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The Hewle~t-Packard Cross Assembler is a progr~m 

available o~ CDC-6~OO comput~r a~d i~ used ~o ~ssemble 

HP-2000 series assembly language progra~s. The binary 

-code for t~e- a~s~mbled programs can 
- -

-\ >' 
t hoi! ' de si. g n . and. w 0 r k i r. " 

for execution on HP-.:!IOOA'·, computer. , '-.--
_ ... J 

, . 

This report discribes of 

the"'Cross:Assembler: A program liS'ting (i"n-- PASCAL) and 
- I -

a few sample runs are ~fso included: 
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INTRODUCTION - ~ " 

In the early days of computers a pr<>gram 'had to be 
. 

,coded By hand. as a sequence or' binary numbers. conlstituting 
" 

t~ coded machine i~structions and data for the program. Such 
,', 

a a machine-lan~uage program. was very ~umbe~: 

sOllie to wri te'. The progra~r 'had to specify the correct 

machine code for the fnstructions. assign locations (oi ad-
, . 

dre,s 5"5)) to ellch instruct ion or data element in, the computer's \ 

memory, a~d then use these a4dresses in thi instructions. 

Apart from the difficul~r of keeping tra~i of'a lot 
, ' 

of numbers. it was very difficult to make changes in a~achine 

language prog rat' 

1.2 Assecblv Language 
'7 ' 
) 

Attempt~ were made to de5i~n better ways of writing 

cOllputer prog .. 'ams. This, led to the development of 'Assembly 

L~n&UagesI)and,sub5equ~ntlY, to high-level,., lang~ages2~ 
{), The assembly language appioach' is somewl-.at s imilan , .~. 

I..... to ,tlte machine language approllch but makes, it much eaSier to ,. 

-'~r~lfr-alll:---I-~l\-~Selllb lY-longuage~')--1l'H --t he----op~ra tion code s-----
, , , 

are clnellonlc's r~t4er-,thlln 'numeric" which are easier to re~' 
'. . : .... '; '. . 

member nnd rec9~q,l:e. The' addresses' of memory locations can 

be~5signed'symbolic names which can then b~ used in the 

, 

, 

" 

, . 

< .. 

.. , , 

. 

• 1 i 
~ i 

, 'I' t ' ! 

-l 
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ma'chine instructions t,o ,r,efer to a p;,trticular location in 

memory. ~lso. the programmer need not sp~cify the locations 

where,the instructions would be stored in the mem~ry. rather. 

'he assumes the, start.i.Jlll addre,ss' as location zero (or some 

other addre~s) and develops the program reljilve to this 

~ddress. Extra pSQudo-instructions a~e incl~ded to ~ro~ide 
• 1" ~: 

add i t i on.a I p r.o g ramm i n g con ven ien-c et"iitd d<! fi n in g . con's t ant data'. 

,Th'us. an assemb'ly lang;'age prollram essentiall.y inc or­

por~tes ~he same logic and style as r.: a machine language pro~ 

~ram but relieves the programmer of a lot, of tedio~s 'book-

keeJ1ing. 
• I 

Typical'l)". an a.sse,mbly language statement cons'is'ts of 

th~ee fi~lds. vi; .• the iocation fieid. the operation field 

and ,the operan~ field. These are separated,by blank,char-

Q a.cters!. 
, > • 

Comoents can,usuall,Y be in.cl~ded ,after"the 'opera,nd 
, 

field or on Separate, cards specially coded for this purpose: 
, . 

Tlte location,.;field may l1e empt>' or contain a unique 

,·i:ibel name., This label is t~~n a~soci~ted with the jddress 

.at ~hich the instruction will be stor~d and can be used,to 

refer to 'thiS locatio~. 

The 6.p;,ratipn field consists of a'short mnem'onic 
, 
for,the instruction or the, pseudo-instruction and .i:.s not o! 

, (ip .. tl.on a I . 
-- -\ ----

~, 
The 'operand 

" 
'field generally cohtains.an arithmetic 

expreSJlon. consistinll:<lf symboliC names (define.d as labels 

to some instruct ion), 'and ,numbers. The nature of the operand 

" J. 
, ' 

. , 

2 

. 

• 

j 

,q 



.. 
< 

depends on the nature cf the instruction; in.some cases 
(,.1 •• ~ 

an operand may not be pre·s.ent at all. >f'1)r most instruc-' 

tions, the 6perand will evaluate to a numberthjt corre-

sponds ~o a location in the computer's memory_ 

\ 
The issembly language may be more convenient for 

the 'only language that t'he 

puter-hardware can understand to perform its functio~ is 

its machine language. We,' therefore, need a mechanism to 

translate an assembly language ~ro&ram i~to the machine 

language. A program which performs this function is 

an Assecbler. 

) 
1.3 An Overview of the Cross-As:sembler 

This repor·t describes an assembler progralll for the 

Hewttt:pacKardo. ~OOO s~ries assembl~lan&Ua&e programs. It 

i! called a Cross-Assembler because~ is not implemented o~_ 
/ an HP cocputer but 'on· a different machine, vi:., the COC-64..o0 

. cocputer. It has been written in the pro&ram~ing language 

, ' 

The cotivation behind this 

3 

, .. _oj' 

, 

project ~as 'to develop a 

of t~e Oepartc.ent of Appl i,ed support system for the HP computer 

lolatheca.t'ICs· at HC!olaster UniverSity, to t·ake some of the ... ork, 

away fro~ it with the aid ~f the COC-6400 computer on the . . . \ . . 

programs as well as for produclnK punched binary o.utput which 
' . . '- ., 

, 
• II e s,h a I I u " e the a.b b rev i a t i "n H P for He ... let t - Pac k a r d 2 I 00 A 

ComputeT, 

", 

, 
\ ..... . 



can be 1 d d 't" h HP C t f ,/ 'I ' oa e 1n 0 t. e ompu er' or, execut1on.';,,, sp, 1t 

produces an improved error diagnost ic over, the standa(d HP 
" 

A5sembler. 

The instru~~ions and control cards necessary for 
\ 

using xhe CrOSS-Assembler ire described in Appendix A. 

A general How of control of the Cross,-Assembler is 

shown in Figure 1.1. Like most ass .. emblers, it gO,es through 

\ 

t~o passe~. The first pass ,i~ uSed to produce a symbol 

table"of'all the sy~bolic names appearing in the program and to, 

aS5ign a value of' the location counter to these 'symbols. 
>" 

The second pass, r~~ex~mines the enti~e program and produces 

the,machine code in a binary form; it uses the symbol-table 

to substitute addresses for the symboli~ names. 

FIRST PASS , 
, 

In the first pass each line of the so~rc~program is 

read from cards, one at a time.- and a valu .. e of the location 

counter" is 'associated with each instruction. The mnemonic 

for the instruction is extr.cted and,decoded to determine the 

nature of the instruction. I f a :symbol appears in the label 

" Relocatable programs are assembled assuming the starting 
__ . ______ ,10-C. atj'ori\as..:dAT,cs.s :ero . When' loading such' a program 

in the HP---.somputer, 'the ReTo'caTabTe'""LoadcT determines-
the actual 5tart~n& location in the memory and adds this 
bas~ addres5 to all the affected operands. In an abs~lute 
program the actual program orig;n is specified by the 
programmer. 

, 
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, .'" 
fil!ld '(ie. th'elocation f~eld) it' is extra,cted and entered 

in the SYlllbo,1 tab Ie (u's in g has h~co di'n g). a I ongw i th· the' 
, 

value of the io~ation coun~er. Most machin~ instructions 

requir.e one wo!d of stqrage, while a few require. two 'wo~ds 

The location counter is incremented by th~ aRRro-

Rriate alllount. 

Some Rseudo-instructions, those Rro~iding Rrogramc 

liJ:lkage j.,nformatiqn'or dealing only with storage-al~oc'a:t'ion, 
" 

are comRlete!y Rrocessed in the' first R"ass. ,All the' other 

Rseudo-in!tr~ctions are Rartially ~rocessed to determine the 
, , 

.amount of Storage t~ey might require and this storage is set 

aSide (by incrementing the location,counter). ." 

'ORerand field is generally not processed, in ,.the first 
..! " 

pass except· fO,r a Ifew pseudq ins true tiion s. 

'rhO 'inst rU,ct ions and the decoded informat ion re -,,' 

" garding the s e" ins t ru c t ion";; is' saved on a fi Ie so that it .can, 

be used in t'he, second Rass. 

SECOSD P.ASS .' 

" . , 
The. actua) mlehi~~-code 

- '\ . 
.¢ 

is gene~ated In the second 

Rass; with the help of th~ 'nforlllatio~ gathered in the first 

pass '. 

Each in'struct ion isi, re-examined and 'Xhe 'bina"ry-code 
.:' 

foi the i~.tr~~tion substituied for the mnemonic. The operand 
'" " 

fieid ~s scanned to ev.?Ju,ate the sym~olic eXPfession; the sym­

bols are replaced by the values of their .loc~tion counter from 

", .. 
• " ' 

6 

. ~:. 
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7 

the symbol table; which results in the operand address. The 
• ~ I • 

data~nerating pse~do-instructions are also completely pro-
, \ 

cessed in this pass and the binary code they produce is stored 

in the location that were reserved for this purpose ~n the first 

pass. 

I f binary \lI.!tput is required, then the. asse,nrbled binary 

code is stored on a file. On completio'n of the'seco~d' pass, 

the assembled code can be printed out as a set of binarY rec-

~rds or punched on cards in the format acceptable by the UP' 

COIII-puter. 

In the later Chapters, we shall elaborat~ upon this 

brief aes~rip~ion of the' ~ross-Assimbler. Thi neit section 

'gives a brief introduction to the UP Computer . 
'-. , 

1.4 HEWLETT-PACKARD 2l00-A COMPUTER 

In this section we shall de'scribe" very brieflY" the 

basic features of the HP-ZlOO A. COll)puter tiat concern an 

assemb~x ~angujgeprogrammer. A detailed descri~tion can be 

found in the Ma~ual·n 'for\he ~omputer. 

• UP WQ rds 
I 

The length of an iup "ord is 16-bi ts. numb41.{,ed from 

0' through IS. in order of, 'increasing s'ignificance. as si:lo"n 

in Figuie l.~. two words can be'combined together ,to form 

a ~ouble-word (32-bits) for use as a floating-point numbe.! 
" • 

or 'an extended-p'rec'ision integer. When addreSSing double-

.:;. 
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" ' 

w.ord in memory, the address refers to t .. he least 's,ignificanL r 
, . 

word location; t"he nelCt higher location contains' th~ most 

5ignificant word. Double-precision numbers' arc similarly 

rep're'stnted using three liP words. 
." 

For sing~e-word data, the range of representable 

~ . 
nUClbe r5 is' -32768 to +32767 (decimal), .or. - ~OO.DOO .t 0, + 7 7.777 ' 

(octal). A real number', represented. as, double-word, ,must lie 

in the .. range 10- 3 11 to 10+ 38 , (approximately). 

\ 

Pages o"f'Memory 

Jhe '2100 A Compu~er c«n be oquipped wi~h anyone bf 
..:J . , 

the six memory c!'nfigurations, vi:.,' 4)(, ,8)(, ·UK, 16K, ·24K 
( 

and 32)(, (I: - 1024 decimal words). The'memory is logically 
I 

, " >,' 

• 

9 

.~ -, 

divided into pages of 1024 words each (2000 in,ottal notation). 

Th~ first pa:e J(ad~'resses,<to.ooo ~ 01777)' is call'ed.·the Base, ' 

!'ag,e,or the Zero pa"e.", Any ',other page" curre.nt,ly being re~er-/' 

enced; is called ~he Current Page. Memory reference instructions. 
~ - . . 

" 
in~lude a bit (bit 10) to specify th~ base page, or t~e current 

page (0 to 1 respectively).! 

~ Direct and In~irect Addressing 

A aemory reference, i~stnic't,ion can address a location 

directly or indirectl~. If it has a 0 in bit - l~ then the 

specified address is used (direct-addresiing); if bit ,- IS 

is 1 then the c~ntent of the addressed location is used as 
~ 

the addrei~ (indirec~ addressing). 

".., j 
.. 

• 

• 
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.:I 10 

r: , , 
~;-

" 

r, 

"J • Registers 
,4 

, 
There are two accumulators. ,viz .• the A and B registers. 

They may also 'be addressed as me~'~i;' locations 00000 and 00001-

respectively. These registeis are used to hold the resultS of 

arith~etic .. nd 10gical,operatiQns. lO3'd and store dati!>~and 

perform cOmparisons. An' OVERFLOW register., consisting of one-

bit. is set to 1 When an overflow in the register A or B- occurs. 

The overflow bit can be cleared. set or tested. 

Th~re are ~lsb a'~umber of oth~r resisters but we shall 
,~ . 

not,be airectly concerned with these. A c~mplete description 

cari be found in refeTence 4,. 

'HP Assecblv . 
,,' /; ~ 

I:angu'age 

, . 
, 

if 
There' are 80 cachine-instructions.for tVHP-2l00 A 

Comput e r. They can be divided into five groups: ... .. - ~ 

1. Metpry Reference Inst.ructions . , 

2. Regist"er Reference Instructions 
~ ~ '\. - . 

3. Inpl.1t/O'utpu't Instruc'tio~ . , 

4" Exten'ded 'Ah~ltmetic Memory Refsrence Instructidtis 
.------

S. Extended Arithmetic Register Reference Instructrons 

, '" The instruct'io'ns in the first three grou'Ps_ are single 
. , 

wor'd instructions. while those in the last two groups produce 
\ ' 

two words of machine code. 

1rp,~o eight instructions of Register Reference gr~up 

can be packed into a single wo'rd. acc,ording t,o certain rules. 

We shall call 'such an instruction a ~Iu~tiple Instruction. 

" 

• I 

" 

I 
! • 

. ~ 
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" 
~. I 

- ~- .' 
In &.!ld~tion. the HP Assembly language includes ... 26 , 

. -....... . 

pseudo-insiructton~. These are used to generate constant 

data. provide pro&ram linkage. spec,ify n!l7ure and starting 

addres.s of assembiy and p!,oll.ide other programming conv,eni-' 

\ 
ence s. 

An alphabetic list of all the machine and pseudo­

instruc,tions and their description is included in Appendix 

B. A list of these instructions arranged by groups a~pears 

" 

11 

in Appendh C. For ~ detailed d~scriptior! ?f the15~r~ctio~s. 
the reader should reter to HP Assembler ManualS').', / 

T 

I 

/ 
1 

\ 
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CHAPTER I 

FIRST PASS 

·····1·;1 General Description 

A~ indicated in the IntroductLon, the Cross-Ass~mbler 

consists of two passes-. Th'e First Pass is used' to determine 

the storage allocation of eachlnsiructipn and generate a 

table of symbols. The act~al machiri~-code and program tisting . 
. 

is gener~d in the Second' Pass. Punched output of the binary 

code, if required, is produced by speci,al routine~ following 

the Second Pass. 

In thfs chapter we shall describe the First Pass pro-

cedure PASS.oSE in detai 1 .. A flow-chart for PASSONE appears 

in Figure 1.1. This flow-chart gives o~ly an ~pproximaie, . . - ... 
over-all s~r' of picture artd d~es not show allth, deta~ls. 

The r~ader should refer to theappropriaie siction of .this . '.. 
chapter or the progratl listing, appearing in Appendix G, for 

, .... .. 

all the details. 

explained as they 
1 

The nature:' of the prog'ram .variables wi 11 be 

enter in·to the~cussion; ill... some' ca~ls' 
they arc also explained in the pr~ral:l listing. 

. The main program (irst reads and decodes the control 

cards~escribed in APperi;i'~'~) and'initiali=es some of the 

global variables . It then calls the procedure PASSOSE. 

• 12 
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, . 
I 
! 

• 
YES 

E~tended Arith. [nstr. 

Store label 

NO 

Store FLBL[OPN]. 
as an EXT symbo~ 

Pass [ 14 

, 

Pseudo operation 

. ~ .... 

Store' label~------~--------------------,-------~ 
LC-LC+l 

eN) 
LC-LC+N 

~~~----JStore common block~ ____________________________ ~ 
nam,es and sizes 

OCT Determine N. no of mem'Ory 
words expected for constants 
in operand field 

, ... 
'~----~Extr~ct and store ~------------------------------~ 

EST sY,mbo 1 s • 

~----~Extract and store 
EXT symbols 

t!::~J---~~Store. 1 abe 1 10' i-t h 
LC - ~perand address. 

• 
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OR 

YES 

:.";"'_flSkip all instructions 
unt il .lU F, Store them 
as cOCll:len ts" ' 

, , 

sto.re Pro , name 

. , 

" 

Pass I 15 

• 

SCASOPERASO(LC1~--l~~A~G~E~F~L~A~G~+~T~R~U~EJ'~-----------4 

PAGEFLAG+TRUE~--~~------~----~~--------~ 

PAGEFLAG+FALSE 

I 
'.1 

SCASOPER,ASD REPS REPFLAG+TRUE 

• HEO.SKP.SPC.SUP.USL.USS 

Tercinate IFS or IFZ seudo 

transfer addre 

of ENT symbol 

End of Pass .One 

--, , -
o 

Fig, 1.1 
(cont.) 
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This procedure reads the source ~rogram (in HP 
.;., 

~~sembiy language) one card at a timei and decodes it, 

par,tially.lt assigns a value of the'location counter to 

each instructi~n and e~tracts any symbol appearing in (he 

label field. Normally, the symbols are treated as:program . , 

relocatable', i.e, if i:heprogram ori,gin.is moved u~ (in the 

memory) by N locations then this number must be added to 

the location counter of each of the symbols. However, the 

programmer may specify a.secti~n of the program to be 

assembled ~n the Base page (to be discussed later), in 

whi'ch case the symbols are" Base-.page relocatable: Specia'l 

,non-relocatable, Ci.e. absolute symbols; external symbols and . .. . -". 

" . 
common-~lock ,specificators may also be defined by means of 

sp!ciai ps'eud0 7 instructlon; 'as we shall see in Section 1.4.) 

I" 2, Symbol Table.. ~ 

All the symbols appearing in the program, ,the nume~. 

value of the coriesponding cOQnter and,their relocatibility • 

information is stored in .a 'symbo~ table,( SYHTAIi. T'h~ 

table is an array of Pascal record5~ each of which has the 

following struCture: 

SYHTAB [I).NAME .c type: aHa) contains the symbol name ..... 
I 
SYMTAB [If.LOC (type:integer) contains the value of tJle 

apprppriate,counter 

/ 

. , 
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I 
SYMTAB[I] .TYP (type:character) contains the relocatability 

code for the symbol, viz. , 

-R, pro'gram relocatable 

-B, base-page relo.catable 

-C, common symbol 

-X, e·xternal. symbol 
,. , 

-blank, absolute. 

Entries to symbol table are made by using a hash-code 

add;~ssing6) technique. The following scheme is used: 
'-'1....-.' 

H-((ABS(ORD(NAME)) DI~ 4096) MOD S~ 

where 

NAME= Symbol, as an alfa variable 

ORD(NAME)=Internal representation of NAME on CDC 

as an integer (left-justified), 

Si- si~e of symbol table (an odd number). 

All the NAME fields of SYMTAB are initially blank-

filled. As each svmbol is encountered, its hash-address H is 
.' ." 

, 

calculated and if the location H is free, the ~ymbol is 

stored there. If, however,' the location is occupied by 

ano~her symbol then the a~dresses H+I. H+3, H+6.H+IO •...... 

. H+n(n+I)/2 are searched (spaced to reduce' clustering) .until ,' . 
• 

·a. free location is found and the sy'mbol is store~at that 

lotat.ion. Doubly defined symbolS are flagged as error~ .. • 

field is extracted and the mnemonic 

I 
'-
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is checked for validity iti the list of legal mnemonics, 

OPTABLE; and its identification number is determined. 

Illegal operations are flasged as errors. 

1.3 File S 

. '~I ' 
All the decoded 'information as well as the .~i~ual 

/.':~ ~ . 

card-image,is stored on a file S, which is a temporary disc 

fi le, so that the informadon may be' used in the Secotid 

Pass. The' file S consists of Pascal recordsreach record 

pas.four fields, namely, 

LN 

LOCFLD 

OPFLO 

LINE 

" (integer) 

(integ.er) 

(integer). 

(array' of alfa) 

,. " 

Serial number of the card, 

in the source deck. 

Value of the 10catlOn counter 

Iden't,ificat,ion no. of op. 

~ompressed form of the 

",' actual card image. '. 

A zero value of OPFLD is stored for the comment cards, 
-, . , 

as well as, for';.the statem~nts with an illegal operation 'Held, 
, 

wh-ach are then treated as a COmment cards . 

. "-,~ 
C· , 

the operand freld'is usdally not processed ~n PASSONE, 

except :for a few pseudo-instructions; these 'wilI}be discussed 

" later~on in this chapter., .Since the card-image is stored ~n 
, .., 

file S, it can be us.ed foi scanning the operand field in\~he 

Secon'd 'Pass . 
. ":) 

c' 
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/. 

11'0 p:rogram listillg.. is p,roduced in PASSONE-;" instead. 

qnly those line's that contain errors.,-along"wit-h the error. 

messages. are prin'ted~61t_. A complete program listing' wi 11 

be produced in PASSrWO. 

o 

1.4 Instruction Processing in PASSONE 

... 
On'e source' line is processed in ellch ~ycle of PASSONE. 

" 
untii the END pseudo or"en~-~f-fil~ is encountere~~ The ~ource 

line is read irito a cha,racter array IN,;£XT and'stored ina) 
" 

compressed form+ on fi Ie 5' (as 5 ,.-'·LINE) . 
, ~ . 

If an as'terisk. (0) 

. card. If the'.first co~ul\lJl,is blank, then there is n'o label 
, ' . 
" • 

field an'd the alfa variable t:lIL'i} set to EMPTY. (Le. 10 blanks 

packe.a to a wd'rd). otherwise t,he.lllbel name 0 ise,xtracted and 

stored·in SYMTAB~ 

(stored 

The operation 'f,ield' is also extracted 'and the mne,lDonic 

in the alh variable OP) is check.ed in a i:ab"t! of 

operations (6~TABLE) and it~ identification number OPN is 

·extr~c,ted. Illegal op~ration5 are flagged as errors. A,:ero 

value of OPS, is stored ,both for COlllJllen~ 'cards, and illegal; 

>c--
0pJ!rations. wh,ich wi 11 then be treated as ~omments and ~gl\ored. 

, 

~ ten charactets packed to an alfa'vari~ble 
i& a,CDC,word • 

," 

o The label'must start with an.alphabetic charac~er 
or a period(.)' and may contain upto ~vc a1pha­
numct:ic cha,racters and periods .(.) . 

.. 0 . ' 
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'...0-

. , 
In .. anabsolut.e pro.gram li'n ORG statement must appear .. 

befor,': code-generating', ins,tructions. Similarly, in a 

rel'ocatable progl'am a SAM s,tatement must. appear before code-' 

generating instructions. 
J _ • " 

A boo'lean variab le.< FLAG (lni tially .nUE) , is ·set· to 

o· FALSE lihen th',"'ap'propriate pseudo (NAM OT ORG) is encountered. 

I 

While FLA.G is true: each, OP is tested to ,make sure that iJ: 

~~~ot .a. machine instr~ction or ~ ~ode-generatin~ psiudb • 
• 

Otherwise, ~n error mess~gi is printed OUt but th. a~sembly 

process is not terminated. 

, " , 

:the speci fic action taken in· PASSOSE' depends"iI-n the 

natute qf the in!\trucdon. "They'c;all bedescrib~'d Iby dividing 
" 

them into the' lollowing classes:' , . 
" 

Machine Instructions, 
1:-:. ~ 

.I'f, the operation field contains a machin,e instruction 

• (l~OPS:'f73) then the ,location coynter' is incremented by 1. 
y , • .- -_.-.' 

20 

Ho!,em:r, ·i C"the previous ins,truC:tion. wa's the "pseudo-instruction 

o " 

(indicated by a', TRUE value of the boolean' variable REPFLAG) 

then the locat.ion coun.ter is' i'llcremented by nand' REPFLAG 

iss et So' further ac~ion is takeri,at this stage 
. , 

except the routine actions (eg. ,stor,ing the labe'l al'd ca.rd~:; 

image etc.)' described !la,rIier, 
, -

'. , , 

... ", ~ . •• 0 

I 
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Multiple Instruction 

I f the operation field contains' a num,ber of operation 

mnemonics, separated b~ comma', then tbe value of OPN for 

each of th'se mne~onicisstored as a n~gative number 

(-~OPN)', to distinguish it from an ordinary or single 

instruction, Thus a multiple-instruction will be stored 

on several records of the 5 ·fUe. ea.ch record representing 

a mnemonic of ,the multiple-i·nstTuct'iol! .. An extra rec;ord 

with OPN-O is stored to 'indicate the end of a multiple 
, ..... 

'i n s t r.uc t ion. In PASSTW() this. s'tring of rec'ords will be , 

c'ombined to generate one word .of m'achine code. The locatibn 
" i 

counter is incremented by 1 Tor by '1 if the preceding 

instruction was a pseudo REP '1). 
.. ' . . 

Extended Arithmetic Instructions 
.. , . 

·The eight ,innructions in this group (74'OPN~81) 

produce two w~rds bf code each. ,0 that the location counter 

is inc~emented by 2. The firSt four instructions (vi: .. MPY. 

DIV. OLD, and DST) are asse~bled stic~ that th~ maohine code 
-'. .' , . 

is btored in the first word and the operand address in. the 
.,. 

second word (to be done·inPASSTWO). However, ,the re~aininlle' 

·four instructions (vi: FAD. FSB, HIP and FDV) are assembled 

as subroutine ca Ils. to. the external labels .fAD •. FSB •. FMP 

and .FDV, respectively. These labels are, fh(!refo:;e. stored 
~ 

in SYMTAB as external symbols when the correiponding 

\ 
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. -
instructlons are encountered. In PASSTWO. when machine 

code will be generated, the first'word will contain a JSB-

call to this label and the second word will contain the 

operand address. 

\ 

Pseudo-Instruction~ . , 
l":, 

There are 27 ps~ud~-instructions for the HP Assembly 

lan&,.uage (see Appendrces B· and C). Some of these pseudos 

result in machine code, whiltt others provide information 
. . . 

about 

data, 

program origin,- \rogram linkage:, n1JIDeric and character 

listin* cont~Ole\c, We shall des crib; their 'PASSONE 

actions by classifying them into sub-groups. 

For all the pseudo instructions, as for any other 

instruction, the first a~tion is to store the value of 

current location counter, the value of OPN (insiruction 

number~ and the card-image op the file S . 

. 1) Assembler Control 

SAM: This pseudo is fllegal in an absolute program and 

must ;ppear ,before the first vali'd ,opcodk in a 
, \ 

,~h these c~ndition~ are relocatable program. 
, . 

checked out. ,The operan'd fiel d is scanned to 
! 

check and ~xtract the program name and type (a 
, , 

number indicating if it is a mairi program, a, sub-. ," -

routine, etc.) and stored in PROG (alfa variabl~) 

and NMN (integer va'ri'able) respectively" to be 

, i 

j 

,-

i' 

" 

, , 
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" 

f 

, 

,used in preparing ',the binary output (chapter III). 
, , 

,B~th these are ,op~ional parameters and if they are 

nbt SP~Ci\ri~d, the'y are set to PROG .. I;HPTY and 

N~N ... O. 
~ 

eRG: An ORG ~tatement specifies the origin of-an absolute 

" 

piogram or origin o~a segm~nt of jn absolute or 
\ . 

relocatable program. Thus an absolute program must 

begin with a~ ORG pseudo, and ,a'relocatable progrim 
, . 

(whi~h must ,begin,with a, NAH p',seudo) may contain ORG 

pseudos within the program. These conditions ine' 

-cbeckel out first. 

The o~rand a'ddress is evaluated and the ,program 

location counter (LC) is set t.() this value. The 
, -.. 

succeeding c~de wi 11 be' assemliiedon the 'current 

page s~artidg at this location. Bool~an variable 

PAGE FLAG ~s set TRUE. (When PA~EFLAG is TRUE, code 

15 assembled on the current page, otherwise it is' 

asse~bied on t~e Base pag~). 

ORB: The ORIj statement defines the, Base page p,ortion of 

a relocatable program and is illegal in an absolute 

o IlR: 

prOl&ram. A chec~ is made to ensure this ,condition. 
\ 

The base page ~ssemblyis initiated by settipg 

\'PACEFLAG to FALSE. -The effective location counter 

is now'BPC (Base page ,counter). 

This pseudo reverts assC1Dbly to' current page '(s'~t' I~ 
. 

PAGEFLAGE ... TRUE) starting at the value of LC that 

-.:.' 

~ -
, . 
, 

.~ 
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existed when the. first ORG or ORB in~tru~tion was 

encountere·d. 

REP: Any .. label present in the location field is stored 

in tire- symbol table .. The 'operand is evaluated .and 

stored in REPS .(integer) and REPFLAG is' set TRUE. 

The succeeding .achine instruction will be repeated 

REPN times. . ~ 

IFN,IFZ:ln the Assembler cont~ol card (see Appe?dix A), the 

programmer may specify N or Z option. If N-option 

• 
is chosen ~hen all the instructions between an IFZ 

\ 
and XIF pseudo are ignored while those between an 

I -; 

IFN and an XIF pseudo are assembled; and vice-versa 

for the Z-option. 

PASSONE first checks to insure that this pseudo, 
T 

IFN(or IF~), does not follow another IFN or IFZ 

(the boolean variable NZFLAG should be FALSE), 

o'therwise an error. message is printed-out. 
o • 

The Assembler control opt io'lr (N or Z) is stored in 

the.character variable OPTION. If.· we encounter an 

IFN pseudo with an N-option. on an IFZ pseudo with 
• 

a Z-option, then we simply proceed .n.ormalloo/ without - , 

any specific action. However, if.~conflict occurs 

(eg. IFN with Z-option, or IFZ with N-option or 
. 'I 

either. IFN or IFZ without any option specified) 

then all the foll«?,,:ing;.~nstructi·ons until an XIF 

are to be t~eated as comments and not assembled. 

24 
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,', 

/'A special routine, GETXIF, is called to perfo,rm this 

,/ task, It stores the~nstructions On file 5 with 

, OPFLO+- 0 (Le. as comments) and also checks"for an 0' 

-,,,,, -, end - 0 f ,- f i 1 e con d i t ion t 0 a v 0 i d rea dill g pas t e.o, f. 

" , 
in caSe of a missing, IIF. 

Object-prog~am Linkage 

COM: This pseudo defines the name'$ and si:es of the 

elements of the common block. I tis in val i din' an 

abSOlute program. For a relocatable program, the 

symbo1~ames appearing in the operand field pre , 

extracted and stored in SYMTAB as common relocatable 

symbolS, "I!>~gwith the size of the array. The size 

of the "block' is, specified withi'n brackets following 

the symbOl and if left.out,'it is assumed to be one 

HP word long. 

EST: T.his pseudo'specifies the entry points or entry 

~abels in the program, The symbols appearing in 

the operand are extracted',and stored in a special 

table, called'EST (-actually it is ,a table of~., 

record's, the ent ry symbol and.i ts address), At the 

end of the PASSOME all the entry symbolS stored in 

• 
this ,table are checked for validity (they must .. 
appear as labels to some machine instruction and 

/ , . 
should not be external or common relocatablc symbols) 

and their addresses determined ,from',SYMTAB and stored 
" 

, 

I 
I 

-! 
I 

~ 
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\ , ( 

in the' second record of ENT tab 1 e. 

E.XT: Th~s p~eudo defines exte,l'nal,symbols, and is i"lle&~1 
, " 

for an absolute program. For a relocatable program, 

'the symbols appearing in the operand f~eld a~e 

extracted and stored ~n SYMTAB as externals. 
/ 

Address and Symbol Definition 

DEE,ABS:ln both case~i the PASSOSE action consists of storing 
I . ' ~ 

EQU: 

the label (if pres~nt) and incrementing';he location 

counter by 1. The rest will be done in PASSTWO. 

This pseudo assigns a spe~ific value of location 

counter to a label, but dois not generate machiJe 

26 

,', \ 

code (so that the location counter is not incremented), 

The PASSOSE action consists of extr.actin-g<he label' 
/ , 

from the location field and ~n~ering It in SYM1AB .t 
tile address specified as a number (or expression) 1n 

I 
the operand field. " . Symbols appearing in 

expressions must be previo'usly defi'ned so 
, 

o~rand 
that their 

addresses can'be' determined f.rom the, SY~ITAB; otherwise 

an error message is printed out, 

Constant Definition 

ASC: 

~: 

This pseudo e-nables an ASCII str'in~ of characters 

to be stored in machine code. A ~umber n prcceding 

the string (in t~e opcrand ficld) dcterm~nes the 

~ength o( the string (2~ c~aractcrs), to be packed 

, . 
. '" 

/ 

\ 
,,} 
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, 
" 

" , 
r 

in n consecut ive words. ·Since., in the first pass 

we are mainly concerned with the storage allocation. 

i1 ,simplY deter~ine n and increment 

~unter by this amount. (n must ~e 

the location 

The string "ill be 'processed in tj;ASSTWO. 

OCT,DEC,DEl(: 
,! 

~ese pseudo-operations generate constant 

-

data speCified as octal inte~ers, decimal i'ltegers 

or reals and double ~recision integers or reals, 

respectively. 

co-ntai'll one or 

commas) . Each 

The operand field in each cas~ may 
~i 

s eve r aJ c'o n s tan t s '( s epa rat e d by 

C 
constant in an OCT pseudo generates 

one word of code; each constant in a DEl' pseudo 

generates three words of code and a constant in a • . . 
DEC may generate one or two worSs ~f ~6de,according 

as it is an \,nteKer or a real number. 

I~ PASSOSE all ~e are interested in is to determin~ 

~the storage allocation of each instruction so we do 

not actually evaluate the con~tant~ in_t~e operand , 
field, .rather We scan ,them'-and l~ok for',' and' E' 

\ 

characters to decide whether a nuober is integer or 
- ~r 

" 
real, and set aside the appropriate storage as 

required by the specific pseudo. 
, ' . A 11 these detai Is 

are taken c,are of by a speci,.al, rout i'ne called 

COUSTCOSST. 

27 
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Storage Allo<;atrion 

BSS: Th~s ~seudo teserve~ a block of ~ord5 of a speci(ie~ 

number 'as 'a ~ork area. Any label appearing in the 

label field is entered in SYMTAB; the location counter 

is increment-ed by the number found in the o.perand 

fi e 1 d .. 
." 

Assembly listing Control 

This ·group 'of seven pseudo insfructions specify 

'. listing control of the final output. " Since the final , 
listing wiil be produced in PASSTWO, these will be 

dealt with,in pASSTNO. Some of these pseudos will 

not be included in PASSTWO listing (eg. SPC, SKP, etc), 
" 

50 that PASSONE stores their lin~ number (St.lS) as 

-1; others~re simply.ignored by PASSONE. 

End Pseudo 
I

j 
END: 

~ 

This should be the last statement of a program." If 

the E,SD pseudo is miss-ing and an end-of-file is 

encounter~then PASSOSE generates' 

prints out a w~rriing. The ope rand , 

an ESD pseudo but 
. ,~ 

field of ~he §ND 

pseudo cay optionally contain a transfer symbol that 

also appears a~ an instruction label in the program. . ' , 

When the progr-al'l ,;..j 11 be loaded for execut ion then 

execution will b-egin by :I JSB to this point. PASSONE 

"--
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acans the operand fieL~ and if a symbolic name is 
• 

found, it is searched in" SYMTAB and, its' 'Iocation 

, , h 
counter ,and relocatabi lity is determined. ' T is 

informat ion wi II be neede'd 'by the pu'nch ,rout ine~ 'and 

is stored in a, special integer array TRNSFR, as' follows:, 

If the operand contains a va~'d label: . 
TRSSFR [11= 0 (if I~bel'is P!ogram relocatablel 

- 1 (if label 'is base-page' r,el'ocatable) 
) 

T RN'S F R [ 21 = I ( t 0 i n d.i cat e a non - b I a n Ie. I abe I ) , 

TRNSFR [31- value of,location counter for the 

'label. 

'otherwise, all the' three elements are, set t'o, 0 --
• 

, . 
This completes the discussion of the actions taKen by 

PASS,ONE on each type,of instru~tion and ~seudo-ins~ruction. 
4 

At this point In assembly; ,a~l the symbols have been ent~red " 

in SYMTAB and 'the storage requirement of each instruction 

has been esta~llshed,. All the decoded information and th~ 

card images have been sto~e\.on file S. 

\ 
, . 

Th~ fi~al value of the program location counter (LC) 
• 

Is Stored lri an integer variabl~ ESDLC. In PASST~O, all' 

~hc literal.s 'used in PASST\iO will be stored st'arting at 

thl~ location. 

Before leaving PASSOSE, a check is made to ensure 

I 
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that all the entry symbols appear as .labels· to some instruction 

and that they do not also ~ppear as common or external symbols. 

If ariy" discrep,ancy is .-noted then an appropriate message is 
• 

printed out . 

The last action in PASSONE is to print out the total 

number of errors; if any, detected in PASSONE. 

• 
The cnntrol now returns to the main program. I f a 

symbol table has be-en requested then a s.orted' symbol table, 

in the order.i~ which symb61s appear in the program. is 

,printed out. _ The second, ~ass is· then invol(ed by a ca'll to . 

PASSTWO; a detailed d~scription of which appears in Chapter 

II. 

). 

..:' , 

\ - , 

( " 
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CHAPTER II 

SECOND PASS , 

The first pass assigned a value of the location 

counter and allocated storage to each statement in the 

program. It also produced a symbbl tabl~ of all the's~mbol( 

used in the .program, their location and .,,,heir relocatability. 

All the de'coded Information, as well as the compress.ed card­

images were siored on a temporary disc -file S. 

2.1 General Description 

In this pass, the actual machine-code and the 

a5semble~ listing of,~he program will be produced. A flow­

chart of the second pass p.r~cedure PASSTWO pppe,ars in 

__ ,Figure 2.1 

If the user ha; requested binary output, then it 

wi II be stored Ofl two disc files Rand B. The ,file R con- " 

tains thi current-page port~on (or program'rel05atable 
.' 

porti?n) of the code, while the file B cdnt~ins the base-
l!, .. _ 

page portion of the code. -, Sc-t.fr,the,se files have similar :,-J ~ 

.-"'/ 

"structur-es; each recO'l"d of the file consists of the following 
,,-

four fields: 

LOC ( in'teger,l 

WORD (integer) 

value of , the location counter 
, , 

the machine code 

, 
,31 
'" 
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TYP ( char) relocatability of the ?perand, vi~. 

-R, pro~ram relocatable, 

-8, base page relocatable 

, -c, common relocatabl~ 
. 

. -X, external 

-blank, absolute 

MREF (integer) contains the operand address 

if the operand is a memory-

.......... ---. 
1 • 

re·ference instruction'; otherwise 

MREF • -1 

An atisolute program does not have any base-page 

relocatable cod~ng ~o that only the file R is used in such 

a ca~ e. 

Generating the machine-code in~s going through 

all the statements of the program again. If the operation 

appifa r5 alone, without any operand field, then the machine' 

code is simply the op-code for the operation. However, if 

an operand .is expected then the operand field must be 

scanned. Any, symbols found are replaced by the values of 

their locaiion ~ou~ters from the symb~l table. Some ',operand 
" 

fie~ds may involve literal constants (se,e the la .. st sec,tion 

of this cha'pter);. these arc st;.pred at the end of the program 

after the last opcode, and their addresses determined. The 

operand a3dr,ess is then appended with the opcode of the 

instruc~ion to giv. the machine-code.' 
" 



,START 

I n1 ali: e Va ria b 'I e'S 

RESET(S) 

\+ __ "'--__________ ...; WRITELINE 
GET(S} 

'\.. .... S!, LS 
LC~St, LOCFLD 
OPS--St ,OPFLD 

C01lllIIent Card f"-----+-------\ 

EWA~(S!, LlSE.I~'TEXT) Sto,e Opcode 
, . 

" 

~-'. 

Decode ~ul e- InstruC!,ion 

'{ >--'-_--.1 IoUchine Instruction 
", ; 
, 

, Op~I.and 

Determine'opcode 

seA. 'lOP ERAlm 
set appropriate bits 

y 
>-_---J SCA.'l OPERA."D, f-------'-----.,...~ 

y 

" __ ". 

-' 

~-=---------..:.-" ,.' 
Generate call to the 

appropriate EXTsr.cbo I 

, 

Fig. 2.1 fLOW CIIART FOR PASSTlI'O 

.-
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Store 
the 
in 

\ 

ASCll code for 
and characters 

e operand 

". 

1~I:OI'e ,constants with·' 
16-bit, 32-bit and ~8-bitst-------->-~ 
accurately, res 

/-----,~SCA .. ,OPERA.'iD 

LQ~;--1PAGEF1.A.G + Ff--~<· Start base page assembly l--:,--~ 
~~::::::::; 

e assemhly 

r~_~~:,::~~=:~~R~E~P~F~1.A.~G~+~TR~U~E~=:=:~epeat code for ne~t instruction 

:; tra~t'Title 
" 

P PAGE, PRI:''T TITLE ,i--~-----"------~ 

Supre~s list ing 'of extra 

continuing 1 

• -~ 1>'-' 

,EXT ,CO~I,I F:i ,I 

I :iA!~, EQU / _'--. 

~ 'L~3ve a blank 1 ine ' 
L-..' --.-

" 

• < 

fig: 2.1. ~. 
( cont:.) 

.... 
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STORE LITERALS 
after the last 

OPCOOE 

. End of Passtwo 

\ 

.. ' 

, 

, . 

,~ 

fig .. 2.1 
(cont. ) 
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One statement 'of the assembly program is proce5s~d 

in each cycle of PASSTWO. After initi~li:ing some of the 

variables, the file S is reset and one record of S is read 

per c~e. The value of locatioll cO,unter (Sf. LOCFLD) is 

Horeb in LC, that of the operation number (St.OPFLD) is 
(""'-. 

stored "in OPN and the compressed card image (St. LINE) is 

expand~d and stored into the 

for comment. cards), to allo'w 

-characte} array INTEllT. (except 

a character by character scan. , 

2.~ Instruction Processing in PASSTWO 

The value of op~ration field determines the nature 

of the instructi~n and' further processi"ng depends upon 

!hat class it belongs to. We shall discuss the action 

/eachclaS5 of instruction. Unless ~pec\fi·e.d •. :h,e' card 

number, ihe loca~ion counter, the machine-code and the 

i.age for the s~atement is printed out. , 

Comment Cal'd 

on 

card-

A zero value.of the OPS indicates a co~ment card or , 
an unrecognizable instruction (flag~ed as an error in .PASSONE), 

to be treated as a comment card. No processing is done and 

.he card number (st. LS) and the card-image (S.,. .. LlNE)·-i..s. 

,printed out. 

., 

, 
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Multiple In~truction. 

- If OPN.has a negative value, it signa(s the start ?f 

a multiple instruction, spread over the next few S-records, 

termi~ated bY,a zero value· of OPS. Such an instruction 
, 

generates one-word opcode. 

< , . J 

A typical multiple-instruction may be 

CMB,INB 

This will be found on the file S on two consecutive records 
, 

. with OPN haying the values -69 and -72 respectively, 

• followed by a third record with zer9 value of OPS. A special , 
, 

routine, MUlTINST, is called to handle. the multiple in~truction. 

However, some description of multiple instructions will be 

necessa,y t~ understand its processing. 
, """ 

The mUlti~ instru'ctions fall underltw~ groups, . 

a) shift-rotate group~) alter-skip group, as shown in' 

F · ~ ~() d 'F' .~ ~(b) t.f "I-i g _ •• _ a II n 1 g _ _ _ _ r e 5 pee l;ve >. Some mnemonics, , 
ig. ClE,' SlA and SlB ar~ common to both the groups but have 

" 
different binary c~des. A .given Itiple instruction may 

re'fer to either A-register or B- reg ............... , ut not both. In 

addition there is ~ certain order, relative to each other, 

in which the cneco'nics may appear in a cultiple-instruction. 

These. rest'rictions are shown in Fi&s. (2.2 a.&'b). Only one 

cnemonic may appear from each pair of s'quare-brackets', in 

the order shown. If'o~ly one mnemonic appears, it is treated 

a5 a single machine ins~~ction (see the next sec~ion)_ 
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• 

A-Reaister type 

, 
ALS ALS 

" 
ARS ARS 
RAL RAL 
RAR RAR 
ALR [ ,CLE] [ ,SLA] ALR 
ALF AL F 

I 
ERA ERA 
ELA '---- ELA 

n 

.: 

B-Resister type 

BLS BLS 
BRS SRS 
RBL RBL 
RBR [,CLE] [,SLB] RBR 
BLR BLR 
BLF BLF 
ERB ERB 

"" 
ELB ELB 

, 

J' 

Fig, 2,2' (a) 
- . 

~ULTIPLE ISSTRUCTIOSS (Shift-Rotate Group) 

• 
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" 

" 

A-Register type 
: I 
" . 

[ 
C LA] CMA I.SE~] 
CCA . 

[,SZA] [ • 5 LA] [. INA] [.RSS] 

/ ., 

~ 

! < 

B-Register t vpe r ~ . 

[ c~,] ...: ... _ ..... ," 

[ CL'] . CMS r. SEZ] OlE [,sssl [,5 LS] LISB] [,sza] [. RSS] 
CCB CCE . 

. Y 

, . 

o 

Fig. 2.2(b} 

• MULTIPLEISSTRUCTIOSS (Alter-skip Group) 

I .. 
-: -, , . 



, 
, 

I, 
/ 

Som,e examples of valid multiple'Tnstruc'tions are, 

etc, 

... LS.CLE.SL ....... LS 

BLR.SLB , 

CLE.SLA,ELA 

CMB.C~E.I~A,SZA,RSS 

We shall not discuss the usage 

'~, 

multiple-instruction here, The user 

... ssembler ManualS), 

o~ usefulries~ of , a 

S~Uld refer to the HP 

"'5 soon as 
, 

TINST 

a negative .value 
( 

of OPN 
'-

is detected, the_ 

is caBed in, It reads the records from 

file S an extracts the entire string of records with negati~e 

OPS I~ checks the following for each mnemonic: valuer ' 
, (11 whether the mnemonic is alter-skip type or 

I shift-,rotat,e type and that it is of the same 

I . 
type'as the previous ones (if any), 

(ii) ~hether' it refers to ... -re'gister ,or B-register 

• and does not contradl~t any previous mnemonic 

. in the s'tring (if any) . 
" 

/ 
(i i i) 

. , 
that it occurs in the multiple instruction in 

• i I h . the correct sequence relat ve to t e prevIous 
, . 

~nemonics and does ftot break the sequence shown 

'J 
in Fig.(Z.2 a 6 b) 

If any of these conditions fail, an ~ppropriate ,error 
. \ 

message is print~.d 'out and the processing of the multip'l~ 

, 
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instruction is terminated. When all the above conditions are 

satisfied, then the appropria.te binary. code for each mnemonic 

'is extracted from code tables OPCODE an~ OPCODE2 and app~nded· 

to the inte&er var.iable WORD (initially zero) until the entire 

multiple instruction is completed. The value of the location 

co¥nter (LC). and the opcode (WOIOO) are stored on file R or 

file .11 accordin& to the mode of coding' currently active. 

(I f PAGEFLAG is TRUE, the co4e is s,tored on fi Ie R as pro&ram 

b ... -p'" y relocatable, otherwise it is stored on filc B, as 

relocBtable) . 

Machine Instructions 

~ positiye value of OPN in the ran&e (I$OPS,73) 

refers ,to a macl~ine instructi.on.' They may be divided into 

twO &roups. 

The first group of instructions (l.::OPN,;33) expects 

a non-blank operand field. Since the card ima&e of the 

cur~ent statement is stored ·in the character array ISTEXT, 

the operand field can be evaluated by a charact~r-by:character 

scan,'using the procedure SC):NOPR2. First, a syn.tax check 

is made (only + and - operators may appear). Symbol names. 
, 

are extracted and substituted by the:valueof their location, 

c.ou n t e 1'.5, f r 0111 5 Y MT AB . Th e re 10 cat a b iii t Y 0 f the s y III b '0 Is 
'f 

• by takin& lo&ical OR, (PASCAL 3 t..erminology) 
. . 



. , 

.' 
appearing in an operand field must be compatible; base-page. 

current.page ~nd common-rjlocatable symbols cannot be inter-

mix.d. An ext~rnal sym~ol must appeal alone. withput any 

arithmetic operation. Numbers appearing in the operan~ are 

also evaluated. The resulting value of ~he operand-expression 
, I 

is stored in the integer vari-able WORD. The-relocatability 

of the operand is determined by the relocatability of·the 

symbols in the operand expression. However. two ~ase-page 

symbol's appearing with opposite, signs will cancel out the 

effe~t of addin~ a base address. The same holds for two 

program relocatable symbols appearing with opposite signs. .. .. 
Such operands are treated as absolute addresses. The 

resulting operand-relocatability is stored.in the character 

variilble TYP. according to the following code. (as menti"oned 

. earl ier); 

TYP • R. .p 1'0 gram relocatable , 

• B • base-page relocatable 

- C •. coamon relocatable 

- X. ' .. ext erna I re fe'rence 

- b 1 an k. absol'ute (non-relocatable) 
• 

If the operand is an indirect-referen,c'\..CLe. is 

fOI·lowed by' ". I") then the '15th bit.;!>f "'ORD is set to I 

(by appending ~ORD with 100,000 octal). , . 

If the operand is program-relocatable. ,common 

reloeatable or external reference the!) the· HI'-2100 A 

Il. . 

42 
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, " 

convention requires that the bit 11 of the machiie-code be 

set to 1 (i.e. append liaRD with 2;O,()O octal), 

. 
The punching routines (Chapter III) require that the 

'reference to memory 10~ations 

if. It<OPN~14 (memory-reference 

be 'coded di fferent 1y. 

in'Auct ion) and the 

Thus, 

operand 

is either type R, 8 or C th.enthe owcode is stored in 1I0RD 
\ ..,,' " ,-

and the operand-address is stored"-tI't the integer variable 

MR. In all other cases MR has a value -1 .. 

Finally~ the quantities LC, NORD, TYP and MR are 

stored on fiie R or 8 according. to the current mode of 

assembly (program relocatab1e or base-page reloc~table, 

respectively). 

",::::-'--'--'" . 

...... The' second group of·machine instructions (34.:(OP~73) 

do not require any ope'rand field. For these instructions the 

value of opcode for the 'instruction is extracted {from the . . 

table OPCODE) and stored in NORD. 
, .) 

The quantities LC (location 

counter) .. WORD (opcode)" TYP (a blank character to indic,ate 

non-relocatable code), and MR (--1, indicating no memory 

reference) are stored on file R or B, according to the 

current mode of assembly. 

I f.~. last instr'uction was the pseu'do REP n tif'en 

the code is repeatedly stored on the appropriate file, n 

times. 

43 
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" 

Extended-Arithmetic Instructions 

" 

Each ,instruction in this group (74"OPN~8.1) produces 

two words of machine code. The instrctions can be d·ivided into 

two groups, 

T)\e first group, (74.:EOPN.:=77) consists.of MPY, DIV, OLD 

and DST instructions. For ~hese, the opcode is evaluated and . , 
stored in the first.word (at location LC), as an absolute word . 

. 
Then, th. operand address and it. relocatability are evaluated 

and stored in the second word (at location LC+lf. 

The sec,?nd groUp (78~OPN'.8l) consists, of FAD, FSB, 

FMP and FDV. These instructions generate subroutIne calls 

to floating-point arithmetic rout,ines. In PASSONE the speCial -
external symbols .FAD, .FSB" .FMP, .FDV were generated (only 

thos~ that wer~ t~ be use~) and stored in SYMTAB. The appro-

~irate symbol is now extracted back from SYMTAB and a JSB call , 

to this symbol is,' generated and 'stored in the first ,word (at 

locat ion LC). The operand address is evaluated and st.or'ed 

in the next word (locatioriLC+l); 

'l~e last instruction was the pseudo REP n then the 

two words of code are stored ~epe3tedly, n times. 

,0 

a 
Pseudo-In,tructions 

.f 

Once again; we sha"ll' discus~ the "\IASSTWO actions 
" 

" 
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on the pseudo-instructions by dividing them into groups, as 

follows: 

~ssembleI Control , 

NAM: This pseudo was completely processed in PASSONE so.no 

ORB: 

further actio~is taken. 
/ 

This statemen~ initiates base-pa~e 

'. 
~? 

assemtfi y . This 

is Signalled by setting PAGEFLAG to FALSE. (Initijll~, 
. . 

PAGEFLAG is TRUE). 

ORG,ORR: Both these pseudos signify the· start of current­

'page as,sembly, so we set P~GEF'L\G to TRUE. (We need 

n~~ worri about the operation f~ld; thii was processed 

in PASSOSE). '. 

IFN, IFZ, X'IF: These pseu.dos were completely processed i.n 

REP: 

. 
PASSONE. 

t:' 
The REPFLAG istet toa TRUE value llnd 

scanned to evaluate REPS, the number of 

the operand is 

times the next· 

instruction should be repeated: 

When the next machine-instruction, multiple instruction 

or extended-ar),thmetic instruction will be processed, 

it will be stored repeate,Uy. REPS times, at locations 

LC, LC+I, LC+2, ...... LC+REPN-I. The REPFLAG will then , . 
. be turned FALSE so that no further instructions are 

repea.ted. 

Program LinkaSe 

All. the three pseudos in this gro~~, vi:, COM, EST 
( 

.~ 
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J 
and EXT were completely processed in PASSONE so',~ further 

action is taken. 

Address and Symbol Definition 
,/"'J 

DEF,A!',S: Both these pseudos generate one word of machine-' 

• code. In both cases, the operand is. evaluated and 

stored in WORD and subs~quentl~ stored in file R oi 

B at l~cation Le. In the case of-ABS, a check is 

made to ensure that the,operand is an absolute number 

otherwise an' error message is printed ou~. 
" 

·EQU: This ps~udo does no~ generate a machine-code. However, 

the o~erand ~ddress is evaluated to be pri~ted oJ{' 
, 

as an octal number 'in; the program listing'~ 

Constant Definition 
, , 

The four p~eudo-instructions in this group were ~nly 
o 

"f'". .. • 

parti~lly processed in PASSONE to set,as1de the storage 

needed. ,The act~al evaluation of the ~o~stantA will be 

done in PASSTWO. 

ASC: ~his pseudo appears as follows' 

A'SG:, n, <~tdng of _ 2n ch~r~cter.~) 

The value ,~f n indicat~s the number ?f data words to 

Q be ,&ener~ted; each word to contain the ASCII~dde 

for two characters. 
) 

First, we ev'~Uuate n, then &0 -" 

, , 
11) to a loop of n cycles. ' The routine GETAS~ is called ., 

. -

\ 

• 

"\ 



" 

r 

• 0 

in each cycle; it picks up the ne~t pair of chara~ters 

'.in the. ~p.rand. determines their ASClr code (fro~ the , 

table ASCI·ICODE). 'packs this binary c9de in'l6bits 

of WORD such that the high 8~bits contain the ASCII 

code for the first character and the low 8-bits contain . " 

c 
the ASCII - code for the second char,ac'1;er. The quan-

tities LC. WORD. TYP (a blank character) and ,MR (-=-1) 
" 

are stored on the file R (or file B); LC is incre~,nted 

47 

by 1 and the ne~t loop is performed similarly. Normally. 
" 

the binary code for each WORD is p~in~ed out .(in octal~) , . 
except' when it ,is suppressed by ~ SUP ins~~uctibn. in 

\ 

which case all but the first WORD are suppressed. (See 

Lis'~ing Control Pseudos). . (-

OCT: Th~ op;rand field is scanried to ~valuate each octal . ' 
integer conS'tallt (separated ,by' commas) and is stored 

, . 
at 'the ne,XC avai lable location. All ,ch~racters except 

" / "." " .. 
digits ~ to 7 a~e conside!~d as errors in the operand 

.of OCT. 

DEC: Th~ oper~nd field of the DEC p~eudo may cont~in a string 
• 
,I . ~ , 

of decitla,l. integers and, reals. An iritegeri's to be 

stored in a Si?gle H~ word.whild a real is,spread . 
over two lIP· words. In PASSONE. we have d,ct,ermined 

the total number of mcmory wo'rds tha~ this pseudo wi'll 
"0 

gener'ate. '. 
".'; f, 

A special routine GETCONST is 'called. I t 'checks the , 
o • 

,syntax ~f the next ,con'stant in op,.erand. 'determines 
'" 

" . 
" 

, , 



DE X: 

i .. 

, , 

~ 
,if the constant 15 re.al or integer and returns its 

value .in' the" three variables, ic~ND('inte!lerJ.. X(real), 

N (integer) as follows: 

UNOaO there '~as an error in the constant, N is 

set to zer.~. 

KINOaI an iritege~ ~as fou~d ~hose v~lue ts returned 

in N., o ' 

.KIND=2 '- a real number was'-fou,nd, its value is 

. , 

returned in X and'N, such ~hat X ~ontains 

't'he ~ract ion and N contains, the expoJfnt 

to base 10. l .; .. 

An integer constant is ~tored in the next available 

word of code. ~owever, ih~ reil number must fir~t' 
, . 

48 

be converted in the HP format°r-ns a normaiized floating 
J ", . , 

point number stored on two HP words. · .. ·:A special routine -It' . . I I ·-·~·I· k 

CONVERT is cal.led to, perfoTm t",his conv.ersion. j-; 

The process is repeated fo~eac~ constant in the, 

operand field. '. - ' 

The processin"g of DEX constantsc is'very..si:lDilar.to 
. • t: 

, .. 
tho'se of DEC, e·xcept th~t both iritegers' and r,eals are 
'. ~ ~ 

store~ as normal'i:ed' flo~ting point numbers', stor~d 

on three HP word~ (rather than two). Ag~~n, the 
" , 

procedll"re COSVERT is called'to perform the proper 

conversion and normalization to the HP-~or~a~. 
,. 

0' for "etai Is, see p.4-19 to 4-23 of the HP 
Assembler ~Ianual, reference 5. 

\ . 

o 

. 

--
• 

- .. 

" ~I 

• 
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Storage Allocation 

'. 
~SS:,' This pseudo was co=pletely pr cessed in PASSONE. so 

\.. 

'" , 
. , 

no further processing is neces ary. The starting 

location counter 'CLC) ,and ,the ~e~~th of the storage 

block (operand n}l=ber) are prin~ed\Q!l_tJlJ,--Oct-a1 

fpr=at but no =achine-code is generated . 
. 

" 

ASle=bly Listing tontrol 

... ,. 
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,\ 

Since the final progra= l~g is produced in PASSTWO 

these pseudos cbncern us at this .\age. 

SPC: The value of N' is ev~luated fro= the\operand and the 

routine LINES(N) Is call11-,d to'print-N ;b~a~k lin'es' in 

the progra= lkstin,. The statc=ent itself is not 

St::P: 

printed out. 

We, si=ply skip to %he, top of next page pf the output 

and p:int-'out the progra= title (see HEO pseudo). Tne 

sta~~=ent is not prin~~d. 

HEO: The p'rogra= heading is extracted fro= the operand .\ 
~ 

fieldano'/,stored .!.nthe ch'aracter array 1I0liG.' This 
• 1 " 

"eading will appear on the ~op of each page of the 

progra~ listing. unless a new liED statement is encoun-

a 

USL: 

terd. which cHanges the con'ents of IIONG . 
. ' ". 

Normally. each state~e~t' of t~e prog~a~ is l~sted; 

alongwith the, locat lOll counter' and' opcode. A UNL 

d h I 'St' ~e achl'eve pseu 0 suppr,esses t e program 1 'lng. " 

,/ 
• 

• " 

, =~, 
~ 

/ 



" . 

• 
LST: . 

f 

(' 
th~s by setting the boolean variable L5TFLA-G to FALSE. 

" I 

Lines are printed out only if LSTFLAG ~s TRUE. 
'-', 

This pseudo causes .. the sourc~ pro&ram listing. sup-

pressed by a UNL. to be resumed. We simply set 

LSTFLAG to TRUE. 
.,! . 
!' ; .... 

SUP: This pseud~ suppresses the output of additional code 

'lines (produced 'by ASC. OCT. DEC and DE) pseudos) 

50 

from the program listing. A boolean v~riable EiTRAL~NE' 

is use~ to iden;ify these add~tional code ;ines~ In 

UNS: 

. 

• 
addition. anot/ler .. boolean variable SUPFLAG (initally 

. 
FALSE) is, set TRUE .. Thus additional code lines 

(~X~RA(lSE-~RUE) will be printed only when SUPFLAG 

rs FALSE. 

This pseudo 
, 

the reverts effect of the SUP pseudo. 
<" ~J 

res,uJlles 1i-~ ti ng, of e"tra lines of code. We simply 

set the SUP FLAG to FALSE. 

Le. 

End Pseudo ~ 

END: The pseudo Signals that no more instructions are to 

be ~ssembled. PASSTWO now goei on to perfor~ otper 

task,s. 
( 
J 

2.3 Literals 

£i rst 

.' . 
~ 

of'which 
P 

is to store literals. 
.. 

~ ~rder to understand the PASSTWO a~tion on the 

liter~ls. 'it is necessary to ~ave a.brief discussion of.the 

types and. meaning of liter:rls. anowed 'in liP ,Assembly language. 
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". j 
I 
i 
I < 

~._The "Operand field of certain machine i!n~tructions may 

d.ll.f i rie ~~-~~-e-~Olt5t an t da ~ a" bi 'mean 5 0 f··-·tt~:~r z,l~s'" Ali t e ra 1 
: ---------~--- . . / .. ,' 

is specified by us ing an--equal sign and one-character identifier·. 
. ) 

The actual literal constant is specified immediate~y ~fter 

the identifier. 

'. 

1 f a 

Some exampl~; are: 

LOA -B1377 

FMP -FO.623 

LBO -LST ART - SYM+5 " 

,/ 

(START and SYM are symboli' labels] ,') , 

etc. 

)The l'i.t,erals are 

lit'e~al is Jd in 

/ 
stored at' the end of the program. 

more than.one instruction then it . . 
.is stored only, once and its address substituted for each 

'. 

Q 

reference to 'the .l,iteral.· 

During PASSTWO, when a literal is encountered, it 
. .. 

is evaluated using the procedure SCANOPERANO and 's'tored in 

a special table LITTAB, which has two elements, 

LITTAB[l,l] ,. binary form of the Ith li~-eral .. 
LITTAB[l,2] = the address of the Ith literal. 

The first literal is aSSigned the address EMOtC 

(l.st ·address of the program'code + I), and ENOLC is incre-

mented by 1 so that the next literal may go in that location. 

• The identification code 
o - a decimal int·eger .. 
F - a floating point 

number 
B - an octal integer 

is the following: .. 
A - two AS~c"a.racters • 
L - an expression consisting 

of symbols used in the 
program. Must evaluate to 
·an absolute value. 

, 

,. 



........ ---------------- " --S~ 

. .;.' \ 
) 

Before 5toring the value of a literal in LITTAB, it J 

i5 first sea~,l;hed (by a simple linear search)'.in L~TTAB. If 
.' 

it'i~ already present', t'hen its address (LITTAB[I,2]) is 

extracted and returned a5 the operand address. If it is not 

,presen~ then an entry is made'and the counter I is updated . 

. 
A, check is 'made to ensure tha~ the literal used is 

, 
compatibl~ with ~he instruction in which it appears, 

At the end of PASSTWO, we should have all the litera1s 

and theit addresses stored in LITTAB. We can now generate 

actual machine code for these l~terals a~d store their 
( 

addresses and binary values on file R. 

The IaH action in PASSTWO is to print-out the total / 

number of errors, if any, detected in PASST,WO. 

This 'condude'5·the execut.ion of PASSTWO and' control' 

,is teturned'to the' main program. inary' output is 

requlred then It is produced by of special routines . ' '. ' 'described in th,e next chap\,r., 

, ' 

~ . 

• 
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HAPTER I I I 
... ~ 

. .J 
BINARY OUT UT 

the machine code for the Sour~e program is produced 

in the Second--Pass, If th~ user reque5U binary output in 

the form of punched cards (B option in ASMB card") or l~sted' 

in the form of binary records (Q option), then arid only then, 
1--:-,. 

the assembled machine !=04.,,-i~ sJored on filesR and B during 
'.' 

PASSTlI'O" However, i (:'7'4' f;1taf, error"" ,occurs in either Pass 
~". : 'I ' 

One or Pass Two then ;·th~ina'~y. output is .suppress:} and a 
01.. " 

card with the word ERROR in bil l~tiers.is punched out, If 

sever~l projram~ are assembl~d in'a ,~ingle run of the Cross-

Assembler then the punched output for each program is . . r 

identifted by a header caid, with a,serial numtier HPOl, HP02, 
" . ~ 

'. :etc. w'hich also ap,pears in the output l'isting of each 

program. 

. 1 
In this chapter we shall d\5cr~be the· techniques used 

for prOducing the bi~ary o~tput in 3 f~rm3t accepta~le t~ 
, ' . 

the HP' computcri). All the information to be' pun,chcd i.s 

~ritten on file (o~ integer) P. At t,he end of the run, this 
/ 

• See Appendix A for control options and usage 
instruct ions. 

". A list of non-fatal and fatal errors appears in 
Appendix D. 

o 

S3 

... 



file is punched'out by 3eans of SCOPE control ca~ds", We 

shall describe this later. 
i, 

On the HP-2100A the binary output for aD absolute 

program and a relocatable program have completely different 

foroats. We shall. therefore. discus"s them separately. 

3,1 Absolyte Binary Output 
j 

j, 

For the absolute progra~s each mach~ne word (16-bits)' 

is broken up into two parts and each half-word (8-bits) is 

pun.ched in a card column in the punch position, 12 to 5. For 

example, t~e 16-bit binary number 

1 0 1 1 00 1 11 0 1 0 1 U,l 

is_ broken up into two parts 

10 HO 011 and 10 101 III 

and punched' on a card' .in two columns in an inverted"" manner 

as shown below: 

.J 

I ~ ~ ! ~I! ~ ~ ~ ~;~ " I; ~~:! ~. ~ ! ~.~~ ! ~ .! ~;! ~. ~ ~ ~~~. ~ ! ! :!! ~.: ~ !i~ ~: ~ ! ! I! ~ ! ! ! '.' , t ' , , 'I' , , , "i' , , , ',' , " 'I' .. ' , , 'I' , , , 'i~ " , ',' , , I Ii' I , , , 
11I111~.1! 1';"" li"' "1"" ';Ill "? '":I'l''';'''",' II:, 
III I l,cJ III 1'1111,1,1 1111111111111111111111rll:1111 U 1111 

, I Iii " I I i 
.1 ••• ' •• , .~." ••• II .••• '.,., ..... , •• 1 •• , I ••• !.".,." .• I· I ; ! : : ! !. I .. 
II~~ t~; s~-)'! ~~~ ):~)) ~,~,,~~) ~ ~'s S~'~ ~~))) ~ ~ ~~ ~ ~~;)! ~ ~ ~ ~;) j 

Iii -'~: I: 
, ! , I t i , , L , • i ~ ~ i , , i ." ~ • , i , , , , , ; , i '. £ £ ~ • , , : i ~ ; £ i , , 5 : 

- ! : : '; , .'; 
.' J f l·'j' 1 J i ~:; II 'til '.1 t I I ',11' J 1 J II I I, t I I; I: III II!; I 

. i : : : 6 • : ! : ; : . i j : ; : :' I I . "! :! i ~ ~ l ; t i. J I J.' ~. l; • ~ ~ ~ . ! 1 ! , I 

i';:;".~ , , ' -... ~. 
. i i : : ; J i,l : : : , , , ~ : }.3 ~ 1 1 i : ; : ; .; : ~ 

"See Appendix A " 
""By inversion we mean transferring an 8-bit binary 

pumber so that when ,it is punch*d on a card-column 
it appears upside down.,This is required by th~ HP 
convention and ii achiev.d by a table look-up. 

(l 
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The absolute binary 
.( 

output of an assem~led program }s ( .. 
divided into records: each record of upto 40 words ~f 

code is punched on a separate card. The- absolute record 

format is shown in the ".ppendix E. 

Binary output in absolute format is produced and 

,printed and/or punched out by means of a spei:ial routine 

cal'led ABSBISRECORDS. This routine res-e ... ts the file R which 
, 

contains the absolute code, consjsting of the lo~ation 
""-- (". 

counter (the absolute address) and the machine-code {the 
" ......... / 

conten~ of the addressed location). It then starts r~ading 
" 

these values in pairs, checking for c~nt.irluity o~ the 

location counters (v i.: . LC, LC+l, LC+2 •.... etc.) A:record 
• 

i~ completed when either 37 pairs. are 'read, or' a diSc~tin-
" 

uity in the location counter is found ~r the end-of,file 

on R is reached. 

A complete record contains the following information 

which is stored 'in an integer ar~ay W.' 

w ( 11 

W ( 21 

_ Record length (left justified); 

_ Absolute Load Address, i.e. the location 
~, 

counter for the first machine code in the 

record. 

W(3),---,W[LAST-l)= Machine-code words,' 

W(LAST1 = CHECKSUM (i.e. Arithmetic sum of all the 

words in the record except the 

last, modulu .200000 octal) 

.... 

first a1' 

,-' J 

1/ . 
/1 ; ' ,/ 
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The maximum number of words in a record (i~ LAST) will be 40. 

A special. routine STORE is called which br.eaks each (16-bit) 

integer ofW into.twb h~lf-words at the 8th bit. Each half-

word is thep inverted". Five such half-~ords are p~cked into 

a 60-bit CDC integer wo~d and stored on the file of integers' 

P. When P will be punched on .cards (by means of .~COPE contr.ol 

card, see Appendix A), each CDC' integer wor:d' w·i 11 oC'cupy five 

columns of a card, each,column representing a half HP word, 

as required by the HP Basic Binary Loader ). 

3.2 Relocatable Binary Output 

The relocatable punthed format for zhe HP2100-A 
c. 

computer has a more involved structure than the absolute . , . 
• 

punched fOrlllat. Not only 'do we hav'e five different types of 

records to consider, but, in additio-n, eao;:h 1.6-bit ·AP· word 

has to be punched so th~t it occupies one and one-thitd 

columns of a .. o;:ard, or three H(,words will fill four .card , , 

columns."" The problem, is further .complicated by the fa ... ct 

that a' 60-bit C~C word is punched on five columns of a card. 
, 

Olle must, '1herefore, cOlDpress lS HP-words (IS x 16 =24? bits) 

into 4 CDC wordS (4 x 60 - 240 bits). which will the~ ~ppea; 
r--·. ~i .. 

on 20 ca1u.n~ of a punched card. word IDl,lst 

be left 'justifi'ed . 

• See footnote on page 54 
•• See ·also reference 7, page 2-19. 

" 
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The machine code of a relocatable progra~ is divided 

into five different types of records, as follows:· -, 

SAM record - contains the name of the program..,unit, its 

type (malfl, subroutine, etc.] and irtformation on 

leilKths of various segllents. 

, 
ENT record ~ contains upto 14 entry-poine symbols and their 

\ . 
adc!-t'esses. 

EXT record - contains upto 19 external symbols and their 

10 .numbers. 

DBL record - contains'upto 60 words of base~page or current-

pai'e machine-codes .. 

" . 
ESD record 

, 
contains the transfer addres5 (starting address 

for program execution. 
~ . 

, 
A desc~iption of these reco~ds appears in reference 

7 and a copy of the ;ecor"'d-formaB is reproduced in Appendix 

F for easy reference . 

• 1 ' 
One record is punched ona,computer card. Each 

\.... ~ 
relocatable pro&rim must contain a HAM record, a number of 

oaL records and an ESD ,record, and op,tionally, an ENT record 

and a nuober of 1:XT records. 

Th "A'I ENT E".T·and END records are ratHer straight e .~ " • , ., 

forward in structure. lEach of these reco~ds is handled by a 
, 

( 
I .. : .... 
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, . 
sepa.rate rout ine, vi:., NA",RECORD', ENTRECORD, EXTRECORD and 

ENDRECORD, respectively. Each of them combines information· 

saved on various tables,'puts it together in the appropriate 

format (Appendix F) and stores it in the int~ger array II'. 

Another routine, called PUNCijRECORD then picks-up II' and 

performs the mechanical task of packing the l6-bit HP words 

into. C~C words (as .described ,earlier) ,which are then stored 

on an integer fi le P. We s'nall not. go into any further 

details ~f t~~se 'routines; the r'eader 'should refer to the 
~. 

program listing of the Cross-Assembler (Appendix G). 

The DBL record is a little more complicated. There 

. are· two sets of DBL .. r,"(;ords; one. for the ba~e.-page port io-l'I 

of the code,nd the other for the' current -page (or the 

pro,gram relo'~table) section.of the code. They are ident­

ical excep~ {or one-bit in the second word (see Appendix Fl . 

. 1 f the ~achine instruct ion does not refer to a .meJ?ory 

location then Qne machin~-code word is stored on ~n HP word. 

Memory refer~'nce' instructi"ons are formatted so that 

they are stored on i'wowords each. The fir"~Lt one contains 

the binary code for. the instruction and the -second contains 

the memory address. 

Upto five consecutive instructions are grouped 

to~ether and an extra wdrd, appe~r(ng before the g!6up, 

contains 3-bi·t relocatable codes' (packed-together) for ~ach 
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. instruction ,in the group. The routine DLBRECORDS produces 

the DlBRECORDS in this format (Appendix FJ. 

All the information to be punchell is written on an 

integer file P .. At the end of the Assembler run~ the file 

is disposed t6 the pun~h device by the SCOPE control command~) 

'DISPOSE (P, .P8) 
- .' 

Tbe file P may ingenetal contain punch~a output for 

a number of programs, ~bsolute and binary. However, as 

mentioned earlier, these can be sorted out by mean~ of the 

identiofying header-card 'which appears at the top of each 

punc.hed ,deck. 

I~ the usez fpecifies ~·Q-option··on the ASMB c6nt~ol 

card then the Cross -Assembler prints out t~e binary. output 

as a .set of records, The' records are written in octal format 

and appear with the identifying information. An example of , . ( \' 

~uch a li;ting appears in Appendix H . 

. . 

j . 
I -

• This option is no~ available on the standar.d 
HP' Assembler, sup.plied by the manufacturers. 

. I 
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CON~LUS IONS 

The author feels that he has achieved the basic 
- , 

goal set out for this, project. This Cross-Assembler has 

e~erged as an ~id to aisembly langu~ge programming on the 

HP-2100A computer at' McMaster .. ,The .. stus\ents have used the 

Cross,-Assemble~ for debugging their assembly language pro­

Ilrams and in some cases for producing the' obje,::t programs . 
. 

A tjpi~al 100 cards progr,m ne,ds about 2 CPU seconds for 

'processing by the Cross-Assembler 

) 
'The 'author regrets' the lack of spec.ial features in 

the,Cro~s-Assembler~ such'as Macro-processing and Crosi­

reference directory. These features could not ~~developed 

because of lack of time. 

" 
The author has '!nixed feelings ,about using PASCAL 

as the programming language for the Cross As·se,m~r. The 

style of PASC'AL.makes it a very attractive langua'ge'f~t: ,( 

compiler writing. The :j'dvance.d data' str\lc~ures such as char-, , . 

acter,and alfa variablis, record-types and t~e ability to , 
, , 

organi:e these in ~rrays and fi,les was' a gieat conveni~nce. 

St:itel:lents like if-then-else,while-do and Repeat-until ">erc , 
found to be very .. elegant arid eco.nomicaL,. 

Despite these attr'actiV';;~ fC;at'ures, the experience 
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, 
of programming in PASCAL.~as often'pafnful. The lack ~f a 

reiocatalHe compiler lu.de it necessary to re,-collpile the' 
, \ ' 

e~iire program (including all th. procedur~s) after th~ 

:' ). 

~nghtest change or ertqr;. at corisiderabre exp'~nse and 

,inconvenience. ' During the' development of 'tHe Cross-Assembler 

.' . ... 
a new version of PASCAL was introdu~ed with Slight syntax ... 
changes whi'ch.meint- in~orpor.ating ~hese cha~ges in the 

~, : " :., 0 

.Because P;'SCAt Js c;:u.,rrent.Jy avai lable only, 
- ,~: t· I 

on CDC" computers it makes .the ,Cross:Assembler vcr)" un-portable. 

The auther hopri_:~h'at. these, practical difficulties 
, ~ , 

of p.rogramming· ip".PASCAL' will)e 'overcome whe"n the new 

It will then be a very 

attractive language for pr~gramming. 
o .; 

\ 

~, 

' . 

, -
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APPENDIX A " 
, 

INSTRUCT lOSS FOR USING II.P. CROSS ASSEMBLER 
., 

A. Descrtpt ion 
I·:.... 
; ~ 

" 
The Hewlett-Packard Cross Assembler is a program avail­

able ~n COC-6400 ~hich can be used to assemble II.P~2000 series 
asse.cbly la,nguage' programs.' 'It che'cks s>;nt\x,' pro uces.Jllachi.nc 
code listing and (optionally) produces abi~ ~. eck WhiCh can 
be loaded into the Hewlett-Packard 2100A computer for execution. 

B. Control Cards' 

The followin~ control cards are ~equ~red to use the 
.prograt: . 

.JOB ,0(.\0000. 

ATTACH(PASCAL ,10= ..... , ... ) , 
ATTACH(HPASMB ,10=.: ....... ) 

, . 
PASCAL(LOAO=HPASMB) 

.DISPOSE(p,*PSr 

~,i:rod 0 f' ~~~{!O l"d 

NAME 

;-. 

rHPAS~IB·.·-· . Program .Ti:Le '{Cels 8-£8J ,','ame(Co?'s 69-80) 

.!ASMB .. ,R,L,S,,, "."e:_c. (See Sec::or: C) 

ESO , 

r
l!rAS~!B . 

ASM B , ~ .:r , L • B ••• " 

j 

..: 

,,':-roJr;;r-: :..) 

[SO 

.. 
.' 

END OF F!LE 

6 2~ .. " .'---- --
.-----

• . ' 
......•... ,. . 
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The As.s,emb ler 'Cont ro I Card (AS~IB"" ';) 
fiv6 parameters separated by commas; foll~wing 
first four column's, eG., 

maY-'contain upto 
'ASMB' 'in··the . 

ASl'IB,R,l,T 
i\SMB,R,L,S,T,B 
ASMB ,A, B, L, Z 

~ 

I '--'. 

..... 

. Th~ p~rameters, which maY'appear'in any ord~r, have'the 
following signifi~ance 

;' 

D . 

A ' absolute prograc } .on Iy 
R relocatable program one is re~u(red· 

L ' produce program listing I 
B . produce punched binar)" outP,ut t 
T produce' s)"tlbol table J 
Q print ,binary records+ 

., 
at least one 
is required. 

. c/l'oose S option' } For details see 111' 
"choose,Z,option ,Assembler ~Ianual, page 4.5 

s 

Printed and Punch~d Dutput 
.' 

·t 

. \" 
• 

A~ indicated above, several 
\ " o . . I' 

programs can be asseinbled _-,,~.' 
the f 0 I 10" i n g s t r u c t ur e ,r-in a batCh. E<lch program ·.~ust have 

IrpAS'~IB" Progra,., rit,dCoL 
"ASMB.R,L.S. Q:C. 

(PROGRAH DECK) 

ESD 

./ 
i/- Ii 8) Pro gra . ..,,,;e r'o 'y::J.Fie (Co Z. c J- e C) 

. ._///. .' 

.. 

Each prograc' in the batch' is assigned a serial nUClber 
(IIPDI, IIPD:, .... , ·etc.) which appears at the top of the program 
11Stir.g an.! is al'so punche.! on a !leader Card. This 
serVes )to identify .the program 'and' its punched output, ·H··an 
error occurs L:-""i1 pro"raCl then' its punched output l'S suppress,ed 
but .a card readirl\: 'ERRo.i' is "'Punched out, 

~ 't -.c~ \ _.;._ :.,' ( --.~. 

+ not a V" i I a b I eon t'h cst a n'd a r d II P ,\ sse m b I cr. 

.' 
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'. 

, 
E. Error Messages .. 

1 t: errors' are det~ctcd in the Assembler Control cards, 
then the error messages are printed Out and.the prograc is not 
dssecbled. All' the cards upto the ~ext E~D card tgnorid. 
Haw.ver, the assembly of the fel!l~inlng .programs in the batch 
·(if.any) is not affected. "": '\ <'l 

.' " \ c 'Errors detected in PASSOSE are listed on page I, along 

64 

~ith the erro~ouj statements. A complete program listing is 
produced during PASSTWO, and any errors found in PASST.WO appear 
in this 1 i s tin g . 

• t 
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"BS 

"DA 

"DB 

ALF 

.'.l,R. 

HS 

'AND 

ARS 

"SC 

"S l 

.a.SR 

BlF 

BlR -----... 

BlS ' 

BRS 

BSS 

CCA 

CCB 

CCE' 

ClA 

(lB 

ClC 

Cll: 

) 
APPENDI~ B 

HPH.ABETic-f!IST OF INSTRUCTIOSS 

" 

Define abSOlute value 

"dd to " 

"dd to B 

·Rotate A Ie ft .4 

Sh i it " left I , clear sign 
, . 

. Sh i ft A Ie ft I 

"And" to A 

Shift" right I, signcarry 
.. 

Generate ASCII-characters 

'A~ithmetic long shift left 

"rithmetic long sii~ right 

Rotl!te'B left 4 

Shift B left I, ciear'sign 

Shift B'left I 

~hift, B right I·" carry sign 

I, 

• 

-

Reserve block of st~rage starting at iymbol 

Clear and complement A (1'5) 

Clear a.nd 'complement B (I's) 

Clear and cornplQment E (set E - I) 

C I·ea r A 
• ,>- -

Clear B 
#' 

Clear I/O control bit 

Clear E 

65 
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ALPHABETIC lIST OF INSTRUCTIONS (cont) 

ClF 

ClO 

CMA 

CMB 

CME 

COM 

CPA 

CPB 

DEC 

DEF 

" DEX 

DIV 

OLD 

DS~' 

EtA 

ElB 

END 

ENT 

ERA 

. ERB 

EQU 

EXT 

FAD 

FDV 
" . 

Clear I/O flag 

Clear overflow bit 

Complement A 

Complement, B 

Comple~t E 

Re5erve~lock of common storage 

Compare to A, skip if unequ~l 

Compare to B, skip if unequal 

Defines decfmal constants 

Defines address --
Defines extended percision constants 

Divide 
,:, .. 

Double load 

Doub Ie store \ 
Rotate E and. A left I 

Ro tate E and B I eft I 

Terminate progrill:l 
<.t 

Ent ry point 

Ro t at e E 'and A right I 

Rotate E and B right I 

Equate syClbol 

External reference 

. Flo a tin 0_ add 
.", "-'-

Fl.oating divide 

• 
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ALPHABETIC LIST OF INSTRUCTIONS (cont) 

_ fMP 

FSB 

HEO 

HLT 

UN 

1 F.Z 

INA 

INB 

lOR 

ISZ 

JMP 

JSB 

LOA 

LOB 

tlA 

LIB 

LSL 

LSR , 
LST 

MIA 

MIB 

MPY 

Floating multiply 

Floating subtract 

Print heading at top of e~ch page 

Halt 

When N appea'rs in Control Statement, assemble 
ensuing instr~ctions, 

When r appears in Control Statement, assemble 
ensuing instructions 

Increment A by 1 

Increment B by 1 

Inclusive "or" to A ~ 

Increment. -then skip- if :ero 

Jump -' 

" Jump to subroutine 

Load into-A 

Load- into_ B 

Load into'A from 1/0 channel 

Lo~d into B from 1/0 channel 

Logical long shift left 

Logi-cal long sh i ft ri ght 
I 

ResuCle list 'Output (follo_w~ a_ UN L) 

~Ie rge (0 r) into A from I/O channel 
," 

Merge (or) into B from I/O channel 
..... 

Hul-ip!r 

" -SAH~ocat_able 

/. 
, 
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ALPHABETIC LIST OF IN ST R UCT I ON 5 ( con t 1 (. 

Nap No operation 

OCT Define5.octal con5tant 

ORB EHabli5h origin in base_ page 

ORG EHabl ish,' pro gram origin 

ORR. Reset program location counter , 

OTA Output from A to I/O channe I 

OTB Output from B to I/O channel 
, 

RAL Ro t at e A left 1 

RAR J Rotate A right I 

RBI. Rotate B I eft I 

RBR . Rotate B right I 

REP Repeat next statement ~ 
RRL Rotate A and B Ie ft 

- RRR Rotate A and B right 

RSS Reverse skip sense 

SEZ Skip· if E .. 0 

SFC. Skip if I/O f,1 ag ",0 (clear) 

SFS Skip if I/O flag .. I (set) 

SKP Sk.i P to top of ne xt page 

SL" Skip .i f LSB of A = 0 

bf 
• 

5LB Skip- if LSB A " 0 

SOC Skip if o~erflow bit = 0 (clear) 
I 

50S Skip if overflow bit " I (set) 

• , 
SPC Space n lines 

.~ ,. 
, ' 



..... --------------
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ALPHABETIC LIST OF INSTRUCTIONS 

SSA 

SSB 

STA 

STB 

STC 

STF 

. SUP 

SliP 

SZA 

SZB 

UNL 

UNS . 

XIF 

Skip if 5ig1 A .. 0 

Skip if S'ig\B a 0 

---St·ore A ~ 

\ Store B , 

Set I/O control bit 

Set I/O flag 

Set overflow bit 

Suppr~5s list output of .ddi~ional code lines 

Switch the CA) and (B) 

Skip if A .. 0 

Skip if B ~ 0 

Suppress list70utput 

Re5ume list 0ftPu~ of additional code lines 
. ~ 

Terminate an IFN or IFZ group of instructions 

XOR Exclusive "or" to A 

• 

" 
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APPENDIX C 
) 

HP ASSEMBLER INSTRUCTIOSS {By Groups] 

\ ,,(' 

" GROUP 1 'MEMORY REFERENCE INSTRUC~IONS 

I 

Jump and Incremen~-Skip 

ISZ 
JMP 
JSB 

Add, Load and Store 

Logical 

, ADA 
ADB 
LOA 
LOB 
STA 
STB 

AND 
XOR 

-lOR 
CPA 
CPB 

• 0 

0, 

0' 

GROUP 2 REGISTER-RErERENCE INSTRUCTrpSS 

Shift-Ro~ate 

CLE I 

ALS ' 
o BLS 

AR'S 
BRS 
RAL 
RBL 
RAR 
RBR 
ALR 
SLR 

" E'RA 
ERB 
ELA 
HB 
ALF 
BOLF 
SLA 
SLB 

" 

, ' ' 

\\ 
I , 
I 

.. 

\ ' 

(' 
, I 
, \ 

. , 
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so-operation 

sop' 

"lter-skip 

" 

GROUP 3 

CLA 
CLB 
CM"· . 
CMB: 
CCX 
CC.S 

'ClE 
CME 
CCE 
SEZ 
55" 
SSB 
IS" 
ISS 
SZA 
SZS 
SL" 
SlS 
RSS 

Input/Output 

SIC 
ClC 
1I" 
lIB 
MI" 
MIS 
OTA 
on 
STF 
ClF 
SFC 
SFS 

Overflow 
ClO 
STO 
SOC 
SOS 

/' / 

,. 
I 

. -
\ 

INPUT/OUTPUT, OVE~FlOW AND HALT INSTRUCTIONS 

\ , 

- , 

.... 
71 
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Halt ! --~J '-, 
Y 

HlT , 

GROUP 4 EXTENDED-ARITHMETIC UN IT (Memory Re ference) 

MPY 
DIV r 

DlD 
DST 
FAD 
FSB 
FMP 
FDV. 

GROUP 5 EXTENDED ARITHMETIC UNIT (Rc&istc~~Refercnce) 

ASR 
AS ( (!;. 
RRR , 
RRL 
lSR 
lS l ... 

c· 

GROUP 6 PSEUDO INSTRUCTIONS 

NAM 
ORG 
ORR 
ORB • 
END 
REP. 

'" lFN 
IF: 
XIF 
COM 
EST 
EXT 

, DEF {!.-ABS 
EQU 
ASC 
DEC 
DE X 
OCT 
BSS 
USl 
LST 
SKP 
SPC 
SUP • r 

UNS 
HED -
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APPENDIX D 

ERROR MESSAGES 

~. Control Card Errors 

If any of the following erfors are encountered then the 
3ssccbly Is ter~lnated. 

1. HPASMB. expected in columns 1-7 of the uscr's card. 

2. ASMB, expected in columns 1-5 of the Assembler 

3. 

4. 

control card. 

Illcgal 

'Control 

l \'. 

paiaoeter in Assecblcr Conirol Card. 
/ 

Opt ion Error -, Sei th,er A or R or both 

specified. 

-S. So output paraoeter spec.ified. 

B. Fatal Errors ,. 

The following erro~s do not terminate slembly, ~owcver, 

binary output (if requested) is ~uppressed: 

1., .Illegal character in symbol. 

3. 

4. 

S. 

'I,legal·operation. 

Undeclared variable. 

Illegal 

Illegal 

" ': 

c,\aracter 

opN.ation 

in operand field. 

in absolute program. 

6. Illegal character in octal. constant. 

7. I~teger constant greater than 177777B. 

8. ErrOl: in pseudo-.op ASC (N<l or :;>28) .. 

9i Non-blank operand field expected. 

10. Doubly defined symbol,. 

11. Too many distinct literals (m~~-2S); 

Illegal op in mUltiple instruction. 

, 

12. 

13. Mi~ing of A arid B type instructions is illegal 
• multiple instruction. 

Illegal mixing of SRG and ASG instructions. 
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15. 

16. 

17. 

18 . 
• 19. 

:0. 

21 . 

2' 

23. 

24. 
, . . ~ . 
) 

"' .' .-/ 26. 

27. 

28. 

29. 

:>0. 

31. 

32. 

33 .. 

<> I 

< 

74 

Illegal sequence of operations in a multiple instruction. 

Invalid literal. 

Illegal character in constant. 

SylSbol. Table overflow (max=499). 

An EST symbol c~nnot appear 'Ln a COM or and 
EXT stateoent. 

An EST symbol ,must a'ppear as a label to an 
ins t tu c t ion. " 

Too oan), EST 's)'mbols' (max=14)., 

Character following the como~ is incoopatibl~ with 
the iristruction. ~ 

Program rel~atable operand expected. 

Absolute operand expected: 

Sign oissing between two terms in operafd . 

Operand 'is oixture of incompatible reloc~table type 
term,s. 

Absolute operand 
,100B. 

. I ' , 

in ~ relocatable program exceeds 

Operand is neg,ative for an' instruction other than 
ABS. \ 

Expression is an L·type literal must be absolute. 

Literal incoopatible with the instruction used. 

Out of range real constant. 

Operand address is 
as ihe instruction , 

not on .. the sace page of memor), 
(Absolute progra~). 

Segati\'e or .. double relocat ion in .the operana. 

-

---. --'-'---j 

, , 
i 

", .--'" ~ 
", .. 

J -, 

& 

, '\ 

• I 



• 

C, Son-Fatal Errors 

'These errors 
not aff~ct assecbly. 

should be,tAt:eated as warnings; 
n~ 

1. EOF encountered, ESD assumed. 

th'ey do 

2. Symbol too long, 'truncated' to five characte'J"s. 

~abe~ illegal in an ~nstruction following REP 

pseudo. J, 

~: First opcode in an Absolute ~t:ogra~does not succeed 

an ORG statece'nt. ·'Program assembled starting at 

Sf' 

• 
address 2000 octal. 

First opcod~ ih a 

a SAM, statecent. 

) 
Re10catable program docs not succeed 

') 

6. Operand e~c~eds 1777 octal for a memory reference 

ins tTUC t.i on. 

7. Operand e~cceds 77 actal for an, I/O grouf instruction. 

S. Operand c~ceeds 17 o"ctal for ~regist.er-ref~rence 
lnstructions. 

9. Operand exceeds 77777 octal. 

10. AD IFS or an IF~ follolo's either an II':"or an IF: 

without an" intervening· XIF. The, second pseudo' is 

ignored. 0 , 

J", \' 

l' ' 

7S 

.. , 



" 

I£CooO 
LENGTH 

'~, 

" 

AP.PENDIX E 
~/ 

u 

A'SOLUTE RECORD FORMAT 

, CONTtNT 

.> 

A8S0um 
LOAD 

ADDlt[SS 

, 0 '5 ' 

INS !'RUCTION 
WQI[)"1 

, 

o 

-, " 76 

r " . 

lfCQ!lDL!NGTH • NUV,!!q' Of' 
wOlDS IN'HCOit:> E'(CL!";OING 
'NCItOS 1 ANO 2 A,...;Q THE 
(.4IT WC'O. " 

wOOD I t WOIID 2 WOlD J 

A.SOlUn LOAD AOO'EII, 
STARTING ADO'EII FO' 
LOADING THE INI1'UCTIONI 
WHICH FOLLOW 

.. 

SOTE : 
•• 

015 015 

" 

j 
I~TRVCTlON 

wOlD I 

\ ( , 

, WOI!D n-l 

r 

t." 

~,I 

o 

" CHECKSu.. 

- .. 

W~Dn 

" 

INIIlIUClION '.'10'01, 
A!IOLUn INS"UCTlONi 
OR DATA 

CHECItIUM, ARli .. "ETIC 
10lAL Of' .... ll WOOOI 
(XCVI FIRST AND (.4IT 

". 

/~ /, . 
!', ' 

-- ,r-
. f'-..... 

__. ,f • 

" 

P'ages .76~81 ,are reproduced from the BCS ~lanu'al, 
Reference i 

.:,,'" 

',. 



APPENDIX F 

RELOCATABLE RECORD FORMAT 

, IiMlIfCOIll 

IS 

IS 

I!COIO 
UNGIH 

s 

• 

I 7 

WOlD' 

uu .. 

y 

L!NGT .. 0< 
MAIN "C'C:AM. 

~(GM[,".f 

101 nao) 
, 

~, 
} AlC 

t, WOlD 7 

, ,~ 

CONltNT' 

au 

M 

au 

. 

~", 

CH!CKSUM 

WOlD 1 W0Ill3 

I 7 a IS 

• 

WOI!)'S' W0I06 

L!NG-TH O' UNGTH Of 
!AI! .AG£ ,COMMON 
~!GN.(~T IlGMfNI 

,101 Z!tO) (01 ZUO) , 
, 

" 
WOOD I " WOlD 9 

• 

SA~! R,ECORD 

I 

'. 

a 

a 

lXrv.NA nON 

, 

~
COIO l!NGTH • 9W07"" 

NT • 001 

. CHfCK SUM , ARITHMETIC 
TOTAL OF AU WelDS 
IN RECORD EXClUOlf,G" 

, .' WOlDS I AND 3, 

I 

. WM!l, FIVE CW-qACTER 
, N ..... E OF PROC<AM 

IIINJ.;:Y TA1'E P';lC'C£$SOR 
.. 0 IF .a.S5E.'.\!l£1: 

1'100.14£0 
,~,:;,,"'. (If ':OM'I~E' 

PRODUCED 

• 

77 , 

" 

• 



,I 
I 

t 

RELO(ATABL~_RECORD FORMAT (co~tinu~d) 

ENT UCOlO 

15 

15 

15 

IS 

I[C~O 
UNGTH 

17 

5 

WOlD. 

l(LOCAr.\JU 
AnCI[5S 
f~ 

5YMtl 

'!We-o j , 

L 

wa-o,lO 

y 

CONttNT 

0151312 

W0l02 

015 87 

M 

',0 15 87 

, 

5 

we-Ol 

'-• 

I 

, I, 

i ~ 

',~ .. ' " . 
• s:. -" 

'3 015 

1 

Y 

} 

, 
! 
N 
T 
I 
I 
! 
I 

015 

015 

• 0 

'. 

" 

( 
015 

_. ;1> 

I 

-----
EST RECORD 

o 

CHI: CJ( 5 UtoI 

WOIOl 

l 

87 a 
" 

' . 
, 

hi ,V~/ 
-

We-O'l 

0 

l(LOCATAW 
~55 

'. 

We-O 59 

78 

[X1I.ANATlQN 

l(COto UNGTH • 7-59 Wa-D5 

IDfNT· 010 

ENTlI!5, I .. "!NTlIE5 PU 
raOGU.M; EACH (NTtY 
IS fOUl We-OS LONG. 

SY/oISL, S CHAUCTU (NTtY 
POINT SYMIOI. • '. 

I, ULOCATION \t4OlCATe-
" 

.• a IF I"tOCl!AM IELOCA'Aeu 
• I'IF !A~E PAGl '\, 

IELOCATAW' 

" 

""" 1 w~OS • "',OUGH 7 ME 
I[PfAn!> fOl-EACH , 
!NTlY POlt:l' 5,,101101.. 

, .~ 
~., 



RELOCATABLE RECORD FORMAT 
,) ) 

(conti,nued) 

,/ 

f 
00 If COlD 

15 .7 

15 

,(COlD 
UNGTM ' 

wOlD I 

17 

S , 

WOlD • 

WOlD 7 

CONnNT 

015 1312 

015 

Y M 

, 

015 

y 

I 

" 015 

•• 
[ 
N 
T 
I 
I 
( 

\ 

WOlD 2 

17 015 

., .. 
1 " 

WOlDS 

015 

-

EXt RECORO 

• 

~-~) 

-
Ct*CJ(!.UM 

L 

L 

. 

WOIol 

17 

, 
IYMBOl 

.10 
NO. 

• 
f 

WOlD 6 

17 

I'l'MBOl 
10 

NO • 

o· 

, 

o 

o 

79 

fXPlANATlON , 

lfCOID UNGTH • I;-bO WOlDS 

IDf~T -100 

INTlIIfI, I TO 19 PER 
II COlO; E~CH ENUY 
II THI£! WOIol LONG 

, 

'IYMIL, 5 CH»AC7U 
( IXTUNAL IYMIOL 

·IYMBOllo. NO., NlJM&H 
ASSIGNED 10 SYM!~ fOol" , 

'UllIN LOC~"NG, 
lfFIl£NC£ IN &OOY 
Of PlOOlAM. 

WOlDS' TI<IOVGH 'c aE'E~T£o 
Fe. EACH ExTE=lNAl, " 
IYM&Ol (~X L"UM Of 
19P£lI£COIo). 

\ 

" 
\" 

, 



RELOCATABLE RECORD FO~MAT (continued) 

DIlIlCOlD 

II e7 

'!COlD 
L!NGTH 

WOlO I 

III~ 

! 
\. 

IILOCATAau 
LOAD 

ADOI(SS 

W0l04 

COt:'TINT 

0151311 765 015 

WOlD 2 

, 

I I I· 

, 

• 

. WOlDS 

NO.~ 
INST. 

WOlDS 

I I 

CHtCICSUOoI 

WOlOJ 

~ 

A.SOlUTE " 

VAl~' 

INsnucnoN WOlD ,-000 
, . 

1110 o 15U o 15le 

II-liT nOGI4M' 
~ I!LOCATAIU' 

\' A.1. \j( 

INSnUCTlON WOlO 
1·001 

1I-l11T !.AS! PAC;( 
IHee. TABlI 
VAL~ 

, 
INsnUCTlON wOlD 

• - 010 

'-..J 

II-BIT COMMON 
IltOCATAIl! . 
VAL~ 

INsnuctloN WOlD 
'-011 . 

1,.lrl_' _1;,;1,:.10:-__ -.._.:,0 15 I, 1110 9 
I 
N 

• 

S C 
T 0 
• ·0 U I 
C 
T 

0/1 

" I x Tl rIllIIft:.} 
SY"~' 
I.D.NO. 

INlnUCTlON WOItI 
I - 100 ' 

. ' 

I 
N 
I C 
T ·0 
• 0 
U I 
C 
T ' 

lIC 

I!lOCATAllE 
VAL~ 

ImnucnON WOlDS 
, • 101 

DBL RECORD 

'0 

fXrtANATION. 

l!COlD lENGTH - 5-('() WOlDS 
IDINT • 011 
lIC: !.ASI/CUR'ENT'PAG( LOADING 

• 0 FOl !.ASI PAG( , 
• L FOI CURRENT'PAGE . 

NO. ~ INSf. WOlDS: 1 TO 4S 
LOADAIU INST.UCTION 
WOlDS PU l!COlD 

. ";', 

l!LOCATAILI LOAD ADDIISS: 

, , 

o STAITING ADD~ESS FOl 
LOADING THE INSnUCTIONS ' . 
WHICH FOLLOW. 

0 

o 

I',: l!LOCATION INDiCATOls: 
000 • ABSOLUTE 
001 • IS-lIIT PROGIUoM 

l!LOCATAILE 
010 • IS~IT !.ASI PAG( 

R£LOCATAILI 
011' II-&IT COMMON 

IELOCATABU 
100 • EXTERNAL REFERENa 
101 - MlMOIY REFEIENCt 

'I IS '!lOCATlON INOICATOR iOl 
INST'UCTION WOOl; '" Foo 
INSTlUCTlON wooD2; ElC·""MOlY 
IEfE'ENC( INST'UCTIONS l'SE 
TWO 0'1 Q.'DS , WITHIN THE TWO­
we'D G'OUP, -M'- INDIC'TES . 
I!lOCATAIILlTY OF CPER>ND 
SP(CIFIED IN SECOND WOlD: 

00 • nOGUM .ELOCATABlE 
01 • !.ASE PAGE RHOCATAIU 
10' COMMON IELOCAT"IU 

i '. 

D/I: INDIIICT ADOIISSING 

o • OIlICT 
I • INOIIICT 

lIC: SA~!lCL'I'!NT PAGE LOCA­
, TlON OF oPEIAND AOOlEIS 

"S OI.T!WINID IY LOAOE,~. 

o -lAS! PAGE 
1- CL'lI!NT PAGE 

80 

/ 

.--

. ' 



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

RELOCATABLE RECORD FORMAT (c·ontinued) 
'.' . 

". 

, 
\ 

HlllfCOID 
CONllNf . 

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

.7 0151311 

.I 

lfCOii)' 
UNGTH. 

WOIO 1 

inl------.c...... 0 

IILOCATAstl 
nAN~Ftt 
AoolHS 
,. 

wOll> 4 

.. 
(-. 

"" -------. . 

.. ( 

11015 

, T 
Wo.ol 

/ 
~ .. 

\ . 

£SO RECORD 

o 

• 
CHtCKSur.I 

Wo.o3 

l 

/ 

,\-' 

~ 

(~ 

ElCPlANAYION . 

tfCOIO UNGTIi - 4 WOlDS 

IDEM -101 

.: IflOCAnON INDICA TOIl 
f<lI TlAN5FU ADDRESS 

- 0 F "OVUM RElOCA TAstE 
• I If lASE PACf 

IflOCA TAstE 

T, IIAN5FEI ADDRESS 
'N:llCATOII 

.. 0 F NO T1ANSIH 
ADOIESS IN IECOIIO 

-IF TlAN5F1I AOOlESS 
I'I1SENT .. 

j 

81 

! 

"\ 

( .. 
• . , , 



82 
0. 

~RO~~A~ LISTl'l~ OF THf C~OSS-AS5EM~LE~ 

• • 

., 
I 
I .. -)- .. 

•••••••• 

• 1 c'? 

.,1 1 c; 
AOt~\I"' •••••••••••••••••• 104 
~Lr."i""L·I·jE5 ••••••••••••• 1 ?1 
AL~·~r.{)4rO~~A •••••••••• _ •• ~1 
BL "~l""I';,j f"DL. : •••••••••••• '~I 
C£·:THt' •• · •••••• · ••••••••• Ic! 
CHfr.";...:lOC ••••••••••••• lfJH 
·CHfCI'\,1~·~ ••••••••••••••• 4'> 
cHfr~'J~ •• ~ •••••••••••• 117 
CO~vt~T •••• , ••••••••••••• q7 
cOpy~~'~'AY •••••••••• · •••• ~HA 
COPYCJ4~ •••• ~ ••••••••••• ~S 
~Oll':l r1','S T ••••••••••• a .• 1 O~. 
CU,?~C'"'t.;J~ •••••••••••• _ •• oll 
ORL~ECJ;)0S ••••••••••••• 11q 
01 (;-1 T ; • • • • • • • • • • • •• " •••• \J 2 
£Nnc~~,~ ••••••••••••••••• ~~ 
Ep'lnt-lE'(:)t.i()" •• ~ ••• "a. e .••••• 1 ('0 

fNTEH ••••••••••••••••••• ~Q 
E~TFwL.~FL ••••••••••••• )nl 

fENT~EC~~n ••••••••••• ~ •• ll~ 
fR~r.""'t el(, ••••••••• · ••••• 1 0f. 
ERPF~IT •••••••• ; .••••••• lO~ 
ER~~tSS~GF.~ •••••••••••• H9 

._.~) ERi-((\o.I •••••• ~ •••••••••••• ~Q ~ 
EJP""(i •••••••••••••••••• '11 
ExT~~Cn~O •••• ~ •••••••.•• llQ 
Fl.l Ti~t.1 ••••••••••••••• l.~ 
GfTA~C ••••••••••••••••• 10? 
GE T C(I·I)~ .................... II} 1 
r,fTcur~ST ••••••••••• • ) •••• -16 
GfTLA ... :"I .•• ~fi ••••••••••• lOl 
fi,t:.,. ··t"~~ ••••••••••.••••.••• '"I';' 
G~!NA~~.·~ •••• ~· ••••• ~ •••• qq 
c;r 1 'H:.f •• ~ .................. ~f, 
(,~, T 0,."') .. ' ••••••••••••••••• I 0 1 
GET$If •••.••••••••••••• IOA· j 

GPr)IIt-' •••••••••••••••••• 
INC~COJ~'T .... ~ ••••••••• 
I "rk'" "n; ;.I ••••••••••• 

~Lft~ ,~ •••••••••••••••• 10~ 
LI·,.-, •.••••••••••• · ••••••• ' .. f.J, 
LJT~'fAL ••••••••••• ~ •••• lfI1 
LiJC:TY~ .•• a ~. __ .I! •. a •• a ••. ~. a<i~ 

~'" 
•• I?;> 

••••••••••• I 05 
Jo4Ul TI,.l~T ••••••••••••••• l.O,., 
MUl14~~JNT •••••••••••••• R~. 
~Av~cnUO •••••••••••• IIA 
~E~P Gf •••••••• ~ •••••••• B7 
~IEa:TCHO'c:· •••••••• , •••••••• ~l 
"'t:jTTf~~ ••••••••••••••• 1-')4 
OUT~~ •••••• · ••••••••••••• ~7 
OUTI~T •••••••••••••••••• ~y 
·(It)TnCT ••• ••• ~ •••••••••••• ~ 7 
·PAC::'SI)"~r:: •••• • tf • • · ••••••••• 1 OH' 
PAc:;c;T·"J ............. ;' •••• ll~ 
PO."c=-k •••••••••.••••••••• ~3 
P~fC ••••• : •••••••••••• 10A 
·P~f_PA.HfllUT:J·IT ........... 121) 
p~ p.1 T A~n'AY •••••••••• '~ ••• ~H~ 
PRI~TE~p •••••••••• ~.~ ••• 91· 
P R {~J TTl T L E ••• " •••• ' •• oil •• ; • A Q 
~U~c~cA~n ••.••••••.. · ••• l1~ 
""Ut.,!C.M~E.C:O~H} •• ~ ••• ~.' •••• 111 
;JUC;H ... ~ ............... _ ••••••••• 11 C; 

.~EAn~n~~y ••••••••• ~ ••••• 9~ 
~EAl}Ll~~ •••••••••• : ••••• 9. 
QF.PACK •••••••••••••••• 111 
~E.PIf~STp •• · ••••••••••••• 11?· 
SC~~JO~EPAN" ••••••••••• lD? 
5CA~UP~? ••••••••••••• 10~ 
5fA~C~ •••••••••••• ~ ••• 100 
SKJ9HLAN~S •••••••••••• ~.ql 
'S~IPLI~r~ •• ~ ••••••••••• Q} 

SK~PH~ST ••••••••• ~~ •••• Q~ 
SK'PlbHLAN~; ••••••••••• Ql 
5I(TPTOE .... O ••••••••••••••• QQ 

SPI\Ct: ••• ' •••• _ ••••••••••• f_R 

... 5'HJEE7.E ••••••••. - .... 11'. ~~. 91 
C;T()~F. ••••.••••• ;. •••••••• \llb 
<; T n,~ t ( "T ••••••••••• ' •••• ~ '1 A 
sTnRELI~E ••••••• ~.;· •••••. q.4 " .' 
STO~fPE A~ •••••.•••.••• - ..... ..qA.~ 
')Tn~F'IIII'JpO ••••.••••••• _ ••• 4C; . +""-
rill .,:: ......................... -4 

, . 
• rilTt.Ll"E •••••••••• il~ ••• '"i4 .... , 

I 



• 

I 

" 
••••••••••• H.P. C~CSS-ASSE~nLt~, VERSIO~ C, 

• A'JTHOPII(.AfiHEO, OiPT. APPlO. t'ATH5 •• t'CI1A-iTS'R 

• PAsCtL COMPILE OPT r')'15 • 

~,q I FILEOUTcon~' 
5 l FILE 12 OF stAT~~ENT; 
prouT) , FILE OF I1,TEGEP.; 

. ' 

" 
\ 

83 

\ : 

UNIV., HAHll TON, aNT. • 

" 

I BOOLEAN; • 

CHAR; 

, 
.......... 



," 

,'" 

~HAX. ~EAL CONSTA~T FO~ HP • 
.. HlPl. ~EAL CONST ANT FO~ HP. 

84 

~A SHALL CONSTANT FO~ ROUNDltIG •• 

• • • • 
• • 
• • 
• • 
• • 

I. 

• • • • 
• • • • 

.~ 

.. 



, 
.. T A PL E 
l'iVERT 

'';;OTHER 

o .,p. 

JT 
" 

/ 

I 

'101'>,5", SS, SI'>, S7, &3, 1'>7, 13); 

, 

" 

...;,. 

. ~85 

.. 
.. .. 
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KT 

PT 

e0~p 

= 
= 
= 

FL8L = 
~raPLE DF 
erOES. 

ASCIICODE 

-'-~ (" \ 

(1,2, C, 1,2,1,0,21; 

(3, 2·5,' 3'1, Lo, '6, 7, 2,2·3, 6, 3·1, It, 6, 71; 

(1,2,3,1t,~,6,lG.lt.llt.7~,75,76,78,7g.6a,811; 

(- FAO- - rSA- - F P--- FDV- • =. =,=. ,:,:. ~ :,:. =) ' ..... 

ASCII CODE FOR CHARACTEPS ARRA,NGED IIITHIISC ENDING 

= (O~U'1, 1C F' 10 ~R, 1 J 31, l n LoR, 1C 5'1; 1060, l)7B, 
l11A, 11 '1, 11~fl, 11"1, 115'1, 1168, 11"78 , 1209, 

H~ti: j2 ;:1, 121t'1, 125~, 12&1, 127"!, 13. '3, 131'h E:l"!, cr,2'l, .- r, 3 , '. 61t9, j6'iS, J 01: B , "6 9, 
Ft B, ~ 5 3 q, :, ~ 5 '1 , 3'i{1, (,~7'l, ~ji~: JHR • Rltlt'l, 

4 '8, ~''i'''l, 'j ,oil" 4 ,q, 1 .3~, u A, ,47B, 
lnB

r 
u"69, 1 36R, 04lfl, ~ 74'3, ~768, 131t9, ,,,779, 

073B : ' 

DISPLAY 

t~U~t 
1 19, 
132", 
: 7c 9, 
ry7~S, 
,~ 4 q, 
C .. 5!3, 

~TME FQLLO~INGTA~LcS ~~"TAIN COOED ,INFORrATION FOR TITLE PAGE, 
"EADER CAR'), EP.RO~ CAPO, ETC.. ' 

.-

, . 
,-

:: I1HH~ HHH::, 
( 

" 

86 
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87 

~==================~=====:=============================~==============+. 

PP:JC:::JUP£ D'JTCHICHICHn'l.l: 

'P;'I~H T~ CHA;;IICTEP. CH + -
~,G HI 

OU1PUT~I=CH:' PUTIOUTPUTI 
fl...j~ .. OUTCH .. ; 

" 

\ 

~===================================================== ================= •• 
P'(OCEOUqE: DUlltn no lNT£GERI ~ 

,P"lIlT THE a::CIHAL INTEG:::R N ANn A BLIIIIK+ 

V~R I,J I INTEGEP; A I A"!RAY (1 •• 2~ I OF INTEGER; 
~~r,!~~ . 

! I = C i J 1= N: -, 
P[PEAT II=I'I: A[111= J HOO Ie: JI=J nIV 10 UNTIL J=t; 
flJQ Jt=! n.l)lItIlO 1 00 OUTOilCHP.IA[JH271); OIJTCHI= =): 

E·IT)~OUTItlT··; . . -' . 

" .. ==:::::::::: ==:: == == =====:. =::::::::: = == ========'== =::::= == ==== === ==== =====-=~~=~== ==,=="~ 
"'lOCEOURE OUTOCT(lIIIITEGE"); 

'''"PH N 1'1 OCTAL FOR~AT. IF' N IS LESS 
~ITH ZE"OES' TO I"IIKE S1)' OIGITS. 

TtfAN SIX DIGITS THEN LEFT-JUSTIFY'" 

I 

8,C,III • 
PGI=pc,'li ~RITE(EnL,=I=,=PAG::. ~~~GIS,= 

. LI.I=2 
E~W · .. NEIIP IIGE • r 

/ 

.. , 

.. = =:: ==~== :;~=:: == ==== ====:: =:: = ====~ :;==_,=='=.~ == ::::C( .~=== ====== ========,== ~:=:=.,. 
/. 
/ 

, 

'. , ., 
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. 

, 

, 

pOQc,nUPE RF.AnARRAY .. ('1A~ :'1 ARRCHARQC): 

_;::~~ t;fXT C~~" IHAG£ (UPTO T>1E EQL CHARACTE'<); STOR:: IT IN AN APRAY OF"" 
cYARACTERS A. . 

V~~, IIlt-;TEGER; XlCtU~; . 
~CG'r' . -' . _ . • ~_--",-r< C:OF (INPUT) THEN ::t;OINPUT1=TRUE 

lSE'lEGI'l' 
-1I=a: REPEAT 11=1+1; R<:AOIA{lll UtHIUA!IJ=,EOLlv,,(l=aS): 

IF 1=116 THEN BEGIN .HB'HI=~OL; REP~AT REAO(X) UNTIL .X=tOL END" 
Nr): . 

£I,Q ~~~~~! ;~~= = === = = = =="= = = ::,=== =='== == ~ === === = == ==:=== =\,=== == ========..," 
E PRI~TARRAY(AiAPRCHARQO); 

• PR!NT ARRAY OF CHARACTERS A,' UPTO EOL. 

VA~ IIlNTEGE,,; 
~EG I 'I 

11=('; '<EPEAT 
LI I =\.1 + 1 ; IF 

, 

1'=-1+1: OUTCHIA! Ill" UNTIL A(I1=(OU OUTCH(:: =): 
LI!LP THEN'OEGIN . . , . 

'. • NEWPAGF.;· 1 . ~ 

ENO \. 
_PPINTARRAY. ;.' 

PRINT ARRAY HONG)l WRITE!EOL,=G~i::OL'==) 
. . " .(. , 

.. ", 

~===============~==============~====~=====;======================~~=~==~~ 
o~OCEOUPf COPYARRAY(AI~RRCHARQ~; '1AR 'HARRCHAR.'ll); . -, 

-COpy THE ARR~Y OF GHA~ACTERS A ONTO ARRAY B • ~ 
" 

':, 

9(111=A(I1 U~TIL A(IJ=EOL 

.=============~===;~~============================~====~=====.========== •• 
. o'lQCEOURE SPliCE (NI;INTEGER); 

.P~INT N aLAN~S. 

YA~ I II NT EGE'H 
8EG1- N 

'"', 

r, OR I'=l;TO N 00 ~H(:: =) , . 
_ lD .. SPACE.. I'" ". . . . 
.. :: = ==== = == == ==== == ==-=~ = =:;; ==,;; :'== ===== =;:'== =:== ?==== === ==== ==::"== == ======== .... ~ 
P~OC~OURE' H~L TtPRlNTlOi-ICHAR;NI INTEG£R);j .' (\'( 

.po,.INT THE CH~RACTER C>1 REPEATE~LY N TI~S'" ,I-
'1 \. I· 

V~~ IIINTEGER; . 
Q£r;I'~ I 
_ 'FOR·I1=1· .. TI) N 00' OUTCH(CH) 
, .. 0 .. HUL TIP~lNT.'; '. 

! 
/ -.' , \' ........ '-- " .. " 

~. 

r .. 
" 

• 

, 
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-89 

. :::i:::::::::~;:::::::":: ":::":: :'::":::":::: ::~::~" ;""" ~r;; ;"""F"""'" ,. 
". ,_/ 

,---' 

~:===~================~=.=======~==========~~=~~==?================~====~~ ~ 
P'%::OUPE LItI~S,(t.III;TEGEP.);, 

~[GPI , , , 
€P<1FLAI;I=TP'JE.: ',,' . ' , ' , " . " 
ER,'=EP.+t: ,I' ,,::-o<,\XE;l,',1'4EN 'lEGPI NEIH=,N~P..U ERRS TORE {NER)I=N UW; 
r~ -IN Itl N'lIlFhTALl lH,,'j, t"ATALI:J"UE; . " 

, It" PG<5~- T~~~ ''l'''Gl~ E~I=PG; ERRPAGEI=ERRPAGE y (PG) EtiD 
£':1) .. t!QRO~. ;.~ - - ,,~ :'( . .~.;- -" . . ".' ". " 

/ , 
J 
\ 
" 

, . ' 

'.- . 

: ::= = = ==~ = ==;: = == == == ~'==,:: =': ".'= == =l:'~== = = == == =~== ===~, :::~~:;~= = =~=:= == =; = =: ===.+ / 
PDOCE;OIJO'( ER~H::SSAGE(NI INT;GE~I; " ,~ " 

. ~ ..; ,," " . 
~:)[n:1T ·t'ESrAt;£ COP.p.Ec;pot;n~~G J..!L £RRO~' 1<0.,''1-1+ 

PDI)CEOUP~ ilL: II EG Iu,_LiIlE\S(1l;',SPA{E.'(1Q) EtllJ;' • ", 
~::G!tl ' 

'i.RITU'= ••••• EPRO"I =i;., : 
IF, "< 30, THE.N '- ,- "" 

• CA Sf tI OF -.' -~" ' 
o IIIRITE(:;EOF ENCOUt:TEP6nr~\E~O ,ASSU}1fO:): 

I . " 

, ........ _-. ' . 

( 

': 

• 



.. ~ .. 

o 

, , 

-- I -
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, . 

...-
"" .. 71 ~EGHi lI"ITEI::OP!:PAtl(l .H10"'FSS TS 'I'lT 'lPi THE SA!VE·PAr..::: OF' 

.•.... .. : ilL: lI"'lT~ I::es TH::: !t'ST"'IJCTIO~;. IAO<; PIH1G"AH) =) END: 
'~.~:,. IIp~,rEI=NEGATIIIE O~ ooueLE REl.OCATIOU IN OPERAND::); 
r ,~O :'11)01',. • 

""' L! ~~ [ S ( 1 ) ,',J ~C:PRO'l'1:SSAG£ .. ~ 

MEMORY::)· 

.:=, 1 = =: ~= =- =: ... ='~ = == ====== =-= :.:I=='==w====== =~ ~.=== ==~=:: ===1-=; ::: == == ======== ':. 
o~JCEnUPE P'!!lHEPP: ,. 

" 3::G!N 
F~~ II =1 
N~~t=C: 

, 
TONER 00 ERR~£SSAGEIERRSTOR::[IlI; LINES (1) ; -

,'~') ~PRIt;T-Ep:H.; , 

'.' 

. . ==::======~=====~===============~===============~=======~==:========== •• 
O~IJCEOUPE C\J:?RCHARIVAR CHICHAR); . , 

, . 
, 

O<G IN 
~ IF' COl:~12 T'l;:N CHI~EOL ELSE . .., 0' 

C>iI=l/iTEH CuL 1" , 
:::~D .. CUIl~CHA"": ' 9 ' ' , . ".( ,,' . 
• ==============================:=:::============= =====================.-. . . " 

"ctI)CEOUPE NEXTCHA!:l(VAR OUCHAR);. . 

( 

·"U1 THE NEiJcT "CHARACTER IN'CH (ALSO UPOAT£, COLI" , , > 

~EGt~lI=c·ci't.·~ t I'" COL>12 "THE: CHI~EOL Els~ CHI"~~~EX'H~~LJ'!1 
£Nl) .. 0" NEX"'CHAIl""~ , I 

.== =- ==:~=:I ==::-z ==2=== = ==;:'= = == ===== ~====.;:= :Z~==== :r=:= :== ~==='=======7= =====.= •• 
P~OCEnURE St(IO~lA:~tCS; .: 

-SqP TO TliE FIRST tIOtH!LANI( .C)4ARACTE',RS~., 

• 
. " . ~ . . . 

":~~==z=.==s:=.=s.a===t::::=======.s::.:====::=a====I:======:I=================.- .. 
P~OCEOUPE_s~lPTonLAN~; .. 

-S~IP TO-THE 'f'-iRSTBLA~H1RACtE~"-- " .... 
.,1 . 

9EG IN • , , 
CUIlRC HAR ((; Ht-· . • 

,IIHILE ,CHt: : 'O~TCHAR(CH) 
, .. 

'. 

, . 



~ 92 

I ( 
," I 

E:m "0, SI(IP,ro'lLIIN~.; '~ < 
~:~==~==~=====~==~==d==========~===============;=============~?~===~=== •• 
~0CEnuRE INCRCOUNT(N'I~TEGE~),; 

"1';C~E~q.;T LOCATIml COUI.TER 'lY N. '.. ' . " " 
Ie PAGE!'LAG=Ti>.uE·-~ CUI1.C1E1HPAG£ LOAOING" LOCIITION. COUIOTEQ=LC, 

,,' =F'ALSE -,.' 'lASE, PIIGE L~AOINr;, LOCATION"COUNTER='lPC., 

f.\--
• 

".== = ===;:= 1: ~=I:== =;==~ ==== =:: ;===~ =: ~==.=== =====: ~=="= == = =:= = ===== ==~= ====\~ •• 
,lil,CTION O!r.IT(C""C~ARII"OOL:EAN;; '. ' \.. ' 

.. 15 CH A 0 I G IT • • 
BEG!q .' . 

OIGITI= C~ IN OIGITS ,r. , 

,;::~ ~;;:;:::~::::; =::~::: :::;.:: ::~::::.== ==== ==== ~.:= ==.= = r=~;='~=·· 
. .' O~ ( -

.. 15 CH A !llANI( OPACOP'l!'A. ',: ' , , 

'/ ,I. 

~=:: ,= = = == = = ==::;~ == ~=-===;:::::: = == =-: =~~==~ ==='== = = ==1 ==~:: === ===:: =·====.=c~: == = = =:,.,.. \ 
~tlNCTION 'llAN~OREOl fCHICHIIP.) l'lOOlEAN;' , . 

.. 'IS CH A '3AlNI( OR ~tl EOl CH~R'~ 
9EGI'l . ' 

.. 
8LA~~OP.EOLI=(CH=! !lw(CH=EOl) . . " 

,~NO ... 8LA!;~0~eOl.; . "- ". . 

,.:;,= ~,:'===~=.:= ====;:=======:: ==== ::== ========="==== =:;=========:::==== ==========., 
,UI4C~ ION ENOCHAR (CHI CHAR) • ''300LEIlII; 

~I~ CH A 'llAN~ OQ COHMA OR EOL. . ' 9EG IN "', ': ' 
ENOCHAQI=(C~=! !)w(CH&:,!)w(CH=EOLI 

END "ENOCHA~.; .' 
. ". 

~.::.=-:.= .. =::.",::...:.:=.:-"'- ==-:r.:..=_=_~~=_~~~~=~~==_=_~=-=::_=:::::_=-~~_: =:: =_=_== == =~~ ~==,======;:: ~_~. ____ _ 
P~OCEOURE S~IDQEST; 

"SI(IP All THE CHARACTE~S'l.ILl A BlAN~ OR COHHA. .j' " 

~ , 
~ 

/ 
i 

! 

" '-.. 
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\. ! 
/ 

. ", 

, . 
" 

, -
.' ~ 

" 

1-= = = ~ =:= = ~ == = = ~ ==:11:;; ==== = =::!:: == = £~ === ~=== ==,=:: == === ~:: == = = =7. ===.=~ == == === =~== .. ~ 
.~ot£nuP£'L~CTY~(VAP LaCtI~T!G~~: VAP TYPtCHAQ~; 

,PUT THE VALUe: O~ THE CUP'<ENT LOC. CouuTER Itl LOC ANO THE PAGE INFOR­
WAr lOr. IN TYP. ITYP=R FOR CUR,:!£r,T PAGE, TYP=B FO,R BASe: PAGEl. 

9£GI~ PA,G£FLAG T~£IL ~Er,~';',L~C;=t.C; TYPI=:": EtjI) , ~ , 

IF' ':SCANl T'iths[o~i~l~ LOCt='lPC; T'(PI=:9: END;·, -' ,'" ~ 

~:~'=:~ ~~::::: ~===:= = ='== =:: = = ==:= ========= ====,=== = =~~=~~ ===~~ =~==='===== •• 

r:mCTION P~14E~(l(t=tEAt.; "'t INTEGERI tREAL; 
, " • 

-4 F'IJ';CTII)"F"P 'ExPOIjE~TTATIor. (WHICti 
P014E'<=X··N, RESUQLl I~ REAL • 

DOES, NOr EX,IST IN PASCALI , 

V~D w,ZtQEAU. ItItrTEGEI!; 
~EG I N 

I1ft=x~' ZI=l.;';- I,1=N; I 

W'iYLE I tl) 00 
BEGIN 

I~=~oaa) ZlH!'1 Z I=:Z·Wf ' 
Wt,=StllHW) , , 

.~ 

" . 

" ELSE POWERI=ll7, 

" 

.• =~ ===:== ~=:====s====~===:= :====== :z:======= ======== ======= ~======== ====== •• 

O~OCEOUQE S'lUEEZEeVAR 9IARPCHAR90; VAR AtARRALF'A9); 

,PACOCS CHARACTER ARPAY ,Bt 9:.1 INTO AN ALFA AR~A.Y A(91' SO THAT 10 CHAR­
,~CTERS ~Q~C~EO TO,.Ali ALFA' WOQO. . . . 
HI! I,JIlNTEGER: 
9E!>IN Jt=I};, , 

~~~Etl=jl'd·!9~~~I~i~\i!~Eg~;9(901~~EOL~ 

• 

1 

Jt-1· - " 

~~~:~~~~~~!~~~~~:~~:=::~::::~:::~~:~=~::~::~~~:~========:========= •• 
> 

.' ·1· . 
!'ROCEDURE . Exp.lHn('VAIL.AI.A"_Il~I.EA9 LVA~!JI~_~~RCI!A ~90.) ;,. __ ~ ,_~ .~ " 

" , 

.THIS P'!OCEOUR~ IS' OPP(}SITE OF' SQUEEZE, I.E. UNPACKS! ,l INTO -S. 
"~ .. , c' 

YAR I,JIYNTEGER; , 
B'-GIN "" - JIIIH FOR 11-'1 TO 9 po, BEGIN UIlPA.ClCCAlIl,I!,.J); JI=J.ra END; 

, . 

( • 

" , " 
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" " .' .. 
" 

, -

• , 
I , ' 

.. :;: =:;= = = ===== ========= =::: ===== =?= I: ===== =-=== ==~ = ==~=== ==;,== =s: =====.===",. 
III ,') •• 

P~1C<:JUP£ qEA.DLIr-E: " . ' ' 

• Q;:A:J 'HiE N£,'(f SOURCE lINE'" 
• 

:l:"t; p4 . . \ 
"r~',.(Rtt T~,EN' .. rRRORS IN PREVIOUS ~INE. ~RINT LINE UW ERROR '"OS." • 

8£G Hl' ~ , , ' ~ 
l~ QQSTEPP T>4c:ti PRINNITli:' ", " , - - , 

, WpIEltN,:, ,~);,PR NTAPRAY,I"INTEXf):.PIUNT~PR 
E~O:, " , ' ' 

" . . 
, : I P< AOA~q ~y tt'IH:1Crj ': 

rr E'N:JY~PUT,' THEN 'lE'GIN , 
ERRORlln' " 

, UNPA(:I( (;; , , END' :, tNT EXT ,'d; . 
INTEXT(llJI=EOlf SQUE~ZE(INTEXT,S •• lINEI 

END . 
ELSE 8:r,YN -lNI~lN.l: S •• l~l=lN; lOUEEZE(!NTEXT,S •• l!~EI;· 

tN~f: ~~lt~TH!_9,p~(oI~j'i s~~(8f~lo~~E~~ ~5.~~s~O~~Tri 
" 

.. RfAOLI'lE.;· j -

.. ===============:=====~=============~~======== ============c=~========.· , ' 
' .. , , 

P~OCEDUPE wqITELINE; , 
< 

,-liP. ITf' .THE CUR!:!ENT, l Iii::. PR INT ERRORS, IF ANY. 

PROCEOUPE WRITEOUT; 
YAP. II IPITe:GEP.: 
BEGIN 

FO~ !I=1 T09 00 WQITECi •• lINE(Ill; 
lII=lI.l:IF lI!lP THEN TITLE 

C~(:,:); " , 

EhO .. PRINToun;' 

Q~Gf~' lS~FLliG' T>4EtI wPHEOUl 
f1..S! ,IF NERtO Tl4EN ' 

, "BEGIN 
. lIN~S(l); ~RI~~(lNI; SPAtE(21; 

. WRITEOUT 
. ' ENO·t ' 

, \ 

• 

\ 

If: .. e:IUO T'iE,N PR NTERq • 
ElI!l .. wPtTELINe: .. ; - " -, ~=:==~==s===:.:.:a:=::=c=.=.=a=s==========s==:=.===:===================.~ . , . ' . , 
PqOCEOU~E STOQElINE; 

. i' • , • <j - • 

-STORE INF'OIU1ATION' AqOUT THE CORRENT STATEHENT ONA FIl~ OF RECORD S, 
fOR lATER -USE'-U.PAS~--T-WO"-- ------------ -.-- ----- --.----------

~EGIN 
IF PAGEFlAG TH!N 
S. OPl'"llll=OPN 

£t1O .. ~TORElINE.; 

S •• l.OCFlOIslC ElSE S.,.lOCFlOI=9PC; 

. ' 
, " 

. , 

, d .' 
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" f' 
• 

, ' 

" 

~===~==;===~=:~~?=====:==.===:========.:==:==~===:==== =================== ••. 
~;OC~buOE COPYCAP~; 

• ~RITf LINE' 'WITH PI10P'OI1: SPACII~. 

q:G!t~ ~ ."' 
SPACE(?~n IIPlTELINE ., .-

€'4J ~COPYCAPO.; ~ . I . 

;;;; ;;::;";; :~; :~;;: :::;:; ;;;;t;; ;;::;" :~:; :;;:. ;;; ~ ..... ; .,. .. 1 ... , ••.. 
• STO~f UlC' COUNT",p, INSTI(UCTIOtl 'COOE t ' AND TVP (I.E • .1. RELOGATlQILlTV 1)1' ,. 

, T'iE OPH'AN'l) ON~.FILE QClF CUq~ENT PACiE~.OR FILE BlI,F 9,11SE PAGE). 

ViR"'~." 1 HHEGEPf 

PROCEDURE PUIFILE(VAR FIFILEOUTCODE); 
BEG IN ...... ' • 

. WITH F. 00 nEGIrI LOC I=L; IIOP.O'''W; TYPI=1; HREFI =HR END,;' PUTlFl 
ENO ~PUTFILE.; " 

. , 
, . 

, . 

Eli 0 < .. 5 TO~EWORD.; 

".~ .. = ~';= ==; =-:2 =;{= =: ~== ===:: c::: ~= =:= = =:======= ==~= :~== === ===~ ==-=~= ~= =~-=::=::=== .••. 
• PROCEDURE CIi~C'<SIGN'(VAq SIBOOLEAN) t 

, - ' . 
• CHECK SIGN '01' A NUtllJER AND AOVANCE TO NEXT CIiARACT.ER. 

3EG IN ( , 
.GU~~AR(C!t) ; 

. SI:TlWt; , . . 
--'-:"'F-CH=:i:TliEH-H(-.cTCHAqCC'it.'ELSE- ,- ',. 
. IF CH=:-= TIi~N REGIN SI=FALSE; NEXTCHARCCH) E-NO~'-~~~~- .,----, ,-"-.. 

ENO ~D~ CHEeKSI~~.; " ' . 

,.:'= == z==._~~==== •• ,;=====&:~ z :11= .';. ~.==='== ====== = a:= :=z:::: ::=====:.~====== •• 
.J 

, .\ 
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.' 
" , ' 

• 

: " , " 
VF ~1'1'1CLE4,'n 
o~GI" '~ " , " 

S>:rp"LAI.>:S; CH"CI(SIr;/;(SI; HI=:;, 
W'illf (::F~t:H: 4IC'i<::7:::t 00 'l,£GI'/ 'H=N~8.0~O(CHI-27; 'HE)(TCHA'RCCHI, £hO;-
to OIr;I.T!t:HI "(CH=~":::) TH-tl ER P OP(7):, " 

,,' IF /,'177777'1 THOI-",'!:GIN NI=n ERRORllII £Hn; 
, ' IF'"S TH'.:N 'H=?uO~~.;e-N .. 2,S COH(PLEMENT4; , 

.E';O ~QF GETOCr.; " \ ' 
• ., J 

, " 

, , - , 

, . 
. "== = =,~ = = = == =_== =z=~== === =:: = ===.='=~=======~= == == ==== ::: ~== ====== :=====;:==== ...... 

P\,OC:OUPE GETNUHIVAR III It/lEGER); " " , 

_[YALU,ATE l>r INTEGER. TREAT, IT' AS OCTAL IF FOLLOWEO BY B .. 

. , , 

) 

. , : 
.= = = = ===:: :=: = = = = ==t==== = = = ==== z = s= ==== = = == == ====:: == ==== ===== ======= =:: •• 
''!OC£OURE GEfr.ONST(VAR JCJh!)tINTEGERt VAR XI~EAL; VAR NlIhT'EGER) i 
-["ALUATE THE NEXT CO,. .. TANT, REAL OR ItITEGER. THE RE SUL T IS COOE!) AS 

FOLLOWS.. ' ' , " ,",' " 

.. ~1~B~i ::: l~~~~E~tltg2~n~~T~,Ri~~~~/=O.O"N=O, 
KINO=~ --- REAL CONSTANT, X=~ANTISSA, N=EXPONENT TO 9AS~ 10 ... 

• VAD SIDOOLEAH; F,~IREAL; 
9£ c; III 
, I<INrrl=2; XI=C.~· ' , 

,SI(IP!lLANI(S; CtlECKSJr;tlISI; , ---------
IF OI.GITICH) THEN REGIN, ,7 ~ " 

, ' GETNUHIN); IF~S THEN NI:-N; XI=N; ,) , 
.. -:--- .... ,-- - ·--IF---CH~E-=~TH~t:-r;O-f0-3 --------~'-~--- -,-' - -- ---, 

ELSE 'IF eH==~= THEN , ' 
, - i~ BEGIN ' 

, 'I' NEXTCHARCCHII 

, ,.?~ ~[s~Hi~E~I~~'~C~rT9HfN GOTO" • 
~ ELSE IF ENOCHARCCH) THEN GOTO 5-, 

( 

, 

l' 

. ' 



. , 

: 

, 
" 

" 

, 0 

, ElS~ GOTO 2 
END 

97 

, 

, " "ELSE If £'IOCHA~(CH). THEN • 
'E' S qEGIN KINoI=1, • L E GOT a ,2 XI=C.O; GOTO & END ~' 

ELSE If C>i==.:: 
FNO • 

THEIl ,BEGIN 

" 

, "EXTC~AP(CH): 
IF', oIGIT.lCH)' T"'EN GOTO ,. 
ELSE Go-T~ 2' 

E~O ' , 

C"1ARACTEp." ' 
SI(IPREST,: '(~ "C • OJ. NI =0; GOTO . .&: 

31 .. E • ',' " : 
IlE YT CH A:; (:;.H I : '--- , ',i 
C~EC>:5rr;IHSI' ~V " ' 
1<" OIc,n (OH) 'T"'EN 'l£GIN 

ELSE GOTO 2: 

" 

~fT~~~ball(~~I~'HI~E~O~&=iN!LsE 
, ,END 

00' 'lEGIt! , 
~1:F/l": ' 
YI=Y+Fi(Oqo(CH)~Z7); 
NEXTCHAp(Ctil 

'£NO; r ' 

IF ~s TtiEN Y'=-Yl ~I=X.Y; 
F C'H=::;: T'lE!; GuTO 3 ' 

ELSE IF ENOCHAR(CHI THEN GOTO 5 
ELSE GOTO 2:. ' , 

SI IU=(~ ~ 
61 "r ~lANI( O~ cn~"A. CONSTANT £~AlUATEO. CHECK RANGE • 

F X'O' THtN BEGIN, ' 

• 

GOTO 2 

" II=AqSeX.pnWERelC.U,~II; 
, F (YCHINR!Al)V(Y>~AXREAL) THEN ERRORe,.,.) 

END ' 

I 

, , 
i 

EHp ~~ETCONST.; ~ 

~==:::=====~:=:=====================~==:~==========:== ================ •• . . .. 
P<!OC£OURE CO~V£R.TCP'PRECISION; YAR XIREAl:; VAR N,Wl,W2,WlIlNTEGEpl: . '.' . 

. ~ CONVERTS pEAL CQNSTANT X;N I=X·l~··N)'_INTO HP WORDS A~ FOllOWS' 
IF' P::SINGlE THtN SH~l';lE PRlOCISII)N, X:N IS RE-,STOPEO IN Wl,1I2 

, If P=OOU~lE THEN EXTENDEO PRECISION, X;N IS RE-STOREO IN ~1,W2,W3.' 
VAP 

- . __ HIItiTEGERJ SleOOlEAN r 
" j . 

. I3~GIN 

J 

-

-- - --. - -. -------- --------

!!EGIN wll=O; W21=0; 'Wll=Dt GOTO 3 END 
THEN 9EGIN SI=FAlSE; XI=-X END . ' . 

• 

• " ,-' 

, ! 
I 

-~--I: .~~.~ 

I:' 



xt=X·POIl::'l(1.25,NI: ..m 
NI=~"t;:· "E~P(\lj<:11T TO "I~ 2' 
_ ~co~ALIZE FPACTIO~ , 
w~ILF X"1.' no lf~!N ~I=X/~' NI=N+3 ENO' 
W:'!L£ X<1.125 1'l0' '1~';I'; XI=~-X! "U=N-J ENI'l! 
w~llr x<J.§ no qf~l~ 11=2-X: ~I=H-l E~O: 
.1= •• £P5!LI')~: IF I>;.ggqggq THEN ~EG ~ 11=0.5: 

.• <l'l'ml':~T , 
t'I=E·~l~ 
F /;« THEN NI=.N+IoCl!1;' 

IF P=OOUqLE T~EN ~EXTEWOEO 

,. 2,S CO/'lPLEI1ENT IF EXPONE"T IS Ii,EGATIVE ,. 

PRECISJ,)N, GOIO~ 2L, 

- OPOINA~Y PP~ClSION CONSTANT 6 . , 

~1=TPU~IC(X-"v~~HClql: . 
yr ~S IHEN ~''i.-H+H~C(LOilCi3: .. Z,S COH~LEt'ENTIF NE~A,nv£.' 

111'=11 OJV ':ca: WZ'=t' 'HOD 4LOQ; APPENO'WZ,a,NI; 
~ 

• SIN!;).! PREClSIOtl COhSTANT COHPLE)'EO 6 
1131=(: . 

\ 

~OTO 3; , ,. . 
.' , . 

'21 '. EXTENO~O i>R~CISIC'l' CO~STAI;T TO BE STORED IN THREE H .p. WORDS", 
111= TRUIl ..... (l(·hC,,~.:.CC.:. OruolBI; , . . . . . .-
IF ~S THEN~'=-H+~tutCL;;OOOOOto!n 
-PREPARE ~IRST wO~O.' , ._ 
IIU=t' 01'1 1; ct)(·ij 1J~(I,f: -. 
111:1\ t'01'l 10~~~~~c~q:, 
,PQEPAPE SECOND WOPO, 

• \ 

, . 
'. 

, 

1121=1- orv 4. tel . , . 
,START JHIP~ WORD' 

~. • 9 , •• 

1131=11 1'0'1 4:(\11: 
APPENOCW], 8,N): ,'\ \ '. , 

, .. EXTEI/OEO PRECISION eONST 4'NT .C6I1fj!-1T~O • 
31 _ 

, ., 

I , 
, -

(~O "CQYVEpT6; (, " "'f 

" 

• _ 'II .' 4\ " _ '. CJ _. • " 
-==:========2===:2=============_:2:=======;============================.4 
iW" ~ ~: .. I"~' ... 

P~OCEpUIilE STOI!EINT(VAR. NtINTEGER);, ' '. " ' 
'. '" • ..;. • .. ~ ~ I I . . . • • 4' ~ 

-STORE INTEGER AND. THE LOC. COUNTER F(jR PASS TWO';' ',: 
q~!; t'tl ...' . .... . " ' _." '; 

- II" 't;cQ TltE~' N'""Z'OCO(IHN ';;Z,S COijpLEI1ENU;, ' ". 
STOREWORI)'LC,lNi= =,111<1 t. LCIsLC+n EXTRALINE,=TRUE; .. 

(~ "OF STORpHU. ~', . ,. . . 
-.J' .. ' ." .... ". . 

.-: = ==== :=::11::_= c::.s= .. ==~ =.:: =*=. ss=::_:_: s: ~==:: :::::= === =~='= ::==: =;:== ==: ===~.~ 
• • ..,' .! •. , '. '. 

, ;>lfottoirRE, ~TOREREAL{"'~PPi:.crlii:Otli-VAR- XI-REAL; _V~R N_IJIlTEGER,);\ . ) , 
. \ , ..", 

-\ 

- STI'l..RE' A 0tA CONSU14T' IN_ 'Two WORDS IF. SINGLE PRECISION, AND THREE 
,WGR~"S IF ,ffi 1I0EO, P,R~Cl:SION ., " , 

VAil W1,IIZ ,'~, _ I INT.EGER; .. ' . 

.. 
. . 

.- ., . ' 
, . , . .. /: , 
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, . 
'. 

VA'! tlitiTEr;=:Cl: FIROOHAt.: CURRCHAPH; 
0:'(.1'4 ' . ' . 

:'S<!PPLA~(S: Ft=FALS": 
. rr CH IN 'ALPHA THEt: C(11t=CH 

ELSE 8t:GIN . 

'-

:~ .. ·REPt:AT N~ T\CHA~(CH) UNTIL (Ctl>='3:)"CCHt=.=);-" ERROR (2) ,AI=F"1 PT V: 
i OTO 1 . I . . • 

· , .... END.'· 
N~XTC"A~(CHI; II;;!;'· . t 
WHIlE (C.IiJ.Itl· ALPHA)yCCH III OIGllSi 0 
REGIN . . -IF IeS'THEN "EGIN I'~I.l; Crll'~CH END ELSE F,=TRUE; 
'. t;ExTClWHCH) • f 

END: ' '.1 

IF' F TH<"~' FOPOP(1)' \ . 
. , -P.EPfAT !I=t':1: 'cr dl== _ UNTJL .1=10; " 

" PACI(CC,1,~); " \ 
~ I ... -. '* . ,~\ .. 

~:~ =: =~: = ~~: ::::= ::': === ~ = ~ =:== =.=.~~~~~~-= == ==== =2 = = === === = == =: ,,== == ===~ :~:\' 
_,,,' I 

• '. I 

P",()C£'lUPE SI(I,PTOENO;·. .' 

',O:IP All .T"E SnUIICE' STATEt"Nc::r; T.Il~ 'THE EN~' PSUEOO. USED TO SKIP A 
_ :;OG'iAI< W:.T"1 ElIR~RS IN COhT.'~Ol S!ATE~ENh ' . 

VA::' AI\LFA, ' . '. .,! 
DE (),p,. ' 

REPEAT 
· PEAbAIIQAY(INTEXTI: .. ' . , 

11". EO"'(It~PUl) THEI. ~EG!N ERRORCO)'; ,GOTO 1 END; 
COl'=11 SKT~~lA~1l; GETNAHE(A) 

UNTIL A==~HO~; . no' .. SI(IPT OENO.; . . -' ... 
• : = = t = =;:=:: 11::'.:1 s==_a :=~ ~= =:' :::1:. a: =a:: === == ======== =:r= ===:: == =:::= == == ====== ... 

, . 
~ 

"'lOCEOUP.EENTERCIOIAlFA; llttlTE"G~R;;TlCHARl ;----­

~EtITER THE SYH~Ol, T14E'l.nc. COUNTER AND THE RElOC"ATIBIllTV OF. THE SYHBOL­
'tItI'rTHF SYMBOL TAqLEUSIN(i HASH-COOING.' A CHECK IS HADE., ~5t..OUSPllGATE. ,-

ft. RIES. THE R£lOC'ATA31lITY OF THE SVHqOl IS COOED AS F"tt,UW , . 
• J ," ~ ~ , 

,.' . 
" 

, 



'. 

100 
, . 

. ~. 

P=DP0G. ~ElOCATAOlE. E=OASE PAGE RElOCATAOlE. C=COHHON •. X=EXTE~NAl. • 
qL~h(= A'l~Ol'.lTE • -

-' 

• 

• 

-"--. 
• == =====:--: == == ====== :=== = = = ='= ============ :==: :=== === =~== =~===== == =::===== .... 
P'!OCrOURE SEAQCHC IOIALFA; VAR LOCIINT<:GER; V~R YPICHAQ); , 

~~'iE.r:tJF" _I-HC: ~IVElj SYI1BrlL IS PRESENT IN THE, HOOl TABLE. IF PRESENT • 
T'i~r. filQAcrJi IS lOr;-ri~r-Atlll-q;'-LOCATl'HLlTY ANn TURN TtiE BOOLEAN 
VA~lAP.lEP~ESENT=TRUE. OTHEQWIS~ SI~PLV TUR PRESENT=FAl.SE" • 

BOOLEAI,; 
1 INOEXS; 

I" _- , . 
F"1:FAls=;.nl=i· ' 
HI=CCA'lSCOQOC 0))) OIV r.O'l£» Hon SZ; 
I:!~PEAT . , _ 

IF SY~TAR(Hl.NAtE=IO. THEN ~FOUNn" ( 

_ BEGI~I=TRUE; PRESENTI~TRUE1 
" . 

. ' 
- '. ~~~:;~~~a~f~1 :H~(; 

• ' , END 
ELSE IF SYHTAA(Hl.NAHE=EHPTY THEN . 

, BEGIN ~ABS"t:'T'" 
F I =TqUE; PRESEN-Tl=FALSE; LOC 1 =0; 

, ENO ELSE ' 
TVPI::, ~ • 

-. 

. , 

------BEGIN_COI.LISLruit _____ , ________ _ 
HI=H+O: 01=0+1: 
IF O=SZ THEN gEGIN ~TABlE QUASI,FULl " 

FI=TRUE; PRESENTI=FAlSE 
ENO; . , 

IF H!SZ THEN HI=H HOD SZ; 

'. -

• 
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END; 
'U'tT Il '" ~ £~') .. r;fAQCH"; . ,,. ," .. 

;== = ~.= = == ;== = =~ == == = = == = = = = === =:. = == == === = =~ == =::::= ::===::=:: ::::=::='=<:::=::= = === •• (, 

D~aC~OUPE ~ETLA~EL; 

.::tT'~CT U~EL A~l'l' ST.C·H: .·IT nl TH{ ALF'A IIApIII~LE UlL. IF' UO LA'lEL 
Dp~SEI;T THeil SET LBL=Et:PTY (I.E. RLA'l1( WCqOl. 

. - ; . 

3~GI'~ . 
C1LI=1: 
lr !~TEXT(11 ~ = ~ THEN L'lLI::EHPTY 
ELSE !lE~Itj ., 

• GETNAH;;(LBll: 
IF' C~t= = THE~ REGIN EPROR(ZI; S~IPTOalANI( END 

END: 
SqPRL A'lI(S' 

,NO ~ OF Gt:TtA'lEL .; 

"'= =,= == =:-= =: == =.=.=,==: :==:.: = = ===== =~== ========== ==='=.: == ::== ===~==? =:=:~=== :::: , •• 
, ' 

. D~oCt')URE EIITERlA'lEl: 
~::lnER lA~r:.:L HI THE S'n'IBOL TA9LE ALONG WITH THE CURRENT LOC. COU~TER ANO· 
PAG£·INF'O~~ATIO~. 

~r:.:GIIl . ". 
IF LBLtEHPTY THEN ~EGIN' . .• ~.' 

, . . lOCTYP (LOC TvPI: 
. '. . ENT~(L9L,{OC,TYP) 

. ENO . 

" 

Elj~ '-01' ENTCORLABEl.:· 

.. ==.:.: :::= =======;=====:=== = === ==:: === ===~=~':.;: ==-'=== = ::= ==== =:== ::: ===== === •• . ' 

P~OCEOU~E GETOP(VAR OPNIINTEGERI; 

'EVALUATEA~lD DECODE THE OP FElD. AUOP HAY APPEAR ALONE OR THERE IIAY • 
''IE SEVERAL DPS, S~P:RATEO BY CO~~AS TO FORH A.H9LTIPLE INST~UCTION. 

''1A~ .... 
P~OCEDURE CHECI(OP(VAR NIINTEGERI; ~LOCAL PROCEDURE· 

VAR I,JlI(IINT~fGER; OPIAlFA;CIARRCHAR10: 
'lE&IN ~t.l(TR!\C ,op FIELD • . 
··Up~h··· .... . 

. 11=1+1( C[I11=C~; ~El(TCKAR(CHI 
UNTIL ENOCH~RICHI ", . .. 
REPEAT 11=r.U cdll== = Ut/TILP10; 
PA~K(Ct1,OPI; . . ..... " . 

;-.\ " 

~HECI( ·.OP IN OPTAELE+ l. . 
11:1: JI:oN.It . -, . , 

~~~EU.ct "tI+Jl Of V. Z t .--,. --~' .. '··9INARY S~A~CH • 
", IF CPTABLE 1(1 ~. OP HEN 11=1(+1;'. 

'IF CPTA9lE(Kl ~ OP T JI=K-l . , , 

. , 

" 

. . .':. 



• 

'. r:>' 

• 

u'lTIL I~J: 

.. TF VALIO.OP TH,p, foET ITS SERIALPlU~q£R ,LSO:; SERIAL 140 = :. 
If ()PTI~Lfr~I=OP TH~14 ~1=OPHU~(~l ELSE ~I=O 

['{O . .,CH:: C~OP~~ ~-.-- ---.- -- ---- - .. ~ 

'~1C~DURE OUMMYLHIE 10p~n INTEGER); 
:;:-1j!lj '.r C1 

s r,. UH = L 'I-: '3., LOCFVlI = LC: ·S •• OPFL 0,1 = -OP~; 
:, ~i):JE,~E nhT'lIT',$.,L I .... EI: ,C , 

~~)-'ADU~~Yl~E ----~----------~------------~--------------~--~---~-.; I' '_'. . _~ 

:~~:~, .. ~AI 'j PROCEOUPE. "" ~" 
C~EC~')P lOP'll: 
I~ (CH=~,EI~(OPlltCI THEN ~HULTIPLE INSTRU~TIOtl. 
e::GIN " . 

OPNI=-OPR: STO~ELINE; PUTtS): 
WHILE 'CH=~,~ 00 ' 
BEGIN' ' . 
. N~~TC~AR(CHI; CHEC~OP(OP14)~ 

I. OP~=( THEN OP~I=l: .' 
OUMMYLI~Elbpp.);' PLQISI; 

END;.'" 
OUHrYLINE(~I; OPNI=-OPN; 
E~IO ; 

ESO .. GElOP.:, 
.' 

102' 

-.:: =: ===="==== = === ==-===: = = == ======== ==========.==== = == ======== === =======7 ': • 
'~OC::OURE GETASt(VAR ~lt~TEGE~); 
, . 

. , 

-STOPE lI'E ASCII cooE's FOD TH[:NE,(T TWO CHARACTERS IN A SniGlE WOR:> rl. 
T~E CODE FO~ THE FIRST CHAR. GOES IN THE HIGH 6 qITSANO THE COOE FOR 
T~E SECONO CHAR. GOES III THE LOW e BITS OF THE HI' WORD. 

" 

a~ , 
C1,C2'CI1A~; ItINTEGEI1; 

~EGIN , 
NEXTCHAQIC11: NEXTCHAD(C2): • 

_. ~,~p~~gH?g~HlcH~IH~~S~I~y~~Ef52UFT, ,TAKE LOGICAL OR wITi r. 
,~~ ~GETASC.;' . . ',. '. , 

:::: :::::=:~ :::::::~::::: = ::::; :;:::: ~=::: =~: ::;: ::~ i== ~ =~ ==~ == r= ====~.- , . ' . 
-SCAN THE OPERANO FIELO ANO IVA(UATE AookESS OR CONSTANT, IN THE oPERANO.-
UII a • '" ',., .' '/ 

N,COUNT,NET,SIGNIINTEriER; TICHAR; Fr~STI800LEAN; 
• '" o. ~ \ . • ... . --- - ---. ---- ----------- - - ------------.-:------ -~--::--------- ---.--.------~ 

; 

'P'!OP:OURC"l. ITERALIVAR .,UIU INTEGER) ; 
- '. '. -.- ---.- ----.--~, ... ~---~----~------.. 

-=lOUTII:E TO EVALUATE ANO ,STORE FLOATtNG-POINT'LITERALS. 
'\ VAR I~".KIND,W1.WZ I INTEGER; 

, , 

. ' 

'. 

" 



• 
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,I 

~~ t;! ~ 
,',IJ~I=~: 
~i;-1TCHA:>ICHI: ' 
b£TCO~;STI<!:'Ot1(,NI : 
1< I(!NO=Z T'1Eh .~VALIO, fLOATING POINT LITEoAL .. 

BEGIN . 
• CQNV:f~TCStnGLffXIN~Wl,WZ'II;. 
'. FOR 1=1 TO I'L - uO' . . 
BEGIN',·', 

"" IF ILlTTA9(t,11;:WlI A ILlTTA'HI+1!11:112ITHEN .. LITERAL PRESENhl' 
; 6rr-IN t-U~I;:LITH.;HI.21: GOTo 1 =NO .' 

!' . 

ELSE If LITTA~(I,11=NOLfT T~EN "NEW-LITERAL" 
6EGIN, ." , 

LITTAB(I,l)I=Wt: LITTAq(I Z)I=ENOLC; . 
LITTAOt It1t.l)I=wzr LITTAUE It-1tZ) I=EN'lLC+i; 
NU~I=EtlOLC, ENOLCI=ENOLCtZ: ~uTO 1 . 

ENIl ' 
END: EPROPI1ZI: 

'END EL~E ERRORI171.: 

,~I) "<L IT E~.AL":. .., . 0 • . -_ ...... -. -',--- - - - -. --------. -- - .. - - --. -. ---- -_.- ---- .--.--- ----------- - - --' .. . ".. (. , 

~OC€!lURE" LITEQ'ALIVAR NUH 1 INT.EGERI: . 
1 r: 

''!I)UTIt-E TO CHE,C.IC AND STORE ALL'LITERALS" 

'IAg I,l;tINTEGER; TICHAR;' 

FUNCTION COHP,ATIBLE CCH 1 C.HAR: .0PNi INTEG ER) IBOOLEAN; 
, ' . 

.. CHECK If LIT£.RAL IS COHPATI6LE WITH THE IN~TRUCTIO" 

VAR.I,NtINTEGER; 9IQOOLEAN; 
SHIN . . 

USED" 

. , 

BI=fALSE: . . 
If. CHt;f; THEN BEGIN I1=c.;' Ni=l1' END ELS':: BEGIN 11=11; 'lU=16 END; ,. 
REPEAT .... 

11=1+11 " 
. IF·OPN=COHPtl1 THEN BI=TRUE: .. 

, UNTIL q 00 lI=N): .; -. 

. ,.--~ ~~-~~~~~~!!~~~! 1 __ " . .1 ••• ;..' __________ " __ -------- .-- -~ .- -----.-~ -------- •• 

COHPATIFlLEI=B '. ..' d' 
BE G ! N ~ . . , '. . ' • ' . . . ' 

. NUHhO'; NElITCt4A~lCH); . . ' . ~ 
. IF NOT h;li IN L ITCH~P.S)· THE" ERROR (171 ' . 

ELSE IF CO~PATI9LElCH,OPN) THEN 

•• 

i 

BE.GtN "ElIn"!;T LIT~AL. • ' , 
CASE CH o~ ". =A= I G~TASC (II) :" . . ~ , 
~"I~ 1 I):.GIN NEXTCHAR(CH); GETOCTltU ENOt 

,,:0; I "IEGItI KEXTCHAR. lCH); GE TNUH (~) EN04· 
;F: I I)EGIN FLITEP.ALlNUH,; COTO 1 END; 
:L~ I BEGIN . . . ._ 

. NE)('tCHA~lCH); SCANOPERANOlN,n; IF H: _ THEN ERROR(17) • 
END; " 

END; . , 
... CHEC~'OLO LITERlLS, STORE IF LITERAL NOT STORED BEfORE" 

FOR 11.1 TO HLT 00 

', . 

• 

.1 



.. , .. ' 
I ' 

I 
'0 

, 
"'0 

IF LITTAQ(I,l1=', THEN qEGIN .. LITERAL PRESENH 
NU~I=LITTAq(I,21; GOTO 1 

END 0 0 

ELSE IF lITTAB(I,11=NOLIT THEN .. NEW LITERAL. 
, aEGIN ' 

104 

LITTA'l(I,111=N; LITTA8(I,211=ENOLC; 

I f~oo ElS:. E~~O~ll~): 
11 CHI::EOL. ,0 0 

ENO;N~~'ag~~~i!' EhOLCI=ENOLC+l; GO TO 1 
• 
• 

um ~lTT~~Al.; 0 

~-~-~;-------~-------~------------~------------------~---------~------- .. 
PROCEOU~E AONUIi; 
IlEGIN 

IF" STGN"1 T>lEN I,U~I=NUH+N ELSE NIJHI=NU~-N 
om .. AOhUlH; 

jj-------- -----. ---'---.-.--- - ----- ---------,--~-- ------- -------.~----------- •• 
PRoOCEOUP.EIjExTTE~HIVAR' SIGN,NIINTEGER; VAR "CHAIU; 

,,-EVALUATE THE V,ALUE 100 ADDRESS) OF THE NEXT TERH IN THE OPERAND • 
• ~ - v • • 

o • 

-MAIN PROCEDURE eooy -- SCANOPERAN06 • 
9EG tIl ", ',' ' 

i~Rt~~nLF~h~~; .. ~~I~CH~~a~FOUNO. qEGIN ERROR C ~ n GOTO 1 EIIO; 
, NUHI=a: TYPa:= ;; FIO<;T'=TRIJ~r INOIP.ECTI=FAlSEi~ , 

IF ABSPp.OG 'H~N ~APSOLUTE pqObPA~. 
REPEAT .. EAVALUATE EACH T~RM, C)F OPERAND ElCPR-ESSIOII, KEEP ADDING .. 

o NEXUERI'ISIG'I,Ii, f); AuNUH I' 0 

ElS~N!nLa~~f~:~~C~~OGRA"6 ' , , 
BEGIN ' 

NETI=O; COUNTI=~; 
REPEAT' • , 

NEXTT(RKCSIGN,NrT); COUNTI:COUNT"l; , 
IF T.= = TH':-'I AONU" . ,,' 
ELSE IF-TYP;= = THEN BEGIN lYPI=T; AONUH; NETI=NET+SIG~ END 
ELSE IF TYP=T THEN 'SEGIH AO'NUH~ NETt=NETt-SIGN EliO ',' ., 

r 
-, . . 

'.-" -

• 

0, 



. " 

ELSE' 'lEGIN £P O OI1 (33); GOTO 1 E~IO\ 
UNTIL ENOCt<ARlr.t<): . , 0 

.. IF E'UEPNAL Syt'qOL, IT 'lU~T 'V'P£AR ALO'Il=. -
If ITYP=:;X:;) .. I~OUt;Ttll TtiE' REGINERROQ(jlt); GOTO 1 END; 
IF IN[T<;)"CH[T>l)'T'iEN' 9_GIN ::RR01Hltel; GOTO 1 Et.O; , 
IF NET=O THEN TYPI=: :; . 

£NO:' .' I, ", 

lOS 

6 

'. 

IF (H=:.: T'iEN 
BEGIN. • 

F SCANTOCO!1!1A THEN I3EGIN SCANTOCQ~!\A'=FlLS£; GOTO 1 END 
EI SF tlEXTCH.'IPfCtil: 

IF CH=:I: THEtI 8~GIN'IIlOIqEC I:TRUE; , 
IF (OPHt6ZI THEN ~, ' 

" IF (OPN>lltl"IOPN<7ltlv(OPtl>871 THEN ERROPI231 

IF CH=:C: T~EN ~~Rt~LS:: ~ \ 

I ~ (OPN<1S)vIOPN>J6) THEtI iRROp(291 ELSE 
F NOT (OON IN CS~TlTH::N E"ROR(291; 

END 
APPEND(NUK.O.1JC~a) , 

9EGIN ERROR(S); ERROR(29) END; 

.. ..; 

, . 
PI!OCEOURE KOVECOL; J " ,.' . 
.. USEO IN PASS TWO; HOVES THE C~RRENT CHARACTER POINTER (COL) TO THE •• 

OPERAND FIELD (S~IPPING OVER THE L~aEL AND OP FIELDSI. 

IlEGJN 
• COll=U . , ' 

!~I~~n~Hll ~h~T~UaN~~I~T09LANIO .-' 
ENO "H.OVECOL.; .• 

.. 

.. 

;a=.=:ls=,,=c.:.,,==s=:I.=-=:a~.z:;=::r.===.:z=.:==.===:===.=============='===~= •• ', . ' 

" 

~ \ , • ';1 



• 

" , 
',~"" -,~--' \ 

• 
, 

P~OCEOU~E SCAHOP<12CVAR tIIIUT'EGER; VAP T,ICHAR); 

• SC~tWP£Q'''lD FOP PASS TWO • 

t. .. 
L: 5CANOPE~AtlnCN,T) 

tlOPPZ·: 
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, , ." 

= == =::: == =:~= = =.====:: =1:= =~,= ===::.=;=== ==~= =:= = ::= =:;== ~==== ========== ... 
P~OC€'OUQE HUL TINSTCVAP. WOROtlNTEGER); 

'EVALU~TE THE CODE FOR A I1ULTIPLE INSTPUCTION. THE INOI~IOUAL OPS WE~E • 
,TOo'[O COr. FILE: 5) AS t.fGATtVE- t,UI19EPS IN PASS OUE TO,OISTINGUISH THE"" • 
<AOH OROI~ARY I~STRUCTIONS. 

LA'lEL 1;­
VAl' 

I.SJl~,PlG!~L!DR,GP,hUI1,COOE I INT~GER; 
, FlPST I' '!DOLE II; , 

SAVE I ARRAY (1 •• 21 OF INTEGEP; 

\ " 
. . . . '. .:) ". -ft--.- ---------- ___ . -__________ .'. _____ ._. _____ -__ --------.---------.---.. • 
P~OCP'lUPE ERRElCIT 011 Jt;TEGERI; , 

'3£G IN." , 
, , 

EP<10RCUlt' W~ROI=O; WHILE S •• OPFLOcO.OO GETCSI;"GOTO EXIT 1 
E'ln ·ERREX I .; " I .. -----. --.-. '1.~---------~ -------------------- -~ .. ------.-- --.:.. --- -+ -----.. • 

. .' " ,I -ppnC~OURE ERRCHEC(; • 
eEG I N I ' ' 

IF INUH<~q)vCNUH~73) THEN'ERREXIT(13) 
Elm "EilPCHECI(.; , , , 
,.-------~~-----------------.-----------------,------------.-----~--~---~ '. 
~UNCTION (LASSCNU~IINTEGE~)I'INT~GER;, 

, . 
"C~EC~ TO SEf: IF THE ()I> B~ONGS TO G1>OlJP A OR q OR ,EITHER OF.' THE TIfOI 

GP A - ~LAS~s1, GP 9 - KLASS=2, EITHER - KLASS=t. 
VAl'! T1INTEGEQ;, . 
'i(G IN '- \ '-

I=t; REP~AT 11=1.1 UNTIL NUH~JT~Jl; 
~L'SSt=(T(Il . , ' 

END "~lASS";" ,_ 
~--~~7------------:-----~-~------'-'--------~--------'~-----:-------------~ • 

, , 

~UNCTION GROUPCNU"IINT~GERIIINTEGER; 

, .. CHEC~If", IlP I\ELONGS' TO SHIFT~RnTATE ,GROUP OF ALTER-SKIP GROUP OR BOTH.'-
'SRG -' G~OUP=1, ASG - G~P~2. BOTH - GROUP=O" , 

qEGItl- • -' 
IF NUH<5~ THfN GROuPI=1 
ELSE " NUH!57 THEN GROUPI=O 

ENOE~~~08~2VPI=2 ' " " -', , ~ ____ , __________________ ~ ___ , ___________ . _____________ . _________________ .r.., • 

FJJNCTION PRECCNUHllNT.£GERlllNTEGER; , ( , 

" i 
V' ,..;t, 

, ; .. 



" 

r, 

> 

• CH'"CK PR£CEO£NC~ OF OP ~ 

q£G 1'1 
IF ~UH~S~ T~EN ~E~IN IF FI~ST THE~ PQECI:~ ELSEPRECI=6 ENO 

ELSE PR~CI=PT!NUHJ' 
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pm ,.PQEC.t;: .J ... ,~ 

-----------------------------------------------------------------------.. . ' , 

FUtlC TI ON _G:::T COilE (NU~, GP lINT EGERI.'l IfIT EGER:' 
, , , 

~fHE SAHF OP HAY HAVE'nIFFER~NT conES nEPENnING UPON WHERE IT OCCURS IN • 
A H'JL TIPL£ I'ISTRUCTIO~I. THIS FUNCTION RETURNS THE APPROPRIATE COO:: FOR • AN OP. ' ' ' , 

VA~ 'I I 
?E t; I t, . 

CASE 
C 

INTf:GER; , 
GP'OF" , 
I dJEGIN NI.!:(': SII=,sI+1;SAVECSI II=NUH ,::Iln; " 

~ I 'IF (·FIRST)A(NUHSS~) TMEHNI=OpcOnEZ!NUHJ ELSE NI=OPCOOE[NUHJ;~ 
I I~ NU~~S7. THE~ NI=OPCOOEZ!NU~J ELSE NI=OPCOOE!NUHJ 

E 110: 
G£ TConE I,::IN , 

E'IO, .. GETCOOE.; - . ,It--- .. ---_ -- ___________ .:. _________ ._~ _____ __ -~-- - ______________ -- -------- ... 
. , ' . . . ' ." 

, . 
r \. 

9~G I N .. HAI'N ·PROCEI)URE:' HUL n NSH' 
WOQOI=~' N.UHI:-OPII' ERRCHECK: 
FIRSTI:fRUE; SII=C; SAVE[1JI=C: 

, 

SAVE! Z JI=Q.; 
. -,... 

, I 

.. nE'ER~INE'KLASS ~GQOUP ANO P~EC OF THE FIRST OP IN A 
KLI~KLASSINU~);~P'=GROUPINUH); PRI=PRECINU~); 

HULTIPLE-rNSTR.· 
, ' ... ~ . 

.. PUT THE COOE OF T!€, FIRST OP Ifl wORO. 
COOEI.GETCGOE(~UH,GP): APPENOIWORO,~,COO£I; FIRSTI=FALSE; 

GET (5): OPNI=S+.OPFlO: , :" 
WHILE OPtiC,) 00 ' . . 
9EGIN .. PROSESS REMAINING OPS, CH~C~ COHPATI9ILIT~ IN ALL THREE WAYS~ • 

~~HI=-OPN; ERRCHECK; 
, , 

KI~KLASSINU~I; '. ' 
IF KL='l THEN K\.I=K ELSE IF (K.t!CL)AIKtO) THEN ER~EXITI1 .. n 
CI=CROUPlKoH); . 
If'CP=O, THEtl GPI"C ELSE IF cCtGP)AICt(i) THEN ERREXITI1SI; 

~ 
PI=PREC'CtIUt') t 
IF PR<~ THEN PRt=P ELSE ERREXIT(16)1 
COOEI:CETCOOEINUM~CP1; APPENOIWORO,O~COO:I; 
CETIS); OPN.=S+.OPFLO; END; , ' 

IF SAVEl11tCTHEN 
. BEGI~ ........., , -. 
, , F GP=O 'tHEN r,PI=1t " ' .' . 

" ' 

Fb~ 11=1 TO Z 00 IF SAVElI'JtO ~HEN 
; , IJEGIN CODE I =GETCOOE ISAVE (l J,GPJ; APPENO(WORO,O,COOE) END· 

\ENO; 

.. 
• 

'" 
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/ 

( 

\ ( .. ' 

" £~n ~~ULlIIIST.; 
, 

.== = = = == = ===::::; ==== = ===:::: ====z==:;: === ===== ==== =::: :;2=:=_=_ ==== = == == =::: === .... 

p~OCEOUP£ PASSONf; 

L~q£L 2,3: 
V~P . 

fLAG,FIP.ST~EO.NZFlAG I aOO~EAN; SAVElC I INTEGER; 
• ~ , • ,L, 

~----------------------------------------~------------~---------.-----... 
a_OCEOURE C~EC~P~lOC; , 
~~,RUIN PSEUOO INSHUCTIONS ARE ILLEGAL: IN AN Aqs'OlUTE' PROGRAM. T'iIS • 
P'!-OCEOuoE IS CIiLlEO EVE"Y TI..r1£ SUCH .1 PSEUDO IS EIICOUNTER"E.D TO .. AKE 
o;U~E THAT THE PPOGRA~ IS RElOCATA81:.='. . "--------.' 

q;:t I~' " ,-
IF Aq~POOG THEN AEGIN ERROR(6i; GOTO ExIT Z ENU 

E~O ~CHECI(RElOC.; '. . 
~---- .------ ..... ----- ---- - .---.----------- .------ - •. _--- -~--:--- -- -- -- ----",. - . .) , ' 

PROCEOURE'GETXIFf 
.YF· AN N (OR 11 OOTtON IS CHOSEN THEN THt9" PROCEDURE 'is CALLED TO SKIP 

ALL STATEMENTS BETWEEN AN IFZ lOR IFill AND XIF PSEUDO • 
... . 

PROCEDURE COUNTCONSTIOONIINTEGERI; 
. . ../ 

.. THI S PROCEDURE SCANS THE OPERANO F IElO TOOETERt1INE THE NATU,RE OF \ 
CONSTANT IS) AND INCREMENT lOC COUNTER ACCORDINGLY. . . . ..... 

VAR REAlCONSTleOOlEANt 

eEG t~TER'lA'3e:~; Sic~IP~LANICS: 
11 ~H~iVN~ThFAlSE; 

~f·la~~~~~~~lcH=~.:l THEN REAlCONSTI:TRUE 
UNTIL ENOCHARCCH11 . ... .. 

· .. 8~~~g~N,°tF REALe.aNST THEN INCRCOUNT(Zl ELSE INCRCOUNTCll; 

G 

J 



, 

. 
• OF~. ~~ I INCOCOUNTIJI 1 
.O~T. q~ I' I!,ICQCQUNTlll; 
f'>la: 

Ir CH==,; T~FN GOTO 1 
E~n, _CCUNTCONST.; 

, , , 
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.---------------------------------~------------------------------------ .. , 
PQOC£O'UI?E INCq~HFNTLOCl , ' ' " 

• 
THEN, BEGIN 

,REPFLAGI=FA(SCTllNCRCOUNTIREPN); 
IF LBLtEHPT¥ HEN ~RROqIZ81, , 

,END,,"" 
nElSE IlEGIN 'EtH;::P.LA3Ell INC~COUNT(1) END I;, ' 

~~_, _ ~! ~~~ ~~~ ~~~ ~£~! ______ :. ___ ___ ..A._ : ___________ ~ _____________ ------- --- •• 
, ' 

B~r,IPf .. ' ' ' 

~f~~l !H~~!: p~c~H~a; ~HbH; FH~H~&~n~5~~;s~~~H~g~~~~~H~sE; 
BPCI=O; SAVELCI=Cl XTI=C; ~TI=O; COHI=OlERI=G; NZFLAG.=FALSE; 
llNESI31; ,; , 

11 ~PROCFSS THE NEXT SOURCE LINE. ~ 
P.EAOLINEt GETLAIlEll 
IF CH=EOL r>!EII .. SLANI( CARO. BEGIN, OPNI=O; STORELINE; GOTO Z END 

ELSE GETOP(OPNI: 
.~HEC~ TO SEE THAT THF F, IRST VALID opeOOE IN AN A9~OLUTE PROGRAHIS 

FOLLowED IlY AN ORG STATE~;NT AND IN A RELOCATABL~ P~OGRAH BY A NA~ 
Si ATE"E'IT. ' 

IF FLAG THEN IF OPN<85 THEN ERRORIJq) '. ' , 
',() ELSE IF ~IOTC C-OPN-8S) IN PSEUOOSU'lSETJ THEN ERROR C 39) : 

IFOPN:L T>!E~ .. ILl£~'L OPERATION. 9~GIN EP.RORI~ll ~T8REtIN~ENO 
ELSE IF OPH<r THEN "~ULTIPLE INSTQU~TION. INCR~tENTL C . 
ElSE"', ' 
BEGIN STOqELI~E; , . 

• IF OPN~73 THEN .. t'I AC>! INE INSTRUCTION. WCR.EKENTL DC -..I 
ELSE Ir CPN~&l THEN .. EXTE~OEO ARIT>!. IN~TRUCTION. 

BEGIN ' . ..' . 
IF REPFlAG THEN .' . 
BEGIN ' .. 

- REPFLAGI=FALSE:INCRCOUNTIZ·REPNI; I 
' IF LqLtE~PTY THEN i-RQOP(Z8) , 

, END ELSE REGIN ENT~RL B~L; INCRCOUNTCZ) END; 
,-, . 

IF CPN!78 THEN ~FAO,FS9,FHP,Fbv. 
BEGIN' " 

CHECKRELOC; I..' 

END 
END 

U=f;;L81tQPN't· S!,;ARCHCA,N,CH1; .' .' 
IF PRES~NT HE" BEGIN . ' 

. 'XTI=XT.l; ENTERCA,XT,~X~); 
END 

• 
--- -,: 

• 

: ' , , 
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• , 

fLSE .. DS:UOO-INSTRUC,TIctN / 
CASE DPIl 0- .. '-

.. ARS·. ~2 I nf.(~III ['lTt:RLA'ltl; fNCI'!COUNTllI·ENO; 
~C. ~3 I BEGIN . 

. '" . I £NTf.RlA'1El: SC'U;TOCO~HAI=T~~t SCANOP~RANO(NITYPI.; . 

. i Ii' (t;~11 "IN~2'11 THE" INCP.C UNI(1I1 ELSE· ERq.oq 'II I 

.. qSS. ~c. ;: h~Rhj fNTERlA'lEl; SCAt.OPERANO ,TYPI; I~CRCOUNT (NI END;· • 
,COH~ ~5.1 BEGIN . . 

- CHECKRElOC; . . 
REPEAT 

NI=O: GETNA~E(A)~ 
IF CH=:(: TH~N 3EGIN . 

NElCTCHAP.(CHI; .SI(IP8LAtII(S; 
GITtIUH(NI; SI(IP:'IlANKS: 
IF .CH=;:I;: THEN NEXTCHAR(CH) ... 

. ., ELSE SJ(~PREST 

nSE IF E~OCH~~~' THEN NI=1 
ELSE SKI~I'!EST: . 
• rNTEP(A1~60H1:C;I: COHI=COHtN; COll=COl t 1 

UNT l 9lAN~ REulC~HI 
ENO; 

.. OEC. 8& I COUNTCOIIST(OP'II; 

.. OE'.e1 I-BEGIN E'I1F~lA9El: .INCRCQUNT(11 ENOt 

.. O~h e/l" Co,UNTCO'lST (ElPtl); 

.. 0;0. e'l I BEGI" . ' .. 
ENOlCI=lCi St.lNI=-1·1 NlNI=l'l; PUTISI; . 
SKIP'lAhl(~; TRNSFR(l I=C; .. R-9ITt . 
IF ClbEOl THEN .. NO TPANSFERADORESS SPECIFI"EO. 

BEG!'I TRNSF,</[21r=Q .. T-Blhi· TIlNSF~(3)1;:C EtlO 
ELSE BEGIN .. EVAlU~TE lRA'ISFER AOD~ESS. 

TRNSFR(211=1: SCANOPERANO(TRNSFR[31,TYPI; 
IF TYP~=B;: THEN fRNSFR[l)I=2; 

GOTO 
ENO; 

3E~0; . 

.. £Nh '10 , BEGIN I 1 
) .. CHECI(P.ElOC; 

REPEAT 
tIlI"NT.1· 
IF NT>HNT lH~N q;GIN EP.ROR(271; GOTO 2 ENO; 
GETNA~E(ENT(NT1.~Y~I; . 
IF ~ENOCHAP.(CHI THEN SJ(IPRESTI COll=COltl; 

. UNTIL IJlANt<OREOt;(CH) I 

EN°l' . 
.. EOUt '11 • BEG N '. 

SCANOPERANO(NUH~TYP); 
. ENTER(lBl,NUH,TrPI 

~EXTt '12 • ~~2IN . 
a~~g~ELOC; 

¥rT~t~~Jt'tH~~I~~~!~; E~ROR(261;GOTO 2 END; 

¥~T~~~~~~Iki~~t :T~~~~~n~~Hr; COll=COlH 
UNTIL ·8lANKOREOlCCH) . . . . 

END; 
.. HEO. '13 I S •• lNlz-1; 

I 

• / 

• 

.-

• 



III 

• 

~!rN. 9~ t ~Er.IN 
PUTCS); IF NZFLAG T~EN ERRORC~5) ELSE NZFLAG1=TRUE; 
IF OPTION=:II: THEN GOTO 1 ELSE GET)(!F 

ENO· . . 
~IfZ' 95 t BEGIN . 

PUTCS);·!F NZFLAG THEN ERRORC~5) 'ELSE I<ZFLAGt=TRUE; 
.• IF OPTtON=:Z: THEN ;jOTO 1 ELSE GETXIF 

. \ ENO· . ' ~LSh 9f, I • . 
~NAH. 'H t BEGIN . _.... 

IF A9SPROG THEN ER OOO(39)· . 
FLAGI=FALSE; CHEC(OELOC· S~IOeLAN(S; 
IF C~=EnL THE'~ PROGI=E~PTY ELSE GETNAHE CPROG); 
SKIP'JLAN(S; 

• 

• 

IF CH=:,.: THEN tJEGIN NEXTCHARCCHIt GETNUHCNHN) END • 
ELSE N~Nt=C; , END; . . 

~OCT. 9& t COUIITCONSTCOPN); • 
~ORq. 99'1 qE~IN CHECI(RELOC; PAGEFLAGI=FALSE; ~BASE PAGE. END; 
~OI>G. 100 I BEtiIN ." " 

IF ~APSPRO~ ~ FLAG THEN ERROR(39) ELSE FLAGI=FALSE: 
PAGEFLAGI=TRU::; ~CIl~IlENT PAGE'. . 

• 

¥~A~~~~~~~g!~·¥~~g~H THEN -qEGIN ERRORC3~); GOTO 2 END· 

iP§Ab~~c~~HtHEtl SAV!'.:!;CI=·LC 

~O.RR". 1011 ij~gi~ " , . . 
• PA ~LAGI=TP.UE; ~CURRENT PAG::. 

. IF . AVELCt~ THEN BEGIN LCt=SAVELC; SAVELCI=O END 
~REP. 102~ ~~2iN . ': . 

- ~~~n~~~HUE: SCANOPERANO C~PN, TYP); 
IF TYPt: :: THEN ERROR(39); 

ENllt 
~~SI(P. 1~3t S-.LNI=-l; 
~SPC. 1~~1 S •• LNI=-l: 
~SUP. 1" 51 ; 
~UNL. 1:1'&1 ; 
~UNS. 10'71'; 
~XI~. 10.1 NZFLAGI=FA~SE; 
~SWP. 1~~~ 9EGIN ENTERLA9EL; INCRCOUNT(l) ENO; 

END ( . 
~Nn; , " 

~: P~;~~~~R~O:;N~~(3)'; \ ..... 

~CHECI( FOR 6NTRV ~lS AND ~ELATED ERRORS. 
FOR 11:1 'TO NT 00 • 
BEGIN . • 

SE ARCH CfNJl n !.SYMJ.NtTYP) ; . . . 
IF PRESEN THtN SEG N 

I F (TYP==C=)v(TYP=::~=) THEN ERROR(2~) 
." ~lSE BEGfN-ENTlIl.LOtl=N; ENTlIl.TYPI=TYP END • 

END 
ELSE ERROR(25);-

IF. NERtO THEN BE~~~TE ~ENTr 11. SVH); LINES'C 11; PRINT ERR 
END . 

• " 
..~ I 



...... ------~~~------
• 

WRITEC:: 110=1' ,ElSr:: WRITECEIHS); 
PASS 1":); LIN£SC3l; 

. 11'2 

, " 
, . 

·==================r===============Z====C:===========C================= •• 
p~aCEOuqE qEPI~ISTQ; 

.~EPEATEOL~ STORE SAME COOE N TIHE~; USEO IN QEP PSEUOO CPASS 21 • 

Uq liII;TEGEQl 
BEGPl 

FryR 11=1 TO REPN-l 00 
BEGIN ' 

SPACE( 12);· 
\ 

LCI=LC+l~ STOREWORO(LC,WQqO,TYP,HPI 
[OlD ," 

['m .. QEPJ.NSPh; 

O~OCEDUPE PASSTWO; 
e~Gl N ,.' 

TITLE! . , 
EIlI=O: SPCI=(!; SCA'Nli=FALSE; l>AGEJ;LAGI=TqUE; SUPf'LAG1=FAt.SE:, 
QESfT(SI~ " I" 

," 

11 UU=S •• LPI· LCI=~ ... loCFLO; OPIIII'S •• OPFLO; 
IF l..STFLAG THEN If' LN=-l TH'::N WRIT::CEOL,:+:I. ELSE WRITE(LN,= =,= =1; • 

\ 



,. 

ENOt 
~BSS. 8~ , IF lSTFlAG THEN 9EG~nTOCT(lC); bUTOCTCO); 

SPACE(&); WRITElIN~ . 
END; 

". 

. , 

" 
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, . 
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0 

_CCHO ~C; 'COPYCAR'); 
_DECo && , BEI';IN 

HOI/ECOL: 
REPEAT 

GEICONSTI~INO.~,NI: 
CASE KINO OF 

o I RT=GIH ER~ORI2~1: ~TOREINTINI END; 
1 ,,5 OREIHT(HI: 
2,' STOI1EPEALISINGLE: ,(,H)' 

, ~~~CHAq(C.il': COU=COt+l ' ' 
UNIIL ~LAN~OI1EOL(CHI 

ENO: . 

, 114 

,.OfF. &7 I ~EGIN SCANOPR2IN,TYPI: IF IHOIRECT THEN N'=N+l'~OOCq: 
" END' STOPEWOROILS,N,TY?,HRI 

.. DO'. &11 .' .. ~EGiN , 
,-, HOl/fCOL; 

REPEAl 
GETCONSTIKINO,X,NI: 
CASE ~INO,OF' o I ERRORI2C): 

1 I BEGIN XI=N; Nl=O ENO; " 
,2 'I ; , ' 

,,~~3~ERE ALI OO;JCR'!7P)( NI:' 
CURRCHARCCHli COLI Ol.l 

. UNTIL BLAN~OP.Eul ICHI ' 
FHa: ' . . 

.. END. 119-' GOTO 2: ' ' 

.. ENT. 90 I COPYCAI1I)···· . ' 
"EOU. 91 I IF LSTFLAG TH::N 

REGIN 
SCANOPR2IN,TYP1: OUTOC~IN1; SPACEI131: WRITELINE 

FNl)t 
.. fl(h q2 I tOPYCARO: 
"HEO.'93 I BEGIN " ' 

tl.r: ~Ol/ECOL: COLI.COl-lr JI=73-COL: 

"IFN. qc. I 
" Fl. qS I 
"LSh 9& I 

REPEAT 11=1+1: .HONGtI'}I=INTEXT(C~J.i 1 
, UNTILIHONGrII=EOllvII~JI; 

HONG(lll=EOL: . 
TITLE' , 

END; Q .... 

COPYCAc>n: 
COPYCAPn: 

" IF LSHIUTPUT ,THEN .. 

\ 

'" , 'BEGIN, _ .' 
LSTFLAG,aTRUEJ WRITE(EOL.= ~,LN,5 ~,~ il; COPYCARO • 

,,'NAM,. 97 I 

"OCT. ~II I 

ENO' " 
IF LSTh~G TH'!N 

~ECIN OUTOCTeD!; SPACEU3l; WRITELINE ,END: 
BEGItI - ... 

• HOVECOL t , . 
REP~loCT INI: STOREINTeNl;' , IF "'ENOCHARICHI THEN SKIPREsncoti.&.1 

,UNT L ClLANKOREOLlCHl ' 

"ORB. 99 I '~2IN . 
, P GEFLACI=FALSE: 

1 \" 

/ 



21 ~5TOgE LtTEoAl~. 
EXTRAL11IEI:TRU~; 
FOR.II=1 TQ HLT 00 IF LITTAqtI 11=NOLtT THEN GOTO 3 ' 

115 

• 

,-

ELSE SlOREWbpOCLITTASCt,2I,LITTAQ(I,1],; ;,-1); -
31 ,IF ,LSTFpG' THEN BEGIN W,~ITECNLN'; SPACE(22'; WRtTELlNE END; LINES("';-, 

WRITE(~·· ;'1 IF ~R=C THEN WRITEC~ NO;) ELSE WRtTECERI5)~ 
WRITE(; e:RRO~S OETECT£O IN PASS 2 .. ;,; LIHES(3l; . . . ".~ ~ 

~'10 "PASSTWO.; , •. 

·=====:======i=====Z====~=:==============~==========~================== •• . 
, , 

P~QC~DURE PUNCHCAqOC~IARRl~T1&); 

.. TRA~SFER t~E INFORHATION COOED IN THE ARRAV A ONTO THE PUNCH FILE ~ 
(USED, TO PUNCH HEADER AND ERROR CARDS,. 

VIIR IttN'TEGER~ 
qEG IN', . 

FOR 11=1 TO 16 00 ~EGIN.P.':A(I); PUT(P) END 
END .. PUNCHCARO.; " ... 

-===:==ZS====.=z===a===.~=~=.===~=====~=====z=====~=====;============== •• 
~ • "I" 

PROCEDURE ABSFlINRECOROS I . ~,~ 
.' "~~ 

.. PUNCH CAND/OR PRINT) ABSOLUTE BINARY R(COROS.' 

VAR C,I,L,LAST·,8F,H,CHECI(SUH,l ,. INTEGER; . . .. GLOBALS -~ R,P (FILES), W. • . , 
~----------------~----------------------------------------------------. ~ 

- PROCEDURE PUSH:( ~ INTEGER); . .". '.~' .. 

"'INVERT N AND STORE IT IN SF AFTER SHIFTING LEFT 12 SITS. WHEN 5~UCH • 
, , . 

" 

. 
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I 

pf '''~!lC:: T~API':;n:'l 81" fit, PUCH FILE AWl START_A~AIN. IIUVER~ION ~EANS. • 
T~~~I~G A C~RD COLUMN UPSID~ ~bWN) •. 

:1EGP, 
7 1 = 7 • 1 ~ _,_ .... ',. 
APPENO ('IF 12 I'WIOPT{,;lJ.: 
IF 1=5 THIN ~EGIU p.I=~F; PUTCP): AFI=1; Z!;J; CI=C~5 END 

!"fl .. PUS~·h,~ " .~,{ 
............... -- - - -- -- - ---- .--- - - - - ----- --- ------ -. -- ---- --. --------- --"-------.. "! 

" . 

V!~. (Il'lTEr.ER; 
9:';P, 

IF PUNC~qIN THEil ~qREA~ liP WORD AT 8TH 8IT A~d.SEND FOR PUNCHING.' 
BEGItI " 

KI=N OIV ~CCg: PU~H(~I; 
KI=N-~·~QQ6; PUSH(~) 

END;' . I 

IF LISTqIN' THEN ~P"INT liP WORD IN OCTAtFOR~AT. 
, BEGIN . . 
'. HI=H.U aUTOCT (lj): WOIT~ C: . =); 

. J IF H=15 THEil ~EGIN :11=~. LIN~Ul END; 
'OW .. st~RE.; , ." 9, .:.. .. :-_ -____ ,. ______ ~~-_----- -__ -----.-------t.- ~------- -----J.:.----- _____ 0 ___ - ... 

~C::G ~~ I = c; ! I = D ;' 141 = 0 ;' . . ; ; '~"'..' 

, ' 

RESET (lU ; 
. . ' . . '-. 

~~~!':~2~(~lc3Bo EACH LOOP. 
Wl21'=R •• (CC; ~ABS LOAD ADaRESS. 
C~ECKSU~I.o •• LOC: ~INITIALIlE CHECKSUH. 
LASTI,=q •• LCC-1; 

"" , ELSe; GOTO. 1; 

~~LEFT JUSTIFY LAST WORD. 
WHILE ltD 00 PUSH '0 ; 
• 
~FILL REHAINDER OF THE CARO WITH 1.EoOES." 
WH ~E C<83 00 6EGIII p.lsO; PUT(P~I Ct=C.S END 

-nlll~,~6HCHA'lSeIN.; '. . •. !,," 

" . 
~ 

) 

., 
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. , 

. '. 
• 

~===:~====C======~==~=2===:=======~============~==========~============ •• 
P~OC£OUP[ PU'lC'lRECORO C~ECNAH[ IALFA; Ri I HITEGE R); 

,~PUNCH, CANO/QP PPINT) Ot.E P.ELO'cATAqLE :<lINARY R::CORO loJ HP WORDS)" 

~A\u~~~rK!~,~;~I' ~NTEGER; 
eEG I II .. 

, IF '!-ISBIN THEN .. lI:iT }HNARY 'REC6~0. 
BEGIN'" . , 

. "'=0; IHHTECRE"CNA~El; lINESCZ); 
FOR 11:;:1 TO Rl 00 ' 
BEGIN ' 

, _ NI~N+1t OUTOCTCW(IJlo WRITC'(=' ':); 
" IF N=& 'THE'l qEGlIl Nbo; Lr,,~S IU 'END; 

END; lINESC~) -

)?o'EN ~~NCHqIN THEN' .. PUNCH 'BIN~~'Y ,iEC0 IUl, ' REL~CATA9LE 
[GIN " , (JO 

" FOR I1=RL+1·TO 0000 W[IlI=O; 

~~paT ,", 
R£HI=t;',KI='; 
FOR II=~ 1:0 It 00 
BEGIN 

. tt':REHt 
FOR JI=C+1 TO C+J 00 APPENOIN,10,W[Jl);, 
K'=K+~; " 
IF Ke 10,THEN 

.S 

I 

, . 'Q 

, 
FORHAh 

., 

tit: = = z = •••• ~.:s=z.== ~=~.= :_z === a=========== :::::: ===== ====1: ==::=== ========== ... " I '.' , , , . c 

~'JIICTION C'iECI(SUHCRlHNTEGERUINTEGERt . ' 
~~ALCIILATE ~tH~CI(SUH CARYTH SUM-OF ALL WORDS IN THE RECORD EXCLUDING THE • 
.IRST AND HE THIRD WO~OS).' . • 

, 
~~~I~,C~'INtEG!R; ~~LOBAL -- W~ -'. 

... ; 

,CSI=W(Z'H . 
FOR 1'=4 TO Rl DOCSI~CS+W(IJ; 

END e~Si~~~~~".lS !,OO ZO Ii C Q 0 B . 

~=::zz=.:.z.a: ••• ~.·sa ...... s:a:~==.s==z===a=z=s===.=z===~=:========;:===='::i== ... . ~ . ' '. 

P'!Oe:EOU~E ~EPACK(AI~lFlt i/Al~ BIARRINT'lH 
, . p.'~)' I' • . 

" 
" 

., , , -" -, 
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.THE I;AI'~ A 15 CHARS I IS 
TwO CHARS I~ EACH WORD. 

R£-STOR~D I~ TH~E~-WO~DS WIFH ASCII cog~ .FOR 
ASCII CODE FO~ THE 6TH CHAR IS FORCED ,ERO. 

- I VAP . 
I,J,N'INTEGERI CIAR~CHAR10; 

or G l'l 
- U~;PA.CI(IA.C.lI; C(IjH=EOL; 
F~R 1'=1 TO J 00 
~EGIN 

J'="·1-1: '. 
AtIII=ASCIICOO~tC(JII; 
~t=ASCITCOOEtCtJ.111: 

. APPENDCBCII,6,NI 
,. E NO . 
fOlD .. REPACI(.; 

, . 

• 

, 

~===:============:==============================='===:.===:==~========== •• . , 

PROCEOURE NAHRECORO; 
.. FORM A NAH RECORD IN THE ARRAY W(1 •• 6(). 

~ . . ( 

VAP PIARRINTJ; ~GLOqALS-- W,PROG,ENDLC,8PC,COH~ 
'lEG} N .. _ 

Wt111=HIoJC'H ~RECORD l;ENGTH=17, LEFT-SHIFTED a BITS. 
wt21t.2~POC~t ~IOENT. c . . 
RERACI(PROG,P): ~W(4 •• 61 TO CONTAIN PROG NAME+ 
APPENOIP(-31 ,O,Io~!III: 
'OR1I=1 TO J DO WCI+J)I=P(I): ' 
WI7)I=E~nLC: ~LENGTH OF MAtN P~OG SEGHENT. 
W 611=~PCI ~LENGTH -OF ~ASE PAGE SEGMENT+ 
W(q)I=CO~; ~LENGTH OF COM~O~ SEG~ENT+ 
litH lI=NI1'H. ~NUHEP.AL PA"""~ETEI! IN NAH .sTATE,I",fNT+ 
lF NHN=t THEH W(lt1'=: ELSI W(111'=143S; . 
Fo~ 11=12 TO 17 no W(I11=L. . 
W(3)I=C~~CI(Syl"171: ~CHECKSUH. 
PUNCHI!ECuRO I ="AI1 RECOc>O:, 111 . -

END '''NAHI!ECORD.; , -_ 

; 

. . 

. . 
~a:&=&: •• =z=a.:=z~.=.===== •• =.=============.=======s=================== • 
PROCEDUI!E ENTRECORO; 

"":ORH ENTRY RECOBO. 

• 

.. 



J 

, i' . , 

.== = ==== = ==-;: =:1= == =======:: =:: == ==:: === == ::::= ==:::= ::::= :£e= == == ========= =~==='=.-" ~' . . 
.~ , ' 

P~OC£DURE EXT~£CORD: 
, .. 

. '-" '. ' 
.~O~~ EXTERNAL RECORDS, ,EACH RECORD TO CPHTAIH UPT019 EXTERNAL SYMBOLS.·' . . ' 

EHD; 

_=:::::: =::~:z: ==:::: ===.Z:S ::2==:: == == ==:& ======= :1===== -=== =::: :::== --==:: ==== =::::::::: •• 

PROCEDURE 09LR£CORDS(VAR FrFILEOUTCOOE; PGr9IT); 
-THEoaL R£COROS CONTAIN THE ASSEHPLEO CODE. TWO TYPES OF RECORDS,HAY 

aE PRODUCED. VIZ. BASE-PAGE R~CORDS. AND CURRENT~PAGERECORDS. 
YAP. , 

I ,J,l(lL"NIN1,LIlST ... INTEGER; 
GIEND~ r .,OO\.EAN; -
'GLOBAL -. W. ' 

'lEGIN ," 
RESET(F)$ ENDFr=FALS£: 

\ 
" . 

'REPEAT ~Ngw PE~ORD TFVERY ~OOP. 
l'=~; "II.~i Gr= RUE; 
LASTI=F·.lOC-l; " 
W(~)I~F •• LOC; ~~ELOCATABLE LOAD ADDRESS. 
WHILE (L<5e)AC·END~)AG 00 ' 
BEGIN " , 

• 

, , 

ll=~$ LlsL.1· JlsL; WfJ)I=Q: ' 
, ,W[J)' TO CO~TAI~'RELOCATION INDICES FOR UPTO NEXT FIVE'WOROS •• , 

REPE'AT ' ' 
IF F~.LOCsLAST.1 THEN tASTI~AST.1 

) 
, ; 

o ) 
----.-,.--....y~ 



.- . 
" I 

l~ 

, 

• 

'J 
ENDFI=T~UE; \ 

, ' 

" ". 

( 

~==&z •• ZZa:Z2=::==.==Z======~S===:=S~====::Z~2=========================._ :..:....,. , 
. ,-

" 

SHIFTED 8 BITS TO LEFT~ 

~ZZ=.==.== •• :.=.Z=.===~==·S=.2=.==.=;=========Z=ZZ.======~~============= •• 
pqOCEDURE PREPAREOUTPur;· 

. \ 

"P~INT TITLE PAGE WITH TFIE' Se;:~IAl NU!"'3ER OF THe;: P~GRAI1 
TITLE1 PRO~~AMMER~S ~A~E ETC. ALSO PUNCH A HEAOER CA~D 
NOHflEK 01. 1 T.~' . ~. . 

. . . '. 

VAR l,J,Dl,02 I INTEGERt A.ALFA; CIARRCHAR10; 

j 

ANn PROGRAH 
WITH THE SER~AL • 

.. ----..... -----------------.-----~-. .;-------------~---.------------------.. ... 
• 

• 
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" 

" 

\ 
p~~c<nll~E qlANI(LINES (lII'INTEGC:RI ; 
'lAO rtINTEr.E~1 ' ( 
q<~IN ' 
- ,W'lITE I':Olf: 31: 

rOQ 1'=1 0 N 00 
'BEGIN • 

~CAiE(J11; OUTCH(:-:l; SPACE(6CI; WRITE(:-:,EOl,: :1 
'SPACf( HI 

['10 ~qLANI(LPIES.; . . " 

·--------~---------------------------------~--------------------------- .. 

PAD' =PAD-1; 
OUTCH (:-:1 ; 

. " 
~-- -- --- --------.------- - ------- ..:-------~ .--- ---- .:.-- --~- -_.---. -- ------,.. 

~== :r.:J:=:;:r~~.;w:=za.====:r = ===-:==:1 =.===~=:r::==== ==:== ====== =====.======= === ",. 
" . 

" 
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. ~ •••••••••••••••••••••••••••• MAIN PR1GRAH •••• !.~ ••••••••••• ~ ••••••••••• 

~G!'l 

, IN1TIALIlATIOH • 

, 
, NEw PROGRAM • 
NPROGt=~PR()G+1 ; 

'RE-INITIALI1E VADIABLES. 
REWRITEeS); REwRIT::eR); R::1I 0 ITE(CH; 
A'lSPROGt=FALSE: E"RPAGEI =[ 1: 'LSTFLAGt=TRUE: FATAlI=FALSE:' EPt=:::i 
TaL PR I Nlt = F AL SC::; L ST OUTP-ur t =F,ALS::':, PUNCH~J HI =F AL S:: t L Isrq INt =FAL:.E ; .. • 
lFt=FALSE· P.Ft=FALSC::: OPTIONI=! !: ' 
PGI=O; LIl=c; LNI=1: SHI=-1; ::RI=y; NERI=C; LCI=O; ,SCAN11=TRUE; , 

FOR lice TO S1 00 SY~TA'l(ll.NA~~t=E~PTY; 
FOR 11=1 TO HLT 00 LITTAB[I.111=NOLIT~ 

~PR1NT TITLE PAtE AND 'UNCH HEADER CARD. 
PRE~AREOUTDUT: ' • 

~R£AD AND INTERPRET T~E CO~~OL CARO. ' 
RsEAOARRA,yeIllTEXn; fF ~rlOIN uT THEN (;s,O TgPF3 L: 0 ". S •• LOCFLOt--Q',PUTeS)',. QUEEZE'ClNTEXT,S".LINE): S".LNI=U;; ". I=y, 
PRINTARRAyeINT~XT)'1 LlhES(2); 
COLI=11 GETNA~~(4) 
IF 61,.--AS!t9! THEN ERRORe 1 In..; ,( REPEA . , ," 

IF !lH IN PARAMETER TIi€N t!.~ 
ClS~ CH OF , \ ' 

;~; : a~al~·f~s~~8agH~H; ~n;J~H~! JEg~c~~3;E'W; '--...J..' 
;~~ : b~~g~~t~l!T~~~Tl 
;T~ I, TRLPRINTt=TRUE: 
=N= • OPTI~I=CHI 
~~~ : ~~~tg~~~Cm:~~UE; • 

!~5,=F=I:C= • qEGI~WR Ee=PARA~ETER C IS IGNORED!); LINES(1) END; .. 
~ ~ . .. 

, END EL~E ERRORUC); , 
NEXTCMAReCH) : /J 

UNTIL 9LlN~OREOleCH); / 

,~, 



\ , , ( 

L~TrLA~I=L~TOUTPUT: BI~00~PUTI=PUH6~BIN O~ LISTBIN; 
Ir AF=DF T'i(N, 
9EGI 11 ' " 

A8SP~OGI=FALSE: Le,=c: 

f 
-. 

-' 

IIRITE(:- PPOGPA~ :'SSUM::O 10 BE PELOCAT,ABLE -::1; Llt;ES(21 
E~O; 

IF ~(LSTOUTPUTw PUNCHBIN ~ TBLPRINT ~ LI~T3INI THEN ER~OPlZ2r; 

IF, /;Ellt~ THEN 
, 

flEGIN -. 
WPITEl~EI!PCIIS I~ CONT~OL CAIIO::t: LINESlllr HULTIPRINT(~-~.221; 
LINESlZI,: PIIINTERR; SK.If1TOEtm; PUNCHCAPDlER~CARDI ~ GOTO Z ' 

END: ., 
paSSOIlE; 

IF TBlP,lIlNT THEI4 .. PRINT SYMBOL TAIlLE+ 
flfG HI ' 
TITLE: ~~ITE(= SY~30L ~ABLE:, 

FOP It=O TO'SN 00 
!lEG HI 

N'=ST~PTI!'{ 11: -
~:1!1~~~~~~'f~k~A6b~~H~~~~}l3{Nl.Typi; 
OUTOCTlSYHTAQ{NJ.LOC,·, WPITElEOL,: :1; 

END -
END; 

PASSTW'll 

EOL,:O:); 

IF ~(EPRPAGF. ! ( 11 THEN .. PRINT PAGE NUMBERS W;TH ERR~S+ 
I)EGIN ' 

VRIT~ll:ERPtOPS OH THE FOLL'lWING PAGES:I; ~INESlZ'~ 
FOR 1=1 0 EP ilO ' 
LINd~zf; Ih E~RPAGE THE,N IUUTElIl5J1 

END; , ' 
, , 

'<) 

1 

IF FATAL THEN 
, 

BEGI~ 
PUNCHCAPO(E~RCAPDI: 

, WRITEl:BINARY OUTPUT 
END; 

'­
SUP,pESSEO:,EOL,: :I;'·GOTO 2 

IF LIST3IN THEN TITLE: 
IF flIN'lUTPUl THEN .. qYtIARY OUTPUT REQUESTED. 
IF ABSPqOG THEN AqS3INCEC'lRO~ 
ELSE . , 
BEGIN .. PUNCH/PRINT IN RELOCATABLE BINARY F'ORHA1+ 

. F NT>O, THEN EHTqECO~O: 
. iA~REC'lR~: ' , 

. f XT>O THEN EXTRECOPO:' 
I~ 2~lg>~Hf~e:~Ilb~(~~tg~~h~! i,; 
{HORECORO; 

END, . 

, 

2'IF ~ENDINPUT THEN .. ASSE~BLE NEXT ~ROGRAH+ 
BEGIN VRITECEOL,:1:1, GOTO 1 END; 

H lI~ESl21; WRITEl:EII') OF' RUU:I: WRITElEOLH 

END'. 
'" ,. 

," / 

.. 

, . 
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THE CROSS ASSEMBLER 

( 
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./ 
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