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CYBER CP COMPASS 

STUDENT HANDOUT· 



PROPRIETARY NOTICE 

The ideas and designs set forth in this document 
are the property of Control Data Corporation and 
are not to be disseminated, distributed, or otherwise 
conveyed to third persons without the express 
written permission of Control Data Corporation. 
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back of this manual. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GENERAL OVERVIEW 

COURSE TITLE: CYBER CP COMPASS 

COURSE NUMBER: DA3020 

COURSE LENGTH: 5 DAYS 

DESCRIPTION: 

THIS COURSE INTRODUCES THE STUDENT TO THE COMPASS ASSEMBLY 
LANGUAGE INCLUDING DATA FORMATS, MACRO INSTRUCTIONS AND SUB­
ROUTINE PROGRAMMING AND LINKAGE ROUTINES. 

PREREQUISITES: 

DA2000 OR FA2000, CYBER 70/170 INTRODUCTIONS OR PREVIOUS COM­
PUTER EXPERIENCE. 

COURSE OBJECTIVES: 

UPON COMPLETION, THE STUDENT WILL BE EXPECTED TO WRITE AND 
DEBUG A COMPASS COMPUTATIONAL ROUTINE UTILIZING THE CP INSTRUC­
TION SET, DATA FORMATS, PSEUDO INSTRUCTIONS, PROGRAMMER MACROS 
AND INCORPORATING THE PASSING OF PARAMETERS AND LINKING OF 
SUBROUTINES. 

ii 
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LESSON REVIEW; 

LESSON 1 

INTRODUCTION 

THE OBJECTIVES AND FORMAT OF THE CLASS ARE DISCUSSED. THE 
STUDENTS ARE GIVEN A BRIEF PRETEST TO CHECK THEIR BACKGROUND. 

REFERENCES; 

NONE 

TRAINING Alps; 

NONE 

PROJECTS: 

PRETEST IN STUDENT HANDOUT 

OBJECTIVES; 

AT THE COMPLETION OF THIS UNIT THE STUDENT WILL BE ABLE TO: 

1. LIST THE OBJECTIVES OF THIS COURSE 

2. STATE WHAT SKILLS HE/SHE EXPECTS FROM THIS COURSE. 

1-1 
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LESSON 2 

CENTRAL PROCESSOR OVERVIEW 

LESSON PREYIEW: 

THE COMPONENTS OF THE CENTRAL PROCESSOR AND HOW AN IN­
STRUCTION IS EXECUTED IS DISCUSSED. IN ADDITION A JOB 
IN EXECUTION IS TRACED THROUGH ITS FLOW IN THE SYSTEM. 

REFERENCES: 

CHAPTER 1 
CHAPTER 2 

TRAINING AlPS: 

VISUAL SET V2 

PROJECTS: 

NONE 

OBJECTIYES: 

COMPASS REF. MAN. #60492600 
CYBER 170 HARDWARE REF. #60420000 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL'BE 
ABLE TO: 

1. DESCRIBE THE FIVE PHASES OF A JOB IN THE SYSTEM. 
2. EXPLAIN THE CONTROL POINT. I 

3. LIST THE COMPONENTS AND THEIR FUNCTIONS OF THE 
CENTRAL PROCESSOR. 

4. EXPLAIN HOW AN INSTRUCTION IS OPERATED ON BY 
THE COMPONENTS OF THE CENTRAL PROCESSOR. 

2-1 
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MODEl. 171 SYSTEM 

Th. model 111 basic computer .ystem meure 1-9) 
has a aerial CP-O with • aerIal CP-l option. Each 
CP contains 1arle and small arithmetic aeetions. in­
struction control. and a compare/move unit. The 
CPs communicate with each PPS and ECS. it in­
stalled. throuih CM. eM ia under control ot the 
CMC. 

If the optional ECS is installed. tt prOVides addi· 
tion.al memory capabilities. Inort ace ... times, 

L.,UGE 
&IUTMII£TIC 
SECT 1011 

~---- - ---- - ----- -----.., 
I 

£aTENO[O :0-£ STOllloGE 
S..eSTSTEM 

I 
I 1. ____________________ ..J 

(£1 
I 

IIOTtS 

o ~,()Ioo41. IQU''''''''. 

and last ~ansler rates to and trom CM. 

The PPS-O ~rCorms all 1/0 operations and uses 
an instruct.ion let .eparate Crom that of the C"P ttl 
eXf'eute independent programs in each o{ 10 PJ.'ii. 
The PPs have individual memories and communI­
cate with each other and any o! 12 I/O channels. 
The PPs may be expanded from 10 to 14.17. or 20 
by adding PPS-l. This option apands th. numb .. r 
ot 110 channels trom 12 to 24. 

.--------, 
a CENTIlIoL. 
a _MOIIT 

'. I 
c:tNT"AL 
STOIIAG[ 
UI .. T -0 

, 
L.. _______ .J 

lAa., .. 

<D '110 "OJI'S AVAlv.I~£ JOII ",S( .' 0''''- S'i'S'11IIIi> 011 D'$11Iueu' 'VI DAU, -A'"S. 

al f"-I "OIITS ... VA' ...... I AS O~IONS '011 VSl If O' .. tll STSUI4. 

@ UTE ..... L DATA C"_"'I~ C:ONVlllfEIIS WA' IE ACDtD , .. ACOIT'ON TO '''OSI , .. ~ _0 ~.,. 
@ 1IfIl''''E''''~ fQU'''' OfT. 
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MODEL 172 SYSTEM 

I Th~ m.odel 172 basic eomputer systt'rn (figure 1-10) 
is functionally similar to modt'l.li1, exct'pt thal thE' 
CP pro\'ides faster operation. The moclt'l 172 also 
bas a second CP option. Basic t'quipment in model 
172 includes a compare Imovt' unit in tht' CP and 
two DCCs in PPS-O. This equipment is availablt' 
only as options in mode I 171. 

. .. 
., 

LARGE SMALL COMPARE/ ~ 
ARITHMETIC ARI'T ..... E·flC MOV£ 

~ SECTION SECTION UNIT 

INSTIIUCTIC* CC*TItOL .. 
4 f 

EC~ 
r 

I COUPi..£R • 1 
,... ---- - ----------- ------. 

I 

I 
I 

's[ .. I -,. • I [':s EeS . 
M[..,.,ClT fi ~ a.;. 01« 5 COOl' RO~L£II I 

I --
0 I 

I 
El'TE'i~~: COIlE S'Tolu:;r -

S~SYST[.., O'S'TRle"Y.V[ ~ I 

OA'A PA"" CD n I , 

- - -- -I-
I 

------------ - -- J 

ONE 110 ~ CHANNEL I Ie! PERIP,,£Cll.. 
7s~ I. PRCCESSOIc ~---...{J';:R~_LE'" ~IIfsSYS'T["-O ,.. 

i , .. :. ~ .. ~~ ~"~,, • 'wo lIe 
CO"~E R-t RS :0«1 .... (I..S 

'~~';~f~T~YPt~ 

"INE I 10 eH ...... CLS 

.. ons 

<D ~.ON"'L lOU'''''' lilT . 

• • 

Original and later model 172 systems have some 
differences tna: result from dt'velopmt'nt of addi­
tiona� t'C!uipment. Figurt' 1-10 represents thE- later 
model'l72 systt'm. ThE' o~igUlal model 172 baSic 
memory has 32,768 "'ords and rt'quires t" 0 incrt-­
ments to reach tnt' 65,536 words of the baSIC 
memory of later model 172 systems. 

LARGE $MAI..L COMPARE/ ~ 
ARI'T"MrTIC ARIT"M[lIC IIIIOVE ~ SECTI()Ij I£CTIOI< UNIT 

INSTRUCTION CONTROL ,; 

~ 
4 

r---------, 
. J eE"'Trc4~ 

I I 
~.~ I :[IIITII:'. 

I 
'I"[M~Y I 

"[MOltT 
I ,. COtlHIO. 

I I 

I CE,,'T"AL i I 

ST~AGt j I 
I II""'T-O I 
I I 
I , 
I ; 

t~ I 

~ 
eE"""l.~ 
s-rc· .. I.:; E I I' 

I U'\"'T-'0 I 
I I 

~-----
. __ -l 

l~ 

YPERIP"ERl._ J 
PflOenSOR 

'l S'i!5SYSTE ... J 

k ... L.':'~~ C.,,,,, CC .. 
TWOIIO COHVERTERS 

E 5 WOfI )000· TYPE ~ 
CHA"'''' I.. EOUIPMENT I 

TEN 110 CKANNEL.S 

<V 1.0 'OIIT~ "V""LAllLf fOR USIIY OT"IR S'SH..s, 011 OI$'''"U''VI OA'", I'.'MS 

(i) 'Mlltl 'OIITS ... V ... IL"'BlI "'S OO'IIOfotS fOIl USI .. OT"ER S\'SIIM!'; 

@ tnf ..... L 0 ... , ... ~ ......... u Cc..vUITI~ MA' It "ODlC ... "'0011100. TO '"051 '" ~ .... 0 ""S.' 

@ PfIt'~fIlAL IOU ........ ' 

Figure 1-10. Mod .. l 172 Computer Syslt'm 
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MODEL 173 SYSTEM 
CP provides taster operation. 

ThP mode-I] 73 basic: c:ompute-r system (flrurp 1-11) 
is func:tionally Sinliiar to model 172, ezc:ept that the 

~I 
I 

LARGE 
ARITHMETIC 
nCTION 

~---------------------

£'-£o;:-£c CORE $TnII"~E 
50.185'5T£III 

'----------------

MIN£ 

NOTtS 

CD 0~I()fo4l EQu'~/ljT. 

I 
I _____ -l 

a:, 1.::' "OIITS A"A'LAIU ~()II uS( •• Ol"EIl S'SlE'ti ()II OISTRIIU"V[ Oh'6 ~A'><l>, 
. G; , .... u 'OAl$ A"A'u.au AS ~IOIIS JOlt US( .., OTHEII S'SlEl". 

~-------, 
I CENT_AL I 
I .£MO_T 

CENTRAL 
$TOllAGE 
UNIT -0 

I 

I I 
~--- ____ .J 

lOO 
EQvl~ .. ENT) 

T£/Ij 1/0 C",,"NELS 

@ lIlElI,.4l OAIA C ....... H COIIVEII1EIIS ..... ' lit ACOEO .... AOOI1.o. TO '''0Sl .... ~-u AHO ~., 
@ ~1I1~tIl4L [Qu ...... "1 

Figure 1-11. Model 173 Computer Systl!'m 
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MODEL 174 SYSTEM 

Th~ mod~1 174 basic comp\lter system (fig\lre 1-12) 
is functionally Similar to model 173, except that the 

system pro\'ides faster operation. Model 174 dif. 
fers basically from model 173 by having a second 
CPo The ECS, eM, PPS, and I/O options ar~ the 
same as for model 173. 

C!IITAAL PRoetsso"'-o CEHTRAL ~RO:fSSO"'-1 

L.ARGE 
""I'THlllrTIC 
Ste'TION 

~---------------------I 
I 
I 

I ECS £ ... ------..:....1 ~ 
COW'TIIO~U:" 

ErTENOED CORE STORAGE 
SUBSTSTEM 

L __ ~ ___________ _ 

@/. ________ .. .;.;I_N,;;,E_X;;;.IO;.;....;CKA;.;.;.._III.;.;N.;;t.;;L.S;..,.J 

"OTlS' 

eD oPTlOIoIAL fOUt"'E",'. 

I 
I 

.J 

~"RGE 
ARI'T"IIIETIC 
IECTIOIi 

Q) '.0 "CJIlS "'V"'I~II.[ JOR USE. I' 0104tll STS1t~ OR DISlRIIU11Vl DA' ... ~""04S. 
(i) ,MIllE[ "OI'TS ... V ... I ...... U ... S D"lo...S FOR USl If 01"[11 S'STEUS. 

f"' -- - - ---, 
I CENTRAL 
I II£I'ORT 
I 
I 

I 
~--- ____ ..J 

EQUI~"ENT ) 

TEN 110 eMlllfNELS 

@ Un""AL DA'. CHA"""tL COOoIVfRTfRS MA' I( ADDED I'" ADOl1l000l TO '1405£ "" Pf'$.O ... ...o ..-s.,. 
~ PfRI,,"fRAL iOUI"'E "" . 

Fl~urp 1-12. Modpi 17~ C"omputpr Systpm 
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MODEL 175 SYSTEM 

The model 175 basic computer system (figure 1-13) 
is functionally similar to model 173 ,nd Its options 
except in the CP. In place of the serial CPo the 
model 17~ CP contains nine functional units. a 'Cen-

tral proeusing unit (CPU), and the CMC. The nine 
functional units operate in paraliel as independent 
speciaUzed arithmetic units, providing madmum 
overlap or instruction retrieval and ell:ecution. The 
basic model 17~ has two CSUs that provide 16 
independent banks of memory. 

~--------
I CUITIIA~ ~ts$OIt -----------------------------. 

I 
I 

llOO~[AN _ t SHIFT j 
10-11, 20-23 
26.l7 43 ' 
INSTil INSTil 

I 

t:1 lFLOATIIt; ~ I LON' It WLTI~T I f DWIO£ ! l :.T ~ II I ~ALIZE lit ADO ADO 

'.,25 30-35 .,ST 40-42 44,45 41 $0-" 
INSTil nrSTIt INSTIt DISTIl IIIISTR DlS'T1I llCS'TlI 

CENT""~ PWOCES .... , UIIIT I 
j j I 

L. ---------- ----- ---- --, 
• r--------------

I I 
P" -- - - ---, 

EC:S M I CENTRAl. I I I :["T".~ 

COU" jJ I MEIIIORT I ¥Elt?ltT 

I I CONTItO.. , I , , I I 

I -, CENT~ 
'--- - ___ ..J 

I ST()jIIACi( 
I ",,'T -0 

~---- - ------------- -----~ 
I I I I I I I I 

~O(TIlA~ I I I 

I~ I 01'1 AGE 
I _/ E::S 

~ 
EC:$ ~ , 

I UNIT - I 
I .. E"O'IT ~ COHTItOI.UII iJ- I I BA".S 
I 1 I 
I <D I I 

'- _______ ..J 

! I I 
I [aTEO/:EO C:OI'IE STnRAGE 

. jes> ! S..eSTSTE" DISTRIBUTIVE ~ I 

I-
I OATA ~AT"<D ,... I . 
I I I 

~--------------- -- -_ ... J 

<:liE I/O 

l- I 4% 2 mANNE~_1 ~EIIIP"E"AI. ~ PEII'P .. £IlAl 
PROCESSOR 

PROCESSOr. ~STSTE"-I ".". r CISP.4. jj -, SUilSYSTE .. -O A1.:> .. ~ COtojTIIO~L.[II . 

J.r . ~.~ c,~: .. .:. ... A-. 

" 
TWO 110 !WC OATA C ....... 

<ill 
c~" .. ! P~! liS 0tAHH£r.S TWO 110 COHv£~T£"S (i)" 
(~O" lOC:-Ty,"£ @ CKANNEL.S (FO'I )000- TYPE@) 
fOul .... E"T I EOUIPMENT) 

.,NE 110 C"A"NE~S TEfil 110 CMANNELS 

"Oft~ 

CD O .. TlO ..... L lOUI .... "" 

(i) 1.0 "'OIITS A"AILA8Ll FOIl ust IT 01H£1I SySTU6 OIl DIS1111"'''Vt DA'A PA'HS 

Q, 1oo1lU OI()II'!o "'''A'loAk' A' ~IC-05 FOIl USl IT 01HtII SYSTU6 

o U'f"""'L OA' ... CHA_tL CC-OVflllt~ _y • ADDlD I" ADDIfIC-O TO THOSf NIl ,Nt ~PS_ 

® "III~fll""L lOUI ...... ' 

(§) OIOIIC-O ... L tOUI ...... ' Felli YOOHS ,,.... _0 1M NO' AVAILAall FOIl YOO(L ,rr.c 

Figure 1-13. Model 175 Computf'r System 
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MODEL 176 SYSTEM 

The model l'16 basic comp\lter system (!ir'oJl"e 1-14) 
is tunctionall,· similar to model 175 in the areas of 
the CP anc PPS. Model 176 differs basically from 
model 175 in th~ \I.~ or- an l.CME option i:l th~ basic 
system instead of havin. an ECS option. The CM is 

r----------------I cz.ta, ~SSOil 
~~ 

L. ____ _ 

~t CORt 
.E_OItT 

"Tt .. '11III 
.... e 
COkTaol. 0 

G 

l -r1i~;;~i ;A.' Ii -·.1 
r. "~J,;~:."~'~ ~~LI. 
\Ii. l4t ..... ( .. ", ~ I .... t lID c. .... t., 

II"'U 

Q)",",·'_I~'" 

.till optionally expandabl~ but does not have ae-parate 
CSUs as in other models. The CM and L..C~n; each 
contain their own control f\lnctions. Other major 
d!!!er~nce~ int::l\ldt' the option of add in. from" to a 
total of 13 PPtJs, an I/O multiplex~r. and a logic 
.canner to permit PPS comm\lnication with the PP'l:s. 

-------, 

_ _____ " ___ J 

Q) ~·c ,. cooo ...... , , .... or" .. ot .. ' .... u Ot t. It:' _" _. 'AC .. _Ii U_I to 12." to 
II." .0ll.I~ 

(iJ ~It lc. '000''''''~ ) _ ~I lOt Ot' .... u 01 K' ' .. _" eoo.o ..... 0 " ...... _1 '0' DO. _", .. or ... 
..... i or ",1 .... c.D~ ....... 

(!) _._, .... ,. '_I, eoor",e" .. _ •• ADDle ""_U" TO ~ _ ~., 

(i) ........... ,~ ... 
til AIID'ltOO,,'" ,, ___ OI:l __ ,t, _ Cl"ttOOt ... 

<V DOW C __ IL ",. _f ..... Co-uotleA"~ ... e 00d C __ , IIOt &oSlO 
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Functional Unit in Central Processor 

Unit Function 

Boolean Basic logical operations or transfer, logical product and sum, 
and logical d.i.1'ference. 

Shift Basic shi1"ting operations. ~ft circular shi1'ts, right end-off 
sign extension, plus the floating point work of normalization, 

. pack and unpack. Also provides the mask generator. 

F .P. add Floating point addition and subtraction 

Fix add One's complement addition and· subtraction on 6~bit fixed point 
numbers. 

Multiply noating point mltiplication 

Divide Floating point division 

Increment One's complement addition and subtraction of lS-bit numbers. 

Normalize Places a word in normalized format. 

Pop Count Count the number of· one bits in a word. 
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CENTRAL PROCESSOR REGISTERS 

A EIGHT IS-BIT ADDRESS REGISTERS 

PREVIOUS COMPUTERS USED SINGLE-ACCUMULATOR DESIGN. 
IN THE 6000 DESIGN THIS WAS INEFFICIENT FOR LENGTH 
OF INSTRUCTION (15 OR 30 BIT) AND FETCH TIME ••• 

SECOND PROBLEM WAS SINGLE-ADDRESS PROCEDURE THAT 
IMPLIES SINGLE ACCUMULATOR. 

ADDITIONAL CP REGISTERS SOLVED PROBLEM 

AO - USED FOR COMMUNICATION WITH ECS 

Al - AS - USED TO 'LDA' FUNCTION, LOAD ACCUMULATOR 
WITH INFORMATION FROM MEMORY. 

AS, A7 - USED TO 'STA', PUT INFORMATION BACK INTO 
MEMORY 

B EIGHT IS-BIT INCREMENT REGISTERS 

ALSO SAME LENGTH AS ADDRESS REGISTERS, CAN BE USED 
FOR ADDRESS, INCREMENTS, COUTINERS, INDEXING, ETC. 

X EIGHT 60-BIT OPERAND REGISTERS 

ALL ARITHMETIC OPERATIONS PERFORMED ON OPERANDS IN 
X-REG. 

CHOICE OF 60-BITS FOR INSTRUCTION PACKING AND FLOAT­
ING POINT PRECISION. 

XO - COMMUNICATION WITH ECS 

Xl - X5 - VALUE OF WORD AT ADDRESS Al THRU A-5 
CONTENTS 

•••• 

X6, X7 - STORE CONTENTS OF X REG, IN ADDRESS A6 OR 
A7 

2-15 



ALL 24 REGISTERS ARE PROGRAMMABLE. 

1. INSTRUCTIONS NEVER ACCESS MEMORY DIRECTLY. INSTEAD, 
CHANGING THE CONTENTS OF AN A-REGISTER CAUSES A MEM­
ORY REFERENCE FOR THE CORRESPONDING X-REGISTER. 

2. X AND A REGISTERS 1-5 ARE USED TO ACCESS MEMORY ••• 
PUTTING A 5 IN A2 CAUSES CONTENTS OF MEMORY LOCATION 
5 TO BE PUT INTO X2. 

3. A AND X REGISTERS 6,7 ARE USED TO STORE INTO MEMORY ••• 
PUT A3 IN A6 CAUSES THE CONTENTS OF X6 TO BE PUT INTO 
LOCATION 3. 

4. BO IS ALWAYS ZERO. 
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LESSON 3 

JOB OVERVIEW 

LESSON PREVIEW: 

THIS LESSON INTRODUCES MACHINE-LANGUAGE PROGRAMMING, 
ASSEMBLY LANGUAGE PROGRAMMING, CODING CONVENTIONS, 
INSTRUCTION FORMATS, JOB STRUCTURE AND A FEW BASIC 
MNEMONICS. 

REFERENCES: 

CHAPTERS 1-3. 10, 11 COMPASS REF. MAN. #60492600 

TRAINING AIDS: 

VISUAL SET V3 
PROGRAM COMPILATION OF DECK 3A 

PROJECTS: 

PROGRAMMING PROJECT #1 
HOMEWORK 

OBJECTIVES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE ABLE 
TO: 

1. WRITE A SIMPLE PROGRAM IN· MACHINE LANGUAGE. 
2. WRITE A SIMPLE PROGRAM IN ASSEMBLY LANGUAGE, 

I • E" COMPASS. 
3. EXPLAIN THE INTERFACE BETWEEN THE ASSEMBLER 

AND THE LOADER. 
4. FIND RESULTS IN A DUMP. 
5. CONSTRUCT A JOB DECK TO RUN AND EXECUTE A 

COMPASS PROGRAM. 
6. USE ARITHMETIC AND INCREMENT UNIT INSTRUC­

TIONS CORRECTLY. 
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!ns::-.l~.ion ': low 

ARITHMETIC 

INSTRUCTION 
WORe 

MEMORY 

Innruction Flow 

Art innruction word is fetched from memory. The amnmetic unit will intar;:tret the 
instruction word and perform ,..quirad operrions. EYerY instnlction is an in~imr 
iftS"tJ"1Jction, i.e., !he operands will be in ,..giS"t8rs Ind the resutu will be wrinl!n to 
"vin:r.s. When I memory rue 'operation (In addrsss to be put in A 1 to AS) or I memory 

- writ:! operation (an address to be put in A6 or A7) is required, • ~n.ster be~n memory 
and the I~prilte X reginar will tlke place. Another instru:tion word is fetched. 

3-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 

• 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
'I 
I 
I 

i I 
I 
I 

INSTRUCTION FORMATS 

15 BIT INSTRUCTIONS 

OP RESULT 1ST OPERAND 2ND OPERAND 
CODE REGISTER REGISTER REGISTER 
~~ J / 

1 5.1 3 1 31 3 I 
ALL ARITHMETIC INSTRUCTIONS AND SOME INCREMENT UNIT 
INSTRUCTIONS ARE 15 BITS. FOR EXAMPLE: 

MACHINE CODE 

36123 
40321 
66200 
56120 

30 BIT INSTRUCTIONs 

COMPASS 

IX1 X2+X3 
FX3 X2*X1 
SB2 BO+BO 
SAl B2+BO 

OP RESULT 1ST OPERAND 2ND OPERAND 
REGISTER CODE REGISTER REGISTER 

r 5'131 3~ / 
18 I 

SOME INCREMENT UNIT INSTRUCTIONS AND ALL BRANCH INSTRUC­
TIONS ARE 30 BITS. FOR EXAMPLE: 

6111000001 

5160001000 

0412000023 

SBI 

SA6 

EQ 

3-3 

Bl+l 

BO+10008 

Bl,B2,238 



INSTRUCTION FORMATS 

IS-BIT INSTRUCTIONS 

6-BIT 3-BIT 
OP CODE OPERAND 

FM I 

3-BIT 
RESULT 

3D-BIT INSTRUCTIONS 

6-BIT 
OP CODE 

FM . I 

3-BIT 
OPERAND 

J 

J K 3-BIT OPERAND 

K 

3-BIT 
RESULT 

I8-BIT OPERAND 
CONSTANT OR BRANCH ADDRESS 
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INSTRUCTION WORD FORMATS 

I 15 I 15 I 15 

I 15 30 

30 I 15 

30 30 

30 I IS I 15 

'60' 
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MACHINE LANGUAGE PROGRAMMING 

I. READ FOUR NUMBERS FROM MEMORY. 

2. ADD THE NUMBERS. 

3. STORE THE RESULT IN MEMORY. 

100 7 7 7 7 7 7 7 7 77 7 7 7 7 7 7 7 7 5 0 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 004 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 5 

77777 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 

105 5 1 1 0 0 0,0 1 0 0/5 1 2 0 0 0 0 1 0 1 

5 1 3 0 0 0 0 1 0 21 5 1 4 0 0 0 0 1 0 3 

3 6 6 1 2~3 6 7 3 4\3 6 6 6 7}4 6 0 0 0 

5 1 6 0 0 0 0 1 0 4/ . 

EXERICSE 1 

DIRECTIONS: WRITE A MACHINE LANGUAGE PROGRAM WHICH WILL 
EVALUATE (A&B)/C WHERE A=2.2, B=3.8, C=2.0. ASSUME THAT 
2.2, 3.8 AND 2.0 ARE IN CORE AT LOCATIONS 100, 101, AND 
102. STORE THE RESULT AT 103. THE PROGRAM STARTS AT 104. 

100 

3-6 
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ASSEMBLY LANGUAGE 

COMPASS CODING FORM 

IN COMPASS THE PROGRAM WILL LOOK LIKE THIS: 

SAl 
SA2 
SA3 
SA4 
IX6 
IX7 
IX6 
SA6 

100 
101 
102 
103 
X1+X2 
X3+X4 
X6+X7 
104 . 

WE STILL HAVE NO WAY TO GET THE DATA INTO MEMORY~ THE 
DATA SPEUDO OP WILL DO THAT. 

. LOCAD DATA -23,4,21,-1 

THE ASSEMBLER WILL ASSIGN AN ADDRESS FOR LOCAD RELATIVE 
TO THE START OF THE PROGRAM. WE CAN USE THAT INSTEAD OF 
100. Now WE HAVE: 

~ .. LOCAD DATA -23,4,21,-1 

SAl LOCAD 
SA2 LOCAD+1 
SA3 LOCAD+2 
SA4 LOCAD+3 
IX6 X1+X2 
IX7 X3+X4 
IX6 X6+X7 
SA6 RESULT 

RESULT BSS 1 

THE BSS SAVED ONE LOCATION FOR THE RESULT. 

IF WE START THE ASSEMBLY WITH IDENT, END IT WITH END, 
AND ESTABLISH STARTING AND ENDING EXECUTION POINTS, 
WE'LL BE DONE. THE COMPLETE PROGRAM IS SHOWN ON THE 
NEXT PAGE. 
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LOCATION FIELD 

BEGIN: COLUMN 1 OR 2 END: FIRST BLANK OR COLUMN 3 NORMAL: COLUMNS 2-9 

CONTENTS: 

I. SYMBOL 
(1-8 CHARACTERS, EXCEPT LINKAGE SYMBOL, 7 CHARACTERS, OR 3 FOR PP) 

2. A NAME 
(A SYMBOL FOR A BLOCK, MACRO, MICRO, OR INSTRUCTION BRACKET) 

3. + 
(FORCES UPPER) 

If, -

(CANCELS SOME FORCE-UPPERS) 
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OPERATION FIELD 

BEGIN: COLUMN 3-29 END: FIRST BLANK, OR COLUMN 29 IE FOLLOWED BY A 
VARIABLE FIELD ENTRY • 

NORMAL: COLUMNS 11-16 

CONTENTS: 

1. CP OPERATION CODE 

2! PP OPERATION CODE 

3. PSEUDO-INSTRUCTION 

4. MACRO NAME 

.~.~~ ••••• ~~ •• ~ •• ~. 
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VARIABLE FIELD 

(ADDRESS FIELD) 

BEGIN: BEFORE COLUMN 29 END: FIRST BLANK, OR COLUMN 72 

NORMAL: COLUMN 18-29 

CONTENTS: (DICTATED BY THE OPERATION CODE) 

1. REGISTERS, SEPARATED BY OPERATOR + - * / 

IX6 Xl+X2 

2. SUBFIELDS, SEPARATED BY COMMAS. 

LXI B2,X6 
EQ B3,B6,ADDRESS 
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COMMENTS FIELD 

BEGIN: AFTER VARIABLE FIELD END: COLUMN 72 
COLUMN 30 IF VAR FIELD IS EMPTY 

NORMAL: COLUMNS 30-72 

CONTENTS: ANY COMBINATION OF- CHARACTERS 
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LOCATION OPERATION. VARIABLE 

IGNORED IDENI 1,~2, OR 3 SUBFIELDS 

- MUST BE 1ST OPERATION OF A SUBPROGRAM 
- CAN OCCUR ONLY ONCE PER SUBPROGRAM 
- IF THE ASSEMBLER IS CALLED BY FORTRAN RATHER THAN BY 

A COMPASS CONTROL CARD, IDENT MUST APPEAR IN COL. 
II-IS. 

- 1ST VARIABLE SUBFIELD --- MUST CONTAIN THE LINKAGE 
SYMBOL WHICH BECOMES THE SUBPROGRAM NAME. 

- FOR RELOCATABLE ASSEMBLIES --- IGNORE VARIABLE 
SUBFIELDS 2 AND 3. 

- FOR ABSOLUTE ASSEMBLIES --- 2ND SUBFIELD DEFINES THE 
FWA OF THE ABSOLUTE BINARY PROGRAM IMAGE. THE 3RD 
SUBFIELD CONTAINS THE ENTRY ADDRESS FOR ABSOLUTE CP 
ASSEMBLIES. 

IGNORED ENTRY LINKAGE SYMBOLS SEPARA­
TED BY COMMAS 

- LINKAGE SYMBOLS ARE DECLARED "TO TH~ LOADER AS ENTRY 
POINTS. 

- EACH LINKAGE SYMBOL MUST BE DEFINED IN THE ASEEMBLY 
AS A NON-EXTERNAL SYMBOL. 

SYMBOL OR 
BLANK 

- TERMINATES A SUBPROGRAM DECK 

BLANK OR LINKAGE SYMBOL 
(TRANSFER ADDRESS) 

- CAUSES THE ASSEMBLER TO TERMINATE ANY COUNTER, CON-
DITIONAL ASSEMBLY, MACRO GENERATION, OR CODE DUPLI­
CATION IN PROGRESS. 

- ALL LOCAL BLOCKS ARE ASSIGNED IN ORIGIN RELATIVE TO 
THE PROGRAM ORIGIN IN THE ORDER IN WHICH THEY WERE 
INTRODUCED. 

- THE TRANSFER ADDRESS DEFINES THE STARTING POINT OF 
EXECUTION OF A PROGRAM WHEN IT IS LOADED. 
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STORAGE ALLOCATION 

SYMBOL 
OR 

BLANK 

ABSOLUTE ADDRESS 
EXPRESSION 

- LOCATION FIELD SYMBOL IS GIVEN THE CURRENT VALUE OF 
THE LOCATION COUNTER. 

- THE VARIABLE FIELD EXPRESSION IS EVALUATED AND THE 
LOCATION AND ORIGIN COUNTERS ARE INCREMENTED BY 
THAT AMOUNT. 

- SYMBOLS IN, THE EXPRESSION MUST HAVE PREVIOUSLY BEEN 
DEFINED. 

- IF ADDRESS EXPRESSION IS INCORRECT, NO SPACE WILL 
BE RESERVED, BUT A FORCE UPPER WILL OCCUR. 

- BSS 0 FORCES UPPER WITHOUT ALLOCATING STORAGE. 

SYMBOL 
OR 

BLANK 

ABSOLUTE ADDRESS 
EXPRESSION 

- IDENTICAL TO BSS EXCEPT THAT BSSZ RESERVES AN AREA 
OF ZERO FILLED WORDS. 

BLANK 
OR 

SYMBOL 

ABSOLUTE ADDRESS 
EXPRESSION 

- SYMBOL IS GIVEN CURRENT VALUE OF LOCATION COUNTER. 
- DATA ITEMS MAY BE OCTAL, DECIMAL, OR DISPLAY CODE 

CHARACTERS, AND MUST BE FULL-WORD VALUES. 
- SEPARATED BY COMMAS. 
- TERMINATED BY BLANKS. 
- LITERALS MAY NOT BE USED. 
- FORCES UPPER. 
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Assembler/Pass 1 

ASSEMBLER/LOADER 

THE ASSEMBLY PROCESS 

The input to COMPASS is COMPASS source code as shown on the previous page. COMPASS 
makes two passes through the source to produce its output - a series of tables 
which will be used by the loader. 

Pass 1 - Symbol Table 

I 
I 
I 
I 
I 

On the first pass, the assembler must evaluate all symbolic addresses and table the 
information so that text can be generated on the second pass. For each program, II 
COMPASS uses 0 as a base address. The loader will have to relocate later when . 
the actual load address is known. 

IDENT ADD 
ENTRY GO . 

LOCAD DA'IA -23,4,21,-1 
GO SAl LOCAD 

SA2 L0CAD+1 
SA3 LOCAD+2 
SA4 LOCAD+3 
IX6 X1+X2 
IX7 X3+X4 
IX6 .X6+X7 
SA6 RESU1.T 
ENDRUN 

RESU1.T BSS ·1 
END GO 

LOCATION 
COUNTER 
POSITION 
COUNTER 

SYMBOl. 

Assembler/Pass 1 

3-18 

ADDRESS TY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

PASS 2 - GENERATED TABLES 
I 
I 
I 
I 
I 
I 

ON THE SECOND PASS THROUGH THE SOURCE CODE, COMPASS 
WILL GENERATE THE TABLES THAT ARE NEEDED BY THE LOAD­
ER. THESE TABLES WILL IDENTIFY THE PROGRAM (PREFIX, 
PIDL), INDICATE HOW THE CORE IMAGE SHOULD BE GENERA­
TED (TEXT), AND SUGGEST THE FIRST INSTRUCTION WORD 

il 
I· 
I 

TO BE EXECUTED (XFER). 

SYMBOL 
GO 
LOCAD 
RESULT 

~------------------~ 

11--___ --1 

Ir---r----_,___--r-----I 
I 1-----+----+-----+------1 

II-----+----+-----+------I 

I 
~--~-----+----~--~ 

I f-----+---+--__+_----I 

I 
I 
I 

L---_~ __ ~ ~-~---~~ -

ADDRESS 
000004 
000000 
000011 

LOCAD 

GO 

RESULT 

IDENT 
ENTRY 
DATA 

SA.1 
SA2 
SA3 
SA4 
IX6 
IX7 
IX6 
SA6 
ENDRUN 
BSS 
END 

3-19 

TY 
E/R 
R 
R 

ADD PREFIX/PIDL 
GO ENTR 
-23,4,21,-1 TEXT 

LOCAD TEXT 
LOCAD+1 TEXT 
LOCAD+2 TEXT 
LOCAD+3 TEXT 
X1+X2 TEXT 
X3+X4 TEXT 
X6+X7 TEXT 
RESULT TEXT 

TEXT 
1 -SKIP-
GO XFER 



COMPASS/LOADER INTERACTION 

DECK STRUCTURE 

JOBADD, T10. 
COMPASS. 
LGO. 
7 
8 

6 
7 

9 IDENT ADD 

8 
9 

• I 

• 
END GO 

JOB FLOW 

JOBADD. 

\ 
\ ", 

'" \ 
/ .)t 

NO.I£ 

CM 

RA+O 
"""""---r--r-'Z"""-f R A + 111B 

'-----....... RA+FL-1 
11 

/ 
/ 

COMPASS PREPARES ALL ADDRESSES AS IF THE 
JOB WOULD RUN AT RA+O. THE BINARY TABLES 
TELL THE LOADER WHICH ADDRESSES MUST BE 
FURTHER RELOCATED. IN THE EXAMPLE, III 
IS ADDED TO EACH ADDRESS BECAUSE III IS 
THE LOAD ADDRESS FOR THIS LOAD. 

DUMP ANALYSIS 

CHECK THE LOAD MAP AND DUMP ON PAGE 3-16 •. NOTICE THAT 
THE LOAD ADDRESS OF ADD IS 111B AND THAT THE RELOCAT­
ABLE ADDRESSES WERE MODIFIED BY THE LOADER IN PREPARA-
TION FOR EXECUTION. 

. 3-20 
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SUA' 
nAG 

NO 
(OU , 
SAl UNP 
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5116 101 
~A" 'tUf 

LI'[RAL LII 1.4,6 
SAl LlnNAL" 
elf II . 
SAl AUf.' 
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PJ SUAI .r Off.'lAG.1 
SA' • Itt 0 
[HORUN 
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AJ -ISYS-
(NOM 

nUf It 
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ISS 
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5 
""OH 

oUA 
SfOAr. " 
l"EPAl 
G(l A LI,[RAL elNO Llf[RAL. 
NOY[ If OYER 
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GO '0 SUAI 

8U"[R IN PROGRAN 
5"011 lINI('G[ 

BSS A' [NO 0' PAOORAM 
NONfA'Al (AAOA 'NUM~r.A' 
rA'Al (RAOA 'l[',(At 

'B4 IlHGU SYMAOL 
UNO(rIN£O SYMROl 

PAG[ 

[NORUH .1 
(NOAUN .1 
(NOAIIN .1 
[NOAUN .1 

LGO, CON'AOL CAAO OU' ,t PLACE 5[C'ION •••• 1 Rrt. MAN. 

O£,AUlt SYMBOLS O["N£O BY COHPA~S. 

ns­
UNP 

CON'[N' 0' LI'[RALS BLOCM. 

II 
n , 
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(RROR COHPA~~ ).5-470. 
rRROR OIR[CTOQ'. 

o TYPE (AROR OP[RATION 'I(LO DaD. 
OCCURR(O ON PAGE~ 1 

U ,ypr [RROA UNOUIN(O S'MIJOl. VALUE '~~"M£O 0. 
OCCURREO ON PAGES 1 

I 'YP[ (ARON LOCATION SY"IJOL BAD. SYM80L NOT O[fIN[O. 
OCCURREO ON PAGES I 

• 'YPE {AROM AOORUS VALUE (JlC[(OS , IELO S Ilh R(~"L T TRUNCUrO 
OCCURRED ON ,AGES , 
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SUSPHOGRAM STRUCTURE 

EEEEEEE 

IOENT 
ENTRY 
EXT 

II .. .. .. 
II 

MAIN 
EEEEEEE 
~XXllXl 

RJ ~~XXXXX 

II .. 
ENORUN 
END . EEEEEEE 

tOENT 
ENTR'l 

XlX,XXXX DATA 
It 
It 

EQ 
ENO 

SUB 
XlXXl1.X 
o 

Main Program 

ROUTINE IS NAMED MAIN 
ENTRY POINT 
~llXlXX IS AN EXTERNAL SYMBOL 
ENTRY POINT OF MAIN RouTINE. CONTAINS 
THE F1RST INSTRUCTION . 

JUMP TO A SUBROUTINE 

STOP EXECUTION 
EEEEEEE IS A TRANSFER ADDRESS 

Subroutine 

RO~Tt~E IS NAMEO SUB 
DECLARt~ ,U.~X1~" AS t.t{ Er .. HU ?'::INT 
DU~Mf ~ORC ~OOlflED BY RJ INST~~CTION 

JUMP TO ENTRY POINT TO LEAvt SUB 
NO TRANSFER AODRESS 

3-28 
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LESSON 4 

INSTRUCTIONS 

LESSON PREVIEW: 

THIS LESSON INTRODUCES EACH GROUP OF INSTRUCTIONS, 
EXCEPT FLOATING POINT, AND DISCUSSES EACH IN DETAIL. 

REFERENCES: 

CHAPTER 8 COMPASS REF. #60492600 

TRAINING AIDS: 

VISUAL SET V4 
PROGRAM COMPILATION LISTINGS OF DECK SA 

PROJECTS: 

PROGRAMMING PROJECT #2 
HOMEWORK 

OBJECTIVES: 

AT THE END OF THIS LESSON THE STUDENT WILL BE ABLE TO: 

1. LIST THE COMPASS INSTRUCTIONS GROUPS, FUNCTIONS 
AND THE ARITHMETIC UNIT THAT EXECUTES THEM. 

2. EXPLAIN INTEGER ARITHMETIC ON THE CYBER 70/170. 
3. MANIPULATE DATA IN WORDS USING BOOLEAN LOGIC. 

4-1 
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SET INS T Rue T ION I 
I~caE~E~I U~II 'I 

SET A REGISTER TO A REGISTER + OPERAND (50) I 
B REGISTER + OPERAND (51) I X REGISTER + OPERAND (52) 
X REGISTER + B REGISTER (53) I 
A REGISTER + B REGISTER (54-55) 

I B REGISTER + B REGISTER (56-57) 

SET B REGISTER TO A REGISTER + OPERAND (60) I 
B REGISTER + OPERAND (61) 

'I X REGISTER + OPERAND (62) 
X REGISTER + B REGISTER (63) I A REGISTER + B REGISTER (64-65) 
B REGISTER + B REGISTER (66-67) I 

SET X REGISTER TO A REGISTER + OPERAND (70) 'I 
B REGISTER + OPERAND (71) 
X REGISTER + OPERAND (72) I 
X REGtSTER + B REGISTER (73) 

I A REGISTER ± B REGISTER (74-75) 
B REGISTER + B REGISTER (76-77) I 

• 
I 
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SET INSTRUCTIONS 

* USE THE TWO INCREMENT UNITS 

* HAVE AN I8-BIT ADDER 

ALLOWABLE OPERATIONS 

SET A 
B TO 
X 

A 
B + K 
X 

X +B 

~ r +B 

30-BIT INSTRUCTIONS 

A CONSTANT USED "AS AN 
OPERAND OR 
A TAG INSTEAD OF A SECOND 
SOURCE REGISTER 

IS-BIT INSTRUCTIONS 

COMBINATION OF 2 SOURCE 
REGISTERS 

* OVERFLOW IS IGNORED IN THE INCREMENT UNIT. 

* ANY OPERANDS COMING FROM X REGISTERS ARE TRUNCATED 
TO 18-BITS BEFORE GOING INTO THE UNIT. 

* OPERATIONS X + X, A + A, X-B, OR X + A ARE ILLEGAL. 
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lOADNR 
STORAGE ALLOCATION. 

AODRESS LENGTH 

• 6 

° 5110000001. 
10611 

I 5160000005. 

6 

. 1160Z41021 
1 OOOOOOOOOOOOOl234S61 
4 2 
6 

COMPASS 3.5-4 JO. 06/21/J. 16.11.41. 

BINAMY CONTROL CAAOS. 

IOEN1 
END 

ENfAY POINTS. 

LOAONA 

ExtERNAL SYM~OLS. 

SYS· 

• 

LOAnNA 
L()AONA 

o· 

IDENI LOADNR 
[NtR, .OADNA 

TAANSfER ADDRESS 

CONPASS 1.5-410. 

LOAD A ~U~OEA fROM C(NIRAL .. EMONy 
INTO A • AEGISTEA -

06/211'. 16.11.41. 

• • 
• • • 
• 

tAANSrrR TH£ NUNnER 10 AN APPROPRIAIE .£GI~'ER _ 
StORE tHE NUMB£A INTO CENTqAL NENORY 

LOADNA 

OAT 

SAl 
OXh 
SAb 
(NORUN 
DAtA 
BSSl 
ENO 

nAT 
xl 
DAI·l 

12145618 
? 
LOADNA 

LOAD THE NU140£R 
TRAHSf[R THE NUNOEA 
StOAf:' NIIMBEA 
TERMINAtF. JOR NORMALLY 
NlI148fA 
PLACE TO STORE NUMorR 
TRANSfrR ADDRESS 

413008 SCM SIORAGE.USED 18 5UTEf4ENTS 
O~OiI SECONDS 

1 SYMBOLS 

LOADNA 
SYHBOLIC AEfERENCE TABLE. 

OAT 
LOADNA 
Svs-

III II 

3 
o 
o 

PROGRAM­
PAOGAAM­
EXTEANAL-

.... 

MODEL 114 ASSEMBLY 

2109 
2102 E 
2111 

.. 
ill,S 
1I09 L 

•• 

6 AEfEAENCn 

COMPASS l.5-UO. 06/2'/J, 16.1'.41. 

'/U L 

III • II. • III III 

PAGE). I 

PAGE 

PAGE 1 

• -- • 



• 

~ 

I 
U1 

• III III 

LOAD HAP - LOADNR 

fVA or tHE LOAD 
LVA.' Of 'HE LOAD 

• • 
III 
151 

TRANSfER ADDRESS -- lOADNR 

PROGRAM ENtAY POINT~ --

PAOGAAM AND BLOCK ASsIGNME~TS. 

'DDNESS LENGtH 

III 

LOAONA 

• - III • •• • • 
06Il"18 16.1' •• ~. 

III 

III 

DAff PNOCSSA YEA LEYEl HAADVAAE COMMENTS 

6 lGO 06/11118 COMPASS 1.5 410 

• • • 
PAGE 

OLOCK 

lO'DNA 
SU.AM 

III 
In 40 SL-SYSLIB 05/16118 COHPASS ].5 .,0 PROCESS SYSTEM REQUEST. 

DUNP 

00111 
00114 

• us CP stCONOS 

51100 00114 10611 46000 
00000 ooono 00011. J~~61 

• 

• 

IllOOR CM sTOA'Gt USEn I 'AULE HOY[ . 

I1MP II ... I I U 

51600 00116 '1601 4'Oll 
ononD 00000 oOnoo oonno 

l0650 0100' OOlll 46000 
noooo 00000 OOOll )~561 

Nrf NOi- (Y81'5-SNI 4LO"A68 05/1511a 
16.ll.41.DONDOl9 fROM ISH 
16.ll.41.IP 00000156 ~OH05 - fiLE INPUJ • DC O. 
16.ll.41.00N. P50.0l1ft.llCT'lll.Hlll(A 
16.ll.4l.COHPlSS. 
16.11.4). ASSEMOLY COMPLETE. 4/]008 SCH US[O. 
16.1'.4). 0.069 CPU SECONDS ASSEMBLY TIME. 
16.11.4).lGO. 
16.ll.44.0MPIIII.II'. 
16.11.44.0P 00000640 ~ONDS -
16.ll.44.H5 3584 ~ORUS 1 
16.ll.44.CPA .Ill SEC. 
16.11.44.10 .618 ~EC. 
16.1'.44.CH 9.160 KVS. 
16.11.44.55 
16.Il.44.PP l.zl. SEC. 
16.1'.44.EJ (NO or JOB. SH 

rlU OUTPuT 
1168 HAll 

.Ill 

.618 

.595 
I.J~6 

• DC 40 
USED. 
ADJ. 
ADJ. 
ADJ. 

DAT[ Obll"" 

.. 
. ,. 

04000 oolll 00000 00001 

• 



""" I 
0'1 

• 

PROGRAM US,s( , 'VI'" Op,·, FIN It.1·It'O 06/lJ/7IJ 16.11.51 PAG[ 

PNOGRA" 1[515[( COUIPU' t 
COMHON IIANSW[AI~t 
CALL SEfS 
PAIN' ,,(ANSW[Rllt.I-I,4t 

5 'OA~A'(I •• ~15 •• 020.t 
fNO 

5£'S 
COI4PA~" 1.5-10'''. 06,l7ln 16.1".~ •• PAG[ 

5fOAAfif. AllOCAtiON. 

AODR(sS L[Net'H PI-.ANY fON,WOl [AROS. 

0 H lOP'" ~f.l«t 

I~ f.NO 

RLOCKS tyPf _OOR[-'S L£NGT" 

PROGRAM- LOCAL 0 lit 

" COHHON 0 It 

SUS 

• 

rNIAW pn'NTS. 

un o· 

COMPASS ).5-" U. 06nu,. ~6.11.~". PAGf 1 

o 
I 

1 

1 

6 

1 

10 
II 
12 
lJ 

o 
14 

~6000 

511000001 II • 
5120000011 • 

5lJOOOOO Il • 
511t000OOU • 

6110200000 
1]6' I 

5160000000 C 
71121 

5110000001 C 
71UI 

5160000002 C 
')l"1 

5 11000000] C 
OltOOOOOOOO , 

0000000000000612]456 
00000000000001~2]toS6 
OOOOOOOOOOOOOI]12}4S 
00000000000006]12]45 

4 

• 
SflS 

Bur 

ANS 

10f .. ' 
(NfRY 
NO 
SAl 
SAl 
SA) 
SA" 
SRI 
5116 
SA6 
sx, 
SAl 
Slit. 
SAb 
SXl 
SAl 
(0 
DAU 
CON 
DAU 
CON 
usc 
OC;S 
(NO' 

caOs 
Sf 15 

Rur." 
'tUf .1 
stUr.l 
IltJf' J 
ZOOOUOB 
ql·xl 
ANS 
'tltXl 
ANS .1 
Rlox] 
ANS·l 
RloXIo 
AN"') 
S£lS 
612]to56B 
161)to568 . 
1112 )It 58 
I.JI2J458 
II 
It 

tol)008 SCH STOUAG[ USED 24 SUf[H£N'S 
0.029 ~fCONOS MOO[L 111t ASSfHRlY 

III • • • III • II III • 

Mrr NBl- cvall5-SMI "Lal/A6a 05/15/1. 
16.ll.55.00NOOMA rROM ISH 
16.ll.55.IP 00000120 ~ORDS - rlL( INPUT • DC 04 
16.ll.55.00N. PSD.Ol'A.1lCfOII A,MILLEA 
16.ll.56.rTN.R-0. 
16.11.59. .101 CP SECONDS COMPILAflON flME 
16.ll.59.HAP,PAAT. 
16.17.59.LGO. 
16.18.0J. 
16.18.01. 
16.18.0] .op 
16.18.01."5 
16.18.01.CPA 
16.18.01.10 
16.18.OJ.CN 
16.18.01.55 

[NO 'U'Uf 
.020 CP SECONDS (.[CUfION 'IME 

00001152 ~O"OS - riLE OU1PUl , DC 4' 
1584 ~ORU5 C 11920 HA. USEDt 

.l'2 SEC. .l'l ADJ. 
1.582 5EC. I.S82 AO~. 

29.51. KVS. I.~ol ADJ. 
1.666 

16.18.0J.PP 6.529 5EC. DArE 06/lUJI 
16.18.0J.EJ(ND or Joa, SH 

" 1 SYHnOLS 
11 REfER[NCES 

• • - .. III • 



.... - III· • ..' .. • .. • • • •. - • • III 
LOAD ·HAP - ,rSf5£' 

r"A or THE LOAD 
LVA.I o~ T~£ LOAO 

III 
115' 

'AAN5r(. AOOR[SS -- '[5fS[T 

PAOGAA .. [NTPY POIN'~ --

PQOOAA .. AN~ BLOC~ ASSIGNM(NTS. 

1l1J 

TunU 

PAOE 1 

DLOCK 

,nun 
S£fS 
SYSAlO­
ISTP.ENOI 
IfCl.C.' 
108.10.' 
QZNTAY­
frel-tNT' 
COMIO­
rel-rOl 
rMfAP. 

AOOR(SS L(NGT" rlL( DAn PRoeSSA V[A L[V(L HARO"ARE CONM(NTS 

rORuno -

Goru­
KOOER­
OUTC­
r[CMSK­
rLToUT. 
'OASYS­
OUT COM­
cMr.Alr 
eMr.csr 
CMH.rr. 
CMr.,Rr 
(MH.A 
tMr.Sl' 
CfttR" 
[RRtJlM 
lIsn"" 
Irol.co .. , 
rOl.R(S 
'Ol."MI 
SYS."" 
II 

III 
ZllO 
lZl~ 

lllS 
l226 
ll"i] 
ll'il 
11'5l 
l~l~ 
l~lO 
14fO 
106' 
Jl15 
Jll6 
1611 
4041 
4110 
"U5 
~ll1 
SIlJ 
'llJ 
Slll 
SJl5 
SJ1J 
5606 
SUO 
6411 
64"i6 
6'5"~ 
6'560 
6711 
'lll 
12'5J 

.11l CP UtONOS 

lon 
I~ 

I 
. I 
n 
n 

lGO 
LGO 

SL-roATAAN 

06111118 'T~ ~.1 "10 
OttllllfA COMPASS J.5 410 
OS/Oli18 COMPASS ].5 410 

o Sl-rOATAAN 05/01118 COMPASS ].5 410 
41 
I~ Sl-rOATAAN 
40 St-rORTAAN 

311 sl-rORT""N 
46 Sl-rO"TR"N 
61 Sl-rOATRAN 

461 Sl-~O"TAAN 
150 Sl-rO"fRAN 

41 SL-rORfAAN 
11'5 Sl-'O"'AAN 
lOl Sl-rORTRAN 
104 SL-roRTR"N 
160 Sl-SYSll8 

6 SL-SYS1l8 
14 Sl-SYSlIB 
16 5l-SYSlIB 

laJ Sl-SYSLIR 
12 Sl-SYSLIB 

601 Sl-SYSlI8 
l5 Sl-SYSlIB 
66 Sl-SYSlIB 
14 

05/01l'8 
0<;/01118 
OS/oU18 
05/01llf! 
OS/01lf8 
0'5/0211f! 
0C;/Ol118 
0'5/01118 
05/01l1ft 
0'i/01l18 
05/02118 
OSIOllla 
05/01118 
05/01118 
05102118 
05/0211& 
05/01118 
05/01118 
05/0l/18 
05/02118 

COMPASS 
eOHP"~S 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
tOHP.55 
COMPA~S 

COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
COMPASS 
tOtfPASS 
COMPA4iS 

l.~ 4'0 
).~ 410 
J.5 410 
1.S 410 
1.5 4'0 
1.5 410 . 
1.5 410 
].5 410 
).5 410 
).5 "'0 
1.5 410 
J.5 470 
).5 410 
1.5 410 
3.5 410 
).5 410 
).5 '-10 
1.5 4'0 
J.S 410 
1.5 410 

111 SL-SY!Llt 
III SL-SYS1I8 

40 SL-SYSlIB 
4 

·0"16,18 COMPASS ].5 41. 

OonooooonnOnOOO?l"~' 

O~/16/78 COMPASS ).5 470 
05/16118 COMPAS~ 1.5 410 

l""""1'1"51~}~S 

161J1 I PROGPAM OPhl 

LINK B[TY[EN SYS-AIO .NO INITI.LlrATION toor • 

rCL INITIALlr.TION ROUTINE. 

COM~ON COOrD "0 ROUT'N($ INO'COHSTANTS. 
rCL .CAP5ULE LO.OI~G 
CRACK APllST .NO rOAMA' rOR KOOER/KRAKER. 
rCL MI~C. UTILITIES. 
LOC.TE AN 'IT GIYEN • "LE NAME. 
OUIPUT rORMA' INI[RPR(T(R. 
rORMATt[D WRITE rORTAAN RECORD. 
INITIALIIE CONSTANTS. 
COHMON 'LOATING OUTPU' CODr 
FORIRAN OBJECT LIBRARY UTILITIES. 
COHHON OUTPUT CODE 
tMM va.1 • ALLOCAtE 'IMEO. 
CHN VI.I • CHANGE SPECS riMED. 
eM" YI.I - 'I.EO rR[E ALOORITHM. 
tHM VI.I • 'R[[ ',M(O. 
C"M VI.I • RESIDENT SUNROUTINES. 
CMM VI.I - SHRINK .T LWI rlxro. 
eRN CONtROLLING ROUTINE. 
CAH [RROR PRocrSSOR ENTRY. 
CRM - ALlOCAT[ SPACE rOR LIST or riLES' 

,A5TOTNAMIC LOADER R(SIOENt. 
rOl N[HORY ~AH.G[R INIERrAcE. 
PAOCESS SYSIEM REQUEST. 

II taRt( MOVU 

11""'11111'15'214~ 

• 
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• 
I 
I 
I 
I 

• • 
I 
I 
I 
I 

• 
I 
I 

• 
'I 
I 
I 

LONG ADD UNIT 

(INTEGER ARITHMETIC) 

ADD A "X" REGISTER TO A "X" REGISTER 

SUBTRACT A "X" REGISTER FROM A "X" REGISTEk 

60-BIT ARITHMETIC 

4-9 



ADD UNIT 

(FLOATING POINT ARITHMETIC) 

ADD - TWO "X" REGISTERS, SINGLE PRECISION OR DOUBLE 
PRECISION. 

ADD - TWO "X" REGISTERS, SINGLE PRECISION ROUNDED. 

SUBTRACT - TWO "X" REGISTERS, SINGLE PRECISION OR 
DOUBLE PRECISION. 

SUBTRACT - TWO "X" REGISTERS, SINGLE PRECISION 
ROUNDED. 

96-BIT ADDER PLUS EXPONENT 
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I 
'I, 

I 
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'I 
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I 

• 
I 
I 
I 
I 
I' 
I 
I 

• 
I 
I 

• 
I 
I 

• • 
I 
I 

MULTIPLY UNIT 

(FLOATING POINT ARITHMETIC) 

FX MULTIPLY SINGLE PRECISION (1ST HALF OF ADDER) 

RX MULTIPLY SINGLE PRECISION ROUNDED 

DX MULTIPLY DOUBLE PRECISION (2ND HALF OF ADDER) 

96-BIT ADDER PLUS EXPONENETS 
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DIVIDE UNIT 

(FLOATING POINT ARITHMETIC) 

FX DIVIDE 

RX ROUNDED DIVIDE 

NO No OPERATION 

CX COUNT ONE BITS 
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I 

• 
,I 
I 
I 
I 

• 
I 

, I 

I 
I 

• 
I 
'I 
I 

• • 
'I 
I 

PS 
JP 
RJ 
XJ 

RE 
WE 

BRANCH UNIT 

(JUMPS) 

TEST THE VALUE OF A "X" OR "B" REGISTER 

TEST THE VALUE OF A "X" REGISTER 

COMPARE A "B" REGISTER TO A "B" REGISTER 

PROGRAM STOP 
Go TO K+BI 
RETURN JUMP 
CENTRAL EXCHANGE JUMP 

READ EXTENDED CORE STORAGE 
WRITE EXTENDED CORE STORAGE 
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• II 

JU"P 

, • • 6:1." 6"." •• n 
I "'''00000 • 

06110.,.00 
1 11110110004 • 

4 .41 ..... " • , '."000000 • 
6 • .0000000. • 

1 61 ........ C 
'11100000' 

10 1l00 ....... 
II •• 00000000· 

• Il 
I 

• 
• 
• 
• 
• 
-• 
• 
(tI'(A 

• 
• 
faau 

• • • 
• • 

• • 
• -• 
• • 

HOLO'OR 

lorN' JUMP 
'NIA' rNIFA 

COMP.s5 J.'i-41O. 06/11". • ••••• l,. 

ILLUS'A.'( VAAIOUS USES 0' JUHP INSf.UCfION 

( ..... PLf I - JUMP "BL( - JUHPS lOON! or fHAf! ROU'INrS 
O(PENDINO UPON fH[ VALU PASSES IN -. 

,,~u , 
SA' ., 
SI1? J 
NG ~1 ••• fAAOA 
G[ AI.Ul.·.[AAOR 
JP ,ABU·RI 

(Q .... OU, IN' 
(Q .IAOU'INI NOf( fHf 'OACING ~Pr.R 
(Q ""OU'INI COULD BE JP "AQU'''.' 

(.,MPL( I - JUMP '0 H[NOAY LOCAl ION HOLO.OR 

~BI 
JP 

HOLoAOR 
Al [OIIIV'L[N' 10 JP 

(.AMPLE 1 - NON INOfl£O JUMP 

JP 
(Q 

Us£ 
ASS 
ENO 

rNn" 
(N'fN 

,OONI , 
f:Nf(" 

(QUIV'UN' 10 
(OUIVAUN' '0 

'.ltl 

J' ".'N"II 
(Q BO.BO.,N"II 

41"" SCM S10R'Of ~(O ,. sunMfNfS '.')4 UCONDS 
, SYMBOlS 

.] P(HA(NCfS MODfL 1'4 '~S(M.LY 

JUMP COMPASS l.'-U'. '6/",,8 •••••• 11. 

SV"OOllC ",,("(NC( faOLE. 

(H'[A 0 PAOGAA"- lill f lIll L lIll lI14 

(ANOR • (In14NU- 2114 UI~ 

tiOlOAUII ° DON 2116 U)" l 
AOU'INO 0 (If(NNlL· Ult 
Aou'INI ° lInAMAl- UI' 
f40Ufltfl 0 unUNAL- lllO 
"ilL( 4 PROGAAM' 1116 lInL 

III • •• •• II • • • • • • 

PAG( 

PAG( ]. 

• • 
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.1 
; 

lI=>­
I 

I-' 
lJ1 

• III • III 

JU"P 
StORAG( AllocaflON. 

AnOR(SS l[NG'M . ., 
II 

• • • • • • • • 
.~',"78 09.00.11. 

81NAMY CONIMOl CAAf)~. 

loPH JUMP 
(N" (HI(1f 

AlOCKS 'YPE AooRU4i UNG,H 

PROGRAM- lOCAL 0 ., 
DON COMMUN 0 I 

[NfAY POINts. 

(NU" 0' 

(llT(ANAL ,'MROLS. 

RoutlNI AOUTINI AotH INO [AAOA 

M,' NA1- CY81'5-5NI 4lB"R'B 05'15'" 
•••••• 1 •• 00N005J rRO" ISH 
'9.00.ll.IP OOOOOl56 VOMDS - fiLE INPur 'DC 04 
•••••• 11.DOH. PSO.Il7 •• 7lC'01IA."ILl(A 
09.10.l'.COMPASS. 
".Ol.ll. A5S(HUlY COMPlftE. 47100R SCH USED. 
0'.00.11. 1.085 CPU SECONDS ASSfMBlY rl"£. 
".IO.ll.OP 10000640 WORDS - flL[ Output • DC 40 
0'.00.11."5 1584 VORUS • 10'52 MAX U5(0' 
O,.,O.ll.CPA ,,09 SEC. .108 ADJ. 
09.00.11.10 .4'4 SE~. .4'4 ADJ. 
09.00.11.(M 1.514 ~W~. .519 ADJ. 
09.'0.11.55 '.101 ••.••. ".P~ l.l'. 5(C. OAt( 06/l"71 
O'.OO.JJ.(J (NO Of Joe, SH 

• • • • 
PAGE 



• II 

JUMPS 
'lORAOl aLlOCAIION. 

JU"PS 

AtoA[SS L[N61" 

• IS 
IS 

81NANY CONIMOl CARhS. 

IP(NI JUMPS 
lNP JUMP 

rNIAY POINIS. 

JUMP 

,.I[AHAl SYMROlS. 

Ct· 

IprN' ,UMPS 
, • .,R., JUNP 

06/111" 'I.S6.tS. 

06/Z'". ".156.05. 

• 
• • 
• 
• 

conE 6'''['161(0 flY VAAIOU~ .,,, .. P INSIAUC"ONS 

• 110,.e'.14. JUMP JP 
fO 
[0 

11.1 

fAO UNCONDIIIONAl JUMP 
I hOOOOOOI"· 

0.0000001 •• 
2 0 1000,,011. • 

) 0411000014. 
UI00"OJ4 • 

4 15100 .... 4' 
1'510000014 • 

15 tUltatO 14 • 
061000081 •• 

6 .UltOOOI4. 

"UOOOO" • , ""'01t'4. ,,.,000014 • 

II 11,,00".4. 
010110." •• 

II 01211001 ••• 
0))10000.4 • 

., 'l6IhUll 
I. 
IS 

• 

• 

• 

• 

• 

• 
lAa 

(0 
IA 

N[ 
Nl 

Gf 
If 
PL 

If 6' 
N6 

HZ 
'A 
Pl 
NO 

rNOAUN 

I'O.I'O.fAR 
,AG 
'AG VOIDS SlACK IN III SVSI[M' 

"I •• O.IAO CDNDlllnNAL JUMP I AfGISlfA (QUAL r[AO 
,,1.fAO 

,,2.81.IAO CONDlllnNAl JUMP I A[OISIf. UNfOUAl '0 I[AO 
"l.fAO 

,,).80.T,0 POSI'IV[ 8 A[OIST,R I[ST 
RO.OJ.IAO 
,,1.fA6 

84.80.1'0 N(6A,IV( a A(r.IS". ,[5' 
AO.04.U6 
A~.lAO 

U.1A6 
.1.fAO 
II.IAO 
.I.IAa 

UN[O"Al IUfO 
(QUAL 7fAO 
pOSItIV[ 
N[6'''V[ 

• R[GUnA 
• A[oISf(It 
• It£OI~f(A 
• A[GISf(A 

Tnt 
TUT 
T£SI 
nST 

1155 I a LOCATION 10 JUMP TO 
P'D JUNP 

.')OOft SC~ SIOAAO[ usrD ]' !UU[M[NfS 
0.041 SECONDS 

1 SYMOOLS 
MOn[l 1'.A5S[M"I" rz AEf[AENC[$ 

III • • - .'. ... • II • . ' 

PlOf 

PAGf 
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• - III • 
JUMPS 

S,""OlIC A['(A[hCE 

JUMP , 
S'fS- 0 
UG I' 

.. • - • .: • • • .i 
COMPASS ).~-4'0. 

HALl. 

PNOG'UM- 1I0l f L/Oft l 
r .nNNAle 1111 
PROGRAM- 1101 lIli lII6 lIlft 

1109 lIll lIll lIZI 
lIlO lIU lII9 lIlJ 

~" N01- CY~I'~-~NI ~l8"R69 OS/IS/'8 
'1.56.01.00N0044 rRO" I~H 
'8.S6.01.IP 00000156 VOMDS - 'IL( INPUt • OC O. 
".~6.01.00N. PSO.Ol'8.11C'01IA,Mlll(R 
08.56.04.COM'ASS. 
'1.56.05. ASSEMBLY COMPLft(. It'1008 SCM USEO. 
01.56.05. ,.091 CPU SECONDS ASS£MBlY 'IM(. 
01.56.0S.0P 000005'6 VOH05 - 'ILE OUTPUT. DC It. 
01.56.05."S 1584 WORUS' '168 MAM USED. 
'8.56.05.CP' .116 SEC. .ll6 ADJ. 
08.56.0S.10 .4'1 src. .4'1 ADJ. 
01.56.05.(M 8.')]1 KwS. .5l0 ADJ. 
'8.56.05.55 1.111 
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BOOLEAN UNIT 

TRANSMIT A "X" REGISTER TO ANOTHER "X" REGISTER: 
OR TRANSMIT COMPLEMENT FROM A "X" REGISTER TO 
ANOTHER "X" REGISTER. 

TRANSMIT A "X" REGISTER AND THE COMPLEMENT OF 
ANOTHER "X" REGISTER. 

TRANSMIT 
LOGICAL PRODUCT 
LOGICAL SUM 
LOGICAL DIFFERENCE 

(AND) 
(OR) 
(EXCLUSIVE OR) 

50-BIT ARITHMETIC 
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BOOLEAN LOGICAL PRODUCT 

THE BOOLEAN LOGICAL PRODUCT IS USED MAINLY FOR MASKING 
PURPOSES. THIS FUNCTION COMPARES TWO X REGISTERS BIT 
BY BIT. IF THE BITS IN BOTH REGISTERS ARE TRUE (I.E., 
SET TO 1), THEN THE CORRESPONDING BIT IS SET IN THE 
RESULT REGISTER. 

FOR EXAMPLE, ASSUME THE FOLLOWING BIT PATTERNS: 

(Xl)=OOOOO • 

(X2)=00000 . 

• • • 

••• 

• • • 01010 11100 

• • • 00000 11111 

BX3 X1*X2 WOULD PRODUCE: 

(X3)=00000 • • • • • • • 00000 11100 

IN THIS WAY A PROGRAMMER CAN MASK OUT A PORTION OF ONE 
X REGISTER BY SETTING ZERO BIT IN A SECOND REGISTER 
AND PERFORMING A BOOLEAN LOGICAL PRODUCT OPERATION IN­
TO A THIRD REGISTER. THE THIRD REGISTER CONTAINS ONLY 
THE PORTION OF THE FIRST X REGISTER THAT THE PROGRAMMER 
WANTS TO EXAMINE. 

FOR EXAMPLE, ASSUME THAT (X1)=0000 0111 2222 3333 4444. 
A PROGRAMMER WOULD LIKE TO EXTRACT THE FIRST EIGHT 
OCTAL DIGITS OF THIS REGISTER AND ZERO-OUT THE REMAIN­
DER OF THE CONTENTS. THIS COULD BE DONE AS FOLLOWS: 

MX2 24 

BX3 X1*X2 

(X2)=7777 7777 0000 0000 0000 

(X3)=0000 0111 0000 0000 0000 

To EXTRACT THE CONTENTS OF THE LOWEST SIX OCTAL DIGITS, 
THE FOLLOWING INSTRUCTIONS COULD BE USED: 

SX2 777777B (X2)=OOOO 0000 0000 0077 7777 

BX3 X1*X2 (X3)=0000 0000 0000 0033 4444 

COMPLEMENTS CAN ALSO BE USED TO CLEAR SPECIFIED AREAS 
OF A WORD: 

SX2 770000B (X2)=0000 0000 0000 0077 0000 

.BX3. ::X2*X1 JX3 ):::0000.0111 2222 3300 4l'44 
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BOOLEAN LOGICAL SUM 

THE BOOLEAN LOGICAL SUM IS USED FOR, INSERTING DATA 
INTO A PORTION OF A WORD. THIS FUNCTION COMPARES TWO 
X REGISTERS BIT BY BIT. IF EITHER REGISTER HAS A 
TRUE BIT (I.E., A BIT SET TO 1), THE CORRESPONDING 
BIT IN THE RESULT REGISTER IS SET TO 1. 

FOR EXAMPLE, ASSUME THE FOLLOWING BIT PATTERNS: 

(X1)=0000 • • • • • • • • 01110 00001 

(X2)=0000 • • • • • • • • 00000 11001 

BX3 Xl+X2 WOULD PRODUCE: 

(X3)=00000 • • • • • • • 01110 11001 

A PROGRAMMER CAN USE A BOOLEAN SUM INSTRUCTION TO EN­
SURE THAT A SPECIFIC BIT IS SET IN AN X.REGISTER. To 
SET BIT 0, THIS PROCEDURE COULD BE USED: 

(Xl)=1111 2222 3333 44445555 

SX2 1 

(X2)=0000 0000 0000 0000 0001 

BX3 X2+Xl 

(X3)=1111 2222 3333 4444 5555 

To SET BIT 59, THIS PROCEDURE COULD BE USED: 

(X1)=1111 2222 3333 4444 5555 

MX2 1 

(X2)=4000 0000 0000 0000 0000 

BX3 X2+X1 

(X3)=5111 2222 3333 4444 5555 
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BOOLEAN LOGICAL DIFFERENCE 

THE BOOLEAN LOGICAL DIFFERENCE IS USED FOR COMPARING 
BIT PATTERNS AND COMPLEMENTING PORTIONS OF X REGIS­
TERS. THIS FUNCTION COMPARES TWO X REGISTERS BIT BY 
BIT AND SETS A BIT IN THE RESULT REGISTER IF THE BITS 
IN THE OPERAND REGISTERS ARE DIFFERENT. THUS IT IS A 
TEST FOR DIFFERENCE. 

FOR EXAMPLE, ASSUME THE FOLLOWING BIT PATTERNS: 

(X1)=0000 . • • • . . . 01110 00001 

(X2)=0000 . . . . . . . 01110 10000 

BX3 X1-X2 WOULD PRODUCE: 

(X3)=00000 . . . . . . 00000 10001 
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THE BOOLEAN LOGICAL PRODUCT IS USED FOR MASKING. 

THE BXI INSTRUCTION COMPARES TWO X REGISTERS, BIT-BY­
BIT. 

IF BOTH BITS ARE TRUE, SET TO 1, THEN THE CORRESPOND­
ING BIT IN THE RESULT REGISTER IS ALSO SET TO I. " 

J - K--+I 

1 1 1 

1 0 0 
0 1 0 

0 0 ·0 

A PROGRAMMER CAN USE THIS TO MASK PORTIONS OF A REGIS­
TER BY SETTING THE CORRESPONDING BITS TO ZERO IN A 
SECOND REGISTER AND PERFORMING THE LOGICAL PRODUCT 
OPERATION. 

THE BOOLEAN INSTRUCTION IS ALSO USED TO TRANSMIT EN­
TIRE WORD" FROM ONE X REGISTER TO ANOTHER. 
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BOOLEAN LOGICAL SUM. 

INSERT DATA INTO PORTION OF A WORD. 

Two REGISTERS ARE COMPARED ON A BIT-BY-BIT BASIS. 

IF EITHER OR BOTH BITS ARE TRUE, SET TO 1, THEN THE 
CORRESPONDING BIT IN THE RESULT REGISTER IS ALSO SET 
TO I. 

J + K~I 

1 1 1 
1 0 1 

0 1 1 
0 0 0 

SPECIFIC BITS CAN BE SET USING THIS METHOD. 
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BOOLEAN LOGICAL DIFFERENCE. 

INSERT DATA INTO A PORTION OF A WORD. 

Two REGISTERS ARE COMPARED ON A BIT-BY-BIT BASIS. 

IF BOTH BITS ARE TRUE, SET TO 1 OR IF BOTH BITS ARE 
FALSE, SET TO O. THEN THE CORRESPONDING BIT IN THE 
RESULT REGISTER IS SET TO O. IF THE BITS BEING COM­
PARED ARE UNLIKE, THEN THE BIT IN THE RESULT REGIS­
TER IS SET TO 1. 

J - K---+I 

110 
101 
011 
000 
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BOOLEAN INSTRUCTIONS 

HERE IS A LIST OF THE BOOLEAN INSTRUCTIONS: 

BX2 Xl BX2 -Xl TRANSFERS 

BX3 X2+Xl BX3 -X2*Xl LOGICAL AND 

BX3 X2+Xl BX3 -X2+Xl LOGICAL OR 

BX3 X2-Xl BX3 -X2-Xl LOGICAL EXCLUSIVE OR 

MX4 12 MASK: SET UPPER BITS 

CX3 X4 . COUNT ONE BITS 

To TRANSMIT THE ENTIRE 60 BITS FROM ONE X REGISTER TO . . 
ANOTHER, THE BOOLEAN TRANSFER INSTRUCTION IS USED. 
FOR EXAMPLE, ASSUME: 

(Xl) 0000 5555 0000 0000 0000 

THE INSTRUCTION BX2 Xl PRODUCES: 

(X2) 0000 5555 0000 0000 0000 

THE INSTRUCTION BX2 -Xl PRODUCES: 

(X2) 7777 21~2 7777 7777 7777 
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LX LEFT CIRCULAR 
AX RIGHT END-OFF 

SHIFT UNIT 

SHIFT COUNT MAY BE IN THE INSTRUCTION OR A "B" REGIS­
TER. A NEGATIVE SHIFT COUNT IN A "B" REGISTER REVERSES 
THE DIRECTION OF THE SHIFT. THE DESTINATION REGISTER 
MAY BE DIFFERENT FROM THE SOURCE RE-G I STER • 

MX FORM MASK 

NX NORMALIZE 
PX PACK 
UX UNPACK 

FLOATING POINT NUMBERS 

ZX NORMALIZE ROUNDED 
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SHIFT INSTRUCTIONS: 

1. LEFT SHIFT, WHICH MOVES BITS LEFTWARD AND END­
AROUND (FROM THE TOP OF THE WORD TO THE BOTTOM). 

. FOR EXAMPLE, IF THE BIT STRUCTURE OF AN X REGIS­

. TER IS: 

11110 00000 00000 . . . . . . . 00011 

A LEFT SHIFT OF THREE WOULD PRODUCE: 

10000 00000 00000 . . . . . . . a 11111 

2 •. RIGHT SHIFT, WHICH MOVES BlTS RIGHTWARD AND BITS 
ON THE RIGHT END ARE LOST AS THE SHIFT PROGRESSES. 
BIT 59' (THE SIGN BIT) IS EXTENDED. 

FOR EXAMPLE, IF THE BIT STRUCTURE OF AN X REGIS~ 
TER IS: 

11110 00000 . . . . . . . 00101 

A RIGHT SHIFT OF THREE WOULD PRODUCE: 

11111 11000 . . . . . . . 00000 
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THERE ARE EIGHT COMPASS INSTRUCTIONS WHICH PRODUCE 
LEFT AND RIGHT SHIFTS. THE FOLLOWING EXAMPLES SHOW 
THE EFFECT OF EACH INSTRUCTION. 

ASSUME THAT BEFORE EACH OPERATION: 

(Xl)=70700 00000 00000 00007 ., 
LXI 6 PRODUCES A lfEI SHIFT OF SIX BITS (TWO OCTAL 
DIGITS). 

/~. ' (Xl) Now=70000 ooono 00000 00770 

LXl-6 PRODUCES A lfEI SHIFT OF 54 (60-6) BITS: THIS 

(Xl) WOULD BE 07707 00000 00000 00000 

AXI 6 PRODUCES A RIGHT SHIFT OF SIX BITS. 

(Xl)~7707 00000 00000 00000 

AXl-b PRODUCES A RIGHT SHIFT OF 54 (60-6) BITS. 

(Xl)=77777 77777 77777 77770 

LX2 XI,BI (Bl)=6 PRODUCES A J.f.EI SHIFT OF SIX BITS. 

(X2)=70000 00000 00000 00770 

LX2 XI,Bl (Bl)=-6 PRODUCES A RIGHT END OFF SHIFT OF 
SIX BITS. 

(X2)=77707 00000 00000 00000 

AX2 XI,Bl (Bl)=6 PRODUCES A RIGHT END OFF SHIFT OF 
SIX BITS. 

(X2)=77707 00000 00000 00000 

AX2 Xl,Bl (Bl)=-6 PRODUCES A ~ SHIFT OF SIX BITS. 

(X2) 70000 00000 00000 00770 
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Booleans and Shifts 
Shift Examples 
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LX3 
AX3 

LX3 
AX3 
LX3 
AX3 

J 
INTO-

EXAMPLES OF SHIFTS 

6 SHIFT X3 LEFT 6 BITS 
6 SHIFT X3 RIGHT 6 BITS 

eBl) = +3 (B2) = -3 

Xl,Bl LEFT, 3 BITS 
Xl,Bl RIGHT, 3 BITS 
Xl,B2 RIGHT,·3 BITS 
Xl,B2 LEFT, 3 BITS 

\ ~-
OUT OF SHIFT COUNT 
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.4 7711 " " un "n " " JI~ 0000 oOtO 0000 0000 0000 a, 0000 000' 0000 0000 0000 ., 0000 0000 0000 0000 0000 

00000 00000 00000 00000 00000 
00054 ,.5"110 01110 000'j4 5 .. ,10 ~1I00 00001 0)110 OOOSS U550 01550 00000' 4'000 
OOOfoO 1'i051 51000 00000 00061 ooono 00100 oooou onool or040 DOOM 0;1600 onool 
toOftft 14071 10000 00000 00000 ooono 00000 00000 OOllO 40000 00000 01000 011111 
OOOJO 14011 '''J~5 00000 00000 . ooono 00000 00000 000110 
OfllOO .. 54000 00000 UIOOO 00001 

00011 onoo 0000 

00000 00000 00000 OtoOO 
0"000 0006} 00000 00011 
00000 00000 40000 00000 

• 



~ 
I 

W 
0'1 

.. 

Sltlr IA f.O~I·ASC; 1.'i-It'Il. Olon7lf8 I".IR.OR. PAC,( 

S 10PA(,r AllocallON. 

ArOA[SS L[Ne,,,t ItI.,AIfY eONI~Ol (A""". 

0 I lorNI <Hlnn 
I (NO ,,"Ir II. 

RLOCMS IYP[ AOIlRr"iS UNC.'H 

PROGRAM- LOCAL 0 " lllflULS- LOf.AL ,. I 

rN'''Y PO INts. 

~HlrfR 0' 

CYHfll lO'AUf" 1."-"10 Olllll"" 1&.1".0', PAG' 
LOAD MAP - ~~I'lB 

EU or lttf LoaD III 
LWA.I or I"f LOAD 120 

lRANsrf" ADDR[SS -- SHIEll III 

PROGRAM (NIA' POINIS -- SHlnD III 

PROGAAM AND BLOCK ASSI6NM(NIS. 
PHOCSSR V£R L(VfL HARDWARf CO .... £NTS 

BLOCK ADDH[SS UN6TH 'Ill OAf( 

SHlftll III , L60 061111" CO"PA~S 1.\ .. ,. 

.001 CP SECONDS l)l008 CM SIoRA6( U\fO 

.. • • • • • • .. • 

.. rr N02- c,oI1S-SNI "L8l/A'8 OS/IS/l. 
1& II 0& 00N06M8 rAOM ISH 
1'·11·06·IP 00000)20 WONOS - 'IL( INPUI ,DC I" 
16:18:06:00N. PSD.0211.lZCI01I AtM ILL(R 
16.18.01.COMPASS. 
16.18.08. aSseMBLY COMPLll(. "1)00& SCM USfD. 
16.11.08. 0.061 CPU SECONDS ASS(MBLY llMf. 
16.18.08.LGO. 0 
16 18 OB [RROA MOOf .00. APDRfSS -00000 
16:IS:09:0P 00000168 wOIfPS - 'IL( OU1Pul , PC 40 
16.18.09."5 )584 WORDS'. 10152 Hal USlDt 
16.18.09.CPA .096 S[c. .096 aOJ. 
16.18.09.10 .611 ~(C. .61) ADJ. 
16.18.09 .C" 9.261 KVS. .S6S ADJ. 

1.215 
16.18.09.55 1'" 
16.lft.09.P' 2.911 SEC. DAI( 06/~ 
1'.IR.09.(J (NO or JOB, SH .. • • .. .. • .. • • 
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lSfSttrf 
StOAAG( ALLocalrON. 

AOOA[SS L[NGtH 

• Jl 

• • • • • 
81~AM' CONTNOl CAAOS. 

10[NI unHrf 
UfO UIS",.. 

(NTAy POINts. 

ISn •• " 14-

(.'(ANAl SYMBOLS. 

.. • .. .. .. • • • • 
PAGE 



1 Ci' sltn (O .. PA .... 1.')- .. 10. 01.1""1 09.00.S'. PAGE 1 

.orNI ,SfStfrt 
tNIAr UI!,Hrt 

I I' 'N""fA IISc;1 IZ 
I .. • )ODI IS'Stt" .... 0 I 

11600 ,.X" 110 
IOJOO HI' 110 , 206 .... LX" 100 U'S' 5 lfiNlf 'CAN. 6 R"S U5[0 44.0Ct'lt-16COECIM'l' 

J 15 lil" 'll 100 UAS' 5'GN.flCA"'. , 8,IS USED ••• OCfAl.-l'COEeIMAl' 
'1160100000 • SAl) AN,,"lA·O 

16 51UOOOOOl • ~A' ,NswlA·I 
10600 "X,. xt) 

IOfOO HXl .0 
J U 106)) Lit. -100 UAS' SIGNlflCAN' 6 BIIS USED llCOC"l.-ZJIOfCIHAll , lIUl AX' -100 lEAS' 5 'GN.flCAN' • AilS USED llCOC"L.-lJCOfCIMAl. 

5160000002 • SA6 ANSW(R-' 
20 5""0100) • SAY ANSWlR-) 

10601 1116 110 
11.l00 IU 110 

II l066. l .... 10.)1 51lDECIMAU • 6410CflU 
1116. All, lO.ll 5210ECIHAU • 64'OCUU 

516000000' • SAil ANswlR •• 
II 511"01105 • SAY ANSWlA.S 

1060' 8116 110 

In" 'Il' 110 
U 10614 LIl6 )2-20 1l10ECIN'U • 1 •• OefAU 

lUI. All J )2-10 IlIO[C'HAU • 14.0CTAU 

,j::o. 
5.,.0000006 • SA6 ANSII[A.6 

I ,. Sl" .... OJ • SAl ANSW(N., 
w 10"0' fUll) .0 
ex> IOJOO DlJ liD 

l'5 lO660 lit. 20-11 -12 • 1611-12. • .lfOf.CIMAU • 6010CfAll 
11160 All' 10-)l -Il • 160-12' • ."OECIMAL. • 6010efAll 

5160010011 • SA6 ANS .. t:R.e 
16 5"'100011 • SAY ANSW(It.9 

10"00 ''''6 .0 
IOJOO ftX, 110 

II 1164. lll, 160-184 -2' • .60-24' • )6'OrCIMAll • ••• OCfAll 
,11'. u, 160-IU -2. • 160-h' • 16l0rCIHAU • •• IOCfAll 

51"'0000ll • SA,. ANSWER." 
11 511000001] • SA' ANCiwllfe II 

",.02.1021 (NOAU" 
Jl (NI) UnHrJ 

unoll SCM nOAa.r uno 45 SUf(MENfS 1 SYMIIOLS 
MOO(l I" ASSEMBLY 0.055 SECONDS 16 AHfA(NCrs 

rsfSHrJ COMPASS ).'i-.JO. PAGE 1 
(NAOA D,N(CIOIn. 

J IYP( (ANON ADDRESS VALUE hcrlDS ,..no Sllf, ffuuLl fPUNCU(O 
O((UHA(D O~ PAGES l 

• .. • • • • • .. .. .. .. • • .. .. .. .. • .. 



.. .. • .. .. • • .. . .. • .. .. • .. .. .. .. • .. 
loau Map - nfSHrf CYArR LO.O[A 1.~-410 06/11118 09.00.-; •• PAGr • 

• 'WA or 'HE LoaD III 
Lwa.1 or 'HE loaD lOJ • ,paN5rr_ AOORESS -- fSTSHrt IllS 

PROGRaM (NTAY POINT, -- fSfSHn 115 • 
• PROGRAM AND 8l0CK A~SIGNMENTS. 

"LOCK _OONnS l(NGTH rILE OaTr PNOCS5R V[R l(V[l HAROWAR( COMMENTS • 
nTSHrf III II lOO 0,.'ilI18 COMPass J.5 410 
sYs.P" 14J 40 Sl-SY5LI9 0';/16118 COMPASS J.S 410 PROCESS SYSTEM A(QUEST. • 

• .015 eft UCONOS IllOOB C" STORAGE USED I faBl( NOV[ 

• 
0I:>-
I 
w 
~ 

'""'" P£lITlV( OMP • II I ,14ft 

'0111 00000 ta040 00000 00000 11711 11171 -"400 (10000 00000 00000 04000 00000 
tol14 11'" 11"4 011000 00000 0111110 0111100 noooo 00000 '''11 11111 11111 11600 00000 00000 00000 04000 

toile nlU onnoO 8ooftO 00000 000n4 onooo noooo 00000 11111 1nn 111" 14000 00000 00040 00000 00000 

""4 "'" n111 "400 00000 4JOfti I PUO 10 'PO 0 10,. .... 21 h4 51600 00111 4MOO 51100 oollt 10MI 10100 

tolJO IOU] lIYll SIMO 00111 Ij 1100 110114 10600 10100 ?06l'." tl164 ,1&00 00115 51100 00116 10r.oe 10fOO 

toll4 l06'. "114 \1&00 0011' SI100 oollO 10"00 10100 10MO '"60 "1600 oolll '11100 IOlll 10&'0 '0100 

tol40 lOflU ll144 ~16110 00111 5UOO Ctoll' l'IMl 41011 l06" 01000 "145 48000 04000 00"6 01000 00000 

OOlu tuoo 000Ct0 00000 00000 o .. oon 0014J noooO 00000 ., 1100 Ol'lJot 0:" to 00148 '54610 04000 001". 4UOO 



lSTSHrl 
~Y"f'OLIC A[rEA(NCl T AALE., 

... SWfA 0 PAOOAA"· 

5YS- 0 (If{ANAl· 
TSTSHrl 14 PAI)GAAW. 

• .. .. • • • 

COMPASCO 1.S-lol0. 

uG] l lIlO S 1116 S un s 2118 
1109 5 i/ I 0; c; lIll S un s 1I]] 

1/42 
2101 ( ZlO .. l 

Mfr NOl- CYRll5-SNI 4LU11H68 05/15118 
0'.00.5l.DON005M rAOM ISH 
0'.00.52.IP 00000]20 .ONOS - flL( INPUT ,DC 0 .. 
0'.00.52.DON. PSD,Oll'.llCfOlI A,MILLER 
09.00.5].COMPA5S. . 
09.00.54. 4 .AANING HESSAG[S IN TSTSHfT 
0'.00.54. ASS[HBlY COHPLlT(. 41]008 SCH USED. 
09.00.54. 0.108 CPU SECONDS ASSEHBlY lIHE. 
09.00.54.LGO. 
09.00.5,..OMPIIII .... ,. 
0'.00.54.0P 00000960 WOADS -
09.00.S4.HS ]584 .OAOS 1 
09.00.5".CPA .162 SEC. 
09.00.54.10 .614 SEC. 
,9.00.54.(M 10"'1 MWS. 
'9.00.54.55 
0'.00.54.PP l.11l SEC. 
".00.54.EJ END Of JOB. 5H 

.. .. .. • 

fiLE OUTPUT 
1015l HAll 

• 162 
• 614 
.661 

1.1060 

• DC 40 
USED. 
ADJ • 
ADJ • 
ADJ. 

DUE 06/21118 

.. .. • 

06111118 09.00.SIt. PAGE 4 

S 21]" S lI40 S 
5 lIJ9 5 

.. .. .. .. .. .. 



L 

..................... ......... .. 
PROGRAM WRITEIT 

1 

5 

10 

INSTffS 

PHOGRA~ WHITEITIOUTPUT' 
CUMMON I"LOCKI ANSWE"IZS' 
CALL INST"S 
f'HHH 101 
DO 10 1:0.,25 
J=I-I 

10 PHINT 100.J,ANSWERII' 
100 FORHATe. ANS •• 12.023' 
101 FOHHAT ClHIl 

END 

STORAGE ALLOCATION. COMPASS 3.6-476. 

ADDRESS LENGTH 

o 
47 

BINARY CONTROL CARDS. 

IOENT INSTRS 
END 

BLOCKS TYPE ADDRESS LENGTH 
PROGRAM- LOCAL 
BLOCK COMMON 

ENTRY POINTS. 

INSTRS 

o 
o 

47 
31 

01/08119 10.21.43 PAGE 1 

01/08/79 10.29.06. PAGE 1 



INSTRS COMPASS 3.6-416. 01/08179 10.29.06. PAIiE 2 

IDENT INSTilS 
ENTHY INSTHS 
LIST -B.-H 

• • 
COMMENT SET - SHIFT - MASK - BOOLEAN - INSTRUCTION PROBLEMS 

• 
• 

LIST S 

0 00000000000000004444 DUF DATA 44448.55558.66668 
1 00000000000000005555 
2 00000000000000006666 \ 

• • EXAMPLE OF SET/BOOLEAN/MASK/SHIFT 
• 

3 00000000000000000000 INSlRS DATA 0 
4 6110033333 SUI 0333338 

6120355555 SHZ 3555559 
5 16612 SX6 Bl·az 

5160000000 C 5A6 ANS 

6 6H0171174 NUMBERI 584 1711148 
16140 51t1 1I4 , 51100011001 C SAl ANS'l 

10 5110000002 • NUH8ER2 SAl BUF'l 

"'" 36111 IXl Xl·Xl 
I 11 5110000002 C SA'l ANS-l 
~ 

"" NUMBERl CX6 Xl lZ 41611 
5160000003 C SA6 ANS-3 

13 5110000000 • NUMBER4 SAl aUF 
14710 SXl Al-ll0 

14 5110000004 C SAl ANS-4 

15 5130000000 • NUMBERS SA3 llUF 
5140000001 • SA4 BUF'l 

16 11634 DX6 X3-X4 
5160000005 C SA6 ANS·5 

11 12134 NUHDER6 au X3-X4 
5110000006 C SAl ANS.6 

20 13634 NUMBER1 BX6 X3-X4 
5160000007 C SA6 ANS-l 

21 104633 NUH8ER8 BX6· -X3 
51110000010 C SA6 ANS-8 

22 20314 NUHBER9 LX3 12 
101ll UXl X3 

5110000011 C SA' ANS-9 



• • •• .. • • • .. • • • • • • • .. .. • .. 
INSTHS COMPASS 3.6-416. 01108119 1O.29.0fh PAaE l 

21 43606 NUMBERIO HJl6 6 
5160000012 C SA6 ANS-lO 

24 sllOeOOOOO • NUMBERll SAl OUf' 
21103 AXI 3 . 10611 OX6 XI 

lS 5160000013 C SII6 ANS-ll 

26 21101 NUMBERll AXI I 
10111 OXl XI 

5110000014 C SA' ANS-ll 

21 7l1000U.6l NUMBERll SXl 463B 
6120000006 saz 6 

30 22621 LX6 1(1,02 
5160000015 C SA6 ANS*1l 

31 6110111174 NUMBER 14 SUI -3 
22111 LXl U.OI 

32 5110000016 C SAl ANS·14 

33 23621 NUMBER15 AI(6 Xl.H2 
5160000011 C SA6 ANS*15 

34 23111 NUMBER16 AX1 JlltBI 
~ 5110000020 C SAl ANS*16 
I 

tI=>o 
w 35 6110000106 NUMBER11 SHI 1068 

1110000007 SXl 1 
36 22111 LXl Xl,Ol 

5170000021 C SAl ANS-ll 
37 23111 NUMBER18 AXl Xl,OI 

5110000022 C SAl ANS*18 

40 43166 NUMBER19 MXl -6 
5110000023 C SAl ANS*I' 

• • EXAMPLE Of' INCORRECT USAGE 
• 

41 5150000000 • NUMBER20 SA5 BUf' 
20560 LXS -12 

10155 BXl XS 
42 5170000024 C SAl ANS-20 

43 5150000000 - NUMHER21 SAS BUf' 
21566 AX5 -6 

10655 OX6 XS 
44 5160000025 C SA6 ANS*ll 

45 5140000000 • NUMOER22 SA4 BUf' 
20442 LX,. 162 

10644 BX6 JIlt 
46 5160000026 C SA6 ANSe2l 



INSTRS 
COMPASS 3.6-416. 01/08119 10.29.06. PAGE 4 

0400000003 • EQ INSTRS 
USE IBLOCKI 0 31 ANS HSSZ 25 47 END 

415008 CM STORAGE USEO 111 STATEMENTS 25 SYMBOLS MODEL 74 ASSEMBLY 0.330 SECONDS 58 REFERENCES 

INSTRS 
ERRUR DIRECTORY. COMPASS 3.6-416. 01/08/79 '0.29.06. PAGE 5 

7 TYPE ERHOR ADDRESS V 
OCCURRED ON PAGES 3"LUE EXCEEDS 'IELD SIZE. RESULT TRUNCATED 

INSTRS 
SYMBOLIC REFERENCE TABLE. COMPASS 3.6-476. 01/08n9 10.29.06. ANS 0 BLOCK PAGE 6 

2110 S illi 5 2/43 S 2153 S ~ lIZ4 S 2/15 S 2146 S JIll 5 3121 5 3/33 5 I BUF 2118 S 1I40 S l/02 S 3/16 S 3126 S l/49 S 
.J:>. 0 PROGRAM- 2/49 S 3/07 S 3/16 S l/54 S ~ lIlO L 2/11 2138 ll41 

3110 5 3/31 5 J/44 S INSTkS 1 PROGRAM_ 2126 2137 J/04 l/51 4/04 L 
UUHUt::kl 210Z E 2/16 L 3/46 6 PHOGRAM. 4/02 tlUHUlHIO ·23 PHOGHA,.,- 21ZZ L 
NlJHIH:.H 11 24 PHOliRAH_ 3/111 L 
NUMIJER12 26 PROGRAM-

3/0,. L 
NUHIJlR1J 27 PROGHA,.,_ 3/09 L 
NUM~lHI4 31 PROli"AH_ 1/13 L 
NUHIllH15 33 PIWGUAM-

3/18 L 
NUHUlHI6 34 PROliHAM- 31ZZ L 
NUHtjlHI7 35 PHOliRAI~_ 

31Z5 L 
NlJIiSlHI8 31 PHOljRAM. lllU L 
NUMtllUI9 40 PROGUAH_ 3/32 L 
NUHulHl l/35 L 
NUHtllHlO 

1(1 PHOGRAM_ 2126 L 41 PHOijRAM_ NUMIJlR21 43 PI/UGH AM- 3/41 L 
NUMUlRZ2 45 PI/UGHAr-t- l/ltb L 
NUHIJlRJ 12 PHOliHAM-

l/51 L 
NIJHUtR,. 2130 L 
NUHblH5 

II P IlO ij H Ar-t- 2/33L 15 PHOliHAH_ NUHIJtRb 11 PHOGHAH_ lIJ7 L 
NUHttlR7 20 PROGRAM- 2I1t2 L 
tlU14tJlR8 2145 L 
flUMBEH9 

21 PHOGRAM- lI4ft L 2l PROGRAM- 2/51 L 

............ • • .......... 



• • • • • • • • • • .. .. • .. • • • • .. 
LOAD HAP· WRITEll 

ritA OF' THE LOAD 
LWA.I OF THE LOAD 

111 
7150 

TRANSfER ADDRESS -. WRITEIT 

PROGRAM ENTRY POINTS --

2224 

WRITE IT 

PROGRAM AND BLOCK ASSIGNMENTS. 

BLOCK 

II:!LOCKI 
"'H TEIT 
INSTRS 
ISTP.ENDI 
IfCL.C.1 
1011.10.1 
OllHRY .. 
IFCL=ENTI 
CUHIO= 
FCL=rUL 
FEirST .. 
fL TOIH .. 
fOIiSYS= 
OUTCOM= 
SYSAIU= 
fECHSK= 
r,.,TAP= 
rOHUTL= 
GETfI'" 
KOUER= 
OUTC= 
IfUL.COHI 
FOL.RES 
fllL.MMI 
CPU.SYS 
C~f.ALF 
CHF.CSF 
CHH.ffA 
CMF.fRr 
CHM.R 
CHf.SLF 
CTUI(H 
t::RH~RH 

LISTSRH 

ADDRESS LENGTH fiLE 

111 
142 

2262 
Z33!. 
2JJ2 
2360 
2~61 
2461 
2521 
2554 
2614 
2b17· 
3130 
3431 
3605 
3b06 
3647 
4226 
4214 
435] 
5024 
5174 
5210 
5421 
5643 
5103 
6063 
6011 
6105 
6l't3 
6357 
6401 
7034 
7061 

31 
2120 LOGO 

47 LGO 
I 

26 
101 

o Sl-fOHTRAN 
40 
33 SL-rDRTRAN 
40 SL-fO.nRAN 

3 SL-FORTRAN 
311 SL-FOHTRAN 
301 Sl-fOIHRAN 
154 SL-fOlHHAN 

I SL-fOIHRAN 
41 SL-fOHTRAN 

357 SL-fORTRAN 
46 SL-fOHTHAN 
51 SL-FOHTIlAN 

.51 SL-FOHTRAN 
150 SL-fOIlTHAN 

14 
211 SL-SYSLIB 
222 Sl-SVSLlU 

40 SL-SYSLlI1 
160 SL-SYSLJB 

6 SL-SYSLIO 
14 SL-SYSLJR 
36 SL-SYSLIO 

214 SL-SYSlIH 
22 SL-SYSlIB 

433 SL-SYSLIIJ 
25 SL-SYSlIB 
67 SL-5YSllB 

CYBER LOADER 1.4-485 01/08/79 10.29.20. PAGE I 

2224 

DATE PROCSSR VER lEVEL HARDWARE COMMENTS 

01/08/79 FTN 4.7 485 
01/08/79 COMPASS 3.6 476 

11/16/78 COMPASS 3.6 485 

11/16/78 COMPASS 3.6 485 
11/16118 COHPASS 3.6 485 
11/16/78 COMPASS 3.6 485 
11/16/78 CUMPASS 3.6 4H5 
11/16/18 CO~PASS 3.6 4115 
11/16118 COMPASS 3.6 465 
11/16116 CO~PASS 3.6 485 
11/1&118 COMPASS 3.6 4115 
11/16118 COMPASS 3.6 485 
11/16118 COMPASS J.6 485 
11/16/18 CUMPASS 3.6 485 
11/16118 CUMPASS 3.6 485 
11/16118 COMPASS 3.6 465 

11/02118 CUMPASS 3.6 485 
11/02118 COMPASS 3.6 485 
11/15118 CUMPASS 3.6 416 
11/15118 COMPASS 3.6 485 
11/15118 CUMPASS 3.6 485 
11/1~/18 COMPASS 3.6 465 
11/15118 COMPASS 3.6 485 
11/15118 COMPASS 3.6 465 
11/15118 COMPASS 3.6 4115 
11/16118 COMPASS 3.6 485 
11/16/78 COHPASS 3.6 485 
11/16/78 COMPASS 3.6 485 

666X I PROGRAM OPT .. I 
SET - SHifT - MASK - BOOLEAN - INSTRUCTION PROe 

fCL INITI~LIZATIO~ ROUTINE. 

COMMON COOED 1/0 ROUTINES AND CONSTANTS. 
reL CAPSULE LOADING . 

CONVEHTED DATA STORAGE 
COMMON fLOATING OUTPUT COOE 
FORTRAN OBJECT LI~RARY UTILITIES. 
COMHON OUTPUT COUE 
LINK BETWEEN SYS=AID AND INITIALIZATION CODE. 
INITIALIZE CONSTANTS. 
CHACK APLIST ANO fO~HAT fOR KODER/KRAKER. 
FCL HISC. UTILITIES. 
LOCATE AN FIT GIVEN A fiLE NAME. 
OUTPUT FORMAT IN1ERPRETEH. 
fORMATTED WRITE fORTRAN RECORU. 

fASt DYNAMIC LOADER hESIUlNT. 
FDL HEMORY HANAUEH INTERFACE. 
PROCESS SYSTEM REOUEST. 
CMH VI.l - ALLOCATE FIXED. 
eMM VI.l CHANGE SPECS fIXED. 
CMH VI.I - FIXEO F~EE ALGOHITH~. 
CHM VI.I - fPEE fIXED. 
CHH VI.I - RESIDENT SUBROUTINES. 
CHM VI.I - SHRINK AT LWA fIXED. 
CRH CONTROLLING ROUTINE. 
CRM ERRUR PROCESSOR ENTRY. 
CRM - ALLOCATE SPACE FOR LIST OF fiLES 

.335 CP SECONDS 23600B CM STORAGE USED 12 TABLE HOVES 

---~-~~-



ANS- 0 71177777177777411110 
ANS- I 77717711111777117174 
ANS. i 00000000000000015554 
ANS_ 3 OUOOOOOOOOUOOOOOOOIO 
ANS- 4 0000000000000U002262 
ANS. 5 00uooooooOOOOOO04"4 
ANS. 6 00000000000000005555 
ANS. 1 OOOOQOOOOOUOOOOOIIII 
ANS' 6 11171117711777173333 
ANS' 'I 000000000000"~40000 
ANSolO 7700000000uOOUOOOOOO 
ANS-II 00000000000000000444 
ANSoll 00000000000000000222 
AtIS-ll 000000000UOOOO046300 
ANSo14 00000000000000000046 
ANSol5 00000000UOOOOOOOOO04 
ANS-16 00UUOOOOOUOOOOO04630 
ANS-Il 00UOOOOOOOOUOOOO0100 
ANSo18 OOUOOOOOOOOOOUOOOOOO 

"'" 
ANSoU 11777777777777777700 

I A"IS020 444~OOOOOooooooooooO 

"'" ANS'ZI OOUOOOOOOOOOOOOOOOOO 
0\ ANS'22 00001111000000000000 

ANs.23 00000000000000000000 
ANS'24 00000000000000000000 

• .. • • • • • • ..' . 

MFS NHI· CYUJ4-SNI08 SC/ROS 11/14178 
10.21.J7.DONOOK4 fROM IOH 
10.21.Jl.IP 00000448 WORDS - fiLE INPUT • DC 04 
10.27.37.00N.T5. 00IA.6883,1896,MlllER 
10.27.43."l~IND.OUTPUT. 
10.21.43.FTN."=0. 
10.29.07. I WAHNING MESSAGE IN INSTAS 
10.29.07. .616 CP SECONDS COMPILATION TIHE 
10.29.U7.HAf',PAHT. 
10.29.07.LGO; 
10.29.24. 
10.2'1.2,.. 
10.29.l4.0P 
10.2'l.24.Hs 
10.29.l,..CPA 
1O.29.l4.CPlt 
10.29.24.10 

'1O.29.24.CM 
10.29.24.55 

END WRITEIl 
.090 CP SlCONDS EXECUTION TIME 

00001656 ~OHDS - fILE OUTPUT • DC 4' 
3584 wORDS I 17920 HA. USlD. 

.951 SEC. .'157 ADJ. 

.220 SEC. .220 ADJ. 
1.11U SEC. 1.170 AOJ. 

40.76~ KWS. 2.487 ADJ. 

10.29.24.PP 8.565 SEC. 
4.836 • 

DATE 01/08119 
IO.29.24.EJ (NO OF JOH, OH 

.. .. • • • .. .. .. .. 
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LESSON GU IDE _~ 

CYBER CP COMPASS 

FLOATING POINT ARITHMETIC 

LESSON PREVIEW: 

THIS LESSON EXAMINES THE FLOATING POINT NUMBER FORMAT' 
AND HARDWARE INSTRUCTIONS THAT MANIPULATE THEM. SIN­
GLE AND DOUBLE PRECISION ARITHMETIC AND THE INSTRUC­
TIONS TO CONVERT BETWEEN INTEGER AND FLOATING POINT 
NUMBERS ARE ALSO INCLUDED. 

OEJECTIVES: 

I. PERFORM ARITHMETIC OPERATION USING THE FXI AND 
RXI INSTRUCTIONS. 

2. RECOGNIZE SPECIAL EXPONENTS AND THEIR EFFECT ON 
THE PROGRAM. 

3. BE AWARE OF DOUBLE PRECISION NUMBERS AND DOUBLE 
PRECISION OPERATIONS. 

4. WRITE PROGRAMS USING FLOATING POINT NUMBERS. 

5. BE ABLE TO CONVERT INTEGERS TO AND FROM FLOATING 
POINT BOTH MANUALLY AND USING PACK AND NORMALIZE 
INSTRUCTIONS. 

LEARNING TASKS: 

I. ATTEND THE LECTURE. 

2. ANSWER QUESTIONS (EXERCISES 1, 2, AND 3) THROUGH­
OUT THE LESSON. 

3. WRITE AND DEBUG PROGRAM No. 10 OR 11 FROM STUDENT 
PROBLEMS. 

4. READ COMPASS STUDENT HANDOUT LESSON GUIDE 6 AND 
COMPASS REFERENCE MANUAL, CHAPTER 8, PAGES 34 
THROUGH 44. 

5-1 



--

RANGE OF EXPONENTS 

000 

o 000 
NEGATIVE 

001 EXPONENTS 1111 

1 7 7 7 
POSITIVE -----------------------------
COEFFICIENTS 010 

2 0 0 0 
POSTIVE 

2014 

011 EXPONENTS 

3 7 7 7 

100 

4 0 0 0 
POSITIVE 

101 EXPONENTS 5763 

577 7 
POSITIVE -----------------------'------
COEFFICIENTS 110 

6 0 0 0 
NEGATIVE 

6060 

111 EXPONENTS 

777 7 

- NUMBERS WITH COMPONENTS WITHIN THESE RANGES MAY BE 
CONVERTED TO INTEGERS WITHOUT LOSING THEIR VALUES. 
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• 
I FLOATING POINT ARITHMETIC 

BASIC INSTRUCTION SET 

I THE FOLLOWING INSTRUCTIONS ARE RELEVANT TO WORKING' 

I WITH FLOATING POINT NUMBERS: 

PACK PX2 Xl,Bl 

I NORMALIZE NX3 X2,B2 

I ROUNDED NORMALIZE ZX3 X2,B2 

• UNPACK UX4 X3,B3 

LEFT SHIFT LX5 X4,B3 

I UNROUNDED ARITHMETIC FX3 Xl+X2 

• FX3 Xl":X2 

I FX3 Xl*X2 

FX3 XI/X2 
I ROUNDED ARITHMETIC RX3 Xl+X2 

I' RX3 XI-X2 

I RX3 Xl*X2 

RX3 XI/X2 

• DOUBLE PRECISION DX3 Xl+X2 
ARITHMETIC 

DX3 XI-X2 I 
I 

DX3 Xl*X2 

I 
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D.ATA FORMAT 

PACKING IS THE PROCESS BY WHICH AN INTEGER NUMBER IS 
CONVERTED TO A FLOATING POINT NUMBER (I.E., A NUMBER 
WITH A COEFFICIENT AND EXPONENT), 

ASSUME THAT A PROGRAMMER WOULD LIKE TO CONVERT THE 
INTEGER NUMBER 1 TO THE FLOATING POINT 1.0 OR 1*20. 
WE NEED THE FOLLOWING INSTRUCTIONS: 

(COEFFICIENT) 
SXl 1 (Xl)=OOOO 0000 0000 0000 0001 

SBI 0 (Bl)=OOOOOO (EXPONENT) 

PX2 Xl,Bl (X2)=2000 0000 0000 0000 000 1 

X2 CONTAINS THREE LOGICAL UNITS: 

A SIGN BIT: BIT 59 

AN EXPONENT, BIASED BY 2000: BITS 58 TO 48 

A COEFFICIENT: BITS 47 TO 0 

SIGN EXPONENT COEFFICIENT 
BIT / / \ 

BITS: I I 
59~47 \.: . 

'v'" 

OCTAL: 2000 0000 0000 0000 0001 

THE HARDWARE WILL BIAS ALL EXPONENTS BY 2000B. 
THEREFORE: 

1*20=2000 0000 0000 0000 0001 

1*21,2001 0000 0000 0000 0001 

1*25=2005 0000 0000 0000 0001 
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FLOATING POINT ARITHMETIC 
PACK 

THE IMPORTANCE OF THE BIAS BECOMES EVIDENT WHEN )T IS 
NECESSARY TO DEAL WITH NEGATIVE EXPONENTS, FOR EXAMPLE: 

1*2-0=1777 0000 0000 0000 0001 

1*2-1=1776 0000 0000 0000 0001-

1*2-5=1772 0000 0000 0000 0001 

THE INSTRUCTIONS NECESSARY FOR PRODUCING 1*2-5 ARE: 

SX1 1 (X1)=0000 0000 0000 0000 0001 

SB1 -5 (B1)=777772 

PX2 X1,B1 (X2)=1772 0000 0000 0000 0001 

WITH THE ABOVE EXAMPLES, THE PACK INSTRUCTION PERFORMED 
THE FOLLOWING OPERATIONS, 

I, IT TRANSFERRED THE LOWEST 48 BITS OF Xl TO X2 TO 
FORM THE COEFFICIENT, THE UPPER 12 BITS OF Xl, 
EXCEPT FOR THE SIGN BIT, ARE NOT USED, 

2, IT TRANSFERRED THE LOWEST 11 BITS OF B1 TO BITS 
48 TO 58 OF X2 TO FORM THE EXPONENT, THE RE­
MAINING BITS OF BI ARE IGNORED, 

3, BIT 58 IN X2 WAS TOGGLED, THIS EFFECTIVELY 
BIASED THE EXPONENT BY 2000 OCTAL, 

4, THE SIGN OF Xl WAS TRANSFERRED FROM Xl, 

5, IF THE SIGN OF Xl HAD BEEN NEGATIVE, THE II-BIT 
EXPONENT WOULD HAVE BEEN COMPLEMENTED (SEE STEP 
2), 

THE SAME PROCEDURE THUS WORKS FOR NEGATIVE NUMBERS, 

FOR EXAMPLE: 

SXl -1 (XI)=7777 7777 7777 7777 7776 

SB1 2 (Bl)=000002 

PX2 Xl,B1 (X2)=5775 7777 7777 7777 7776 

SX1 -1 (X1)=7777 7777 7777 7777 7776 

SB1 -2 (B1)=777775 

PX2 XLBI (X2)=6002 7777 7777 7777 7776 
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IT BECOMES APPARENT THAT THERE ARE SOME LIMITS TO THE 
SIZE OF AN EXPONENT AND COEFFICIENT. 

THE COEFFICIENT IS ORDINARILY LIMITED TO 48 BITS OF 
SIGNIFICANCE. (LATER WE WILL SEE HOW DOUBLE PRECI­
SION GIVES 96 BITS OF SIGNIFICANCE.) 

THE EXPONENT REACHES ITS UPPER LIMITS FOR A POSITIVE 
NUMBER AT 3776. WHEN A NUMBER HAS AN EXPONENT OF 
3777 OR N*21777 IT HAS OVERFLOWED THE MACHINE. SUCH 
A NUMBER IS IDENTIFIED AS INFINITE OR OUT OF RANGE. 
THUS THE FOLLOWING NUMBER WOULD BE INFINITE: 

3777 0000 0000 0000 0001 

ON A 7000 TYPE MACHINE «(YBER 76), AN ERROR WOULD BE 
IMMEDIATELY NOTED AND THE USER WOULD USUALLY ABORT 
AT THIS POINT. ON A 6000 MACHINE (LOWER (YBER), THE 
PROGRAM WOULD USUALLY ABORT WHEN IT ATTEMPTED TO USE 
THIS NUMBER IN A FLOATING POINT OPERATION. 

A NEGATIVE NUMBER ALSO HAS AN UPPER LIMIT. IF 1*21777 
IS INFINITE, SO IS _1*21777. THAT NUMBER WOULD BE 
REPRESENTED AS: 

4000 7777 7777 7777 7776 

THUS, 3777 AND 4000 ARE EXPONENTS THAT ARE INFINITE. 

IT IS PERMISSIBLE TO HAVE EXPONENTS REPRESENTING N*2-0. 
THESE EXPONENTS ARE 1777 FOR POSITIVE NUMBERS, 6000 
FOR NEGATIVE NUMBERS. THESE NUMBERS ARE IDENTIFIED 
AS INDEFINITE ON A 6000 MACHINE AND OUT OF RANGE ON 
A 7000. ANY USE OF THESE NUMBERS PRODUCES AN ERROR 
AND USUALLY AN ABORT. 
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UNDERFLOW IS REPRESENTED BY EXPONENTS OF 0000 FOR 
POSITIVE NUMBERS' AN)) 7777 FOR NEGAliVE NUMBERS. No 
ERROR CONDITION IS PRODUCED ON A 6000 MACHINE: A 7000 
WILL PRODUCE AN ERROR CONDITION WHEN UNDERFLOW OCCURS. 
AN ATTEMPT TO USE A NUMBER WITH AN EXPONENT OF 0000 
OR 7777 WILL NOT PRODUCE AN ERROR ON A 6000. HOWEVER 
THE RESULT OF ANY OPERATION USING THE NUMBER WILL ALSO 
HAVE AN EXPONENT OF 0000 OR 7777. THUS, IF: 

(X1)=0000 5555 5555 5555 5555 

(X2)=2000 1111 1111 1111 1111 

FX3 X1+X2 PRODUCES (X3)=0000 0000 0000 0000 0000 

THE PROGRAMMER IS RESPONSIBLE FOR DEVELOPING HIS OWN 
TEST FOR UNDERFLOW.-
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FLOATING POINT ARITHMETIC 
EXERCISES - SPECIAL EXPONENTS 

EXERCISE 1 

DIRECTIONS: FILL IN THE MISSING ITEMS ON THIS CHART 
(REFER TO CHART AT BOTTOM OF PAGE FOR RANGES). 

UpPER 12 BITS 

7777 
7776 
6001 

EXPONENTS (+ OR -) COEFFICIENT (+ OR -) 

5777 
4001 
4000 

3776 
2000 

1776 
0000 

(-,+) 

0000 

7777 

(-,-) 

UNDERFLOW 

NEGATIVE 

INDEFINITE 

POSITIVE 

INFINITE 

INDEFINITE 

t"@) 
1777 2000 

NEGATIVE 

NEGATIVE 

NEGATIVE 

3777 @ 
4000 ® 

(+,-) 

6000 5777 

~@) 

.5-8 . 
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PACKING: PXI BJ,XK 

BJ XK 
17 10 9 0 59 ·58 48 47 o 
Wia EX~~~~NT I I~ COEFFICIENT I 

XI 
59 58 48 47 0 

L-1.l....1 ....... 1 ___ I"--________ -..I1 PACKED QUANTITY 

t 
BINARY 
POINT 

T\ I EXPONENT SIGN (BIAS) 

COEFFIC1ENT COEFFICIENT 
SIGN 
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HOW TO PACK A FLOATING POINT NUMBER: 

(Xl) = 000000000000000000048 

PX2 Xl,BO 

(X2) = ~~0000000000000058 
/ '-/' 

EXP ""TAKEN FROM 
BIASED LOWER 48 BITS 

OF Xl COEFFICIENT 

0000 L-~--lO-~IT EXP 
TAKEN FROM BO 

010 
+ '20008 

20008 
)11 

/ 010 OOO~OO 000 " 

\ 
SIGN OF EXP. 

BIAS A POSITIVE EXPONENT BY ADDING 20008 TO THE TRUE 
EXPONENT. 

THIS SETS THE EXPONENT SIGN BIT TO A 1 AND REPRESENTS 
THE TRUE EXPONENT IN THE REMAINING 10 BITS. 
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(X2) 

(X3) 

HOW TO NORMALIZE A PACKED NUMBER 

= 200000000000000000048 

NX3 X2,B2 

= ~00000008 (B2) = 0000558 

" "-ADJUSTED COEFFICIENT IS SHIFTED 
EXPONENT LEFT UNTIL ITS MOST 

SIGNIFICANT ONE BIT 
IS IN BIT POSe 47 

17778 BIAS MAKES EXP. SIGN BIT 0 AND 
COMPLIMENTS EXP . 

-558 EXP. (NO. OF BITS SHIFTED LEFT) 

17228 

001 III 010 010 < (BINARY) 

1 "---v---/ 
SIGN 10-BIT 
OF COMPLEMENTED 

... EXPONENT EXPONENT 

THE TRUE VALUE OF THE NUMBER IS: 

4000000000000000 X 2 -558 

BIAS A NEGATIVE EXPONENT BY SUBTRACTING IT FROM 17778 , 

THIS MAKES THE EXPONENT SIGN BIT A 0 AND REPRESENTS 
THE TRUE EXPONENT IN COMPLEMENTED FORM. 
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HOW TO PACK AND NORMALIZE A NEGATIVE NUMBER 

-- PACK THE NUMBER AS THOUGH IT WERE POSITIVE ---
THEN COMPLEMENT THE ENTIRE WORD 

EXAMPLE: 

(X3) = -4 

PACK IT: 

(X3) = 200000000000000000048 

NORMALIZE IT: 

(X3) = 172240000000000000008 

COMPLEMENT IT: 

(X3) = 605537777777777777778 

THE BINARY EXPONENT FIELD IS: . 

6 0 5 5 

SIGN 110 000 101 101 
OF /.! \. '-r / 

COEF. SIGN 10-BIT 
OF EXP. EXPONENT 

--

LOG"ICALLY 
THIS IS THE 
OPERATION 
ACCOMPLISHED 

THE COEFFICIENT IS COMPLEMENTED: 

37777777777777778 (48 BITS) 
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EXAMPLES OF PACKED AND NORMALIZED NUMBERS . 

• NOTE: ALL NUMBERS ARE OCTAL 

I 408 = 408 x 20 

I 200000000000000000408 PACK IT 
172540000000000000008 NORM. IT 

I .0048 = 48 x 2 -118' 

• 176600000000000000048 PACK IT 
171140000000000000008 NORM. IT • -408 = -408 x 20 I. 200000000000000000408 PACK IT 

I 172540000000000000008 NORM. IT 
605237777777777777778 COMPLEMENT IT 

I -.0048 = -48 x 2 -1~8 

I 176600000000000000048 PACK IT 
171140000000000000008 NORM. IT 

• 606637777777777777778 COMPLEMENT IT 

'I 1.48 = 148 x 2 -3 

177400000000000000148 PACK IT I' 172060000000000000008 NORM. IT 

•• -1.48 = -148 x 2 -3 

- 177400000000000000148 PACK IT 
172060000000000000008 NORM. IT 

• 605717777777777777778 COMPLEMENT IT 
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NORMALIZATION - Two INSTRUCTIONS WILL PRODUCE 
NORMALIZATION: 

NX3 X2,B2 

ZX3 X2,B2 

THE ZX3 INSTRUCTION ALSO ROUNDS, AS WILL BE 
DISCUSSED LATER. 

NORMALIZING IS THE PROCESS BY WHICH THE HARDWARE LEFT 
SHIFTS A COEFFICIENT UNTIL THE MOST SIGNIFICANT BIT IS 
AT BIT POSITION 47 (I.E., UNTIL THE SIGN BIT AND BIT 
47 ARE DIFFERENT). As THE HARDWARE SHIFTS, THE EXPO­
NENT IS DECREMENTED ACCORDINGLY. THE ORIGINAL AND 
NORMALIZED VALUE ARE THE SAME BUT THEIR INTERNAL REP­
RESENTATION DIFFERS: THAT IS, THEY HAVE DIFFERENT 
COEFFICIENTS AND EXPONENTS. 

THESE ARE ALL WAYS OF REPRESENTING THE SAME VALUE: 

1 * 20 OR 2000 0000 0000 0000 0001 

2 * 2-1 OR 1776 0000 0000 0000 0002 

4 * 2-2 OR 1775 0000 0000 0000 0004 

lOB * 2-3 OR 1774 0000 0000 0000 0010 

4000 0000 0000 0000 * 2-47 OR 1720 4000 0000 0000 0000 
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THIS LAST VALUE IS THE QUANTITY 1 PACKED AND NORMAL-
IZED. THESE 

.. 
INST~UtTIONS WOULD ACCOMPLISH THIS: 

SX1 1 (Xl) = 0000 0000 0000 0000 0001 

PX2 Xl, BO (X2) = 2000 0000 0000 0000 0001 

NX3 X2,B1* (X3) = 1720 4000 0000 0000 0000 

(Bl) = 000057 

As THE MOST SIGNIFICANT BIT IS SHIFTED LEFT, THE SIGN 
BIT IS EXTENDED END-AROUND. THUS, WHILE THE NORMAL­
IZED VALUE OF 1 IS: 

1720 4000 0000 0000 0000 

THE NORMALIZED VALUE OF -1 IS: 

6057 3777 7777 7777 7777 

IF THE B REGISTER IS SPECIFIED, IT CONTAINS THE NUM­
BER OF POSITIONS THE COEFFICIENT WAS SHIFTED BEFORE 
IT NORMALIZED. 
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To CONVERT A FLOATING POINT NUMBER TO AN INTEGER, THE 
PROGRAMMER MUST UNPACK THE FLOATING POINT NUMBER,AND 
LEFT SHIFT THE RESULT. 

FOR EXAMPLE, ASSUME THAT A PROGRAMMER WANTS TO CONVERT 
THE NUMBER 5.0 (IN X3) TO THE INTEGER 5 (IN Xl). THE 
PROCEDURE IS AS FOLLOWS. 

UX2 B2,X3 

LXI X2,E2 

THE UNPACK INSTRUCTION TRANSFERRED THE LOWER 48 BITS 
OF X3 TO X2 AND EXTENDED THE SIGN BIT IN THE UPPER 12 
BITS: 

(X3) = 1722 5000 0000 0000 0000 

(X2) = 0000 5000 0000 0000 0000 

BITS 48 THROUGH 57 OF X3 ARE TRANSFERRED TO THE LOWER 
10 BITS OF THE B REGISTER. BIT 58 IS TOGGLED AND THEN 
USED TO FILL IN THE REST OF THE B REGISTER BITS. 

(B2) = 777722'.(-55) 

THE LEFT SHIFT PRODUCES AN EFFECTIVE ARITHMETIC RIGHT 
SHIFT WITH SIGN EXTENSION OF 55 OCTAL OR 45 DECIMAL 
PLACES. 

(Xl) = 0000 0000 0000 0000 0005 

A NEGATIVE NUMBER WOULD BE TREATED SIMILARLY BUT THE 
EXPONENT WOULD BE COMPLEMENTED FIRST. FOR EXAMPLE, 
THE COMPLEMENT OF 5.0 SEEN ABOVE WOULD BE: 

(X3) = 6055 2777 7777 7777 7777 (-5.0) 

UX2 B2,X3 WOULD PRODUCE: 

(X2) = 7777 2777 7777 7777 7777 

(B2) = 777722 

LXI X2,B2 WOULD PRODUCE: 

(Xl) = 7777 7777 7777 7777 7772 (-5) 

::-": .. :-_-.-

5-16 

I 

• • 
I 

• 
I 
~I 
'I 

.' • 
I 
-I' 
I 
I 

• • • • • 



I 

• • 
I 
I 

• • • • 
I 
I 

• 
,I 

• 
I 

• • • 
'I 

UNPACKING: UXI BJ,XK 

XK 

59 58 57 48 47 0 

L-I ...... 1---,-1 --,...---...&..1 ________ --11 PACKED QUANTITY 

~EXPO~ENT ~ 
SIGN (BIAS) 

COEFFICIENT 
SIGN 

17 10 9 

i 
EXPONENT 

UNBIASED 
EXPONENT 

/0 

(BIT TOGGLED & 
SIGN EXTENDED) 

COEFFICIENT 

59 48 47 

~EFFICIENT 
(SIGN EXTENDED) 

UNPACKED QUANTITY 
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How TO UNPACK A NUMBER 

(X3)· = 172240000000000000008 

UX4 X3,B4 

(X4) = 0000~OOOOOOOOOOOOOO98 
.~ 'v'" 

SIGN OF COEF. FROM 
COEF. LOWER 48 
EXTENDED BITS OF X3 

(B4) = 7777228 = -558 = -4510 

To UNNORMALIZE IT: (THERE IS NO UNNORMALIZE INSTRUC­
TION) 

(X7) 

LX7 X4,B4 

= 0000000000000000000~8 

THE COEFi WAS SHIFTED 
RIGHT 558 (4510) BITS. 

DUE TO THE -55 IN B4 
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ARITHMETIC 

THE FLOATING POINT FUNCTIONS ARE: 

FX3 Xl+X2 

FX3 XI-X2 

FX3 Xl*Xl 

FX3 XI/X2 

FLOATING POINT ARITHMETIC TAKES PLACE IN A 96-BIT 
ACCUMULATOR. EACH FUNCTION HAS ITS OWN PROCEDURE. 
THE PROCESS BY WHICH THE HARDWARE ADDS WILL GENERAL­
LY ILLUSTRATE HOW OTHER FUNCTIONS WORK. 

ASSUME THAT WE WANT TO ADD 4.0 AND 1.0. 

1.0 = 1720 4000 0000 0000 0000 

4.0 = 1722 4000 0000 0000 0000 

To ADD THESE TWO NUMBERS THE HARDWARE PERFORMS THE 
FOLLOWING PROCEDURES: 

I. BOTH ARGUMENTS ARE UNPACKED. 

2. THE ARGUMENT WITH THE SMALLER EXPONENET IS 
PLACED IN THE 96-BIT ACCUMULATOR AND SHIFTED 
RIGHT BY THE DIFFERENCE IN EXPONENTS. 

THUS: 

1720 4000 0000 0000 0000 

BECOMES: 

1000 0000 0000 0000 0000 0000 0000 0000 



3. THE COEFFICIENT WITH THE LARGER EXPONENT 
IS ENTERED INTO THE_UPPER HALF OF THE· 
ACCUMULATOR. 

THUS: 

1000 0000 0000 0000 0000 0000 0000 0000 

BECOMES: 

5000 0000 0000 0000 0000 0000 0000 0-000 

4. IF OVERFLOW OCCURS THE SUM IS RIGHT SHIFTED 
ONE PLACE AND THE EXPONENT IS INCREASED BY 
ONE. 

5. THE UPPER 48 BITS OF THE ACCUMULATOR PLUS 
THE EXPONENT ARE RETURNED TO THE RESULT X 
REGISTER. THE RESULT IS: 

1722 5000 0000 0000 0000 
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ROUND FUNCTION 

THE ROUNDING FUNCTIONS ARE: 

RX3 X1+X2 
RX3 X1*X2 
RX3 X1-X2 
RX3 X1IX2 

THE ROUND FUNCTION IS IDENTICAL TO THE STANDARD FLOAT­
ING POINT FUNCTION EXCEPT THAT A BIT IS ADDED TO THE 
RESULT IN THE LEAST SIGNIFICANT POSITION. THIS BIT 
ADDITION REDUCES ERROR WHEN NUMBERS ARE OPERATED ON 
SEVERAL TIMES. 

THE FOLLOWING PROGRAM MULTIPLIES THE NUMBER 1.55533 
BY ITSELF A THOUSAND TIMES, USING BOTH THE STANDARD 
F FUNCTION AND THE R FUNCTION: 

IDENT MULT 
ENTRY START 

RESULTS BSSZ 2 
NUM DATA 1.55533 
START SAl NUM 

SX6 1 
PX6 X6 
NX6 X6 
BX7 X6 
SB1 1 
SB2 1000 

LOOP FX6 X6*X1 
RX7 X7*X1 
SB1 B1+1 
NE B1,B2,LOOP 
SA6 RESULTS 
SA7 RESULTS+1 
ENDRUN 
END START 
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I 
AFTER 1000 MULTIPLICATIONS, THE RESULTS OF THE F~NC- I TIONS ARE: 

FX6 (X6) = 3115 5774 6776 0716 4533 I 
RX7 (X7) -= 3115 5774 6776 0716 5265 I 

I 
I 

• 
I 

• 
I 
I 
I 
I 

• 
I 

• 
I 

5-22 
I 

• 



I 
I 

• 
I 
I 
I 

• • • 
I 

• 
I 
I 

• 
I 

• • 
I 
I 

DOUBLE PRECISION FUNCTIONS 

THE DOUBLE PRECISION FUNCTIONS ARE: 

DX4 X1+X2 

DX4 X1-X2 

DX4 X1*X2 

WHEN DOUBLE PRECISION FUNCTIONS ARE PERFORMED, THE 
HARDWARE RETURNS TO THE RESULT X REGISTER THE LOWER 
48 BITS OF THE ACCUMULATOR PLUS THE EXPONENT. 

To OBTAIN BOTH THE UPPER 48 BITS AND THE LOWER 48 BITS 
OF THE 96 BIT ACCUMULATOR, THE PROGRAMMER MUST PERFORM 
TWO OPERATIONS: 

FX3 X1+X2 (X3 WILL RECEIVE THE MOST SIGNIFI­
CANT BITS - UPPER 48 BITS.) 

DX4 X1+X2 (X4 WILL RECEIVE THE LEAST SIGNIFI­
CANT BITS - LOWER 48 BITS.) 

FOR EXAMPLE, IF A PROGRAMMER ADDS 1.0 IN Xl AND 4.0 
IN X2 AND WANTS TO OBTAIN THE MOST AND LEAST SIGNIFI­
CANT BITS, HE MUST PERFORM THESE OPERATIONS. 

FX3 X1+X2 (X3) = 1722 5000 0000 0000 0000 

DX4 X1+X2 (X4) = 1642 0000 0000 0000 0000 

THE EXPONENT IN X4 IS OFFSET BY 60B. 
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COMPARE MOVE UNIT (CMU) 

THE COMPARE MOVE UNIT IS A STANDARD CPU HARDWARE COM­
PONENT OF THE CYBER 70 SERIES MODEL 72 AND 73: MODELS 
172, 173, 174: AND OPTIONAL ON THE MODEL 76 COMPUTER 
SYSTEM. IT PROVIDES THE CAPABILITY TO MOVE AND COM­
PARE DATA FIELDS IN STORAGE WITHOUT HAVING TO USE THE 
REGISTERS. 

THERE ARE TEN 6-BIT CHARACTER POSITIONS IN EACH 60-BIT 
WORD. THESE POSITIONS ARE NUMBERED 0 THROUGH 9 FROM 
LEFT TO RIGHT RESPECTIVELY. THE 4-BIT CHARACTER ADDRES­
SES OF THESE POSITIONS ARE (IN BINARY) 0000,0001, •••• , 
1000, AND 1001. CHARACTER ADDRESSES 1010 THROUGH 1111 
ARE ILLEGAL AND CAUSE THE INSTRUCTIONS TO GIVE AN AD­
DRESS OUT OF RANGE CONDITION. 

,,--0--,--_1 -..01--2--,--1 _3 -...&.1_4--1.-_5--4-_6 ~7~_8 ~9-----,1 
59 0 

STORAGE HORD 

DATA FIELDS MAY SPAN WORD BOUNDARIES AND MAY START OR 
END AT ANY POSITION IN A 60-BIT WORD. 

EXAMPLE: 

5000~-L~-L~~~ ______ ~7~c~H~AR~A~C~T~ER~S~ ____ ~ 

5001~ __________ ~1~0~C~H~AR~A~C~TE~R~S~~~~~~~ 

5002 ~ ____ ~6_C~H~A~R~AC~T~E~R~S ______ ~~~-L~-L~ 

THE FIELD ABOVE STARTS AT CHARACTER 3 IN WORD 50000 
AND ENDS WITH CHARACTER 5 IN WORD 50002 •. THE FIELD 
HAS A LENGTH OF 2310 CHARACTERS. ONE LIMITATION FOR 

5-39 



USING THE CMU IS THAT THE DATA FIELD MUST ~OT BE IN 
AN OPERATING REGISTER OR IN ECS/LCM. 

COMPASS 3.X PROVIDES SYMBOLIC FORMS OF FOUR CMU INSTRUC­
TIONS. THEY ARE: 

1) INDIRECT MOVE - 1M 
2) DIRECT MOVE - DM 
3) COMPARE COLLATED - CC 
4) COMPARE UNCOLLATED - CU 

OF THE ABOVE, ONLY THE INDI~ECT MOVE (1M) INSTRUCTION 
HAS THE SAME TYPE OF SYNTAX AND SOMANTICS AS OTHER CPU 
INSTRUCTIONS. THE OTHERS ARE TRCATED AS PSEUDO IN­
STRUCTIONS BY COMPASS. 
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INDIRECT MOVE (1M) 

. 
THIS IS A 30-BIT INSTRUCTION THAT MOVES THE CONTENT 
OF A DATA FIELD TO ANOTHER DATA FIELD ACCORDING TO A 
DESCRIPTOR WORD. MAXIMUM LENGTH OF THE DATA FIELD 
THAT COULD BE MOVED BY THIS INSTRUCTION IS 819110 
CHARACTERS. THE DESCRIPTOR WORD CONTAINS THE LENGTH 
AND ADDRESSES OF THE DATA FIELDS. COMPASS FORCES THE 
INSTRUCTION TO THE UPPER LEFT OF A WORD BECAUSE IT IS 
EXECUTED AS A PASS BY THE HARDWARE IF IT IS NOT THE 
FIRST INSTRUCTION OF A WORD. THE NEXT INSTRUCTION IS 
ALSO FORCED UPPER IN THE NEXT WORD, BECAUSE THE LOWER 
HALF OF A WORD CONTAINING AN INDIRECT MOVE I NOT 
EXECUTED. 

FORMAT: 

1M BJ MOVE PER DESCRIPTOR 30 
AT BJ BITS 

1M K MOVE PER DESCRIPTOR 30 4640K 
AT K BITS 

1M BJ+K MOVE PER DESCRIPTOR 30 464JK 
AT BJ+K 

EXECUTION: THE DESCRIPTOR WORD IS FETCHED FROM STOR­
AGE LOCATION (BJ)+K. IF THE DATA FIELD LENGTH IS ZERO, 
THE INSTRUCTION IS EXECUTED AS A PASS BUT THE EXECUTION 
TIME IS LONGER. OTHERWISE, THE CONTENT OF THE SOURCE 
FIELD IS MOVED TO THE DESTINATION FIELD. IF THE TWO 
FIELDS OVERLAP, THE RESULTS ARE UNDEFINED. THE XO 
REGISTER IS USED FOR INTERMEDIATE STORAGE DURING EXE­
CUTION OF THE INSTRUCTION AND IS CLEARED UPON COMPLE­
TION OF THE INSTRUCTION. 

A PSEUDO INSTRUCTION MD IS USED TO GENERATE A DESCRIP­
TOR WORD FOR USE BY THE INDIREC~ MOVE INSTRUCTION. THE 
MD INSTRUCTION HAS THE FOLLOWING FORMAT: 

- -
5-41 



LOCSYM MD 

L IS THE ABSOLUTE ADDRESS EXPRESSION: ITS VALUE, IN 
THE RANGE<Q<L 8191, IS THE DATA FIELD LENGTH IN CHAR­
ACTERS. THE UPPER 9 BITS ARE PLACED IN BITS 56-48 OF 
THE DESCRIPTOR WORD WHILE THE LOWER 4 BITS ARE PLACED 
IN BITS 29-26. 
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KS IS ANY EXPRESSION, THE FIRST WORD ADDRESS OF THE 
SOURCE FIELD. 

Cs IS THE ABSOLUTE EXPRESSION, THE STARTING CHARACTER 
POSITION OF THE SOURCE FIELD WITHIN THE WORD AT LOCA­
TION KS' 

KD I S ANY EXPRESS ION, 'THE FIRST WORD ADDRESS OF THE 
DESTINATION FIELD. 

CD IS THE ABSOLUTE EXPRESSION, THE STARTING CHARACTER 
POSITION OF THE DESTINATION FIELD WITHIN THE WORD AT 
LOCATION KD• 

INDIRECT MOVE DESCRIPTOR WORD FORMAT: 

59 56 47 28 25 21 17 

I 0 I LU 

WHERE: 

LU: UPPER 9 BITS OF VALUE OF L. 

LL: LOWER 4, BITS OF VALUE OF L. 

DIRECT MOYE {DM) 

THE DIRECT MOVE PSEUDO INSTRUCTION GENERATES A CMU 
INSTRUCTION THAT MOVES A DATA FIELD IN STORAGE TO 
ANOTHER LOCATION IN STORAGE. THIS INSTRUCTION DIF~ 
FERS FROM THE INDIRECT MOVE IN SEVERAL WAYS. IT IS 

59 

I 

A 50-BIT INSTRUCTION THAT CANNOT BE SPLIT BETWEEN 
WORDS AND THE DESCRIPTOR WORD IS PART OF THE INSTRUC­
TION. FURTHERMORE, THE LENGTH OF THE DATA FIELD IT 
CAN MOVE IS LIMITED TO A MAXIMUM OF 12710 CHARACTERS. 

INSTRUCTION FORMAT: 

LOCSYM DM L, KS' Cs , KD, CD, 

50 47 29 25 21 17 

465 I Lu I Ks I LL I Cs I CD I KD 
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L IS THE ABSOLUTE ADDRESS EXPRESSION: ITS VALUE, IN 
THE RANGE Q<L~127, IS THE DATA FIELD LENGTH IN CHAR­
ACTERS. 

LU IS THE UPPER 3 BITS OF THE VALUE OF L. 

EXECUTION: SAME AS 1M, EXCEPT THAT THE DESCRIPTOR IS 
IN THE INSTRUCTION WORD ITSELF. 

COMPARE COLLATED (CC) 

THE COMPARE COLLATED INSTRUCTION COMPARES THE CONTENTS 
OF TWO DATA FIELDS, ONE CHARACTER AT A TIME, FROM LEFT 
TO RIGHT, UNTIL A PAIR OF CORRESPONDING CHARACTERS ARE 
FOUND TO HAVE UNEQUAL COLLATING VALUES, OR UNTIL THE 
DATA FIELDS ARE EXHAUSTED. IT IS A 50-BIT INSTRUCTION 
THAT OCCUPIES ONE FULL WORD (IT CANNOT BE SPLIT BETWEEN 

.·TWO WORDS) AND CONTAINS ITS OWN DATA FIELD DESCRIPTOR. 

IT USES REGISTER AO TO CONTAIN THE FIRST WORD ADDRESS 
OF A TABLE IN STORAGE T~AT CONTAINS THE COLLATING VALUES 
TO BE USED IN COMPARING CHARACTERS. THE RESULT OF THE 
COMPARISON IS PLACED IN REGISTER XO. 

FORMAT: 

L 

LOCASYM CC 

59 50 47 29 25 21 17 

1
466 

L,LU; LL ~RE SAME AS IN THE DM INSTRUCTION. 

KA IS A~Y EXPRESSION, THE FIRST WORD ADDRESS OF THE 
FIRST DATA FIELD. . 
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CA IS THE ABSOLUTE EXPRESSION, THE STARTING CHARAC­
TER POSITION OF THE FIRST DATA FIELD WITHIN THE WORD 
AT LOCATION KA, 

Ks IS ANY EXPRESSION, THE FIRST WORD ADDRESS OF THE 
SECOND DATA FIELD, 

, 
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CB IS THE ONLY ABSOLUTE EXPRESSION, THE STARTING CHAR­
ACTER POSITION OF THE SECOND DATA FIELD WITHIN THE WORD 
AT LOCATION' KB• 

EXECUTION: THE FIRST WORD ADDRESS OF THE COLLATING 
TABLE IS OBTAINED FROM REGISTER AO. THE CONTENTS OF 
THE DATA FIELDS ARE COMPARED FROM LEFT TO RIGHT, ONE 
CHARACTER AT A TIME FROM EACH FIELD, UNTIL TWO UNEQUAL 
CHARACTERS ARE FOUND. THE COLLATING VALUE OF EACH 
CHARACTER IS OBTAINED FROM THE COLLATING TABLE. IF 
THESE VALUES ARE EQUAL, THE COMPARE CONTINUES UNTIL 
ANOTHER CHARACTER PAIR IS UNEQUAL OR UNTIL ALL CHAR­
ACTERS HAVE BEEN COMPARED. IF THE COLLATING VALUES 
ARE UNEQUAL, THE TWO DATA FIELDS ARE UNEQUAL AND THE 
FILED WITH A LARGER COLLATING VALUE IS THE GREATER OF 
THE TWO FIELDS. THE COLLATING VALUES ARE TREATED AS 
6-BIT UNSIGNED INTEGERS. 

NOTE THAT TWO UNEQUAL CHARACTERS COULD HAVE THE SAME 
COLLATING VALUE AND WOULD COMPARE EQUAL. UPON COM­
PLETION, REGISTER XO CONTAINS A 60-BIT SIGNED INTEGER 
AS FOLLOWS: 

XO = L - N>O IF FIELD A > FIELD B 

XO = +0 IF FIELD A = FIELD B 

XO = N - L<O. IF FIELD A < FIELD B 

WHERE N IS THE NUMBER OF PAIRS OF CHARACTERS THAT COM­
PARED EQUAL. 

IF L=O, THEN XO=.a. 

THE FORMAT OF THE COLLATING TABLE IS AS FOLLOWS: 

(AO) 

(AO) 
+1 

(AD) 
+7 

5953 47 41 35 29 23 17 11 

00 01 02 03 04 05 06 07 

10 11 12 13 14 15 16 17 

70 71 72 73 74 75 76 77 
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COMPARE UNCOLLATEP (CU) 

THE COMPARE UNCOLLATED INSTRUCTION COMPARES THE CON­
TENTS OF TWO DATA FIELDS, ONE CHARACTER AT A TIME, 
FROM LEFT TO RIGHT, UNTIL A PAIR OF CORRESPONDING 
CHARACTERS ARE FOUND TO HAVE UNEQUAL VALUES, OR UNTIL 
THE DATA FIELDS ARE EXHAUSTED. IT IS A 60-BIT INSTRUC­
TION THAT OCCUPIES ONE FULL WORD (IT CANNOT BE SPLIT 
BETWEEN TWO WORDS) AND CONTAINS ITS OWN DATA FIELD 
DESCRIPTOR. THE RESULT OF THE COMPARISON IS PLACED 
IN REGISTER XO. 

FORMAT: 

LOCATION OPERATION VARIABLE 
-----i 

LOCASYM CU L, KA, CA, KB, CB 

59 

I 467 

EXECUTION: SAME AS THE CC INSTRUCTION EXCEPT THAT AO 
AND THE COLLATING TABLE ARE NOT USED. INSTEAD, THE 
CHARACTERS ARE COMPARED DIRECTLY WITH EACH CHARACTER 
REGARDED AS A 6-BIT UNSIGNED BINARY INTEGER. 

REGISTER XO IS SET IN THE SAME MANNER AS BY THE CC 
INSTRUCTION. 
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LESSON 6 

LESSON PREVIEW: 

IN THIS LESSON SEVERAL IMPORTANT DEFINITION AND SPE­
CIAL SYMBOLS THAT ARE AN INTEGRAL PART OF COMPASS ARE 
DISCUSSED. THE PSEUDO-OPS EQU, SET, CON, AND VFD ARE 
INTRODUCED. 

REFERENCES: 

CHAPTER 4 COMPASS REFERENCE MANUAL #60492600 

TRAINING AIDS: 

VISUAL SET V6 

PROJECTS: 

HOMEWORK 

OBJECTIVES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE 
ABLE TO: 

-1. DEFINE NAMES AND SYMBOLS AND GIVE EXAMPLES OF 
EACH. 

2. DENOTE THE DIFFERENCES BETWEEN DATA AND CONSTANTS. 
3. DEFINE EXPRESSIONS, GIVE EXAMPLES AND EVALUATE 

THEM. 
4. IDENTIFY ABSOLUTE, RELOCATABLE AND EVALUATABLE 

EXPRESSIONS. 
5. USE DATA GENERATION PSEUDO-OPS CORRECTLY. 
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LESSON 7 

'PSEUDO OPERATIONS 

LESSON PREVIEW: 

THE LESSON COVERS SOME OF THE BASIS PSEUDO OPERATIONS 
USED IN ADDING COSMETIC EFFECTS TO A LISTING. ALSO 
SOME OF THE BASIC PSEUDO OPS USED IN NORMAL PROGRAM­
MING PRACTICES WILL BE COVERED. 

REFERENCES: 

CHAPTER 4 COMPASS REFERENCE MANUAL #60492600 

TRAINING AlPS: 

VISUAL SET 7 

PROJECTS: 

OBJECTIVES: 

AT THE COMPLETION OF THE LESSON THE STUDENT WILL BE 
ABLE TO: 

1. WRITE A PROGRAM USING GOOD DOCUMENTATION TECH­
NIQUES. 

2. USE PSEUDO OPERATIONS THAT WILL ALLOW FOR WRITING 
MEANINGFUL EFFECIENT PROGRAMS. 

7-1 
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PSEUDO INSTRUCTION 
STORAGE ALLOCATION. 

ADDRESS LENGTH 

o 2 
2 

•• •• 

COMPASS 3.6-476. 

BINARY CONTROL CARDS. 

IOENT TITLE 
END TITLE 

ENTRY POINTS. 

TITLE 

EXTERNAL.SYMBOLS. 

SYSII 

o. 

• ... - III 

01/09/79 01.34.39. PAGE 1 
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PSEUDO INSTRUCTION 

o 46000 

1160241021 
20650 

I 0100000000 X 

• - • • • III • • • • 
COMPASS 3.6-416. 01/09119 08.34.39. 

IDENT TITLE 
ENTRY TITLE 
LIST S 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• • 
• 
• 
• • 
• 
• • 
·LOCATION 
• 
·NAME 
• • NAME 
• • 
• 

TITLE-ASSEMBLY LISTING TITLE 
• 
• 
• 

THE FIRST TITLE PSEUDO INSTRUCTION ESTABLISHES THE TITLE THAT' 
WILL HE PRINTED ON EACH PAGE OF THE liSTING. A SUBSEQUlNT • 
TITLl INSTRUCTION GENERATES A SUBTITLE AND CAUSES A PAGE EJECT. 
IF 'HE SUU~ROGHAM DOES NOT INCLUDE A TITLE INSTRUCTION, COMPASS 
PRINTS THE VARIABLE FIELD OF THE FIRST IOENT PSEUDO INSTRUCTION, 
AS THE TITLl. A TITLE INSTRUCTION wITHOUT A CHARACTER STHING. 
PROUUCES AN UNTITLEO LISTING. A ~AME IN THE lOCATION FJELD • 
INT~OOUCES A NEW SUHPROGRAH SUO-TITLE. • 

OPERATION VARIAHlE-SUUFIELDS 

TITLE STRING. 

• 
• 
• 
• 
• 

NEw SUUPROGRAM SUU-SUBTITlE TO BE PRINTED IN CHARACTER • 
POSITION 10-19 ON THE SECOND lINE OF THE PAGE. A BLANK • 
NAME CLEARS THE SUB-SUBTITLE. • 

• • STRING COMPASS SEARCHES THE COLUMNS FOLLOWING THE BLANK THAT TERH­
INATES THE OPERATION FIElO. IF IT DOtS NOT FIND A NONBLANK 
CHARACtER BEFORE THE DEFAULT COMMENTS COLUMN ISEE COL IN- • 
STRUCTJONh' IT TAKES TIlE CIIARACTERS STARTING WITH THE OE- • 
FAULT ·COMHENTS COLUMN MINUS ONE UP TO THE END OF THE STATE­
MENT. OTHERWISE, THE TITLE OR SUHTITlE BEGINS WITH THf. • 
FIRST NONBLANK CHARACTER FOLLOWING TITLE AND CONTINUES TO • 
THE END OF THE STATEMENT OR TO 62 CHARACTERS. ANY CHARACT­
ERS BEYOND Tt~ 6ZNO ARE LOST. A BLANK STRING PRODUCES AN • 
UNTITLED LISTING. • 

• • 
• • • • 
• • • 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TITLE NO 

PAGE 

• 

ENORUN 
SJt6 JRENOD4 •• 
LX6 40() 
RJ s)(SYS= 
[NO .... 

[NDRUN .1 
END RUN .1 
ENDRUN .1 
ENDRUN .1 

TITLE PSEUDO INSTRUCTION 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• 
• 
• 
• 
• 
• 
• 
• • • • • 

IOENT-SUBPROGRAM IDENTIFICATION • 
• 

AN IOENT PSEUDO INSTRUCTION OF THE FOLLOWING rORH IS THE • 
FIRST STATEMENT OF A SUBPROGRAM RECOGNIZED BY THE ASSE~BLER. • 
U!:.UALLV, ANY LINE Pf{ECEOING tilE fIRST IOENT OR BETWEEN AN END' 
AND IOtNT AilE ASSUMED TO UE COMMENTS. HOWEVER, ~IIEN COMPASS • 
HAS UUN tAUt!> BY SOME OTlIER LANGUAGE PROCESSOR SUCH AS • 
FORtRAN, THE ASSEMHLER RETURNS CONtROL TO THE PHOCESSOR WHEN • 
TilE 5 T A lEHENT FOLLow I NG ENt> 1 S Nor Illf.NT. FOR A RELOCA' AIJLE • 
SUBPHOGRAM, COMPASS FLAt.S ANY SUBSEQUENT U5E OF IOENT HEFO»E • 
END AS AN t~hort. FOR AN AIJSOlUTE SUBPROGRAM, A ~Ec6~o FORM OF 
IUENT DESCIIIHEO l~O[R nl~Anv CO~TROL 15 AVAILAHLE FOq OU[HLAY. 

.. • 
2 

L ______________________________ ----' 



PSEUDO INSTRUCTION 

• • • • • • 

----• • 

COMPASS 3.6-416. 0./09,19 08.34.39. 

GENERATION. • 

• THE FORMAT OF IDENT VARIES ACCORDING TO THE TYPE OF ASSEMBLY.-

CPU RELOCATEABLE FOHMATI 

·LOCATION OPERATION VARIA8LE-SU8FIELOS 

• 
• 
• 
• 
• • • 
• 
• • 
• • 
• • 
• • 
• • 
• 
• 
• • • • 

• 
• • 

IOENT NA~E 

• CPU ABSOLUTE FORHAT • 
-LOCATION OPERATION VARIABLE-SUBFIELDS 
• 
• ---

IDENT NAHE.ORIGIN.ENTRY,LI,L2 

1600 PPU AOSOLUTE FORHATI 

·LOCATION OPERATION VARIA8LE-SUBFIELDS -- IDENT NAHE.ORIGIN.ENTRY,PPU 
• 
• 6000 SERIES PPU ABSOLUTE FORMATI • 
-LOCATION OPERATION VARIABLE-SUBFIELDS 
• -• 
• • 
• 
• 
• 
• 
• 
• -• • • 
• • 
• -• • 
• -• 
• • • • 
• 
• 
• • 

• 

IDENT NAHE,ORIGIN 

NAHE 

ORIGIN 

• 

• 
NAHE OF THE SUHPROGRAM OR OVERLAY. THE PARAHETER 15 • 
REUUIHEO. FOR A CPU RELOCATABLE OR AHSOLUTE ASSEMBLY, _ 
NAME CAN BE 1-1 CHARACTERS, OF WHICH THE FIRST MUST BE • 
ALPHABETIC CA-I' AND THE LAST HUST NOT 8E A COLON. • 

• .fOR A CYoER 10/HODEL 16 OR 1600 PPU ASSEMBLY, NAHE CAN • 
UE 1-1 CHARACTERS. FOR A CYDEH 70/HODEL 12,73,1. OR 6000 
-SERIES PPU ASSEMBLY NAME CAN DE I-j CHARACTERS. IN • 
EITHER CASE, THERE IS NO RESTRICTION ON THE FIRST _ 
CHARACTER, UUT THE LAST CHARACTER MUST NOT BE A COLON. • 

• AN EXPRESSION SPECifYING THE FIRST wORD ADDRESS OF THE • 
ABSOLUTE PROGRAM OR OVERLAY. THE OVERLAY LOAOER TAULE • 
AND ALL CODE ASSEMBLED STARTING AT THIS ADDHESS AND • 
l~OINij wiTH THE NEXT SEGMENT, NONBLANK IDENr, OR END • 
INSTHUCTION COMPRISES THE OVERLAY. FOR A SINGLE ENTHY • 
POINT CPU PROGRAM ADDHESS FOR THE OVERLAY IS ORIGIN-I. • 
THE WORD AT ORIGIN-I IS OVERLAYED BY THE SOCOCTAL' LOAOER 
CONTROL TABLE. FOR A MULTIPLE ENTRY POINT CPU PROGRAM, _ 
THE LOAD ADDRESS fOR THE ABSOLUTE OVERLAY IS ORIGIN-We-I, 
WHERE WC IS THE NUMUER OF ENTRY POINTS IN THE SICOCTALJ • 
LOADER TABLE. _ 

-fOR A PPU SUBPROGRAM, THE LOAD ADDkESS IS ORIGIN-S. • 
fiVE lZ-BIT PPU WORDS ARE OVERLAYED BY THE 60-BIT LOADER­
TAHlE. . • 

• DATA CAN ,BE GENERATED IN LOCATIONS STARTING WITH ORIGIN _ 
AND AUOVE. OUT NOT. BELOW ORIGIN. THE ORIGIN SUUFIELD • 

• • • • • • • • 

PAGE l 

• • • 
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PSEUDO JNSTRUCTION 

PSEUDO INSTRUCTION 
SPACE PSEUDO INSTRUCTION. 

• • • • • • • • • 
• 
• 
• • • 
• '. • 
• • 
• 
• • 
• 
• • 
• 
• ., 
• 
• • 
• • 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

. 
ENTRY 

L1,U 

PPU 

COMPASS 3.6-476. 01/09/J9 08.34.39. 

DOES Nor SERVE Ttt[ SAME rtmCTlON AS 0"0 Non DOES If • 
R[PLACE OffO FOR SETTINO TilE ORIGIN COUNTER. • 

• 
IF THE ORIGIN FIELD IS NULL FO" AN AnSOLUTE SUBPROGttAM, • 
TltE ASSEHflLER USES ADDRESS 000000 RAtSt' AS TtiE OnlGIN • 
rOlf A CPU PifOGnAM AND 0000 AS lIIE OIHGIN rOR A PPU PAOO.-

• 
rOR A hELOCA TAULE SU8PROGnAlh THE suur I ELO IS 16NOIIEO •••• 
TilE LOAOEII AU'O~ATJCAll Y II[LOCAlES TIlE FlffST SUHI'AOGIlAH • 
TO BE LOADED STARTING AT nAlsttIOOIOCTALI. TtiE SECOND • 
SUIIPHIIGlfAH STAIUING AT Ttf~ FlnST AVAILABLE LOCATION • 
FOLLOWING HIE flnST SUIIPROGIlAH. [lC. • 

-rOR A CYIJER TO/Munn 16 OR lbOO PPU ASSF.HIIL Y OR FOI' AN _ 
AUSOLUJt. CPU ASSEMBLY. TIllS SUhFlELD CONTAINS AN EXPIIF.S-. 
SION SPECIFYING HIE SUIIPIWGAAH ENTRY ADDRESS.WIHC" CAN • 
DE SYHUOlIC. • 

• 
A850LUTE EXPRESSIONS SPECIFYING lHE LEV(L NUMIJEns or THE. 
OVERLAY. Ll IS lHE PIIIMAny LEVELIO-6JI AND LZ IS lHE • 
SECONDAR, LEvEL 10-631. WHEN lHE FIRST IOENT IOENTIFIES. 
TltE HAIN OVE."LAY. 1I ANO LiZ CAN NE OHI"EO. IF Ll IS • 
OMI1TEO. IT IS SE' '0 00. IF LiZ IS OMITTED. IT IS ~E' • 
TO 00. • 

• BECAUSE 'HE FIRST IOENT PPECEOES ANY USE Of THE OASE • 
PSEUDO INSTRUClION. THE LEVEL NU"UEkS ON T~E IOENT AnE • 
EVAlUATlU AS DECIHAl UNLESS SPECIFICALLY DESIGNATED AS • 
OCTAL UY A POST RADIX. • 

• AHSOLUTE EMPRESS ION SPECIFYING THE NUMBER Of THE PPU ON • 
W"lclI TltlS PROGIIAH IS TO 8E LOADED. ON WE FIRST IOENT,. 
THiS NUMBER IS (VALUATED AS DECIMAL UNLESS SPECIFICALLY. 
DESIGNATED AS OC1AL. • 

A LOCATION FIELD SYMBOL. JF PRESENT. IS IGNORED. 
• 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

COHPASS 3.6-476. 
AIZ345678CJ 

AIZ3'~6189 TITLE SPACE PSEUDO INSfRucrION. 

01/09/79 08.34.39. 

PAGE 

PAGE 

• • 

5 
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PSEUDO INSTRUCTIO~ 
SPACE PSEUDO INSTRUCTION. 

PSEUDO INSTRUCTION 
E~ECT PSEUDO INSTHUCTIO" 

.... • • 

COMPASS 3.6-476. 
All345678'1 

01/09/79 08.34.39. 

AI23456189 TITLE SPACE PSEUDO INSTRUCTION. 

COMPASS 3.6-476. 01/09179 

( TITLE) EJEer PSEUDO INSTRUcnON : ...... ~ ......................................................... . 
08.34.39. 

: EJECT-EJECT PAGE AND BEGIN NEW SUS-TITLE : 

• • 
• • • 
• • 
·LOCAnON 
• 
·NAME 
• • NAME '. • 
• • 
• 

;~~EEJ~CT PSEUDO INSTRUCTION ADVANCES PRINTER PAPER TO A NEW: 
UEfOHE PRINTING. THEN. PAGE HEADINbS ARE PRINTED AND • 

~~~~~~:T~~~:!N~~SiT ~~E~:N~::T~g :~f~~~~~;~~~.:~;NX~~~;!NGO~H~ 
A HACRO OR OPDEf EXPANSION. AND THE CDRHESPONDING'HLlsTH' • 
OPTIONS ARE NOT ALL SELECTED. 

OPERATION ~ARIABLE-suafIElDS 

EJECT 

NEW PROGRAM SUB-SUUTITLE fOR THE PAGE WILL BE PRINTED IN 
CHARACTER POSITIONS 70-79 Of THE SECOND LINE or THE PAGE 
OLANK NAME CLEARS THE SUB-TITLE. • 

AN ENTRY IN THE VARIABLE fIELD. If PRESENT, IS IGNORED. 

• • • • 
• 
• 
• 

A· 
• • 
• 

.......................................................•............... : 

• • • • • -- • • • • 

PAGE 5 

PAGE 6 

• • .. 



• • • • •• 
PSEUDO INSTRUCTION 
EJECT PSEUDO INSTRUCTION 

....... 
I 

....... 

• • • • • • • • • • 
/' " 01l091f9 08.34.39. 

&- \ 
COHPASS 3.6·416. 
TEJECT 

1EJECT ;~v EJECT ) ................ ' ....................................................... . 
• 
• 
• 
• 
• 
• 

..,./ 
TTL-NEW ASSEMHLY LISTING TITLE 

• 
• 
• 

THE "TTL" PSEUDO INSTRUCTION INTRODUCES A HEN "AIN TITLE TO DE 
PRINTED ON EACH PAGE OF THE LISTING. AND CLEARS THE SUBTITLE.' 

·LOCATIDN OPERATION VARIABLE-SUUFIELDS 
• 
• • • 

·NAHE 
• 
• • 
• 
• 
• • 
• 
• • • • 
• • • • 
• 

TTL STRING • 
• 

STRING COMPASS SEARCHES THE COLUMNS FOLLOWING THE BLANK THAT TER-· 
MINATES TIlE OPERATiNG fiELD. If IT DOES NOT fIND A NONlJLANK 
CHARACTER BEfO»E THE DEfAULT COMMENTS COLUMN (SEE COL PSEUDO 
INSTRUCTIONI. IT TAKES THE CHARACTERS STARTING WITH tHE DE­
fAULT COMMENTS COLUMN MINUS ONE UP TO THl STATEHENT END. • 
OTllt::tHIlSt:. fill::: TITLE HEGINS WITH THE flnST NONIILANK CIIARACTEA 
FOLLOWING "TTL" AND CONTINUES TO THE ENO OF THE STATEHENT • 
OR TO THE 6lND CHARACTER. ANY CHARACTER BEYOND THE 6lNO • 
ARE lOST. A HLANK STRING PRODUCES AN UNTITLEO LISTING. • 

• 
NAME NEW SUB-SUBTITLE TO HE PRINTED IN CHARACTER POSITION 10-19. 

ON THE SECOND LINE ot THE PAGE. A BLANK NAHE CLEARS THE • 
SUB-SUBTITLE~' '. 

"TTL" DOES ~OT CAUSE A PAGE EJECT. 
• • 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PAGE 

• • .. 
1 
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00 
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PSEUDO INSTRUCTION 
EJECT PSEUDO INSTRUCTION 

.. • • • 

COMPASS 3.6-476. 01/09/79 08.34.39. PAGE 

EJECT 
HILLER TTL TTL PSEUDO INSTRUCTION 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • 
• 
• 
• 
• • 

NOREF - OMIT SYMBOL REFERENCES 

T~E "NOREF" PSEUDO INSTRUCTION CAUSES THE SYMBOLS NAMED IN THE 
VARIABLE fiELD TO BE SUPPRESSED fROM THE SYMBOLIC REfERENCE TABLE. 

·LOCATION OPEHATION VARIABLE SUUFIELOS 

• 
• • 
• 
• 
• • 
• 

• • 
• 
• • • • • 
• • 
• 
• • 

HOREF SYMI.SYH2 ••••••• SYMN 
• 

SYMI ONE OR MOHE SYHBOLS DEfINED IN THE SUBPROGRAM. If A • 
SYMUOL QUALifiER IS IN EffECT WHEN THE "NOHEf" IS ENCOUNTER­
ED. THE SYMBOLS ARE ASSUMED 'TO HE QUALIFIED BY THE QUALifiER 
IN USE. ALTERNATIVELY. SYMI CAN BE A NON-DLANK QUALIFIER • 
SYMBOL ENCLOSED HY SLANT HARS. IQUALIFIEH/. IN WHICH CASE • 
ALL SYMUOLS QUALifiED BY THE SPECifiED QUALIfiER ARE • 
SUPPRESSED fROM THE SYMUOLIC REFERENCE TABLE. • 

A LOCATION FIELD fiELD SYMBOL. IF PRESENT. IS IGNORED. • • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • 
• USE-ESTABLISH AND USE BLOCK • 
• • • • 
• 
• 
• 

USE ESTABLISHES. A NEW BLOCK OR RESUMES USE Of AN ALREADY • 
ESTAULISHED SLOCK. THE BLOCK IN USE IS THE BLOCK INTO ~HICH • 
CODE IS SUaSEQUENTLY ASSEMBLED. A USER MAY ESTAULISH UP TO • 
252 ULOCKS. • 

• ·LOCATION OPERATION VARIABLE-SUBfIELDS • • 
• 
• • 

• 
• • 
• BLOCK 
• • • 
• • 
• 
• • 
• 
• • 
• • • 
• • • 

• 

USE BLOCK 

IDENTIfiES BLOCK TO DE USED. AS fOLLOWS. 
• o OR BLANK NOMINAL'ULOCKfABSOLUTE 'OR lERO) • 

II BLANK COHMON BLOCK. FOR A HELOCATABLE SUBPROGRAM, 
THIS ULOCK CANNOT CONTAIN DATA. T~E ONLY STORAGE 
ALLOCATION ~NSTRUCTIONS . IAT CAN FOLLOW ARE BSS • 
AND ORG. TIlE 8SSl INSTRUCTION IS ILLEGAL HECAUSE 
IT PRESETS THE BLOCK TO lEROSe • 

INA MEl 

NAME 

• 

• 
LAUELEO COHMON BLOCK. A NAME CAN BE A MAXIMUM • 
Of 7 CHARACTERS AND CANNOT INCLUDE ULANK OR COMMA. 
THE FlijST ANO LAST CHAHACTERS MUST NOT Uf A COLON 
CONVENTIONS IMPOSED BY THE LOADER OR OTHER • 
ASSEMBLERS OR COMPILERS COULD FURTHER RESTRICT • 
THl US~ OF NAMES. • 

LOCAL ULOCK. A NAME CAN BE 1-8 CHARACTERS. 
rXCI.IJfJ]tHi ill.MIK OU (,OH~IA. liSE or THIS tlMtE 

• 
• 
• 

• • • • • • • " 
.. 

8 

• .... 



• • • • • 
TTL PSEUDO INSTRUCTION 

-.J 
I 

\.D 

2 

• 
• • • • 
• • 
• 
• • 

• • 

• 

••• • • 
COMPASS 3.6-416. 
MILLER 

• • • 
01/09119 08.34.39. 

ENCLOS~O BY THE 8RACKETS DOES NOT CAUSE THE BLOCK 
TO BECOME A LAUELEO COHMON BLOCK. fOR EXAMPLE •• 
USE A AND USE IAI ARE DIfFERENT BLOCKS. • 

• 
BLOCK IN USE PRIOR TO CURRENT USE.USELCM.ORG. OR • 
M~. • 

• 
A LOCATION SYMOOL~ IF PRESENT. IS IGNOREO. • 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
USELESS~B~O 
USELESS ~USELESS 

~E 20 

THIS SYMBOL SlfOULO NOT OCCUR IN THE SYMBOLIC 
REfERENCE TAlILE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• 
• • 
• • • • • 
• 

SPACE-SKI~ LINES AND BEGIN NEW SUB-TITLE • 
• 

THE "SPACE" PSEUDO INSTRUCTION SPACES THE ASSEMlILER LISTING •• 
WHEN A PAGE IS FULL. AN EJECT OCCURS AND LISTING RESUHES ON THE 
NEXT PAGE. A SPACE IMMEDIATELY FOLLO~ING AN "EJECT" IS IG- .• 
NORED. "SPACE" HAS NO EFrECT. OTHER THAN SETTING THE SU8-SUB­
TITLl. If ~T IS GENERATED BY HOUPt ECHO. RMT. XTEXT". OR A • 
HACHO OR OPOEF EXPANSION. AND THE CORRESPONDING "LIST" OPTIONS 
AUE NOT ALL SELECTED. . • 

·LOCATION OPERATION VARIAOLE-SUBFIELDS 
• 
• 
• 
• 
• 

• 
SPACE seNT.RCNT 

• 
• NAME NEW SUBPROGRAM SUOTITLE WILL BE PRINTED IN CHARACTER 10-19 ON 
• THE SECOND LINE Of THE NEXT PAGE HEADING. A BLANK NAME CLEARS 
• THE SUlI·SUtHITLE. • • • 
• SCNT AN ABSOLUTE EXPRESSION SPECIFYING A POSITIVE INTEGER NUMOER • 
• Of SPACES BETWEEN THE HOST RECENT LINE AND THE NEXT LINE OF • 
• PRINtOUT. iF B~SE Is H. SCNT IS ASSU~IED TO BE oEeH-tAL. H'. 

• • • .. 
PAGE 9 
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TTL PSEUDO INSTRUCTION 

-....J , 
I-' 
0 

;' .. • .. .. • • 

• 
• 

COHPASS 3.6-416. 01/09119 08.34.39. 

SCNT IS OHITTED OR lERO. NO LINE IS SKIPPED. 

PAGE 

• 
• 

• RCNT AN ABSOLUTl EXPRESSION SPECifYING A POSITIVE INTEGER NUMUER • 
• Of LINES THAT MUST HE REHAINING ON THE PAGE fOLLOWING SPACING. 
• If 8ASE .S H. RCNT IS ASSUMED TO 8E DECIMAL. • 
• 
• 
• • • 
• 
• 

• 
If SCNT • RCNT EXCEEDS THE NUMBER Of LINES ON THE PAGE DEfORE 
SPACING OCCURS. THE "SPACE" ACTS LIKE AN "EJECT". NOTE T~AT. 
EITHER. THE EJECT OCCURS OR THE NUH~ER Of SPACES ARE SKIPPED • 

BLANK CARDS CAN ALSO 8E USED TO SPACE ThE LISTINO. 
• 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SPACE 10.30 

•••••••••••••••••••••••••••••••••••••••• 9 ••••••••••••••••••••••••••••••••••••••• 

• • 
• 
• • • • 
• • 
• 

XREf - REfERENCE SYMBOLIC ADDRESS 
• 
• • 

THE "XREf" PSEUOO INSTRUCTION PROVIDES THE OPTIONS OF HAVING THE • 
SYMBOLIC REfEHENCE TABLE CONfAIN REFERENCES TO SYMBOLS ACCORDING TO • 
lIt LOCATION COUNTER ADDRESS • 
(2t PAGE AND LINE NUMBER • 
III 80TH • 
fOR THE fORMAT OF THE SYMBOLIC REFERENCE TA8LE REFER TO SECTION 11.8.· 

·LOCATION OPERATION VARIABLE SUBflELOS 
• • 
• 
• 
• 

• 
• • 
• • • 
• • • 
• 
• • 
• 

XREF STRING 

STRING AN OPTIONAL CHARACTER STRING. THE fiRST CHARACTER OF WHICH IN- • 
DICATES HOW SYHUOLS ARE TO DE REfERENCED. • 
A THE SYMIIOLlC REHHENCE TADLE LIST ADDRESSES ONLY. fLAGS ARE • 

NOT INCLUDED. • 
B THE SYMUOLIC REFERENCE TABLE LISTS REfERENCES TO SYMBOLS ACCORD-

ING TO PAGE NUMUER. LINE. AND AOORESS. fLAGS ARE INCLUDED. • 
P THE SYMBOLIC REfERENCE TABLE LISTS REfERENCES TO SYMUOLS • 

ACCORDING TO PAGE AND LINE NUMUER. fLAGS ARE INCLUOED. • 

A LOCATION fiELD SYMBOL IF PRESENT. IS IGNORED. 
• 
• 

• • 
• IF THE STRING IS OHITTED OR If NO XREf IS ISSUED. THE SYMUOLIC REfERENCE· 
~ TAHLE CO~TAINS REfERENCES ACCORDING TO PAGE AND LINE NUMUEHS AND INCLUDES 
• fLAGS. THE LAST XREF ENCOUNTERED IN A SUBPROGRAM DETERMINES THE fO~M OF· 
• THE LISTING fOR THE ENTIRE SUBPROGRAH. • 
• • ······D·-········ .. ······· .. ·························· .............................. . ,USiLES~ XREf 80TH PAGE NUMBERS LINE. AND ADDRESS SHOULD BE LISTED. 

/ 
.I • 

I • .. • • • • • ... • • • 
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• • • • • 
TTL PSEUDO INSTRUCTION 
NOTE THIS IS A NEW TITLE 

TTL PSEUDO INSTRUCTION 

o X 

2 

• 

• • • 
• • 
• • • 

• • • • • • • • • 
01/09/79 08.34.39~ 

TITLE NOTE THIS IS A NEW TITLE 

COMPASS 3.6-476. 01/09/79 08.34.39. 

NOT SELECTE~, THE "CTEXT" DOES NOT AFfECT TITLING. 

• 
PAGE 

PAGE 

• 
• THE SUBTITLE BEGINS WITH THE fiRST NONBLANK CHARACTER fOLlONING • 

"CTEXT" Oil IN THE DEfAULT COMMENTS COLUMN fSEE COL PStUDO IN- • 
STRUCTIONI MINUS ONE. wHICHEVER COMES fIRST, AND CONTINUES TO THE. 
END Of THE STATEHENJ OR TO 62 CHARACTERS. ANY CHARACTER BEYOND • 
THE 62ND CHARACTER ARE LOST. • 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SPACE 10 

COMMENT NOTICE WHAT THIS COMMENT DOES TO THE PREVIOUS COHHENT 
SPACE 2 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• ENOX - DISAULE LISTING OF COMMON DECK TEXT • • • • 
• • 
• 

THE [NDX PSEUDO INSTRUCTION CLEARS THE "XTEX1" FLAG fOR LIST CONTROL. 
AND CAUSES LISTING TO RESUME. STARTING ,WITH THE INSTRUCTION AfTER • 
"ENUX". WHEN THE X LIST OPTION HAS BEEN SELECTED. • 

·LOCATION OPERATION VARIABLE SUHflELOS 
• 

• 
• 

• ENDX • 
• • 
• ENTIRES IN THE LOCATION fIELD OR VARIABLE fiELD. IF PRESENT, ARE IGNORED. 
• • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DEfAULT SYMBOLS DEFINED BY COMPASS. 

SYSs 

END TITLE 

47500B CM STORAGE USED 
HODEL 74 ASSEMBLY 

432 STATEMENTS 
0.949 SECONDS 

4 SYMBOLS 
4 REfERENCES 

• • .. 
11 

u 



TTL PSEUDO INSTRUCTION 

-.....J 
I 

I-' 
N 

• .. •• • 

COMPASS 3.6-476. 01/09119 08.34.39. PAGE 

TITLE 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• COMMENT-PREFIX TABLE COMMENT • • • • 
• 
• 
• 
• 
• 
• 
• • 
• 
• 

• THE COMMENT PSEUDO INSTRUCTION INSERTS THE CHARACTER STRING • 
SPECIFIED IN "THE VARIAUL£ FIELD INTO THE EIGHTH THROUGH FOUR •• 
TEENTH WORU OF THE PRFX TADLE IN THE ODdECT PROGRAM. THE • 
PREFIX TAULE, AND THUS THE COMMENT, IS IGNORED UY THE LOADER. 
BUT IDENTifIES THE SECTION. IF A SUUPROGRAM CONTAINS MOR~ • 
THAN ONE COMMENT INSTRUCTION, THE NEW COMMENTS ARE APPENDED • 
TO THE lAULE FOR THE MOST RECENT UINARY CONTROL CARD. If THE. 
SU8PROGRAM CONTAINS A NOLAUEL INSTRUCTION, THE COMMENT INST- • 
RUCTION IS MEANINGLESS. COMMENT INSTRUCTIONS fOLLOWING SEG • 
AND ULANK IDENT PSEUDO INSTRUCTIONS ARE IGNORED WITHOUT Norl-. 
fl~ATION. • 

·LOCATION OPERATION VARIAULE-SUUfIELDS • • 
• • 
• 
• 

• • • • 
• • 
• • • 
• • • 
• • 
• • • 
• 
• 

COMMENT STRING 

STRING COMPASS SEARCHES TIlE COLUMNS fOLlOWINfj THE BLANK THAT TERM. 
INATES THE OPERATION fIELD. If IT DOES NOT fiNO A NONULANK 
CHARACTER BEfORE THE DEFAULT. COMMENTS COLUMN (SEE COL PSEUDO 
INSTRUCTIONI, IT TAKES THE CHARACTER STARTING WITH THE OE-. 
FAULT COMMENTS COLUMN MINUS ONE. OTHERWISE, THE CHARACTER. 
STRING HEGINS WITH THE fIRST NONBLANK CHARACTER FOLLOWING. 
THE OPERATION fiELD. IN EITHER CASE, THE LAST CHARACTER • 
OF THE STRING IS THE LAST NONHLANK CHARACTER OF THE STATE-. 
MENT. 1 TO 10 BLANKS ARE APPENDED ON THE RIGHT SO THAT THE 
STRING IS" FOLLOWED DY AT LEAST ONE BLANK AND THE LENGTH Of. 
THE STRINU IS A MULTIPLE OF 10 CHAHACTERS. If THE VARIA8LE 
AND COMMENTS fIELDS ARE ALL BLANKS, THE STRING CONSIST Of • 
10 BLANKS. IF THE STRING LENGTH IS HORE THAN 70 CHARACTERS 
ALL CHARACTERS DEYONO THE 70TH ARE LOST. • 

A LOCATION SYMDOL, If PRESENT, IS IGNORED. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
COMMENT THIS"EXAMPLE ILLUSTRATES THE TITLE - TTL. SPACE _ COMMENT •• 

• 
• 
• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• CTUT - ENAULE LISTING Of COHMON DECK TUT • 

• 
• • • 
• 
·NAME 
• 

THE CTEXT PSEUDO INSTRUCTION SETS THE XTfXT fLAG FOR LIST CONTROL. • 

• NOTEI WHEN THE FLAG IS SET, EXTERNAL TEXT IS LISTED ONLY IF THE X LIST 
OPTION IS SELECTED. • 

• 

OPERATION VARIABLE SUOFIELDS • 
• • • NAME IF X LIST OPTION IS SELECTED, NAHEfOPTIONAL) IS TREATED AS A SUB- • 

• SU8TITLE, OTHERWISE IT IS IGNORED. • 
• • 
• STRING IF THE VARIA8LE fIELD IS NONBLANK AND THE X LIST OPTION IS • 
• SELECTEO,THE "CTEXT" IS TREATED AS A SUDTITLE. THE "CTEXT" IN- • 
• STHUCTION GENERATES A SUBTITLE AND CAUSES A PAfE EJECT. IF X IS • 

• • • • .. • • • • • • 

12 
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• .. • • • 
TTL PSEUDO INSTRUCTION 
SYMBOLIC REFERENCE TABLE. 

SYS" 
TITLE 
USELESS 

o 
o 
z 

LOAD HAP - TITLE 

EXTERNAL­
PROGRAM­
PROGRAM-

FilA OF THE LOAD III 
LWA·I OF THE LOAD 151 

• 
2/41 
2/02 E 
9111 L 

TRANSFER ADDRESS -- TITLE III 

PROGRAM ENTRY POINTS __ TITLE 

PROGRAM AND BLOCK ASSIGNMENTS. 

• • 
1 

0. 
2 

111 

• • • • • • • • • .. 
COMPASS 3.6-416. 01/09119 08.34.39. PAGE 14 

2/31 L o 

CYBER LOADER 1.4-485 01/09119 08.34.41. PAGE 

BLOCK ADDRESS LENGTH F(LE DATE PkOCSSR VER LEVEL HARDWARE COMMENTS 
TITLE 
CPU.Sys 

III 
III 

.060 CP SECONDS 

2 LGO 01/09119 COMPASS 3.6 476 
40 SL-SYSLIB 11/15/78 COMPASS 3.6 476 

13500B tH STORAGE USED 

MFS Nul- CYB14-SNI08 5C/R08 11/14118 
08.34.34.00N004U FROM 10H 
00.l4.J4.IP 00003504 wORDS - FILE INPUT 
08.l4.J4.UON,T5. 00IA.68Sl,1896.HJLLER 
08.34.31.REwINO.OUTPUT. 
08.34.J8.COHPASS. 

• DC O' 

08.34.41. ASS(HULY COMPLETE. 47500U CM 
08.J4.41. 1.015 CPU SECONDS ASSEMULY 

USED. 
TIME. 

OS.34.41.LGO. . 
08.J4.41.0P 00005696 WO"OS -
08.34.42.MS 1166 WORDS ( 
08.34.42.CPA 1.112 SEC. 
00.34.42.CPd .051 SEC. 
OS.34.42.IO .43b SEC. 
08.34.42.CM 35.401 KWS. 
08.34.42.55 
08.J4.4Z.PP 2.850 SEC. 
OS.J4.4Z.EJ END OF JOU, OH 

FILE OUTPUT , DC 40 
10152 MAX USf.Ot 

1.112 AO.I. 
.0!>1 ADJ • 
• 436 ADJ. 

2.1b5 ADJ. 
3.832 

DATE 01l09"n9 

THIS EXAHPLE ILLUSTRATES THE TITLE - TTL - SPAC 
PROCESS SYSTEM REQUEST. 

1 fA8LE MOVE 



o 

o 

.. • 

COMPASS ).~-ltl0. PAC,f 

SET I[OU 
STORAGE ALLocaTION. 

ADDRESS LENGTH 

SET/EOU 

0 

2 

4 

o 
4 

61)0000144 

6150000020 

0000000000 

144 
144 

12 
6140000GI2 

20 

61600001"4 
IGOGoOO 
loonoo 

50 

11602"1021 

RINAMV CONTHOL CAADS. 

IO[N' fiE lIl0U 
END CHECK 

ENTRY POINTS. 

CHECK 14" 

EXTERNAL SYMBOLS. 

SVS-

• • 

IDENT 4)£T/I.QU 
ENTRV CHECK 

CO~PASS J.S-410. 16/21'" 16.21.J4. 

• USE or ~ET AND EOU PSEUDO INSTRUCTION 
• 
• 

CHECK 
CHECK I 

S[1CHK 

SETCHK 

CHECK 

S£1CHKl 
SETCHK2 

• 

EOU 100 
- 100 
SB] CHECK 
SET 10 
s~,. S£TCHK 
srr ;.»08 
SR5 "i[ rCHK 
f.OU 20no 
S06 CHECK 
SET 262144 
- 1000008 
COI4~ENT 

COL 40 

[NORUN 
END CHECK 

THIS IS AN EXAMPLE or A COMMENT 
THIS IS AN EXAMPLE or A COMMENT 
THIS IS AN EXA~PlE or A COMMENT BLANK PSEUDO OP 
THIS IS AN EXAMPLE or THE COL PSEUDO OP'.RATION 
THIS IS AN EXAMPLE or THE COL PSEUDO OPEAAJlON 

I 

.. 110GB SCH STORAGE USED 28 S1ATrMENTS 
0.Ol8 SECONDS 

6 SYMBOLS 
~OD[l ., .. ASfi[M~lY 12 REfEAENC[5 

2 ERRORS IN SETIEOU 

PAG[ 

SET /[au 06/21118 16.2G.]". PAGE 

ERROR DIRECTORV. 

o TYPE [RAOM OPEMATION fifLO O_D. 
OCCUHRED ON PAGES ? 

o TYPE EAROH DOURLY DEfiNED SY~~Ol. THE fiRST DEfiNitiON HOlD4) 
OCCUHREn ON PAGES 2 ... • • .. • .. .. ' .. • • .. • .. . 

1 

.. .. 



• • 

~ 
I 

I-' 
1T1 

.. 
(OtT/fOil 
(Ov.,nollC 

CHHI( 
("rell 1 
SrtCH" 
Sf 'CH" 1 
sr n .. lI? 
"'Y~. 

• • • • • • • • • 
Prtf:qfHCl 

h4 
h" 
lO 

1000000 
10011110 

0 

"'~U • 
fO~p.~~ J.~-41n. 

7/01 [ I Ifl " IJ lIlO 7/1" 
;>toCJ n 
?/II " IIIJ 7.111 0 7.l1t. 
UI1 n 
?fIA fl 

r. '(R",al- ?flO; 

It" Nfl2- CYAU5-'SHI Iol81.1R6IJ 0<;.II5n8 
16.l0.J2.00HOO"1 fROM .ISH 
16.20.J2.IP 00000J10 WO"O.., - fll£ I~PUf • DC 010 
16.l0.J2.00H. PSO.01JR.,?c,oiIA.MlllfR 
16.20.Jl.COMP_S5. 
16.10.1". , (RROIfS , .. 5EflEOtl 
16.10.1". AS5E"BlY (PPORS. 4')00A 5C" USED. 
16.l0.1". 0.085 CPU SECOHoS . A55£"fllY TIME. 
16.l0.1".fIU' • 
16.l0.1".OP OOOOO"~ VOlf05 • 
16.20.1"."5 358' WORDS f 
16.20.3".CPA .115 SEC. 
16.l0.1".10 .4'4 SEC. 
16.l0.1".C" .... 80 kW5. 
16.l0.1".55 
16.l0.1".PP '.~96 SEC. 
16.l~.3".fJ (NO or JOB. 5" 

'llE OUTPUf • DC 40 
10752 ,All USED' 

.115 AOJ. 

.~J" AOJ. 

.51' ADJ. 
1.101 

DAn 06.121.178 

, "-'­-. -

• • • • • • .. 
0",11/1'4 1 ".70. lit. pU'f: '. 



fltPt At to .. "AC;C; J.0;·1070. tI .. ,n"" 1~.18.1It. pit;t , 
lOP" &lrf'rA' 
, 1<;' n.M ..... 
f ..,IQy "(I'Y 
prJ' S'.sAM.JO'10~.DI_~.C/" Arp pc;ruoo OP 

0 00000000000000000001 5.'" 0.,. 1.?:I.4 .... 
I o~oooooooooooOOOOOOl 
1 OOOOo~oooooo~~OOOOOJ 
) ooooooooouoooOOOOOOIo 

;(l! 10 000000000uoonoooon05 
~ 51?00nooblo fI["" CiA? "lop 

14"10 «;11,. III 
10111 All IZ 

" 451..0000000 C ..... 1..,<; 
5110000001 C S., ,,""<;·1 

7 Ijll0000011 • lOOP .... , wODn 
IOJ)) 0., IIJ 

10 517000000 I 'iA' I 
'51100000001 sat. I 

II 1J140nOOo, • N1 IIIt.lUOP 
11 00;160_60000000000000 "ORO v"n IR')lfNO.J/6.J~/n 

IJ 01020JO"0~0"O'1011Il OITA 10llHCOHGHIJ 
0 .. 0 HAC;E fl 

110 11 '"" Rc;c;1 10 
USE IANSI U'iE lAflflEO CONNON 

0 10 ANS flSC;Z R 

" USF: II U'iE fllANK CONMON I • 10 O'i'" II I-' 
0'1 16 [NO '1["" 

411008 SCM STOAAG[ UC;[O 1,. STAn"'ENTS ,. S.,MAOlS 
NOOEl I'" IC;C;["fllY 0.029 "ECONO'> 11 P[f[R[NCn 

OU"P "£lIT IV" nf04p I I II • I 1 , I 

00111 onooo onll~o uoonn noo,." 1100 11 lnooo oooou 000110 11111100 IInono 000011 011000 po121 .. 000nn 00000 onooO pOllOI 

oolll 00000 00"00 ooono 00002 noooo noollO nllnllu onllo] 
001110 00000 onoOO uoono onoolt 00000 ooouo OIlOOU ooon!. ... 1100 00064 '10620 10112 "160" 00111 '5111)n 00112 

00110 "1)00 001 )) 1011) ""1'00 5171'0 0'10111 "holl 00001 n)IIoO 001 JO .. 1000 ""ODD 05160 46000 00000 onooo 

001110 01010 )0100'; u~OIl 01111 000110 onoun 011000 00001 110000 00000 IInooo oooul 00000 00000 oonoo nnnOl 

001100 00000 00000 OOOlln oonolo ooono ""nun "noOIl oonos onooo 00000 ooono onnOI 00000 00000 onoon onnn1 

001.10 00000 00000 1I0nno 0001).) 000110 onOllll noonll onllolo nnono ollono ooono 0lln05 60000 00000 0100010 IInlU 

00111 ~"0000 001100 0.0010 00 I'" 

.. • • • • • • • • .. • • • .. .. • • .. .. 



.. • .. • • • • .. • .. 
l1[p(a1 
STORaGE alloC.tION. 

aODR[SS l(NGTH 

o 
1ft 

,VI or TH£ lOID 
lV •• 1 or TM[ lOAO 

TRaNSF[R aOOR[SS -- D£TTY 

PROGAAM [NTAY POINTS --

"lOCKS 

HI,.,auy rO~T~OI caNns. 

I nr N' IJr pl A' 
(NO .,f '" 
type .aODNf. ''is 

lOCAL 
COHMO,., 
COHHO,., 

o 
o 
o 

[NTAY POINn. 

"[,,y 0;' 

III 
15' 

AEP[AT 

126 

•• 

LENGTH 

2ft 
io 
10 

• • .. • • .. 

PAG[ 

BLOCk aOOR[SS l[NGTH DAft: PNOC55R VEA LEVEL HAAowaRt 

,INS' III 
P[P[A' III 

" I~' 

•• 11 (~ UCONOS 

10 
16 
10 

lGO 06/1"1' COMPASS ).~ .'0 

131009 CM STOAaGE U5[0 

"', N01- CY91'5·$HI 4lB11P6Y 05/15/'1 
16.1'.01.00NOOMR rAOM '~H 
16.1ft.OO.IP 000001?0 VOMOS • rilE INPUT • DC 04 
16.18.00.00N. P50,01'O,'lCTOIIA,MlllER 
Ift.lft.IO.COMPASS, 
16.1A.10. ASSEMBLY COHPl('t. .,100A SCH usro. 
16.1ft.10. O.OA) (PU S[CONOS ASS(MOlY TIH£. 
Ift.l6.10.lOAOClGO' 
16.18.10.£_£CUT£IO['T" 
16.18.II.DHPelll,ll', 
16.11.II.OP 00000'68 VOAOS 'llE OUTPuT, DC 40 
16.18.II.MS 1<;04 VOAOS 10151 H •• usro • 
• 6.1A.II.cpa .110 src. 
16.10.11.10 .609 SEC. 
16.10.II,CM •• "40 ~~1. 
16.10.11.55 
1~.18.II.pP 3.]16 5[C. 
IA.18,II.EJ [NO or Jon, SH 

.170 

.609 

.~oo 
I. ))0 

AOJ. 
AOJ. 
aDJ. 

OAl[ 0',/21118 

.. 



ltlr r 014,·. '> .. ' .... -10 rn. OftOll'" OCJ.O".l". pAr,l: ? 

lOr'" I , or 
,,,,,IlT_ t,"" 

n 11 ' ..... 7 ,n 

11 OOOOOOOOOoooo~oOonol f.AI' 0'" I .7. :t. It 
1ft .... lion !tUoI ~tl 

l 11 lot r..n 

l 11 "'lloonooOo ... ·1 n 
~1""000001 !t'l I 

l 11 o;nOO'lOOI J • 0;" • 
~1""10001~ • "alt ·'1 

us~ • 
21 Infoll p." • 1 

'U}O 5 .... IJ 

'4'100 SU a" 

n 51t.OonOOJJ • 5'" a"'O;'" 
'S1100000}4 • 5" aN,)' , 

11 116014'011 ( N'lRIJ,.. 

""' 12 'NS 050;1 10 
H (NO "aN 

4'lOO" SC'" 5 TORAG[ Uc;( 0 27 5UT£"£NlS 4 5Y""OLS 
.. DOH ,'4 asc;f.HOlY 0.01" SHON05 fII A[rrR[NCn 

-..J 
I 

...... 
ex> 

OUMP PH'l JV[ OHP ( III • 14' I 
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00lZ4 00001' ooono 000(10 ooool Olll'nO 001'00 nonl'O ooonl 00000 00000 00000 00004 46000 41tOOO 61000 46000 
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LoaD Nap - LOC 

,wa 0' 'Hf LOAD 
Lwa.1 or THt LOAD 

L[NGTH 

PAOGPa .. [N'AY PUIN'~ --

81NaNY CO~TNOL caAns. 

lonn LOC 
(Nil SA .. 

{N'AY POINtS. 

III 
llO 

lOC 

Il? 
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III 

• • • .. .. .. • .. 
06111118 09.04.14. PAG[ 

PAGE 

BLOC" aOONrS4i lrNGTH f"lU PNOCS4iA V[A L[V[L .. AROWAA[ COHH{NTS 

lOC 
sYS.P" 

III 
150 

.015 CP s(Co~ms 

31 LGO 
ItO SL-SYSLI9 

0"'l111A CUMPISS ).5 410 
05/16118 COHPISS ).~ 1t,0 

11100A f" 5TnPlGt U5[0 

PROC[SS $YS'[" A[OUfST. 

"tr NA1- CY811'-~~1 4LU11A68 0~/15111 
09.04.)l.00N005U rRoH I~H 
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~~r~ a ~'U~"l ~~rt~'Nft ,~ "Atcrorn H, ~~ o~ ~ •• "'0 '~r ~'"n~l I~ NOT O[~I~ro 
IN I~t ~"upuor.IJA ... (O"'''A~'' nEt IN[o; Hlf r..,I4HOl OP Of ClIIIIE'> IT .5 .N f:lITrPNAl • 
~YMqol. Afe;J>,rflYrlY. AI IHt [NO or .!>~"4fll" TH['II rOA" IS O[,..NEO flY • 
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• 'HE 7l~O PLOCk. all ".lIn';tour ... , "(f;P'EN(£«; TO THE S'"OOl. ""PH'" • 
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• purcrOtl) AY ... ~q ~OT. AAr 10 'H[ lorU ION O~ THf wo"o. • n~tAul ,. 
• ~;Y""Ol CANNO' R[ USED "HrA[ • PA[VI0"5l Y OEt IN£O 5Y"AOl 15 "fOUI"£O • • • 
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I' 'HE 5YNAOl i~ OErl~ro RY CONVENTIONAL N[T"OO. COMP.S5 OO[S NOT. 
I1lf I..,,. II Aro.IN ""' u"rc; 'HE oAOGPhNE" orr INIT 10lf. • 

• • 
• -.SYMAOl 'HI~ Oo'ION prPNI'S I PROG".MMER '0 O(fIN( HIS SYN~OlS IN • 5U9- • 
• ROU'INt OA ll~K '0 THEN IN .NO'H[R SIIOP"OGPAN. It 'HE PPOGR."Uo4[R • 
• Ott'Nf:C; 'HE ~YNnOl. T"E 'SSEHnl(R U5rs THE PROGP ... OEr'N"ION. I'. 
• 'H[ PR~r,U.MM£A 00£5 NO' ottiNE 'H~ ~YM90l. T~£ .SS{MOlER ASSUMES • 
• THAT '~f: SYNROl I~ [X,rQN.l .~ THOUr,H Df:ClIP[O I~ .N 'EX" PSEUDO. 
• INSTRUC'ION •• 5YMROl pp(tl-ro ~, eK MU~' CO~fOq" '0 TH£ P[OUIRE-. 
• N[",To; to., rU{Q".l SYHRoI.S. Ct 

• • 
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OU"P 

LOAD HAP - (~fCKI 

, vA Of UtE lOAD III 
LVA'I Of lH[ LOAD 16~ 

lRANSfER AOnRESS -- SfAq'1 II) 

rAOGRAH [NfAY POIN'S -- CHfCHI 

PROGRA" AND ALOCK ASSIGNMEN1S. 

flLOCK 

CflECKI 
CflEClCl 
SY5.RM 

ADDRESS LENGt" riLE 

III 
120 
124 

, LOO 
4 LGO 

40 Sl-5YSllB 

III 

DAn PNOCS5A VEA LEYEL "AROWARE 

0~/l"1B COHPASS ).5 4'0 
O~/?"'O COHPASS ).~ 410 
05/16/19 COHPASS ).~ ,.,0 

06/1'". 16.1n.)~. PAGE 

COMltENfS 

PROCESS SYSnM A(OUU'. 

.025 cP nCOtfns 1l200A eH stoRAGE U5ED I "'OLE MOYE 

RELAflVE n"PCIII.11ft 

00111 nn, n,,, In" u,n ,,,n "u, "n' 
001110 51700 00111 02000 00120 11M? ,",Oll 20".,(1 

OOIZO ~IIOO OOIIZ 10" I 46000 51100 0012) ""02 

00124 04000 00111 onon" 00000 flllOO oonoo nOoOO 

''''6 46000 

4Jn?1 

00000 

"iIIOO 00111 10'1' ""000 
01000 00116 61000 4~000 

10650 01000 0012" "(.000 

n4000 n012) nooon onooO 

"", "", "'" "'" 
"", "", "'" ,,"6 
51100 00001 0)11" nnlZ, 

Mrr N02- CYAI'5-SNI 4LO"R6D 0~/1~/'8 
16.20.J2.00NOOH5 fROM 15~ 
16.28.JZ.IP 00000512 VOHOS - rll( .NPU' • DC 04 
16.20.)Z.00N. Pso.02,a.'2Cl01IA.H'll(A 
6.20.JJ.COHPASS. 
6.28.JIo. ASSEHBLY COMPLEf(. 50\00" 5C" USED. 
6.28.J4. O.IJO CPU SECONDS ASSl~nlY 'IHE. 
6.20. JIo.l.GO. 
6.10.JS.OHPIIII.IZ'. 
6.20.JS.OP 00001216 "OllPS -
6.20.J6.~S J504 "onus I 
6.?0.J6.rPA .182 ~(C. 
".20.J6.10 .642 SEC. 
6.20.J6.(" 11.400 KW5. 
6.20.)6.55 
6.28.16.N) ].09) src. 

16.20.J6.£J (NO or JOD. 5" 

"l£ OUIP", 
7168 Hal .18. 

.6102 • ",.5 
I.~zo 

• IlC 40 
U5EO. 
ADJ. 
AOJ. 
AflJ. 

DAtE 06111118 

.. 



•• .. 

5 

I 

5 

100 
lOa 

PHUGRAH INITIALeOUTPUT. 
COMHON IANSWERI DUffERel,. 
CALL SlAin 
PHIIIT 101 
PHINT 100teDUffERII' •• -I.l,. 
fOfittA J HOll' 
fOllHA JlHtll 
om 

suaROUT.NE (RRHSOI 

SUUHOUTINE (RRHSOI 
PRINT 100 

100 fORHATeIHI •• les WRITE ERRon-. 
HETURN 
END 

SUBROUTINE (RHHSOl -
14/J4 OPT.I 

5 

SUUROU'INE (HRHSOl 
PIIIN' 100 

100 fORHA'eIHI •• ECS READ £RHOH-r 
RETURN 
END 

.. • • • • • • 

Ol/04/1e 12.26.31 I 

'1/04/'9 12.26.31 PAOE I 

OI'04'iv 12.26.38 PAGE I 

• .. • • .. • • .. .. .. 



.. .. .. • • • .. • • .. .. .. • .. • .. .. .. .. 
LOC7600 COMPASS 3.6-~76. OU04179 12.31.13. PAGE I 

JOEIi' lOC7600 
LIST -8.-R 
ENTRY STAR' 
EXT ERIIMS61.ERRMSG2 

0 
USE IANSWERI 

20 ANSWER BSSZ 16 

0 00000000000000000001 
USE 0 

OPERAND DATA 1,2,3,~.5.6.7.8 10 00000000000000000000 S.TART DATA 0 
11 5100000015 - SAO ADO 

7100000000 SXO 0 
12 01200000 .. WE lAloCKT 

0100000000 II HJ ERIHlS61 
13 0110000012 RE llJLOCKl 

0100000000 X RJ ElllfMSG2 14 0400000015 - Etl ADO 15 5110.000000 - ADD SAl OPERAND-O 
5120000001 - SA2 OPI:NANO-l 16 5130000002 - SA3 OPEI/ANO-2 

17 
5140000003 • SM OPlI/ANO'3 36612 IX6 XI'Xl 

36734 IX7 X]'X4 
5160000000 C SA6 ANSWEN'O 20 5170000001 C SA7 ANSWEIHI 

....J 5110000004 • SAl OPI:IIANO_4 
I 21 5120000005 • SAl OPEIIAND-S 

IV 5130000006 • SAJ OPI:IMNO'(' 
U1 22 5140000007 • SA4 OPEHANO-7 

36612 IX6 Xl- X2 . 
36734 1X1 X]'X4 

23 5160000002 C SA6 ANSWEH'2 

24 
5110000003 C 51'7 ANSWER'3 

5100000015 - SAO ADO 

25 
7100000012 sxo lOLOCKI 0110000010 HE lBLOCKZ 
0100000000 X RJ ERHMSG2 

26 0100000015 • ENDIBLK RJ AOU L 15 
L 15 00000000000000000000 

lOC ADO 
sun DATA 0 

l 16 5110000000 , SAl OPERAND'O 
l 17 

5120000001 • SA2 OPEl/AND' I 51J0000002 , SA] OPERAND'2 

l 
5140000003 • SA4 OPERANO-3 20 31621 IX6 X2-XI 37134 IXl X3-X4 

l 21 
5160000004 C SA6 ANSW€R'4 5110000005 C SAl ANSWER'5 

L 
51nOO00015 • SAO AOU 22 7100000022 

L 23 0110000010 
SXO lBLOCKI'18LOCK2 

0100000000 
RE lBlOCK3 

L 
X RJ ERHMS62 24 0100000015 • END28lK RJ L 15 ADO 

L 15 00000000000000000000 
loe ADD 

HUll DAlA 0 



LOC7600 COHPASS 3.6-476. 0./04179 12.31.11. PAGE 2 

L 16 5110000000 + SAl OPEnANO·O 
5120000001 • SAl OPlHANO·I 

L 17 5130000002 • SAl OPERAND.2 
5140000003 + SA4 OPEHAND.J 

L 20 42612 IX6 XI-Xl 
42734 IXl X3-X4 

5160000006 C SA6 ANSWlR·6 
L 21 5110000001 C SAl ANSWER·7 

5100000015 + SAO ADO 
L 22 11 0000011]2 SXO LOlOCKI·LBLOCKl+LBLOCKJ 
L Z] 0110000012 RE LOLOCK4 

0100000000 X RJ ERHHSG2 
L 24 0100000015 • END3BLK RJ ADO 
L 15 LOC ADO 
L 15 00000000000000000000 DIV}DE DATA 0 
L 16 511001'10000 - SAl OPt:RANO.O 

5120000001 + SA2 OPERANO-l 
L 17 5130000002 • SA3 OPt:RAND-2' 

5140000003 • SA4 OPEHAND-3 
L 20 21101 PXl XI 

21Z02 PX2 X2 
24101 NXI XI 

24202 NXl X2 
L 21 44621 fX6 XZlXl 

27303 PX3 X3 
27404 PX4 X4 

24303 NX3 X3 
-...J L 22 24404 NX4 X4 
I 44743 fXl X4/X3 

IV 5160000010 C SA6 ANSI/EH-e 0'\ L 23 5170000011 C SAl ANSWER.,9 
26666 UX6 X6.U6 

26177 UXl Xl.0l 
L 24 22666 LX6 X6.86 

22777 LXl Xl.lil 
5160000012 C SA6 IANSWER-IO 

L 25 5170000013 C SAl ANSWER·II 
L 26 0400000010 + END48LK EO STAHr 

12 LBLOCKI EOU EN018LK-ADD·l 
10 LlILOCK2 EQU EN02ULK-SUBT·I 
10 LOlOCK3 EOU ENOJULK-MULT •• 
12 L8l0CK4 EOU EN04ULK-DIVIOE+I 
44 LBLOCr(T EOU LBLOCK1-LBLOCK2·LBLOCK3.LBlOCK4 
12 HAXBlK MAX LBlOCKI.L8LOCK2.LBLOCKJ.LBlOCK4 
10 HINULK MIN LBlOCKI.LBLOCK2.LBLOCK3.lBLOCK4 

61 END 

1100B fCS 46100B eM STORAGE USED 100 STATEMENTS 20 SYMBOLS 
HODEL 13 ASSEMBLY 0.347 SECONDS 0 REFERENCES 

.. • • • • • • • • • • • • • .. .. .. .. .. 



• • - - • • • - - - • • - - • - • • -
LOAU HAP - INITIAL 

eYBEA LOADER 1.4-485 01/04179 12.31.U. PAOE 1 

FtfA OF THE LOAD III 
LVA-I OF THE LOAD 7166 

TRANSFER ADDRESS -- INITIAL 2213 . 
PROGRAH ENTRY POINTS INITIAL 2213 

PROGRAM AND BLOCK ASSIGNMENTS. 

8l0CK ADDRESS LENOTH FILE DATE PROCSSR VER .LEVEL HARDWARE COMMENTS 
IANSItERI III 20 
INIT IAL 131 2105 LOO 01/0V79 FTN 4.7 485 66bX I PROGRAM OPT-I ERHMSGI 2236 14 LGO 01/04179 FTN 4.7 485 6(6)( I SUUROUTINEOPT=I Elik"1SG2 2252 14 LGO 01/04179 F.TN 4.7 485 6(6)( I SUBROUTI NEOPT: I lOC11>00 22"6 61 LGO 01/04179 COMPASS ·3.6 416 ISJP.ENOI 2341 1 
IFel.C.1 2350 26 
108.10.1 2316 101 
O~rnHY= 2411 0 SL-FORTRAN 11/16118 COMPA·SS 3.6 465 fCL INITIALIZATION ROUTINE. IFCl::ENTI 2411 40 ~ cmllO:: 2531 33 SL-FORTRAN 11/16178 COMPASS 3.6 41J5 COMMON CODED 1/0 ROUTINES AND CONSTANTS. 

I 

'" HL:FOL 2512 40 SL -f OH "ll\'~ 11/16/18 COMPASS J.6 4115 FeL CAPSULE LOADING ~ FUFST" 2632 J SL-FORTIlAN 11/16/18 COMPASS 3.6 41J5 CONVERTED DATA STORAGE FLTUUT" 2635 Jll SL-fOIlTIlI\N 11/16118 COMPASS 3.6 4115 COMMON FLOATING OUTPUT CODE fOHSYS= 3146 301 SL-FOHTRAN ll/1bl18 COMPASS J.6 ·H15 fORTRAN OnJECT LIURARv UTILITIES. OUTCOH:: 31041 ·154 SL-FOIlTRAN 11116178 COMPASS 3.6 485 COMHON OUTPUT COUE SYSAIO= 3623 I SL-FOIlHlAN 11/16118 COMPASS 3.6 4IJS LINK liE TWEEN SYS=AIO AND INITIALIZATION CODE. 
fECHSK= 3624 41 Sl-FOIHRAN 11/11>118 COMPASS J.6 41:15 INITIALllE CONSTANTS. FMTAP= 3665 J!;7 Sl-fOHTRAN 11/16118 COMPASS 3.6 485 CRACK APllST AND FOHMAT FOR KOOEH/~RAKER. FOHUTl= 4244 46 SL-fORTRAN 11/16178 COMPASS 3.6 485 FCl MISC. UTILITIES. C;l T fiT '" 4312 57 SL-FOIITnAN 11/11>170 COMPI\SS 3.6 4tJ5 LOCATE AN FIT GIVEN A FILE NAME. KOUER= 4311 451 SL-FOIlTlIAN 11/16178· COMPASS 3.6 485 OUTPUT FORMAT INJEH~RETER. OUlC" 5042 150 SL-FOIl TIlAN 11/1 b178 COMPASS J.6 485 FORMATTED WRITE FORTRAN RECORD. IfUl.COMI 5212 14 
FUl.RES 5226 211 SL-SYSLIB 11/02178 CO'~PASS 3.6 4U5 FAST DYNAMIC LOAOEH RESIDENT. FUL.MHI 5437 222 SL-SYSLIU 11/02110 eor1PASS J.6 485 FOL MEMORY MANAGE~ INTERfACE. e!'u.sys 5661 40 SL-SYSLIB 11/15178 COMPASS 3.6 476 PROCESS SYSTEM REQUEST. eMF.AlF 5121 160 Sl-SYSLJB 11/15118 COMPASS 3.6 485 CMM VI.I - ALLOCATE fIXED. ' CMf .CSF 6101 6 SL-SYSLJIJ 11/15178 corWASS J.6 485 CMM VI.I - CHANGE SPECS fIXED. C"'M.FFA 6101 14 5L-SY~LJB 11/15178 COH~ASS 3.6 4115 CMM VI.I - FIXEO fREE ALGORITHM. eHF.fHF 6123 36 SL-SYSLIO 11/15176 COMPASS J.6 41:15 CMH VI.I - FHEE FIXED. CHH.R 6161 214 SL-SYSLIO 11/15118 COI~PASS J.6 485 eMM VI.I - RESIUlNT SUUHOUTINES. CHF.SLF 6315 22 SL-SYSLIB 11/15178 COHPASS J.6 485 eMM VI.I - SHRINK AT LWA FIXED. CTlSRM 6417 433 SL-SYSLlIJ 11/16178 COMPASS J.6 485 CRM CONTROLLING ROUTINE. ERRSRM 7052 25 SL-SYSLlIJ 11/16118 COMPASS 3.6 4B5 CRM ERROR PROCESSOR ENTRY. L1STSRH 7017 67 SL-SYSLIB 11/16178 COMPASS 3.6 485 CRM - ALLOCATE SPACE fOR LIST OF fiLES 

.3JO CP SECONDS 23600B CM STORAGE USED 12 TABLE HOVES 



• 

--.J 
I 
tv 
co 

• • 

00000000000000000003 
00000000000000000001 
11214000000000000000 
00000000000000000000 

10000000000000000001 00000000000000000013 00000000000000000011 
1111111111111111111b 00000000000000000002 00000000000000000014 
11205252525252525252 OOOOOOOOOOOOOOOOOOOl 00000000000000000001 
00000000000000000000 OOUOOUOOOUOOOOOOOOOO 00000000000000000000 

HFS NH1- CYU14-SNIU8 SC/R08 11i14118 
IZ.Z6.16.DONOOHT fROM IOH 
IZ.26.16.IP 00000168 WORDS - FILE INPUT ~ DC 04 
IZ.26.16.DON,ECI. 0014,6883,1896,MILLER 
lZ.26.38.~E.IND,OUTPUT. 
12.Zb.38.FTN,R=0. 
IZ.31.14. .106 CP SECONDS COMPILATION TIME 
IZ.31.14.HAP,PART. . 
lZ.31.15.L60 •• 
12.31.19. END INITIAL 
12.31.19. .069 CP SECONDS EXECUTION TIHE 
12.31.19.EXIT. 
12.31.19.0P 00001536 WORDS -
lZ.Jl.19.HS 3~84 WORUS .1 
12.Jl.19.CPA .164 SEC. 
IZ.31.19.CPB .453 SEC. 
12.31.20.10 2.081 SEC. 
IZ.31.Z0.CH 6Z.324 KWS. 
IZ.JI.ZO.EC 1.68~ KWS. 
12.31.20.55 
12.31.20.PP 15.234 SEC. 
12.l1.20.E~ END OF ~OB. OH 

fiLE OUTPUT 
14336 MAX 

• 764 
.453 

2.081 
l.d03 

.051 
1.154 

• DC 40 
USEO. 
ADJ • 
ADJ. 
ADJ. 
ADJ. 
ADJ. 

DATE 01/04179 

• • - • • • - • • • - - • • • 



• • • • • • 
ERRXX 

-...J 
I 

t\J 
1.0 

0 00000000000000000000 
1 

-I 
0 

p -1 
P -1 
p 1 
P 1 
6 0 
P 21 

1 7160241021 
3 144 

141 
141 

41500B eM 

• • • 
WENT ERRXX 
ENTRY ERtlXX 

• • III • • • • 
01/09119 12.21.56. PAGE 

......................... ~ ..................................................... . - . • 
• 
• 
• 
• 

ERRXX - CONDITIONALLY SET ERROR fLAG 

AN ERRXX PSEUOO INSTRUCTION PRODUCES AN ASSEMBLY ERROR WHEN A CON­
DITION DETECTED OURING THE SECOND PASS OF THE ASSEMBLER IS TRUE. 

-LOCATION EkRXX AEXP 

• 
• 
• 
• 
• 
• - . • 

• 
• 
• 
• 
• 
• 
• 
• -• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

FLAG A SINGLE ALPHANUM~RIC CHAHACTER DENOTING THE ERROR TYPE. THE FLAG· 
IS PLACED IN THE LISTING TO THE LEFT OF THE LINE fOR TrlE "ERR". • 
THE FLA6 CAN DeNOTE A FATAL OR .NONFATAL ERROR. A FATAL ERROR • 
CAUSES "COMPASS" TO SUPPRESS GENERATION OF THE BINARY OECK UNLESS • 
THE "0" MODE OPTION IS SELEtTEO ON THE "COMPASS" CONTROL CARD. IF. 
NO fLAti IS SPECIFIEO. on THE' CHARACTER IS NOT ONE Of THOSE GIVEN • 
IN SECTION 11.9 OF THE kEFEkENtE MANUAL. "COMPASS" USES "P~. • 

• 
XX DEfINES CONDITION UNOeR WHICH AEXP VALUE IS ERRONEOUS. • 

• 
xx ERROR CONOIT ION • 
N6 OR MI VALUE OF [XPIlESSION IS NEGATIVE • 
NI VALUE OF EX"H~SSION IS NONZERO • 
PL VALUE Of EXPRESSION IS POSITIVE • 
ZR VALUE Of EXPRESSION IS IERO • 

• 
AEXP ABSOLUTE EXPRESSION. IT CANNOT CONTAIN EXTERNAL SYMUOLS OR REFER-. 

ENCES TO BLANK COMMON. THE 'TEST IS MADE IN PASS T~O OF THE ~S- • 
SEMHLER. RELOCATE ABLE AOORESSES ARE ASSIGNED VALUES RELATIVE TO • 
PROGRAM ORIGIN RATHER THAN TO THE ULOCK IN WHICH THEY ARE DEfINED.o 

NOTE: • .. 
ERRXX IS THE ONLY CONDITIONAL INSTRUCTION FOR WHICH THE TEST IS • 
HADE IN PASS. TWO. THEREfORE. THIS IS THE ONLY PSEUOO INSTRUcTION ~ 
THAT CAN BE USEO TO DETEHMINE PPU OVER~LOW If THE PPU PROGRAM HAS. 
LITERALS AND "USE" BLOCKS. • .. 

•••••••••••••••• v •••• O ••• O •••••••••••••••• ~ ••••••••••••••••••••••••••••••••••••• 

ERRXX OATA 0 
8 EQU 1 
C " -1 
0 '" 0 
Z EIlR!IIG C 
Y rrmfH C 
X I::URNZ B 
If EkRPL U 
6 [HlfZR D 
Q ERIlPL 8UFF-ERRXX-120B 

ENORUN 
UUF !:ISS 100 
BUFF IlSS 0 

END 

STORAGE'USEO 51 STATEMENTS 1 SYMBOLS 
MonrL 74 ASSF.MHLV O.?OE> SECONDS 0 REFERENCES 
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ERRXX COMPASS 3.6-416. 

5 ERRORS IN ~RRXX 

[RRXX 
ERROR DIRECTORY. 

COMPASS 3.6-416. 

P TYPE ERROR CONSULT LISTINGS FOR REASON BEHIND P-ERROR. 
OCCURRED ON PAGES 1 

6 'TYPE ERROR LOCATION FIELD MEANINGLESS. 

.. 

OCCURRED ON PAGES 1 

.. .. 

HFS Nal- CYBJ4-SNI08 SC/ROB 11/14118 
12.l1.5J.DONOOFL fROM 10H 
12.21.53.IP OOOOO~ll WORDS - fiLE INPUT • DC 04 
12.l7.53.DON.T5. 00IA.6U83.1896,MILLER 
12.27.55.REwlND.OUTPUT. 
IZ.27.55.COHPASS.lO:OR •. 
12.27.51.· • I WARNING HESSAGE IN ERRXX 
12.21.57. 5 E"WORS IN ERRXX 
12.27.51. ASSEMBLY ERRORS. 47500B eM USED. 
12.27.57. 0.385 CPU SECONDS ASSEH~lY TIME. 
12.27.57.0P 00000704 WORDS - FILE OUTPUT. DC 40 
Il.27.~7.HS 3584 WORUS C 10752 MAX USED. 
12.27.51.CPA .291 SEC. .291 ADJ. 
12.27.51.CPU .114 SEC. .174 ADJ. 
12.27.57.10 .30S SEC. .305 ADJ. 
12.27.57.CH 14.978 KWS. .914 ADJ. 
12.27.~7.SS 1.685 
12.27.57.PP 3.370 SEC. DATE 01/09119 
12.l1.S1.EJ END Of JOB. OH 

.. .. .. .. .. .. -

01/09119 .2.21.56. PAGE 2 

01/09119 12.27.56. PAGE 3 

.. .. .. .. .. .. .. 
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LESSON 8 

ERROR EXITS 

LESSON PREVIEW: 

THE VARIOUS ERROR EXITS ARE DETECTED IN THE HARDWARE AS 
WELL AS SOFTWARE. 

REFERENCES: 

CHAPTER II COMPASS #60492600 

TRAINING AIDS: 

VISUAL SET V8 
PROGRAM COMPILATION & EXECUTION LISTING OF DECK 8A WITH 
DUMP. 

PROJECTS: 

HOMEWORK 

OBJECTIVES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE 
ABLE TO: . 

I. DETERMINE THE CAUSE OF EACH ERROR MADE. 
2. LOCATE ITEMS INVOLVED WITH THE ERROR IN THE DUMP. 
3. UTILIZE THE EXCHANGE JUMP PACKAGE SOLVING THE 

ERROR MADE PROBLEM. 
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SPECIAL FORMS 

CYBER FLOATING POINT HARDWARE IS VERY SPECIFIC IN THE 
VALUES RETURNED AS A RESULT OF ARITHMETIC OPERATIONS 
WHICH ATTEMPT TO GENERATE INDEFINITE OR OUT-OF-RANGE 
NUMBERS. 

UNDERFLOW 

o 0 0 0 EXPONENT (OR 7 7 7 7) 

INFINITY 

3 7 7 7 EXPONENT (OR 4 0 0 0) 

INDEFINITE 

1 777 EXPONENT (OR 6 0 0 0) 

8-2 
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NOTES ON HSPECIAL EORMS H 

THESE ARE THE OUT-OF-RANGE AND INDEFINITE NUMBERS GEN­
ERATED AS A RESULT OF FLOATING POINT OPERATIONS. 

INFINITE - THE NUMBER IS TOO LARGE (OVERFLOW) 
ZERO F.ORM - THE NUMBER IS TOO SMALL (UNDERFLOW) 
INDEFINITE - THE COMPUTER DOES NOT KNOW WHAT RANGE 

THE OPERAND LIES IN (FOR EXAMPLE, IT 
MAY HAVE BEEN PRODUCED AS' A RESULT OF 
USING AN INFINITE OPERAND) 

SPECIAL FORMS MAY BE HANDLED IN THREE WAYS: 

1. CHECK THE OPERAND WHEN IT IS GENERATED BY USING 
, JUMPS 

IR} 
OR INFINITY TESTS 

DE} 
ID INDEFINITE TESTS 

ZR} 
NZ UNDERFLOW TESTS 

OR 

2. ALLOW THE 'HARDWARE TO ABORT THE JOB WHEN AN ATTEMPT 
IS MADE TO ~ A SPECIAL FORM BY SELECTING AN EXIT 
MODE. (THE EXIT MODES ~ CATCH USE OF INFINITE 
AND INDEFINITE FORMS. THEY WILL NOT CATCH UNDERFLOW.) 

OR 

3. IGNORE THE ERROR. By DESELECTING THE EXIT MODE, THE 
INFINITE OR INDEFINITE OPERANDS MAY BE USED IN SUB­
SEQUENT OPERATIONS. THIS OF COURSE WILL PERPETUATE 
ERRORS. 

READ THE INFORMATION ABOUT EXIT MODE AND SPECIAL FORMS 
IN THE REFERENCE MANUAL - 60100000 (6000/CYBER-70) 

- 60420000 (CYBER-170) 
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NOTES ON HARDWARE ERROR EXITS 

CERTAIN ERROR CONDITIONS ARE DETECTED BV THE HARDWARE: 

50 49 48 
,/REFERENCING ADDRESS OUT OF 

X X (ERROR CODE 1) \ . 

RANGE 

\ USING INFINITE OPERAND (ERROR CODE 2) 

USING INDEFINITE OPERAND (ERROR CODE 4) 

WHEN THE ERROR IS DETECTED THE HARDWARE WILL: 
(6000/CVBER-70/CVBER-170) 

I. PUT THE CODE IN RA+O BITS 50-48 

2. PUT P+l * IN RA+O BITS 47-30 

3. SET P TO 0 

THE SOFTWARE WILL: 

I. DISCOVER THAT THE CPU IS NOT RUNNING 
AND THAT P=O. (MTR SAVS THIS IS 
ILLEGAL). 

2. PICK UP THE ERROR MODE AND -ADDRESS 
FROM RA+O AND FORMAT A DAVFILE MES­
SAGE. 

3. GIVE THE DMPX AND ABORT THE JOB. 

LOOK AT THE FOLLOWING EXAMPLE WHICH SHOWS ALL OF THESE 
CONDITIONS. 

ALSO SEE CVBER REFERENCE MANUAL. 

* REFERRING TO WHAT P WAS AT THE TIME THE ERROR WAS 
DISCOVERED IN THE FUNCTIONAL UNIT. 
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8LOCK 

OUTRANG 
CPU.SYS 

ADDRESS LENGTH FILE DATE PROCSSR VER LEVEL HARD~ARE 
III 
121 

.055 CP SECONDS 

10 LGO 
40 SL-S'lSLlD 

01/0B/19 COMPASS J.6 476 
11/15/78 COMPASS J.6 476 

13500B eM STORAGE USED 

REFERENCES 

01/08/19 10.29.05. PAGE 

COMMENTS 

PROCESS SYSTEM REQUEST. 

1 TABLE MOVE 

.. .. .. 

I 



"V, If- 1:.I\,,"RI1Ut. t'AI.I\Aut. 

P OOOlll AD OOOlOO 80 000000 
HA 115600 Al 000001 IH 000001 
fL 000200 A2 000060 H2 000 DOl 
EM OOObOO Al 0011057 01 OlllH 
HE 000011 A. 000001 94 000201 
FE 000000 A5 311116 05 000111 
HA 001000 A6 00012l 96 0110200 

A7 311116 Ul Ol1156 
XO 0000 0000 0000 UOOO OUOO 
XI 0516 0420 0000 0000 0000 
Xl 1505 1520 0000 0000 Ollbl 
Xl 0000 0000 0000 0000 3311 
X. 0000 0000 0000 0000 0000 
X5 0000 0000 0000 0000 0000 
X6 0516 O.lO 0000 0000 0000 
Xl 0000 0000 0000 0000 6666 

00000 00000 OOOOU 00000 00007· 
00u56 64550 02550 00000 46000 
00060 15051 52000 00000 00061 
0006. 04152 00000 00000 00000 
001110 '. 14011 151011 00000 00000 

00100 5,,000 00000 01000 00001 
OOIDS 00000 OUOOO 00000 00000 
00113 11100 0666b SI101 11716 
00114 46000 460UO 61000 HOOD 
00120 01000 oulZl 61UOO 46000 
00124 51100 00001 01110 00124 
00110 111 00 00110 20160 46000 
OOIH 20652 01000 00123 46000 

00 00140 1I60l lOlU 04000 00114 
I 00144 53160 lOI1) 03310 00142 
I-' 00150 11603 24616 12661 20651 0 

00154 20123 03210 00150 20151 
00160 00000 00000 00000 00000 

• • ... • • 

OHP. 

CIAlI .. 0000 
CIAlt- 15U5 
CeAJt- 0000 
CIU)- 0000 
ceASt- • • 
CIA6t- 0130 
ceAU- • • 

00000 
00000 
00000 
OOOUO 
00000 

00005 
OOllO_17l5l 

46000 
04000 
54610 
136bl 
51100 
20150 
03010 
01000 
13116 
60000 

00110 0000 0000 0000 Clall- oouo 0000 0000 0000 0000 
1520 0000 0000 0061 Cllflt- 0000 0000 0000 0000 0000 
OUOO 0000 0000 0000 C Hilt- • • OUT OF HANGE • • 
0000 0000 0000 0000 CUHt- • • OUT Of RANGE • • 
OUT OF RANGE • • CIllS)" 1170 0000 0151 7000 0000 
0000 ooou 0000 0000 CI06)" • • OUT OF RANGE • • 
OUT OF RANGE • • C fOU- • • OUT OF RANGE • • 

00000 00000 00000·· 00054_56110 03110 00054 54710 SlIOO 
00000 00000 00000 
00200 00000 00001 01040 00060 51600 00001 04000 
00000 OOOUO 00161 40000 00000 02000 00111 00000 
00000 00000 -00000 . 00100_54000 00000 01000 00001 

00000 00000 00161 00000 00000 00000 00000 00104_00000 
4Zilll 1607Q 00111 71100 00007 51700 00000 71500 

71300 OJ3lJ 46UOO 46000 46000 61000 46U.00 46000 
0013. 00000 00000 01100 00000 00000 00000 04000 
04UOO 00112 46000 51100 00U66 03310 00130 51100 
11161 ll6bl 46000 51600 00122 10611 46000 51100 
00001 OlIIO.OODS 04004 00136 610UO 4bUOO 51100 
36661 01000 OOill '04004 00142 61000 46000 71602 
00142 51100 00001 OJll0 00144 71100 00001 04000 
00113 61000 46000 04004 00152 61000 46000 73660 
20b3& 51600 00160 746bO 36116 20123 46000 04000 
00000 04004 00161 00171>60000 00000 040" 00177 

MfS NUI- CY814-SNI08 SC/RGB li/lV" 
10.25.10.OONOOKI FROM 10H 
10.25.10.IP 0000030. wonDS - FILE INPUT • DC 04 
10.2S.10.DON,T5. 001A,688J.1096,HlllER 
10.ZS.19.REwIND,OUTPUT. 
10.27.49.COMPASS,LO=UR. 
10.29.0 •• ASStHULY COHPLETE. 475008 CN USED. 
10.29.0.. 0.228 CPU SECONDS ASSEMBLY T1HE. 
10.29.04.MOO~,6. 
10.2'1.04.L60. 
10.29.05. wE OOT THIS FAH 
10.29.05.0H ... 
10.29.05.0P 00000832 WO~OS ~ 
10.29.05.H5 3584 WORDS C 
10.29.05.CI'A .41tS SEC. 
10.29.U5.CI'0 .282 SEC. 
10.29.06.10 .316 SEC. 
10.29.p6.CH 12.493 KWS. 
10.29.06.55 
10.29.06.PP 10.161 SEC. 
10.29.06.E~ END Of ~08, OH 

fiLE OUTPUT • OC 40 
7168 HAX USED) 

.445 ADJ. 

.2H2 ADJ. 

.J16 ADJ. 

.162 ADJ. 
1.806 • 

DATE 01/08179 

• .. .... . .. • .. • • 

00001 03110 00055 

00063 00000 00000 
00000 40000 00000 

00000 00000 00161 
01111 51501 11716 

71602 41021 20bSO 
00121 00000 00000 
OOlll 04000 00111 
00001 01000 00121 
00001 OJIIO 00136 
20314 20652 lb662 
00141 61000 .61100 
20630 Illbl 73610 
00150 61000 46000 

.. .. • 



.. - .. •• .. .. - .. .. .. .. ' .. • .. .. .. .. .. .. 
'nTAAO tOMPASo; 1.5-410. O&/U!?" 08.18.,0. P~O[ 1 

lortf' T[t:TNAO 
(NUT 'ESWIO , fl'06&6666040000011' DATA OIU 110066~~~~0~0000011~~ 

I 511000000., • TESTP.O 'iAI OAU 
10111 A 111 .1 

t '1"000000 5Al 0 
0400000000 [0 n 

J 46'" • NO 

- 46000 • NO 
'1 46000 • NO 
6 46000 • NO 

f.tolU,,' (NDAotf 
10 [NO no; TAAO 

."' 
uno" St" ,'ORAOl US(O .,. 5UnN[NfS , ""80\., 

MODEL 11_ .S,,(Nltty 0.015 SECONDO; , P[f[AENtn 

OVIt .. (U"ANG[ fI.(IC'or 0"'. , 000111 au nOlllO ,,. 0001100 It. J~~400 II 000001 81 000001 eu.,. 0000 0000 0000 0000 0000 ctol,. 0000 0000 0000 0000 0000 fL 000200 'i 00 OOfl 0 Ai OOOOOl CU2,. 1505 15iO 0000 0000 0061 Ctnl,. 0000 0000 0000 0000 oono , .. 1OOJOO U 000051 8J Olll)) etu,. 0000 0000 0000 onoo 0000 etDJ'. • • OUf 0' PINGf • • ex> AE 000055 .~ 000001 ". 000101 eU4,. 0000 0000 0000 0000 0000 etD~'. • • OUf 0' A.~G£ •• I rr 000000 15 fOOl II "5 OOOlil eus,. 5110 000 I. 1110 111" 6000 et951. 5110 0001 1110 111" 6000 I-' "A 001100 .6 00011l "6 000700 eU6f. OIJO nooo 0000 0000 0000 (t86,. • • OUT 0" AANG' • • 
I-' 

U 000000 

'" 
021756 etl1,. UOO M66 660' 0000 Oll~ C'R7,. • • OUT 0" P.NGf • • •• .,,,, tn., 

. "" "66 6&66 
JlI 0516 "'20 0000 0000 0000 
Jll 1'S05 1510 0000 0000 0061 
JI) 0000 0000 0000 0000 0000 
U 0001 0000 '000 0000 0000 ~ 

Jl5 6000 0000 0004 ouo 0000 
116 0516 hlO 0000 0000 0000 
JI1 7100 6666 660. 0000 0115 :l(.~_ 

00000 7100& 666&6 04000 00115 00000 03000 00000 00000 0005 .... 0;61 •• OJ II 0 oon_ 5 • .,10 51100 0000' tlllO 00055 
Of 056 , .. 5,. "5" 00000 46000 00001 00000 00000 00000 00060 15051 51000 00000 00061 00000 ooloO 00000 00001 Ol"~O 80060 51600 0000' 04000 0006; eoooo 00011 
00064 14'" 00000 00000 00000 00010· 00000 00000 0016' 40000 08000 OlOOO 00111 ooooe 00000 .0000 00000 
It Of It 14". ",,, 00000 00000 00000 00000 noolto 00000 00 I 00 .. -;'100 00000 01000 0000' 
01'00 '14'" Ofooo 01000 00001 00005 00000 ItOOOO 00161 00000 00000 00000 00000 oo.u-eoooo 00000 00000 00161 
00105 DOOOO 00100 00000 00000 OU.O .. Z .. Ot;l :l1"ll OlllO 00 III 11006 66Mt6 0"000 00115 51100 00111 IOfIl 4UOO 
OOIU 5'''00 01000 04000 00000 
00114 .6000 1t6000 ft 1000 1t6000 00 .. ' .... 6000 11601 4'01' 106';0 00120 01000 OOllJ &1000 .6000 04000 oolJ" 00000 00000 oilOO 00000 00000 00000 0"001) 00111 001t00 00000 
00114 51100 0000' 01110 00114 ~46U 0 .. 000 oOlll .. 6000 IS" 00 0006& OlllO OllllO 51100 00111 04000 IOIlI 
OO'lO "100 00 l:tO lOl80 46000 IlM' 1:,." I 1166' 46000 "'60'0 .,.,1 10611 4Mot 51100 00001 0101'0 011111 
00U4 '0&51 01000 OO"l 41.000 ~Iloo 01)001 oJllo ooi:1~ "4004 Oe11,. "IOClO .. "lInn t;" nn nnnn' h"t'.n ,. .. ,1.-, 



.. 

00 
I 

...... 
I\J 

1f!>"U" 
StONAG[ ALLocatiON. 

AeOfl[SS 

o 
10 

LOAD MAp· T(SI"AO 

rwA or THE LOID 
tWA'1 0' IH( LOAD 

UNr.TH 

10 

IAANsrEA AOOR(SS -- T[STAIO 

~AOGAAN [NTAY POINTS --

III 
161 

PAOGAIN AND 8LOCM ASSIGNMlNTS. 

8INA"' CONIHOL CAAOS. 

10[N' IE.,IMAO 
[ NO If, S 1 " AD 

(NtRY POINIS. 

I(S TAAO 

(XTEANAL SYM80LS. 

liZ 

nSTRAO 

I • 

C'"[A lOAOIA 1. 4 - 410 

112 

PAGE 

Obl?ll'8 01.11.11. PAG[ 

AOOM£5S LENGTH fiLE DU[ PNOCSSA V(A LEV[L HARDWARE 
BLOC" 

nSIAU 
SYS.PM 

III 
III 

• Oll CP S[(ONOS 

10 LGO 
40 SL-S'SLIB 

06/1"11 COMPASS 1.S 410 
OS/16/18 COMPASS l.S ~10 

il1008 eM SToRAGt USED 

Mrr Nel- (YBIl5-SMa 4LI".'1 15/15/', 
08.JI.I'.00NIO)1 rRON ISM 
08 11 I' IP 00000192 ~OHDS - rlL[ INPUT • DC O. 
OI:JI:I':OON. PSo.Olll.,1CfOIIA."ILL(R 
01.11.19.COMPASS. 
01.11.10. ASSEM8lY COMPL(Tf. 411008 SCM US(O • 
01.11.l0. 1.066 CPU S[CO~DS ASSEM8LY '1"(. 
01.11.20.LGO. 
OI.ll.ll.OMP. 
01.11.21.0P '000019, VOROS -
OI.ll.ll.NS lSI4 ~OADS • 
OI.ll.ll.CPA .114 SEC. 
08.18.11.10 .6)1 ~c. 
08.11.11.CN 9.66' ~S. 
08.18.11.55 
08.18.21.PP 4.219 SfC. 
01.11.21.EJ [NO or J08. SH 

'ILE OUTPuT 
1O'5l MAl( 

• 114 
• 611 
. '~9 

I.ns 

• DC 40 
uSED) 
ADJ • 
ADJ • 
ADJ • 

OAff 06/21118 

.. .. ' .. .. .. - .. .. • .. .. • .. .. .. .. .. .. 
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LESSON 9 

MACROS 

LESSON PREYIEW: 

THIS LESSON COVERS THE DEFINITION AND CALLS OF MACROS 
AND OPDEFS, THE USE OF. MICROS AND PSEUDO-OPS, AND CON­
DITIONAL ASSEMBLY. 

REFERENCES: 

CHAPTER 4-7 COMPASS REFERENCE MAN. #60492600 

TRAINING AlPS: 

VISUAL SET V9 

PROJECTS: 

PROGRAMMING PROJECT 6 

OBJECTIYES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE 
ABLE TO: 

I. WRITE PROGRAMS THAT UTILIZE: 
A. MACROS 
B. OPDEFS 
C. MICROS 
D. PSEUDO-OPS 

2. USE CONDITIONAL ASSEMBLY 

9-1 



MACROS 
Definition 

o!:,u .. nnON 

Often a sequence of code should be assembled many places in a proqram. P.at.~er 
than writing out the code each time 1t 1s needed, 1t wo\;ld be helpful to give a name 
to the sequence and then just use the name each time you want the assembler to br1n; 
in the code. A seq'.lence of instru~..1ons that will be assembled wheneve:o called is 
a MACRO. For added convenience the programmer could specify certain elements in 
the MACRO as variable: that 1s they can change. Each time the MACRO 1s called, 
c:Ufferent values could be given for these variables or parameters. The assembler 
would then insert the given values for the parameters as the code 1s asserr.bled. 
For example: 

• • '11";'''5 . a-'l1 a sl" .. ;un . 
SI1 .... 00. . , aa"11 ·".00_00> . 

, ", .. ,.'121 
"t-O a .\tte~.te. I 

~ "'I"'''''''''''''''''''' 

• • 

• ••••• • •• 00 •• 00 •••• 0' , 

• 

• 
ST 

rooollf'T •• ~'UT 
~J~T ~".O.G •• 
''''Ie,. ~T 

··cto .. ''', . ... ., .1\ ,,,., .. 
'lOr) • 
co-· IN-

'''' .,-
1'." _1\ s., "" . 
f-
co-· a' ,a, .2 
In .1, ,a, .. , pw,a 
, .. ,.,au .. 

sa6 "'''0.".0 
LI6 a." ",/ a.,.~. - 0." -l 

• 
f'''' 

a"", C- 'Toe.~ USIO 
eoCf~ " .IS'.'~" 

2. "u,-t: .. n '.11- ueo .. os 

9-2 

C,,·· .1 
CO·· .1 
cooo· .1 
e!:'·· .1 

C ... •• .1 
C"'·· .1 
COOO- .1 
COOO· .1 

t"C'·'J" ., 
r-"'··," .1 
f-e." .. .1 

, ' .... 01.5 
• t('[tt .. CU 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 
~I 

.1 

<I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
:1 
I 
I 
I 
I 

• 
I 

• • • 

MACRO 

* TYPE 1 FORMAT 

* SINGLE "INSTRUCTION" TO CALL A SEQUENCE OF CODE 

* LIKE AN IN-LINE SUBROUTINE 

THE CALL: 

SBI 

~SUM 
CALL 1 

BUF BSS 
A BSS 

THE MACRO DEFINITION: 

MACRO NAME 

~SUM 

/ADD 

LOCAL 
SYMBOL 

MACRO 
LOCAL 
SX7 
SB1 
SAl 
1X7 
PL 
SA7 
ENDM 

I I E I 

SUM MACRO 

~N WORDS TO SUM 
10 

~ MACRO CODE 
BUF,A } 

ACTUAL INSERTED HERE 
PARAMETERS BY ASSEMBLER 

10 
1 

FORMAL 
PARAMETERS 

---""'--
DATA,ANS 
ADD 
o 
B1-1 
DATA+B1 
X1+X7 
B1,ADD 
ANS 

9-3 

CODE TO BE 
INSERTED IN LINE 
WHEN THE MACRO 
IS CALLED 



• 

COMPass 1.5-410. PAG( 

"0\11600 
S'OAA6£ ALLocatiON. 

aoOUhS L(NG'" BINAMY CON,uOl CARDS. 

MOV' ..... O 
cY .... OlIC 

.op 

a~'i"rA 

DiViDE 
("OI~llC 
(",Oll'llC 
r"(I1~lll 

( .. O .. Al" 
l~lO("t 
l "lO('" 
l"lOClCl 
lAlf)C" 1 
lPlOC .... 
.... Rl" 
"l .. lillC 
"Ill' 
01" Aa",o 

5lJlH 
,)YS" 

" • 

o 
100 

AHrlt(HCl 

"0 

0 

"6 
4) 
'i4 
6~ 

'6 
"i0 
14 .. .. 
12 
14 
II 
"it; 
;>0 

44 
0 

III 

100 IOrH' NOV1"OO 
(NO aUD 

£N'AY POIN'S. 

ADO 

fX'(ANAl SYMBOLS. 

"AI.£ • 

pDf)f,It .... 1.101 F ~/.H .. 
l/lfo l /1"1 

PIIl)GA .... 111" l 111' .. 
un s 1/)11 .. 

pUOliAa"· )/14 llli l 
pUOG" ... • ?I41 l JI44 
pUf)r.".M· 1101 l )/ .... 
pql}c,u .... 1110 l J/4" 
PIli),," .... )/41 l J/41 

)1411 0 
1/ .. 4 ° JII." 
1/14 J/ .... n 
1I'S1 J/4" n 
1/11 J/4, n 
1/49 n 
l1S0 (I 

PP()(;AaM· lIS1 110) l 
PUI}(,A .... 1I1'S l l11P 

lilt> lIl .. 
1I11 1114 

PAOGA .... 11)5 11 .. , L 
r.'[""'le 1/ .. 4 

-- -- -- • .. 

COMPASS 

UC;c; S 1/16 
)/01 l/lll 
U)I S 11,." 
114" S 1I0q 
1/41 

)/ .... 1/"/1 
1/48 )IS'" 
1/48 
1/,." 

1/46 
1I1C; 2/41 
717" 1/41 
Ul1 2/44 
1/ .. 5 

'- .. 

",rr Nl'l- eYAI ''i-'iHI. 4lAl1P6A , .. , I 'ill" 
0".I).56.00H006U FROY I 'ito 
0".IJ."i6.IP 00000511 ~ONO'i - rilE INPU' • OC 04 
0".ll.56.00N. pc;r..Oll".'lCTOIIA.MlllEA 
0.,. 1.51.COMPass. 
09. 1.51 •• "S(M8lY eONPllTE. 4')00A SC" U5f.0. 
0.,. 1.S~. ft.ll" (PU ~(COHOS aSS£MAlY 'IMf. 0.,. 1.SA.lCiO. 
0". 1.S9.PMPCIII.I'" 
0". J.59.£-". 
09. ).59.0P 00001'.1. WORDS -
09. 1.59.1045 )'i"" wonDS 

filE OUTPUT • DC 40 

09. 1.5".cpa .11. SEC. 
0". 1.59.10 .~Sl src. 
09. J.59.CM Il."SO IC~S. 
0 ... ).59.SS 
0 •• 1.S •• PP 1.964 src. 
Oq. J.~9.[J [NO or Jon. SH 

1.S-410. 0"""78 0 •• 1 ].'8 .• 

S H~' 
S )/10 'i ln6 S )/~l S 
S )/)5 c; 1/,.1 S 

u,s lin )Ill 
1/01 1/06 llll 
JlO~ llli 1114 

• , • -- .. 

101'i1 MAlI USED' 
.i?9 
.6'i1 
.'14 

1.6,,5 

a~j. 

ADJ. 
.OJ. 

OlTf 0.,,1"18 

PAGE 

.. • .. .. 



.. • .. .. • • • .. , .. .. .. .. .. .. • .. • .. .. 
MOYJf\OO COMPASS 1.5-410. Oft/nO,. 09.11.51. PAO( 

lor~n MOV1600 
lI'i' ' 14 
(NTRY AnD 

MOV( MACRO PARMI.PlRNl,PlRN] 
local NOVEl 
~nl 0 
~"l PARMI 

MOY[I. 5a5 PARH1·el 
11116 115 
SA,. PARMJol1 
~nl IJI.I 
H( , 1)1.81.MOV£1 
(NON • " AN!JWU 1150;' 16 

U •••••••••••••• 0 ••• 01 OP(RAND oau 1".1 ••• ~.6.'.8 
lO 5110000011 • ADO SAl OP[RANOoO 

!1l0eeootl • SAl OPf.RaNOol 
11 ",tt.tlll • SA) OP[RANO" 

!I.oooo.n • ,a4 OP(IUNOo] 
II l6llt Ill. IIlolll 

111:M 1111 IU.,," 
• !11t .... n • SA,. l"5W[lhO STORt A[5UlY 

II 
""''' .. 1 • 

SA'l aNSWER., STORE R[SULT 
, .... "OZ •• sal OP£RANO'4 

14 ,i, ..... , •. sal OP(RANO'5 
~ IJU .... U6. SAJ OP[RANO'6 I 
U1 11 .14 ..... " • 'A4 OP[RANO'l 

lUll 111ft 1I1.IIZ 
,U]4 IU 1l),"4 

16 ~.' ...... r • $A6 AN5W(A·r 
lJu .. ".n • SU AN5W[Ro) 

" " 61"'U' •• 
MOV[ L8l0CKl.SUIT.AOD , ., 

If 581 0 M6vt ., 
IIU'U." 

.. ooooil 
SOl LlLOCK' "OW[ .1 .. lJi' ..... 44 • SA!J !lU!H'''1 "OW[ .1 

I"" U6 d MOY[ .1 41 ••• 1 .... " • SA6 AOO.II MOV[ .1 6 .. 1"1." 5111 1101 MOY[ .1 4, nl' .... 41 • H[ ,,1,81,"000081 MOV[ .1 (NOM MOV[ .1 4, .41 ..... " . fHUlett( (0 AOO 
44 1J11O .... 1 •• SUnf SAl OP[RANO" 

5Ite'''.'1 • SAl OP(RANOol 4, 'Uft"." . SA) OP(RANO'Z 
!14000Un • !JAto oltrRANO" ... JJeP • 11l& Ill-Ill 

11114 1"1 II )-1l4 
!160000oo4 • 'A6 aH5W('''. 5TO"t "nyU 

41 ~. teto"n • "11 AN5Wflh5 STOR( P[SUL T 
MOV( lOlOCKJ.MUl T.AOO 

61111toOOOO 51'1 n MOY[ •• IJ' 'llnOO'1I SOl UILOCKl MOV( .1 
'1 ""\1000055 • "00000' 5"5 HUL '.111 "OV[ .1 

I06~5 1t.6 II' MOY[ .1 
U 51610000l0 • SA~ AOO'''I HOY[ .1 

ft III 000110 I 5AI Alol MOYE .1 
~] 11')11011000;1 • "'( nl ... "' ...... IIOlll "OV[ • I 

~- --- - -- -- - ----



tlOV1600 COMPASS ).5-410. "'21111 0 •• U.51. PA&«: ) 

(NOH MOV[ .1 
5. 0"'0001010 • (HOlBll( (0 100 
55 511O0000l0 • NUll SAl OPfRINOtO 

51l00000ll - SAl OPflUNotl 
56 SUtlO .. ,l • SA) OPfAINO·, 

51400UOll • SU OPfRANo·) 

" 4UU 1116 III-Ill 
un. III .)-II~ 

5160000006 • SA6 ANSWUh' SToA( A[SUlf5 

" 51110010" • SAl ANStllIh 1 STOA[ R[SULTS 
NOV( L8LOCK4.DIVID(,AOo 

61101000" 581 0 MOV! .1 
61 6110001011 S8l L8LOCK4 MOV( .1 
61 5151000066 • .. oooon SAS olVlo[-BI MOV( .1 

10655 8116 1t5 HOVE .1 
6) !UIlODlOlO • SA6 Aoo·bl HovE .1 

611ltOOOOI 581 81tl MOV( .1 
64 05110otoU • HE 8I,8l'''00DOO) MOV( .1 

(NON MOV( .1 
65 140000")0 • EHO)BLK (0 ADO 
66 51100000l •• DIVIDE SAl OPfRANOtO 

SUOIDt"1 • SAl OPERAND-I 
\0 " 511 .... Ul • SA) OP[RANO·' 
I 5140000011 • Sa .. OP(RANot) 

0'1 " lJlII Pitl III 
lllOl Pill III 

14111 Nltl III 
l4lOl Hill Itl 

11 IUn pn II) 
l14l .. PII" II" 

l410) Nit) II) 
14404 Nit" II" 

Jl 44111 fll6 1I111(1 
Ul41 fU 1I"/1t) 

5160000010 • 5A6 ANswEA-' STORE AE5ULT"LOATtNG POtN'. 
n 5111000111 t SAl aNSwlAt9 STOAE AESUlT"LOATtNG POINT. 

l6616 Ult6 116.01 
26161 UII, 1(1,86 

14 '"" llt6 Jl6,81 
Ul" LU Itl.06 

51600000U • SA6 INStlER-IO STORE AESUl' .INTEGrA. 
15 5ntooUU t 51' ANSWERtl1 STOAE REsUlt c IHnOER. 
16 7I60l,,'Oll (NO .. BLK [NDRUN 

14 lflLOCKI lOu [NOIHU-AOO.I 
II lOlOClCl fOil [NOlltLK-SUUtl 
II LOlOCK) lOU fNOJULK-NULJ·I 
Il LRlOCK .. lOu [NO .. UlK-OIVIOrtl 
SO LRlOCKT lOU l"lO(~I·L8l0CKltL8LOCK1·LRlOCK4 
,Co "UULK HAil LOlOCKI.l8l0CKl.LRLOCK1,lOLOCK4 
II "INULK HIN LRlOCKI.L8LOCKl.LBLOCK1.LRLOCK4 

100 [NO AOO 

.. ,]OOB SCN S10lUG[ USED III SUl[N£NJS 21 SYMBOLS 00000) INvENTrO SYN80lS 
NOIIH I'" ASS[HltlY O.lll SECONDS 78 R[fER[NCES .. • • • • • • • .. . ' • .. .. .. .. .. • .. .. 



.. .. .. • • 
rva or 'H£ loaD 
lva.1 or 'H£ lOAO 

PQOGRA~ rNTA' POIN'~ --

• 
III 
1';1 

PROGRAM AND BLOCK A~SIGN"£NTS. 

• • • .. • .. 

141 

foe 0 V 1600 'Iftl 

blOCK IOOllE55 l[NGTH riLE OAT( PIlOCSSR V(P LEVEl. HAROVAR[ 

III 
111 

.1119 CP SlCONOS 

100 lGO 
"0 Sl-5'SlIB 

06111118 CO~PA5S J.~ "'0 
05116118 CO"PASS J.S 410 

1]1008 CN STORAGl usro 

.. • III .. .. • 
0~/11118 09.IJ.S9. PAG( 

PROCESS SYS'(~ prouts,. 

0" .. ,. 11ft If IV( ')"'" t I I I • I f 1 I 

nolll 
001110 

1111170 

001 J) 

001:110 

001"" 

1I01"i" 

0015c. 

00161) 

0016" 

00110 

00111. 

00000 00111)0 u"on~ OO~nJ 
O~O~O 110000 UOOon OOnil 

00000 OOllno OOllnn OOnlc. 

00000 01111110 UOOIIO IIlInlll 

011000 00000 00000 000"1 
0110011 0110110 unlln" 000010 

00000 001100 UIIonll 00010 

51100 00116 611011 00000 

05110 001~1 610011 C.6000 

41611 411]10 ~I~ol) 00111 

51610 nOl41 6111n 00001 

110000 nnouo nOIlOn nOnnJ 
nnnon nnnoo nooon oonnl 

111110 nnnoo nonnn nnnno 

n01l1l1l 00000 nOOOU OOOlln 

00000 OnnOO nOnOo oonns 

511110 OIlIJI ~110" 001'1 

ft4611 .... , .. J ~I~ou 00111 

11601 4'Oll 706<;0 .. ~no~ 

51100 00111 ~1100 00111 

61100 00011 ~II)OO 46000 

51100 001/0 ~1101) ooonO 

osllo flOIIJ ~II)OU .. hnoO 

noooo 00000 noooo OnOIJ 
"", 11'" 7117' 1111~ 

OOlll~ooooo 00000 noOOO Onool 

00000 00000 00000 On006 

~ll00 OOllJ ~I~~' 00114 

~I'OO OOlll 1667~ 1~161 

nlOOO 0011' 61000 4~000 

~IJOO OOllJ 51400 00114 

~1510 00166 10655 46000 

~IIOO 001]1 silOO 00111 

~1100 oOOll ~IOOO 46000 

0"000 00141 61000 46000 

00000 00000 00000 00001 

00000 00000 OOOon 00001 

00000 00000 00000 00001 

00000 00000 00000 onOOl 

11101 17202 210101 14101 

11616 11161 5160a OOllJ 

05110 00151 61000 46000 

]1611 111J4 51600 00115 

516111 00141 61110 00001 

51}00 Dol}} 51400 00lJ4 

51510 00111 10655 "6000 

51100 001}1 51100 OOIJl 

.. 



MACRO 

Type 2 format: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 
I • e • 

LOAD macro 

The Ca I I : 
LOADS X2 

! 
LOC LOAD 2.Y 
/' 

f " LOCATION SYMBOL 
DATA FROM Y 

Y DATA 3 

The Macro Definition: I 

TAG 

lDCA 1'1 ON SYMB OL 

~CRO~ 1 • 
MACRO LOAD.TAG~REG.ADDR I 
SA .REG ADDR r A , 

END M FORMAL PARAMETERS I 

9-8 

I 
I 
I 
I 



.. • .. .. • • • .. 
"t4CRO 

IO[IH 
[NrlO' 
lIsr 
MAt;IW 
SAl 
SAl 
JA!J 
~/\J 

~I\l. 

lAb 
lAb 
SAb 

!»AH ltlUtt 
0 I:IllHN I1SS 
0 "+U ~I\M 
0 5110000U2J + SAl 

51211000022 • SII2 
42512 IX!J 

S130000020 • Sid 
2 5HOOOOll21 + SII4 

4263" IX!) 
~2656 Ixt. 

J 516000003& • SAb 
lNUI4 

U) "+1 SliM 
I 511 U000026 • SAl 

U) 4 51ZUOOOUlS _ 
Sill 

42!:J12 lA!> 
5 51JUOOOll23 - SId 

Sh0000024 + SII4 
6 426]" IA6 

42&56 1)(6 
51&00U0031 • SAl) 

f.NUtt 

1 5110000031 
LIST 

• ...·2 .SAM 
5110000035 • 1'·3 SAM 

16 '11602411121 I:. NUHUN 
20 ooooooouoooooOOOOOOI M UI\TA 
32 000000011000000000001 • IJn TA 
36 4 P IJSSI 
"2 tNO 

415008 ctt STOUAGl U~I:.U 
MOOlL 13 ASSlHI:ILY 

.. • .. .. .. .. .. • .. • 
COMPASS 3.&-416. Ol/08/1V 16.41.44. PAGE 1 

kACHU 
I:IEIiIN 
H.-Ih-If 
SAM.I",I.ltR.S, T 
T 
S 
XI'Xl 
II 
II 
Xl'X4 
XS'Au 
I' 

fORMAT II 

II PLACE TAG ON NlXT LOCATION 
H.M-l,"+2.M+3 
"'+J 
M'i 
XI'Xl 
M 
M-l 
XJ'X4 
X5'X6 
P-O 

H+3""'4.M+5.H+6 
.... b 

M-5 
XI·Xi 
M'J 
104'4 
Xl'X4 
XsoX6 
P'I 

-101 
M'b.M+1tM+thM.9 
1,1+1 •• +'hlt] 

l.l,J.4.5.6.1.0,9,0 
l.l,J,J .. 
HE6JN 

o 
o 

• 61 STATEHEN,TS 
0.265 SECONDS 

• 
• 
• 
• 

SAM · , 
SAM .1 
SAM .1 
SAM • 1 SAM .1 
SAM .1 
SAM .1 
SAM 

• I SAM .1 

SAM 
• 1 SAH .1 

SAM .1 
SAM .1 
SAM .1 
SAM .1 
SAM .1 
SAM .1 
SAM .1 

Mrs Nkl- CYH14-SNtOd ~C/Hoa 
16.JI:I.01.0UNOOOJ fnOH IUH i O"lft! 
16.J8.01.IP 00000256 ~OUOS - fiLE I~I'UT ,oc U4 
16.JU.01.UON,TS. UOIA'bI:lI:lJ'ld9b.~ILLt:.H 
16.JO.10.UEWINU.OUTPUT. 
16.JU.10.CUM~ASS. 

16.41.46. ASSlH~Lr CUHI'LfTl. 41500" C" USlU. 
16.41.4~. 0.410 CPU SlCOND~ ASSE"~lr fl~l. 
16.41.46.lftO. 
Ih.41.46.0HPilll,200) 
16.41.4h.OI' 0000011]2 .OH05 - fiLE tlUfPtJf , IJc .u 
16.41.4h.HS 35U4 WUHUS I 116M HAA USEU' 
16.41.~6.C~A .291 SI:.C. 
16.41.4h.CPU .lhb SI:.C. 
16.41.46.10 .311 SEC. 
16.41.46.(H' 16.16~ KWS. 
16.41.41.55 
16.41.41.PP Z.942 SEC. 
16.41.41.lJ END OF JOH, OH 

.2'11 ALIJ. 

.~bb IIUJ. 

.JI, AUJ. 

."Ub AU.}. 
I.tjbj 

DArE UI/OP/N 

.. 



\D 
I 

...... 
a 

• 

lOAU HAP - HAtMO CYU~H LOADlH 1.4-465 PAGE 1 

rNA OF TH( LOMO III 
LWA.I Of _TH[ LOAD 21J 

THANSfER AOORlSS -- HlOIN III 

PROGHAM (NTRY POINts -- MAC;HU 111 

PROGHAM AND SLOCK ASSIGNHlN1S. 

BLOCK AUORES~ lEN61H fILE IJATE PkOCSS~ VEN LEVEL HARDWARE COHHfNTS 

HACHO 
CPU.Sys 

III 
151 

• 055 CP SECONDS 

DUMP RELATIVE 

00111 51100 OOUIt Sll00 
00114 51600 00147 51100 
OOllO 5110n UUI"~ ~liOO 
00124 51200 00145 42!:11l 
001;10 01000 0015!J bluuo 
00 I JIo 00000 OOOOU OOOUU 
0014U OO.OOU OOUOO OUUuU 
00144 00000 011000 OOUOU 
00150 00000 OOOOU 0011110 
00154 OllUO 000110 UUOOO 
OOlbO 511 00 UOUbb OJJIO 
00164 51bOO 0015'" lObli 
00110 04004 00110 blUOII 
00114 010004 001 lit 61000 
00200 03110 OOl1b 71100 

• • • • 

42 loo 
40 SL-Sy::.LIU 

01/uij/79 COMPASS 3.6 416 
II/l~/7a COHPASS l.6 476 

Il5auu C~ STOHAOl USED 

UHP Clll.lOO I 

OU133 42!JIl ~IJOO OOUI 4600U 
00137 !lllOIl IIOllb 4l::ili! ItbOOO 
OU141 41!!Jli !JIJOU OllJJI ·ltbUUO 
"bOOI) 5IJuu II014J ShUO 00144 
"bOOU OOOOU OUUOU OOOUU uooui 
00U04 ouuuu 00000 UOOUO UOO05 
uoolO 011000 011000 IIIIOUO IIuoll 

51400 OOlll 
513UO 00114 
514UO OahU 
Itlb14 42b5b 
OUOOO 00000 
OUOUU 00000 
000011 OOllOU 

ouooO! OOOUli OOUOO OOOOU OUOOJ 00141_ouuoO OOOUO 
01~10 oouoo IIOUOU'UOUUO UOOOU 00000 IIOOUII 
000011 U"'OOIi U01JI OUuuu OOUOO SIIOO 00001 
Uulb~ ~ll0U oot~J 040UO OOlbJ 711uo 0013U 
460UII !)110U oouOl Oluuu Dol!)] 20b!)l 01000 
4bOOli !JIIUO 00001 UJIIO 00110 lIbOl l0314 
4bOOO llbU~ lOJ14 20b!Ji! 3b662 53160 lOIH 
00001 

• • • • • • .. 

PROCESS SYSTEM REQUEST • 

1 TABLE HOVE 

4lbl4 4lb56 
!)1400 00135 4lfIJ4 42b56 ~lbOO 
ItlbJIt 4lb56 !ilbUO 00151 511uU 
~lbOU 00152 71b02 41011 lOb~O 
00000 00002 00000 00000 IIUOOO 
OOUOO OOOOb OOOUO uoooo UUOUO 
UOOOO 000110 00000 OUOOO 011000 
UOOUO OOU]O 
ouoOO OOUil 0"'000 OOlbb uooOO 
OJ110 00h6 54610 OIt(lOO OOh, 
lOlbO 4bOOO llbbl lJlbl lJbbl 
ClOI~!. 4bOOO !i1100 00001 OJIIO 
UltOOO 00lb6 iOl!lO 3b661 01000 
OJ)10 00174 03010 00174 51100 

• • • • .. 

00150 
00146 
4bOOO 
000u3 
00007 
00001 

00000 
4bOOO 
ItbOOO 
00lb1 
00155 
.00001 

.. .. 



• 

\0 
I 

I-' 
I-' 

• • • - • • • • • • • • • • - • 
PAOGAAM MACOPTH 74174 OPT-l 

01/09/79 .2.55.4, PAOE 
1 

5 

PROGRAM MACOPTHCOUTPUT' 
COMMON ANSWERCZ4' 
PRINT 100 

100 fOHMATlIHlJ 
CALL HEGrN 
P~INT ZO,CANSWERfIJ,I_ •• 24t 

20 fOllMATC4024J 
END 

1721 4000000000000000 
17116000000000000000 
11247400UO~000000000 
17117000000000000000 
17Z6550000000000000U 
11117Z5c52~25cSZ52Sl 

17216000000000000000 
60556777777777777777 
1723S40000000UOO~:;OO 
605413777777'7777777 
1124460000000UOOOOOO 
60S41J1111117117717~ 

17214000000000000000 
17176000000000000000 
17247400000000000000 
17177000000000000000 
17265500000000000UOO 
1717725l5252S2S25l52 

MFS Nal- CY814-SN10a SC/ROS 11/14/78 
12.55.44.00NOOGF FROM 10H 
12.SS;44.IP 000003Z0 WO~DS - FILE INPUT • DC 04 
12.SS.44.DON,TS. 00lA,6883,I896,HILLER 
12.5S.4S.fTN,R=0. 
12.55.51. WARNING MESSAGE IN HACRO 
12.55.51. .687 CP SfCONDS COMPILATION TIME 
IZ.55.51.MAP,PART. 
IZ.55.5z.Lao. 

END HACOPTtt 
.011 CP SECONDS EXECUTION TIME 

00001920 WOHOS - FILE OUTPUT, DC 40 
3S84 wonDS I 14336 MAX USED. 

.907 SEC. .981 ADJ. 

.192 SEC. .192 ADJ. 
1.166 SEC. 1.166 ADJ. 

42.524 KWS. 2.S95 ADJ. 
4.'141 

IZ.56.Z4. 
lZ.56.24. 
12.56.Z4.0P 
12.56.Z5.MS 
12.56.25'.CPA. 
12.56.Z5.CPIj 
12.56.Z5.10 
lZ.5b.25.CM 
12.56.25.SS 
IZ.56.25.PP 
12.S6.Z5.EJ 

8.34U SEC. DATE UI/09/79 
END OF JOll, OH 

17216000000000000000 
60573777777777777777 
.7235400000000000000 
60573777777777777777 
17244600000000000000 
60573777777777777717 

• • 
1 



• 

MACRO 

\0 
I 

I-' 
I\J 

••• 

o "111'11""'11"'" 
I 

I 
1 511 0000032 • 

5120000033 • 
2 513000003 •• 

5Ho000035 • 

3 40612 
30112 

5160000000 C 
4 51JOOOOOOI C 

2U06 
2.101 

5 
5 5160000002 C 

51J0000003 C 

6 44U. 
ll13. 

5160000004 C 

• • • 

COMPASS 3.6-4'6. 01/09/'9 11.55.50. PAGE 

STORE 

IDENT 
ENTHY 
LIST 
HACRO 
SAb 
SAJ 
ENOH 

MACHO 
BEGIN 
~,-U,-R 
P5,P6 
P5 
P6 

SAM MACHO PAHH1,PARH2.PARMl.PARH4.PARMS.PARM6,PAAM,.PARM8.PARM9.P 
,ARH10.PARHII,PARHI2 

LOAD 

bEGIN 

• 

LOAU PAHH1,PARH2,PARH3,PARH4 
t"Xb Xl.X2 
fXl Xl+Xl 
STORE PARM~,PARH6 
NXb X6 
NXl XJ 
STOHE PAHH1,PARM8 
fX6 Xl/X4 
fXl Xl-U 
STOHE PARM9,PARH10 
NX6 X6 
NXl XJ 
STOHE PAHHI1,PARHI2 
ENOM 
MACRO 
SAl 
SAl 
SAl 
SAlt 

PI.P2,Pl,P4 
PI 
P2 
Pl 
P4 

ENOH 
DATA 
SAM 

-0 
M.H·l,H.2.H·l,ANS.ANS.l'4NS'I.ANS.~.ANS.4.ANS.5.ANS.6.A 

LOAD H,Hel.H·Z,Hel SAM 
SAl M LOAD 
SAl Htl LOAD 
SAl ,hl LOAD 
SAlt Ht3 'LOAD 
[NOM LOAD 
fXb XI·X2 SAH 
FXl Xl'X2 SAH 
STORE ANS,ANS·I SAH 
SAb ANS STORE 
SAJ ANS'l STOHE 
ENOH STORE 
NXb X6 SAM 
NXl Xl SAM 
STOHE ANSel,ANS'3 SAM 
SA6 ANS'2 STORE 
SAl ANS'l STORE. 
[NOH STORE 
fXb Xl/XIt SAM 
FXl X3-X4 SAH 
STORE AN:i· •• ANS·5 SAM 
SA6 ANS'" STORE 

• • • • • • • • • 

•• .2 
.2 
.2 
.2 
.2 
.1 
.1 
.1 
.l 
.2 
.2 
.1 
.1 
.1 
.2 
.2 
.2 
.1 
.1 
.1 
.2 

• 

I 

- • 



• • • • • • • III • • • • • • • • • • .. 
H~CRO COMPASS 3.6.416. 01109119 12.55.50. PAGE 2 , 5110000005 C SAl ANS65 STORE .2 ENUM STORE .2 2~606 NX6 J(6 SAM .1 24101 NXl Xl SIIH .1 10 STORE ANS·6.ANS6' SAM .1 10 5160000006 C SA6 ANS-6 STORE .2 5110000001 C SAl ANS-l STORE .l ENOM STOHE .l [NOM SAM .1 11 SAM HO~tM-5.M.6.H61.ANS-8.ANS-9.ANS610.ANS611.ANS612.ANS613 

•• ANS·14.ANSoI5 

.t 11 LOAD H-~.H-5.H-6.H61 SAH 11 5110000036 - SAl 14-4 lOAD .2 5120000031 • SA2 14-5 LOAD .2 Il 5130000040 - SA3 14-6 LOAD .2 5140000041 • SA4 Hal LOAD .2 ENOM LOAD .2 lJ ~0612 fX6 Xt-Xl SAH .1 30712 fX1 X I - XC! SAM .1 STORE . ANSaS.ANS6' SAM •• 5160000010 C SAt. ANSaS STORE .2 14 5110000011 C SAl ANSa9 STOHE .2 ENOM STORE .2 24606 NX6 X6 SAM .1 \D 24101 NXl Xl SAM .1 I 15 STORE ANS-IO.ANS·ll SAH .1 I-' 15 5160000012 C SAb ANSato STOHE .2 w 
51700000lJ C SAl ANSall STORE .2 ENOM STORE .2 16 44634 FlIb XJ/X4 SAM .1 31134 fXl X3-X4 SAM .1 STORE ANS-12.ANS-13 SAM .1 S16000001~ C SAb ANSall STORE .2 11 5110000015 C SAl ANS-ll STORE .l ENOM STORE .2 24606 NX6 X6 SAH .1 24701 NXl . 111 SAM .1 20 S TOI~E ANSa14.ANS-15 SAM .1 20 5160000016 C SA6 AN~-I~ STORE· .2 5110000011 C SAl ANS-IS SlORE .2 ENOH STOltE .l ENDH SAM • 1 LIST -14 

21 51100000.42 • SAM Maa.H.,.H610,M611.ANSt16.ANStl1,ANSt18.ANSt.9.ANS'20.AN 
.S621.ANSaZ2.ANSaZ3 

31 0400000000 • Eel "EGIN 32 11204000000000000000 M DATA 1.0,2.0,3.0.4.0,5.0.6.0.1.0,8.0.9.0.10.0.11.0.12.0 
U~E 1/ 0 30 ANS llSS 2~ 
USE 0 

~6 END 

41600B eM STORAGE USlO 121 STATEMENTS 3 SYMBOLS HOUEL 13 ASSEMBLY 0.454 SECONDS 0 REfERENCES 



• • 

HAl:HO 

ERROR DIRECTORY. COMPASS 3.6-416. 01/09/79 .2.55.50 •. PAGE 3 

3 TYPE ERHOA DUPLICATE MACRO DEFINITION. NEW ONE OVERRIDES. 
OCCURRED ON PAGES 1 

LOAD HAP - HACDPTH 

'WA Of THE LOAD 
LWA·I Of THE LOAD 

111 
7lll 

TRANSFER ADDRESS -- HACOPTH 

PROGR'AH ENTAY POINTS •• 

PROGRAM AND BLOCK ASSIGNMENTS. 

BLOCK 

2113 

MACDPTH 

CYBER LOADER •• 4-485 
PAGE 1 

2lU 

ADDRESS LENGTH FILE DATE PROCSSR VER LEVEL HARDWARE COMMENTS 
HACOPTH 
HAcno 
ISIP.ENDI 
IFCl.C.1 
IU8.10.1 
02NTHY~ 
IfCL=lNT/ 
CU1110= 
fCL::fDl 
FurST:; 
fLTOUI:; 
fOkSYS" 
,JUICOH:; 
. \'SAIO:a 

'f:CMSK:; 
• ~tr AP:: 
fOHUTLc 
tilTFIT .. 
KOUflf:; 
OUTC:: 
IFOL.COMI 
rOl.HES 
fOl.MHI 
CPU.SYS 
CHF.ALF 
CHF.CSF 
CMH.FfA 
CHF.FRF 
CHM.R 
CHf.SLF 
CTLSRH 
ERkSRH 
LISURM 
/I 

III 
Z216 
l264 
Z265 
Z31J 
ZH4 
i?l.14 
Zlt54 
Z501 
ZSH 
ZS~Z 
3063 
3364 
3~1t0 

351t1 
3602 
4161 
4121 
4306 
HSl 
5121 
51't3 
5354 
5516 
5636 
6016 
6014 
6040 
6016 
6312 
6]]4 
6161 
1014 
1103 

.331 CP SECONDS 

• • • 

2105 LGO 
46 LGO 

1 
l6 

101 
o SL-fOIHHAN 

40 
33 SL-FOfHRAN 
40 Sl-fOHTRAN 

3 SL-fORTRAN 
311 SL-fORTHAN 
301 Sl-FonTRAN 
154 Sl-fORIHAN 

I SL-fOIHRAN 
41 Sl-fOHTHAN 

351 SL-fOIHRAN 
Itb SL-fORTRAN 
51 SL-fOHTRAN 

451 SL-fOIHRAN 
ISO SL-FORTRAN 

14 
211 SL-SYSLIB 
lZl SL-SYSLIB 

40 SL-SYSLIB 
IbO SL;"SYSLIB 

6 Sl-SYSLIO 
lit SL-SYSLIti 
3b SL-SYSLIB 

214 SL-SYSLIB 
22 SL-SYSLIU 

433 SL-SYSLIB 
lS SL-SYSLIU 
61 SL-SYSLIB 
30 

01/09119 'TN 4.1 485 
01/09/79 COMPASS 3.6 416 

11/16118 COMPASS 3.6 485 

11/16118 COMPASS l.6 485 
11/16/18 COMPASS 3.6 485 
11/16118 COMPASS 3.6 4ti5 
I1/1bl7u COMPASS 3.6 485 
11/16/78 COMPASS 3.6 Itti5 
I1/1bl78 COMPASS 3.6 485 
11/16/18 COMPASS 3.6 4U5 
I1/1b/18 COHPASS 3.6 4ti5 
11/16118 COMPASS 3.6 485 
I1/1b/78 COMPASS 3.6 4U5 
11/16/78 COMPASS 3.6 485 
11/16118 COMPASS 3.6 4U5 
11/16118 COMPASS J.6 485 

11/01118 COMPASS l.6 485 
11/01118 COHPASS 3.6 485 
11/15118 COHPASS J.6 416 
11/1S/7u COHPASS 3.6 485 
11/15116 COMPASS 3.6 4tiS 
11/15/78 COMPA~S 3.6 465 
11/15/18 COMPASS J.6 485 
11/15118 CO~PASS J.b 485 
11/15/78 COMPASS J.6 485. 
11/16118 COMPASS 3.6 485 
11/16/78 COMPASS 3.6 485 
11/16118 COMPASS J.6 485 

23S00B CM SrORAG[ USEO 

• • III • • • 

6661 I 

• 

PROGRAM OPT-. 

fCL INITIALIZATION ROUTINE. 

COMNON CODED 110 HOUTINES AND CONSTANTS. 
FCL CAPSULE LOADING 

CONVERTED DATA STORAGE 
COHMON fLOATING OUTPUT CODE 
fORIRAN OHJECT lIUHARY UTILITIES. 
COMMON OUTPUT COOE 
LINK "ETWEEN SYS:;AID AND INITIALIZATION CODE • 
INITIALIZE CONSTANTS. 
CHACK APllST AND fORHAT fOR KODER/KRAKER. 
FCl MISC. UTILITIES. 
LOCATE AN FIT GIVEN A fILE NAME. 
OUTPUT FORMAT INTERPRETER. 
FORMATTED WRITE fORTRAN RECORD. 

fAST DYNAMIC LOADER RESIOENT. 
fOl HEMORY MANAGER INTERFACE. 
PROCESS SYSTEM REuUEST. 
CMM Vl.1 - ALLOCATE FIXED. 
CMM VI.I - C~ANGE SPECS fIXED. 
CMM VI.1 - flXEO fREE ALGORITHM. 
CMM Vl.1 - FkEE FIXED. 
eMM VI.1 - RESIDENT SUBROUTINES. 
CMN Vl.1 - SHRINK AT lWA fIXED. 
CRM CONTROLLING ROUTINE. 
CRM ERROR PROCESSOR ENTRY. 
CRM - ALLOCATE SPACE FOR LIST OF FILES 

12 TAfllf. 'tOVf,) 

• • • • • • • 



• • • • • • • • • • • • • • III • • • .. 
MACROE COMPASS 3.6-416. 01/08119 10.21.31. PAGE 1 

tOENT ~AC'WE 
ENTHY AOU 

3 
LIST H,-Ih-R 

MOVE HllcnOE LENGTH,FROM.TO 
LOCAL HOY£l 
5111 0 
SB2 LENUTH 

HOVEi SII!J FHOH+lIl 
UX6 XS 
SA6 TO+IH 
SIH ltl .1 
Nt:: IH ,til,HOVEI 

0 
ENUH 

20 ANSWER I:ISSl 16 20 00000000000000000001 OPERAND DATA 1.2.3.4.5.6,1.8 30 511 0000020 • ADD SAl OPEkANOoO 
5120000021 • SA2 OPEHANU+I 31 5130000022 • SAJ OPEIIANO+2 
5140000023 • SAlt OPEllANO+3 32 36612 IX6 ltl+}(2 

36134 IX1 )(3+X4 
5160000000 • SA6 A/l511E"00 STORE RESULT 3J 5110000001 + SAl ANSWElh 1 STORE RESULT 5110000024 • SAl OPEHAN004 

~ 
J4 5120000025 + 5112 OPI::HANOoS 

I 5130000026 • SA3 OPEUANU06 ...... 35 5140000027 • SA4 Of'EkANO'1 til 36612 JX6 ltl')(l 
36134 IX7 Xl·X" 36 5160000002 • SII6 ANSWI::H+2 

5110000003 • Sill ANSWEH'J 31 HOYE lEN6TH=LBLOCK2.FROHaSUOT,TO_ADD 31 6110000000 SlIl • .A' 

6120000011 
0 HUV[ .1 

"I 
SU2 LDLOCK2 40 51510000H + '1000001 SA5 suur.lIl HOYE • t 

1U655 OXb X5 HOVE .1 
41 5161000U30 • SAl> AUU081 HOVE .1 

6111000001 SUI 1:11+1 HOVE .1 
42 0512000040 • NE ftl.Ui:!, t?000001 HOYE .1 

[NUM HOYE .1 
43 0400000030 • ENOIBLK EU AUU HOVE .1 
44 5110000020 • SUBT SAl OPEHANU'O 

5120000021 • SA2 OPtHANU-, 4S 5130000022 _ SAJ OPEHANO-Z 
5H0000023 • SAlt OPEIIANO'] 46 31621 IX6 )(2-XI 31734 1111 )(3-)(4 
S160000004 • SII6 ANSWUl+4 STORE RESULT 41 5170000005 • SAl ANSWER+5 STORE RESULT 
6110000000 

HOVE fIlOM=HULT.T02AOO.LENGTH~L8LOckl 
50 6120000011 

SUI 0 
kOVE .1 SU2 .lOLOCK3 51 5151000055 • ''1000002 SA5 HULT-AI HOVE .1 

10655 UX6 X5 HOVE •• 52 5161000030 • SA6 AOO·£I1 HOYE • t 
6111000001 ,SUI Bl·l HOVE .1 

53 0512000051 • NE 81.112. '1000002 HOVE .1 
HOVE .1 

--------



HACROE 
COHPASS 3.6-476. 01/08179 10.27.31. PAGE 2 

ENDH 
HOVE .1 54 0400000010 • ENDlBLK Eu AOD 5S 5110000020 • HULT SAl Of>EIIANO'O 

51l00000l1 • SA2 OPERAND-I 56 5110000022 _ SAl OPlHANO_l . 5140000013 • SA4 OPf.HANO-J 51 42612 JXb XI-X2 42714 IXl X3-X4 
5160000006 • SAil ANSWER_6 STORE RESULTS 60 5110000001 • SA7 ANSwEH_l STORE AfSUL TS 

LIST -H 
6110000000 HOVE TO=ADO,LENGTHaLBLOCK4.FROHaDIVIDE 65 0400000030 • [N01BLK EO AUU 66 51100001120 _ DIVIDE SAl OPEHAND_O 
5120000021 • SA2 OPlHANU_l 

67 5130000022 • SAl OPEIIAND-2 
5140000023 • SA4 OPEHAND-) 10 27101 PXI XI 

27202 PX2 X2 
24101 N)(I XI 

24l0l NX2 X2 71 2710l "Xl Xl 
21404 "X4 Xit lUO) NXl Xl 

24404 NX4 X4 12 44621 fX6 X2/Xl 44141 fX7 Xlt/Xl 
5160000010 • SA/) A'~SWER-8 STORE RESULT'FLOATING POINTt 1.0 13 5110000011 _ SAl ANSWER_9 STORE RESULT'fLOATING POINT. I 26616 UX6 X()fUl t-J 

26761 UXl Xl,66 0'1 
14 22616 lX6 X6,81 

22167 lXl Xl, bb 
5160000012 • SA6 ANSWl;.lhlO STORE RESULT IINTfIiERt 15 5110000013 • SA7 ANSWlH-U STORE RESULT ClNTfGEHt 16 1160241021 END4Hll< ENORUN 

14 lBlOCKI lOU ENOIIJLK-ADD_1 
11 lBlOCK2 EtlU ENU2IJlK-SUbT+1 
11 ltilOCKl [UU ENOJlIlK-HUlT_I 
12 LBLOCK4 [UU EN04HlK-DIVIUE_2 
50 LBlOCKT EOU lBlOCKI+lBlOCK2 I lBlOCKl ' lULOCI<4 
14 MUtlLI< I~AX LBlOCKl'LaLOCK2.LULOCKl.LBLOCK~ 
11 I1INBlK HIN lBlOCK1.LBlOCK2.LBlOCKl.LBlOCK~ 100 END ADO 

~1500B eH STOkAGE USED III STATEMENTS 21 SYMBOLS OOOOOl INVENTED SYHUOtS HODEL 7l ASSEHB~' O.lll SECONDS o REfERENCES 

HACROE 
ERROR DIRECTORY. COHPASS 3.6-~76. 01108179 10.27.31. PAGE 3 

J TYPE ERHOR DUPLlCATt: HACRO DEFINITION. NElli ONE OVERRIDES. OCCURRED ON PAGES 1 

• • • • • • • • • • • • • • .. - • • • 
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1.0 
I 

...... 
-..J 

DUMP 

• • III • 111 -- • • -- •••• • • 
LOAD MAP - MACROE 

filA OF THE lOAD 
lWA.1 OF fHE lOAD 

TUANSFER AODUESS -- ADD 

PROGRAM [NTRY POiNTS --

lil 
251 

PHOGRAM AND BlOCK ASSIGNMENTS. 

MAC ROE 

CYUER LOADER 1.4-485 01/08/79 10.27.33. PAGE 

141 

141 

BLOCK ADDRESS lENGTH FILE DATE PROCSSR VER LEVEL HARDWARE COMMENTS 

MAC ROE 
CPU.SYS 

111 
211 

.090 CP SECONDS 

RElATIVE 

00111 00000 00000 00000 
00114 00000 (JOOOO 00000 
00120 00000 00000 00000 
00124 00000 00000 00000 
001 J] 00000 00000 00000 
00134 00000 OOOOU 00000 
001'0 oooou OUDOO 00000 
00144 i1JOJ 21404 2430J 
00150 51100 00124 blOOD 
00154 04000 00141 61000 
00160 51100 00116 61100 
00164 OSl20 00162 61000 
00170 42612 42734 51600 
00114 51610 00141 61110 

100 Loo 01/08/79 COMPASS 3.6 476 
40 SL-SYSlIB 11/15/18 COMPASS 3.6 476 

13500B eM STORAGE USED 

·I1MP U 11.177 J 

00003 00000 00000 00001! 00001 00000 
00011 00000 00000 00000 0000.1 71177 
00014 11~J4 00000 00000 00000 1720~ 
0 ')001 ooouo oouoo 00000 oouoo 00131_00000 
OOUOl 
OU004 OOOOU oouoo OOOUO 00005 00000 
00010 SllUO 00131 ~llOU 0013l 51300 
24404 44621 44143 51600 001&'. 51700 
4"000 71602 HOll l0650 46000 01000 
46000 511UO 00131 5120U 00132 51300 
00000 612UO 00011 blOOD 46000 51~10 
46000 04000 00141 610UO 46000 51100 
00117 51700 0012U 61100 00000 61200 
JOOOI 05120 00173 61000 46000 04000 

PROCESS SYSTEM R[QUEST. 

1 TABLE MOVE 

00000 00000 oooil 
71777 71717 77776 00000 00000 
25252 52!J25 25252 00000 00000 
00000 00000 00001 00000 00000 

00000 00000 00006 00000 00000 
001 JJ ~1400 00114 21101 l1l0Z 
00122 ""616 l67b7 1161b 22761 
OU213 61'l00 46000 05110 oOlSI 
00133 !JH )0 00114 37621 37134 
00166 106~5 4bOOO !JlblO 00141 
00131 51200 DOIJl 51300 00113 
00012 61000 46000 51SI0 00171 
00141 61000 4bOOO 51100 OOlll 

1 

00000 Ooool 
00000 00002 
00000 00002 

00000 00001 
210101 ~fo2U2 
SlbUO 00123 
610UO 4bOOO 
51600 00115 
61110 00001 
~1400 00134 
106~5 46000 
51200 00132 . 



MFS NH1- CYB7~-SNI08 SC/Roe li/14/78 
10.27.2~.OUNOOK9 FMOH IOH 
lO.27.2S.1~ 00000448 .OROS - FILE INPUT • DC O. 
10.27.2S.DON,TS. 001A.6883.l896.HILLER 
lO.27.30.COMPAss. . 
10.27.32. 1 WAMNING MESSAGE IN MACROE 
10.27.32. ASSEMBLY COMPLETE. 475008 CM USED. 
10.27.32. 0.476 CPU SECONDS ASSEM~LY TIME. 
10.27.32.LGO., 
lO.27.J3.0MP(111.177) 
10.27.33.E.XIT. 
10.27.33.0P 00001408 _ORDS - FILE OUTPUT. DC 40 
10.27.33.MS 3584 WORDS' 7168 MAX USED) 
10.27.33.CPA .587 SEC. .587 AD~. 
10.27.33.CP~ .104 SEC. .104 AD~. 
10.27.34.10 .• 328 SEC. .328 AO~. 
10.27.34.C" 18.310 KW5. l.117 AD~. 
10.27.34.55 2.138 
10.27.34.PP 3.913 SEC. DATE 01/08/79 
10.27.34.£~ END OF JOe. OH 
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OPDEF'S 

MACROS 
OPDEFS 

COMPASS Manual, Section 5 

MACROS are sequences of code identified by a name: that is, whenever the name 
is used, the assembler brings in the associated code. 

~e can also associate a specific instnlction Syntax with a sequence of code. 
~enever an inst'rUction matches the Syntax in the definition, the assembler 
will bring in the associated code. 

For example, the instruction: 

DX6 XS/X4 

follows the form: 
Delimiter 

~ 
IX~ 

OperatiGn "P' 
Code Registers 

There is no single hardware operation to perform this function (integer 
division). To handle this we set up a sequence of code called an OPDEF, 
which is similar to a MACRO. 

9-19 



MACROS 
. OPDEF Syntax 

The Syntax of·OPDEF's must follow certain conventions. The Syntax can include 
both registers (A, B, X) and expressions (Q) as in the following example. 

This OPDEF is designed to extract a certain set of bits from one X register 
and put them in another specified X register. 

Syntax 

OPDEF Definition 

Syntax: 

E • Operation Code 

x • X register 

Q • Expression 

Variables: 

Rl • Result Register 

R2 • Operand Register 

FIRST • beginning Ot bit stream (lower) 

lAST • end of bit srream (upper) 

OPDEF Call 

Since the Syntax of the instruction 
above matched the Syntax of the 
definition, the assembler generated 
these three lines of code inserting 
the given values (2, I, 30, 40) for 
the dummy variables. 

9-20 

MX.2 
BX.2 
AX.2 

ENDM 

Parameters 

OPDEF 
MX.Rl 

BX.Rl 
AX.Rl 

Rl , R2 , 'FIRST, lAST 
60-lAST-l 

-X. Rl'*X. R2 
'FIRST 

ENDM 

EX2 

Extract bits 30 to 40 
of Xl and put them in 
in X2 

60-40-1 
-X.2+'X.l 
30 

EX2 
EX2 
EX2 
EX2 

.1 

.1 

.1 

.1 
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I 
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'I 

OPDEF 

-I. TiP E OF MACRO 

-DEFINES A NEW INSTRUCTION or 
JtEDEFINES AN EXISTING INSTRUCTION 

-I • e • 
... 

INTEGER DIVIDE 

The Ca' r : 

) ACTUAL REGISTER PARA.liE'IERS 

• · k ! J ~ 
'X6 X '~/X2 

The Macro Definition: 

IXXIX 
-V--V-

INSTRUCTION IXi.,."A r 
Xj/Xk 

ADDRESS nn.n 

OPDEF 

f 
ENDM 

FORMAL REGISTER PARAMETERS 

9-21 

CODE TO PERFORM 
INTEGER DIVIDE 



• 

OPO[f COHPASS 1.5-410. 06/ll'" 16.lI.U. 

1 

~ 

I 
I\.) 

I\J 

• 

I 

] 

• 
S 
5 

6 

, .. 
1 

15 

Opnrr 

10£N' OPOH 
EN'''Y INfOIVO 
lIc;' " • 

• 
• OPOU r II AMPL[ - INJ(G£A DIVIDE 

IJUIII oporr PA"HI,PARH1,PAAH) 
PII.PAAMjJ I.PAPHl 
'411 .PA""? II.PAAHl,B4 
PII.PARM) II.PAAM] 
NII.PARH] II.PAA I4l,eli 
AII.PAAMI II.PARMl/II.PAAHl 
UII.PARMI II.PARMI,D6 
lll.PAA"1 II.PAAHI,O" 
ENOH 

• 
4U .. IN'DIVO NO 

,IU"OOIi • SAl NUI4IIEA5 
'1l0000011 • SAl NUNAlRS·1 

11If» 111/111 
lnol PII.I 11.1 

lYUI 
14141 NII.I lI.ltR4 

PII.l 11.2 
,4,n 'tII.2 1I.2.ft' 

4"11 RII.6 11.1/11,2 
26666 UII.6 1I.6.D6 

11666 lll.6 1I.6.f!6 
(NOH 

' .... 00000 C SA" our 
'1100000 IJ • SA) NUHBERS'1 

5150000014 • SA,) NIJMBERS'l 
1117 11)/115 

lU01 Pl.) II.] 
14141 Nil.] 1I.1.B4 

"50' PII.5 1I.'.i 
145'55 NII.5 Ii.'.i.e, .,us RII.' 11.1/11.5 ,,,,, 

UII.' It.ltA6 
11'" lll.' lI.lt"6 

'NO" 
lSI"''''''' C SAl OUT.' 

1I61lUfli (NORUN 
1'0"0'1'00000000010 HUHR[AS OA,. 'h,.-5.] 

USE /ANSlfERSI , OUT 8ssl 2 
[NO INTDIYO 

."J'oe SCM 5'0~Aor U5fD .9 uurMrNn 
0.049 5[CONO" HOOfl "4 AS~rMftl' 

fP~OP OIPrrfOQ'. 

1 tyP[ "UWt4 flllPllrur MAflW orrlNllIoN. Nfl" ONf ovtlmlOtc,. 
c((t,t4", 0 O~ PA(.[c, jJ 

• • • -- • • - - III .' --

4 SYMeou 
I. RHER[Ner:! 

0",1'/". 16.11.11. 

• • .. 

PAG[ 

'116 .1 
III' .1 
1116 '., 
III' .1 
11(6 .1 
1116 .1 
III' .1 
1116 .1 

II? •• In •• IX' .1 
1117 .1 
IX" .1 
1117 .1 
1117 .1 
III" .1 

PAr.l , 

• • • • 



• !II .' -.... II -- = 
LOAn MAP - oPOfr O~/l,,'1 16.11.15. PAGE 

rWA or 'HE lOIO III 
lWA.I or 'Hf lOAD 1'0 

lRANsrER AODAESS -- IN'DIVO II) 

PROGRAM [N'A' PO'Hl~ -- OPOEr II] 

PROGRAM AND BlOCM A~S'GNH[H'S. 

BLOCK ADDNrs~ LrHGHt rll[ OA'l PHO(SSR VEN L[Vll HARDWAR[ (O""fNfS 

~ 

I 
N 

.IANSW[nSI 
OPOfr 
SYS.RH 

III 
II) 
110 

.01) (,. SHONDS 

1 
15 lGO 
40 Sl-5Y5L,8 

O~/~"'R COMPASS ).~ .. 70 
00;/16.1J8 (OMPAS5 1.5 .. JO 

1]100" (~ C;lnRAGl UC;[O 

W OU"P OMP, I II • I , • t 

00111 00000 00000 ooono 0000 .. 
0011" ~llOO OOll~ lJlnl 1~1~1 

00110 17]0) 14)4) ~Jo;nc; 1"0;0;5 

00114 00000 00000 00000 00010 

001]0 04000 0014] ooonn 00000 

001]. c;4~IO O"~OO 00111 "~000 

001"0 I]A~I I)I~I ')~~I "~OOO 

001.... 51100 DODO' Oliin DO ..... 

001~0 1010;0 )A~~I 01000 001)1 

001~~ 01010 001<;1 51100 00001 

OOIAO 01000 Onl11 610no 4~OOO 

001~4 1111A 10~16 ~IAnO 00lA7 

00110 ~nooo Oooon 0"on4 OOIJO 

.777. 7"" 7"" .".~ 
11101 141~1 .. Sfl~ 1~h~~ 

ooono Onnoo 00000 ooonl 

Ol)no oq~on OOnoo Ooonn 

C;lloO nOOAh 01110 onll' 

5111no onlll 10~11 4hoOO 

0"004 001~1 ~Iooo "~onO 

0)110 Onl~) 11100 00001 

OOlll.hOOOO ann no n4004 001" 

PROCESS 5YS'E~ REQUESt. 

I 'AIIL( MOVE 

.. hOOD ~IIOO 00114 4~000 
??h~6 ~lhoO 00111 "6000 

~1'00 OOlll 1160l 4'Oll 

"", '77" !7'" ",'Z 

0;1100 00110 04000 00140 

~IIOO 00001 01000 001)0 

~IIOO 00001 OJIIO OOI~S 

04000 00150 ~IOOO .. ~OOO 

')660 lOhl0 Ill~1 1]610 

n4000 Ool~' '1000 "6000 

51]00 Onl16 510;00 0011' 

10650 01000 DOl)? "'000 

00000 00000 00000 0000) 

51100 00001 0]110 001]] 

'1100 001]0 10160 .. '000 

10'~1 01000 001]1 46000 . 
'1601 10)1 .. 04000 001 .. 1 

5]1'0 101'] OJ]lo ~01C;1 

'160] 14616 11'hl 10'51 

1011) 01110 oDIC;' 10~51 

00000 00000 00000 00000 

;;; 



• 

OPl'f r 
5 11111 A(.f A'IOC&lIOH. 

~ 

I 
N opoH 

"'" S.,""OlIC 

INIDIVO 
HII",,(n,) 
Dill 

Sf"-

III • 

AOOR[S" 

o 
IS 

Pfffll[NC( 

0 
II 

0 
0 

• 

L[NC.'1t 

.~ 

"PL[. 

PROGn ... • 
PPOGII, ... 
a"4')w(pS 
r • f[ ""'la 

lor N. o"Of" f 
[Nil I'HOIVO 

RlnCl<S "pc 

PIlOGAA"- LOCAL 
ANSW[RS (O~HON 

(N.n, PO INIS. 

INTO 1110 o· 

C.'[ANAL S,HROLS. 

1101 ( "" 111" 211'1 
1/19 , lltol 
1/'01 

l 

~ 

III • • .. 

o 
o 

lI10 
111o~ L 

L[Nf.IH 

Iii 
1 

rQHPA .... ).~-4'O. 06/2l1'. 16.11.11. PAG[ 4 

lI]1 l/41 L 

~ff N~1.- C'~1'5-SNI 4LM"R6R 0~/1"i"" 
'6.11.II.PONOON' fAnN ISH 
'''.11.11.11> OOOOOIS,. .. ONDS - fiLE INP'" • OC CU, 
16.11.11.00N. PS~.Ol'~"'CtOIIA.HILLrA 
16.11.II.cOMPASS. 
1~.ll.ll. .1 .. IANING M[SSAGr IN OPD(r 
'6.1 •• 1". ASS(MRLY CONPlt.C. '0'1008 SCH USIO. 
'6.]'.14. 0.102 (PU S(CONOS A~srMRl' 'IH[ • 
• ,..l ...... lGO. 
'''.ll.IS.OHPIIII.I''. 
'6.11.ls.np OOOO'O"~ wouo .. - fllr output. DC 40 
'~.]'.'S.~" )~~4 WOROS 1 10'SI .... USfO. 
'6.11.'S.(PA .I~l S[C. 
16.'I.I~.IO .615 SfC. 
16.)I.IS.CH 10.S~) K~S. 

'6. J' .15.5S 
'6.11.15.PP ).~ll src. 
'~.]I.ls.rJ (NO or .100. Sit 

• • III 

.'''1 '0.1. 

.t.l"i ADJ. 

.6'05 '".l. 
I."]) 

OAf( 0''''2'IP'' 

• III • • 



I 
II 
II 
II 
II 
II 
II· 
II 
II 
II 
I 
'II 
I 
I 
If 
I 
II 
I 
I 

MICRO 
• USE A SYMBOL NAME 
• TO Gn' A STRINe OF CHARACTERS 

The Ca r I : 
CC 
TO 

• 
J • e. 

STORE 

! CONSl'ANT 

"STORU! 
GEN~r!S TH! COD!: 

SA? ANS+n 

The M i ero Def in i ti on : N CHARS (NO! N!C!SSA.";ty) 

CC 
l'0 

~ 
2TeRE ~. MI eRO 

SYM301. 
NA.~ 

9-25 



• 
• 
I 

~ J 
I 

N 
0) 

0\ 

6 

• II 

U 
IJ 
h 
IS 

16 

- -- • 

I, Ito ..... 
IU"OU., 

U • 

!II"'.'''' . lOti • 

!l1" •• I006 • 

s,i .. 

.. ". 
'11100 ..... 

,,,. U 

lllil 

!I"Ot .. " •• 

Jl6.~Uoll 
4 

0 •••• 0 ••••• 0000 •• 001 
00000000000000000004 
10000000000000000005 
000000000UOOOOOOOo06 

"""" ' •• ll.", 'A(if 

lorN, Hlepo ..................................•. , ...........................•...•...•..•.•.. 
• • • 
• 
• 

Ittf (fiAAlrtfA SIAIN(i 0' fUf "ICAO IS INUAJ[D ,,1t(1t! If IS tALUD 
fty Iltr ,UNN"4NNtINNNt4N''''''o fur LfU A LIStS 'U[ "leAO (.PAttstON 

• 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• 

• 

• 

• 

• 

LOAD 
S'OA( 

SUA' 

OAJA 

ANSWflt 

OHAUlt 

SYS-

CO"If'" 

(HIAy .. hn. 
llH Aon 
"Ielto .... 5AI 
"1(1t0 ''''SA' 

SIll • 58~ 1 
lI' 1.4.5.1 
SAl nAIA 
IIll II 
IIISIOA["O 
SAl 'N5"(A •• 

'LOADIII, 
Sll A"BI .. , III 

IIInOMfll'1 
SAl ANS\I[fI'1 

IIILOAD'" 
SAl AI'BI 

'u III 

II'srOA[1I'1 
SAl ANSWfA'l 

hlOAUI' 
ISSI .. 

nMaoLS Of',N(O BY COMPASS. 

0' U'UALS IILOCK, 

a 
D 
[ 

r 

(NO S''''' 
.'lnnR ~rM ~'nA.n' .... ,n 41' stAtfMrNtS l 5YNftOLS 

• -- • • • • - -- II • • • • • 

. 

• • 



• 

~ 

I 
N 
-....J 

o" .. P 

-- • !II • 
tOAIl HAP· "I(UU ." .• ,. '.1"'''''' 1."-"'" 

,,,A ", 1111 LOAO III 
t "A' I or IUf LOAD I'" 

~pANsrrp AonRI'S -- S,APt III 

pPP~"AH r~tq, POINt' -- II Ifill) '" 

III 0(" lr .. 61t. rILl OAfI. P,IOC\SA vfR If vn hAROWARf 

"1010 
SIS.pM 

III 
Ilf 

.11) ,=P SlCOHIJ5 

RHAt IV[ 

011111 61100 00001 M1110 
01111" ')1'1)1) 01)110 ..... 11-' 

nollO 00000 oonon uooon 

00114 ooono 01)1)00 OOl)no 

'" lrol) 
"0 Sl-S'Sllft 

01.11"'" fI'''PAS~ 1." .. rn 
O~'l~"n (U~PA.' 1." "'0 PAO((S5 SYSf[" P(QlIlst. 

OOnOl 
10' II 

0000" 

Dono" 

l)lOon CM stnPA&1 U\(O I I ABLl HOVI 

flMP , I I I • lIlt 

"1100 oolil 10111 
"I '00 00111 , I "IIi' 

oonno oonoo oonou 

110000 0/10110 000/1/1 
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IRPHO HACRO ARO.PARH lUP HACRO 
lUI> AIHJ 
SAl AUO 
Sltb "I'PARH 
SAb APG 
SAl IlA fA 
UlIl Xl 
!lA1 DATA'. 
I/fP [NO OF IRP RANGE 
ltJOI4 

(CHOMO MACRO PI,"2,·Pl ECHO HACAO 
[tHO 3,AnOa.PI~p2.Pl) 
SAl AHG 
SlI6 Xl'1 
SAb ARG 
SAl tlAfA 
Ou Xi! 
SAl DATA'. 
[NO'" ••• 

P '10 • 
IIIPHO .J.i<.Lt ,I CALL IRP HACRO 
lief' J,K.l IAPHO 
SAl J IHPHO 
SX6 XI-I IRPHO 
SA6 J JRI'HO 
SA2 DATA IIIPHO 
lIX} Xl JRPHO 
SAl OATA'I .IJ"HO 
SAl K UIPHO 
SX6 XI-I IIIPHO 
SAb K IRPHO 
SAl OATA IHPHO 
bltl X2 IHPHO 
SAl DATA-' JHPHO 
SAl l IHPHO 
S1I.6 XI-I IHPHO 
SA6 L IHI'HO 
SAZ DATA IHPHO 
BXI XZ IIIP,..O 
SAl OATA-I IIIPHO 
IHP [NO Of IRP RANGE IIIPHO 
ENOH IHPHO 
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1l 5110000001 C SAl 
1261000001 Slit) 

14 5160000001 C SAt. 
5110000002 C SAl 

Il» 1261000001 Sk6 
5160000002 C SA6 

16 512000000] C SA~ 

10122 IJU 
17 5110000004 C SAl 

[NOH 
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1l602U021 [NORUN 
• 

US[ 
0 OOOOOOOUOOOOOOOOOOOO J PAU 
I 00000000000000000000 IC DAU 
2 OOOOOOOUOOOOOOOOOOOO L OAU 

~ 
) 00000000000000000000 DATA OAU 

I 21 END 
w 
CD 416008 CM SJORAGf USED 

HODEL 73 ASSEHBLY 

COHPASS 3.6-416. 01/08119 to.25.31. PAGE 2 

J.K.L CALL ,fCttO HACRO 
l.ARa-tJ,K.LI 
AIU; 
XI·l 
ARG 
.J 
Xl'1 
.J 
K 
Xl·a 
K 
l 
ltl'. 
L 
DATA 
X2 
OATh. 

IIRPfCHOI 
0 
0 
0 
-0.-0 
P 

85 SUffHENfS 
0.304 SfCONDS 

(CHOHO .1 
(CUOHO .1 
(CHOHO .a 
EC"OHO .a 
'[CIIO' .2 
'[CHO' .2 
'ECItO- .iI! 
'£CIIO- .2 
'lCIiO- .2 
'[fIlO- .2 
'u;ttO- .2 
'[Ctlo' .2 
'[CttO' .2 
HHOHO .1 
HHOHO .1 
[C110HO .a 
[CHOHO 81 

, SYHBOLS 
• REffRENC£S 

HfS Nul- CYU74-SNIO. lelROB alI14". 
lO.ll.U.OONOOK2 fNON lOti 
10.23.4).IP 00000120 WORDS - 'llE INPUI • DC 04 
10.l3._3.00N.J~. 00IA.68Bl.1896.NILLfR 
10.21.S1."E~INO.OUIPU'. 
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to.25.32. ASSEHULY COHPLETE. 41600B CN USED. 
10.25.32. 0.492 CPU SECONDS ASSEHULY JIHE. 
10.i~.JZ.OP Q0000896 WUHOS - fiLE OUIPut • PC .40 
10.l5.Jl.HS 15U_ WOHD5. 7168 HAl USED. 
IO.l~.ll.(PA .Z9~ SEC. .lVl ADJ. 
10.<!!J.Jl.CPU .• 1ll !.lC. .ll' ADJ. 
10.l,.Jl.IO .311 SEC. .lll ADJ. 
10.lS.Jl.CH 11.411 KWS. I.U62 ADJ. 
10.25.1l.SS 1.994 
10.l5.1Z.~P 4.309 SEC. DATf 01/Obl19 
lo.ZS.lZ.EJ END 01 JOu,tOH 
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LESSON 10 

CONDITIONAL ASSEMBLY 

LESSON PREYIEW: 

THIS LESSON COVERS THE DEFINITION AND PSEUDO OPERATIONS 
THAT ARE USED IN CONJUNCTION WITH CONDITIONAL ASSEMBLIES. 

REFERENCES: 

CHAPTER 4 COMPASS REFERENCE MANUAL #60492600 

TRAINING AIDS: 

VISUAL SET 10 

PROJECTS: 

,PROGRAMMING PROJECT 6A AND 6B 

OBJECTIYES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE 
ABLE TO: 

1. WRITE A PROGRAM THAT UTILIZES: 

A. ENDIF 
Bi ELSE 
c. IFTYPE 
D. IFOPERATION 
E. IFCONDITION 

2. USE CONDITIONAL ASSEMBLY 

10-1 
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CONDITIONAL ASSEMBLY I 
I. E" TEST LEGALITY OF PARAMETERS PASSED TO MACRO I 

NAME ADDRESS 

I ~ 
I LOAD -MACRO REG,ADDR 

IFC LE,$REG$S$,2 

ASSEMBLE THIS~SA.REG ~DDR1 I IF PARAMETER IFPP . 
LEGAL ERR IS 

ASSEMBLE TH I S/ ENDM 
REG I PARAMETER 

IF PARAMETER ~EGAL ? 
ILLEGAL IF YES, 

I ASSEMBLE 
NEXT 2 LINES 

II::IE CALLS: I 
LOAD 2,Y I 
SA.2 

A LEGAL CALL I Y GENERATES 
THIS CODE 

LOAD 7,Y I~ 
ERR i: AN ILLEGAL CALL I GENERATES 

. THIS CODE 

I 
I 

10-2 I 
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IHYP[ psrllliO I "'CiTAUr.' ION frS' rOA 'H[ TYP[ or PAOC£550" THAt "Ill • 
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LOAD MACAO R[G.AOOP 

Itc (£.I"[GIOI.I 
ERR 
IrC lE.IPEGI .. I.l frS' PA"AN[lERS 
SA.AEG 100R 
Irpp I 
[AR 
r",o" 

• y DAU , 
SUR' NO 

LOAD "I.Y UGAL coor 
Ire LE.I1I".1 lOAD 
EAQ LOAD 
Irc lE.IZISI.l ns, PARAJ4[trAS LOAD 
SA.l y LOAD 
Irpp LOID 
(PQ LOAD 
fNON LOAO 

·lOAD T.y Ill£GAl CALL 
Irc LE.Ut".1 LOAD 
EAq LOAD 
Ire L(.UI5',Z ns, PARAMEnAS LOAO 

·SA. , y LOAD 
Irpp LOAD 
EAA LOAD 
ENOM LOAD 
fN,)RUN 

~.,. J"£"'o·." [NDRIIN 
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RJ '.5"'" (NOR"'" 
r",ol4 [NnAIIN 
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IH/PP 
S lOAAG' All DeAl ION. 

ArOA(S!. L£NGIH 

° .. 
10 

IfUPP 

.. nool' SC" 

H(/PP 
,ppop PIA'C'OQ,. 

P "PI ,"AON 
r,((UNU(D 0'" PAf.,,, 

I'c/PP 
S'''''OlIC A[f(A(NCl UJtL£. 

SUAT 
Sys­
y 

o 
o 

PROGAAM­
[lHANAL­
PIWGUAH· 

(11141' A ~ ... 1."-10.10. Ohllll1ft 1 •• 10.110. ..Afir 

HI..,A .. , rOt,!'''OL CAuns. 

IOftll If( IPP 

'NO "tAAI 

[NtAY POINTS. 

StAAl I • 

(H(ANAL SYMItOlS. 

SYS· 

COMPASS 1.~-Io'O. 06/1"'lI 16.10.14. PAGE 

S'ORAG( U!-fD 57 SIAJ[M£NTS , SYM"OL S 

HODEL 1'4 '''S(H81. y 0.n50 SHONDS Ij A(r(AE",CES 

I EAAO" ,N If(lPP 

fO'4PA .... 1.Ci-"'O. OfoI1U'" 16.10.1", PAGE 
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2101 f 
U'iO 
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16.20.2". 0.100 CPU stCONDS ASS(MBLY 'IMf. 
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16.20.24.10 .49' SEC. .49' ADJ. 
16.20.24.(M 1.141 ~VS. .540 ADJ. 
16.10.14.S5 1.164 
16.20.l4.PP 2.611 SEC. DAfE 06/2'11. 
16.10.11o.EJ END Of JOB. 'iH 
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Rllf) 111 
sa" aNs.,ER .1 

5ffll lelOOOOOOA 
sa.} -10000UOO SEY A Ir laRG[ NUMBER 
"II,. ~) 

sa" &NSWlR·l 
lI'iT -G 
(HnRUN 

OErAuLt 5yM80lS OrrlNlD OY COHPASS. 

sYS-
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'AaIlSf(A aOOA(SS -- CO"OASH II' 

PAOOA'" (H'''Y POIH.S -. CONOASH 
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Condi:ional Msem.bly 
COMPASS Manual, page 4-63 f! 

co};:pmONA.L ASStMBLY 

Certain put. of a MACRO .coOe 8equenee may not be needed averr' time the MACRO is 
called. ~e COM'PASS a •• embler can check for conditions a. it 1_ a •• embling the 
code and as.e:nble only the appropriate coOe. ror instance, we might want to check 
for missing or 1ncOn"ect wrlables.In the AVG MACRO that we created, we c:ould 
plJt 1n these tests: 

AVe;, MACRO LOC1, Nt1M, 1.OC2 

IrC EO, ·1.OC1··, 1 

A DR ASSEMBlE IF LOC1 MISSING 

IF -ABS,NUM,1 

A ERR ASstMBU IF NtTM NOT ABSOLtrr.E 

IrC EO, ·l.OC2 .... , 1 

A ERR ASSEMBU IF lOC2 MISSING 

SAl 1.OCl PICK UP SUM 
SX2 NUM NO. OF rrtMS 
IX

o
6 XIIX2 Avt=StTMINO. 

SA6 LOC2 STORE AVE 
ENDM 

In the txtnC't O-PDtF we could test for other conditions: 

EXXOO OPDU' Rl,Rl,rIRST,lAST 
IFG"I' Rl~7,1 

A ERR 
IF -DO' , FIRS!, 1 

FrPSI' SO 0 
CHECK.2 IF -DtF,UST 
:LAS'! srI' S9 
CHtCK2 ENDIr 

IFGT rmsr,lAST 
MX.Rl SO-FIRST-l 
EX.Rl -X. in *X.1\2 
}J(.Rl LAST 
ElSE 
MX.Rl SO-LAS!-l 
BX.tu -x. Rl*X. 1\2 
AX.Rl fIRSI' 
ENDIF 
tNDM 
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I 
condition'a! 'Asse~~1 

Conditional tests are.lli:l! oriented. Testing can be limited by a line count as i~: 

IFC EO, *LOCl **,2 

NOTE 

2 = Line count so assemble next two lines of test if true. 

Testing can also be llmUed by an ENDIF, when no line count 1s specified as in: 

IFGT 
MX.Rl 
BX.Rl 
AX.Rl 
ELSE 
MX.Rl 
BX.Rl 
AX.Rl 
ENDIF 

FIRS'r, lAST 
SO-FIRST-l 
-X. Rl*X.R2 
LAST 

60-LAST-l 
-X.Rl *X.R2 
FIRST 

IF statements Without tags (as above) are terminated by an unlabeled E~'"DIF. IF 
statements with tags are terminated by an E}'TDIF with a matching tag I as in: 

cmCK2 
LAST 
CHECK2 

IF 
SET 
tNDIF 

-DEF,IAST 
S9 

The effect of an IF test can be reversed by the ELSE statement as in: 

If test was true, assemble. 
If test was false, skip. 

If test was true, skip. 
If test was false, assemble. 

10-8 

IFGT 
MX.Rl 
BX.Rl 
KX.Rl 
tLSt 
MX.Rl 
BX.Rl 
KX.Rl 
tNDIF 

FIRST, IAST 
60-FIRST-l 
-X. Rl*X.R2 
LAS! 

60-IAST-l 
-X.Rl *X.R2 
FIRS'! 
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LESSON 11 

SUBROUTINES 

LESSON PREYIEW: 

THIS SECTION COVERS SUBROUTINE STRUCTURE AND THE VARIOUS 
WAYS OF PASSING INFORMATION OR PARAMETERS BETWEEN MAIN 
PROGRAM AND THE SUBROUTINE, INCLUDING BLANK AND LABELLED 
COMMON • 

REFERENCES: 

CHAPTER 3 COMPASS REFERENCE MANUAL #60492600 

TRAINING AIDS: 

VISUAL SET VII 
PROGRAM LISTINGS FROM EXAMPLE DECKS 9A, 9B 

PROJECT: 

PROGRAMMING PROJECT 5 

OBJECTIYES: 

AT THE COMPLETION OF THIS LESSON THE STUDENT WILL BE ABLE 
TO: 

1. WRITE A MAIN PROGRAM THAT CALLS A SUBROUTINE USING 
RETURN JUMP INSTRUCTION. 

2. CORRECTLY SET UP COMMON BLOCK FOR USE BY THE 
VARIOUS ROUTINES. 

3. CALL A COMPASS ROUTINE FROM FORTRAN EXTENDED. 
4. CALL A FORTRAN EXTENDED ROUTINE FROM COMPASS. 

11-1 



, I 
I 

• PARAMETERS 

3 WAYS TO PASS PARAMETERS: 
I 

IN REGISTERS I 
IN COMMON BLOCKS I 
By PARAMETER PICKUP METHOD ,I 

(THIS METHOD IS NORMALLY USED FOR 

I LIBRARY SUBROUTINES) 

I 
'I 
I 
I 

• 
I 
I 
I 
I 
I 
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••••• • '. _'._1 .... •. _ ...... 
COMMON 

COMMON BLANK COMMON LABELED COMMON RA 

HISTORY ORIGINALLY BLANK COMMON 
WAS DESIGNED AS IHf ONE 
AREA FOR COMMUNICATION 
BETWEEN SUBPROGRAMS •••• 

AS MANY SUBROUTINES WERE * 

LABELED 
COMMON 

FOR A 

RA+IOIB 

DEVELOPED BY DIFFERENT A 
PROGRAMMERS. IT BECAME 
NECESSARY TO SET UP SEVERAL B 

DIFFERENT BLOCKS FOR COMMUNI-
LABELED 

CATION BETWEEN THE DIFFERENT 

I-' SUBPROGRAMS. THESE BLOCKS 
I-' WERE GIVEN LABELS TO IDENTIFY I 

COMMON 
FOR C 

w 
WHICH BLOCK WAS TO BE USED BY C 
WHICH SUBROUTINE. 

BLANK 
LOAD ·BLANK COMMON IS TYPICAL- LABELED COMMON BLOCKS COME COMMON 
LOCATION LY LOCATED AT THE END OF AT THE BEGINNING OF THE LOAD RA+FL 

THE LOAD AND HENCE AND THUS 

PRESETTING No PRESETTING, I.E., ALL 
/ 

CAN BE PRESET, I • E., THE 
INFORMATION MUST BE PUT PROGRAMMER CAN STORE INSTRUC-
INTO BLANK COMMON AT TIONS AND DATA IN LABELED 
EXECUlIOf:j lIME. COMMON BLOCKS AND THESE 

AREAS WILL BE SET UP AT 
LOAD lIME. 

--------------------------------------------------------------~ 
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(NTU POINTS. 

SURt 
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I-' 
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U1 

• • • 
LINKAGf 

0 ~,.OOO 

I "1>0000010 
51t.n00001~ • 

)6 • 
1 51100000)1 • 

10111 
) 5110000015 • 

510000005) • 
4 1100nnOOoo C 
5 0110000011 

0100000015 • 
6 0100000000 II 
1 5 100000041 • 

1I000000ll C 
10 0120000011 

0100000015 • 
II 51000110065 • 

1100000000 C 
11 01200000ll 

0100000015 • 
IJ 
I) 11"0141011 

10650 
14 0100000000 II 

15 00000000000000000000 
16 
16 11100110021 • 

41"51. 
15116 

0 

loonoo 

0 

• III; • • 'II 

COHPAS~ ).5-~'0. 

10fN' [.INKAG[ 
ENTRy ~IAn'.oUr.EAANSG' 
ll"T , 

• • • 

COMNEN' IHIS (KAMPLE SHOWSIH( LINKAG[ "(TV(EN PAOGAAM BLOCKS 
f XI .. lin I 

SUA' NO 
S'" Ion DA'" 
S"t. nUF S ,onf H 

LTAG LII ,.4.6 lll(PAL 
SAl lUG'1 Gn 2ND LH[RAL 
Ak, xl HovE '0 xl 
SAl "UF.I SIonr LllfAAl 
SAO OATAO) STAPrINr. S.C.M. ADOArSS 
SXO h"TAIO L.C.H. SfAA'ING AODRrSS 

• 
PAGE 

WE ,0 HOV['DATA rAOM S.C.H. LOCAL to l.C.N. LABELL(D COMH 
AJ [ARHSGI 

• RJ c;un I GO TO SUR I 
SAO 0"IA02 S.C.H. STAA'ING ADOAr.SS 
SkO D"fAOI L.C.N. STARliNG ADDR(SS 
W£ 10 HOVE DA'A rAOH S.C.H. LOCAL BLOCK '0 t.C.H. LOCAL 
AJ [ARMSr.1 

• SAO hA'AO~ S.C.H. STAA'ING AODRrSS 
SkO hATAl. L.C.H_ STARflNG AOOR(SS 
Wf 10 MOVE DAfA rAON S.C.N. LOCAL '0 t.C.H. OLANK COMNON 
RJ [A"HSGI 

• £NOAUN 
5116 lA[NO·~'1 (NDAUN .1 
lK" 400 (NhAIlN .1 
AJ .ISYS- fNhRlIN .1 
[NON (NOAUN .1 

(AA"5GI OAf" ~ G,VE (AAhA M(SSAGE 
"[C;SAG[ "[S5A6£ •• AECALL 

511 HfSSAfo( MrSSAG( • 
MI6 420 N[C;SAGE • 
nil I -I,,-xl N['>SAG[ • 

'.5CP;R( S[T 0 MESSAG[ • 
Irc NE, AHAtL .1 NES"Ar,E • 

"SCP;AC Sff looonon NESSAGE • 
IF -R[G •• 1 MfSSaGE • 

uSCP;op 5'-' I "f'>S"G[ • 
IF orr .. 1 MfSSaG[ • 

"scp;oP ~rT N[SSAGE 
IFC [o.IILor"l'.1 Mr .. SaG[ • 

•• c;cP:oP Sff 1 MfsSaGE • 
A~ ...... C;CP:RC •• 'C;CP;OP MFSSaGf .1 

11 "60700000 ... ~ ,.SCP;Rc ••• c;rp;op N[ .. SAG[ .1 
SKIP' NrSSAf.[ .1 
Irc [O.IIXllil Mr~Sar,E .1 
.. " Ji" I NFS .... r.E .1 
Ir( ro.I'.~'.l Mr""AGE .1 

~ rnA OPTION IN XI OR x .. IGNOAfD MFC;SaGr .1 
A: .6.t.~(p:n( Mr~SaG[ .1 
Slllt> I . MrC;~ar,r .1 
p. '~.t.S(P~~C. Mr~safir .1 

olonooOnoo x A,I :.H~~. ~r~5ar.f .1 
[NO~ ~[~~'~f .1 
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4) 00000000000000000002 
44 IJ214000000000000000 
45 0000000000000000000) 
46 IJ216000000000000000 
4' 00000000000000000004 
so 11124000000000000000 
'51 00000000000000000005 
'52 1'11~000000000000000 
'5) 00000000000000000144 D"AU CON 100.200.)00.400.500.600.100 ••••• 900.1000 
54 00000000000000000)10 
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51 000000000000000001~4 

60 000000000000000011]0 
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TYP[ 

LOCAL 
(OMHON 
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.(OHHON 

.(OHHON 

[N'AY POINl5. 

SUBI 

fl'[ANAL SYMBOLS. 

Bur "5.0-

10EN' 
(I, 
INfAY 

SUIII OAfA 
SX6 
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sao 
SlIO 
RE 
RJ 
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ADDRESS UNaH. 

0 1I 
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0 II 
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RJ "fAAHSa. GIV[ (PAOA HESSAGf 

• AJ "SUH1 GO fO SUR1 
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USE " USE BLANK COMHON 
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IO[Nt ,,>UART1 

BLO(KS 

PROGAAN· 
1/ 
nUA 
DATAl 

(NO 

TYPE 

LOCAL 
(004NON 
CONNON 
CONNON 

ENTRY POINts. 

5UBl 

[xtERNAl SYMAOlS. 

Bur 

5UBl 

DUNNY 
Bt,,:-r 1 
OUH5 

OUH] 

lorNt 
(NTAY 
lIS[ 
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liS,. 
OAU 
5116 
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.ellnur.) 
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o 

LENG'H 
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J2 
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U">E 8LANIt COHMON 

GO 8ACK TO I[AO AlOCK 

OUA 
STOA[ Dau 
[Jln rAON 'HIS SUAROIIUNE 
'U<;£ LAorLEO COMMON 
OllNNY OIl,.P 
Uo;[O IN C;UAATl 

USE lAnr.Lro COMMON 

-
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0.011 SHONO"> 
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OOlbO 00000 00000 00000 00000 bOOOO OOOuO 0"00" 00161 "0000 Dono. 
"rf ~Rl- C,"U"i-SH I US1,A6" OS'1511. 

001610 1.0000 oOllno 040004 001"" .. oono 01)000 0" no" 001"'i 1./1000 011/111( 

00110 1>0000 onooo 040040 00110 bOOIlO OOOUO 01000" 00111 ,.nooo OOOOf J.02.40.00HOOHI fAO" IS" 
0000.1/0 ~O~D5 - 'Il( INPUf • DC h 

001140 "0000 00000 04001''' OOIJ .. '.0000 onooO Olono .. OOIJ'> "0000 onoOI 1.02.40.IP 

00100 00000 00000 00000 00000 
J.02.40.00N. PSo.02'8.11CfOllA,"lll(A 
1.o2,"2.CONPA55flO.,I"1 
1.02 •• ]. A5S£NOl' COMPllf£. 50'0008 SCM USED. 

1.02.41. 0.10' (PU SECONDS ASSrH8l y IIN(. 

J.02 •• 1.l0AOll6 0 1 
J.Ol ..... rX[CUlfI5fA A •• 

HAP 
1.01 •• 5. NON-fAlAl LOAOrA [AAOAS - 5£( 

J.Ol."S.[AROR HOO[ .00. AOOR£SS -00011' 

J.02 •• 5.£X It. 
1.0l.46.0NP,lll.IIJ! 

• DC 40 J.Ol.46.0P 00001408 "OIlOS - , III OUfPUf 

1.02.46 ... 5 )58. .. OAOS • lOJlil NAX uno. 
U.Ol.46.CPA .lbS src. .I~S ADJ. 

IJ.02.46.10 • 6'5 SfC. .6'5 'OJ • 

IJ.02. 4 ,.(N .1.0408 "illS. • 6'4 ADJ • 

IJ.02.46.55 I.SI" 

U.ol •• '.PP 4.SIII 5[C. OAH OM2"'. 
, .. ,.-- .... r. r •• n ,.r .nn. r ... 

• • .. • • • • • • • • • • • • .. III .- --



I 

i 'I 
I 

! 

• 
I 
I 
II 
I 

~I 
I 
I 

• 
I .. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PARA~'jETERS 

FORTRAN EXTENDED 

THE CALL: 

-CALL SUB 
- ACTUAL PARAHETERS ,.. ...., , 

.(. I. , J , K • AN S ) 

THE CODE GE~ERATED: 

. AN AP List is Created: 
['APl ADDRESS of I 

ADDRESS of J 

ADDRESS of K 

V ADDRESS. of ANS 

0 , 

(ADDRESSES 
OF 
P ARA2-1ETERS ) 

TO INDICATE 
END OF LIST 

· ADDRESS OF AP List is set into AI 

• RJ is executed to Subroutine 

Therefore. when the Subroutine is Entered: 

• (A I) = AP r i s tad d res s 
• (XI) = Address of First Parameter 

DA3020 
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EXAHl'LE: 

The VALUE of I is 1 

The VALUE of J is 2 

The VALUE of K is 3 

2057 ANS 

2060 I 

2061 J 

2062 K 

The ADDRESS of the AP LIST 

2050 CAP 1 

2051 

2052 

2053 

2054 

is 

The ADDRESS of I is 206u 

The ADDRESS of J is 2061 

The ADDRESS of K is 2062 

The ADDRESS of ANS is 2057 

xxx 

1 

2 

3 

2050 

2060 Address of I 

2061. Address of J 

2062 Address of K 

2057 Address of ANS 

0 

The: CODE to enter the SUBROUTU,r;: \.Jould be: 

SAl M1 
RJ SUB 

(A1) ... 2050 (Xl) ... 2060 

11-22 

I' 
I 
I 
·1 
I 
11 
I 
I 
I 
.. ' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• • • • • • 
SUB 

0 00000000000000000000 
I 53210 

5011000001 
53310 

2 5011000001 
53410 . 

36723 
J 361H 

5011000001 
53110 

4 040000COOO • 
5 

I-' 
I-' 
I 

50600B CM 
N 
w 

• • • • .. II • • • • 
10EN' 
ENTIn 
LIST 

SUit 
SUU 
-8.-H 

COMPASS 3.6-476. 01/05/79 10.14.17. PAGE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• • 
• 
• 

COMPASS SUBROUTINE PICKING UP PARAMETERS fROM fORTRAN HAIN PROGRAM 
THE COMPASS SUBROUTINE MUST USE THE ADDRESS PASSED TO IT IN Al TO 
LOCA TE THE PARAMETERS A!IID liE TUHN TltE ANSWER. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUB 

• • 
• • • 

DATA 0 ADDRESS PARAMETER LIST IS IN AI ON ENTRY SAl )II 1ST PARAMETlR IN Xl Cit 
SAl AI-I lND PARAMETER ADDRESS IN Xl 
SA3 XI lNO PARAMETER IN X3 CJt 
SAl A1'1 3RD PARAMETER ADDRESS IN XI CJI SM Xl JRD PARAMETEH IN X4 CKt 
IX1 Xl-Xl COMPUTE. SUM 
IX1 Xl-X. COMPUTE SUM 
SAl A1'1 4TH PARAMETER ADDRESS IN XI 
SA7 XI STORE ANSWE~ CANSWER) 
EQ SUB RETURN TO CALLER 
END 

STORAGE USED 23 STATEMENTS I SYMHOLS 
MODEL 14 ASSEMBLY 0.112 SECONDS 0 REfERENCES 

Mrs NH1- CY874-SNI08 5CIROD 11/14118 
ro.14.ll.DON0090 fROH IOH 
10.14.12.IP 00000320 ~ORDS - fiLE INPUT • DC 04 
10.14.ll.DON.T5. 00IA.6883,1896,MILLEH 
10.14.15.rTNIOL.R=Ot " 
10.16.34. .381 CP SECONDS COMPILATION TIHE 
10.16.34.MAP,PART. 
10.16.34.LGO •• 
10.16.43. END PARAMS 
10.16.43. .06l"CP SECONDS EXECUTION TIME 
10.16.43.0P 0000119l ~OHOS - fILE OUTPUT. OC 40 
10.16.43.MS 3584 WURUS I 143J6 MAX USEOI 
10.16.43.CPA • .59l SEC. .~92 ADJ. 
10.16.43.CPB .296 SEC. .296 ADJ. 
10.16.43.10 1.l10 SEC. 1 Zld ADJ. 
10.16~43.CH 36.186 KWS. 2:245 ADJ. 
10.16.43.55 4.353 
10.16.43.PP 7.116 SEC. DATE 01/0si19 
10.16.43.EJ END Of JOU. OH 

• • • 
1 



.. 

PROGRAM PARAHS 74/H OPT-I 

1 

5 

10 

000000 START. 
000001 STAHT. 
000002 SU~T. 
000012 SUIH. 
000013 STAHT. 
000014 START. 
000015 STAHT. 
(100016 STAHT. 
000011 STAHr. 
(l000~0 STAHT. 
OOOO.!l STAIH. 

002054 START. 
002055 STAHT. 
002056 START. 

002051 STAHT. 
002060 STAHT. 
002061 START. 

• • 

PROGRAM PARAHSIOUTPUT. 
INTEGEtf ANSWfH 
ANSWER=O 
1=1 
.J=l 
K=3 
CALL SU811 • .J.K.ANsWfH. c SUB 15 ENTERED WITH ADORESS 
PHINT 101 OF PARAMETER ADDHESSES IN AI. 
PRINT 100.I.J.K.ANSWER 

100 fORHA JI"Il OJ 
101 fOHHATC1HlJ 

END 

000000 
00206l 
002062 
002062 
00<!103 
002125 
002125 

EXTERNALS 

002062 
000000 
000000 
000021 
000022 
000000 
000000 

END. OUTCI. 

11252420252400000001 
00000000000000000051 
00000000000000000000 
00000000000060000000 
000U0000220000000000 
00000000000000000000 
I~OOOOOUOOOooouooooo 
OOOOUOOOOUOUOOUOOOOU 
OOOUOOOOUhOOOOUUOOOU 
00000000000000000000 
00000U00000000002003 

20010000000U00002051 
0000000UOOOOOUI41520 
00000000000000000000 

112~2420252400000000 
00000000000000000000 
20012201152J55002062 

!DENT PAAAHS USEULK 
LDSET LI8=FORTAAN 
USE START. 

STAHT. 
VARDIH. 
ENTHY. 
CODE. 
DATA. 
DATA •• 
HOL. 

SUB 

LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 
LOCAL 

Q2NTRY. 

flLCAH OUTPUT',1003B.OB 

LI8LNK. ass 08 
LIULNK 16.1415208 

fILES. ass OB 
fL INK OUTPUT' 
DATA 0 
TRACf PARAHS.PARAMS 
USE CODE. 

• • • • .. • • • --

Oi/05n9 10.14.15 PAGE 1 

• • • • • • • 



• • • • • • • • • • • • • • • • • • • 



---.--

LOAD HAP - SUII CVBER LOADER 1.4-U5 01/05119 10.16.40. PAGE 1 

hA Of THE LOAD III 
L~A.I OF THE LOAD lOU 

THANSfER ADDRESS •• PARAHS 2200 

P"OGRAM ENTRY POINTS -_ SUB 2200 

PROliRAH AND BLOCK ASSIGNHENTS. 

BLOCK ADDRESS LENGTH fILE DATE PHOCSSR VER LEVEL HARDWARE COHHENIS 
suu 111 5 LGO 01105119 COHPASS 1.6 416 PAIUHS 116 212~ LGO 01/05119 fTN 4.1 485 666Jl I PROGRAM Op,-. ISTP.fNDI Zl4J I 
IFeL.C.1 224tt 26 
IUIt.IO.1 2112 101 
UlN'HV= 2HJ 0 SL-fORTRAN 11/16/111 COMPASS 3.6 4115 fCL INITIALIZATION ROUTINE. IfCL;;tNT/ 231) 40 
ClIHIO; 2HJ JJ SL-fOIURAN ll/161111 COHPASS 3.6 "US COHMON COOED 1/0 ROUTINES AND CONSUtdS. fCL;:fOL 2466 40 SL-fOIUHAN 11/16118 COHPASS 3.6 U5 fCL CAPSULE LOADING HlfSh 2526 3 SL-fOlUHAN 1111bl111 COMPASS 3.6 4US CONVERTED DATA STORAGE ft'OUT .. 2S11 311 SL-fOIUHAN II 11 bl18 COHPASS l.6 4iI!i COHMON fLOATING OUTPUT CODE fOlfSYS", J042 301 SL-fOIlTHAN 11/16118 COHf-ASS 3.6 4f1S fORTRAN OIJJECT LIUHAHY UTILITIES. /-' OUTCOH'" 334) 154 SL-fOlHIIAN ll/lbl18 COMPASS l.6 4b5 COHHO~ OUTPUT COU~ /-' 
SV~AIIl~ JSIl 1 SL-fOIHlfAN 11/16118 ClIHPASS l.6 4115 LINK DETW[EN SVS-AIU ANU INITIALIZATION CODE. 

I ftCtl:.K:z J~20 41 Sl-fOIfTUA/II 11/16118 COMPASS l.6 4f15 INITIALIZE CONSTANTS. 
N 
(J) f tH AP" 3561 351 SL-fOIfJ/lAN ll/lfll1f1 COHPASS l.6 ~US CRACK APllST AND fORHAT fOR KOOfR/KAAKER. fOIlUTl" 4140 46 Sl-fOlnnAN 11/16118 COHPASS l.6 US feL MISC. UTILITIES. LUF I T", 4206 ".11 SL-fOlHHAN 11'/16116 COHPAS;i l.6 465 LOCAlE A~ fiT GIVEN A fiLE HANf. I<OO1l4" 4265 451 SL-fOH"~AN ll/lbl18 COMPASS l.6 405 OUTPUT fOIlMAI .N'£HPRETf~. ourc= H36 1~0 SL-fO"lHAN 11/16118 COMPASS-J.6 485 fOfH,UTED WRITE fUfnRAN "HOltO. It"I)l. (OHI 5106 h 

fOl.IIES 51n III SL-SYSLJO II/OU18 COMPASS l.6 485 fAST DYNAHIC LOADER ~ESIDENT. f(JL.HHI 53)) 212 ~t-SVSLlO 11/02118 CUHPASS J.6 "&5 fDL MEHO~Y MANAGEN INIEHfACE. (.pu.svs 5~55 40 SL-SYSLIO 11/1:)118 COMPASS l.6 H6 PROCESS SYST~H REQUEST. (MF.ALf 5615 IbO SL-SVSlID 11115118 COMPASS l.6 48S CMM VI.I • ALLOCATE f._EO. CttF.CSF !JJ15 6 Sl-SVSLJ6 1l/1!)110 COttP.ASS l.6 465 eMM VI.l - CHA~GE SPECS fIXED. CttH.ffA UOJ h SL-SVSLIU 11/15118 COMPASS l.6 485 CMH VI.1 - flXEO fREE ALGORITHM. CMf.fHf 6011 )6 SL-SV~Lla 11/1!»118 COHPASS J.6 465 CMH VI.I - fHEE fiXED. CHH.R 605S l14 Sl-SYSl.IO 11/15118 COMPASS l.6 485 CMH VI.I • RESIOE""T SUUNOUTINE5. CMF.Slf 6211 2Z Sl-SVSLlU 11/15118 COMPASS. l.6 405 CHM vl.1 - SHUINI< AT LilA fIXED. (Tlil~H 6lll 4ll SL-$VSLlU 11/16118 COHPASS l.6 4115 eRN CONTROLLING HOUTINE. {HIlIUH 6146 25 SL-SVSLJU 11/16118 COHPASS 3.6 48S CRM ERHOA PROCESSOII ENTRY. LISU"" 611l 67 SL-SVSLJO 11116118 COMPASS J.~ 485 CRM • ALLOCATE SPACE fOR LIST Of fILES 

.ll6 CP SECONDS Z15UOB CH STORAGE USED 12 TABU: HOVES 

1 ~ l 6 

.. • • • • • • • • • • • • • • • • • .. 



• • 
1 

5 

10 

• • • • • • • • • • • • • 
PROGRAH DUMHY 13IH OPT .. l 

'" 0.J.~05119 
I . 

PROGRAM DUHMyeOUTPUTt 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• 
• 
• 
• 

A DUMMY fORTRAN PROGRAM IS SET UP TO DECLARE THE fILES AND INITIALIZE 
AND DUMP THE UUffERS CORRECTLY. THIS IS DONE BY QDENTRY. 

• • • 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CALL HAINPGM 
END 

10.13.38 

• 
PAGE 

MAINPGM COMPASS 3.6-416. 01/05/19 10.13.42. PAGE 

I 

5 

0 
I 

2 

3 
4 

0 
5 

00000000000000000000 
1160000UIO 

5160000000 C 
5160000001 C 

5160000002 C 
0100000000 )( 
O~OOOOOOOO + 

J 

IDlNT 
ENTRY 
EXT 
LIST 

HAINPGH 
HAINf'GH 
OUTsUa 
-O.-R 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • 
• 
• 

COMPASS MAIN PROGRAM CALLING A fORTRAN SUBROUTINE THAT DOES 110 

• • • 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

HAINPGH DATA 0 
SX6 a 
SA6 BUf 
SA6 OUf·1 
SAb UUf·Z 
RJ OUT SUB 
EQ MAINPGH 
USE ILAOI 

BUf OSSZ J 
END 

50600B CM STORAGE USED 
HODEL 74 ASSEMBLY 

21 STATEMENTS 
0.094 SECONDS 

3 SYMBOLS 
o REFERENCES 

SUBROUTINE OUT SUB 13174 OPTal fTN 4.7+485 01/05/79 10.13.38 PAGE 

SUBROUTINE OUTSUB 
COMMON ILAUI IHUfe3t 
PRINT 101 
PRINT 100.eIBUfelt.lal.Jt 

100 fORHATe30Z4) 
101 fORHATe lHl) 

END 

• • .. 
1 

1 

1 



LOAO MAP - DUMMY CYDER LOADER 1.4-485 Dl/05119 10.13.51. PAGE • 
f'wA OF THE LOAD III 
LWA-I OF THE LOAD 7050 

TRANSFER ADDRESS -- DUMMY 2111 

PROGRAM ENTRY POINTS -- DUMMY 2113 

PROGRAM AND 6l0C~ ASSIGNMENTS. 

BLOCK ADDRESS LENGTH fiLE DATE PROCSSR VER LEVEL. HARDWARE COMMENTS 

DUMMY III 2065 LGO 01/05179 ffN 4.7 485 666X I PROGRAM OPT-. 
IlAUI 2116 3 
HA It~PGM 2201 5 LGO 01/05/79 COMPASS l.6 416 
OuTSUU 2206 23 LGO 01/05179 ffN 4.7 485 666X I SUBROUTINEOPT-. 
ISTP.ENDI UJI I 
Irel.c.1 2232 26 
IU6.IO.1 2260 101 
U21~IHVa 2)bl 0 SL-fORTRAN 11/16178 COMPASS l.6 485 fCL INITIALIZATION ROUTINE. 
IfCL=ENT/ 23bl 40 
COHIO= 2421 33 SL-fOHTHAN l1/1bl18 COMPASS l.6 485 COMMON CODED 1/0 ROUTINES AND CONSTANTS. 

I-' feL=FDL 2 .. 54 40 Sl-fOHTRAN 11/16118 COMPASS 3.6 485 fCL CAPSULE LOADING 
I-' fllFST,. 2514 3 SL-FOHTHAN 11/16118 COI-lPASS J.b 485 CONVEHT~D DATA STORAGE 
I fLTouT= 2511 311 Sl-FUIHHAN 11/16118 COMPASS J~6 485 COMMON fLOATING OUTPUT CODE 

N 
co fUHSVS= JO)O 301 SL-FOIlTHAN 11/16118 CUMPASS 3.6 48S fOHTRAN OUJECT llUHARY UTILITIES. 

OuTeOH= JBI 154 SL-FOHTHAN ll/1bl18 COHPASS J.b 4115 COMMON OUTPUT CODE 
SY5AI0= J505 1 SL-FOllTtfAN 11/1bl18 COMPASS J.6 465 LINK DET.EEN SVS=AID AND INITIALIZATION CODE. 
FEeM5K= 3506 41 SL-FOIHIIAN ll/1bl18 COHPASS l.6 465 INITIALIZE CONSTANTS. 
fHrAP= l5H J51 SL-fOII1AAN 11/16118 COMPASS l.6 485 CHACK APLIST ANO FOHHAT fOR KODER/KRAKER. 
fUI<UTL= 4126 .. 6 SL-fOHTHAN ll/1b178 COHPASS J.6 485 fCL MISC. UTILITIES. 
G[ If IT:: 4114 51 SL-fOIHAAN 11/16118 COMPASS J.6 4US LOCATE AN FIT GIVEN A FILE NAME. 
KUOllf= 4253 451 SL-fOIiTAAN 11/16118 COMPASS J.6 46S OUTPUT FORHAT INT[HPHETEH. 
OUTC; 4124 150 SL-FOATAAN I1/1bl18 COMPASS J.b 4U5 FO~HATTEO WRITE FORTHAN H[CORD. 
IFOL.COM/ SOH 116 
fUL.HES 5110 211 SL-SVSLlU 11/0U18 COMPASS J.6 485 fAST DYNAMIC LOAOER RESIDENT. 
fOl.MMI 5)21 22l 5L-SY5L1B 11/02118 COMPASS l.6 "US fDL MEMORY MANAGER INT[HFACE. 
CPU.SVS 554) 40 SL-SVSLlH 11115118 COMPASS l.b 476 PHOCESS SYSTlH HfOUEST. 
CMF.ALf 5bO) IbO SL-SVSLlU IJ/15118 C(lMPASS J.6 485 CMM VI.l - ALLOCAT[ FIXED. 
CMf.CSf 516) 6 SL-SVSLlB 11/15118 COMPASS 3.6 4Us CM" Vl.l - CHANGE SPECS fIXED. 
CHM.HA 5171 14 5L-SVSLlU 11115118 COMPASS J.6 US CM" VI.1 - fIXED fHEE ALGORITHM. 
CHf.FkF bOOS J6 SL-SVSLlH 1111!:i118 COMPASS l.b 485 CHM VI.l - fREE fiXED. 
CHH.H 601t) 214 SL-SYSlIU 11/1 !:l118 COMPASS l.b 4tis CM" VI.I - RESIOENT SUBROUTINES. 
CMf.SLF b251 22 SL-SYSLIB 11115118 CUMPASS l.6 4U5 CMM VI.l - SHRINK AT LWA fIXED. 
CTLSRH b30J 433 SL-SVSLlU 11116118 COMPASS J.6. 465 C~H CONTROLLING HOUTINE. 
ERRSAM 6134 25 SL-5VSLlIJ 11/16118 COMPASS l.6 485 CAH ERROR PROCESSOR ENTRY. 
LISURH 61bl 61 SL-SYSLIO 11/16118 COMPASS l.b 485 . CRM - ALLOCATE SPACE fON LIST Of fiLES 

• 350 CP SECONOS Z3500D CM STORAGE USED Ii TABLE MOVES 

.. • .. • • • • .. • • • • • • • • • • .. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 

00000000000000000010 00000000000000000010 0000000000000~000010 

MFS N~l- CYB74-SNI08 SCIRoe 11/14/78 
10.13.36.DON009L FROM 10M 
10.13.36.I~ 00000384 wORDS - FILE INPUT • DC 04 
10.13.36.DON.TS. 001A~6883.1896.MILLER 
10.13.38.FTN.R=D. 
10.13.45. .366 CP SECONDS COMPILATION TIME 
10.13.45.HAP.PART. 
10.13.45.LGO.' 
10.13.56. END DUMMY 
10.13.56. .071 CP SECONDS EXECUTION TIME 
10.13.56~OP 00001088 ~OROS - FILE OUTPUT. DC 40 
10.13.56.HS 3584 WORDS , 14336 MAX USED) 
10.13.56.CPA .623 SEC. 0022 ADJ. 
10.13.~6.CPd .ZbO SEC. .26U ADJ. 
10.13.~6.IO 1.663 SEC. 1.663 ADJ. 
·10.13.56.CH 46.133 KWS. 2.~1~ ADJ. 
10.13.56.SS 5.361 • 
10.13.S6.PP 11.208 SEC. DATE 01/05/79 
10.13.56.EJ END OF JOo. OM 

11-29 
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0 
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".,,,PPr. 
",,""OlfC 

H"f" 
.... .,PDG 
OUTC;UA 
')vs-

1IfIOoooOI0 

o 
II; 

I. [ .. r.' H 

s, .. ooooooo 
5160000001 C 

->160000002 
0100000000 II 
, 1 1'10710 1011 

J 

C 

C 

1i0loOO" S04 

D"fFDrNCl T a"l. r. 
n L '''t 
0 "QI)GPa~· 

n f. HU.,AL· 
0 ( • Tf. ,,,.al· .. .. • • • 

A (lOIn: 'iC; 

PRO(jPA... lOCAL 
lA" rO"l4o .. 

[",P1 PO''''s. 

'I. 

rX'[ANll 5Y~AOl". 

OU'SUA 

IOnH· '4' INt'AG 
(N,AY "al .... AG 
( liT· flU' ""It 

o 
n 

LENGTH 

.. 
J 

06/17178 09.11.1)1. 

PAr,E 

PAG[ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• .. 
• 
• 
• 

INCOHAlcl SllUP fDA I CO~PAC;S HllN PROGPAM AND fOAIPA .. SUBROUTIN[ 

• 
• 
• 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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1112 5 11., C; U'" 5 UIR l 
1102 r /III l 
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w 
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10 

• • • • • .. • .. • • • • 
~lIf'Il(lIJ' It-If ou' 'iUP ,. I I , to OP fa 1 

r'N ".""'1\ 
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* IDENTICAL TO FORTRAN EXTENDED I 
I 
I 
I 
I-
I 
I 
I 

11-36 
I 
I 



r---------------------------- - ------

• • .. 
00001 
00002 
0000] 
000" 
00005 
0000& 
oooor 
00008 
oooo~ 

00010 
00011 
00012 
OflOJ) 
0001~ 
00015 
00016 
00011 
00UI8 
00019 

• 

PAPAH 

00020 
Oouli 
00U22 
0002J 
0002~ 
OOOlS 
00626 
OUOll 
00028 
OOUt'l 
OOOJO 
0001l 
00032 
OOoll 
OOOH 

PAPAH LENGTH IS 
061000tJ SCH USED 

• • • .. • .. • 
AO OIU 

IDENTifiCATION DIVISION. 

PROGRAM-ID. PAPAH. 

ENVIRONMENT DIVISION. 
COHFIGUHArIO~ SEcrloN. 
SOUII(r -(OHI'U .lll. 6600. 
OUJECr-COHPUJEH. 6600. 
SPECIAL-NAMES. 

OUTPUf-C IS PRINT. 

OA TA 0 I V I 5 I ON. 
WORKING-STOIIAGE S[CTION. 

COBOL 

71 PARMI USA6E IS COHPUTATIONAL-2 VALUE IS 3. 
11 PAIIHZ USAG[ IS COHPUTATIONAL-l VALUE IS 4. 
11 PA~H] USAG£ IS COHPUTATIONAL-2 VALUE IS o. 
11 PAnM~ USAGE IS COMPUTATIONAL SIZE 15 I DIGITS. 
11 PARHS USAGE IS COMPUTATIONAL SIZE IS I DIGITS. 
71 PARM6 USAGE IS COMPUTATIONAL SIZE IS I DIGITS. 

AO 0112 

PROCEDURE DIVISION. 

UEOIN. 
DISPLAY "IPARAMETER I IS 
DISPLAY" PARAHETER 2 IS 
DISPLAY" PARAMETER 3 IS 

COOOL 

n PANMI UPON PRINT. 
If PARM2 UPON PRINT. 
" PARH] UPON PRINT. 

PAR"l •. ENTER SAM, PARHZ, PARMI, 
HOVE PAIIHI TO PARH4. 
MOVE PAIIHl fO PAHHS. 
HOVE PAR") TO PAIIH&. 
DISPLAY" PAHAHETlR I 15 
DISPLAY" PARAMETER 2 IS 
o I SPLAY .. TIlE SUH IS 

STOP RUN. 
000151 

.. PARH4 UPON PRINT. 

.. PARM5 UPON PRINT. 
If PARH6 UPON PRINT. 

• • .. .. .. .. .. .. 
V4.7 L485 01/0811' 10.2S.S8. PAGE I 

V4.1 L485 01/08119 10.25.58.' PAGE z 



• 

I-' 
I-' 
I 

w 
co 

• 

SAH 

o 00000000000000000000 
I 53ZI0 

50HOOOOOI 

l 30613 
l4606 

3 53640 

53340 

504100000l 

0400000000 • ' 

SAM 

IOENT 
ENTRY 
LIST 
DATA 
SA2 
SA4 
SA] 
f)(6 
1'4)(6 
SA4 
SA6 
EQ 
END 

47500B eH STORAGE USED 
HOD~L 73 ASSEMBLY 

SAH . 
SAH 
-H.-If 
o 
XI 
AI·l 
JC4 
XZ-X3 

• • • • • .. .. 

01/08/79 10.26.03. 

ENTRY/EXIT ADDRESS 
PARAMETER 1 IN X2 
ADDRESS OF SECOND PARAMETER 
PARAMETER 2 IN XJ 

PICK UP 3RD PARAMETER ADDRESS 
STORE 3"0 PARAMETER 

13 STATEMENTS 
0.035 SECONDS I SYMBOLS 

o REFERENCES 

.. • • .. .. • 

PAGE 1 

.. .. .. .. 



• .. • • • • • .. .. • .. • • .. .. .. • .. .. 
LOAD HAP - OUTPUT. CYBER LOADER 1.4-485 U/OelJ' 10.26.05. PAGE 

filA Of TtiE LOAD III 
LWA.I Of THE LOAD 5335 

TRANSfER ADDRESS -- CENT.OO 412 

PHUGHAH ENTRV POINTS -_ OUTPUTI 412 

PflUGHAH AND BLOCK ASSIGNHENTS. 

IILOCK ADDRESS LENGTH raLE DATE PHOCSSR YEA LEVEL HARDWARE COMMENTS 
OUIPUU III 116 LliO, 01/08119 conOl 4.7 L485 I ItIPUU 227 116 LGO 01/00/19 CUUOL 4.1 L4U5 I IV.COHONI J~5 2~ 
D.(ur~ON 311 0 lGO 01/08119 coaOL 4.1 L485 I IPAPA"''', 311 21 
PAPAH 41Z 151 LUO 01/08119 COIIOL 4.1 L485 I SAM 56) ~ LGO- 01/00119 COMPASS l.6 416 C=llJblO 561 1!»1 SL-euaOL 11/16118 COMPASS l.6 4t15 
D=C~MI5 1540 10 SL-COllOL 11/16118 COHPASS l.6 US O=lJS[ 1550 211 SL-COUOL 11/16118 COMPASS l.6 485 O=USPLV 1161 431 SL-COUUL 11/161111 COItPASS 3.6 485 ISIP.ENOI 2420- 1 
(=r4S I AN 2421 153 SL-COlJOL 11/16/18 COtt"ASS l.6 485 I-' U=HNS 25H l5 SL-C{JUOL 11/16110 CtJHPASS l.6 405 I-' , D=cvtJD Z621 IJ6 St-C(JUOL "'/16/18 COMPASS l.6 485 w U=ItN 2151 21 SL-(OOOL 11/16/10 COMPASS 3.6 485 I.D u=r10VE 31100 III SL-(OUOL 11/16118 COMPASS l.6 US D=IHUIIL 31ll 121 Sl-eOUOl 11/16110 COMPASS J.6 US 0= 1141 AU 12S4 12 Sl-COIiOl 11/16118 COMPASS l.6 US 0= 1 [Imp J266 13 Sl-COOOL 11/1611a COMPASS J.b 405 IHlL.(014' 3361 14 
FlJL.Hf.S 3315 211 SL-S't'SLIO 11/92170 COHPASS :J.6 us fAST DVNAMIC LOAUER HESIU(~T. fl.t.. MI1I 3606 2n Sl-SVSlIU II/OZl78 COMPASS J.b 4US FDL MEMORV HANA6E~ l~lEHfACE. U'U.SYS 40JO 40 Sl-SYSLIIJ 11/15110 CUHPASS l.b 416 PROCESS SYSTEM HEOUEST. CMt- • Alf 4010 160 Sl-SVSlIO 11115118 COHPASS J.6 ~IIS eMM VI.I - ALLOCArE FIXED. CHf.C~f 4250 6 Sl-SVSLIO 11115/10 COHPASS 3.6 485 CH" VI.I - CHANGE SPECS fiXED. CHH.ff A 425b 14 Sl-SVSlIO 11/15118 COHPASS 3.b ~85 eMH VI.I - fiXED FREE AlGO~ITH~. CHF.fHf 421l 16 SL-SVS1l8 11/15118 COHPASS 1.6 4U5 CM" VI.I - fREE fiXED. CMM.1i 4330 214 Sl-SVSLlU 11/151111 COHPASS l.6 485 CM" VI.I - RESIOENT SUUHOUTINES. CHf.Slf 45H II Sl-SVSLlU 11115118 COMPASS 3.6 485 eHM VI.I - SIIfHNK AT lWA fUED. Cll\IlH 456b .31 Sl-SVSLlB 11/16118 COMPASS 3.6 485 eRH CONIHOlllNG MouriNE. [HHSIIM 5221 25 Sl-SVSLlU 11/16118 COMPASS 1.6 485 CR" ERHOH PROCESSO~ [NIHV. LI5UHH sl46 61 SL-SVSLlIJ 11116118 COMPASS l.6 485 CRM - ALLOCATE SPACE FOR LIST Of fiLES 

.116 CP SECONDS ll6000 CM STORAGE USED , TAfllE HOVES 



PAMA.METER 1 IS 
PA~A"'ETER 2 IS 
PAHAMt::TEk 3 IS 
PARA"'ETER 1 IS 
PAfoIAMt:TER Z IS 
TttE SUM IS 

00000000030000 
00000000040000 
00000000000000 
3 
4 
7 

"'5 H8l- CYB74-SNl08 SCIRoe 
10.2S.S4.DONOO~8 FROM IOH 11)14178 

10.2S.S4.IP 00000384 wORDS - FILE INPUT • DC 04 
10~2S.5S.00N.T5. OOlA.6883.1896.MILLER 
10.2S.S7.REwIND.OUTPur. 
lO.ZS.S7.COBOl. 
10.2S.59.COMPILING PAP AM 
10.26.01. 000 E AND TIU DIAGNOSTICS ISSUED 
10.26.01. ~61000~ SCM USED 
10.26.01. .321 CP SECONDS COMPILATION TIME 
10.26.01.ENU COBOL 
10.26.02.CO~PASS. 

10.26.03. ASSEM~LY COMPLETE. 475008 CM USED. 
10.26.03. 0.173 CPu SECONDS ASSEM~LY TIME. 
10.26.03.LGO. 
10.26.06.ExIT. 
10.26.06.0P . 00001216 wORDS _ 
10.26.06.MS 3584 WORDS , 
10.l6.06.C?A .713 SEC. 
10.26.06.CPd .291 SEC. 
10.16.06.10 1.274 SEC. 
10.26.06.CM 47.992 KWS. 
10.26.06.55 
10.26.06.PP 7.97b SEC. 
lO.26.0~.E.J END OF .JOO. OH 

11-40 

FILE OUTPUT • DC 40 
10751 MAX USED) 

.713 
• 291 

1.274 
-2.929 
5.208 

AD.J. 
AD.J • 
AD.J. 
AD.J. 

DATE 01/08/79 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



.. • • 
00001 
00002 
OOOOl 
00004 
00005 
00006 
00001 
00008 
00009 
00010 
00011 
00012 
OOOll 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
0002l 
00024 
00025 
00026 
ooon 
00028 
00029 
000)0 
00031 
OOOll 
OOOll 
00014 
000)5 
000)6 
00031 
DOOl8 

• ... • • 
AO GIll 

IDENTifiCATION DIVI~ION. 

PROGRAM-ID. ASTERISK. 

ENViRONMENT DIVISION. 

CONfiGURATION SECTION. 
SOURCE-COMPUTER. 6600. 
OOJECT-COHPUTEA. 6600. 
INPUT-OUTPUT SECTION. 
fILE-CONTROL. 

• • 

SELECT OUTflLE ASSIGN TO OUTPUT. 

DATA OIVI~ION. 

fiLE SECTION. 
fD OUTFILE 

L~BfL RECORDS ARE OMITTED 
DATA RECORD IS ••••• 

01 •••• PICTURE .'ll6t. 
WORKING-STORAGE SECTION. 

• .... 
COBOL 

17 m'E PICTURE 9UOt USAGE IS COMPUTATIONAL-l VALUE IS 1 
77 fOUR PICTURE g.IOt USAGE IS COHPUTATION~L-l VALUE '15 4 
17 TE~ PICTURE 9'101 USAGE IS COMPUTATIONAL-I VALUE 15 10· 
17 AWORD PICTURE 9.101 USAGE IS COMPUTATIONAL-I. • 
11 .POS PICTURE 9'IOt USAGE IS COMPUTATIONAL I 
01 HOU. - • 

O? fiLLER PICTU~E X.Z21 VALUE'" THE STAR WAS IN IIORD II. 
02 WOR~ PICTURE llllllll9. 
OZ fILLER PICTURE •• 201 VALUE _ CHARACTER POSITION _. 
02 POS PICTURE Zlll1ZZ19. 

01 A PICTURE •• 20t VALUE _ fOR T~OLE A'. 
01 8 PICTUP£ .,201 VALUE ... rOR T~OLE a-
01 c PICTURE .'201 VALUE ... rOR TABLE C_· 
01 BUff. • 

02 AA PICTURE •• 101 OCCURS 10 TIMES. 
Ol DB PICTURE •• 101 OCCURS 10 TIHES. 
Ol CC PICTURE •• 101 OCCURS 10 fiNES. 

• • • • • • 
PAGE I 



• 

ASf(AIS 

000)9 
00040 
000 4 1 
00041 
0004] 
OOOU 
1004" 
00046 
00041 
00048 
0004' 
1005' 
.0OSI 
IOO"Z 
4100'5) 
000'54 
OOOS'S 
00056 
IOO'S , 
IOOS8 
'0059 
00060 

.,'(.I~ l(NG'" IS 
'61l008 SCN U~(D 

!lfiACH 

AO Dill 

PAOr.(OUA[ OIYI~tO~. 
ROllOUt. 

OprN OU1~U' outrllf. 
MOVE _-Anll' to AAlloa. 
MOVE _iO-_ '0 CClla. 

.. un 

[Ht(A S(AACH, AAI ••• 1[N'XVOAO,XPO~. 
NOV[ .VOAO '0 VORO. 
"OV[ _P05 '0 POSe 
WqIT( xxx. fAOM A. 
WAITE xxxx rAOM HOR. 
[Nt(A SEiACH, 891.a.ON[.XVOAO,APOS. 
MOV[ XWORD 10 WOAD. 
HOVE XPOS TO POSt 
WRlf( XX •• rROH B. 
Wqtt( JlllXIC rROM tl04. 
[Nf(A S[ARCH, CC'I'.'OUR ••• WOAO'APO~. 
HOV[ AVORO 10 WORn. 
MOV( _P05 10 POSe 
Vql'[ xx •• rAoM C. 
VRlf' .XX. rROM HOR. 
ctOS[ oun It[. 
stoP RUN. 

StOPiGr AllOC.fION. 

• • 

AoORE5S 

• 

II 
II 

• • 

10[N' nARCH 
[NO 

'IYP[ 

PAOGRAH- lOCAL 
II '[AAlS· lOCAL 

[ .. lAY POIN'S. 

S[ AACt • 

• • 

AOOA[5S 

O' 

.. 

o 
II 

• 

CO"Ol 

UNGtH 

" , 

• • 

06/l11'. 09.0'.0~. 

• • .. 

,AG[ 

• • .. .. 



,------------------------- ----- --------- ------------------ ----- --------

• 

/-' 
/-' 
I 
~ 
W 

• • - -
... 

I' .,."""" •••••• ". 
I ~1l10 

"olloOnllni 

1 o;nllOl)nOOI 
II) 141 0 

1 5"llOoPOOI 
5 l'i I" 

~ 61 loonoooo 
II) talloonooll 

S4111 
,. 11 lO000006 

,,.010 

, 61UO 

I)JlI II 

4100J 

11 ,ooooon 
11,,41 

10 11661 
UU'Ulln 

II Gl060000l6' 
I>Inu,,,,, 

I? 01.10&.10006' 
61])000001 

I) 6J4lt 
05)400000'i • 

14 51100 ... 007.1 • 

IS 54.50 

10" II 
'i"h40 

0400000000 , 
I' '161000001 

IJ 6160000011 
54640 

nM1 
'i""'iO 

• • • • 
lor..,. c;, ap(li 
f Nlq, c;r ."rll 

• • • - • • -
o~/"rft 09.a,.o~, PAGE 

• cau .'\f AqrtlUppay NAN[ .APpay I.[Nr.JH.WORn NU""(R.CHaRACfrA POSitiON. 
"'AI~ fOl, I,'" 
Sf ,un. l)alA _8 £N'AY/[II' 

sa, II AnoOrsS O. AARAY IN '2. lSI WOAD IN xl 
"'1 AI.I INorl '0 Nfl' PARAMf.TrRC1NO PARAMf'(A, 
"a) ~I AOOQ[5S qf APqAY LfNG'" IN ,l. VALUE IN Xl 
"al AI.I 1,.,0£. tn Nrll PAAAHfT(A C1Rn PAAAltr'fAt 
SA" ,I AOO"(\5 or WOAD POSITION IN A4 
SAl al'l I..,orl 10 Nral PAPAltr'(A CloT .. PAR'NETrR' 
"a.. _I AOUP£SS nf CHaRACTn POSITION IN Ali 
5"1 n CUAq[NI ~ORO INO£I I~ Ol 

OU'LOOP S8Z ~ R[Vfqs£ ("AAAtr[A PO~I'ION I"O[X '0 Bl 
Sal aZ,nl LOAD INDrX[O £L[MCNT or APRAY 

INLOOP 51' ~ x, • NU"RfA or nl's PfA CHAAACTfR 
SI... Al CHAAAe'fA INorl '0 xn 
110 XO'x' ACIUAL SHirl COUN' TO XO 
"~,, xo NOW 10 Rio 
51' "P. .LOW£R 6 niT "aSK '0 Xl 
AX" R4.11 SHirl XI RIGH' 84, PUT " IN X, 
016 16'1' LOGICAL PRODUCT -LL Bul LOW~A 51. 'I'S 
516 16-SIAA SUOTRACT COOl ~OA CHARACT£A 8[ING lOO~[D ro_ 
'" X".rOUNn GO to rOUND If (OUAl' '0 lERO 
sAZ ~7.-1 R£OUC[ SHirT INDEI 
(i[ Ill. I "'LOOP Ir NOI N£G.T Iv[, CONflNUEIN .. ER lOOP 
SR) q].1 INO[. '0 Nfx' WOAO 
SH".l APRAY lrNfi'" rOR CO"~lAI50N 
t4£ nl,nlt.OUTlOQP Ir NOI [QUAL. A(UT AND CONflNU[ GUlf A lOOP 
SAl a-a Gr' -0 rOA NoriNO flAG ,.. NO riND ••• 
n.~ II TqANsr(" X6 I" II 
Sa,. A" SIOR£ INTO ARRAY WOAD NIJMAER. SHOW NOT fOUND 
sa6 AS S[T CHAAACT[A POSitiON [~UAL TO MINUS l(AO 
[0 S[AACH [II'---NO MAICH 

rOUNO s.,. Al'l WOPO NU .. ,,[A. I no l"lIHIIN' TO K' 
5a6 A4 5r' IN PARAN£TEA CWORO POSITIONI 
S8~ 10 CHAAAC'[A POSITION I '0 10 
SA,. A6-0l 06 - SHlr' ."'0[1 • CHAAACI£A POSITION 
SAh.~ STORE papAMr'rA ICHARACI[A POSI'ION' 
(0 ~(.ACH [llf----rOUNO 10 0400001)000, 

11 rNO 

4'1008 SCM ~'nAAG( USfD 41 UAfFNrNTS 
0.050; srCONO~ 

S SYHl'OlS 
~OO(L 1'4 As~rN8lY 11 RH(R(NCrs 

!i( 'PC" COMPAs5 l.~-41O. D6IlU" ••• OJ.I'. ,AGf 

S'HltOLIC A[f(q(NCI. .allL( • 

'OtlNO 16 PAOGA,H' 1I24 1I10; l 
INt.OOP 6 PIIOG"AN' lII6 L lIl" 
OllllOOP ") PIlOf,IUN' VI" L lllq 
S[ H'CIt , 0 J'uOGIUH' 1I02 ( /lOC; l lIJ10 2/"0 
sun ,,1 lIO," 0 U11 

• - .. 
., 

) 



,0.0 M.P - OU'PU': fYH' Q lo.m U 1."-"10 0"117"" 0'.07.10. P.(,( 

nil or '.t[ lO.O II I 
l Ifa., or 'lif lOAD 10J] 

,A.NsrfA aDCA(5~ -- ([NT.OO ]7" 

~AO(,AAM [Nfpy POINT~ -- IJUTPU'= )1" 

PAOGQAM ANO fllO(!! AC;C;IGNM[NfS. 

fROCK IOONfSC; lENGfH fit[ OAft PNOCC;SA V(A LEV[l t .. AOWAA[ COMMENtS 

OUTPU': III II" lGO Olo1l711" (OBOl °4. J l .. JO· 
INPU': 111 116 lGO Of till 11 " conOl ".1 l .. 70· 
10.COMON' J"5 1" ° 
O.COMON ]71 0 lGO 0f,n7178 COROl 1t.7 llt10· 
"SfrAIY HI S 
A')fERIS H" )"1 LGO 0611U18 CODOl ... J llo"- I 
S[ARCH 1100 II LGO 06121118 COMPASS 1.5 ",0 
OOSYR 761 110 Sl-COPOl 0'i/0111A COMPASS 1.5 "'0 

I-' O'CIIETl lOll IS Sl-COAOl 0"/OU1" COMPASS ).S "10 
I-' c-conlO 11 OJ 151 Sl-COROl OS,t0111" ClIMPass J.,) ",0 , O"'CJlMIS °l060 10 Sl-(OPOl O<;,tUlI1A COMPass 1.5 410 
~ Oo:C;OlO lO10 .... 5 SL-COROl OS/OU1" COMPASS 1.S .. 10 
~ OsUSf 15J,) 111 SL;'COROl 05/01110 CO~PASS 1.5 410 

ISTP.£f4n1 lJto6 I 
C"NSf.N 21101 I'iS Sl-COftOl 0")/01,,11 COMPAe;S ).~ "70 
n·'[NS JIZ" IS SL-COROl OS/OU1" CUMPASS 1.S ",0 
OcCYf\O JI51 111 SL-coeol O!VO 11111 COMPASS 1.'1 .. ,0 
0-8N JJIO II Sl-COOOl 05,10111" (OMPAC;S ).5 "'0 
0-£0 JJJ .. "56 Sl-COROl 0')/01118 (OMPaSS ).'1 1010 
O'COlSO .. 010 II" Sl-C080l 0')lOU18 COMpa .... ).11) .. ,0 
O-PCOCM IoIZ" 116 SL-COROl OSlO 1118 COMPA"S 1.S .. ,0 
(-NVI 10""1 100 SL-COROl 0";/01178 COMPA')S 1.S "'0 
O·TAUUl 101ltl III Sl-CO(\Ol 05/011111 COMPa,,;s 1.1) "'0 
O·f[NOP .... 6J 1) Sl-COf'Ol 05/011111 COMP·SS 1.S ",0 
(Mr.ll' "5">" 160 Sl-SY"LI~ 0<;,t01l18 COMPASS J.S "'0 CMM VI.I • ALLOCATE r._[o. 
CMr.csr 10116 " Sl-SYS1I8 05/011111 COMP.SS J.e; 1010 CMM VI.I • CHANGE SPECS rl.ro. 
CM".HA .. , .... .10 Sl-SYSlI8 OS/OU78 COMP .... S J.II) ..,0 CMM VI.I - fl_£O fAEE ALGORI'HN. 
CMr.,Af 10160 36 5l-SYSlll' 0')10111" '(OMPASS 1.5 1010 CMM VI.I • 'AH ,.l[O. 
CMM.A 0,01" 21J Sl-SYSlll' 0.,,02/1" (UMP"S5 J.S Itl0 CMM VI.I - R[SIOEN' SU~AOUTINES. 
CHr.SL' ~Zll II 5l-5YSlI8 05/11111" C'IMP ac;e; 1.5 "'0 CMM V I • I - S .. AINK AT lW. r lIIEO. 
Cll nOl S1S) lS 5L-SYSlIH 0C;/07l1" CIIMP .. SS 1.1\ 1010 CAM CON'ROll[R - l.Or.l PROC[SSING. 
Cll lAM ~100 6UI Sl-SYSlIH OVOlllft COMPac;c; 1.5 "'0 CNM CONTUOlllNG RO"TINE. 
C'llllQ 1>1111 JI Sl-SYSlIR Oe;/U7I18 CIIMPac;s 1.5 410 CNM CONTNOll£A - WfOX. A£WINO 
(QRIAM "Ill le; SL-SYSlID 0')/011 '" COMP .. SS J.e; Itl0 CAM (AROA PROcrSSOR [N'PY. 
llSUAM "1")1 ",. Sl-SYSlIA 0,.,OU1P. (IIMPA,,>S l.e; .. '" eNM - "llOC.,r SPACE rOQ liS' Of fllrs 
trOl.CO"/ b110S '10 
rOl.Q(S ""61 111 Sl-SYSlI9 IIS/1611" COMP.C;S 1.5 .. .,0 rAc;T OY~AMIC lOAOEA A£SlnrN'. 
rOl.MMI 6"'? Ul Sl-SYSlIU IIV 1'" rI' eOMP.c;c; J.e; "'0 rOl "£MOAY MA~AG[Q INf[prAc£. 
S'S.AM 611" Ion Sl-SYSlIA OS/' 1111" (flMP ..... 1.5 "10 PRO(ESS S,S'[M PEOU[ST. 
CTlISIIP 615" 51 Sl-SYC;lID 05/0Z/1R (O"P.C;S J.e; "'0 (JIM CONTAOllf.A - SKIP PHYSICAL/rllE. 

• • - • • • • • • • • • • • - • • • • 



• • • • • 
LOAII NAp - OUfPUf: 

HIli 
tH( 
rOil 
'H[ 
rOil 
hl( 

f-' 
f-' 
I 
~ 

lJl 

fARL[ • 
SUR "'Ae; 
URLE 8 
SUP "as 
UIILr C 
S' U wa .. 

.1441 fP "(CONOe; 

IN wORD 10 

IN WOAD 0 

IN WORD 

• 

CHARACt[R 

C .. IRAOER 

C .. I"aO[1I 

• • • • • • • • 
III hALE NOV£!; 

POSlll(!N 

POSlfloN 0 

POCjlflON 1 

Nrr NRl- CYRIJ~-Shl 4L81/A68 05/15/78 
".06.S9.00NOOSl rRON ISH 
09.06.59.IP 00000104 WONOS - rlL£ INPUT • DC o~ 
.9.06.S9.00N. PCjO.Ol'ft.77CtOIIA.HILl[A 
09.0J.Ol.COflOL. 
09.01.04.COHPILING AStEAIS 
09.01.05. 000 [ ANO "U DtIGNOS'ICS 15SU[0 
0'.01.05. 061?OOA SCN usrD 
0'.01.05. .I~l CP StCONOS COHPILA'ION TIH[ 
0'.07.05.(Nn COIIOL 
0'.01.05.COHPASS. 
09.01.07. ASSf.HOlY COHPLElE. ~l)OOR SCM USED. 
09.01.07. 0.109 (PU SECONDS ASSEMBLY TIME. 
09.01.01.LGO. 
09.01.ll.£xn. 
0'.07.ll.oP OOOOl04~ WONO" - riLE OUTPuT. DC 40 
0'.07.ll.HS )584 ~OAOS I 14))6 HI. USED! 
O'.OJ.ll.CPA .~OO SfC. 
O'.Ol.ll.IO 1.816 SEC. 
".01.12.CH 45.907 K~S. 
'9.01.12.5S 
".01.12.PP 
".Ol.ll.fJ 

IO.SSI 5[C. 
END or JOB. 5H 

• 500 
1.816 
2.801 
5.119 

ADJ • 
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QUIZZES 



I 
I 1. PLACE THE FOLLOWING NUMBERS IN FLOATING POINT 

PRESENTATION. ALL NUMBERS ARE NOW DECIMAL .. 

I 5 x 26 

I 5 x 2-6 

-(5 x 26) 

I -(5 x 2-6) 
15 

I -10 
-(1 x 264 ) 

I 1 x 2-1 

I 2. CONVERT THE FOLLOWING NUMBERS FROM FLOATING POINT 
FORM TO (C X 2E) FORM. 

I 3066 0000 0000 0000 0032 

• 1512 0000 0000 0000 0260 
5710 7777 7777 7777 7755 

I 7733 7777 7777 7777 7707 

I 3. CHANGE THE FOLLOWING FLOATING POINT NUMBERS TO 
OCTAL (INTEGER FRACTION FORM). 

I 1722 5000 0000 0000 0000 

I 
1730 5006 0000 0000 0000 
1721 6400 0000 0000 0000 

I 1675 7000 0000 0000 0000 
1720 6550 0000 0000 0000 

I 1747 4000 0007 0000 0000 
6055 1777 7777 7777 7777 

I 6055 1477 7777 7777 7777 

I 
6071 1777 7777 7777 7777 
1736 5123 4567 7700 0000 

I 
Q-l 



I. WRITE AN INSTRUCTION THAT WILL CHANGE THE PROGRAM 
SEQUENCE TO ONE OF FIVE SUBROUTINES, DEPENDING UPON 
THE CONTENTS OF THE Bl INDEX REGISTER. THE INITIAL 
ADDRESS'OF ALL THE ROUTINES IS CALLED "BASEADDR". 

2. WRITE AN INSTRUCTION THAT TESTS THE CONTENTS OF XO 
FOR ZERO, AND IF THE CONDITION IS MET THE PROGRAM 
BRANCHES TO "DONE". 

3. WRITE AN INSTRUCTION THAT CHECKS Bl AGAINST Bl TO 
SEE IF THEY ARE EQUAL. IF THEY ARE EQUAL, BRANCH 
TO A LOCATION CALLED "MATCH". 

4. WRITE AN INSTRUCTION TO PERFORM THE LOGICAL PRO­
DUCT OF THE OPERANDS IN X5 AND X4, AND SEND THE 
RESULT TO X5. 

5.' WRITE AN INSTRUCTION THAT SHIFTS THE CONTENTS OF 
THE Xl REGISTER LEFT 1210 (148) PLACES. 

5. WRITE AN INSTRUCTION THAT UNPACKS THE FLOATING 
POINT QUANTITY IN Xl, PLACING THE EXPONENT IN Bl, 
AND THE COEFFICIENT IN Xl. 

7. WRITE AN INSTRUCTION WHICH PERFORMS THE FLOATING 
POINT ADDITION WITH THE OPERANDS IN X4 AND XS, 
PLACING THE NEW RESULT BACK IN X5. THE OPERANDS 
ARE IN FLOATING POINT FORMAT. 

8. WRITE AN INSTRUCTION TO PERFORM THE INTEGER DIF­
FERENCE OF THE 50-BIT OPERANDS IN X4 AND XS. (XS­
X4). THE RESULT IS TO BE PLACED IN X5. _ 

9. WRITE AN INSTRUCTION THAT FORMS A MASK IN THE UP­
PER 30-BITS OF THE XO REGISTER. 

Q-2 
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10. WRITE A~ INSTRUCTION TO LOAD T~& Xl REGISTER-WITH 
A 50-BIT WORD LOCATED IN MEMORY. Al CONTAINS THE 
REQUIRED ADDRESS +200S' 

II •. WRITE AN INSTRUCTION TO STORE THE VALUE IN X7 IN 
THE LOCATION IN MEMORY CALLED "SYMTAB" INDEXED BY 
NO B-REGISTER. 

12. WRITE AN INSTRUCTION TO LOAD FROM MEMORY THE X2 
REGISTER WITH THE IS-BIT ADDRESS IN Xl MODIFIED 
BY A~ INDEX REGISTER B71 

131 WRITE AN INSTRUCTION TO BUMP THE INDEX REGISTER 
B4 BY A VALUE OF 120S' 

14. WRITE AN INSTRUCTION TO SET THE INDEX REGISTER B1 
TO THE VALUE IN AO DECREMENTED BY THE VALUE IN B4. 

15. WRITE AN INSTRUCTION WHICH WILL COMPUTE THE DIFFER­
ENCE OF B1 AND B2 AND PLACE THE RESULT IN XO. 

Q-3 
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PROBLEM SET lA 

AVERAGE INTEGERS 

WRITE A PROGRAM TO FIND THE AVERAGE OF 10 INTEGERS. 

USE THE FOLLOWING FLOWCHART. 

( START ) 
.!-

. SUMMATION 
OF 

INTEGERS 

~ 

COMPUTE 
AVERAGE 
= NOTE 

J, 

SAVE 
RESULTS 

J, 

( STOP ) 

NOTE: IF A AND B ARE INTEGER 
VALUES, THEN BfA = Q 
WITH A REMAINDER OF 
B - (Q=A). 

PROCEDURE: PACK AND NORMALIZE A AND B. 

P-l 

COMPUTE BfA = Q. 
UNPACK AND SHIFT Q: NOW Q 
IS INTEGER QUOTIENT. 
PACK AND NORMALIZE Q AND A. 

-
COMPUTE Q = A. 
UNPACK AND SHIFT THE PRO­
DUCT AND SUBTRACT FROM B. 
THIS IS REMAINDER. 



PROBLEM IB 

WRITE A PROGRAM TO SORT N INTEGERS INTO ASCENDING OR­
DER. THE FOLLOWING IS A FLOW CHART TO ACCOMPLISH THIS 
USING THE SELECTION SORT METHOD. 

YES 

( START) 

YES 

xl+~-.­
VALUE +1 

x2E­
VALUE +J 

I NO 

STORE xl IN 
VALUE +1 
I~I+I 
J+-J+I 

INITIALIZE I = 0 
J = 1 

SWITCH 
__ .:.:.NO::::..-_---4_ ~ l_M:! X 2_ 

STORE X2 IN 
VALUE +J 

NO 
STOP 

P-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
:1 

I 



I 
I 
I 

I 

I 

I 
I 
I 
I 

• 
I 
I 
I 
I 

I I 

'I 
I. 
I 

I 
I 
I 
I 

PROBLEM Ie SQUARE ROOT 

WRITE YOUR OWN SQUARE ROOT SUBROUTINE USING THE NEWTON 
ITERATION .••• 

Y - 1 (y + x x· 
N+I - 2 N YN) WITH Yo = 20.0 + 2.0 

THE INPUT VALUE IS X WHILE THE RETURNED VALUE IS YOUR 
APPROXIMATION TO THE SQUARE ROOT OF X. OBTAIN A RELA­
TIVE ACCURACY OF •••• 

( START) 

1 
Y = o 

fa + 2 

YN+I = 

1 (y + A ) 
2 N YN 

1 YES 

GOT THE 
ANSWER! 

1 
( STOP) 

NO 

P-3 



PROBLEM SET 2 

CHARACTER DATA, DEFERRED SYMBOLS, SUBROUTINE 

WRITE A SUBROUTINE TO CHECK IF THE FIRST CHARACTER OF 
A WORD IS A DOLLAR SIGN OR NOT. 

THE WORD TO CHECK CAN BE PLACED IN A X REGISTER. 

ffHE X REGISTER SOULD BE SET TO ZERO IF CHARACTER 1 IS 
A $. 

IF NOT, PUT A SHORT MESSAGE IN THE X ~EGISTER. 

THE MAIN PROGRAM SHOULD PLACE THE WORD TO BE CHECKED 
IN AN X REGISTER, CALL THE SUBROUTINE AND PLACE THE 
ERROR MESSAGE IN STORAGE WHEN CONTROL IS RETURNED. 

USE THE FOLLOWING COMPASS FEATURES SOMEWHERE IN YOUR 
PROGRAM: CHARACTER DATA, DEFERRED SYMBOLS (=S, =X) 
AND RETURN JUMP. 

DECK STRUCTURE 

CONTROL IDENT A 

CARDS ENTRY A 
EXT B 

7/ FIRST INSTRUCTION 
8/g 

/ 
.. 

MAIN RJ B 
PROGRAM 

END A 

IDENT B 
SUBROUTINE ENTRY B 
NO TRANSFER ~ FIRST INSTRUCTION 

ADDRESS 
6/ 7 

/8/ 
END NO TRANSFER ADDRESS g 
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PROBLEM SET 3 COMMON STORAGE 

SET UP A BLANK COMMON BLOCK OF 12 LOCATIONS. 

SET UP A COMMON BLOCK LABELED TABLE WHICH CONTAINS 
DISPLAY CODE FOR THE NUMBER 0-7. 

LIST 12 OCTAL ONE-DIGIT INTEGERS IN YOUR MAIN PROGRAM. 

TRANSFER THE 12 NUMBERS TO BLANK COMMON. 

Go TO A SUBROUTINE. 

IN THE SUBROUTINE, FETCH THE NUMBER FROM BLANK COMMON, 
LOOK UP THE DISPLAY CODE IN TABLE. 

STORE THE DISPLAY CODE BACK IN BLANK COMMON. 

RETURN TO THE MAIN PROGRAM AND STOP. 

FOR ADDED CHALLENGE, USE DISPLAY CODE FOR 0-7. 

LIST 12 DECIMAL INTEGERS (2 riR MORE DIGITS) AND FIND 
THE DISPLAY CODE. 

LABELED COMMON 
TABLE 

MAIN PROGRAM 

SUBROUTINE 

//////// 

BLANK COMMON 

P-5 
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R.4 + III 

SUBROUTINE USES 
NUMBERS IN BLANK 
COMMON TO INDEX 
INTO A TABLE OF 
DISPLAY CODES. 



PROBLEM SET 4A MACRO 

WRITE THE FOLLOWING MACRO: 

PURPOSE: 

PARAMETERS: 

PROCEDURE: 

To COMPUTE N' FACTORIAL EXACTLY (INTEGER), 
N = N(N-L)(N-2)' "(2)(1) 

PI = N 

P2 = RESULT REGISTER 

DEFINE N WITH A SET (1 < N < 18) 

CALL THE MACRO, STORING THE RESULT AT THE 
SPECIFIED X REGISTER, 

TEST PROGRAM: SET N 

CALL THE MACRO 

RESET N 

CALL THE MACRO AGAIN 

STORE THE RESULT 

STOP 

P-6 
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PROBLEM SET 4B 

PURPOSE: WRITE A MACRO TO MOVE A MESSAGE FROM A 
USER BUFFER TO A COMMON BLOCK BUFFER, 

PARAMETERS: Pl = BEGINNING OF USER BUFFER, 

P2 = LENGTH OF USER BUFFER, 

P3 = BEGINNING OF BUFFER IN COMMON 
STORAGE, 

PROCEDURE: COMPUTE THE LENGTH OF TH~ BUFFER, 

CALL THE MACRO, 

P-7 



PROBLEM SA 

REWRITE THE INTEGER MULTIPLY MACRO AS AN OPDEF. 

CALL IT. 

PROBLEM SB 

WRITE AN OPDEF WHICH WILL COMPARE TWO CORE LOCATIONS 
FOR EQUALITY. 

QPDEF CALL: 

TAG CE 

WRITE A TEST PROGRAM WHICH CALLS THE MACRO. 

P-8 
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PROBLEM 6A CONDITIONAL OPERATORS, MACROS 

WRITE THE FOLLOWING MACRO: 

PURPOSE: 

PARAMETERS: 

PROCEDURE: 

OPTIONAL 
COMPLICATION: 

COUNT THE NUMBER OF BITS SET IN EACH 
WORD OF A TABLE. SAVE AND RESTORE ALL 
X REGISTERS IF REQUESTED. 

PI = LENGTH OF THE TABLE 

P2 = STARTING LOCATION OF THE TABLE 

P3 = SAVE REGISTER FLAG 

= S SAVE AND RESTORE ALL X REGISTERS 

=·BLANK UNNECESSARY TO SAVE REGISTERS 

CHECK P3, IF P3 = S SAVE THE REGISTERS, 

COUNT THE BITS IN THE TABLE WORDS, RE­
TURNING THE COUNT TO THE TABLE, (LET 
THE TABLE BE LOCATED IN COMMON STORAGE 
IF YOU PREFER), 

RETURN THE REGISTERS IF NECESSARY AND 
RETURN TO THE USER. 

SAVE ALL REGISTERS ON REQUEST (NOT JUST 
THE X REGISTERS), THIS IS VERY DIFFI­
CULT, 

P-9 



PROBLEM 6B . 

MACRO, CONDITIONAL (MICRO USAGE OPTIONAL) 

WRITE THE FOLLOWING MACRO: 

PURPOSE: 

PARAMETER: 

'PROCEDURE: 

TEST PROGRAM: 

OPTIONAL 
COMPLICATION: 

To DOUBLE, SQUARE, OR HALVE A NUMBER. 
(FLOATING POINT) 

PI = X REGISTER CONTAINING THE NUMBER 
TO BE OPERATED ON. 

P2 = CORE LOCATION WHERE RESULT IS TO 
BE PLACED. 

P3 = OPERATION FLAG 

P3 = D DOUBLE CONTENTS OF X 

REGISTER 

P3 = S SQUARE CONTENTS OF X 
REGISTER 

P3 = H DIVIDE CONTENTS OF X 
REGISTER BY 2. 

CHECK P3 USING CONDITIONALS. 

GENERATE THE APPROPRIATE RESULT AND 
STORE IT. 

THE TEST PROGRAM CAN BE VERY SIMPLE. 
SET UP A RESULT LOCATION, LOAD THE X 
REGISTER, CALL THE MACRO AND STOP. 

PERMIT P3 TO BE D, S, H, OR ANY COMBI­
NATION. THE RESULTS CAN BE PLACED IN 
P2, P2 + 1 AND P2 + 2 IF NECESSARY. 
XK, XK + 1 AND XK + 2 CAN CONTAIN OP­
ERANDS. MICROS MUST BE USED TO CHECK 
P3. 

P-IO 
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EVALUATION FORM 

Course/Seminar Name ________ _ Date of Attendance From ___ To __ _ 

Instructor _______ . ______ _ Location _______________ _ 

Please place a rating in the box fer each area and then add comments explaining your rating. 

Rating Key 

Excellent 
Very Good 
Good 
Fair 
Poor 

5 
4 
3 
2 
1 

The Course/Seminar 

* 

* 

* 

* 

How well did the course/seminar cover the stated objectives? 

To what degree will the course/seminar be helpful in improving on-the-job 
performance? 

To what extent were the handout materials and visuals helpful in aiding your 
understanding of the topic? 

What is your overall rating of the organization and conte.nt of the course/seminar? 

The Instructor 

* 

* 

* 

* 

* 

How do you rate the instructor's knowledge of the material and ability to answer 
questions? 

How effective was the instructor in presenting the material in an understandable 
manner? 

How effective was the instructor in generating and sustaining interest in the 
course/seminar? 

How do you rate the instructor's responsiveness to the needs of participants? 

What is your overall rating of the instructor? 

The Facilities 

* 

* 

* 

How do you rate the appropriateness of the facilities to the topic and means of 
presentation? 

To what extent were the facilities comfortable, well-lighted and heated or cooled? 

How convenient was the location of the facility? 

D 
D 

D 
D 

D 

D 

D 
D 
D 

D 
D 
D 
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EVALUATION FORM 
Page 2 
General Comments 

* 

* 

* 

I) 

3) 

* 

* 

What changes in the course/seminar would you make if you were the instructor? 

Would you recommend this course/seminar to others in your company or 
departmen t? Why? 

Please list colleagues or associates who should receive advance notices of similar 
courses/seminars. 

Name ____________ _ 
2) Name 

Organization __________ _ Organization __________ _ 

Address ___________ _ Address ___________ _ 

Bus. Tel. No. ________ _ Bus. Tel. No. ________ _ 

Name 4) Name 

Organization __________ _ 
Organization 

Address Address ____________ _ 

Bus. Tel. No. _________ _ Bus. Tel. No. ________ _ 

Should this course be offered at your company site? If so, who should be contacted 
to manage it? 

If we may use your comments in future descriptions 01 the I:ourse/seminar~ please 
sign bdow. 

Signature 

(Optional) 
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PARTICIPANT INFORMATION FORM 

In order for our seminars/courses to be most effective, they need to take into account the 
characteristics, needs and objectives of the people who attend them. The information asked 
for below will assist us in keeping our presentations relevant to the participants and in devel­
oping and scheduling new presentations that will meet participant needs. Please complete this 
form and leave it with the presenter at the next break. 

Seminar/Course Title __________ _ Date of Presentation _______ _ 

Name _________________ _ Field or Type of Business _____ _ 

Title __________ ---'-____ _ Years of Experience _______ _ 

Business Address ______ ....;.. _____ _ Supervisor's Title _________ _ 

Last professional degree ______ _ 

List your three primary objectives in attending this seminar. 

1. 

2. 

3. 

Will this course/seminar be credited toward certification/training requirements? 

Rank in order of importance in your choice of this seminar session. 

Instructor __ _ Date __ _ Location __ _ 

Previous courses/seminars attended relating to this topic. 

1. 

2. 

3. 

Employer's Preference __ _ 

Topics for additional courses/seminars in which you would be interested. 

1. 

2. 

3. 
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PARTICIPANT INFORMATION FORM 

Page 2 

What trade journals/magazines do you regularly read or subscribe to in order to keep abreast 
in your profession? 

1. 

2. 

3. 

How did you become aware of this course/seminar? 

Schedule/Catalogue ___ _ 

Direct Mail Brochure ___ _ 

Recommendations of Supervisor ___ _ 

Recommendation of Colleague ___ ......;.. __ _ 

Corporate Training Department ____ _ 

Oilier ________________________ __ 
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COMMENT SHEET 
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PUBUCATION NO.: DA3020-! REVISION: D 
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STREET ADDRESS:, ________________________________________________________ _ 
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This form is not intended to be used as an o,.r blanlc. Control Data Corporation welcomes your evaluation of 
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include page number references). 

NO POSTAGE STAMP NECESSARY IF MAILED IN U.S.A. 
FOLD ON DOTTED UNIS AND STAPUi 



STAPLE 
STAPLE 

FOLD 
FOLD -------------------_._-----------------_._--------------------~ 

""" 
BUSINESS REPLY MAIL 

FIRST QASS PERMIT NO. 8241 MINNEAPOUS, MINN. 

POSTAGE WIU BE PAID BY 

CONTROL DATA CORPORATION 
National Coordinator 
Bloomington Facility (MNA02B) 
5001 West 80th Street 
Bloomington, Minnesota 55437 
Ann: Curtis Vicha 

NO POSTAGE 
NECESSARY 
IF MAILED 

IN THE 
UNITED STATES 

, 
I 
I , 
I , .... 
IZ ,= :0 
'Z 10 
I .... 
1< 
,~ 

'::l IU , 
I 
I , , , , , 

-------------- - -------------------_._-------------------------------~ FOLD 
FOLD 1 , , 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 

,,~~ M~ ~ ~~S 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I .-

I 
I .. 1 

? 



I 
I 

," , .... ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,", I 
CONT~L DATA SEMINARS I <S 2> an education service of 

CONT"OL DATA COIlJ'ORATION 

CORPORA TE HEADQUARTERS I' 
p,O, BOX 0 
MINNEAPOLIS, MINNESOTA 55440 

-<I!",' ,~ .~ I 
L 


	

