, YOU WILL BE IN THE
BATCH MODE. Tilli APL VARIABLE MUST BE A CHARACTER VECTOR WITH
CARRIAGE RETURN CHARACTERS AS END-OF-LINE MARKERS. THIS DATA IS
ENTERED A3 THOUGH YOU HAD TYPED 'IT IN, OKE LINE AT A TIME. IN
MIE INTERACTIVE MODE, YOU ARE PROMPTED FOR EACH LINE. IN THi
BATCIH MODE, ALL PROMPTIRG AND THE BATCH RESPONSE IS PRINTED AS
THOUGH IT HAD BEEN ENTERED INTERACTIVELY. THE VARTABLE ~PALM™
IN WORKSPACE 'S SAMPLE™ CAN BE USED TO SEE HOW GENASM WORKS.
coPY IT INTO THE GENASM FWORKSPACE AND ENTER

GENASM PALM

IT TAKES ABOUT 4S MIWUTES ON A 5100 T0 COMPLETELY PROCESS ALL OF
PALM" TO PRODUCE TIE PALM ASSEMBLER WUICH IS5 IN "8 PALM™.

THERE ARE TV/O KINDS OF DEFINITION INFORMATION YOU MUST PROVIDE.
THE FIRST KIND HAS TO DG WITH THFE BASIC CHARACTERISTICS OF THE .
TARGET MACHINE SUCH AS WORD LENGTH, NUMBER BASE, AND SO ON.
PROMPTING FOR THIS INFORMATION IS EXPLICIT. (EACH PARAMETER

© WILL BE FURTHER DESCRIBED BELOW.) THE SECOND KIND OF DEFINITION

INFORMATIOR HAS TO DO WITI THE MACHINE INSTRUCTIONS. IN MOST
COMPUTERS THE INSTRUCITONS CAN BE GROUPED INTO CLASSES OF COMMON
FORMAT. FOR EXAMPLE, IN THE IBM 370, THERE ARE “RR™, "RX,
“8s”, ETC. FORMATS OF INSTRUCTIONS. FOR EACH OF THESE CLASSES
YOU WILIL DEFINE THE FORMAT. THEN FOR EACH CLASS YOU WILL DEFINE
THE INSTRUCTION MIEMONIC AND OP-CODE VALUE(S) FOR EACH
INSTRUCTION IN THAT CLASS. YOU SUPPLY INSTRUCTION FORMAT
TNFORMATION WHEN YOU ARE PROMPTED WITH A™-". ONCE YOU HAVE
ENTERED ALL THIS INFORMATION, YOU ENTER .G T0O CAUSE GENERATION
OF THE DESIRED APL FUNCTIONS. IF YOU WANT TO EXIT GLNASM BLFORE
GENERATING, ENTER ONLY ~.°7 ‘ 4 . ‘

INFORMATION OF THE FIRST KIND MUST BE COMPLETKLY ENTERED BEFORE
YOU ARE PROMPILED TO ENTER INFORNATION OF THE SECOND KIND. AT

ANY TIME YOU ARE PROMPTED (EXCEPT FOR ERROR CORRECTION) YOU CAN -
EXIT FROM GENASM BY ENTERING AN EMPTY LINE (CARRIAGE RETURHN .
ONLY). HOWEVER, TF YOU DO THIS BEFORE BEING PROMPTED BY THE "
YOU WILL HAVE TO REENTER ALL DATA OF TR FIRST KIND AGAIN., ONCE
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L L OPERATING INSTRUCTIONS FOR THE AS EMBLER GENERATOR

YOU ARE PROMPTED BY """ THE BASIC DATA CANUNOT BE CHANGED. T0
RESTART EITHER RELOAD THE VORKSPACE, OR EINTER

y %
BASIC INFORMATION
) T ) EACH OF THE DBASIC TNFORMATION NEEDED IS EXPLAINED BELOW, ALONG

WITH ITS ALGSOCIATED PRONPTING MESSAGE.  IF AN ERROR IS DETECTLD «
S IN YOUR INPUT, YOU ARE RE-PROMLPTED. N EMPTY INPUT TERMINATES
v ' - GENASM .  KRRORS ENCOUNTERED IN BATCH MODE ALSO TERMINATE GENASM
- IMUEDIATELY I//[LN BASIC INFORMATION Io BEING SUPPLIED. .

']’HL’ PI?ODUCLD AuuL/BLL,]? 'ILL RUN FASTER IF ERROR ‘CHECKING IS
: OMITTED. ON Tillk OTHER IIAND, -A SOURCE PROGRAM ERROK COULD CAUSE
,{F\ Al APL ERROR MESSAGE WilICH THE USER COULD NOT FASILY RELATE 10
o/ : HIS SOURCE PROGRAM. YOUR CHOICE, ANSVWER YES OR NO
»

MACNINE NUMBLR BASE:---===<---=~ B LT T e T
“NUMBER BASE™ OF A COMPUTER IS THE NUMBER OF UNIOUE STATES A
: : SINGLE DIGIT CAN HAVE. MOST COMPUTERG ARE BINARY (BASE 2) -
3 ORIENTED. HOWEVER, SOME COMPUTERS ARE BASE-10 ORIENTED. THIS
‘ ' PARAMETER ALLOYS YOU 10 SPECIFY WHICH. NUMBER BASES 2 TO 35
ARE POSSIBLE! THE SAMPLE “PALM~ COMPUTER HAS A NUMBER BASE OF 2.

o

DIGIT.S/HORD t == === == == = = = = o= e o e o oo oo e
-’/ ' A "HORD™ IS A CONVENTENT COLLECTION OF DICITS. Tl ASSEMBLER
v WILL ONLYASSEMBLY MULTTPLES OF HORDS. OBJECT CODE LISTINGS AND

MEMORY DUMPS WILL DISPLAY ALL DATA IN VORD GROUPINGS. THE TERM
- “WORD™ AS USED HERE, DOES IIOT REFLECT WHAT THE USER OF THE
] . TARGET MACHINE CALLS A WORD.  FOR EXAMPLE, TIE PALM MACHINE HAS
A MEMORY ORGANIZED IN 8-BIT BYTES. HOWEVER, MACHINE
INSTRUCTIONS ARE ALWAYS MULTIPLES OF 2 BYTES AND MACHINE

) ' ?‘ P ADDRESSES REQUIRE 2 BYTES. IT IS THEREFORE CONVENIENT TO |
(\' T CONSIDER A WORD AS THOUGH IT WAS 16 BITS LONG.
P ADDRESS UNITSS/HORD t === = === == == === e e e e o e mmmm e :

THE MEMORY OF A COMPUTER IS COMPOSED OF ADDRESSABLE CELLS. —EACH _

L  CELL CONTAINS AN INTEGRAL NUMBER OF DIGITS. A WORD MUST BE. SONE

) MULTIPLE OF THESE CELLS. THIS PARAMETER INDICATLES THE NUMBER OF
‘ CELLS PELR WORD. IE “PALM” MACHINE HAS TWO BYTES PER VORD.

DIGITS IN MAXIMUM ADDRESS FIELD:t=--====-===m=mcommmmcmmcecaemam :

-

THE ADDRESS RANGE OF A COMPUTER RHQUIRES SOME NUMBER OF DIGITS

- TO EXPRESS. FOR EXAMPLE, THE PALM COMPUTER.CAN ADDRESS 65536
_ : CELLLS. THIS REOUIRES 16 DIGITS (BASE-2) TO EXPRESS. THE
" ASGEMBLER AND LOADER UEED THIS INFORMATION TO HANDLE ADDRESS

RELOCATION CALCULATIONS.

DISPLACEMENT FIELD (SIGN AND BI1S, IF ANY Yt mmmemm e mmm e
- SOtk COMPUTERS FOEM ADDRESSES BY ADDING A DISPLACEMENT VALUE TO
— THE CURRENT CONTENTS OF THE PROGRAM COUNTER. IF YOUR MACHINE

HAS THIS FEATURE THE ASSENBLER WILL NEED THIS INFORMATION TO

| -2-
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OPERATING INSTRUCTIONS FOR THE ASSEMBLER GENERATOR

<
T GENERATE THE CORRECT DISPLACEMENT FIELD VALUEL: SOME
- . DISPLACEMENT FIELDS ARE SIGIED, SOME ARE NOT. (IN THIS LATTER

CASE, THE SIGN IS INDICATED ANOTHER WAY. THIS WILL BE. DISCUSSED
- : LATER.) YOU INDICATE THAT A STGN IS PRESENT IN THE DISPLACEMENT
o - FIELD BY PREFIXING THE FIELD SIZE WITH A "+ . FOR EXAMPLE, THE
© PALM HAS AN UNSIGNED 8-BIT DISPLACEMENT FIELD. IF IT WERE
.  SICNED, THE PARAMETER WOULD BE “+8° . THIS PARAMETER IS
- " OPTIONAL. AN EMPI'Y INPUT INDICATES NO, DISPLACEMENT .FIELD. ..

“ THE FOLLOWING DEFINES THFE LISTING FORMAT=-=---=-==-ccmc-eoc-=u- -
- - ' ‘ DISPLAY NUMBER BASE;=====cmce e mmmmmm e e mm e e e mm e e mmem = =
: THE DISPLAY NUMBELR BASE IS THE NUMBER SYSTEM Il WHICH ALL OBJECT
' CODE IS PRESENTED TO THE USER BY TIE AGSEMBLER AND DUMP
- e . PROGRAMS . IT MUST BE A MULTIPLE OF THE MACHINE NUMBER BASE.
FOR I)LCIMAL MACHINES I IS TYPICALLY 10. FOR BINARY MACHINES IT
IS USUALLY OCTAL (8) OR HEXADECIMAL (16). THE PALM ASSEMBLER

‘0 USES 16.
. ’ NUMBER OF VORDS/LINE LISTED:=======cmmmmcmmemmmmcmmmmmmmmme e mmm
w : SPACE WILL BE PROVIDED Il PUE LISTING FOR THIS NUMBER OF WORDS
‘ TO APPEAR ON ONE LINE. IF ozvz: LINE OF ASSEMBLY CODE EXCEEDS _

- , . rHIS AMOUNT, IT WILL BE FOLDED TO THE NEXT LINE. TO00 MANY WORDS - -

e PER LINE CAUSES TOO WIDE A LISTING (AND EYCESS TYPING ON AN
' IMPACT PRINTER). TOO FEY WORDS PER LINE CAUSES EXCESSIVE

FOLDING OF LINES. THE PALM ASSEMBLEK USES 4 WORDS PER LINE.

w’
STANDARD HEADING IS: X X X X X X X X Xemooomeeemmeca e mcee e ——an—
o _ ' YOUR UEADING IF DI}"FFHH‘JT ---------------------------------------
- FROM THE YOREGOING LISTING PARAMETERS SAMPLE [HIEADING WAS
CONSTRUCTED. YOU MAY FHTER ANY OTHER HEADING OF THE SAME LENCGTH
. (OR SHORTER) IF YOU DESIRE. IF YOU ENTER All EMPTY LINE THE
@y :  SAMPLE HEADING WILL BE USED. THIS PARAMETER IS Tilk LAST OF THE -
" BASIC INFORMATION. ONCE IT IS ENTERED YOU WILL BE PROMPTED BY
' o “>" FOR MACHINE INSTRUCTION FORMAT INFORMATION. YOU WILL NOT BE
) Lo _ PROMPTED FOR AUlY OF TIE ABOVE INFORMATION AGAIN UNLESS YOU RESET

Q .. - GENASH,
~— _ UACUINE FORMAT INFORMATION

T : 70 ILLUSTRATE THE KIND OF MACHIRNE FOREAT INFORMATION NEEDED, WE -
ah ' SIHOW A PALM MACHINE INSTRUCTICN, IN BOTH ASSEMBLER AND OBJECT
4 CODE FORMATS. ALSO SHOWN IS THE FORMAT DESCRIPIION GIVEN TO
GENASM THAT SHOWS THEE CONNECTION BETWEEN THE TWO FOI?MATS.

Mo
GETA 2,3
~ OQm—ce=Ommem—=Dm= ==l ====0
Il o] 2°| 31| Fr|

. . Om=c-c=wOmom=Omm==0mm==0
Wb - Ly y 4 4
— . . ALU 4,05 4, ND1; 4 ,ND2; 4,0P
-/ - ALU(GETA Fy GETR by oo )
~— -3-
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OPERATING INSTRUCTIONS FOR THE AS. SEMBLER GENERATOR

- C

IN THE ABOVE EXAMPLE ALL “ALU™ TYPE INSTRUCTIONS ARE DIVIDFD
oy o INTO & W-BIT FIELDS. THE FIRST FIELD ALAYS CONTAINS A ZERO.
THE SECOND FIELD HOLDS TiE VALUE FOR OPERAND 1 OF THE SOURCE
: , PROGRAM STATEMENT . FIELD 3 IIOLDS THE SECORD OPERAND FROM THE
o : SOURCE STATEMENT. AND FIELD 4 HOLDS THE OPCODE, WHICH IS 15
(HEXADECIMAL “F") FOR A GETA INSTRUCTION, "E” FOR A GETR
INSTRUCTION, ETC. \

-

L 4 . :
THE FIRST LINE STARTING ALU DEFINES THE FORMAT. THE LINE
BELOY IT INDICATES WHICH INSTRUCTIONS ARE OF THAT FORMAT, AND
o - WHAT THEIR MNEMONICS AND OP-CODE VALUES ARE.

THERE ARE, THEN, FORMAT DE F’INITIONS AND OP-CODE DEFINITIONS.
w ‘ . TUE FORMAT DESCRIPIICH FIRST NAMES A FORMAT CLASS, AND THEN
DEFINES THE FIELD FORMATS OF THE IRSTRUCTIONS WHICH MAKE UP THAT
: CLASS. THE FIELD DEFINITIONS (WHICH ARE SEPARATED BY
o SEMICOLONS) EACH CONSIST OF TW0 COMPONENTS. TiHE COMPONENTS
- (WHICH ARE SLPARATED BY COMMAS) DEFINE THE WIDTH AND CONTENT OF
A FIELD. THE WIDTH IS THE NUMBER OF DIGITS THAT ARE CONTAINED
u I THE FIELD. THE CONTENTS OF A FIELD MAY BE A CONSTANT NUMBER .
(EXPRESSED AS A DECIMAL NUMBER, OR IN THE DISPLAY NUMBER BASE). -
- THE CONTENTS MAY ALSO BE AN OPERAND FROM THE SOURCE STATEMENT.
i “Np1T, "ND2”, ETC. REFER TO OPERANDS 1, 2, ETC. 1IN THE
: STATENENT. "ND" IS AN ABBREVIATION FOR “ND1™ (EXCEPT AS WILL BE
EXPLATNED LATER). USUALLY, ONE OF TUE FIELDS CONTAINS THE
w OP-CODE VALUE. THIS IS KEFERENCED AS ~ov”. IT IS I POSSIBLE FOR
Al TNSTRUCTION TO HAVE MORE TIAN ONE OP-CODE VALUE. ~0P1”,
b “op2”, BT STAND FOR THE APPROPRIATE ONE. THESE VALUES WILL
w BE DEFINED IN TiE OP-CODE DEFINITION TO BE DESCRIBED LATER. TN
ADDITION TO CONSTANTS, OPERANDS, AND OP-CODES, THE CONTENTS OF A
) © FIELD CAN BE DEFINED AS AN APL EXPRESSION. mrs EXPRESSION CAN
3 ‘ - OPERATE Ol ANY OF THE FOREGOING EXCEPT THE DISPLAY-BASE NUMBERS.
FOR EXAMPLE, WE MIGHT SE® THE FOLLOVING FIELD DEFINITION:

> B e 8,L.5%0D2; ...
o/ WIICH SPECIFIES AN 8-DIGIT FIELD. CONTAINING HALF OF OPERAND 2.
o . :

veoy 16,pND; ..

9, ‘ ”PLCIF’IES A FIELD OF 16 DIGITS CONTAINING THE NUMBER or OPERANDS
' IN THE INSTRUCTION. (SUCH A FIELD MIGHT BE PART OF A ~CALL' ‘
THSTRUCTION WHICH CAN HAVE A VARIABLE NULBER OF OPERANDS.) .
- : o LOTE, THAT IN TATS CASE, "ND™ STANDS FOR TIE EJTIRE OPERAND

LIST, NOT OPERAND 1. TUIS IS D'.Z'TEI.?MINFD BY THE PRESENCE OF “p”
Il FRONT OF "D IN GENERAL, “ND" STANDS FOR OPERAND 1 ONLY
- - WHEN IT IS NOT OPERATED UPON BY AN APL’FUNCIION.

THERE ARE THO SPECIAL CASES OF FIELD-WIDIN DEFINITION. THESE
v/ ARC USED WHEN DEFINING A DISPLACEMENT FIELD, OR AN ADDRESS
' FIELD. USE "D” AND “A" RESPECTIVELY FOR THESE FILLDS Al
- , ADDRESS PIELD TS AUTOMATICALLY RELOCATED. l)ISPL/lC'E/‘fE’NT
~ CALCULATIONS WILL BFE PERFORLED AUTOMATICALLY ON A DISPLACENENT
FIELD. (THE DIS 'PLACENMENT ADDRESS VALUE IS THE TARGET ADDRESS

- . - ~ly-
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y : : OPERATING INSTRUCTIONS FOR THE ASSEMBLE'R GENERATOR -

MINUS THP LOCATION OF' e INSI’RUCTION FOLLOWING THE ONE BEING

~ PROCESSED. )
SOMETINES IT IS DESIRABLE 1O HAVE A DEFAULT VALUE FOR OMITTED
v : OPERANDS. DEFAULT VALUES CAN BE SPECIFIED FOR A FIELD BY
~ SUFFIKING IT WITil A COLON FOLLOWED BY THE DEFAULT VALUE. FOR
A EXAMPLE ,
—’ -

ooy W,ND3:15;5 ...

s ,  THE ABOVE FIELD CONTAINS THE VALUE OF OPERAND 3. HOYEVER, IF
OPERAND 3 IS OMITTED, A DEFAULT VALUE OF 15 WILL BE SUPPLIED.
s ' ’ : SO FAR ONLY SIMPLE FORMATS HAVE BEEN DISCUSSED. THE ASSEMBLER
- CAN HANDLE TWO KINDS OF COMPLEX INSTRUCTION FORMATS: SIORT/LONG
INSTRUCTIONS, AND VARIABLE-LENGTH INSTRUCTIONS.

,G ’ WHEN THE TARGET COMPUTER CONTATNS DISPLACEMENT ADDRESSING, IT IS
) - FREQUENTLY POSSIBLE FOR AN INSFRUCTION TO HAVE TY0 ADDRESSING

MODES . THE SIHORT MODE USES l)ISPL/lCF MENT ADDRESSING, WHILE THE

LONG MODE USES A FULL ADDRESS FIELD. FOR INSTRUCTIONS OF THIS

) : KIND, THE ASSEMBLER CAN MAKE T/[E PROPER CHOICE OF ADDRESSING

> MODE FOR THE PROGRAMMER. ALL THAT HAS TO BE SPECIFIED IS THE

' " OPERAND WHICH CONTAINS THE ADDRESS, AND THE FORMATS FOR THE

SHORT AND LONG VERSIONS OF THE INSTRUCTION. THE FOLLOVING

DEFINES A BRANCIH INSTRUCTION FOR THE SAMPLE “PALM~ COMPUTER.

e

~+ BR /ND=1/ 4,10 15 FW3 ND1; 4,03 D,ND-1
5-S/L: 16,D008; A,ND1

o IV THE PALM COMPUTER. THE PROGRAM COUNTER IS REGISTER 0. SHORT .
3 . FORM BRANCHES CONSIST OF EXECUTING AN ADD- OR SUBTRACT-IMMEDIATE
| 90 REGISTER 0. THE FIRST FIELD CONTAINS THE OP-CODE WHICH MUST
BE SELECTED BASED O TIE DIRECTION (FORVARD OR BACKWARD) OF THE
- o BRANCH. TiE UPILITY FUNCTION, FWB, IS PROVIDED IN THE SYSTEM TO -
O o AID IN THIS SELECTION. :
—r’

NOTE SEVERAL THINGS ABOUT THE EXAMPLE. THERE IS A “VARIATION™
SPECIFIED OF THE FORM “/ND=1/" FOR THE BRANCH. THIS INDICATES
. . - THAT THIS IS A SHORT/LONG FORMAT, ARKD TiHAT THE ADDRESS FIELD IS
= OPERAND 1. THERE IS 1O OP-CODE EXPLICITLY GIVEN. SINCE THERE
' IS OILY ONE INSTRUCTION IN THE FORMAT CLASS, NOQ OP-CODE IS
: : NEEDED, AND MENCE THE CLASS-UIAME BECOMES TiE INSTRUCTION
- 4 PHEMONIC.  ALTHOUGH THE SIORT FORM IS FIRST IN THIS EXAMPLE,
' THIS ORDERING IS NOT REOQUTRED. THE BANE OF THE FORMAT-CLASS IS
‘ NOT SPECIFIED ON THE SECOND LINE. TiiE SECOND LINE IS CONSIDERED
—_ " . O BE PART OF THE FIRST LINE. HOWEVER, IT MUST BE ENTERED AS AS
’ SEPARATE LINE. (YOU WILL BE PROMPTED BY “CLS-S/L:  ITNSTEAD OF
” . "5 70 ENTER THE SECOND LINE.+- THE FIRGT FIELD OF TiZ SECOND
o (LONG) FORM IS 16,0008 . THIS IS AN EXANPLE OF A CONSTANT THAT
IS A DISPLAY-BASE (HEXADECIMAL) NUMBER. THE LAST FIELDS OF THE
— FIRST AND SECOND FORMS ARE DISPLACEMENT AND ADDRESS FIELDS,
~ . RESPECTIVELY. (THE ADJUSTMENT “ND1-1" IS NECESSARY BECAUSE OF A
' PECULIARITY OF THE PALM COMPUTER.)

. IBM INTERNAL USE ONLY
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~ o OPLAATIN(' INSTRUCTIONS FOR THE ASSEMBLER GENERATOR

N ‘ THE VARIABLE-LENGTH FORMAT VARIATION IS INDICATED BY THE
VARTATION EXPRESSION ~Ja=pND/" . TUIS INDICATES THAT THE FIELD
: \ . DEFINITIONS THAT FOLLOW ARE TO BE USED WHEN THERE ARE & OPERANDS
W - IN THE SOURCE STATEMENT. ONCE YOU HAVE ENTERED THIS FOR THE
- . FIRST FORMAT, YOU ARE PROMPTED WITH ~CL5-VAR:” TO ENTER THE NEXT
LENGTI VARIATION. FOR EXAMPLE,

w/
+ MULTI /2=pliD/ 8,0P1; 4,VD1; 4,ND2
‘ . CLS-VAR: /3= pND/ ©,0P2; 4,ND13 4,lD3; A,ND2
o " CLS-VAR:
, IN TIUIS EXAMPLE WHEN TiHE INSTRUCTION HAS TWO OPERANDS, THE FIRST
- o - FORM IS USED WUERE OPERAND 2 IS A REGISTER REFERENCE. IN THE
. SECOND FORM (3 OPERANDS) OPERAND 2 IS AN ADDRESS, AND OPERAND 3
- IS A REGISTER REFERENCE (PRESUMABLY AN INDEX REGISTER). NOTE )
~O TIAT DIFFERENT OP-CODE VALUES ARE USED FOR EACH FORM. AN EMPTY ¢
4 LINE SIGNALS THAT YOU HAVE ENTERED ALL OF THE VARIATIONS. (v
- OP-CODE DEFINITIONS ARE SIMPLY GROUPED IN PARENTIESES FOLLOWING % B
THE NAME OF THE FORMNAT CLASS TO WHICH THEY BELONG. FOR EXAMPLE, 5} F
wr +BRCN(BRALLM 5 D3 BREQ 2 Ay BRHAM 7 F; BRIE 9 1; BRHI 8 0; T
: : >BRHL A 2; BRSM E 63 BRHSNM F 73 BRLE O 8; BRLO 1 9; (VX
SBRIOM 6 II; BRSNM D 5) s °©
- N g |
" THE ABOVE DEFIUES OPCODES OF TiE FORMAT CLASS “BRCN™ (BRANCI ON A ‘
CONDITION). THE MIEMONIC "BREQ™, UHICH STANDS FOR “BRANCH ON .
- EQUAL™, HAS TWO OP-CODE VALUES -- "2 anD A" (HEXADECIMAL FOR , 3
10). ONE OF THESE IS USED FOR THE SHORT FORM, THE OTHER USED .
< FOR THE LONG FORM OF THE INSTRUCTION. NOTE TIAT THE DEFINITION - -
o . FOR EACH MJIELOQUIC IS SEPARATED FROM THE NEXT BY A SEMICOLON. lw =
NOTE ALSO THAT THIS DEFINITION TAKES SEVERAL LINES. ANY , 2
: : DEFINITION LINE THAT ENDS IlN A SENMICOLON IMPLIES A CONTINUATION b
~ : TO TIE NEXT LINE. THIS IS ALSO TRUE FOR FORMAT DEFINITIONS. A % a
o RS SINGLE FIELD OR MNEMONIC DE FI[/ITION HAY NOT BE SPLIT ACROSS
" LINES. <
~ X
WIEN ALL OF YOUR DEFINITIONS ARE ENTE RED, YOU CAN ENTER .G~ T0
P - CAUSE CODE GENERATION. YOU WILL THEN BE PROMPTED WITH “ARE YOU W
, FINISHED DEFTNING?  ANSWER YES OR 10. IF YOU HAVE MORE : ~

DEFINITIONS TO DO TATER, SAVE THE WORKSPACE A5 ~1 TEMP™ FOR

: : LATER USE. YOU CAN REENTER GENASM TO ADD MORE DEFINITIONS
~ : LATER. IF YOU ANSWER YES, ALL CENASH FUNCTIONS AND VARIABLES
' ' (-EXCEPT GENASM) WILL BE EXPUNGED FROM THE WORKSPACE. KYOU SHOULD

: ERASE GENASM AND ANYDUING YOU HAVE ADDED TO THE WORKSPACE WHICH

~ . YOU DON'T WANT INCLUDED IN YOUR ASSEMBLER WORKSPACE. THEN. SAVE

: THE REMANANTS AS ~1 TEMP™. THEN LOAD "2 ASt0™ AND copry 1 TemMpP™

INTO IT. AFTER YOU RENANE YOUR Ni¥ ASSEIBLER WORKSPACE AND SAVE

o ) IT, LOAD THE “w LOADO™ WORKS SPACE, AND=BNLER-_"CRECERG~, /A ycory
COMMAND T/ILL BE DISPLAYED O THE SCREEN To corY VALULS FROM 1
- ' TEMP . YOU THEN RENAME AND SAVE YOUR NEVW LOADER WORKSPACE.
N

THE ABOVE DESCRIPTION SHOULD HAVE FPAMILIARIZED YOU WITH GENASM-

IBM INTERNAL USE ONLY
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~ : o OPERATING INSTRUCTIONS FOR THE ASSEMBLER GENERATOR

SO THAT YOU CAl READILY - UNDERSTAND THE SYNTAX RULES FOR THE

>~ FORMAT AND OP-CODE DEFINITIONS THAT ARE SHOWN BELOW. WE WILL
USE THE FOLLOWING NOTATION: . - .
. HOTATION HEANING F e
hd S o => w o IS DEFINED AS. TUE SEQUENCE w
Lal : o IS OPLIONALLY PRESENT
o Y ONE OR MNORE o :
i : ~ [ald... 0 OR MORE & ' R
olla2]ad USE EITHER ol OR o2 OR a3 ’
o [a\e] - SAME AS o [e alv..

PORMAT-DEFINITION => CLASS-NAME [/ VARIATION /1 FIELD-DEFS -
g CLASS-NANE => LETTER LETTER [ALFARUMERIC]...
>~ VARIATION => NUMSER = ofiD | D = NUMBER
' FIELD-DEFS => [FIELD-DEFINITION\;]
: FIELD-DEFINITION => WIDTIl , SOURCE
‘O wrorH => ausER | AT 1 D"
SOURCE => DISPLAY-BASE-RUMBER | ND [WUMBER) | OP [NUMBER] |
All APL EXPRESSION

- OP-DEFINITION => CLASS-NAME ( [OP-FIELD\;] )
. A OP-FIELD => OP-MIEMONIC OP-VALUE...
G OP-MIENONIC => LETTER LETTER [ALFANUMERICI... )
= _ OP-VALUE => LIUMBER | DISPLAY-BASE-NUMBER
NUMBER => A BASE-10 (DECIMAL) NUMBER
o’

_ (NOTE: CONSECUTIVE NAMES OR MUEMONICS NOT SHOVN WITH AN
N INTERVENING DELINITER MUST BE SEPARATED BY BIANKS.

LEADING AUD TRAILING BLANKS IN A FIELD-CONIENT DEFINITION ARE
bt : IGHORED.)

CATR —  LUT e R
o L\ T LUT GenSARTE) APL RuwcT(oms .,
0 D) TOIRAT  FuwTiens
oot .

- ) Kelohpd wracow 1y FON Yo TO SPA\C
; < ’ PRPSR AnD T

) oe- MnEr NS
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~ : OPFRATIN(‘ INSTRUCTIONS FOR THE G'ENEPAL ASSE’I:BLLR

NOTATIONAL CORVENTIONS: ==========

AN
Il DESCRIBING THE USE OF THE ASSEMBLE A META-NOTATION IS NEEDED
, _ TO SPECIFY TIE SYNTAX. WE WILL USE THE FOLLOYING NOTATION: '
w“ oo NOTATION HEANING
: (o] o IS OPTIONALLY PRESENT
, G ONE OR MORE «
A ' Clal... 0 OR MORE «
La\e] SAME AS o [e al...
- "UNDERSCORED LETTERS INDICATE EXACT SPELLING OF A SYNTACTIC
- COMPONENT , WHILE OTHER LETTERS INDICATE VARTABLE COMPONENTS.
(FOR EXAMPLE, “XYZ4' MEANS USE EXACTLY THE LETTERS “XYZ .
L ' LABEL" MEANS USE SOME LABEL FROM SOME SET OF PROPER LABELS.)
. INVOKING THE ASSENMBLER: -----;-___-‘
ﬁ A SOURCE PROGRAM 7O BE ASSEMBLED IS STORED IN YOUR APL WORKSPACE
: AS AN API, FUNCTION. THE FIRST LINE OF THE -SOURCE PROGRAM (WIICH
W IS ALSO THE FUNCTION MEADER) CONTAINS ITS NAME- — IN.ORDER TO
PERFORM ASSEMBLY, YOU ENTER '
Y ‘ ASM 'NAME([ ,OPTIONS]'

: WHERE “NAMET IS -THE NAME OF THE PROGRAM TO BE ASSEMBLED. THE

-~ : OPTIONS THAT MAY BE SPECIFIED ARE SINGLE LETTERS. THE OPTIONS
: CURRENTLY RECOGNIZED ARE "L, WHICH CAUSLS A LISTING TO BE
PRODUCED AND "N, WHICH FORCES SHORT/LONG INSTRUCTION SELECTION
~ 70 SELECT LONG INSTRUCTIONS (AND SPEEDS UP THE ASSEMBLY). WHEN
' THIS METHOD OF ASSEMBLY IS USED, THE RESULTS OF THE ASSEMBLY ARE
B . LEFT IN Ail APL NUMBER VECTOR CALLED MEM. THIS VECTOR CAN BE
i ' . TRANSFORMED INTO ONE MEMORY LOAD FOR THE TARGET MACHINE BY AN
: - OFF-LOADING ROUTINE (10°BE IMPLEMENTED LATER).

‘VO s ‘ IF YOU WISH TO PRODUCE A RL,LOCATABLE OBJECT MODULE ENTER .
_ 03J+4§_M1_e VIJIANEL ,OPTIONS ]!
s .
AND THE APL VARIABLE ~OBJ  WILL RECEIVE THE RESULTING CODE.
B . THIS CODE CAN BE COMBINED WITH OTHER RELOCATABLE MODULES USING
e THE RELOCATING LOADER. :

’ : TO CREATE OR MODIFY YOUR SOURCL PROGRAM, USE THE FUNCTION
~ . EDITING FACILITIES THAT ARE AUTOMATICALLY INCLUDED IN YOUR APL
SYSTEM.  (OPERATION OF TiE APL FUNCTION &£DITOR IS DESCRIBED IN
oo Till APL MANUAL APPROPRIATE TO YOUR APL SYSTEM. THIS IS THE ONLY
~ . ASPECT OF APL THAT YOU NEED TO KNOW IN ORDER TO USE THE
© 0 ASSBMBLER.)

A
ve

e ' L/ll?[‘l,q EXPRESSIONS AND SPECIAL FUNCTIONS: —~==-====--

Sl ' BELOW Tl!Ll?l,' YILL BE REFER [’Clu TO TiE SYNTACTIC CONPONZ’?/‘JTS
~~ “LABEL™, TEXPRESSION™, AND “ABSOLUTE-EXPRESSION”. A "LABEL™ HAS
' ' THE SYNTAX OF Al APL NAME. (A LETTER FOLLOWED BY ONE OR MORE

IBM INTERNAL USE OHLY
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-~ - OPERATING INSTRUCTIONS FOR THE GEINERAL ASSEMBLER- »

. ALFANUMERIC CHARACTERS). LABELS ARE SYMBOLIC LAMES FOR VALUES.
~ A LABEL RECEIVES A VALUE IN A MARNER THAT DEPENDS ON THE.
' INSTRUCTION IN WHICH IT APPEARS. IF A LABEL RECIEVES A
, ' "LOCATION COUNTER™ VALUE, ITS VALUE IS RELOCATABLE. IF A LABEL
L o RECEIVES ITS VALUE FROM AN EXTRN IT IS “EXTERNAL™. OTHERWISE
ITS VALUE IS "ABSOLUTE™.
v ‘ AN "EXPRESSION™ IS AN APL ARITHMETIC EXPRESSION INVOLVING
~ LABELS, CONSTANTS, OR FUNCTIONS. A SIMPLE EXPRESSION CONTAINS
‘ , ONLY A LABEL OR CONSTANT. COMPOUND EXPRESSIONS INVOLVE ‘
- '~ FUNCTIONS OR ARITHMETIC OPERATORS. COMPOUND EXPRESSIONS THAT
ARE FOLLOWED BY OPERARDS MUST BE ENCLOSED IN PARENTHSES. ALL:
EXPRESSIONS FOLLOW APL SYNTAX. THAT IS, THERE IS NO OPERATOR
~ o - PRECEDENCE, AND_ EACH SEQUENCE OF OPERATIONS WITHIN ONE '
PARENTHESIS LEVEL IS PREFORMED -FROM RIGHT TO LEFT. TIUE VALUE OF
- : AN EXPRESSION IS RELOCATABLE, EXTERNAL OR ABSOLUTE DEPENDING
) UPON HOW ITS COMPONENTS ARE COMBINED. IF “R™ STANDS FOR A
' ' RELOCATABLE VALUE, “X ' STANDS FOR ANl EXTERNAL VALUE, AND A
STANDS FOR AN ABSOLUTE VALUE, THEN

o
R=R+A, R=R-A, A=R-R, X=X+, X=X-A i
v - THE ONLY ARITHMETIC PERMISSIBLE ON .R OR X IS AS SHOWN ABOVE.
| | ALL ARITHMETIC CAN BE PERFORMED ON A TO PRODUCE AN A. TiERE ARE
» SEVERAL FUNCTIONS PROVIDED WITH THE ASSEMBLER THAT CAN BE USED
~ AS A INSTRUCIION OPERAND. THEY ARE
~ X mEx
» 0 'OCTAL"
L EXPRESSION
) A
N . ' .
(ROTE: THESE EXACT NAMES, X, O AND L, ARE UNDERSCORED WHEN YOU -
o WRITE THEM.) X TAKES A OUOTED ARGUMERT THAT IS A UEXADECIMAL
v 0 NUMBER. Q. TAKES A OQUOTED ARGUMENT TUAT IS Al OCTAL (BASE-8)
UMBER. "L~ TAKES ANY EXPRESSION, PLACES ITS VALUE IN A LITCRAL
| POOL, AND RETURNS ITS LOCATION IN THE POOL. (SEE LTORG.) A
- GIVES THE LOCATION COUNTER VALUE OF THE FIRST WORD OF THE
‘ CURRENT INSTRUCTION.
2, | All ABSOLUTE-EXPRESSION) IS AN EXPRESSION THAT IS NOT RELOCATABLE
, OR EXTERNAL. -~
v o . ASGEMBLER INSIRUCTIONS: ~---===-=-
(LABEL: 1 QRG EXPRESSION :
- .
, 4 SET THE LOCATION COUNTER 10 THE VALUE OF “EXPRESSION™. IF
N LABEL™ IS PRESENT, ASSIGN IT THE VALUE OF THE LOCATION COUNTER
’ AS IT WAS BLFORE THE ORG WAS ERCOUNTERED.+
- | LABEL EQU EXPRESSION
~— -
» ASSIGN TO THE "LABEL™ THE VALUE OF THE “EXPRESSION™.

IBM INTERNAL USE ONLY
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OPERATING INSTRUCTIONS FOR THL GFI‘/EI?AL ASSEMBLER

- BXLR "[LABEL\, 1! ' o i

-

DEFINE EACH OF THE LABELS APP TJARING IN THE OPERAND LIST TO BE
EXI"’R[JAL Al EXTERNAL LABEL IS5 ONE WHICH WILL HAVE ITS VALUE
DLFINED IN SOME OTHER PROGRAM MODULE (SEE ENTRY.)  IF ANY OF
THE LABELS THAT APPEAR IN AN EXTRN OZ’E'RAIVD ARE DEFINED IN THE
CURRENT PROGRAM, THEIR PRESENCE IN THE EXTRN WILL BE IGNORED.
EXTERNAL LABELS MUST (10T BE LONGER THAN © CHARACTERS.

(NOTE THAT THE OPERAND OF AN EXTRN IS QUOTED.)

ENTRY [LABEL\, ]

!

ALLOW THE LABELS IN THE OPERAND LIST TO BE KNOWN BY OTHER
PROGRAM MODULES . (SEE EXTRN.) " THE LABELS IN THE OPERAND LIST
MUST BE DEFINED Il THE- CURRENT PROGRAM.

[LABEL:] DS ABSOLUTE-EXPRESSION
DEFINE SPACE. TidE LOCATION COUNTER IS ADVANCED BY THE NUMBER OF
WORDS CALCULATED BY ~ABSOLUTE-EXPRESSION . IF A LABEL IS
PRESENT ITS VALUE IS ASSIGNED AS THE LOCATION OF THE FIRST WORD.

(LABEL:] Q_C [(EXPRESSION\,]-
DEFINE CONSTANT(S). EACH EXPRESSION IN THE OPERAND IS EVALUATED
AND ITS VALUE IS PLACED IN ONE WORD. VALUES MAY BE RELOCATABLE
OR ABSOLUTY. IF A LABEL IS PRESENT, ITS VALUE IS THE ADDRESS OF
THE FIRST CONSTANT. ‘ '

LTORG
THIS ASSEMBLER INSTRUCTION FORMS A LITERAL POOL IWHERE IT IS ,
FNCOUNTERED. LITERALS APPEAR IN THE OPERANDS OF MACHINE AND DC
INSTRUCTIONS. THEY TAKE THE FORM )

L EXPRESSICN

AS- EACH LITERAL APPEARS, ITS EXPRESSION IS EVALUATED. THE VALUE :

" IS PLACED INTO A LITERAL POOL. DUPLICATE VALUES OCCUPY ONE

SPACE. THE LYTORG INSTRUCTION INDICATES WHERE THE LITERAL POOL
IS TO BE LOCATED. LITERALS APPEARING AFTER A LTORG ARE PLACED
IN THE KEXT POOL. THE END INSTRUCTION (SEL BELOW) ACTS AS A
FINAL LTORG INSTRUCTION.

TITLE 'ANY CHARACTER STRING'

THE OPERAND IS USED AS A PAGE TITLE ON SUBSEQUENT PAGES OF TUE
ouTrPUT LISTING. (THE FIRST TITLE WILL BE IN LFFECT ON THL FIRST
PAGE , NO MATTER WHERE IT APPEARS.)

EJECT NUMBER

IF THERE ARE LESS THAN “NUMBER™ OF LINES LEFT ON THE CURRENT

'

- 10 -
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OPERATING INSTRUCTIONS FOR THE GENERAL ASSEMBLER

PAGE OF THE LISTING, EJECT TO THE NEXT PAGE.

- ~SPACE NUMBER . . .
v SKIP “NUMBER™ OF BLANK LINES ON THE CURRENT PAGE, OR 70 THE' E'ND
OF THE PAGE, WHICHEVER OCCURS FIR
D, THE END INSTRUCTION MUST APPEAR AT TUE END OF EACH SOURCE
PROGRAM. (IT IS AUTOMATICALLY ADDED BY THE ASSEMBLER IF YOU
OMIT IT.) IT ACTS AS A LTORG INSTRUCTION BY DEFAULT .+
” MACHINE INSTRUCTIONS: ==========
*’0 MACHINE INSTRUCTIONS HAVE ONE OF THE TWO FOLLOWING FORMATS.
. B [LABEL:] MACHINE-MNEMONIC
' [LABEL:] MACIHINE-MNEMONIC [EXPRESSION\,]
3 v | THE SPECIFIC MACHINE INSTRUCTIONS VARY FROM ASSEMBLER TO
: /L)”IMBLF/? BUT THEY ALL HAVE THE SAME CENERAL FORMAT SHOWN
ABOVE. TIHE NUMBER OF OPERANDS REQUIRED BY EACH DEPENDS ON THE
o PARAMETERS PROVIDED DURING ASSEMBLER GENERATION. SOME

INSTRUCTIONS MAY HAVE NO OPERAND, SOME MAY HAVE A FIXED NUMBER,

o’/ ‘ AND SOME MAY HAVE A VARIABLE NUMBER OF OPERAND EXPLSSIONS.
INSTRUCTIONS THAT HAVE A VARIABLE NUMBER OF OPERANDS MUST HAVE
AT LEAST ONE.

<

>

”~

-11-
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- . OPERATING INSTRUCTIONS FOR THE (’ LNERAL LOADER

THE PURPOSE OF Tl LOADER IS TO TAKE RELOCATABLE OBJECT PROGRAMS

- A5 PRODUCED BY ASIU!R AND COMBINE THEM INTO A SINGLE STORAGE LOAD.
: TO INVOKE THE LOADER ENTER :

- LOAD o

\ WHERE "o STANDS FOR SOME DECIMAL NUMBER THAT WILL BE THE
o LOCATION INTO WHICIH TiE FIRST PROGRAM IS LOADED. (YOU CAN USE
o THUE FUNCTION "X~ 70 SUPPLY A HEXADECIMAL NUMBER. -- VIZ. “LOAD
X 3cu"'.) . '

OlCE YOU CALL EOAD YOU WILL BE PROMPTED TO ENTER THE NAMES OF
IHE PROGRAMS TO BE LOADED. YOU ENTER ORE OR MORL NAMES
- : - SEPARATED BY BLANKS. IF ALL OF THE NAMES WILL 1OT FIT Il A
SINGLE LINE, END THE LINE WITH A BLANIK AND YOU WILL BE PROMPTLED
TO ENTER MORE NAMES. WHEN ALL OF THE PROGRAMS ARE LOADED, THE
: NOMBER OF THE NEXT AVAILABLE LOCATION WILL BE DISPLAYED. IT IS
\O NOT NECESSARY TO LOAD ALL OF THE PROGRAMS AT ONE TIME. YOU CAN
ADD ADDITIONAL PROGRAMS LATER.

C

LOADING AT LOCATION ZERO (0) AUTOMATICALLY RESLTS THE STORAGE
) ' AND EXTERNAL 5Y!BOL TABLE TO EMPTY. IF YOU WANT TO LOAD AT ZERO
>, _ , WITHOUT THIS RESET, USE THE NUMBER‘_l (NEGATIVE ONE).

THE OBJECT STORAGE IS THE APL NUMBER VECTOR “1EMN". IT WILL
BECOME AS LONG AS NECESSARY TO CONTAIN THE LOADED DATA. TIUE
FIRST ELEMENT OF Mist! IS LOCATION ZERO _(0) OF THE TARGET MACHINE.
EACH ELEMENT OF MEM WILL CONTAIN ONE “WORD™ (AS DEFINED BY THE .
“GENASM™ PROCESS).

N

THE RELOCATABLE LOADER HAS TIE TASK OF RESOLVING ALL EXTERNAL
LABELS. WHEN ALL OF THE PROGRAMS ARE LOADED, UNRESOLVED LABELS
ARE DISPLAYLED IF THERE ARE ANY. YOU CAN GET A LIST OF ALL

. a EXTERNAL LABELS AND THEIR VALUES BY ENTERING “SYMBOLS™ . YOU CAN
w L ALSO GET A DUMP OF THE LOADED STORAGE BY ENTERING ‘

O L DUMP o w

ki

IERE LOCATIONS « THROUGH « ARE TO BE DUI'PED. THE DATA DUMPED
o . WILL BE DISPLAYED IN THE SAME FORMAT (NUMBER BASE) AS IN THE
& ASSEMBLY LISTING.
-’
&
‘\J -
- ' | -12-
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: CENASM PALM
. DO YOU WHANT ERROR CHECKING? Y
N MHACHINE NUMBER BASE: 2
"DIGITS/HORD: 16 - : . .
ADDRESS UNITS/WORD: 2
. DIGITS Iil MAXIMUM ADDRESS FIELD: 16
" DISPLACEMENT FIELD (SIGHN AND DIGILS, IF ANY): 8
S THE FOLLOWING DEFINES THE LISTING FORMAT -
‘ DISPLAY NUMBEER BASE: 16 ’
NUMBER OF WORDS/LINE LISTED: 4
LINES/PAGE IN LISTING: 66 :
STAIUDARD HEADING IS: LOC WDl ND2 WD3 iWDu
YOUR HEADIRG IF DIFFERENT: B
> ALU 4,03 4,VD1; 4,ND2; 4,0P '
MOVE 4,03 4,WD2; 4,ND1; 4 ,[VEX ND3:0
SHF 8,E0; 4,ND; 4,0P : ~
IND 4,0P; 4,VD1; 4,ND2; W,MMEX ND3:0
DIR 4,0P; 4 ,ND1; 8,L.5%ND2
IOR 4,0P; 4, ATAD1; 4W,0D2; W ,MMEX ND3:0
JMP 4,Cy W, ND1; W, ,ND2; 4,0P ’ ‘
JMPL 4,Cy 4, UD; 4,05 4,0P
ALU(('FTA Fy GETR 17, ADD51 A; ADDS2 By SUB 93 ADDB 8; ' -
XOR 73 OR 63 AND S; LTI D; ", C)
SUF(SUFTR C; ROTR Dy SKR3 E; SRR4 F)
IND(LDIT Dy STHI S; LDBI 63 SUBI 7) :
DIR(LDHD 2 STHD 3y EMIT &3 CLRI 93 ADDI A; SETT B;
SUBI F; CTL 1) '
IOR(PUTR Wy GETB E)
JMP(JALLM Sy JEN 23 JHAM 7y JHE 93 JHI 83 JHL Ay JSM E;
JHSNM Fy JLE 03 JLO 1; JHOM 6; JSNM D)
JMPL(JALL %3 JNO 33 JSB B3 J5N C)
3R /ND=1/ 4,10 15 FWB ND; 4,03 D,ND-1
. CLS-1,/S: 16,D008; A,ND .
~ BRCN /liD=3/ 4,C; 4,ND1; 4,ND2; 4,0P2; 4,10 15 F¥B WD3; 4,03 D,ND3-1
v ‘CLS-L/S: w,Cy 4,ND1; u,[/D2; 4,0P1; 16,4004; 16,D008; A,ND3
- > BRCN(BRALLM 5 Dj BREQ 2 Ay BRHAM 7 Fy BRIE 9 13 BRII 8 03
G = BRHL A 23 BRSM E 63 BRHSNM F 73 BRLE 0. 8; BRLO 1 93
> BRINOM ©& E3 BRSIM D 5) ‘ A
> BRCN1 /ND=2/ 4,C; 4,ND1; 4,03 4,0P2; 4,10 15 FW/B WD2; 4,03 D,ND2-1
CLS-L/5: 4,C; 4,ND1; 4,03 4,0P1; 16,4004 16,0008; A,ND2
T JPCNl(BHALL 4 Cy BRNO 3 By BRSB B 3; BRSN C'4)
. .. ‘
- " NAME- FINAL ASM W5:

N A A A A A A A

01/20/77 11:31:55

v
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Y

- v ALU OP o .

‘ [1] -+PA5S2/41 . | ,

g (2] LCXC''pLVALLC; 1«2 ‘ ~ 01/20/77 11:31:55
[3] >0 » . . . . o
(4] Al:>(2=pliD<,ND)/A2 IBM INTERNAL USE OULY

[5] HD+~LER ERR(244£D) ,1
[6]1 A2:LMIT POK PACK 0 ND( 01 1, 0P
v

v BR ND;LC
[11  LC«''pLVATLC
(2] +DASS2/A2
[3] =>(0«ppPASS52)/A1
(4]  LCX[LC;)« 2
[5] +~SLILCI«1
[6] A1:255 CKREACH O

' 0710
(81 A2:>(1=piD+,D)/A3
<:> [9]  UD<LER ERR(141D),1

(107 A3:>(2=LCX[LC]) /AU

[11] EMIT P2K PACK( 10 15 FWB ND),0,|DISP ND-1

(12] -0 _ .

[13] A4:EMIT 53256,1 RELOC WD ' : - -
v .

: V BRCN OD3LC
C[11  LC+"'oLVALC
(2] -=DPASS2/42

\o’ [3]1 ~(0=ppPA5S2)/41
[ul  LCXTLC;)+ u 8.
(5] . ~~3LLLCI+1
(6] A41:255 CKREACH 2
[7] -0

(8] A2:>(3=pllD«,ND)/A3
(9] ~WD<LER ERR(34UD),1
, [10] A3:>(u=LCX[LC])/Au
~ (11 - EMIT(POK PACK 12 ,NDC 0 1 1,0P(1]),P2K PACK( 10 15 FW/B ND[2]
<:> S ),0, |DISP Np(2]-1 ,
(12] -0
[13] AU : EMIT (POK PACA 12,0pC 0 1 1,0P[0]),40964,53256,3 RELOC NDI
v

. V.BRCN1 OP;LC
(1] LC«'"'oLVHLC
(2] =DA552/42
(3]  »(0=2pplASS2)/A1
(4]  LCXLLC;)+ 4 8
(5]  >~SLILCI«1
(6] A1:255 CKREACH 1
[7] =0
(8] A2:>(2=plD+,ND)/A3
(91  UD<LER LRR(244D),1
: [10] 43:>(u=LCX[LC]) /AL '
et . [11] EMrr(rok PACK 12,0D[01,0,0P(11),P2K PACK( 10 15 F/B ND[1]),
0, |pIspP Npl1]1-1

[12] -0 '
+[13) Au:EmMIT(1POK PACK 12,100017,0,0P°701),40964,53256,3 RALOC ND(1]

\"'..:",;.S)! Rl N A o .‘5,)?‘\,-_'
I L W




v DIR 0P

’ (1]  =DPASS2/41 !

. o [2] LOXT''eLIATLC; 2 | . 01/20/77 11:31:55

N (3] -0 . :

S (4] AL:+(2=plD< D) /A2 } | I8N INTERWAL USL ONLY

(51  [D<LER ERR(2+HD),1
(6] A2:LMIT P2K PACK 0P,ND[0],10.5xHD(1]
B v/ .

v IND OP : -

(1] -PASS2/A1

(2] ch[ "'eLVATLCS ]«2

- (31 =0
(4] A1: ->((3>p'.717)/\2<pNI)*- ND)/A2
(5] WD<LER ERR( 3 2 [2>piD1+iD),1 '

(6] A2:UD+3+iD

(7] EMIT POK PACK QOP, NDr 01 J,MMEX ND[2]
v

o

v I0R OP

(11 -PAS52/4A1

(2]  LCX[''pLVATLC; 1«2

(31 -0 -

(4] A1:>((32plD)A2<pli,1[iD) /A2

(5] ND<LER ERR( 3 2 [2>plDItHD),1

(6] A2:UD<+34+1D

(7]  EMIT POX PACK QP,(1l#DC0Y),MD017,MMEX ND[2]
v

v JHP OP

(1] =PASS2/41
[2]  LCX[''pLVALC; 1+2
(3] =0 '
(4] A1:>(2=plD«,ND)/A2
[51 . WD<LER ERR(24{D),1
[6] A2:LMIT POX PACK 12,Kp[ 0 1 1,07

M/ .

.

v JMP1 0P
(1] +PASS2/41 -
21  Lex['!'pLVt0LC; 1«2
[3] =0
v (4] Al:>(1=plD«,ND)/A2
: (5]  WUD<LLR ERR(1+iD),1
(6] A2:EMIT POK PACK 12,ND,0,0P
. v .

v MOVE KD
[1]). -PASS2/41
C[2]  LCX['"'pLVAILC; <2

[3] =0

(4] A1:>((32plUD)A2<plID« VD) /A2

(51 @D<LER ERR(C 3 2 [2>piDI+iD),1
T [6] A2:lD«341D
\— (7] . EnIT PoZ PACK 0,HDL 1 0 1,MVEX JD[2]

v
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s =
‘. v SHF QP
. [1]1  -»PASS2/41 ,
. (2]  LexU''pLVA(LC; J+2 : 01/20/77 11:31:55
~ [3] =0 » :
(u]  A1:>(1=pND,ND)/A2 ‘ : , IBM INTERNAL USE ONLY
[5]  WD<«LER ERR(1tHD),1 - : = : :
(6] ~ A2:EMIT P1K PACK 224 ,ND,0P
] V X . .
POK :
16 16 16 16 , .
M .
v/ P1y
256 16 16
P2K ' B
16 16 256 A
~’
N -
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- [1]

(1]

(11

(11

(1]
(1]
(1]
(1]
;1]
(1]

(1]

(11

(11

- [1]

(1)

(1]

BRCN

|
ADDB ND  _
ALU 8

ADDI 1D (P)
DIR 10

ADDS1 D (o)

ALU 1{)— S

Apps2iup (0!
ALU 11

)

AND ND

ALU 5

BRALL ND -
BRCH1 4 12

BRALLM ND -
BRCN 5 13

BREQ WD -
BRCN 2 10

BRHAM ND
BRCN 7 15

BRIE 1D
BRCH 9 1

BRHI
BRCN

i)
8 0

BRUL WD
10 2

BRHSHM [ID
BECH

15 7

' BRLE [D

BRCN

BRLO
BRCN

BRNO ND
BRCV1 3 11

Ao ablece 07 <t ana

Ay el Al

~

(1]
1]

(1]

(1]

(1]

(1]

(1]

(1]

(1]

13

(1]

(1]

(1]

(1]

(1]

(1]

JRlopes

v BRNOM LD
BRCI 6 14

V BRSB WD
BECN1 11 3

v BRSM D
BRCH 14 6

v BRSN HD
BRCN1 12 U

Y BRSHM KD

BLRCN 13 5

v CLRI ND  (9)
DIR 9
¢ "’j_‘c’?t’a
Y CTL ND (1)
DIR 1°

v EMIT 1D (3
DIR 8

v GETA BD [®'

ALU 15

Vv GETB D" =)
IOR 14

Y GETR ND 'V

ALU 1u
v urL yp o
ALU 12

v JALL ND  C)

JHPL U

v JALLM D

JHP 5

v JEQ D
JUP 2

Y JHAM ND
JUP 7

RZZ <

v Mooy ﬂblﬂr,(m/bu ,
M i

(4»1 /S

orP-(cb e

(11

1]

(1]

(1]

(1]

[1]
(1]

(1]

(1]

(1]
(1]
(1]

(1.

(1]

(1]

(1]

Iy

JUE ND
JIHP 9

JHI D
JHP 8

JHL 1D
JIP 10

JUSEL WD
JUP 15

JLE 1D
JUP 0
JLO ND
JIP 1

JNO ND

JMP1 3

JKOM D -

JMP 6

7 JSB ND

JMPL 11

JSM D
JMP 14

JSN ND
JHP1 12

JSHE ND
JIP 13

LDBI ND
IND 6

LDHD ND
DIR 2

) LDHI KD

TuD 13

LTH ND
ALU 13 °

)
[
1]
[1]
ReS
[1]
(1]
[1]
[1]
[1]
[1]
[1]

(1]

01/20/77 11:31:55

0el
v OR UD
ALU ©

v PUTB D 4/~
IOR 4

V ROTR ND E[e
- SUF 13
v SETI WD B/-

DIR 11
V SHFTR ND Ele
SHF 12

v SRi3 ND
" SHF 1u

V SRR4 ND
- SHF 15

ap 7

Np 31- .

v STHI ND S/
IND 5

v SUB lD 09
ALU 9

v SUBI §D F/-

DIR 15
v XOR ND 0)7
ALU 7
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. OBJ1+ASMR 'TESTP,L" , :
- LOC WD1 WD2 WD3 WDu | SAMPLE ASSEMBLY , PAGE 1
' ’ X-- 2| EXTRN 'X1,X2! :

- I-- 3] ENTRY A1,A3

0000= 0:4 . - wla " EQU o
0000= 0:R 518 EQU & 4 *
0200:0000 ' 6] ORC X '200!

’ 0200:023F 71A1 GETA 2,3

. 0202:0234 - 8|  MOVE-3,2
0204:0233 9|  MOVE 3,2,2
0206:£05C ' 10|  SHFPR 5
0208: D234 o 11]  LDHI 2,3,”1
0204:3201 o . - 12| STHD 2.3
020(:2303 13|  LDID 3,B+6
020E:2303 14| LDHD 3,A+6 °
0210:46F8 15|  PUTB 6,15
0212:£7B1 16|  GETR 7,11,2 :

~ 0214:C90U _ 17| JALL 9

o C-- | 19| aLONG/SHORT BRANCHES
0216:F019 20|  BR AL .
0218:4017 21| BR A2
0214:D008 043C 221 BE A3 B
0215:0008 0000 23| BR X1
0222:C40C F027 2u|  BRALL u4,A1
0226:C50C A007 25|  BRALL 5,A2

0224:0804 A004 D008 0u3C 26| . DBRALL 8,A3

~ C-- . 28 |pGAP TO TEST BRANCH RANGE SELECTION
0232: 29142 DS X '200"
0432:0001 0002 0003 043C  30]A4 DC 1 2 3 ,A3,L 9
O45E
043C: D008 10200 31|A3 BR A1
04h0:00Q08 0232 : 32| B A2
, 0444 :FOOS 33|  BR A3
: 044630008 0000 3u|  BR X2
é:? OuliAd:C2u5 A004 DOO8 0200 35|  BRALLM 2,4,A1
0u52:0'355 A0O4 D008 0232 36|  BRALLM 3,5,A2
0454:C68D FO23 37|  BRALLM 6,8,A3
045£:0009 ) 38| LTORG
. 0460:0001 0002 0003 39145 DC 1 2 3 -
. . 0u66 1126 uo|  END '
SYMBOL "TABLE
A u 0:4 0000
Al 7 S12:F 0200
A2 29 562:R 0232
A3 31 108u4:/ 0W3C . :
Al 30 1074:]? Ou3?2 : 01/20/77 11:31:55
A5 39 1120:R 0460
B 5 0:R 0000 IB!M INTERNAL USE ONLY
X1 2 0:X 0000
- X2 2 1:X 0001
—/ o . -
L RRORS ¢
13: FIELD OVERFLOW
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;

2 OBJ2+ASHR 'TEST?2 ,L"
: LOC WDl WD2 WD3 D4 | SECOND PROGRAM PAGE 1
N E-- 2|  ENTRY X1,X2
¥-- . - 3| EXTRNV 'A1,A3" A
0000:D008 0000 W|X1 BR A3 .
0004:D008 0000 5|X2 BR A1l
» 0008 8 ' 6| END
' SYMBOL TABLE ' : -
A1 3 0:X 0000
A3 3 1:X 0001
X1 4 0:1 0000
X2 5 4:F 000u
LOAD 0 , SYNBOLS
ENTER OBJECT DECK NAMES ' Al . 0BJ1 512 0200
+0BJ1 OBJ?2 A3 ORJ1 1084 0Qu3C
53 NEXT LOCATION: 1134 (Ou6k) ) X1 OBJ2 563 0233

X2 oBJ2 567 0237
DUMP 0 1134 ‘

0000 THRU O1FE CONTATN 0000
0200: 023F 0234 0233 EO05C D234 3201 2303 2303
0210: u46F8 E731 (904 FO19 A017 DOO8 0u3C D008
0220: '0233 C40C F027 CS0C A007 C804 A0O4 DOOSB
0230: 043C 0000 0000 0000 0000 Q000 0000 0000
0240 TifRU Ou42E CONTAIN 0000
W 0u430: 0000 0001 0002 0003 0Ou3C OuS5L" DOO8 0200
ou40: D008 0232 7003 DOO8 0237 €245 A0O4 DOO8
ou50: 0200 €355 A004 DOO8 0232 C68D FO23 0009
Ou60: 0001 0002 0003 D008 OH3C DOO8 0200

LOAD 0

SYMBOLS
ENTER OBJECT DECK NAMES ‘xn OBJ 2 0 0000
- UBJ2 0BJ1 X2 ORJ2 4 0004
' NEXT LOCATION: 1134 (O46E) Al OBJ1 516 0204

A3 © 0BJ1 1088 0440

O  DUMP 0 1134

0000: D008 0440 D008 0204 0000 0000 0000 0000
;- 0010 TURU O1FE CONTAIN 0000 :

. 0200: 0000 0000 0000 0000 023F 0234 0233 EOS5C
0210: D234 3201 2303 2303 46F8 L7B1 €904 FO19
0220: A017 D008 0440 DOO8 0000 C4OC F027 C50C
0230: /4007 €804 AOO4 D008 OuHO 0000 0000 0000

0240 THRU OW2E CONTAIN 0000

0430: 0000 0000 0000 0000 0000 0001 0002 0003
OLLO: 0440 0462 DOO8 0204 D008 0236 FOOB DO0B
0u50: 0004 €245 A00N DO0E 0204 €355 A0OL D008
0460: 0236 C68D FO23 0009 0001 0002 0003

- : ' 01/20/77 11:31:55 .
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IBMN INTERNAL USE ONLY
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THE FOLLOWING CHANGES HAVE BEEN MADE TO THF 2/1/77 VERSION
OF THE ASSEMBLER GENERATION SYCTELN ‘ :
NOTATION: _ .

(oK) CODELETE LINE N

[4/+] THSERT FOLLOWING LINE 1]

(/] Jalw/ CHANGE ALL o 10 w I LINE I

[W-tt+] MOVE LINE # 10 FOLLOW LINE M

*kx 2/11/77
g DODFLT(9/]) /®/CENPES/
DOFTELDUA7/ ) /%/GENPYS/
DOSOURCE[10/] /72/  1/ADR++/+/
GENERT2/] JHOCK/NOCKVJI[0]=0/ -
LISTALO/]) /0107105000 / -
LISTA(1+] TPW<130
LISTAM13-+9+]
DUNPLA1 16/] /CVA/,CVA/
Enpiw/1 /CvA/ ,CVA/PRT I/PRT ~1/
LoADI16/]) /CVH/ ,CVA/ _
SYMBOLS(3/]) /CVil/0 ~14CVA/-
ALY/ /0e/~0e/ + '
CVAI1/1 JUABT'' o/QIABT/
DOENLI18/1 /REL/MEL/
PR5YIL8/T /CVII/O T14CVA/
X171 /vn1// ‘ .
C LOADT14+] J<LC+ N[ 3] :
y - _,10/10r15+1 A3:>10=pJ«(MEM S I2KL) /J
o K nwzrﬂ« (2pHL) TYLLUEMII+ ~1 0 o,+dJ ]
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