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ÀB S TB ACT

The developnent of a load-and.-go assembler for the CDC

6600. conputer r¡ritten 1n a high-l-eve] language is presente'1

in this thesis. À description of the benefits of usinE

high-level languages for writing this type of softr¡are is

given along with a d.escription of the load-and-go assembler'

The assembler, when linked vith the interpreter of the CDC

instructions, can be run on tbe IBtl 360/65 a teaching

tool for the CDC Courpass language.
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_L.!,__irI_ts!!!q!lçI
'Ihe 

'est 
uay to strrciy the variorrs co'ìÞuti_ng machines

and comprrt-er languages is by programming them. since a

variety of tln,ruages are avairable on rarge computers it_ is
pôssible for strrds¡¡5 to learn m.lny hígh-revel languages an.l
the asseinbly languaEe of the avai lab re conputer. B ut what

about the other computers anrl assembry lanquages one nay be

require,l to kno"¡ at other ccmputer insta-l_lations? To enable
sturlents to famil-iarize themselves r¡itir these nachines an,j

assembl-y languages, it is necessary for sirnulators antl

interpreters to be r¿ritten f o¡ t he avail-abre conpìrt-er.

the initiar goals in pranning the project described in
this thesis were:

T¿

i:jn åti¡.q.åq¿1-Ia_!,lIIIjg_Iru_èSE¡i"l B! rR

1) 1o use a high-level langl¡aJe at the
changes to a low-leve1 't anguage Iater
necessar y.

s+-art and make aly

if they rere deemed

thÍs2) To have a 1o¿r1-anrì-go assc:mhler since it was felt
r.¡ou111 minimize turnaroul,l tine



1.1 HISTORY OF ÀssEr{ !L EBS

Àssemblers were the first translators. Àn assenbly

language is essentially a symbolic representation of the

¡nachine cotle rith a one-to-one conversion ratio. ïn two

passes through a set of instructions, assenblers iirst

produce a symbcl tabJ-e and then convert the,symbolic opcode

ancl add.resses to nachine code

Some cornputers were hard to prograrn in their oÌrn

nachine language and this encourage,l the development of

progrannínE languages. The first commercially available

computer, the Univac (1951), Has relatively easy to

progran in its own code- It rlas a d.ecinal, alphanuneric

machine '*ith nnemonic instructions that were easv to

rememl¡er and. use. The 12-character word made scaling of many

fixed-point calculations fairly easy. ït vas not always easy

to see the advantage of assembly systems and compilers that

sere slow and clunsy in a na.Lin" of only 121000 characters

of high-speed storage (200 rnicroseconr.Ls average access tirqe

per 12-character word).

The IB¡{ 7C1 (1952) uas the first. ccmmercía11y marketeC

large-scale binary conputer. The best kno¡¡n programrnj-ng

Ianguage on the 701 was Speedco,le (a language that nad.e the

one-address binary fixed-poi-nt .machine appear to be a

three-ad,lress decimal- ' f loating-point com puter with index

registers) . llore than al most any language, S peeilcode



denonstrated. the extent to which

sacrifice compu ter spee.d f or the

users uere willing

sake of progranuri

conven icnce

The IBl.f 650 was an easily programmeil tlrum computer. It

lackecl floating-point hardware' a feature that hlas later

available. A program could be optimize'l by Proper placernent

of the instructions on the drum. SOAP (Symbolic Optinizer

and Àsseurbly Program) Cid the assernbly and the optirnizinE

for the programmer. The optinization feature of this program

nacie it valuable to the programmer-

fiith t[e introrluction of magnetic core storage the IBi{

?0.4 was pro duced with many hard ware f eatures t hat harl

previously been software features' such as intlex registers

and. the ability to do floating-point arithmetic. These

features removed the necessity of interpretive systems such

as Speedcode. SAP (Share Assambly ProEram) 'cas an early

assenbler used on the IBI{ 704 computer in 1956. These early

assenbly languages were much like the ItIX (see Knuth vol. 1)

assembly IanguaEe. Both conputers and assemblers became nore

complex with the coming of machines like the CDC 1640 and

the IBU ?090. These machines are similar to the I'IIX machine'

Àfter two generatíons most asse.mbly systems became

full-scale computar-orienteC compilers with features such as

extensive libraries of subroutinesr IItâcro generators and

progran organization features.

to

n9



L. 2_L5lLE r,rE ¡i r ÀifqE_LÀIgqÀq.E

The ains of this prcject.r¿ere to c¡eate a teachì-ng tooJ-

for strrdents and to experiraent in vriting computer systems

in hiqh-level languages. The teaching tool is the resulting

interpretive system for the CDC 6600 computerr written in

FORTRÀI.¡.

FORTRAN was chosen as the high-1eve1 J.angua.ge for

several reas.ons:

1)

algori tn

turnarou

2)

The WJ\TFIV compiler Has available for testing

and mod.ules as t hey i{ere written, allowing f ast

and giving good error tliagnostics.

The FORTRÀN H ccrnpiler [14] was available. FORTRÀN

fl is an optimLzing compiler and renoves ineffj-ciencies in

the userfs source code. other extra features, not available

in most FORTRAN compilers, make it an excellent compiler for

vriting softi{are. FoRTRA}l H al-lows the use of TOGICÀI+1

variables, which permits the comparison of characters one at

a time. The f unction SIIFTR (1, N) is a built-in f unction which

allows you to shift a bit strinq L, N places to the right.

The opposite left shift function and other bit manipulation

functions are alsc available.

3) Since a FOIITRÀN IV corr-rpiler is available on most

large machines, the interpreter. can be run at other

installations with few modifications. Although there are

differcnces between the various FORTRÀl{ coinoilers, the

NS

nd



progran can be run wj-thout extensíve rewriting of the

pro9raF.

4) l{ost stu,lents of computer sòience are familiar with

FORTRAII and will be able to nodify or ad.d to the sinulator

if this is desireC

5) It is easier to code in high-level languages and

easier to debug the code. Proglam bugs are difficult to finrl

and. fix in software sritten in assembly lanquage.

6) In most cases the number of statenents reguirerl to

write a given algorithm is less in the high-levei lanEuage.

7) High-level languaqes nake it easier to write large

programs. This results in the development of betier soft-wale

using less computer time. The average programnel does not

write better co,le than FORTRÀN H produces when they wr'ite in

assembly language. Thus it is quite 1ike1y that systems

Hritten in high-level languages would be better than those

written in assenblY languages.

The BurrouEirs 5-500 operating systern l{as written in

À1go1 60- The operating system has all the advantages óf

being ,*ritten in a high-l-evel la nguage and is also f ast,

efficient, anrl smal1 in pEogran sLze. These features are

thought to be ¡eserved. for systens written in assenbly

Ianguage. Hith the availability of good optimizing compiÌers

this need not be true.
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1.3 SPECIFTCATIOI{S FOR THts ASSE¡IBLER

:this pro ject consistecl of writing a loacl-and-go

assenbler which r.¡oul,l. simulate the CDC Ccmpass assembler. Àr-t

f BH 360/65 nas use,å as the host machine for the loacl-and-go

assenbler. Some of Cornpassrs advanced features suòh as

micros, nacros an,f nany of its psuedo-opcoiles were 1ef t out.

This onission provided for a simpler language. Beca.use the

assenblerrs .main purpose Has to be used 
' as a teaching

devi-ce, sone special properties rlere adcled to the assembler"

These desirable properties of such a teaching. language

are given be lo¡v:

I 1) The asseurbler should not require a large anount of

core. tr.Ie considered a limit to be about 100K-

2) Batch processi-nq should. be available.

3) Turnaround should be verY fast-

4) Error diagnostics should be very gooC and sinpì-e

rtebug f+atures should be availahle. For exanples see below.

' The assembler has all of these features. Each error

diag'nostic incluùes a brief 'lescription of the error. For

example, the statement

SB2 B1

will cause the ercor message;

NOT AN OPCODE. PROBABLE$$$ENRORS$$--- STRING

CAUSE, i{fSSINtì ¡ll,À}IK.

B1 rS

The abo"e error occurred because

6

the opcode started. before



t..colunn three of the carr1.

Since the assenbler rlas lqritten for student use it has

many error nessages to make clebuggin$ easier and has special

debug features not available in the Compass assembler. These

are the TRACEOII and TRACEOFF features that al1ow you to

trace the execution. of the pEogram instruction by

i nstruc tion

The combined assembler-j-nterpreter [4] takes 102 K of

core tc run.' Batch Processing is available and turnaround

is very fast. The Program assembles statements at a rate of

more thari 6000 cards Per minute'

- 1 - g SIgq!A!qI!-enrl-IN!EEPEIIISS

Simulators and interpreters make the hcst computer

mimic another computer or complex system thrcugh softi¡are.

Interpretive assemblers differ from real assenblers in that

the nachine code produced j-s not generally for the host

machine but for an interpreter that translates and executes

the assernhled code on the irost machine.

Uachines are sinulated to give stutlents other examples

of conputers to study or easier machines to study. The

spectre, Ganna 7O and llix computers aEe exanples of

simulatel hypothetical computers that are easier to

untlerstand and Program than rnost real nachines. In the

hypothctical machine, many features are left out so that



only a very basic machine is produced. ft is used as a

teaching tool to enabl:e students to better grasp the

rorkings of a basic stored-progran nachine. À short

clescription of the SPECTRE machine is given here as an

exa m p le.
The Spectre machine is a.simple configuration with an

input unit (card read.er) r âr output unit (1ine printer) , a

central memory of 10 O0 sords, a central proces-sor an,L arr

aiithnetic unit. Thä machine has 2 registers used by

programilìers for arithmetic opeEations, the AC (Accumulator),

an cl the llQ (ivlultipJ-ier Q rrotient) and 2 j-nternal registers,

the IAR (Instruction Address Register) and the IR

(Tnstruction Register). Each register holds a ten-rligit

signe'1. integer except the T-lR which holds only three digits

(the ad,Lress of the next instruction to be executeC) . The IR

holds the instruction currently being executed..

The memory of the Sp€ctre Çomputer.holds 1000 ten-digit

signed integers uith values between -9999999999 and

+9999999Cgg. These are addressed 000 to 999.

The rnachine can be programmed directly in machine code;

or in the assenbly language, Spectre l'lÀP. The assembler is a

sinple tuo pass progEan that rloes a one-to-one conversion of

the synbcJ-ic opcodes and addresses to the machine

equivalent-. Since there are no index registers, address

mod.ification is used to perform inrlexing. Spectre is written



Ð

ç!

in IBI,I 360 assenbly language as

t 1s l

other sinulators have been.

stud.y a new

computer and

different in

With our simulator, stuclents are able to

assenbly languaqe that on a real

faniliarize thenseives rcith a computer quite

design from the IBI'i 360/65, the host computer.

1.5 À ÐESCRIPTION OF THE CDC 6600

. The CDC 6600 is similar to the older motlel CDC machines

in many ways:

i) The number of possible opcodes is 64-

2) The machine uses binary representation for numbers.

3) Onefs conplement notation is used for negative numbers.

This ru-ôans there are two zeros, a plus zero anrl a. minus

zero.

The word length in CDC machines increased fron 48 bits

in the CDC 1604 and cÐC 3600 to,60 bits in the CDC 66C0. The

CDC 6600 computer is a large multipurpose machine with up to

10 Peripheral Processor Units (PPUrs) which handle all I/O.

The PPUrs can ilo a sma1l amount of arithmetic. Each has a

memory of 4096 words of 12 bits each. The PPU|s are assigneC.

communication areas of B 60-bit words each in central

nenory. The first vord is the input register and the second

the output register. ?he remaind.er is a message buffer. Each

PPU has a l8-bit acc'Jmulator register anrl a repertoire of 61

9



instructions- The computer has 12 data channels' PPUrs can

read br ,¿rite, using plripheral equipment, i-nto their own

nenory using any of the channels and can read or write

clirectly into central memory fron their o'tn nemory.

The Central Processor tnit (CPU) does the computing' It

has access to a central memorlr of r1p to 13110?2 words of 60

bits each.

Input 
:" 

the cêntral menory is received as five 12-bít'

words combinerì in a buffer and. transmitted to one 60-bit

word. For output the CPU can set a word in memory for a PPU

to read

À floatinE-point nunber is represented in memory as

k.2+tn, where 2000 (the bias base B or excess 1024 base 10

notation) + n is stored in the 12 hiqh-order bits' {the

leftmost bit being the sign of the number) , and. k (the

integer portion) in the other 48 bits of the 60-bit word'

The representatj-cn of the 60 bits 1abe11ed fron right to

left by 0r112,.....59 is given below.

15e-- -----gB LLZ---- ----9'r
I s I _E-5p-o\Eì¡I--t --fIIEqER k------------I

If n (base B) is negative, it is chanqecl' to oner s complement

notaticn and add.od to 2000. Fol example {the following

numbers are base B), íf n is -1 it ís converted to'1176 and

added to 2000 giving 117'7 6- The hi-gh-order octal digit is

10



ignored, giving a biased exponent of 1776- Therefore there

are tùc zero exponents, 2.000 and 177 7. 1777 , ís minus ze:o

anl is used for indefinite results.
CPU instructions can be 15-Ìrit instructions or 30-bit

instruetions. Respectively, they take the folloring forms

fm i j k or fn i j K. The fm part ís a 6-bit function coCe

(opco,1e) . The parts í, j, and k are 3-bit register
designators. The part K in the 30-bit instruction is an

18-bit address. The 60-f,it words of menory can be filtetl
r+ith t-wo 30-bit, four 15-bit or one 30-bit anil tço 15-bit
instructions. Any one of these can be a null operation.

The CPU has eight X regist.ers, eight À registers and

eight B registers. The 60-bit X registers act as

accumulators, the À registers holC 1B-bit- arldresses and. the

1B-bit B reqisters are for indexing. À and X registers are

U-nked so that the following functions occur if An is
referenced:

1) n=0 no effect on the X registers.
2) n=1,21314 or 5 the contents of the address referenced

by An are loaCed. into Xn.

3) n=6 or 7 contents of the Xn register are unloaded into
the adilress reierenced by An.

' There are ten Cistinct functional units in the CpU to
speecl execution. These units are'the floating add. unit, the

long adC unit, the divide unit, the shift unit, the boolean

1'l



unit, thg branch unit, tt¡o nultipJ-y units and tr¿o short adil

units..Essenti-ally this neans that ten operations can be

running simultaneousl y if the prograrmer can nake the best

use of the nacbine. The cPU has an instruction stack of

thirty-*-wo, 15-bit registers to hold instructions prior to

executico, savicg fetch tine

A prograr is initiateC in the CPU when a PPU loads the

program ini-o cen+,ral mernory. The FPU must build an r exchange

junp packager and then do an exchange jurnp {an exchange junp

is a special P?U oncode, see belor.r) . This package is a

seguence of sixteen 60-trit ccrC.s ín central nemoEy 'Jhich aré

used to set the initial values of the registers A0 to À7, X0

to X7 , B 1 to 31 , P, RÀ, FI an,L El1. The P (Program Address)

register is the add.ress of the next CPU instruction. RA is

the refeience aC.dress, nhich is used for progran relocation.

Àny l rcference to a nìemory location K in the program

automa+-ically beccnes K+RÀ, rnaking prograns ¡elccatable. FL

(Fie1d Length) defines tae nuu¡ber of ccnsecutive rn*ârnory

locatj cns used by the Þrogran. the cPU will stop if the

progran references an addr+ss outside the range specified by

RA and FL. Etl (Exit )lo,ie) def ines the condi tions that are

allo-vrel to st.op the operation of the CPU.

The e:<change junp is a PPU instr uction specif ying the

address of an exchanqe packaEe that is currently in nenory.

The ini+-ia1 conditi-ons for the next program are set storing

12



the previg.= contents of À, N.t B, P, RA, FL and. E!{ registers

in the exchange ,oackage. That is, the excbanSe packages of

thei o1-f. asd neì¡ prograns are interchanged and the operation

of, the ne'll progran starts at the instruction in location

P+RA.

The SCOPE operating sys'Len uses one- PPU for the systen

display routine, and one as the l{onitor PPU' uhich keeps

continuous watch oD the plogEan operati-ng in tì.e CPII an.d

passes nessages tron the Progran to other PPUr s. The Honitor

is in pelaament overall control of the systen. Cther PPUrs

cannot perforn any function not approved in advance. The

eiEht other PPlJrs rei¡ain in a pool, looping on a read of

the j-r in-nut regis+,-er until a re quest is received.. The

i{onitor selects a PPU and. instructs it to carly out the

operation by pìtttiûg a signi f i-cant' uord inio its input

register. The P?Il obeys any reque-st, then indica-'es to the

l{onitor via its orrtput buffer that it is finished. The

ìlonitor perio'1ica1}¡r reads the outout register of each PPU

lookinç fcr reguests and zeloes the registers whenever the

request has been saLisfiei. The l{onitor also handles

reEuests fron peripheral devices anrl allocates a pPU to

process these jobs- PPUrs aIe primarily slaves of the

¡{onitor but occasionally a PPU must request ccoperation of

other PPII I s. Th ese reguests are routed t-hrough the !{onitor.

To- prevent tr¡o PPUrs fron trying to use the sane Í/O

13



channel, the I'lonitor naintains a lj-st of cha¡nels and their

status. À PPû must reguest the tlonitor to assign -a channel

to it. Comuronly used. PPU plograms are stored in central

menory

The CDC 6600 is a multiprogramnecl computer- The

executing proqram requests I/O by storing the request at a

specific location in memory and stopping. The Monitor then

acts according to the type of I/O requested. If it is a

bufferei request, the t'lonitor accepts the reguest and

restarts the program. Later the CPU can examine a flag to

see if the request has been fulfilleit. À circular buffer is

use,1 an'l the PPU can fill it at the sane time the CPU

enpties it. If it is an unbuffereil reguest, it implies that

the prograr.t cannot continue until the request is fulfille,1.

The ¡{onitor passes t'he reqìrest to a PPU r then does an

exchange jump to start another progran. Later vhen the 1/o

request has been completed the first proEraln can tre

rest arte 3.

The Conpass assenbl-er ru

systen. Compass 1 anguage

under the SCOPE operating

assembly languages in that it has r.nacro capabilit ies and

many pseutlo-opcorles. The main '1i ff erence with resPect to

other languages is that the Conpass opcodes depend on the

operands. That is, the machine lanquage code cannot be

produce,l until the syntax of the operand is known-

NS

is simi]-ar to most advanceC
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usage nay be founrl in the Ccnpass Reference llanual. t13]
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CHÀPTER 2

rtsING I1IGH:IEViL lagqIIAGES

2.0 rN!tsqDUgrIqI

The load-aad-go assenbler uas sritten totally in

FORTRAII H except for the sub¡routines to do T/o. This seens

to be a nuch better approach to writing large prograns than

nriting tbeur in assenbly languages. There are reasons for

usingassenrbllrlanguagesbutwiththedevelopnent-of

compilers for writing systems softHare that produce good

optimized code most of the benefits of using assembly

language disappear. However, it is felt that a knowleilge of

assenl-'rly language and the computer beinq useä aids in the

writing of good code .in hiqh-1eveJ- ì-anguaEes'

-2. ! sr.Gg-tE vr!-v5- !o!:ler¡l-!¡IguAsEe
The quality of code produced. depends on the 'prograniner

and. tha co rnpiler or assembler being used.' The code in

1ow-1evel languages is much nore dependent on the progranmer

than f-he coCe from a. hiqh-level language. The FORTRÀN H

compiler rvill fi-x-up inefficient FORTRAN code for the

prog ram ner

ass emb Iers.

in many cases. Code is not improved by

It is possible for a good assembler Programmer to

outcode the FORTRAN Ii conpiler but only with a Iot of sork

16
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to ensure . that the code being rrritten is optiuralt La-frSe
'.. ,<;

systens take nuch time to d.evelop in any language. This time

coulillbe reduce{ by using hi'lh-Ievel Ianguages.

the following tlro quotations discuss the positive and

negative aspects of assembly coding.

'r There are a nrrmber of reasons why assenbly language
is useð.

1) Assenbly language has no Deers for producing
efficient programs, that is, proErarûs efficient in
terns of com5rileC progiram size and speed of running.
EffJ-cì-ency does ma tter. People of ten pay 1ip service
to it anl therr write extrenely inefficient ÞrograIDs.
Eigh ef f icie ncy retluces operati ng ccsts anl makes
thil.ls possible that are impossible if the prograrns
aEe inefficient. Two examples are fast console
response to filing operations in a nulti-access system
anC 'ar ingin,S the most out of a small (say BK) urachine.
The' skil1 ano ingenuitv of the programmer also have a
gireat- ef f ect on Lha ef f iciency, b ut this is just as
true f or h iEh-level 1 anguages a-s f or assembly cod.e.

2l Assenbly languaEe enables you to get as close to
the nachine as is possible. It does' not prevent any
operation that the machine is capable of executing
frcn being prolrarnned. This is certainly not true of
high- level languages. Further, the discipline of
learning assenbly language ensures that the piogranner
learns about thc rqachine. High-leve1 languages screen
the pr cEraîner f rorn the machine. flhi lc this a ttrj-bute
is highly Cesirable in ilìany applications, systen
progrens c3n benefit from the programmer thoroughly
unierstanding the actual n¿rchine a¡r'1 its capabilities.

3) Àssenbly languaEe can be quickly cornpilei; this is
a great convenience when d.eveloping prograns''
especially on-J-ine with a sinEle user or multi-access
mach i:r e.

4) , on-line d.ebugqing systems are an enormous aid to
debugging at the assenbly language level. Typical
facllities are interrogai-ion and setting of registers'
searchinq for bit patterns and break points, free
running and interpretive execution anC so on.
Correction of errors t¡ith hi'¡h-1eve1 languages

;:Ã
.,3
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norlûally invclves editing the
recompiling a ni reloa rlin g.

source document'

5) Asseurbly language systems do not require the use
of a run-tine system to perform functions such as
space allocation. This leaves the system progranrì3r

. sitt 1he inaximum flexibility to organize his systen
progran to suit the problem at hand-. 't [61

For these reasons almost al1 system programs are

nritten j-n assembly language. Àre these reasons sufficient

to make progranning in assembly language desirable?

n The ansrder is rlo r but unf ortunately it is sti1l the
most suitable language on nany nachines. BriefIy,
because they ar€ r¿eIl known, the very grave
disaC.vantages of .assenirly language are:

1) Apart from the few who delight in such
intricacies, nost people find assembly language
programs hartler tc write' read, understand, d-ebug and'
maiñtainthanhigh-]eve11anguageproEEaInS.

2) It provices the poorest conceptual franework for
the programner to express the computing operations he
wants performeå.

3) f t is completel-y nachine d.ependent, thrrs reguiring
any inachine language program to be completely
relritten vhen it is transferred to a different
machine.!'i6l

Since programming in assenbly language is unCesirable

for these reasons, methorls must be found to take advantage

of the good properties of assembly languages. Compilers can

procuce efficient cod.e if they are well written and have a

goorl optim j-zaticn feature, stlch as the one in the FORTRAN ã

compilcr. .Yachines can be designed to be conìpatible uith

high-1cve1 langxage. The B-6500 'das designe,J Hith th

feature in mind. Debug features of debug compilers can

IS

be
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just as fast and. efficient as tbe assembly ranguage debug

features, and also can be much easier to use. For exanple,

r Ì 
--I{ÀTFIù prodrrces excetlent diagnostics'

..çrhYhavealmcsta]-lsystemsinthepastbeencrittenin

assemb.ly languages? liris has been true because of the

advantages of asse mbly 1 an guages as mentioned above an'l

because the co,ie nost hiqh-1evel languages have proilucecl in

r-^nn r'ôr' This need not be thethe past has been very inefficient' Thrs need no

case.othera.ì'vantagesofhigh_levellanguaqesmakethen

very: acceptable for r'rriting large prcqrams'

fr The advant.ages of coding in a high-1evel language
1ie-;; i ncreased prograrfi mer proiluctivity, f ewer btrgs

inthecc-ce,fe,*erploglammersrequirecl,increased.
ii"*iri liLy in rlg 

- 
pio,l uct, t reaåability' cf the

source .ái. ( t self-docun-ontationr ) and sone degree
(unspecifi;ãl Jt *ã"nin" independence {better called'
rportabiiitY') . " i2l
il PortabilitY is the property oi a systen which

þernits it to be map-oed frcm one environment to a

åirr"rent environ¡reñi'' [ 8]

Thus usinq high-level languages can have nany

advantages. i'tith inproved compilers having built-in

optimizing . feaLures, it seens likely that high-Ieve1

languages ,,Ji1l be use,.] much more in the future f or uriting

systerns softllaro.

ït seems that having both a debug compiler and a

proclucticn cosl?iIer is a good approach to produce efficient

prograins in high-Ieve1 Ianguages in a relatively short

period of tiine. rt is unlikely that a good. debug conpiler
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can also. produce good, efficient code and be efficient in

both areas. Thereforen it is reasonable to have compilers

such as ifÀlFIV for debuqging and one, such. as FûRTRÀN H, for

producing ,goor1 cor1e. This is the approach that IBH seems to

be taking Hith their new PL 1 conpilers. I,{ith this a¡rproach

most error checking could be taken out of the production

compiler and the error checking Íould then be ilone

before-hand using t-he d.ebug ccnpiler.

Assernbly language sti11 has a place in producing

software until a good systen writing compiler is produced.

Hhere sections of code are foun,f to be very inefficient ani

it i-s felt that writing the cod.e in assembly language would

prorluce a significant improvem€nt, it woulC be reasonable to

do this. This'das Cone r+ith the CDC load-anrì-go assembler.

The I/O routines lrere replaced with assembly language

subroutines, rrrhich avoicleC the use of FICCS unã resulted in

much shorter run-time for the program. This nixed language

develo¡rment aoproach i-s being taken in rnany systeus to-day;

for exainple, in programs such as SPSS.

lJriting software in high level languages has already

producci some very good systens and grograins. For example,

FORTRAII H was written in FORTRÀN H-

It I want to defend the FORTRÀN H con,oiler. It is
perhaps the most comr¡lex F0RTRAN conpiler that has
ever been writt-en- Tt is unfaj-r to compare it r¡ith
compilers '*ritten in machine langrraee, that do not do
the same functions. It is inCeed dcubtful whether it
coul,f have been rritten in anything but a hiqh- leve1
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Ianquage. I know of othec successful uses of
high- leve1 languages for writing assemblers anil
compilers. The point of using high-Ievel languages is
to suppress unnecessary detail, .crhich is vital in
com p1 ex prcb le ms- tr | 7 ]

If high-level- Languages are used extensively for
nriting systems soft'/are, it si1l be reasonable to design

conputers that are r¿ell integrated with the language being

used. The hardware 'rill be designec so that the computer can

perforin the softHare functions as quickly as possible. Thus

the conputer should be very fast when using the J.anguage for
which it ïas designeil.

The 8-6500, a Burroughs computer, uas ,iesigned so that

high-leve1 1an'guages (especiall1r Àf,GOL) coulrl be useC

excrusively in progranining the nachine. Haking the hardware

of a co:nouter ccurpatibl e '*i-th a high- lever language seems to

be a verl¡ good approach for producin'g good software. The

follor¿ing guotaticns indicate a growinq trend to prcnote the

use of high-leve1 languages in all areas of softnarê
vriting.

It For al.most a decade now, the people in 3urroughs
have been vriting their ccmoilers and. operating
syste'ins in higher:tevel 1angua.3es, p.in"iiry -Ãiõói, 

60
or ÀLcOL 60 with extensì ons. llany say +.hat the
soft'ware systens t-hat have been d.elivered are quite
respectab Ie. rr i 1 l
It Th-e irlplenentation of the operating systens and" conpil-ers by use of hiEher-leveI Ianquages (and. a1I
that it implies) is one of the most inportart (if not
the nost inportant-) rea.son for the success that the
software prcvi'letl with the B-5500 anrl B-6500 has
enjoyed.rf t 1l
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9.

CHÄPTER 3

T HE ÂS S E I'1BT ER

_3. 0_I ¡'!?rE ïEIIATIqS F!èTLIRES

The CDC load-and-go assenbler

host conputer look as nuch like the

possible. The host conPuter Has an

has 32-bit t¡orCs- The CDC nachine to

Has designed to nake the

CDC 6600 computer as

IB¡{ 360/65 machine which

be simulated has 60-bit

wortls.

This meant using clouble precision (ie. two words) for

evely tnrorcl of ccde produced. This left four unused bits for

every CDC wor,L prod.uced. These extra bits were used to

coniain flags, such as the trace f1ag, for t.he trace feature

that was irp-ì-enente'1.

The documentation for the CDC 6600 conputer uses an

octal notaticn to represent a i¿ord of nemorY. This neans

that every 3 bits in the CDC'"toril form a digit bet-ween 0 and

7. This gives 20 digits to the 60-bit uord. since the

simulator l,as written f or the ]Btrf 360/65, 30 bits of an IBM

word were used to nake one-ha1f of a CDC uord. An fBH 32-bit

word cal hold an inteqier as large as 2*+31-1. The vords were

filled digit by digit as the statenents'rrere assembled. To

store the ten digi'"s in oDe coril they had to be taken one at

a t ime, mqltiplied by the appropriate power of B and adde'd

to the word beiltg created. ?lhen this Has ilone 'one-half of a
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CDC worC in the

This çord had
rs.!Jä!.:... .^-^4ø-ha1f-!.ord wou1,ì

6600 conputer.

30 loir-order bits of an fBH nord vas forned.

the same bit pattern as the eguivalent CDC

ha'¡e if assenbly ïere performed on a CDC

rt was ceci,led to have a nemory of 512 vord.s in the
interpreted cÐc nachine. rn the ts1ock Data routine all the

tables are initialized to certain val_ues and can easily be

chanJed. Hence nemory size can be altered easily by changing

one snall routine which initializes constants, The output
from the program resembles the orrtput from a ioc compass

assenbler. This is achieved by storing each statenent until
the END card is encountered and then printing the out_put.

the load-and-Eo assembler rras Hri+,ten j-n FoRTRÀN using
the wÀTFrv and FORTRAN H coinpirers. rt Has ¡.¡ritien in
nodular forrn. ?hese modures are fairly sma11 antl

unconplica terl sc tha t the result in,] progran can be

un,lerstoorl by orhers nithout much difficulty. üôst of the
large rouf-ines are fairly well seglentec so that they are

really just a cc¡rbination of snalJ-er no,åules.

The inpirt to '.,he assembler is a subset of the compass

assenbry language. This subset incluces all the opcodes for
the cDC 6600 cPU, and a fer+ of the psuedo-opcodes that are

necessary for assemÌ:11r. Opcodcs to perf oru f/O are arided to
the instruction set, Ðebug features are incl_u,ieil as

psuedo-o¡cod.es. Ðetailed error nessages are provided.
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The 
. 
assenbler lras first written in FATFfv '*hich a1lo¡rs

for easy de-bugqing of the algorithms. separate scan routines
vere '*ritten for the 1abe1s and opcodes, and. others for the
operand fierc. one routj-ne sas 'rritten to hand.le constants
and 1ítera]-s (see Compass Reference Mairual). A symbol table
routine ,¡as written to handle simple linear tables. This
inclu'led a table for riterals. characters and integers had.

to be translated into cDCts form. À routine to do this
translat ion i¿Ías nritten. Floating-point numbe rs cere

translateC using a different routine.
Base 10 a:rd. basc B numbers were allowed, making it.

necessary to check for the base along sith the manlr other
mo,åifier-s all-oaecl for each constant and l-iteral (see conpass

Reference ManuaI).

, , The organízaticn of the progra¡n'is such that there is
rea1Iy no mainline proErarn but a system of subroutines which

carry out specific tasks. There is an entry point at TEMP,

the first routine.
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FIGURN 1

Macro FlowcharE of the Load-and-Go Assembler
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3. 1_!-lE_Iug¡qqrrLrS

The BLocK DÀÎ4 routine has already been briefly

mentioned. It contains all COUMON statenents containing all

the tat¡les an,1 constants'that may require changing. They are

iait-ialized in this ¡outine to nake changes in the size of

tables fairly uncompl icaterl. This includes changes in netnory

size, symbol and literal table length, ênd the nurnber of

executable statements per progran.

The subrout j-ne called îIAIN is used to rearì the carcl

5-mages one at a ti¡ne. The input may be CDC Compass languaqe

statenents or data for the executì-ng progran. Each new

prograrn initializes constants in this routine and, this

routine calls others so that their constants can be

initialized. ScanninE starts i-n subroutine l{ÀIN vith a

search for labeis and opcodes. Fhen these are found the

appropriate routines are called. Literals are recognized by

the r=r sign in the t'tÀïN routine and routine FfRST is called.

to translate the lite¡al i-nto a forn that can be easily

hand1ed.. The SCÀ¡l routine i-s ca11ed to scan 'the variab].e

field if no literal has been detected. On return fron

routine SCÀN, UÀïN reads a new card anrl processes il, unless

an end-of-fi-le has been reachecl.

The symbol tat¡1e routine, SYI'lTAB, first initializes the

tables when cal-let1 by r'lAIlI. It r¿i11 be noticed that, in

batch processing, only entrj-es that have been used are
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re-ini:ializeil rith each nev progran in a batch. The r¡hore

tabJ-e is initielized rith the first prograa of the batch-

The synbor tabre has five kinds of entries; constants and.

labels that alreaìy harre- values r ìrrdef ine,i variables f rom

the operand fi--rd, labe]-s froin sET statements which can have

their values changed by oth:r SET statements, anil the

location pointer value if it is used in the program. These

are entered and distinguished only ¡y their nane. Each of

them is given a value if defined. The value is left at -1 if
the entry renains unrLefined anc a pointer is set so that the

value can be addec into menory Hhen the END statement is

encount,ered. This is a feature of a one pass assenbler. rf
any variables in the synbol tabre renain undefined an error

is procluced at the end 6r the proqrain.

Literals can be f ron 1 to 4 CDC wórd.s long. They have a

separate table. There is a pcinter to the next available

location in the tab1e. For each literal a pointêr is kept

which points to the statenent that produced. it. The literal

value is store I only once.

The translaf-ion rontine, TRÀNS, takes both inte<¡er and.

charac'-er l iterals an.1 nro,l.uces the interna.l- representation

for the cDC mac¡ine using a table of values for each

possible character. since each character is represented by

two base B digits, there can be a character set of at nost

64 characters. character strings can be 40 characters loDg,
.:
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t¡ith 10 . characters to a

floating-point numbers are

CDC vord. Integers and

up to 20 digits in length if

they are litera1s, but constants can only be numbers less
than 77'1177 base 8. Larger nr-lnbers produce an error nessage.

This linit is set since CDC has an ad,lressing capability of
only 18 bits. The CDC interpreter has a menory of '1000 {base

B) word.s numbered in octal fron 000 to 777- rf an ad.dress is
too large for the interpreter an error is generated at
execution time.

character strings are converted character by character
into the rBl"t vorc. Tntegers are inore difficult since they

can be base B or base 10" À special case is ¡na.de for base E

numbers r¿itb no nodifiers so that any desired bit string can

tre easily nrod.uce,l. Otherwise, integers are handled ' in a

more general nanner. using two fBil words, building the

integer digit by Cigit to resemble the CDC inte¡nal forn.
The SCÀN ror¡tine scans all_ operands except literals.

Expressions are alroverl to have up to íou¡ entries. That is,
r¿henever K is allcwed i¡ an operand. any conl¡ination of up to
a total of four variables, constant-s oE a singre location
point.er value is a legar entry in the operand fierd. one of
the variables can be undefined per expresion, since there is

'on1y oIìe pointer table value for each 30-bit instruction-
The pointer table contains pointers to the symbol table
entry of the undefined variable, or to a literal table entry
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in the inst¡uction tc nhich it refers. onry addition and
subtraction are allo¡red in expressi ons. Ilndefined variables
cannot be preceeied by a ninr¡s sign.

The operand fieltl is scanned. for any deriniters or
constants. Àny value beginning with a digit is assu¡ned. to be

a constant anrl subroutine FIRST is called-
flhen the variables or constants have been separated,

the synbor table routine is carled via various entry points
to place the new values in the table. Registers are also
decoded. in this rcuti ne. The type and number of the register
must be found to croCuce the opcode.

The instruction is in a vector of 10 entries, one for

,each digit of the instruction. rf it is a ls-bit instruction
oniy five digits are reguired and half the vector rémains
z ero.

The oprÀ,8 routine is used for decoding opcodes. oprÀB
contains tabres of possible opccdes and pseudo-opcodes. The
opcoce cannot be corapletel-y cecoded uatil the syntax of the
operand is discoverel in the scÀN or FIRST routines, The
opcode d.epentls on the registers, variables or constants in
the operanil fielrl- l{any opcoiles have registers conbineil into
their fo¡rnat- The number and. tïpe of these registers nust be

decoCed in this routine.
I Pseudo-opcodes set flags and cause the assembler to do

certain functions rather than produce any code. For exanpre,
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Î8ÀCEON sets a

instructions are to
interpreter.

flag indicating that the following

be tr.aced when they are execute,l by the

The E$$$$E routine is called vhenever an eEror or

warning ís f ounC.. The message is printed out- and a flag is
set to inrlicate that an er-ror has occurred..

STCODE is the routine thai. translates the vector of
digits into a 15 or 30-bit CÐC instructj-on. The length of
the instruction is determined by a flag ancl the appropriate

course is taken. There are certain conditions that cause the

instruction to be I f orced upperr. This means that, instea<ì.

of filling a CDC word that already has one or nore

instruc.tions in i+_, this instrucion must be placed. at the

beginning of a CDC word an.d therefcre mo'¡eil up to the next

CDC worl in memory. The remaining sections of the CDC nord

aEe filled with null. opcodes by the assenbler.

I'Ihen the EIJD ,statement is . encountered, literaì_s are

taken from their table and put into neaory after the program

to create the literal poo1. Their addresses are recorded so

that the instructions concerneC can have thei_r ad.dresses

resolvcd.. The pointers to other undefined varj-ables in the

symbol table are checked.. rf they are non-zero the adclress

of the ì nstr uction mu st be resolved. rf an adrlress rernains

und ef inetl an error i s record,erl

The output is nou ready to be printed. Its fornat is as
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close tc cDc cornpass assenbler format as possibre-
' "FrRsr is the routine that puts literals and constants

into a fcrn that can easil1',be used by other routines to
produce the i¡t-ernal cDc fornat. scanning for alohabetic
coles nust be done to find any nodÍ-fiers that are present.
Fhen this has been coropleted ',re $ust decide whetherre have
ar integer, a floating-point ¡unber or a cha¡acter striag so
that the proper routine can be called.

Routine Fr)r1 has two entry points. Entry F.-x2
tra:rslates the exponenr- of the floatirg-point nunber into a

forn $e can use in the DEc{Àr routine. Entry Frx forns an

integer val-ue and checks the base cf the nunber. rf it is
base 8 it is converte¡l to base 10.

ÐEaitÀL acceÐts floating_point. fBü nunbers and
translates then into froating-point . cDC nunbers. The
floatinE-point n,¡irber is finally put into the literal table.

There is a function carred ocrÀ¿ that . is used to
translale base 1C number_s to base g.

_3.z_å!Gg3r! Hx s

Tlre algorithrns used in this
fairly siinple label scan oroceiures
al-goritrns used. to translate nunbers

fhe ì.abeI anl opcod.e scan algor
I'IÀIN. Scanning consisls of a search

progran var y f ro¡n the

tc the inore complicate.l

iato CDC internal form.

ithms are encountered. in
for special characters
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used as delimiters or blanks which mark the end of a fie1d.

Error messages are given for illegal characters in the label

field. A ]abe1 nust start with an alphabetic character. It

is truncated if it is lonqer than B characters. the label is

then passecl to the symbol table routine an<l entered in the

table with its va1ue, the add.ress of the instruction

presently being decoded.

The opcode can be up to 11 characters in length. It is

han<lled in a similar fashion. It is then passed to the

opcode table routi-ne to check for valid opcodes" since some

opcodes can be of the form SN.ST¡,IBOI ,r¡e use a method. of

equivalencing variables so that the symbol can be referenced

by a single variable. This syurbol has the same restrictions

on it as the labels and variat¡les have t-hat are used. in the

operanrì fiel-d. The symbor ¡rust be assigne'i a value before it

is used or an error message will be printed. The opcodes are

broken down into three forms.and three tatrles are used to

hold the variety of possible codes. These are single

characLer corles, tÇo character codes and pseudo-opcodes

r+hich can be up to eight. characters long. since the machine

translaf-ion of an i¡rstructj-on rlepends partly on the symboric

opcode anrl partiy on the operanrì, the algorithms had to
'allow the opcode to change when the syntax of the operand

was known
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3-2. 1 _stf rr3oLrc_Àpf'pEss35 ÀN! IflEììÂLt
. ..i¡

À11 tab]-es are

batch. Only useC.

for each program i
keeping track of
re-initializing the

This saves tine uhen

ini'"ialized at tle I s-tärt of each Dev

entries in the tables are re-initialized
rr a particular batch. This involves
the last elenent in any table and

table up t'o a¡d including that element-

batch processinE-

Figure 2. orEan j_zation of t
in the toad-and.-Go

he Symbol Table

Àssenbler

SYMBOI,
t--------
¿AE EI 1

LA3ELz

I oPER ÀND

| --- --- --
*

T}iTRY TUEEEl VÀI,UE

1

2

3

4

5

13

20

-1

25t
t--------
t -1
| ----=-=-

The nalnes and use,s of the pointers that appear in the
SYäTAB routine folloN:

Fïiù-lL points to the next available locatioa, 5 j-a this
case.

INIT points to the s¡rrnbcÌ being referenced.
The vÀluE tabre is initiar-ized at -1. rf it resìains -1

the symbor is undef ined and Jporì{T {the pointer from
nenorr to the synbol table) is set to the value of
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INIT. The values in this table are all base 10.

the syrnbol table shown in Figure 1 is a simple list-
The literal table is sinirar to the symbor table except that
any entry qay take up more than one place in the table,
Linear search used. in ¡oitr tables to rocate an entry,
since it was felt that short student programs Hould be the
main source of prograns run using this interpreter.

figuie 3. organization of the titeral Table

in the Loacl-and-Go Assembler

tITE EÀL
t----------
| 01 0203c40s
t----------
| 0607080910
| -----

1112131¿r15

16 17 181920
| --- ------ -
It----------

ENTRY NUT,IBER POIUTER

------.--:
5

1l
----------l
that are useil in

1

2

3

4

5

of the point e rsIh-- names and uses the
SYMÎAB routine fcl1ou:

LITEND - points to the next available space (5 above) and

is alwavs odd.

T27 - points tc the literal being entere,J into the table.
JPCTNT - is set to {127+1) /2+L500 vhich is the cDc

adrlress for the top of the literaL table plus the
length of CDC memory.
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1500 -. is the length of CÐC nemory.

The literal tabre shoun in Figure 2 is a sinptre list.
The li-terar tabre is used to creat.e tàe literal pool at the
end of the translated progran. The literal- in the table ia
Figure 2 is the nunerj-c representation of the fj-rst 20

me¡nbers of the alphabet.

The pointers used to ¡esolve addresses at the end of
the progran nay pcint to either the, synbol table or the
literal tabIe. These pointers are kept separate by ad.cing a

constant to t Le literal table _oointers.

Figure 4- organizaÈion of the ltemory anù pointer vectors

i{EflO RÏ

6't20c 00c 12 'r230000002

E}ITRY NI] IltsERS

0 L500+0

1 L500+1

2 L5O0+2

3 L500+3

4 L500+4

POTI{

0

0

----;

511

----:

TER S
t----
l0
¡-----
l0
l-----

2'112256610

1'161203060

210C515710

0014 cr¡5cc0

6140000000t 515tr,l000CC 4l
-----l

0t
t-----l

The menory contains the inqtructions as in Figure l. A

pointer is non-z?ro onrv if the address of the variable or
literar is unkncwn- For example, entry 3 in FiEure 3

ccntains an undefined ad.âress. Here the pointer points to a

literal table entry- The other pointer at entry L500+3

points to the synbol table. The remaining entries have yet
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to be used and ate zero- :i : rl

The pointers to the symbol and literal table are used

when the END statement is encountered. A new vector is

produced to cont-ain all the pointers to the tables' Thus

every entry in the new vector occurs at least once in the

pointer vector. The point.er vector has its values changed to

point to the corresponding entry in the nel'{ vector. The

pointer values in the ne!, vector are then changed to the

values fro¡r the symbol table or the literal addresses to

vhich they point. If the value in the symbol table i=,

undefined an error is printed.. The values in the new'vector

are then converted for entry i-nto the memory vector in the

same manner as the instruction, âs mentioned below' The

pointer vector nov¡ links the value in the nell vectol to the

memory r¡ector. The value in the new vector is then adderl to

the proper r¡ord in the memory vector. If the instruction in

the memory vectol started on one-guart-er of a cDC wcrd' this

nust be taken into account and the value f¡om the ne'¿ vector

must be multiplied by the appropriate power of'B befcre

being adierl to the memory vector.

-3j 2,2-r !srRgçIIeì{ r R .qM-À!IQN

A simple algorithin is userl to ¡rrod.uce the 30-bit cDc

half-word in_ menory frcm the 10 element vector of 'ligits
that make up the instruction. Each digit is adcled to the IBI{
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rord of the nemory vectorl.fåer:the diqit. has been

nultiplied by the appropriate poner of B. In other rorcls

I{EI'IORY(I) = DIGTT(10¡*8**0 + DIGIT(9)*3+*1 + DIcIT(B)*f*+2 a

DIGIT (7) *8**3 + DIGIT (6) *B**4 + DIGIT (5) *B+*5 +

DrGIT (4) *Bt*6 + DIGIT (3) *B**7 + DIGIÎ ( 2) *B*+B +

DIGTT (1) *B**9. Àctr:ally the shift f unction Has used to

replace multiplying by powers of 2. This approach sas used.

since 10 digit nunbers base 10 greater than 2+*31-i cannot

be storerL as a single word in the f B¡{ 360/55 courputer. Also

it is easier to manipulate the digits in the vector rather

than in a single '*orå l¡hen the operand is decoded

In scanning the operands on.ly special delimiters,

constants, and literals need be distinguished. Variables do

not cause any problem. The registers are most difficult to

decode since they af f ect the opcode. The A. SYI,IBOL type

reqi-ster rlesignat-or (see Compass Reference I'lanual ) is

decoded i-n a different fashion than rith the opcodes. It is

broken up at the f.f and.the value of the symbol .obtained
fro¡n the synrbol table.

To handle exp::essions the variable and constants are

storecl in a vector. Theír synbol table values are atlcled or

subtracte ri tìependíng on the sign between the given

variables. Then their value's are broken doirn into separate

digits to be stored in the instruction vector with the

opcoder i¡hich must- be updated tlependÍng on the syntax of the
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oPerand.

_3. 2 . tr_çQ N srÀM_ÀI D_LTIER A 15

To decode constants anc riterars (character strings,
integers or flcating-point numbers) they must first be

identified by the leading digit or f=r sign. Then all
mod.ifiers must be found. (a list of these noclifiers is given
in the compass Reference l{anual). The operand is categorizecl
and. the numeric modifiers are stcred in vectors. Fiags for
any other modifiers are also kept in vectors. Character
stri.nEs are d.esignated by special arphabetic character
codes- The length o¡ the string must also be kno¡vn. The

procedure to convert a character string begins with a vector
of eight rBil zeroed words and the characters are added to a

nember of the vector one at a time, five to each member,

until the end of the string is reachec. À character is arlded
by multiplying the nrenber of the vector being used by 64 and

adding the value of the c.haracter fro,r the table to the
nent¡er- rf the string is designated as a literal it is
entereå into the titerar table; if not, it is a constant and

is truncated to three characters-

egers are handled sirnilarly but have nany more

modifiers. Thi-s ccmplicates the problem of conversion. The

integer can be from 1 to 20 digits in length. The sarne

vector is uscc here as is use.l wi th the character strings.
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The Cigits are taker one at a tine and ail,led' to the nenber

of the vector to create a CDC r¿ord.- This uord is made fron

trc IB¡,1 rords (two ne:lbers of the vector) . The diEit is

ad.ded to the nenber anå theo nultiplied by the base. The

first nember nust be checked for overflou. the top four bits

of the f irst wcrd are add -.d to the low-order bits of the

second. member and then nasked off the first. This prevents

the loss of bits throuEh overflo'¿- If all the Sigits have

been used, the nodifiers are then usecl tc finish the

translation. If the integer is designateå as base B cith no

nodifiers, the conversion is simplifieit. The ten 1ow-order

digits are put into the f irst rrord by multiplying each '1igit

by the appropriate poïer of B. The ten high-order digits are

put into the seccnd nember in the saile fashion.

: Flcating-ocint nunbers are handled ,lífferently. À

double precisicn IBi'! number is obtained by the routine

FïRS]. To convert its exponent to base 16, thê formula

D= (1og 10 (4,) +EX.?) /LoE 10 ( 16) is used. Here À is the ilouble

precision nunber received fron FIRST' EXP is an exponent

base 10 from one of the modifiers of the lunber, and D (the

result) is an expcnent of 16 such that 16**D=À*10**EXP. The

int-eger part of D is used to f crm part of the exponent. A is

red.efined as 16**ÐPR, uhere ÐPR is the fraction part of D.

The exponent base 2 is therefore the integer part of D*4

ptus the base 2 type modifier. The next step is. to break the
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double prqcision value a into conponent parts. 1o rlo this

integer K is equivaienced to the first half of À and integer

L to the second half of À. Then, since the first eight bits

contain the exponent.or characteristic, they are maskec off

antl kept in a separate integer ninus the bias of 40 (base

16) or 64 (base 10)- The nasked. off exponent is multiPlied

by 4 anä acide,l to D*4 to becone part of the base 2 exponent

used in the CDC word. K must be normalized since all CDC

numbers are stored in a nornalized forn except when a P type

¡nod.j-fj-er is used (see conpass Reference l{anual) . K nust be

shifted to the rì-ght until bit 1 4 of the IBM word is 1 and

all bits to the left of bit 1 4 are zelo, leaving roon for

the exponent to be placed into the high-order bits.

Figure 5. construction of a cDc liord from Tlro IBll words

Lg_L2_______13r$_____3 1 r l0 12__----zl-g__-__---_31 !

Ig.gl__E1poliEur---ll=---K- ==1-- l 00 
! =-R2 --L==--' -L----l*--îEe------qgi4?------õl - l1e - 24123 0l

The first line in the above diagran shoils how the IBH words

are nunbered, uith the first t¡¡o high-orrler bits being

ignored in the cDC sord. numbered below. This shows how the

cDC ,rord is produce,l in general. The bit pattern lost by

shifting K must be saved in integer K2' ff the P flag

indicat.es that a modifier P is present the exponent must be

set accordingly. The nunber is not ncrmalized if the P

nod.if ier f IaE is set. For exanple = 1' 0P15 is a
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floating-point li+-era1 vith a p modifier ,,rhose value is 15.
,t-

?.he,cDC number in internal representation generated for this
number is '17600000000000100000- The integer L must be

shifted in the same fashion as K -'¡as. The bit pattern saved

in K2 is added to thc upper pcrtion of t. Any bi-ts lost yhen

r. is shifted aEe not save,J.- r{ext the exponent is adrled to K.

rf the number produced is supposed. to be negative, oners

compJ-ement notation is used and all the bits in K anc. r are
switched. The varue is then stored. as a cÐc vord in the

li-teral table

_2. 3_oB533IÀIIqIs Àip BEFTNEu¡Nrs

l'lany changes r{ere made to the assernbler as Drogress ilas

made on the project. Algorithms changed as betier ones He-re

found. since the gATFrv compiler ïas used, testing of
algoritìrrns was a fairly si-mple task. The faster and nore

efficient algorithns were used in t\e final implementation.

For erancie, the algorithm to find the cDc exponent was

changec. to the one described above fron one that uas found

to he nore conpJ-i-cated an d slo'*er wh en tested unrler lIATFIV.
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CHAPTER 4

PROGRAI,I ANAIYSTS

4.0 rE5IrNG rgE rlg RouIrIEt

The IBI't FORTRÀ¡¡ I/O routines that the FORTRÀN H

conpiler uses to do f/O were found to be the nost ti:ne

consuming part of the l-oad-and-go assembler. The assenbl-er

was rut usin¡ a monitoring program, PROGT.OOK, (Appendix G).

This progran outputs graphs of the percent of CPU tine spent

in each section of the progran being nonitored. The length

of Lhese sections can be controlled by the user. In testing

the loal-and-gc assembler the section length r¡as 64 bytes.

The graphs shoved that by far the largest percent of CPU

time itas spent in the FORTRAìù library ' rorrtines, IHCECOHH,

entry point FDIOCS#, and IiICfCVTH, entry points ADC0N+ and

fCVÄOUTP. 70 to -15 percent of the CPü tine used in the

assembler proErarn ltas spent in these routines. The PPOGTOOK

progràn llas used to +-est the load-and-go assembler with the

assembly lanEua3e I/A ¡outines. The results showed. that only

B to '.l0 percent of the CPU time was spent in these routines

¡rith about 5 percent of. the CPU tj me spent i-n the FORTRAN

library routines nentioned abo,/e. The reason the assembly

l.anguage routines are so much faster is that they perform a

very specific function rather than being as general as the
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lì
FORTRÀN routines- The assenbly J.anguage T/O s¡lbroutines sere

usecl in the final implernentation. This resultecl in the

load-an'J-gc assembler running frcm 3 to 5 times faste¡. Tf

necessatry the asserþly language routines can be replaced by

FORTRAII routines quite easily sith a few lines of FoRTitAlt

code.

!. 1 _À Ðisçg5sÏcì'i_qF rlrE FQBIBÀI_E cqlE

The cod.e produced. by the f OR?RAN H conpiler was d.eemed

to be very good. 'dhile testing the L/O routines th; other

sections of the loacl-and-go assembler sere also tested.

There were no seciions that reguired. an extravaqant anount

of CPû time. An assenbly language program rras also tested

against a FO nTRÀì¡ H Fro_oran. B oth prograrns did the same

thing- The FORTRÀN H program took only minutes to ¡¿rite. The

assembly lanquage progran had to be rewritten many tines to

nake it only a 1itt1e faster than the FORTRÀN H program. À

listinE of the assenbly language code produced by the

FORTRAI¡ H ccmpJ-ier showed that the code yras very efficient

and that it r.¡culd be very rliff icutt to improve upon the corl.e

by rewriting routines in assenbly language. It seemeil

unnecessary to change any routines written in FORTRÀN to

assembly language since 1ittle savings r¿ould be gained for

the effort invol-veC.
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The CÐC progran is read one card at a time from unit

five, and is stored in a f.oGICÀL*1 vectorr so that each

inõlividual character can be tested easily. Labels are found

and stored in the slrnbol table. Opcodes are the second

string of characters on the card unless there is no label.

they are ,Secofetl and the first part of a vectcr to holrl the

instruct.ion is produceC in routine OPTÀB. The next fielrl on

the carcl is the operand. fielC.. Literals are easily iletected

by the r:r sign.

The routine FfRST decodes tìe syntax and cal-ls TRÀNS1

to forn CDC inr-eger or character representation. DECIHÀt is

"¿lleL 
for decimal nunbers. The SYUTÀB routine is called to

store tne literals in the literal table. Control is retu¡ned

to flÀIlll and then IIÀIï before STCODE is callecl to produce

the so:,f in aenory

If the operan'l Has not' a literal, SC-ÀN2 is called from

HÀf N1 tc deco,le t-he operand f ield. FIRST HilI be callei to

d.ecode co nstants. The instruction vector is conpleteil in the

SCAN2 routine bef ore returning +,o MAI¡I1 anrl then HAIN where

STCODE is called- -rüith a psu,leo-opcode only flags are set

when OPTåB is ca1led unless it is ttre fENÐr statenent, whi-ch

causes a call to a section of STCODE to p¡orluce all the

output the assesbler protluce.s except error messages. The

routinc E$$$3 can be called by almost all routines uhen an
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error is encountered.- This

floschart since the further
Uore d.etailed flowcha

found in Appendix F-

routine sas left out of the

complication seeneil unnecessary.

rts of scne of the routines are

4.3 Fi]TUPE DEVEIOP¡'lENTS

The Ìoad-an,1-go asseinbler has been written so that it
is easy to change tai¡1e sizes and make additions to the

progran. Tf it is desirable to add ¡nacros, rnicros r or ,more

psuedo-opcodes, this can t¡e Cone eithout any difficulty.
'Ï¡ith the ¡elease of IBM I s VS/31O t the virt-ua1 nemory

operating systen, it will be possi-b1e to increase the nemory

size of the interpreter to that of the actual cDc 6600

conputer.
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CHÀPTETì 5 l','ì

coNctû sroNg=:
Tb.e load-and-go assenbler works ûreJ-l. Conbined r¡ith the

interpreter, the assenb1y system runs under the

student-terninal nonitor at the university of Hanitoba. rt
is felt that the project has provided what 'das expecteri in
the way of useful softuare.

, The load-and-go assembler has been tested for ¡¡ore than

six nolths with aany programs. t{.any bugs have been f ound and

fixed and it is hoped t-hat few renain- The use of the

progran is realì-y just beginning- The j-nterpretive system is
to be usec in a course to help students learn about the cDc

6600 machine.

The 11oad-and- -oo assembler is composed of eleven

-subroutines and one block d.ata routine- There is a total of
'1594. FORTRAN statenents- The progran took about a year and a
half to write and test, il.l-urling the t.irne taken to learn

CDC' Conpass assembly language.

ït is hoped that after experirnenting vith high-1erre1

languages when 'vrriting this sysj--em, people uilr appreciate

the advantages of high-1evel languages and will ,nake better

use of them. rt is felt that good compilers are availabl-e

for both FORTRÀN rv and pL1 fron rBfl for thei¡ 350-370

series conputers and Burroughs has producerì many good
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conpilers, .noteably ALGOL for their B-6500 computer and more

good compilers rriì-l be available in the future, A good.

optimizing systems-nriting compiler is reguired at present

fro.n IBü; B urroughs has produce,l such a conpiler for their
8-6500. tlopefully one will soon be produced, making rriting
and debugging system programs much easier.
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APPENDIX A

FEÀplgRIrE_o?cqpEÞ.

Since the load-and-go assembler rras primarily designe,l

as a teaching aici input/output was introducerl in a straight
f orward flarrner. 'tlleHrr opcodes ancl mnenonics brere introiluced

for read and write. A number may be read from the card

reader in any forn that is an acceptable literal but without

the equal sign-

One number nay be punched anywhere on a clata card.

A nernory location Ray be printeil on the line printer in

the follor¿inq says:

i) octal
ii) inteqer (base 10)

iii) real (base 1C)

iv) character

v) hexadecimal

General form is 01ijkK

where i - indicates the type of T,/O operation

j - Number of consecutive nenory locations

to be printed

k - the index register Bk

K - a 15-bit arldress expressiion
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PÀ K. Print K {character) (30) 0t2j0i(

PÀ K+Bk print K+Bk (character) {30) 012jkK

Pr K Print (30) 0t3j0r(

(integer base 10)

Pï K+Bk print K+Bk (30) 013 jkr(

PD K Print K (30) 014j0K

{reaI base 10)

PD K+tsk Print K+ tsk (30) 01 4jkK

(rea1 base 1 O)

Po K Print K (octal) 1:O¡ 015j0K

Po K+Bk Print K+Bk (octal) {i0) 015jkK

PH K Print K (hexadecimal) (30) 016j0K

PH K+3k Print K+ Bk (30) 016 jkr{

(hexarlecimal)

À. card may be read fron the card reader using the
f ollor*ing instructicns:
ïlù K Read into K (30) 0-t 100K

ïN K+Bk Read into K+Bk (30) 0i 10kK
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ÀPPENDIX B

ThC_PSgu fo:Opcgdes

The folloring is a list of the pseudo-opcodes that ïere

impJ.emented in the loâ¡l-anC-qo assembler. They include t¡ro

that irere introduced to nake debugEing programs easier for

the stuilent (These are TRACECN and TRÀCEOFF).

PSEUÐO-OPCODS PURPOSE

END Ends a program and indicates

the starting location for

erecut ion.
IDENT Indicates the start of a

progra m-

SET Sets its label to a specified

value.

BSS Saves storage locations.
TRÀCEOì¡ Sets trace flag, statenents

that foIlow are traceC at

execution tine.

T¡ÌÀCEOIF Turns off lh" trace flag.

ORG Resets the location counter

to a specified value.

54



ÀPPE¡IDTX C

. oPLR ¡rTrCN_cOpi!,

is the list of CDC

have been inplenented in

central processor

this load-and-go

The fo1lowin1

instruc¿ions that
assemb].er-

ÀrBrX

arlrK

K

OCTÀT
.'

00

0100K

02i0K

03 0 ji(

031ji{

032jK

033 jK

034jK

03sjK

036jK

037jK

0400K

0400K

PS

RJ

JP

ZR

NZ

Pt

iR

OR

DF

ÏD

ZR

EQ

register
regi-ster

add ress

symbols

number

expressi on (18) bits

HNEìTCNIC VARTÀBLE FTELD LENGTH (bits)

30

30

30

30

30

3C

30

30

30

30

30

30

30

K

Bi+K

Tj'K

Xj,K

Xj'K

Xi'K

Xj,K

Xj,K

Xiri(

Xj'K

K

K
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04i0K

04 i0K

04ij K

05i0 K

05i0i(

0sijK

060jr(

06 i 0i(

06i0K

06i jK

06ijK

070jK

07i 0K

07i 0r(

07i jK

07ijr(

10ijj
-r1ijk

1 2ijk

13ijk

14ikk

1 sijk

16ijk

1 Tijk

20i jk

EQ

ZR

EQ

NZ

NE

NE

TE

PI

GE

GE

LE

GT

1m
ÛI

1,7

('l-

BXi

BTi

BXi

BXi

BXi

Bri

BXi

BXi

LXi

BirK

Bi, K

BirBjrK

BirK

BirK

Bir Bj, K

Bj'K

Bi, K

Bi, K

Bi,Bj, K

Bj, Bi, K

Bj'K

Bi, K

BirK

Bi,BjrK

B j,Bi, K

xj
x j*x¡<

xj+xk

x j-xk

-xk

-xk+xj

-Xk+X I
-xk-xj
jk

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

15

15

15

15

15

15

15

15

15
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21ijk

22i0k

22îjk

23i jk

24i0k

24 ijk

25i0k

2sijk

25i0k

26Ljk

27 íjk

30ijk
31i jk

32ijk
33i jk

34i jk

3sijk
36i jk

3?ijk

40i jk

41ijk
42íjk

43j-jk

44i jk

4sij k

AXi

LXi

rxi
À;{i

NXi

NXi

zxj-

zxí
UXi

ûxi

PXi

FXJ-

FXi

DXi

DXi

axi

RXi

IXi

IXi

FXi

RXi

DXi

¡{xi

FXi

RXi

jk

xk

Bi,Xk

Bj,xk

xk

B j,Xk

xk

Bj, xk

xk

Bj, Xk

Bj,xk

xj+xk

xj-xk

x j *xlt

xj-xk

x j+ïk

xj-xk
i(j*Xf

xj-xk

xj*xr
Tj+xr

xj*xt
jk

xj/x.k

x j/!.k

15

15

15

15

15

15

15

15

15

15

15

15

15

15

't5

15

15

15

15

15

15

15

15

15

15
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46000

47ikk

5 0i j¡(

51i0K

slijK
s2i jK

s3ij0
53ijk

s4ij0

s4ijk
s5ijk
s6íj 0

56ijk

i7i ck

sTij k

60ijl(

61i0K

61i ji(

62i.jK

63ij0

63ijk

64ijc

64ijk

6si jk

66i jc

NO

cxi

sÀi

sAi

sAi

SAi

sAi

sÀi

sAi

sAi

SÀi

sAi

SAi

sÀi

SAi

Stsi

SBi

SBi

SBi

SBi

SBi

stsi

SBi

SBi

SBi

15

xk 15

Àj+K or Àj-i( 30

K 30

Bj+K or Bj-K 30

xj+K or xj:K 30

xj 1s

xj+Bk 15

aj 15

Àj+Bk 1 5

aj-Bk 1 s

Bj 1s

Bj*er 1 5

-Bk 15

tsj-Bk 1 s

Àj+¡í or Aj-K 30

K30
Bj*t< or Bj-K 30

xj+x o.tr Xj-K 30

xj 1s

xj+sk 15

ilj 'ts

iI j+¡f 15

Àj-Bk 15

Bj 1s
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66ijk
67i0k

67ijk
70 i j¡(

71i0K

71ijK

72íjK

73ij0

?3 ijk
74ij 0

?4ijk
Tsijk

76ij0

76i0k

76ijk

77 j-jk

SBi

SBi

SBi

sxi

sxi

sxi

sxi

sxi

SXi

sxi

SXi

SXi

sxi

sxi

SXi

SXi

Bj+Bk

-Bk

Bj-Bk

Aj+K or

K

Bj+K or

xj+K or

xj
x j+Bk

Aj

Àj+Bk

Àj- Bk

Bj

-Bk

B j+Bk

Bj-Bk

15

15

15

Aj-K 30

30

Bj-¡( 30

xj-K 30

15

15

15

15

15

15

15

15

15
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APPENÐIX D

Thg.-Àsgembler Llo Bgutigeg
À set of assembler programs is used to do the f/O for

the load-and-go assembler. A rletailed document (BUFIR A

set of FORTRÀN r/o Routines using the Basic Sequential

Àccess l{ethod, Gerarrl Neuferd, April 1971) is availabre on

the use of these routines from the university of Hanitoba

conputer centre. The routines have been changed slightly to
çork 5-n the manner that nas required. The entry points used

in these routines are OPEN and cl.osE for opening and crosing
the files used for doing Í/O, and BUFïN for reading a card

of input, anrL BUFCUT for printing a line of output.
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ÀPPENDIX E

Samp]-e Proqrans

The proErans . that follow are CDC Comoass language

programs with few changes. They give examples of the output
produce,l by the load-and-go assembrer. They are some of the
test prograns use,l. to see hos ve1l the assembler program

Horkeal. The error in each program was introduced to nake

sure that none of the programs would execute Hhen they ïere

tined. usíng the gRoGtocK program- This gives a better
indication of whe¡e the cpu time is being used in the

l-oad-an:i-qo assembler.
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ÀPPENDIX F

The fol1oving is a listing cf the source statenents for
the 1oacl-and-go assenbler
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10

20

)l
t2
r3

+
5
6
7

LOGICAL*1 GOFL
CALL },IA INI( GOFLI â2OI
CALL MACODE
CALL ZAPAR( S2OI
GO TO l0
s roP
END
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

BLOCK DATA (

THIS ROUTINE ENAELES YOU TO CHANGE THE SIZE OF TABLES TN ANY ROUTINE (

BY CHANGÍNG VALUES IN THIS ROUTTI{E UNLY {

TABLE rLOCA ARE SYMBTJL TABLE VECTORS LEI¡GTH F INAL=LSYII {LIT LNU¡4 ARE LITERAL TATILE vEcr0Rs LENGTH LITESs=LLIT {
SAVE IS A VECTOR USED To HOLD VALUES.0F SYMB0LS TO BE DEFINED I

LENGTH LzOC :..:'' {tvEct5 t s A vEcr0R htHI cH PotNTs ro rHE sEcoND HALF oF 30-Btr (

OPCOJES THAT BÉG lN IN A l"lORD AFIER A I5-BIT OPCODE LENGTH L5O iIPOTi\T fS A VECTOR THAT POINTS TO AN ENTRY IN THE SYMBOL OR LITERAL i
TABLE LENGTH Llo0o (

MEI,IORY TS A VECTOR CONTAINTNG THE OUTPUT TN CDC FORM LENGTH LIOOO i
PR INTTJ I S A VEC TOí{ CONTAI NI NG THE t NPUT STATEMENTS LENGTH LlOO {

VEC VECTOR HOLD I NG OPCODE TYPË OF INSTRIJCTIONS TN PR INTO VECTI]R L ÊNGTH(FINAL LEI.¡GTH rlF TtlE Syf',tBOL TABLE iLITESS LENGTH OF TI{E LTTERAL TAELE (

A - VA LUÊ OF UNDE F I NÉD SYI4BÙLS I N THE SYMBOL TABLE {INS LENGTH L5o0 (
I30 - LENGfH 0F IVECt5 I3O=L5O (
I SA VE - PO f NTE R ÍO THE END OF ME MORY (:

TSEEK - SEOUENCE NUMI]ER OF THE INPUT STATEMENTS (
L1OOO . LENGTH OF MEMÙRY DIVISIBLE BY B (
L5OO . =LLOOO/Z NUMBER OF CDC MEMI]RY LOCATIONS (
LzOO - LENGTH OF SAVE TABLE (
L lOO . LENGTH OF T NPUT STATEI4ENT SAVE AREA (
L5O - LENGTH OF IVEC15
LLIT LENGTH OF LTTERAL TABLE
LSYj'\'l - LEitCfH OF SYMBùL TABLE

COMPLEXI1ó PRTNTO (
REAL*8 TABLE (
INTE GER SAVE T FI I,IAL TQ (
INTEGIR+z VECTLNUMTIVECI5,IPOTNT (
LOGICAL*1 CHARS(ó4) c
COMMCN IPAGEIPRINTO{ 5,30C' C

COHI{ON /PATE 2/ T SEEKr VEC ( IOO' /ARl./TABLE{ TO Ot /CHAR/CHARS./ARz/SAVE ('
t20ot /AR3/LOCÀ ( 1r0 ) c

CfMMilN /Ll¡'1I IS/L100OrL500rL2oO'LlOOr L5OTLLITTLSYM/AR5/LNU'T lZAol/ L
EARó/ TPOINT( lOZ4I /AR7 /T,VECI5 ( 5O T /LITERL/L ITÉNDr ISAVEILIT(20O} /DATAI(:
EIFTNAL I L I TE SS,Q /D AT A2l I NS r T3 O (
c0Mr40N MEMORY ( 1C24t c
DATA F I NAL / LOC| I LI TE S S/2 OO/ ¡Q/-L / C
IIATA L 1000r L 50Or L20O ;L 1 00 r L50 r LLt T rLSYt'l/ LOz+ ¡ 5LZ ¡ 2OOr 3OOr 5Or 200r C

E too./ c
D¡\TA If'ls/512/tl31/50/¡CFIARS/r:t r.Arr tB.rrCf rtDrrrErrrFrrrGrr rHrr rIC

å | r.f J I r lK I r I L t r lf'lt r rN t r lOr I I P t r te I r'.R. r ts r r rT r r fUr r rVt r ri.lr r rXr r ryrrü
6tZ I r l0r r llr , r 2r ¡.31r | 4r rt 5, r 16r r r7. t rg I r rgt r.*r r r-f r t*. r I f | ¡. ( rr r )c
E¡rt$trl=frl Irtttrr!.trr .rr#rrt rrrãtlttfrtrrtr.trrr_rrr r¡t?rrr<tn
6tr¡rrur'ttrt-r¡tir7.. 0

EI¡D

(
(

"c
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SUBROUTINE MAINI (GOFL T+I
f------

C CDC COI.IPASS ASSEI{BLER 5I MULAToR
c
c
C TH¡S PROGRAM TRANSLATES A SUBSET OF CDC COMPASS ASSEMBLER TNTOC I4ACH f NE CODE HHIC}{ RESEMBLES THE CDC I{ACHT NE CODE
c
c
C INPUT -- VECTOR OF INPUT CARD TMAGE
C . A$ .- NUMERTC REPR.ESENTAf TBN VECTORS ANÐ FLAGS
C ISEEK -- SEQUENCÉ NUMBER :

C ISLOC .\UMBER OF I.JORDS TO BE SAVED ::
C JPOINT -- LOCAII'lN UF UNI)EFINED SYMBOL IN SYMBOL TABLE
C IPO¡NT -- VECTOR CONTAINEING ALL THE VALUES OF JPOINT
C INTR -- TEMPORARY LOCATICN OF LTTERALS
C TABLE .- SYMBOL TABLE
C LIT -. LITERAL TABLE 

I

C LOCA -- LOCATTON OR V.ALUES OF SYTJIBOLS 1

C ATTS -- HOL.D S VAL UE S OF t SLIJC
C LNUM -- POINTER FOR LITERÂL TABLE
C SAVE -- F I NAL VALUE FOR SYI.IBOLS

'C ILOC -- MEMI)RY LOCATICN COUNfER
C IN¡ T -- POI NTER TO SYÍ-'IBOL TABLE LOCATION
C OUTPUT -. OUTPUT VECTOR
C IBSS -- VALUE FOR BSS STATEI-4ENTS
c
C FLAGS USED IN THIS PROGRAM ARE AS FOLLO}IS
c
C FZAP MISSING END STATEMENT
C TRACEF -- TRACE FLAG
C LÂBEL -- LABEL FLAG
G H'rlFLG -- QUARTER |4ORD FLAG
C STATR -- IDENT STATEMENT FLAG
C STOPFL ST{,IP FLAG
C ORG -- ORG STATET'4ENT FLAG
C BTH -- FLAGS SERIES OF QUARTER WORD OPCODES
C ENDFLG -- END FLAG
C FLAGI -. SË T STATEMENT FLAG
C ERFLG -- FLAGS ERRÛR S TI] STOP EXECUT ION :

C tFL I .- FLAG SYMEOLS FROM LABEL FI ELD :':::

3------
COMPLEX*Ió PR INTOr SHORT( 7I ,LBL
REAL*8 BREAL/' I /IMCOOE,ASNUMZ,PARAM(3I
REAL BLA¡JKX,I]/I I /IY{51
¡NTEGER A$VI'4ÜD(3I
INTEGER*2 A $SIGNIASSI4OD( 3 }, VEC
L0GIcAL*t ENDFLGT lf\PUT( E0) rFzAP rA$f'tcD(3r rA$LITTA$FLAG,A$rypE t

6TRACEF'Hh¡FLGTLABELTSTARTTùL/f t/TBIJFFER(l33lrNCODE(I2)r$JSy.lf rS¡lT{:tl rGOFLrXLCGr t 2t ¡ 13l r t 4' t | 5r ¡ tór r r7 | t.Br r r9l I | +f r r-r, r*t rf /r ¡ | ( t r t l

DATA LBL/t t /rPAiìAl4/ tNCS0üRCEt r TNOWARNT r .NOLIST r/
EQUTVALENCE (lr'lPUIf IIrSHORT{IlrBúFFER(21ltr(NC00E(1¡'f{CODErr(NCr.lDi

T( 9I rÙLANKX} I ( Y( [ ),BUFFER( II I
COMMùt\ /NIJL'l/S¡ ITXLtG
COM14llN /tl LOCK t /A tNUMZ T A SV MùD r A $SMOD r A gS I Gt,¡r A $MUD T A$f ypE r ÂiFL AGr

TA SL I T /Nß L I. / START I TRACEF I ENDFL G ¡F ZAP ¡ T fNBL2/ Hh FLG T L Ats EL/ PTlJ PO TNf
C0f4f'4llN / ALI GN /87 , BUF ¡-ER
COMt40N /Lltil IS/Llù00 rL500rL20OrL100r L50 TLLITTLSyM

-, ll



+ COMMON IPAGEIPRINTO(5,I'

' 
COMMON /PAGEz/ I SEEK, VEC ( 1 Ic--- _--__-

C TABLES ÂND VARIABLES ARE INITIALIZED FOR RUNNTNG A PROGRAMc----
6 IFTOUT = 6
î .I.FTÍ N = 5
8 CALL OPEN( IFTINTOTSOI
9 CALL OPEN{ IFTOUT.1,I33I ..

J FZAP = .FALSE.
t *BUFFER(133) = BL
Z DA 10 [ = 1r7
3 10 SHORT(I) = LBL
+ 20 CALL STCODE
5 CALL $TRTM(TIi"IE}
5 T = TI|"IE
7 DO 30 I = 1r3
3 30 SWT(t) =.FALSE.
t GOI-L = .FALSE.
) TRACEF = .FALSE.
L ISEEK = .O
¿ - ' CALL SyMTA3 ( l"rCODE r t SEEK ,FZ¡-p, BLANKXT â40 I
3 START = .FALSE.
I $JStlT = .FALSË.
i IF f FZAPI GO TO 50
5 ENTRY READ{ GCFL,*'
f +O CALL BUFIN( TFTINIINPUTTT,32O)c----- -----

C ' VARTABLES ARE TNITIALIZED FûR EACH STATEMENT READ'c-
3 50 !F {INPUT(11 .EQ. 91' 60 TO 250
t tF ( .NUT. $JShTl GÛ TO +O
) 60 JPOINT = O

I. IF ( GOFL I RE TURN
¿ XLOG = .FALSE.
I HnIFLG =.FALSE.
i FZAP = .FALSE.
t LABEL = .FALSE.
5 A$LIT = .FALSE.
I A$FLAG = .FALSE.
I A$TIPE = .TRUE.
t DO 70 I = lr3
I A$VHIID(I) = O

t A$M0D(Il:.FALSE.
,- 70 Â$S,!l rrD( t ) - -l
] A$Vl.lûD(Zl = -t
i A$NUMZ = 0.0CCO00OOD0
i A$SIGN = -1
t BLANKX = B

I BUFFER{II = BLc-----
C CI.ECK Ff]R CCMI4ENT CARDSc------ ------- --------

3 IF ( INPUT(II .EQ. 921 GO TO 22O
c------
C STATEI{ENT AND SEQUENCE NUMBERS ARÉ PRI i'¡TED
c------

) ISEEK = ISEEK+I) IF,tsüîi"tiI co Trl loo
I J = ISEEK
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)
I
3

Z Otl 80 [ = 1r8
3 BUFFER( 7- I I = J-Jl l0*I0+240
4 J = JlLO
5 IF (J .EQ. O) GO TO 90
6 80 CONTINUE
7 90 CALL BUFOUT{ IFTDUTTBUFFERI ,, ,i,B lo0 IF ( ISEEK .GT. LIOOI CALL ERROR1(13rtZOl
9 DO lfO I = Ir5
0 110 PRINTO( I r ISEEKI = SHCRT{ I t
I VEC( ISEEKI = o
2 N=t
3't=3
! N8=9
5 M=72
5 MCODE = LREAL
7 IF (INPUT(II .EQ. BL .AND. TNPUT(2I .EQ. BLI GO TO T5O
3 IF ( INPUT( 1I .ËQ. 78 .AND. TNPUT(zI .EQ. BL¡ GO TO T.9O
t IF ( INPUTÍI, .EQ. BL¡ N = Ic-

C SCAN LOCAT IOT,I F I ELD
C- -------

I LABEL = .TRUE.
I 12O J= t
7- l4COl)E = BRE AL
I OOt4Ol=NrM
1 IF IINPUT{TI .EQ. BLI GO TO 150
; IF fJ .GE. NB} CALL ERRORT(MCODETET4O}

NCODE(J) = TNPUT{I)
IF (INPUT(II .EQ. 75'' GO TO 13O
IF (INPUT(L.LT. 193.OR. (J.EQ. I.AND. INPUT(tl.GT.2331t

ACALL ERRI]R f MCODE, T }
) 130 J=J+l
) 140 CLINT I NUEc------

C ENTER SYI'IBCL IN THE SYi.IBOL TABLEc------
; I5O Dû 160 J = IrM
I IF I INPUT(J' .NE. BtI GO TO T7O
} 1óO CONT TNUE
i I=M,
t l7O I = J'

IF { t .GT. 35 .AND. Ng .EQ. gl CALL ERRORLI26rt4Ol
IF (N8 .GE. t3l GO TO 200
IF ( .I.¡OT. LAEEL .OR. TNPUT( 1I . EQ. 7BI GO TO I8O
CALL SY¡YS ( MCODE r-1.0 r LABELI
IF ( .NOT. LABEL) A$ltUMZ = MCODE
IF ( .N0T. LAdEL) A$LIT = .IRUE.c------

C SCAN THE OPERATION¡ FIELDc-------
I 180 NB= t3
I N= t
r GO TO L20
; l9O LABEL = .TRUE.
, Grl TO I50c------

C DECODE THË OPCODE AND ENTER TN THE PROPER FTELDS UF THE OUTPUTc-------
I 200 CALL OpTAS ( NCoDE ,f iCODE r t4Ol
I IF ( .NUT. FZ-AP .AND. A$LITI CALL ERROR,(A$NUM L¡91

)
I

:I

I
)
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9 ASLIÍ = .FALSE.
0 A$NUMZ = 0.000
I FZAP = .FALSE"
? J = I
3 tF ÍJ .GT. 35t GO TO 210c------------ -:___-_

C SCAN THE VARTABLE FTELD

4 IF (TNPUT(JI .EQ. L26I CALL FIRST{INPUTTJIHTT4O¡T24OI
5 CALL SCAN2( INPUTTJIHTT4CI
6 2IO IF (START .AND. ENDFLG, FZAP = .TRUE. '
7 . IF (FZAPI GO TO 20
'C-

C THIS ROUTINE PUTS OUT THE I.IACHINE CODEc----- -----¿--B RETURN
9 E|'¡TRY ZAPAR{+I
3 IF ( .NOT. STARTT GO rO 2Ù
1 GÜTO40
2 220 IF (SfiT(11 .AND. ICC .EQ. 401 GO TO 40
I DO 23O [ = 1r5
'* 23O Y(Il = B
5 BI.JFFER I 1) = ICC
5 ICC = 40
7 CALL BUFOUT( IFTOUTTEUFFER(I I I
I G3TO40
) 24O HHFLG = .FALSE.
) GO TO 210
l. 250 I F ( IripuT ( 2 ¡ .EQ. 2261 GO TO 320
I IF (SJShT} GÛ TÙ 3OO
i J= i
i $4CODE = BREAL
i Dt 28O I = lór80
t IF ( Ii\tPUT{ I I .EQ. BL .OR. INPUT( I I .EQ. lO7 .OR. J .EQ. 9t GO T0

t260
f NCODE( J, = INPtjT( L
I J = J+t
) G3 TO 280
) 2.60 DO 27O Il = 1r3
L IF (r"tCODE .EQ. PARAM(Ill, Sr.¡T{ttt = .TRUE.
I 27O CÛNT INIJE
l i4CODE = BRE AL
i J= I

' 
IF ( INPUT( I } .88. .BL I GO TO 290

' 
280 CONTINUE

| 2gO I¡,IPUT(1) = gz
l $JSI.JT = .TRUE.
t ICC = ?.4L ;

) Gil To ó0
L 300 IF (GüFLI GO TO 310 l

I CALL $JOB ( A3IOI
:

' 
31O FZAP = .IRUE.

i IF ( GOFL ) RETURN Ir coTo¿o
t 323 CALL CLOSE( IFTIN t
I CA LL CLOSE( IF TOUT I
I REÎURN I
I END
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SUBROUT f NE TRANSl IN, I NPUT,JTYPEINUMZ T IYIc------
c
C THIS ROUTTNE TRANSLATES CHARACTER STRTNGS INTO NUMER¡C REPRESENTATION
cc------

RFAL+8 A$NUMZ
REAL RY/Z3FFFFFFF/
INTEGER Z ER0 / | : z. 2 | / I BLANK/ r t /iOCTAL rVAL r INTR t I ) r A$V È{OD(3 t, MASK/

62CFFFFFFF / TX
I NT E G E R * 2 A $ S I GN I A $ S MCD ( 3 I , T E MP , T
LOGICAL*1 INPUT( 80) r VALUE(401 , IYrA$MOD(3t,A$FLAGTA$LITr AtTypEr

åCHARS(ó4t
f EQUÍVALENCE (RX,TXXI T(TEMP,INTR(2'I
3 COI-4MON /BLOCK2/VALUE' I6/C:IAR/CllARS/BLOCR4/lNTR./XXXXY llXX/BLOCKL/

6A SNU¡,tZ r A TVMOD r A 5S MûD r A $S t ùN, A $MUD, A $TY PE, A$FLAG r A$L I T
C- --:-.---
c

' 
ENTRY TRANS{NTINPUTTJTYPE,NUMZIIYI

) Dû 10 lO = 1r8
[ 10 INTR(¡ü] = 0
2 IF (TY¡ GO TO ?O,l L= I

c----
CHECK FIR VALUE I N A$NUI4Z AND VEC TOR VALUEc------

TF f A$FLAG) GO TO T9O
( = IS-l
NUMZ = K
GO TO 40

1 20 | = N+l
) K = N+NUMZ

C------ ------:-
C PUT THE CHARACTER STRTNG INTO VECTOR VALUEc------

l
t
t
I

)
ì

I

l
l
t

DO 30 t = LrK
30 VALUE(I.L+II = INPU.T{IT

l( = K-L+I
L=1

40 Kt,t = {K+91/10+1O
IF (K/10+lO .EQ. Kl GO TO óO

r VAL = ZEROc-------: C CHECK THE TYPE OF THE STRI NG .:

c-------t tt ( JTYPE .E8. 4 .{JR. JTypE .Ee. 5t VAL = BLANK
I IF ( JTYPE .GT. 4I GO TO I+C
I Kl = K+l
I DO 50 [ = KIrKN
. 50. VÂLUE(Il = VAL
| ó0 l(=KN
I DO 90 [ = LrK
¡ VAL = V^LUE{ I Ic-------

C BUTLD THE TNTEGER REPRESENTATION OF THE STRTNGc-------
DO 70 J = lró4
tF (VAL .EQ. C}{ARS{JII GO TO BO

70 CI]NT INUE
I BO l;\¡TRf (I-Ll/5+L) = tNTR(lI-Ll/5+tl*ó4+J-l

Ti



) 90, ci:lNr t NUEc------ -,_____C TEST ÂND SET AS SYMSOLSc----
) TOO IF {A$SIGN .EQ. II GO TO I7O
|' 110 A$TYPE = .TRUE. '
I A$VMOD{11 = lK-Ll/5+L
} IF ( .Nt]T" A$LITI GO TO 120
i IXX = -!i RËTURNc_--__- -¡_-__C GET A VALUE FIJR FUTURE P LACEMENT TN THE SYMBOL TAðLEc--:----
i 120 INTR(2t = tNTRtZt+4096
I TF (NUMZ.GT.3I CALL ERRORD(15,å13O)
I 13O RX = AND( RY? INTR{ Zt I
I IF f JTYPE .LE. 4l IXX = tNTRtll
) IXX = Í.XX/4O96

RETURf\¡

CRIGHT JUSTIF.TED CHARACTER STRINGS
c

| 140 D0 150 f - trK
150 VALUE( KN- I+l | = VALUE(K-I+1 I

KNI = KN-K
DOlóOt=lrKNl

1ó0 VALUE(L = VAL
GO TO 60

t7O K¡{ = (K-Ll/5+L
DO 180 I = lrKN

t8O INTR{I) = 107374LA23-tNTR{I}
GO rO 1t0c------

C VALUE OF INTEGER LI TERALSc------ ------l9OK=10
IF Í .NOT. ÄSTYPE .AND. . NOT. A$ilOD( 1l .AND. .NOT. A$l.t0D(31 I Gi¡ T(

63 ¡.0
[=1
M=8

CHECK TYPE FOR BASE
IF ( A$TYPEf tl = IO

2AO fl= I
zLO J = TEMP/2*+12

IF (T .EQ. 0) GO TO 1220¡230¡250t2801rN
tr¡TR(Il = INTR{11+T
INTRf 2l = LAND(IASK,INTR(Zl t
GJ TO l22Cr23Ct25O r28O) rN

C ¡,IULTIPLY BY BASE
22O IfrTR(2) = INTR{2)üM

INTRf lt = INIR{tt*r4
N=l
GO TO zLO

C ADD N Ei.J D I GI T FOR VALUE
?3O TNTR(2} = INTRI2I+VALUE{T'-240

IF ( .NIJT. ASIYPE .ANr). (VALUE( I l-2+O .GT. 7 .OR. VALUEI I I .LT. OlTI CALL ERRORDI2SIE24OI
24O N=3

GO ïO 2I0
C TNCREASE CUUNTËR ¡ AND CHECK IF ANY DIGTTS REHATN IN VALUE

7'9



2.5O t = t+l
IF (I .LT. I$I GO TO 2OO
Nt = 3

. Ml = I
ft{ = LO

, 260 IF ( A$VHOD( Nl I .EQ. Ol GO TO ¡ (290r3O01rlll
t=1.

i N.= 4
C I,tULf TP LY BY THE EXPCNE NT

' 27O INTRf2l = tNTRl2l*l'l
I INTRI T) = INTR( II*M

GO TO zLO
CHECK ¡F MODIFIER I5 FINISHED

i IF f I .LE. AsVIOD{Nlll Gtl TO 27O
, Gt TO ( 290r3O0 I r Ml
i 29O Ml = 2
, Nl = It M= 2
I GÍl TO 260

C FINÂL FIXUP OF TNTEGER LITERALS
I 3O0 N = INTRILI/4
) INTR( 2t = t INTR( 1)-X*4) +2+*28+INTR{21
, INTR(ll = X

: If'lTR(1t = LANDIRYTINTRÍ ltl
I INTR(21 = LAND(RYTINTR(21 I
l GO TO 100
i 31O l$l = I$-1
r IF ( t$l .GT. l0l I$1 = lOtl'l=1
l ÐO 32A t = lrl$l
, INTR(21 = INTR(21+{VALUE( IS-Il-2401*f't
I IF { I$-10-I .GT. 0t tNTR(lt = INTRf 1¡+{VALUEf Is-lrJ-I }-24O1*rl
'. 920 M - M*B
I GO TO 100
} END

cb
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1 SUBROUTTNE SYHTAB(TEST,VALUE,IFLlTXVATT*Ic-----
c
C SYMTAB TS A SYMBOL TABLE ROUTINE CALLED CNCE FOR INITIALTZATTON
cc----- -----

2 REAL+ 8 TABLE T IE STT A$NUI{¿ :

3 REAL BII Il
+ INTEGER vALUETFINALTINTR( 8, rLIT'SAVErLocA tLB/' t/ rocrALrA$vil0D{3t

TQ
5 TNTEGER*z LNUMTA$SMODf3I,A$SIGN
6 LOGICAL*t FIRCHRT IFLI'A$i'ttjD(31rA$FLAGTÂgTYPETASLIT
7 COMMON /BLCICK4/INTR/PRINTX/lLOCr IPLiIC/BLûCKl/A$NUMZTASVt{ODTASSt'4OD
. 6A$S I GN r A sMOD r A$TYPE r ASFLAü' A SL IT /PT I JPOI NT/ARl,/TABLE I 1l /AR?/ SAVE {

T I /AR 3 / LOCA { I I / AR5 / LNUM T L I IL I TE RL I LIT ENDr I S AV E r L I T ( T I
8 COMMON /LIHITS/Ll000rL5OO,LzO0rLl0OrL5OrLLITrLSYM/DATAl/FINALT

tL f ïESSr Q

9 EQUI VALENCE f TEST,FI RCHRI
c_------
c
C INITIALIZE TABLES AND POINTERS
c
c------

DO l0 [ = ITFINAL
TABLE(Il = B

¿ 10 LOCA(I! = O
, DO 20 I = IrLITESS
+ LIT(tl = IB
i 20 Lfrtur4 ( I )
t LTTEND = I
I LNUM(LLIT' = I
3 XVAT = -1.0
) FINAL = I

' ._-___::Iy:1__-_
C SYI'ITRA tS THE ENTRY POTNT FOR LOADING SYMBCLS ANIJ ITS VALUE

EÎ.ITRY SYHTRA ( TEST, XVAT}c------
C SYI{VAL IS THE ENTRY POINT FOR FINDING THE VALUE OF A sYMBoLc-------------- ----_--:

ENTR Y SY14VAL ( TE ST, VALUE 
'IFLI = .FALSE.c-------

C ENTRY POfi'IT FOR LABELSc------- ------
ENTRY SYM S( TE STT XVAT, IFLl I
INIT = t

30 TF (TA3LE(INITI .EQ. TEST¡ GíJ TO 40
INIï = INIT+l
IF ( INTT .LT. FTNALI GO TO 3Oc------

C ENTER SYMBOLc------
TAtsLE(FINALI = TESTc------

C ENTER VALUE
c------

LIICA(FlNÂL) = XVAf
INTT = FINAL

(-ì IU¡
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3

I
9

c-----
C UPDATE POTNTERSc----- _--___

FINAL = F INAL+I
IF (FINAL .GT. LSYMI CALL ERROR1{I3,T7OI

C OBTAfN VALUE FROM TABLËSc----
4 40 INA = [LOC+ÍPLOC-2

IF ( IFLl .AND. LOCA( INITI .NE. O, tFLl = .FALSE.
tF (If-Ll .ÂND. LOCA{INITt "EQ. Ql LOCA(INIT} = INA

1 VALUE = LOCA( INITI
XVAT = -l.O
IF (LOCA(INIT) .88. A .AND. (FTRCHR .GT. 24O .OR. FIRCHR .LT. 193

EI CALL ERROR(TEST,7}
IF ( LOCA( f NIT I .EQ. Ql JPIIINT = INIf
R ETURN

C ENTRY POTNT FOR SET STATE\4ENT VALUESr------
ENTRY SYMSET( XVAT,*¡
LUCA( TN IT I = XVAT
RETURN 1

c------
C EI.¡TRY POINT FOR LITERALS
C------'

ENTRY SYI{LIT
J= 1

18 = ASVHOD{ll
IF ( T8 .EQ. CI RETURN

9 127 =l
) JPOTNT = t\27+Lt /2+L500
1 50 IF ( LIT( L27I .EQ. INTR(J} I GO TO 80

l-!J=t
127 = LNUHlfz7t
JPOTNT = lt27+Lt /2+L5C0

,
5
7
I

5
6

0
1

2
7
+

2
1

+

l
t

3

t
l

i IF
5 IF

T27.LT. LITENDI GO TO 50
LITEND/2*? .EQ. LITENDI LITEND = LITENDII
L ITEND+i 8 .GT. LLI TI CALL ERRORl ( 13r ITOIIFr-_-__

C PUT L¡TEdAL IN THE TABLE ILITI
c-------

3 DiJ 60 l7 = I'I8
I 60 LtT{I7+LITEND-I) = ttrTR{I7l

LNUI4(LtTEND) = LITEND+I8
JPOI¡IT = {LITEND+I}/2+L5Où
LITEND = LITEi'¡D+I8

3 70 RETURN
I 80 IF (J .GË. t8l GO TO 70
5 J = J+l
5 127 = 127+L
7 G0T050

c-------
c
C ENTRY POINT FOR DEFINING SYMBCLS
c
c-------

ENTRY SYi'IDEF(JI
Dü L?O | = lrJ
TF ( SAVE( I 

' 
. LI. L50OI GI] TO IOO

q2



I SAVE(I) = ISAVE+SAVE(I)-L5OO-z
Z SAVE(I) = OCTALÍSAVE(Itt
3 GO TO 120c-- - --:-_-

C CHECK FOR THE UNDEFINED SYI,IBOLS
c---- _-__T_::

4 90 CALL ERROR( TABLE ( SAVE f I I I r5 I '

5 SAVE{I) = 0
s Go TO L20
7 LOO TF (LÛCA(SAVE(TII .EQ. QI GO TO 90
3 110 SAVE(I) = OCT,IL{LilCA(SAVE{Il}t
9 120. CONT TNUE
.J LITESS = LTTEND
I. RETURN
Z END

,s3



SUBROUTTNE SCANz( TNPUT,N,M, *'

c
C THE SCANz ROUTINE SCÂNS THE VÀRIABLE FIELO
c
C ISIGN -- HOLDS STGN OF SYI{BOL
C SAVE .- HOLDS SYMBOLS USED IN THE STATE¡IENT BETNG SCANNED
C ABX -'- R ËG I S TER NAî.IE S

C I.IREG -- HOLDS REGISTERS..
C IVALB CHÂRACTERS t]F THE PRESENT SYMBOL
C IVAL -- HOLDS SYivlBrlL
C IXS -- + ÛR - STGN BEFORE REGISTER OR SYHBOL
C IXX 

- 
VALUE FOR SYfiBOL

c
COUNTERS
c
C LP -- NU¡IBER OF 5Y}1BOLS IN THE STATET4ENT
C ID -. NUM3ER I]F CHÂRACTERS IN SY.MBOL
C IIIEM _ I4EMORY LOCATICN COUNTER
c
C FLAGS
c
C REG -- REGISTER FLAG
C DREG -- REGISTER FLAG
cc---- ---

REÂL*8 SAVE I4I I I VAL, BLA/ I '/.A$NUMZ
INTEGER ASVI,IûD{ 3 I rl,IASK/ZCJOOÛCC7 I tOC TÂL
INTESER+2 ISIGil(4 I rijt_TpUT( lOr rA$SMOff (31 rA$SIGN
LOGTCAL*1 LAEELTFI VE I NUShT
LOGICAL*I DELl¡.})/ t¡r,r-trt.i,|¡rrr .tr/ rrr+lr|{f ,|}f ,f =.|¡HllFLGr

tABXI3t / rA tr r3'r'X'/ 
T DREG?FLAGI tBl" /tIVALg(8) r INPUT(BOIr A$MOD(3 t,

EA$FLAG,A 9IYPE ?A$LI T
EQUT VALËNCE ( I VALB{ I ) I T VALI T {RI 1 IDR T

COf'll{ON /ltBL3/OUTPUT' I DK'FLAGI./NBL2./Hi{FLGTLÂfJEL/XXXXY /f.XXlPRtNTX/
EIr'lEf.lr ILf4EM/BLOCKI./A$NU¡4ZrA$Vf,,13DrA$SI4ùDrA$SIGNTA$F,!ODrA$TypErAgFLAGr
EA$L I T

c---_- ___+_
C VARTABLES USED IN THIS ROUTINE AiIE trNITIÂLIZEDc------

DOlO[=Lt4
l0 SAVE{f} = BLA

IVAL = BLA
i[=0

IXS=O
IXX - -I
LP=O
JID = O

ID = I
l= I
f(= 2
IIO = 10
NTJSHT = .FALSE "FM = .FÂLSE.
DREG = .FALSE.
DO 20 J = NrM
IF ( TNPUT(JI .NE. BI GO TO 30

20 cJN f il{uE
30frl=Jc---- ----.

84



C SCA¡¡ THE FIELD FOR CERTAIN SYT1SOLS

8
9
0
I
2

c
IF fN .GT. 35I RETURN
DO44OJ=NrH
TF (J .LT. JIDI GO TO 44O
IF fID.EQ. 1.AND. INPUT(J' -GE, Z4OI GO TO 90
INPUTI = INPUT{J}

3 DO 40 [ = 1rl0
4 IF (INPUTl .EQ. DEL(Ill GO TO (ó0160t22Ot7O¡7Ot7Ot7Or7Or?Or?0trI
5 40 CONT Itr¡UE
ó 50 IF (ID .GT. 8¡ CALL ERRORTÍ TVALr643O!
7 IVALB( IDt = INptTt
I I0 = tD+l
9 GO TO 430c----- _________-:

C STGN OF TJPERANDc-----
) 60 A$SIGN = I-t
t 70 IF (ID .EQ. 3) GO TO 230

IF (NUSHT) GO TO 2TO
IF (INPUT(J-l} .EQ. 64.ÂND. I .NE. 7I GO TO 43Oi 80 IF (tVALS(ll .EQ. DEL(5) .AND. I .EQ. 5.AND. INPUT{J-I1 .NE. gZ,

tcALL ERRORI ( lO, 8450t
i IF ( IVALs( 1) .8Q.. DELÍ 5} I GI¡ TÛ lBO

c
. C CHECK FOR SYHBOL ÙR NUHBER

' 
IF (FLAG1I CALL ERROR1(IO.6540I
lF {IVAL8f1¡ .LT. 240t GO Tû 120

C FIND THE VALUE OF THE NUMBERc-----
NUSWT = .TRUE.
cALL FIRST( i1,¡puTrJIDrilrEloortllo Ic-------

C TRANSLATE THE NUÍ3ER INTO BASE B FURM
. c-------------
. lOC tF {A$FLAGI CALL FIX(XZVAL}

IXX = XZ VAL
C ENTER VALUE oF sY¡lBcL FR0M SET STATE,'|ENTS IN THE SyMBoL TABLEc--_______L__ __-____
C CHANCE THE TYPE OF SYMtsbL TAELE ENTRY TO A NUMBER RATHER TIIAN A SYMEoI.C PLAC E THE SYf"f EOL I N THE TAELE
C------
110 IVAL = IXX
120 XZVAL = IXX
13O iF (FLAGI) CALL SYMSET(XZVALTEl4OI

CALL SYMTRA ( I VAL, XZVÂL}
IF ( .NOr. DREG} GO TO I5C

C FIND THE VALUE OF THE SYHBOL
c

CALL SYI'1VAL ( TVAL,I DREGI
DREG = ,FALSE.

c-------
C DETER¡ITNE WHICH REGI STER I S DESI GNATEDc------

RI = AND( IDREG,Í.tASK)
ML 812l = IDR+2+O
GC TO 260

2

,
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t

3 14O RETURN 1

+ t5o IF tLP .GT. 3) GO TO 470c------
C SAVE THE SYMBBL

IF f INPUTfJ-IDl .EQ. 78 .OR. INPUTTJ-ID, .EQ. 96 .OR. INPUTfJ-tD,
8.EQ.' 64 .OR. INPUT{J-IDl .EQ. 107¡ GO TO 1óO
CALL ERRORI ( 10, 1540)

7 160 LP = LP+1
ISTGN(LP' = I
IF (INPUT{J-ID) .EQ. DELÍZ)t ISIGN(Lp, = -tJ SAVE{LP) = IVAL

c-
C CHECK FOR END OF FIELD
c-

I 170 IF {I .Eg. 5t GO TO 450
z G0 10 420
} IBO IF f INPUT( J-lI .EQ " 92 . AND. II{PUT I J-ZI .LT. I93I GO TO 19O

IF ( f .NE. 7T CALL ERRüRl (10, I54O }
IF IOUTPUT(1t .NE. o.oR. INPUT{J+ll .NE. DEL{5tt GO TO 4+O

t tgo IF ( LP aGT. 3l GO TO 47O
XZVAL = IMEtl-l
IF IFLAG1' GO TO I30
LP = LP+1
ISfGN(LPl = I
IF ( INPUTfJ-21 .ÊQ. 9ól TSIGN(Lpl = -!I SAVE{LPI = 92

I XZVAL = 0
i CALL SYMTRA ( SAVE I LP 

' 
, XZVALI

t XZVAL = IilEr.t-l
; CALL SYMSET(XZVALTTZOOI
| 20a IF { I ..8Q. 7t GO TO 470
| ?LO NUSHT = .FALSE.

' ,-----::-l:-î:-
C CHECK FOR REGISTERSc------

) 220 IF ( ID .NE. 2t G{l TO 5C
. 23O Dfl 2/+O IVATB = tr3
: IF ( TVALS{II .EQ. AtsX(IVATSIT GO TO 25OI 24O CONT TNUE
, IF {I .EQ. 3t GO TO 50
i GoTo8o
' 25O IF ( ID .EQ. 2l GO TO 410

IF (IVAL8(2) .GE. 240.AND. IVALS(2) .LE. 2471 GO fO 260I GOTO3oc----- --____:_
C SAVE REGfSTER
C------- -----i-| 260 IF f L .GT. 3l CALL ËRRORI ( I0r t5401

| 27O IF fINPUT(J-ID, .EQ. DEL(2t) IXS = I, t = L+[
IF f OUTPUT(11 .EQ. ll cO Trl 3OO
IF ( ÙUTPUTf I ) .EQ. 2I G{J rfj 32O
IF (OUTPUT( I
IF ( OUTPUT{ 1

.EQ. 4 .OR. OUTPUT(1} .EQ. 3' GO TO IlO

.GE. 5, G0 Trf, 350
tF ((t .NE. 4.AND. [.NE.5l.AND. OUTPUT(21 .GT. 2l CALL ERRORI

6lort42ol
IF (tJUTPUT{II .EQ. O .AND. oUTPUT(2I .EQ. 3.ÂND. IvATS .EQ. 2,1

6GO TO 280
f:6



t
)

t
,

IF (OUTPUTT1'+1O+OUTPUT(2I .EQ. 3I GO TO 29O
TF IOUTPUT(1) .EQ. OI GO TO 4OO

C OPCODE O3I
) 280 ouTPUr( 2 t -- ouTPuT(3 t+4

IF ({)UTpUT(3' .GE. 4l CALL ERßORl(lOrt54Ol
OUTPUT(31 = IVALS{2'l-24O '::i

l Go To 420
C DPCODE O3I'+ 29O OUTPUT{OUTPUT(2)+l} = IVALBI2I-¿4O

i Go To 420
C OPCODE I I

t 300 tF (L .EQ. 3 GO TO ll0
OUTPUTf2) = I+1
OUTPUT(2) = 1

TF ( T .NE. 5
TF ( I .EQ. 7
IF IXS .EQ. I) OUTPUT(2) = OUTPUTI2I+4

) OUTPUT(51 = IVALSI?I-Z4O
C OPCODE 3 I AND 4Í

t 3IO IF (IXS.EQ. I.AND. L.EQ.3.AND. OUTPUT(I'.8Q. I.ÂND. fINPUT|
6J-¡Dl .NE. DEL{2lll ( = 1
IF TOUTPUT(1¡ .EQ.4.AND. OUTPUTÍ2' .EQ. 7I K - 3
OUTPUT(L+Kl = IVALBI2t-24O

:K=2
IF {OUTPUTÍII .GE. 3I GO TC 33O
G3 TO 420

c oPc0DE 2t
I 320 OUTPUT{ tVATS+21 = IVALBI2t-24O
ì tF {OUTPUT(2) .LE. 1¡ OUTPUT(2'l = OUÍPUT{21+2
r Gù TO 420
) 330 IF { I .LE. 2l OUTPUT(2, = OUTPÜT{2I+I-I

TF ( T .GE. 6' GO TO 34O
TF ( T .GT. 2 .AND. T .LT. 5I CALL ERRORI {1C,A54O}
GÙ TO 42J

C ÛPCODE 4 I
i ,4O OUïPUT(l! = 4

I
]
)

I
ì
i
t
i

t
)
t.

I

I
)

,

I
't

i
)

I
l

IF ( t .GT. 7t CALL ERRoRI(10rt540'
IF (OUTPUT{2¡ .EQ. 4) OUTPUT(21 = I
IF ( T .EQ. óI OUTPUT{2) = OUTPUT(21+4
GÙ TO +2O

C CPCODE 5I AND óI AND 7'í,
350 IF (IVA.T8 .NE. 2I GÙ TO 390

tIUTPUT(L+21 = IVALS'l'2)-24C
tF (L .EQ. 2t OUTPUTf2I = 1

IF ( I .EQ. 5 .AND. LP .LT. II GO TO 360
IF (L .E,Q. 2' GÛ TO 42O

3ó0 IF (OUTPUT(21 .EQ. Cl OUTPUT(21 = 4+IXS
IF (OUIPUT( 2l .EQ. 2t OUTPUT12I = 3
IF (OUTPUI( 2) .EQ. 1.). OUTPUTI2, = 6+tXS
IF (OUTPUT(Z¡ .EQ. 5T GO IÛ 42C
TF (TÀJPUT(J-ID) .NE. DEL(.2I .AND. IXS .E8. II GO TO 37O

) GO TO 420
) 370 IF {OUTPUTÍ2t .EQ. 7l GO TO 380
i CALL ERRORI ( 1óI E46OI
I 380 (IUTPUï(ól = OLTPUT(41

OUTPUT(41 = 0tTPUT(51
OJTPUT(51 = OUTPUT(ó)
OUTPUT(6) = 0
GU TU 420

390 tF (L .NE. 21 OUTPUT(5) = OUTPTJT(41
TF (FTVEI CALL ERRORT([OITA2OI
FIVE =.TRUE.
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OUTPUT( 4l = I vÂLB tZl -24OOUTPUIf2) = TVATB-t
IF fL 'EQ. 3 -0R- (I -EQ- 5 .AND. Lp .LT. rrr Go roGil TO 420

400 OUTPUT{ L+l+ tDK) - I vALB( Z ) -24OIF f IDK .EQ. 1t IDK = -[ ._,¡,:::,,TF f TVATB .NE. 2I CALL ERRORT'i10,T42O¡
GO T0 42A

41.0 IF (I .EQ. 5' GO T0 80

3ó0

DR EG
42O [D =

I VAL

. TRUE.

BLA
43O IF ( I .EQ. 5' GO TO 45O440 CONT tf.tuE
45O IF (Lp .LT. l) Hi,{FLG = .TRUE.IF ÍFLAGII CALL ERRORI{IO,TI40I

IF (0UTpUT(ll .Ee. O) Ht/FLG = .FALSE.IF (LP .GE. I} Gü TO 47O460 RETURNc-------
c
C COMPLETE OUTPUT VECTOR
cc------
470 IF (LP .LT. ll Go TO 570IF (0uTpuT(1t .EQ. rI cALL ERRURl{tOrâ54OtIF (OUTPUT{II .E8. 3I CALL ERRùR,1 (10,65+O)

If !odIPUTl'2, .EQ. 3 .(JR. Jurpur(21 .Ee. 6t G0 To 4BoIF ( OUTPUT( I 
' 

.EQ. 4I CALL ËRRÛR1 ( IO I T54O Ic-------
C FIND VALUE OF SYI.IßT]L FOR OUTPUT VECTORc------- __________
480 IZVAL=O -¡-*L-
c------
C TO TAL VA LUE OF S Yi.IBOL Sc------

JUNDEF = 0
D,J 49O t - 1r LP

I)rIZVll 
!

CALL ERROR1 ( IO, T54O' !

IF ( SAVE( I t .NË. BLAI CALL Syr4V,tL(SAVE{
TF f TZVl .LT. O .AND. I SIGNf I ) .EQ. -1'IF ( IZV'f' .LT. 0¡ JUNDEF = JUNDEF+tlF { IZVI .LT. O} tZVl = 0

TF (JUí.iDEF .GT. T¡ cALL ERRoR,lIIIJ,.T540I
TF (ÜUTPUT(II .GE. 2 .AND. OUTPUT(I} .LE.

4eo ZVÂL = IZVAL+IZVf+I SIGN( I I

IF (TZVAL .GE. C) GO TO 5OO
4t G0 T0 5óo

IZVAI = -I¿VAL
IZVAL = -uC IAL f I ZVÂL r. .

Gf TO 5t0
I500 IIVAL = TJCTAL(IZVAL, 
(c------ _____iC CHECK FOR A NEGATIVE NUMBER AND FTND ITS COilPLEHENT (c-------

5toIF(IZVAL.LT.o)IzVAL=777777-lÂBS(IzvALl
tF (IZVAL .GE. 7777771 Go TO 55052o Drl 530 I - lró 

vs r'J¿v 
iIFIN = IZVAL/LO 
¿OUIPUT( tlo-t+l) = TZVAL-IFIN*IO IIF (TFIN .EQ. OI GO TO 54O :
!53O IZVAL = IFIN 
c

frl



6 54O RETURN
7 550 CALL ERROR{SAVE{1II2I
8 RETURN
9 560 HvlFLG.= .TRUE.
O IIO = 5
t IF ( fAtss( rzvALl .GT. ó0t CALL ERRORI{tErt540}
2 tF t IZVAL .LT. O, TZVAL = 6Ot,I¿VAL
3 GO TO 500
+ 570 TZVAL = IMEM
5 H'r.lFLG = .FALSE.
6 Gû TO 520
7 END

e9)



|' SUBROUTINE OPTÂB (NCOCEI¡ïCODET*}
c------
c
C OPTAB CECODES THE OPERATI]RS TNTO THEIR CODEc .ì' :-
C NCODE -- HOLDS CHARACTERS OF OPCODE
C THREE TYPES OF OPCODES CODESAI CODESB AND CODES
cc------

¿ REAL*B TESTTCûDESlTl / TTRACEUNTTfTRACEOFFTTTSET rrrEND rr I

ÊDENT T, IORG'r IBSSI/,MCODEIùLANK/I If
} INTEGER OCTAL rMASK/ZOOOOOOOT /
i INTEGER+z ZAR,OUTPUT{LOIICTDESBI2SIIIPSITTRJITIJPITIZRtTTNZ'rIPL'I

ErNGr r I IN, r I pA. r I pf I r I PDr r rpcf r rPHr r I NOr r,EQt r.NE' r t GEr r rLEt, rÀ{I t r
EGT I r t LT I r I I R t r rIJR t r I DF t r 'ID' | ¡ INZCI ( 251/ AtO r0 rO r1r 2r3tL ¡2¡3t 4t5¡ 6'
60r Or 0 r 0r 0 r3 r O t O r4 r5 r 6 tl l r IN2 C l25l /O t L t 2t3 t3 t3 t3 t 1r 1r I r I r 1r I t 6t41 5
86r 6 ¡ 3 t7 t7 t3 ¡3 t3 ¡3 / tl NC1 ( 141 / 2 ¡2¡L r3 r O r 3 r 3 ¡3 t2t4 ¡2¡2t 2t 4/ ¡ ÍNC2{ 14 },
60r 1 r Crór 0 r0 ¡2 t4 r4t7 ¡ 6 ¡7 r5 t3 /

t LOGICAL+l CODESA(14l/.LrrtArrrBrrrlrr.SrrrFf rrDrrtRrrrNrrrC.rrUtr
. tPf rrZt¡r14tl¡FLAGITENDFLGtTRACEFTBL./r r/TNCODE(12rrf ESI2(SlrSTARTr

EORG, ERFLG I STOPFL,F ZAP
t COHMùN /NBL3/OUTPUTT IDKTFLAGl/NtlL1/STARTTTRÀCEFTENDFLGT FZAP./NBL4/

ÊIASS r ERF LGr tl,lG r STOPF L
I EQUIVALENCE {MCODETZÁRlr(TEST2(llrTESTl

C-;:--- ------:--------:- --------
l FLAGI = .FALSE.
) ENDFLG = .FALSE.
) IDK= 0
t DO l0 [ = lr8
I 10 TESTZ(I) = NCODE(I+31
l N= I
b D020 [=1110
i ZO OUTPUT(tl = O

c-------
C FIND OPCODEc-----

I DO 30 J = lr14
I IF ( NCODE I L I .EQ. CODESA ( JI } GO TO 90
} 30 CONT INUE
I 40 Dll 50 .J0 = Lt25
) IF (ZAR .ÊQ. CODESts{JO¡) G3 TO 2?A
I. 50 CÙNT I NUE
I 60 D370JO=1r7
} IF (MCODE .EQ. CODES(JOI) GO TO Z8O
i 70 CIINT I NUE

' 
tF (È!C,3DE .EQ. BLANK) RETURN

' 
BO CÂLL ERFOR(MCODEIN)..

I RETURN I
c------- ------1:
C CHECK OPCODE S

C------- ----;--
I 90 IF (J .EQ. 5I GO TÛ 2OO
I IF (r'tCùDE(2¡ .NE. 23t) GO rO 40
) lo0 IF (NcoDE(3) .EQ. 751 GO ÍO t5ù
I t = i\CUDE|S|-Z4O
¿ IF ( T .GE. O .ANO. I .LE. 7I GO TO lIO
} GSTOBO
i llo If- (r',tc0DE(4) .NE. BL) Go Tc BO
t 120 IF ( J .EQ. 5) GU TO 210
i OUTPUT(ll = INCIfJl

Cl0



I

OUTPUT{21 = INC2(J,
c------
C PUT CODE TN OUÍPUT VECTOR
c------
130 ü\TTPUT(31 = t

T F ( .NO T. STAR T 
' 

GO TO I4O .:. .1

RETURN I'

c-------
C FLAG MISSTNG IDENT STATEMENTSc------
14ù START = .IRUE. .

ERFLG = .FÂLSE.
CALL EP.RORD{ 17râ24Otc-----

C FfND REGISTER NUI4BERc-------
T5O IF (NCODE(T2} .NE. BLI GO TO BO

IF ( NCOtiE(4t .LT. 240t GC TO t90
[=0
Dt 160 JO = 4'11
Ir- ( NCODE ( J0l .LT. 240t GO TO 170

l60 t = I*1o+NCODEIJ0)-240
17O IF I NCODE

[ = OCTAL
180 [ = LAND(

JOI .NE. BL¡ GO TO 80
I)
TMASKI

GO TO 120c------
C F TI\ID VALUE OF SYHBOL S USED I N THE OPCODE . -

c------
I9O CALL S YMVAL { TE ST , I ¡

GD TO lBO
200 IF {NCoDEl2l.EQ. Z3L.OR. NCODE{21 .8Q.194.OR. NCODE(21 .EQ.

st93l cil To to0
Gil To 40

ZLO OUTPUT{11 = î,ICODE(21-188
IF (OUTPUTIIl .GE. 7l OUTPUT{11 = J
OUTPUT{2I = I
GO TO 130

220 IF (JO.GE. B.AND. JO,LE.13t GO TO 260
IF INCODE(3I .NE. BL) GÙ TO óO
0UTPUT{21 = INZC{J0l
OUTPt,T(3f = IN2CI(J0')
IF (J0 .EQ. 14t GO TO 250
IF (JO.EQ. 18.OR. JO.EQ.20) IDK = L

23O IF (J0 .EQ. 1l ST0PFL : .IRUE.
TF ( .NUT. START' GO TO I40

24O RETURN
25O OUTPUT(ll = 4

Grl TO 23O
260 0UfPUT(2) = INZC(JOl

IDK = 2
OUTPUT(31 = tN2Cl(J0l
IF (NC{.IDE(3' .EQ. 8L) G0 TO 270
lF fNCODE(31 .LE. 240.0R. NCODE(31 .GT. 2471 G0 TO 80
OUTPUT( 4) = NCODE l3l-24L
IF (NCODE(4} .NE. BL¡ GO TO 8O

270 IF ( .NOr. STARIT GO TO 140
RETURN

c-------
C PSUDET] OPCOT,ES SET t.JP FLAG

51.1



2 2òO fr,l = 3
3 GO TO l29Cr300r3IO ¡340¡32Or360r3601rJ04 29O TRACEF = .TRUE.
5 , Gtro330
6 3OO TRACEF = .FALSE. i. - ."}7 GO TO 330 :'

s 310 Fuacl = .TRUE.
9 çZap = .TRUE.
O IF ( .NOT. STARTI GO TO I4OI GO TO 240
2 ENTRY SJOB{ *'
] 32O IF-{ START' GO TO 35O
4 START = .TRUE.
5 ERFLG =.FALSE.5 330 RETUI¿N I
7 34O IF ( .NOT. STARTI GO TO 803 STARI = .FALSE.

' 
350 CALL TABF TX

) ENDFLG = .TRUE.
L GO rO 240
I 360 ORG = .TRUE.
', IBSS = JO-6
1 ¡F ( .NOT. STARTI GO TO T+Ci G0 TO 240

' 
END
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SUBROUÍ INE ES$$58 ( OPCODE rNr*Ic-------
c
C ERROR ROUTINE
cc------ ______-:

COtIPL'EX+ló ERR( 4rZ6l rOUT( 9l rXryryl
REAL*8 XL(2),CPCODÈ
LiIGTCAL+I 3UFFER( I33I IERFLGISWTf 3I IL
0ÂTA ERR'/r STRING tr I IS NJT AN OPCODtT tE. PRCBABLE CAUStrrE, MtStlNG BLANKtT I SYM3OL trt HAS AN IMpRùpERrrr VALUE tr, ,rr OpCûDEt'r tS tIISPLACÊD 'rZ*r rrr fLLEGAL LITERALTTT ¡.Lt CONSTANiTtZ*t tr,

åSYi4BtJL t, I IS UNDEFINED t ¡2+r rr I OVERFLO'I OR UNDrr TERFLOT{ COI¡DIftONr¡2+t rrr 5YH3ûL trr HAS AN ILLEGAL TTtCHARACTER rrr frr SygBOLtrrr IS TRUNCATED ,t2*t Irr SYÈ|ùOL rrtIS ALREAùy DEFINrrrED rrr f¡
t TLLEGAL CPËRANDt¡3*. rrr TLLEGAL CONSIANTTTl 't2+' Irr fLLEGAL DltCIl'{ÂL rr r POINT t 12+t t r f TABLE rlVERFLC.Jr rr i PROGRAS TOO LARTT TGE
Ert rrt EXPTNENT TOÛ LÂrrrRGE .t|+t Irr CHARACTE¡ì SIRINTTTGS OVER .t CHARAC t I rTERS nf LL SE TR'.Jr I TNCATED I r' ILLEGAL .SIGN INrr r OpERAN¡6 rtZr* | Ir I f'tISSIr'lc IDENT StTtTATEMENT .tT*t rrr ADDRESS OUT OF rr,tRANGET pR CONSTA,T,Nf TLJO LARGETTrrrr ENTRy pUtNT IS TTTUNDEFfNEí

' 6 rt2* I It t NJ STOP SIÂTEl'lËrrrî'¿f r' l*r Irr C¡-IARACTER STRINTTTG TRUItcATED AT 4tsr0 CHARACTERS rrr trr SyMBOL rrr APPEARS TO FOLLrrr(EH A CHARÁCTER' 5r r TTRING DELtÈIITER | ¡ t SY¡lBOL . r, IS ILLEGÀL;ri*ìt rrr P CUNSTANT IGNCtTfRED IN I|'¡TEGER CtTTONSTANIS rr, rrrgASE g \6ALUErr rCOi*fAINS CHARACTTT fER OTHER THANTT rO:7r rrNO OPCODE t r3*.t t IDAT,{ Y/ | oss$EP.RûR$$$--- | / ¡yL/ 1o$$ilARNINGs$--- t /
DATA our'/9tt t/

. DAÏA IFTOTT /6/
EQUIVALENCE {X1f 1I rXI I (SUFFER(II,OUT(II,
COMMON /1.¡3L | / Sit fr L/i\BL4/ I 3SS, ERFLG
Ei.I TR Y E[<R Ûí{ f üPC I]DE , N )c--_-_
ERFLG = .TRUE. .

OUT(t¡ = Y
[ = ERR(lrNl
XL ( 21 = OPC ODE
ERRflrNt = X
D0 30 t - 2t5
OUT( Il = trR,R(I-lrNl
CALL BUFOUT( IFTÙLT TBUFFER,T
Xl(21 = O.0
IF (N.LE.5.OR. N.EQ. 7.OR. N.EQ.9I RETURN
RETURI-I I
ENTRY ERRÙR,I(NT*I
EiìFLG = .TRUE.
UUT( 1) = Y

G'J TO 20

t
I

I

I

I

10

20
30

c
c
c
c

ERRCRT I S AN EiìRoR HESSAGE RCUT¡NE FOR TRUNCATION

ENTRY ERRIJR,T ( UPcoDE I *)
IF {SþJf(2)) RETURN I
IF (LI RETURN I
L = . TRUE.
fJ = B

OUï(t¡ = Yl
G0 TU 10
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EN..TRY ERRORD(NT*)
IF: (SHT(2)I RETURN I

L I RETURN
N .EQ. 251 L = .TRUE.

IF
IF
OUT(tl = Yt
GO TÛ 20
Ef{TRY' ERR0T{OPCOUE TNI :'"'':':.
IF ( Sr{T l2r, RËTURN
0UT{ll = Yl
GD TO IO
END

q¿r



SUBROUT TNE STCODE
c------
c
C STCODE TNITIALI ¿ES THE HEI4ORY FOR OUTPUT OF THE MEHORY I{ORDS
cc-------

coMpLEx*16 pRINTOTAD (51 rAC(91 rLitLrCOr4ptLrEXECUT
EATA LBL/. t /,ÂD/f LOCATICNT T.CONTENTST r I EXECUTT r I ABLE S

60URCE SIATr r rEMEí.¿TS .r/
, REAL RT/Z4OOCOOOO/
; TNTEGER CCDE,illE''lORYTI{ASRIZ3FFFFFFF/ TXXTSAVETLIT

INTEGER+Z I PCItTT' I VECI5 T.IUTPUT{ lO I'VEC
, LüGICAL*1 HHFLGTBTHTENI)FLG'TRACEFTLABEL'ORGTSTARTTERFLGTSTOPFLT
, f,,Oi.JTPUU( 5 ) r tsUFFER ( t33 ) r SrJÍ (3l 

' FZAP
i DATA AC|g*I '/ IEXECUT/' EXECUTTON TTME I/
I DATA IFTI]U.T /5/ ICt]I'.,IPT.L/I CBHPILE TI¡IE .I
I COMM;]It MEMSRY ( 1}

C,lMM0N /NtsL l/S;{T
COMl4Ofll /NbL3/OUf PUT/ PRINTX/I t tLlNBLl/START'TRACE.F'ENDFLGTFZ ÃP¡Tl

I tNtL2/H'IFLG' L¡13ÉL/NBL4/LBSS'ERFtGrüRGr5ÍûPFL/PT /JPOtNT
, C:lMll0ll /LI¡'IITS/LtOO0rL5ù0rLZO0rLlO0rL5OrLLITrLSYM/DATA2/li'lSr t3O/

. tAR 2/ S^VE ( 1 ! /AR5 /',t pOr ¡ir ( t I / 
^R7 

/ I VEC15 { I I I LITERL./L tIENDT I NDr L ITt 1l
r COMMC¡{ lPAGE/PRINTO{5rll

Ii co.4i,r0N tP AGEL/'t SEEK, VEC ( I I

EQUIVÂLENCE (CCÐE,RXI I (XX¡RRI r(AC{1),BUFFER(1I I
DO I0 't2 = lrIi,lS

I I"IEMORY(I2I = 0
I HE;-lilRY{ I2+L5001 = O

I IPO INT( I2+L50J) = O

tO IPOINT(12) = J
i DC 20 12 = lrI3O
' 2A IVECl5iizi = 0
, L99 = L5Ot-1
; I= 1

rI3O=1
'IL=l
i ORG = .FALSE.
I HHFLG = .FALSE.
) STOPFL = .FALSE.
. BTH = .FALSE.
'I RETURNc----- --------

c
cMAciJDEIscALLEDTccHANGEThEt]UTPUTVEcToRINTooNEóoBITt{o¡ìD
C THtS;iORD IS STI]I{ED IÑ 2I\lEITO{Y I'JORDS T AND 5OI
cc-------

¡ ENTRY TACODE
r If- ( I .GT. L 500 ) CALL ERFûRI ( 13 ' t23O I

' 
TF (OUTPUT( I} .EQ. 4 .ANÙ. OUTPUTI?I .EQ. 6I H|.IFLG = .TRUE.

¡ CIIDE = Q

C AN OPERATION IS PREFORTED CN THE.OUTPUT VECTOR TO GET THE PROPER CSDE
I Kl = t
] KTM = ¿+*30
) 30 D0 40 K = KlrlO
) KfM = SHFTR(KIMr3)
, TF (OUTPUT(K} .EQ. OI GO TO 40
I CI]DË = OUTPUT(KI+KTH}CL]DE
} 40 CUIIT T ¡IUE

c------
qr5
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C CHECK FLAGS
C------- _____-å___s______

IF (ORG' GO TO óO :IF ( ENDFLG I co TO l tO r ':: 
.

IF I IL .EQ. 3I GO TO 34O : .;'
IU = IL ,. .rr
IQ = I :i',, r:.

IF (LABEL .AND. IL .EQ. 2' GO TO 90IF (BTH .AND- .fJor. H',.JFLG .AND. IL .Ee. zl Go ro loolF {BTH .AND. HHFLG .AND. .NUT. LABELI Go ro r70IF ( tJTHI MEMoRY{ IQ-( Iu-1) *L99+L99) = r'tEHoRy ( Ie-( tu-l )*L99+L99,+El9+5ó
BIH = .FALSE.
IF f Hi.¡FLGI BTH = .TRUE.
IF (tL .Ee. 2l Grl IO 210c-----

C CL]DE FOR THE F IRST HALF OPCODESc------
'---__lF (TRACEFI RX = ûR(RTTCODEI

MEtlORy(tt = CODE
IPOINT{I} = JpOINT
IL=2
VEC( ISEEK) = 1

IF (HwFLGl VEC(tSÉEKl = z
GÙ TO 23Or------

C CODE FOR ORG AND BSS STATEI\,IÈNTSc------- _____:
60 ORG = .FALSE.

IF (coDE.LT- 0 -ûR. coDE.GE. L50or GD To 7oIF (TL .EQ. 2.AND. BTi]) IlEMORY(II
IF ( IL .EQ. 2l MEFIORy( I+L500) = BZZOB3584tF (lL .EQ. I .AND. BTH, MEMORy(I-1+L50Ol = HEMûRy{I_l+L50Ol+1 g+j6IF (IL .EQ. Z) t = I+l
IL=l
t = CODE+{ I-ll*IBSS+I

, PRIt¡TO(ITISEEK) = CODE
VEC( ISEEKI = B+IBSS' GOTC8O

70 PRINTü(lrlSEEKl = O.O
CALL ER.RORD ( 18, E 8O 

'80 RETURNc------ _____
i

C CJDE FOR FORCTNG UPPERc------
90 HEMOP.Y{ f +L500) = BZZ\a3594| = I+t 

iIL = I 
{GO TO 50
(c------- __-- 
1CUDIN|; HALF WORD OPCODES FOLLO'dING QUARÍER I{0RD coDES ic-------

100 RR = AND( MASK,CIJDE I . ;
VEC( ISEEKI = 7
CUDE = XX
XX = XX/32768 t

t4Et't0Rytt) = HEMr.lRy(It+XX (

xX = CIJDE-XX*3Z7óB 'r^/r (

XX = XX+]Z76B (

HEMoRy( I+L5oo) = xx I

50

t

i
t
I

l

l
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9
c
t
?

IF ( JP0INT .NE. 0, MCI5( I30t = I+L5C0
LF (JPùINT .NE. 0l I3O = I30+l
tF ( t30 .GT. L50l CALL ERRORl(t3rt230l
GO TO 220c-----

CODE FOR END STATEMENTSc-----
I 11O MEMüRY( L I0OO I = C0DErt IF (CODE .LT. OI CALL ERRORI{I9,T12O¡
5 LzO IF ÍERFLG¡ C0DE = -[
5 CALL STPTM( T I
7 AC(l) = COMPIL
3 I3O J=T*l0O
9 DtJ 140 f = 2t9
) t40 AC(t) = LBL

Ng = 27
DO l50 I = 1r1O
BUFFER(¡18-f I = J-J/10*lO+24O
IF (I .EQ. 2, NB = 26
IF (J.EQ. O.AND. I.GE.3I GÙ TO 160

5 150 J = J/LO
7 lóO BUFFER(241 = 75
3 BUFFER(28) = 226
t BUFFERIZ9I = L97
) BUFFER(3O) = 195
L BUFFER(3f¡ = 226

I
¿

3

+

i

BUFF ER
BUFF ER

BUFF ER

321 = 75
171 = L26
l) = 9ó

CALL BUFOUT ( IF TOUTTBUFFËR)
IF {Ct]DE .EQ. -21 RETURN
CALL gTRTf'I(TIMEI
T - TI}IE
TF (CODE .GE. OI CALL CDCINT
CALL ST PTM( T I
CODE = -?
ÂC(11 = EXECUT

c_____::_l:_l::
COD TNG QUAR TER I,¡ORD Sc------

i L70 CIIDE = CUDE/2+*L5
VEC( fSEEKI = 3
IF (IL-rl lil0rt80r190

I lBO JJ = t+L99
l VEC(tSEEKl = 6
l Go T0 200
) 190 JJ = t
t 2OO MEMORY( JJ ) = I'4EíqORY( JJI+CODE
! BTH = . FAL SE.
¡ GC TO 230c------

CODE SECUND HALF HCRI] OPCODEc-------
2r0 MEr,.tuRY(I+L500) = C0DE

VEC( tSEEKI = 4
IF lHr¿FLGI VEC(tSEEK) = 5

22O tPOfNf(I+L5001 = JPOINf
IL = I
[ = I+I

fì'7



O 23O RETURN
c-----
C PUT LITERAL TABLE IN HEMORY AFTER END OF PROGRAT{ AND SET.UP ADDRESSESc-------

1 ENTRY TABF TX
2 IF f I .GT. L50Ot CALL ERRoRl {;13rS23Ol3 I.F I .NOT. S TOPFL I G O TO 39O '

4 24O IND=t
5 IF (IL .EQ. 2t IND = I+l
ó LITI = LITEND/Z+IND
7 INS = LITI+2
I tr (LtTI.GT. L5001 CALL ERROR1(13rt23ol
'9 IF (LITEND .LE. ¡.) GrJ TO 260
O DO 25O J - TND,LITI
I MEMCRY(Jt = LfT{2*J-Z*IND+t)
? 250 t4EMORy(J+L50Cl = LITf 2*J-2*IND+z1
3 26A LAST = 1

4 Jt = I
5 Il = IND-I

c-
C F TN D TI'IG UNDEF INED SYI,IBOLS
c_:___-

5 27O Dil 3OO J = JIIII
t tt { IPOINTIJ! .EQ. 0l G0 TO 300
3 LASTI = LAST-I
? IF f LAST1 .GT. LzOOI CALL ERROR1 ( 13, T23O TI DO 280 Nl = trLASTl
I IF ( TPOINT(JI .EQ. SAVE(NII 

' 
GO TO 29O2 28O' CiINTII\¡UE

t SAVE(LASTI = IPOINT{J)
I IPOI¡¡T{J} = rAST

' 
LAST = LAST+I

t Go Tu 300
7 29O IPOINT(J, = Nl
3 IF (LAST .EQ. Nll LAST = LAST+I
) 3OO Ci']NT TNUE
) IF (Jl .GT. L5OO) GO TO 3IO
t Jl = Jl+L500
I Il = I1+L500
¡ GO TO 270
r 310 LAST =' LAST-I

' 
IF (LAST .EQ. OI Gf] To 410c------

C DEF Ir,¡E SyMBOLSc-----
¡ CÂLL SY¡4DEF ( LA ST )
I LD= I
I 32C TZVAL = SAVE { LD }

I IF (SAVE(Lt)t .LT. Bl GO Trl Z5O
) DO 33O tl = lró
. IFIN = IZVAL/IO
I oUTPUT( t0- I L+1 ¡ - tzvAL-I FI N*10
I 33O IZVAL = IFIN
i Kl = 5
; KrM = 2++19
, IL = 3
' CODE=0
} GJTO3O
I 340 SÂVE(LD) = CODE
| 350 LD = LD+1
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1 TF ( LD .LE. LAST¡ GO TO 320
2 JI = I3 Il = IND-I
4 3óO DO 380 J - Jlrll
5 rF ( J . EQ. IVECÌ5( I3ot I GO TO 370ó IF f tPÙiNT{J I .NE. .O} HEMORY(,J} = SAVE( tPOtNT(J¡ t+f,tEHORyf J }7 Git To. 380
I 370 HEit0Ry(Jt = sAVE(Ipo¡NT(Jlt+3zzóB+MEf,t0Ry(Jl
t I3O -- I3O+1
C 380 CONTINUE
I IF (Jl .cT. L5oO) GO TO 410
2 Jl = J1+¡596
) 11 = I1+L500
+ [30 = 1 :

, GO IO 3ó0
5 390 i',lEMtlRY{l+¡1L-tl+L5OO} = Or CALL EF,RORf ( 20rt40o)
I 4OO IF (IL .NE. Zl t = I+l
) G(J IO 240
) 410 Il = LITI
l. IF (SI.JT(3tl G0 To ó80

c
C OUTPUT OF MEMÙRY
c----- _+___

! t=o
ì ISN = 0
I D0 42O J: lr5
t +2O AC{J} = AD(Jl
¡ BUFFER{II = 96I 43C CÂLL BUFOUT{ IFTÙUTIBUFFERI
¡ DCI44O J=lr8

.T'+U ALlJ' = LÚL

' 
450 ISN = ISw+1

IF ( ISN .GE. ISEEK) GO TO 650
: IVRC = VEC( ISNI
i GU T0 l46Ct4ôCt55O¡62Ot6201610 t55Oró30 t64Ol r IVRC

GO TO 450
; +60 I = I+l

l( = r.tEMURy( L
Nl = ZI

47O l( = LAI'JD(HASK,Kt
DO 480 J _- lrl0
BUFF ER ( Nl-J t = K-K./8 *B+240

480 ( = K./8
GO TO l5?Or490r5BrJr5BCróOOr6OOró00róóO t67O) r IVRC

49O N5 = 15
50c Dc 5lo J - L¡5

0UTPUU(JI = aUFFER(N5+J)
510 BUFF ER ( N5+J I = ê4

TF { N5 .EQ. 251 GO TO 5BO
520 ASSIGN 580 T3 JUMP
530 IZ = I-t

DO 54O J = lr3
BUFFER(7-Jl = tZ-lZlB*ù+Z4C

5¿+0 12 = 12/ a
GO T0 JUMPr (580r4óO ¡620)550 N5 = 15

560 DU 57û J = lr5
5TO tsUFFER( N5+J, = OUTPUU(Jt

IF {TVRC .EQ. 7' Gù TO 620
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I 580 D0 59O J = 4r8
9 590 AC(J I = PRINTO( J-3rI SNI
0 Go To 430
I óO0 N5= 25
2 GO TO 500
3 ó1O N5 =.25
4 Gû TO 5ó0
5 620 f('=MEr{0RYfI+L500¡
ó Nl=31
7 GO TO 470
8 630 I - PRfNTO(I,TSNI
e co Tc 450
0 ó40 [ = [+PRINTO(lrISNl
1 GO TO 450
2 650 IF (LITEND .LE. 1' GO TO 680
3 ÍVRC=8
I Grl TO 460
5 ó60 IVRC = 9
5 ASSIGN ó20 TO JUHP
7 GO TO 530
8 ó7O CÂLL BUFOUT{IFTOUTIBUFFER(1II
) IF (I .LT. Il-lt GO TO ó50
I ó8O DO ó9O IIF = lrtC
I ó90 OUTPUT{ I IF I = O

¿ 7O0 IF ( STARTT CALL ERRORI{tgr812Ot
1 RETURN
+ END

l IJD



'L SUBROUTINE FIRSI( t NPUTTJ rMr *r*lc-----
c
C FIRST IS ANOTHER SCAN ROUTINE FOR THE VARIABLE FIELD
C CHARACTER STRINGS AND NUMBERS ARE DECODED
c
C FLAGS
C 'Sv{T( 1t NUMBER ENC 0UNTERED
C SHT( 2 

' 
-- CHARACTER. MUST BE MOV.ED TIf VECTOR VALUE

C SWT{3' -- POST RADIX i,!ODIFf ER FOUND
c sl,.JT{4) -- DECttjAL POTNT
cc------- -------

REAL+8 A SNUM¿ ICAD
TNTEGER $INTZVALUE(IO),[8T.1 I I / TASVMÙD¡3I
INTEGËR*2 A$SMOD f3I T ASSI GN
LOGICAL+ I SHT I 4 l, Zò/ | . | / r INPUT ( 80 I r A$ilOD ( 3 t' A$TYPE' ASFLAGT ASL ITr

t$ALL I tó l / | S t r rP t r .E I r t+f r r-t r r=. r tC. trZ r r tL t r lHf r rAl I rRr r t O. r t B. I
6Drrr.'/ TVALUE(40,

EQUIVALENCE { VALUE{ I },ZVALUE{1' I
Ctll4M0N./BLOCK2/VALUE tl$/ Bl-0CK1./ASNUMZTASV¡YODrA$SMODTA$SIGNTASilODT. TASTYPEIA$FLAG IA$LT Tc-------

C TNITTALIZE VARTABLES
c-------

r¿

rl
l\

5

6
tl

6
7
8
9
o

I Â$LIT = .FALSE.
9 A$FLAG = .FALSE.
ù ASTYPE = .TRUE.
1 DO 10 [ = lr3
2 A$VI-IOD(t) = O

3 Agl.lOD{I} =.FALSE.
4 10 A$S|iDD(Il = -[
5 ASVi-lûD(2) = -l

T 20 CONTINUE
2 [=H
3 30 J= I
4 40 Ig - t
5 DO 50 [ = lrl0
6 50 ZVALUE(I) = IBZ
7 l'iPCLlL = O

I IXOE-O
9 NUMZ=O
0 D0 60 [ = L¡4
I ó0 SHT(ll =.FALSE.

7 70 CONT IN¡UË

ASNUMZ = O.00COOOOOD0
A$SIGN = -l
IF (t4 .EQ. 801 A$LIT = .TRUE.
DO 20 [ = JrM
IF Í TNPUT( I } .NE. ZB' GO TÛ 30

2
3
4
5
6

B

9
c
I

DO 140 l- = JrM
INPUTI = INPtiT(L)
TF I INPUT T .CE. 24OI GO TO T I.O
DO 7d INT = lrló
IF ( INPUTI .EQ. $ALL(INT)' GO TO (280t280r280r9Cr90r80r150rI50r15

t r L50 r 150 r l5C r 120 ¡ LZO tL2Q r l00l r INT

IZ$ = L
IF (f'f .EQ. B0 .AND. J .EQ. t4l tNPUTI = 24A
IF ( l.t .EQ. 80 .A\D. J .Ee. t1l G0 TO ltù
Grl T0 380
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c----
C SET AS SYMßCL FLAGSc-------

2 80 IF (A5LIT) CALL ERRoRt(lor63eOt7 A$LIT = .TRUE.
4 Grl TO t30
5 90 IF ( St{rÍ lt, 60 T0 250ó .ÂSSIGN = INT-4
7 co To t30c----- --_-__-C FLAG DECTHAL POTNTc------

0
I
2

I 100 IF
9 IF

IF
IF

IF ( .NIJT. ASLITI CALL ERRORI (10,6390I
NPCOL = L
Sv{T(4} = .TRUE.

3 co To 140
4 IIO SäT(11 = .TRUE.
5 IF ( I$ .GT. 20t CALL ERROR1{tlrâ25ot5 VÄLUE(t$¡ = INPUTI
T I$ = I$+1
8 A$NUiqz = A$NUMZ+IO+ I NPUT L.24ot IF ( 'NOT. A$LIT .AND. A$NUMZ .GT. 777777.O, CALL ERRûRI{l8râ390}I Gù TO 130

C----- -----:-CHECK PùST RADIX MODTFIERc------
L LZrl IF { 5'{T( 3 ) I GO [{] 390

sr.iI( 4) ) GÙ TO 390
SlrT(3)l CALL ER.RORt ( tO,6390l

Si.iT(4ll CALL ERR0Rtf iJrt390)
tNT .LE. 141 AgIypÊ =.FALSE.

2

]
i 5v¡T(3) = .TRUE.
t 130 A¡FLAS = . [RUE.
i L4O Ci]NT TNUE
r GC rO 380c----

c
C CHARACTER STRTNGSc 

.-c-------
150 JTYPE = INT-6

ASFLAG = .FALSE.
NUM¿ = Â$NUilZ
IF (S.,iT(tt) cü To t80
TF ( .NOT. A$LIT) GO TO 39C
$IN = TNPUT( L+I }
IP$ = L+2

ló0 16 = tc------
C SEARCH FI]K. DE L I M f TE R

DC l7O lZ$ = IP$rM
TF ( SIN .EQ. INPUT{ IZTI I GO TO 22O
IF f t5 .GT. 4C) GD T0 2oC
V,1LUE( I$l = INptJT(IZS,
t$ = I$+l

170 C,lNTIt¡uE
RETURII 2c-------

C FT\I) iVU,qBER OF CHÂRACTES IN STRTNG
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3 180 tF (NUHZ .EQ. Ol GO fO 190
4 INPUTI = TNPUT(L+NUMZ+II
5 SriT(ll =.FALSE.
6 lzt = L+NUMZ+I
7 SviT(2} = .TRUE.
8 Gtl TO 230
9 190 tPS = L+l
0 $IN = ¿B
I GO TO ló0
2 200 cALL ERRORD ( 21r t2lOl
3 ?LO. INPUT ( IZ s+1 I = ¿3
4 IZS= IZS+I ,,,5 GO T0 270
6 22O II{PUTI = Ií\¡PUT{ I Z$+l )

1 IZ$ = IZ$+1.
8 23O IF ( INPUTI .EQ. ZB .OR. INPUTI .EQ. 1O7I GO TO 27O
9 CAD = INPUTI
O CALL ERRCITTCADIZ?I ' ...
1 24rJ CALL ERRORI(4rEZ5OI , ,

2 25O J=L
3 TF {A$LITI CALL ERROR1(11IT2óOI
4 260 RETURTI T

5 27 O CALL TRAî.lS( L r I NPUTr J TYPE r;{Uf'lZ r SW T l2l Ic---
C PUT LITERALS IN TASLE ILI Tc------ -------

6 ¡F (A$LIT .AND. H .LT. 8OI CALL SYI'ILIT
7 J = IZ$
g t.F (flJPuTf Iz$l .EQ. 7-3.OR. LZi.EQ. 801 RETURN 2
9 CAD = II¡PUT{I¿$I
O CALL ERROT{CAD,23}
I CALL ERROR1 ( tl r t2 501c------ ----:----

c
C NUMERIC NOTATIONS
c
C---- :-------

2 2S0 ASMIID( INT I = . TRUE.
3 Jç23 = tt'lT ::

4lF(SHI(4}lÂ$NUt.lZ=AsNUY1z/Lo.t*(L-NPcoL.tt
5 IXOB = J$23
ó | = L+l \
7DC34Ol=LrM
I INPUTI = INPUTÍI)
9 tF { tNPUTl .GE. 24At G0 TO 310
0 DíJ zgC J$ = Lt5
1 IF ( ti¡ÐuTt .EQ. tÂLL(J$l' GO TO 320
2 29O Ci)i{T I lttJE
3 GtJ TO 350

c-------
C EI'ITER lIODIFIER AIJÛ VALUE TN A$ VECÏORc------

4 300 tF (f /.08 .GE. 4) CALL ERR,JRt(tf ¡î^25C1
5 IF { AESMUD{ tX0ßl .NE. -l } CALL ERR0Rlf 1l tt^25O1
b ASSMIJ{J(IXOBI = Jg/5
7 GJ T0 330
E 3lC N.J¡IZ = NUMZË10+ti,¡PUTL-24O
9 J3 = ó
0 G.l TO V40

in:



L 320 IF (J$ .GE. 4t GO TO 300
2 A$VHùD( J 5Z3l = NUI'IZ
] IF (JS23 .EQ. 2.AND. IXOB.NE. ól A$VMOD(2! = -l
i NUMZ = A $VMOD ( J$ )

t IF { A5MOD(J$l I CALL ERR0RI( 11rt2501
t ASMOD{JS) = .TRUE. .,.i'-
I J523 = Js :' '
I 330 A$FLAG = .TRUE.
) 340 IXOB = JS
) 350 A$VllOD( J $23 I = NUMZ
L IF {SriT(4t .AND. ASLITI G0 TO 37O
I IF (^$i-tOD(2lt CÂLL ERRORDl24re36Ol
l 360 IF { SriT( 4l I CALL ERRùRf ( 12r t25Ol
i lZ5= I

' 
IF {ASLIT' GO TO 27O

t Go To 3e0
c------
C FLDATiNG PO tNT LI TER,ALS

J = IZ$
. RETURN 2

) 380 IF lSr.¿T(4)) GO TO 400
IF f IZ$ .EQ. 801 INPUTI = ZB
IF (A$LIT .AND. INPUTI .EQ. ZBI GO TA 27O
IF IA$LIT .ÂND. L .EQ. J+II GO TO 2+O
J = IZ$

390 RETURî{
400 ASNUMZ = A$NUî,|ZllO.**{L-NPCOL-l ¡

GD TO 370
END
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SUBROUTINE F IXI ( XVAL,N)c-----
c
C FIX TRANSLATES NUMBERS INTO BASE 8 NOTATION IF REQUIRED
c
c----- ------ì-:r----

REAL*8 A $NUt1Z rD r DLOG 10
INTEGER UCTAL TASVI"UD(3) rXrY
INTEGER+2 A $S|.IOD { 3 ¡, A.gST GN
LOGTCAL*¡. A $,!I]D ( 3), A$LI T IA$TYPE, A.$FLAG
CTIMMON /BLOCKL/ 

^sNUMZ ' 
A$VMCDTÂ$SMODT A$SI GNr A$MODr ASTYPET A$FLAGT

tAsL t ï
C------:-------
C CHECK IF NUMBERS ÁRE ALREADY iN BASE
C F IND VALUE ACCORD I NG TO A$ SY}.IBOLS
c-------

E,..ITRY F I X2
IT0T = Q

TF IA$NUMZ .EQ. O.ODOI GO TO 1O
I F ( .NOT. A $i-100 { 3l } GO TO 10
IS = I
IF (A$SMOD(3) .EQ. t) IS = -tp = ( DLOGl0(A$t\tiMZ l+AsVMûD(3 I *IS¡/1. 2041 19982ó55925DO
ITOT = D

Â$NU{Z = 16.0D0*+(D-ITOT)
tO IF {AISMüD(lt .EQ. l) A$V}{OD(ll = -[$VMOD(1,

A$VMtlD{ l} = tTOT*4+ASVMOD{ll
RETIJRN
ENTRY FIXIXVALI
l=O
!=0
tF (A$i"lOD(ll) Y = A$VMOD(11
IF (A$SMOD{ll .EQ. l} Y = -Y
IF (A$MOD(31) X = ASVMOD(31
IF (A$SMCD{31 .EQ. 1) X = -X
xvAL = ( (A$NU!lZ*lO**Xl*2**Yl

' IF (A$TYPE} GO TT 50
r 
-----C CHANGE BASE TO 10

N = XVAL
K=Q
a-tl- ¡.

DO3C[=1r20'
IF ( N-N/10*1C .GT. 7l CALL ERR0RDl25tt20',t

20 K = (N-N/lO+l0l*L+K
l- = L+B
frl = N/IO
TF (N .EQ. O) GO TO 40

30 CÙNT TNUE
40 XVAL - K

50 RETURN
END

trs



2
3

4
5
6
7

. STJBROUT I NE DECMALc---- ---_--__c
C FLOATING POINT LITERALS
cc---_ ______:-_____-

. REAL *8 X, A $NU1"IZ
INTEGER MASK /Zo}FFFFFF / ¡MASK L/ZTFFFFFFF/ r INTR{B I ,il 

^SKZI 
ZFFFCOOOITtcot.lplL3tst-FFFFF/¡A$VMCD(3' y' t" Ár¡\G, L. ¡

INTEGER+2 T IA SS:',!JD (3 ),A SSIGN
LOGTCAL*1 T( 8' ? TESTI AT¡|r]D(3 I IA$TYPE, A$LI T,A$FLAGEAUIVÂLENCÊ { Irr(1) ), (T( 1) rKl r(T{5t rLt,(rirl rXtrf NRrRN'Coi4voN /B Loc K4,/ I N rR./ B LùcK I /A $NUMz r A$vil00 r A $S úoo, A$s I GN, Âsltoo,EA$TYPE,Á5FLAGTASLI Tc------ --------CALL FT.XZ
TF (ASVMÙD(2¡ .EQ. -1) ASMÙD(2' =.FALSE.x - A'|.¡UMZ
Kl = 0
Ll = O

tF (x .EQ. O.Ot GO TO goc-----
C FIND IBI.I ËXPCNENTc-----

J = { Í/l L6*1ól-641+++A$VíqûD( I tIF (IABS(J) .GT. 1023) CALL ERRoRI(órt9otK LAND(tlASKrKtc-----
C CHANGE FIìACTIUI{ PARI TT CDC FORMc------

Kl = K*256
J!. = 5
IF lAsst'lûo(z) .EQ. r., A$ví,r3D{2) = -Asv,'4cD(zrIF f A$ÏûD{2,t1 J1 = A$Vl,.t0DlZl+¿_43IF { A$,V0Dt?t I 60 To 3010 IF {Kl} 30rzc¡2Q

2Ð Kl = Kt+2
Jl = J1+1
Gü ro 10
IF { J1 .GT. r1) cALL ERR0RI (órt90)
IF (Jl .LE. -20, GO TO tooKl = K/2+*( 1t_J1)
Rrtl = AND(HÄSK2rKlt
tF (\R .NE, 0) cALL EF.RORt.(órt9ûl
K2 = K_KI*2+*f 1l_Jll
KZ = Kz+Zt*( lg+J1l
TEST = .FALSE.
IF (Ll 40r5Cr50
L - LAr.,tD(rtAS(lrLt

3

)
)
t
2

l

30

40
ITEST = " fRUE.

50 IF (Jt .LE. -I8' GC TO ó0 {

Ll = L/2**( 13-JIl I

tF (TEST) Lt = L[+Z+*(ls+Jlt 
I60 Ll = Ll+K 
(70 IF ( Lt .EQ. O .AND. Kl . EQ. O) CALL ERROR1 (6, t9O' (IF f Âsv;,1ùD(2) .LE. O .AND. A$]400(2)l Jt __ Jl_i'-' (c------- ___-_:_:

C PUT Ii'{ Cf-)C EXPCi\,¡ENT -----(
(c------ ____(K[ = Kl+¡J-J1+98C1*Z6ZL44

1ôr



t+
t5
,ó
.7

I

9
0
,l
2
3
4
5

c------ _-_.:-__C CHECK FOR 
^¿EGATI VE NUMEERSc------

80 IF (ASSIGN .Ee. ll Kl = CUMp_KtIF (ASSIGN.Ee. It Ll = CCMp_Li :,INIR(t) = Kl
tNTR(2, = Lt
A5Vi4{JD(1' - 2c-------

C ENTER IN LITERAL TABLEc------
TF (AsLITI CALL SYMLIT90 RETURT'¡

tOO Kt=0
IF (Jl .LE. _5ot GO TO 70Ll = K/2**(-J1_19'
GU TO 70
END
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ÀPPE¡¡DTX G

Tim!ng-o! Al-qorllhgg

The interpreter uas run using a monitoring prograrn

call-erl PRocI,ocK (available frcm cos¡{rc, Barrov Ha1l,

tlni-versity of Georgia, Athens, Georgia) . The prograin qives

tinings of the percent of cpu time spent in each section of
the inte¡preter. This points out the algorithms that are

using the nost tj-ne ancl th"r"¡o.e the ones that need to be

optimi-zed to the furlest extent. The proErams used in the

timinE of the interpreter Here the ones listed in ÀppENÐrx

¡. The linkale editor listing for the iaterpreter is listed.
here so that +.he ìif f erent ¡nodules can be d istingui shel in
the timing plots. There are examples of both the FORTRAN r/o
routines anrl the assenbly 1angua,3e T/o routines for the same

set of input. The histograns have been 1abe1l-ed with the

names of the subroutines, that the cod.e tiined is located in.
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ÀPPtsNÐIX iI

Flowchart s

The following ,flovcharts are for some of the

subroutines used in the loarL-and.-gc assembler.
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Subroutine MAIN1

characÈer id

j obcard
switch

INITIAIIZE
STATE}ÍENT
VARIABLES

-check

for comment

out,put staËe
menÈ n@ber
and state-

check
for label

check
for opcod
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check

JOB CARD
PARÁMETERS

for literal
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Subroutine SCAI'I2

INÏTIAIIZE
VARIABLES

for nr¡m-

for regis-

TJPDATE

INSTRUCT]ON
VECTOR

for blanks
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Subroutine STCODE

INTT]ALIZE
VARIABLES

CRNATE HAI,F
l'{El"fORY

WORD

/ci:eck

\"i
PRODUCE

APPROPRIATE
CODE

tatement CDCii.¡IT

RESOLVE
A-DDRESSES
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