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A R ST R  A C I

rhe aesign of  a C(t~3OL e d ito r  and i n t e r p r e t e r  is exp lo red

wh i ch uses simple, stra ig htf orward alo or ithm s s i m i l a r  to the

aop roach found in proa ram rrable calculators. The

al gorithms are ‘lesianed to He imolem ent ed using the

mi cr oi nstru ct ions o f a hi ch—per formance b i t — s l i c e

mi -croorocessor. A coss ib le mac h ine aesigri 715m b a fam i l y  of

rnicroorogramm able f c u r — h i t — s l i c e  b loo l a r c i r c u i t s  is

out lin ed.
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I. INT P000CTIUN

The o b j e c t i v e  o f Ph is  t h e s i s  was  to  i n v e s ti gate

t h e f e a s i b i l i t y  of a s pe c i a l i z e d  m i c r o c o m p u t e r :  a “CO POL

c a l c u la t o r .’ Thi s CU POL calc u lat or w o u l O  i n t e rp re t  on ly

LOd OL proo rams anc was to  be des ianeg  us inc i  s i m o l e

al go r i t hms ,  s i m i l a r  t~ a p rooramm ab le calcu lat o r, w hi C h

W Ould be imolemeni ec in microcode on a high— p erfor m ance

m ic r o p r o ce s s o r .

CP~ 0L was  c hosen as the source languane Deca use i t

is used througnou P t h e ~‘aVY and tr,e business worlo. The

ver s ion  of  CUPO L us.o fo r  t h is  m a c h i n e  i s  ~1 t C P u — C O ~ 0L, w h i c h

W D S  deve lo ned by LI A .  S. C r a ig  o u r - m o the  course of hi s

t he s i s  w o r k  at t he  ~av a l  Po s t o r a d u a re  School (see Peference

1) . M T C R O — C O ~~~L is  an exten sion of tp~e U.S. Navy d e f i n e d

Hvpo—CUBUL, .bich represents th~ m i n i m u m  acceotable workjno

Subset of COBOL w i t h i n  the Na v y .

The use Q f a cure in ter p ret er to execute COBOL

proarams can he considered feas ib l e since CObOL is h e a v i l y

I/O aeperident. Thus the t ime reauired to inter oret the

source code is smal l in comp arison to the I/O aelays.

The c r e l i m i n a r v  sp eci fi cation of thC “achine

har dware was compl eted usi r~g th, Advanced ~ icro r)evices

Am2 QUO f a m i l y  0f m icrop rooramebl e hig h—p e rform an ce ci r cu i ts.

Th is f a m i l y  is cenfered around a bi p o l a r , four — h i t— s l i c e

m icrop rocessor LST Ch4P . F- cure 1 contains a system CeSigri

-_



usi ng th is famil y of circuits. In addition , the use of a

highl y f l e x i b l e  ‘meta— RsSem b ler , ” whi h ~ i~~p lj# l ,~ the

aesigners ’ task o f creating mi cro ins tru ct ior is , is

in t r oduced.

Ihe la st m ajor goal was the design of tne

al gorithms to oe used to inte roret CObOL in the macn ine

microcode. Th i s was  a c c o m p l i s he d  using the lanauage C,

w h ich is a vai l able on the ONLY opera t Inc system at t h e  Naval

Pos tgraduate School. Th e software w hi ch was imnleme nted

in cludes a workino edi tp r and intercr’ter . The desitln of the

e d i t o r  and the i n te r p r e te r  s t r e s se a  s i m p l i c i ty  r a the r  t ha n

e f f i c i e ncy .  C o nc e pt s  such as rec l ac ina  p o i n t e r s  w i t h  a

l i nea r  s e a r c h ,  A SC IT char acte r a r i t h me tic , and storage o f

va riable values w i t h i n  the  so ’~rce coae w e r e  used. T h~~~p

al gorithms must now oe converted ~o microcode and run on a

aeveloom ent system to deter m ine i f the executio n tim es are

fast enough to make the CObOL calcul ato r concept

on er atio nal l y feas ihl ’ .

I 
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I I .  SflFT~t 4RF

The CObOL machine aescribed here cons ist s of the

follow ing so f tware m odu les: a monitor, an editor, a pure

interp reter, and a riehunqer, Of these , the editor and the

i n t e rp r e t e r  wer e des ioned  and imo le me nted  as part  pf t h is

the sis , both th~ editor anj the inter p ret e r were written in

t he~ systems p ro cramm ing l ancuage ‘ C ’  and were com p ile d and

tested on the UN IV op er atiri c system. T hp s ke l e t o n  mo n i t o r,

w hic h was necessary for tes ting PUrPOSeS, nas not been

included. the aecugoer w i l l  be b ri e fl y described as a sim o le

ext ens -ion of the int erpr ete r .

The edi t o r and the inter p reter were ciesionea for

sim p lest irnole m enta tic n . l~n general, each mocju )e Consists of

a stri ng of subroutines which are as independent as

possible. The ob jective Was to develo p sim pl e ,

straior ~tforwar a, lin ear prooram modules that would coit and

inter p ret COPOL and he sh ort enoug h to be storea in Read

Onl y Memo ry (QOM).

p 
1.
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A. TH~ EOITUR—— COEO
/

The editor is the user ’s means ~ f commun i cati n o

with the CObOL mac hine. A side from accep ting CObOL pr onrarns

l i n e — b y — l i n e  from the console and pr ovidi ng the stanaard

edit fu nctions , the ed itor per forms some functions normall y

performed by an inter p reter /compiler. These functions

inc lude cre atin g and m a i n t a i n i n g  a symbol table arid

repl ac ing the CObOL source words in the oroc~~dure div i s i o n

W I t h token numbprS. This gre atl y s im ol ies the

i n t e ro r e t a t i o n  o hase ar’ a does not create a s u b s t a n tia l

overr icad dur ing e d i ti ng .

~hen i nv ok e c ,  the ed it or either creates a new

f i l e ,  or opens an already e x i s t i n o  fi ’e by loadin c it into

memory from a random access aevice. tach COPOL statement to

be entered int o t h i s  f i l e  must beam w i t h a five  character

l i ne  i n d e x .  T he f i r s t  ch aracter o f t h i s  index denenas upon

the d i v i s i o n  ~ f i nc COBOL pr onram w h i c h  is being eO it ted

( see A PPENDL* C ) .

The Id e n t i f i c a t i o n  and Envi ronm ent d i v i s i o n s  arm

stored as tne y are entered from thp user ’s conso le in lower

case A SCI I code (extension ~o al low uoper case w i l l  OP

di scussed l at e r )  ,ith Pti ~~ UNIX n ewli ne character (C~l) beiri c

replaced w i - t b  a spec ial ‘FüL ’ chara cte r for ease of

aetec~ ion .

T he Da ta  d i v i s j ~~n is  a l s o  s to r e d  in lower case

A~ CT I code. Whenever an i de n t i # i e r  is declarea , however , an

entry is made in  Ph.  symbol tab l e. Th e synod ta bl e is

0

- - - - -- ----- _ - _ _

L _ _ _ _ _  ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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simp ly a li s t  of orintn am es, each a maximum of 16 characters

lono. Ihe pr i n tna me s  of  a l l  COBOL reserved words are entries

in the symbol table. For a compl eted COBOL rirogram , there

exists a one—to—one corresoondence between COBOL reserved

words , accept ab le p un ctu aPion, al l  orogram identifiers,

l iter al s and symbo l table entries. The rela tiv e adaress of a

print riam e w i t h i n  the symbol tab le is the entry ’s token

number, a l l o w i n c  simp le conversion between token numbers and

p r In t na me s .

Th e Procedure di v i s i o n  is converted enti r e l y  to

toxen numbers by th e eri it or exce ct for the five character

l ine number that must preceea °v~~ry COB OL statement. A l l

id e n t if i e r s  must he de c l a re c i  in the Oata d i v i s i o n ,  and,

as ide from common ’s, cnl y reserved words ana l i t e r a l s  are

a l lowe a in the Procedure di v i s i o n .  Thus, any undec lared

identifiers, or tvp in c and sp e l l i n q  errors are caunht here

in the edit chasp whCr p Ph~~y can b~ easi l y corrected. It is

mandatory, therefore, to enter the entire Data d i v i s i o n

oefore enteri ng th e Procedure di v i s i o n .

The editor oper atos in memor y in the f o llo w i r i c

way. When invoked, ‘ne edito r i n i t i a l i z e s  two memory

poin ters, cot and co2 (see Ficure 1). Cot is the p o int er in

l O w  me mory wh i ch a l w a y s  add resses  tn. l a s t  byte ccessea.

Thi s byte was either newl y aaded, mod i fied , or ;ust ex am ined

by the user. The o oint er in h i gh memory is co2, whi c h

addresses the r .mair~irg C°bOL prooram, if it  A x i s i s ,  or tnp

la s t  a v a i l a b l e  by t e  in me mory  (s ee  Fioure 2). b’emory is th us

c J i v i c j C Q  int o  Phr e, a r e a s :  a r e a  I in low  m e m o ry ,  a rea  IT  in

10

_ _ _  _ _  -



hig h m emory, and the work soace in the middle. Console input

characters are queued in a l ine buffer u n t i l  a period arid a

carriage return character are entered . At this time, the

ent ir e l in e is writt e n into mem ory, hecinnin o wit h  the la st

accessed byte (the one addressed h~ cot ). Characters (bytes)

are co nstantl y hein ri moved uo or down in memory as necessary

to open the work space at the p oint in user ’s COBOL oro gram

where editi on is tak inc p lace (see Ficur e 3) .  The symbol

tab le is storea in a temporar y data area during the edit

p h ase.

~‘he n Ph~ user term in ates th e edit phase, the work

soace is closed by ~ov in q the entir e orogram down into low

memory. The symbol table is then w r i t t e n  at the end of the

CObOL proaram , direct l y f o l l o w i n g  its end o~ f i le  (F U F) .

The edi ’ ec COBOL orogram consists of

Identific a tion , Environment , and Data d i v i s i o n s  in t h e i r

ori c i nal source cooP, t~~e toKeni zed Procedure a i v i s i o n , and

th e symool table. J r thi s form, it can either oe Storea on

some random access device for subsecuent in ’erp re tiri g , or be

inter p reted c i r e c t l v  fo l l ~~w inO th e ‘erm ina t ion of edit.

11
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MEMORY DIAGRAMS

CPl~~~ A0000id division.A00~~
lOprogram—id. test.Af Area I
O020author.~~~~~~

,,, P1

Work
Space

Area II

~ ~CP2 b ‘CP2

Figure 1. Figure 2.

Initially, all of memory CPl is the byte offset of
is viewed as work space . the last character entered

by the user. CP2 stays at
its initialized value until
the first search.

~O0OOid division. Area I
cp 1 —

Work
Space

CP2 A00l0program—id~
test.A0020author. J Area II

Figure 3.

When the edit~~ mus t acc ess
a particular line , in this
case AO0l0 , bytes are moved
between Area I and Area II
until the line is found .

12
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N Identification and

,
,.
._- Environment divisions

C0l0O 03 identifie~~~..

1 ___ ~~ pic 9.99 value 0=2.30. beginning Data division

N
Work Space

/
CP2
1 0110 03 identifier2 remaining Data division

Procedure division

N
Symbol Table

_ _ _ _ _ _ _ _ _ _

/

Figure 4.

Memory as viewed by the interpreter
after storing a value into identifierl .
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B. THE. DUERPRF 1FR-—COT N

~hen the interpre ter is invoked , if the edited

CObOL pr ooram does ript already exist in memor y , it is loaded

one byte at a time he cirinino with relative address 0. P”ex t,

the heoinriina of the procedure divisi on must be located. As

the search oroceeds, by tes are moved u~ in memor y st artin g

w ith the last byte of the symbol table until the first line

number of the Procedure d ivision has been moved. Ilie work

soace in the m i - d ale of the memory array is now defined.

The j nt . r ere t e r  t h en i n i t i a l i z e s  a l l  the

ide n t i f i e r s  w hose in i t i a l  v a l u e  has been d e f i n e d  by the  user

w i t h  t r i e VAL UE option. Tacri t if ier values ar e stored in the

Data d i v i s i o n  f o l l o w i n g  i t s  PlC arid/or VA LUF clause. ‘~y tes

are moved un in mem ory unt~~l the work soace hecins at the

eno of the r ’a rti cu l a r dec laration. A ny value not excee cino

the Je nath of the ~rr k soace can be stored nere. 411

identifier values are stored in thp Data aivi s io n  in t h i s

mariner. The int ororet er wr ite s th e aeS i red value into the

work soace, thereby m a king it a Dart of the liata d i v i s i on

(see Fioure 4).

A procram counter is i n i t i a l i z e d  to the r e l a t i v e

adoress of  t r ~e beg inning of th e Procedu re  d i v i s i o n .  T h i s

counter is incr emer irec b yte by by te as the a ivision is

scan ned for gra mm atical correctness. Each com p lete COBOL

sta tem ent iS Px C C U t Ø Q  as it i~ scanned,

The first b yte afte r each lin e number is the token

for a key word Phat determines the ‘yoe of  COBOL s t a t e m e n t



w hic h fo ll ows , Based upon t~~is token ,  t he int e r p r et e r  c a l l s

a subrout ine to handle the s t a t e m e nt  fo rm.  The subrout ine

s c a n s  t h e  s t a t e m e n t  ( t o k e n  chain) for accep ’ib il ity until

t he ‘~~O L’  c h a r a c t e r,  ins e r t e d  by t he e d i t o r , and pe rf o rms

the desired action. A l l  embedded blan k , tao, and comma

to kens are acceotea by the interpr eter.

If a oram~iiaPi ca l error (misplaced or unexpected

token) is scanned, an error flag is set th at causes

execution to stop w it h  an aoprooriate error n’essaoe sent to

t he user. ~t t ’~is coiri P , a aebugoer could he enterpo. Since

a ll i d e n t i f i e r  values are a vai l ao l e iri tn~ Oata div ision and

tt ’ e current line number is alwa ys accessible , an error could

be corrected and scarninn /ex ecijtion Could resume at the

statem ent. ~‘orma) ex ecu t ion hal ’s when the token for STOP is

scanned.

.~ben a lump is reouir .o to execu te a par t icu la r

statem ent , the oroaram counter is reset to the first token

o f tne Procedure di v i s i o n  and th e first token o~ eac h l i - ri p

is scanned un t i l  the resired destinatio n is founc . Exp cut ion

of the PEPF0p~U verb inv olves a return jumP aria thereforp

requires the return token Po be saved. A t present , an eight

level software stack is imp lemented w hic h  a l lows PEpF flR’~

sta tem ents to be nested ei gh t deec. Thi s could he changed,

however, since ov e ra l l m~ c h ine  m em ory size is tr i o only

r e s t r i c t i o n.

eaCh time an i d e n ti f i e r  val ue is f etch ed  or

stored, the fo ll ow in g SpeCS are executed:

I ) Thp token nueber is ~aooed Po i t s  pni r i tna me

1’3 



_ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
- -

(the token number is the index of the orintnam e in

the symbol table ).

2) Bytes are moved se cuenti al ly up or down i- ri

memory between Area T aria Ar ea TI until  a

onintn ame m atch is found.

3) Scan Continues from here u n t i l  an eoual sion

or EOL ’ c haracter.

£1) The value is t r ipn e i t h e r  w r i t t e n  f r om a

scratch buf fer in to the work soace at this point

or written from the Oata d i v i s i o n  into a S c r a t c h

bu ffer for further action. If a R E A O  or

statement is being processed, the PlC clause

determines the form at in w hi c h th e Oat-a va lue is

written. Otherwise, it is simpl y cooied b yte b y

by t e  as it appears in th e bu ffer or mem ory.

The ar i t h m e t i c  routines operate upon the A SCII

characters stored in th e r’a ta d i v i s i o n  if th e operand is a

var iab le , or upon th e symbol tab le i- r i the case of a l i t e r a l .

eac h routine uses look—up tables to perf orm it s op eration of

addition , subtract ion , m u l t i p l i c a t i o n ,  or di v ision. The

operands are loaded in t o  two v a ri a o l e lenoth bu f fers, c a l l e d

* arid y, and operatea upon secue ntia l ly one p air of bytes at

a tim e beginn ing w i t h  tha ricritsost byte of each puf fer. Ag

defined by ~ ICi lO—CORuL, the result is w r it ten into the Data

divisio n area correspon ding to the secono orerana. It sh ould

oe noted that as the LST c i r c u i t s  are ~ev eloped. the table

lookuo method can easi l y  he renlacea by us ing four—bit

adoer/suot ractor and m~~l~~i- p lj ~~ c h i o s .

lb
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I. ThE TA PGET MA CH 1~~

One m a j o r  deve lo pment  w h i c h  makes a COBOL machine

fe a s i b l e  is t he w i a e  a v a i l i b i l i t y  of hi~~n perform ance b i t —

sl ice m icrooroces sors on LST chiog . A b i t — s l i c e  micropr o-

cessor is a ci r c u i t  wh i c h has al l  the recuired inputs and

outou ts of a basic processor fun c fion, such as the ALU, h~~t

is onl y two or four b its  wiae . Any number of these two or

four h it — s l i c e s  are connected in p a ral l el to al l ow process-

ing of data words of any desired wi d t h . Thus, the system

des i gner is able to sreci l y a p rocessor w hich meet s particu-

lar reoui rempnt s . Ih is f l e x i b i l i t y  is hio ri l y de sira b le in

many ap p licati on s where the Op timum wora size is oreater

than the common eig ht b i ts avai l abl , on most fix ed arc ri itec—

ture d mic roprocessors.

The majorit y of b i t — s l i c e  microprocessors achieve

t h eir high perform ance usir i a h ioo lar tecnriolooy . Iii~ commer-

cia l develooment of b ip o lar IlL, ECL, and SChO ttk y b ip o lar

OIL ch ip s represent a m~~j~~r steo in increasing performance.

bipolar switching circ u i t r y  i - s ten to a nundred timC S faster

than s im i l a r  MOS Sw i t chin ri circu itr y .

The aisaovartage of b ipolar c i r c u i t r y  is th at it

can not yet be rackeo as densel y as the MOS eoui vale nt, thus

requir ing more c n i ps  f o r  a o i v en  number of  C i rc u i t s .  Tn many

p i t — s l i c e  a p p l i c a t i o n s  t h i s  is  not a s i a r i i f i - c a nt  ‘ i i s advan—

t-ag e w hen com pa red w i t h  th~ increase in soeeo .

17
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The second maj o r  deve’opment w h ic h  e f f e c t s  the

CO BOL “c a t u l a t o r ” is the i n t roduc t i on  of h i t — s l i c e  m ic ropro -

cessor f a m i l i e s  wh i ch a re m ic roo rognamme b le .  h ic ro prog ram

lr ig ic  is  o l ac e d  i n  Read On ly  Memory ( Q Q M )  aria r e p l a c e s  t he

usual hardware  random log ic  c i rc u i t s .  T he advantages are

found in t he more oraerea approach to  f u n c t i o n  im p lementa -

t i o n  and the ease of  r eplac ing  the l o c i c .  T h e log ic to  de-

fine a function is stored in Programmabl e Read—Onl y ~iemorv

(~~~OM) as a bl ock o~ m i c roi n st r u c tionS and, if a change i-s

aes i rea,  a new PPO~ is pronrammed w i t h  aif feren t mi c r oir i —

st r u c t io ns .  A f u r t h e r  advan ta oe  i~ Phe a b i l i t y  to  de f i n e  a

p ower fu l in struction set , ca lle d m acro in structions for an

arc hitecture where eacri inS t ruC t i on is a ctuall y imple m ented

w i t h  s e v e ra l  m i c r o i n s t r u c t i o ns .  T h j ~ i n c r e a s es the  per fo r -

mance of the machine s i o n i f i c a n t l y  since tri e access time for

~4O M is two to  ten t i m e s  f a s t e r  than Rando m A c c e s s  Memor y

(PAM) where m a cr o ins t ructio n s are stored.

T h e most  co~ mon uses f or h i t — s l i ce m ic ro o ro q r a mr n —

able mac hines in Clud e i ia i t a l  f i l t e r s  aria em ulators. P it

s l i ce p rocesso rs  a re  r a r t ic u l a rly  w e l l  s u i t ed  f o r  emulation ,

s ince  a g i ven  ma c ro i n s t r u ct i o n  can be mapped to a set  o 4 m i —

c r o i n s t r u e t i o r i s w h i c h ex ecu ’e t he  de s i red  f u n c t i o n .

A l t houg h em ulation is effecP ive , t he COBOL ca l cu—

lat r i r does riot emu late a m achine l anguaae, In. necessary

logic to int e rp ret a ‘~lCR fl— CO~ O1 Program is in m icrocode in

th e PROI~i . t~y im p l e m e n t i n g  th e COBO L e d it o r  and interpr eter

in m icrocode, th e mac h ine o.comes a COBOL “calc u lato r ” and

thus it w i l t  on l y crocess ~ IC~lfl—CO~ u i. The interpreter is

lB
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im plem ented i-ri mi crocode to increase performance, aria, as

noted previ ousl y, the al gorithms were ext rem el y si -mole. ~ it h

s i - m o l e  a l o o r i t h m s ,  ba lanced  by a h igh pe r f o rmance  p r o c e s s o r ,

i t is  po s s i b l e  to  keeo the over a ll length of the program

s mo l l  enough to w r i t e  in mic rocode ,  w h i l e  r e ta i n i ng  a feas i-

ble execut ion time. J
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A. IHE Am2000 FAM ILY

The COBOL c a l c u l a t o r  was lesionea w l t h i r i  the l i - m I —

t a t i ons  of a w i d e l y  av a i l a b l e  m ic ro p roara m mabl e  f o u r — b i t —

s l i c e  b ipo lar  m ic ro p rocesso r  f a m i l y,  t he 4m 2 900 s e r ie s ,

deve lo p ed  py Advanced Mi cro Devices (see Reference 2).

1. Am2 00l

The Am~ °Ol is four b i t — s l i c e  bipolar microproces-

sor en ip which can he easil y cascaded to any number of

chips. Figure 5 is the bt oc~ diagram of t h is chip. Ih, 2~~QI

consists of 16 work inc reaisters, a (~ register , sh i f t m u l t i —

olexers , and an ei gh t—f unct ion AUI . it features simultaneous

access to any two registers , arid left and ri ght s h ift orera—

tions independ ent o~ the ALII . The mac hine cycle times , based

upon a two register add fun ct ion , is 110 nanoseconds for the

Aed Ool and 55 nanosecrnds for the new Am dQO OA .

d. A m 2009 and Am ?cl1

The Am~~qO0 is a four h it cascadable m icroor ogram

se qu e ncer .  i t s  block diagram is shown in Fi gure 6. The d~~O~

c o n t r o l s  the Cxp Cuti or secuence of a s e r i e s  o f  m j c r o i n s P r ~j c —

t - i o n s .  T h e  aadr .ss  of t h e  n e x t  m i c r o i n s t r u c t i o n  t o  b e e xe-

cuted can come frpm the prooram Counter r.gis’er, the stack,

the internal aadress re a i- ste r , or a direct inPut. The latte r

two sour ces  a l l o w  for an n—wa y br anch at any poin t in the

micro p rogram . Thp s~~ac~ al lows four levels of suoroutine

• calls. The internal address registe r (IAi ~) ca n he connected

to the p ip e l in e register or the m ap Ping PPOM as Sh~~w ri in

20



Figure 7 , The output can be set to the f i r s t  m ie row ord

(0000) using the zero input . Each output bit can b’ “UP’eo ”

for con dition a l  instructions.

The Am2 Q il i5 s i m i l a r ,  excePt the direct inout is

c o n n e c t e d  to  t he  i n t e r n a l  r e g i s t e r  and the (1k inpu ts are re—

moved.

3. A d d i t i o n a l  C i r c u i t s

T he Am200? is a high—spe ed look—ahead carry gen-

era tor pr ovidi ng a look—ahead carry f or up to four Am290 1

chip s. The Am 2QO5 arid Am2 906 are quad two—input open—

col lec tor bus transceivers. A d d i t i o n a l  chips ~bi ch are

available includ e fpu r— h i ’ registers, counters, m u l t i —

plex ers , adders, and m u l t i p liers. Read—Onl y M emory (f~Ad ) and

Proorammed Peaa—Onlv ~‘emo ry (PROM ) are avai Table in several

sizes and access sceeds. Chi p s w n i c h w i l l  soon become

a v a i l a b l e  include a Di rect Memo ry Access. Reference 2 con-

t a i n s  a d e t a i l e d  ex p lana t i on  o~ these  arid o t he r  c i r c u i t s .

_ _ _ _ _  -~~~~~~~~~~~~~~~~~~~~~~~ • - • -~~• - -~~~-~ -• • • - -



Am 2901
MICROPROCESSOR SLICE BLOCK DIAGRAM

—~~~~~~~~~~~~~~~~~~~~~~~~~

----
RAM Sh if t

Q S h i f t

A addr. > RAM F Q
(R) 16 Reg isters Q Reg .

B addr. > A B Q
( R / W )  o u t  out

Direct Z e r o
Inp ut

D A B 0 Q

ALU Sour ce Sele ct or

Carry— —~~~ — car ry
— s ign

8 Func tion ALU — o v e r f l o w
F — Fa0000

‘)fq
A

O u t p u t  D a t a  S e l e c t o r
Y

Da ta Ou t

Figure 5.
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B lock  D i a g r a m
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a. MAC H1l~JE DESTGN

Figure 7 is a detaile d block diagram of the pro-

posed COBOL calcu lat or. Ihp machine is desianed around

s e v e r a l  b a s i c  blocks: a 44096 by 2~~~h i t microproaram PROM , a

16—bit ALU , an s—h it c a t a  bus, and a ci o el ine register.

rhe oioeli n e reoister ho lds the next instructi on

to he executed. ~h il e  an m icr oinstruc t ion is beino executed,

th e next instru ctio n is moved into the p ip eline recister.

w i t h i n  one machine cycle, th e sequencer fields are decoded

aria the next instruction address is a va ilaol e to PROhI . Ihjç

fetch is concurrent wit h  any A L IJ op erations.

The siz— of the mi crop rogram PNOi~I was determ ined

by the estim ated size o~ the editor and the inte rp reter.

This estim ate was mad, by ex am ining the size of tne P OP —Il

assembl y lancuage ver sion of these so ftwa re m odules (30u0

lines of assembly coue and P ablo s ). .thile the corresooridence

is not one—to one, any increase in size due to m i croc n di n q

w i l l  he p a r t i a l l y offset by e l i m i n a t i n g  rout ines and state-

ments w hi C h were inserted to Permit execution under the U !”IX

oPerat ing 5y$tem .

The data bus size was determ ined by the natur e of

the int e ro re f er .  On ’y A S C I T  character s aria ~~bit token

numbers ar e ma n i p u l a te a .  Th~~5, o n l y  an 8 — b i t  dat a  bus is

requi red.

T he  ALIJ ha nc le s  t w o  ty pes  o~ data. First, the ma-

jor it y of ocerations w i l l  i nvolve characters and token

numbers of P i O f l t  hits. T~. second type is memor y address la—

_ _  
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t a ,  such as t he proo ra m c o u n t e r .  Th i s requ i res  16 b i ts  f~~r a

6~1K byte memor y and 20 o i t s  for a one megabyte memor y . Ran-

dom Access Memo ry 0f 644K should be sufficient, but if the

la m er memor y is required another Am ?901 and Am2°02 can

easil y be connected.

In the b l o c k  d iag ram,  Figure 7, the  sugoested LSI

ch ins for the maj or blocks are noted alona w i t h  the number

required for ~he functi on i n  parenthesis. Table 1 l i s t s  the

total c i r c u i t s  w h i c h  a re  r ecu i rea  to  i m p l e m e n t  the CO BO L

machine. The b o le diagrams and detailed de scriot ion of

these C i r c u i t s  are in Reference 2.

Three  b l o c k s  ar’ riot d i s c u s s e d  in d e ta il: Dire ct

~1emory A ccess (OMA ), Trit errup t Contro l U ni t ( I C I ’ ) ,  and the

Sync and Control Looic. Suqoestea ar ch it ecture may he found

in Reference 2 and a li ~~t in ~ of th e requ i red C i r c u i t s  is in-

cluded in Table 1.

One fa m i l y  of bloc ks d e t a il e a in the ma chi ne di-

agram are the bus tr anc eiv ers w h i c h  int erf a ce between the

va rious blocks and Ph e data and address busses. These may be

a comb in ation of A m29 0o and A r r d0 O 7  or 4md6510 chip s.

I



H
—

~p ~

n

. 
LJ 

_ _ _

~~ ~i~i - ki>~ ~~~~~~

2

H

Figure 7. COBOL Calculator
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Table 1. LSI Chips reouirea for the COBOL Calculator

C H I P  !JUMbFR OTSCRT PTION

A m2901 b ipo lar  f l — h i t  m ic rop rocesso r  s l i c e

A m2902 I look ahead carry

Am2905/b/7 12 nuad bus t r a n s c e i v e r

Am2909 B mi eroproaram seQuencer

Am 291d 114 four b it  reg i s t e r

A m ?97b1 ~ 9 ?5f, word x ‘4 b i t  PROM

Am Q1- 1l Q 12~ LlOQb word x I h it static k/ye RA M

A m2 5LS O 7 I E’ h i t  r e c is t e r

A m 25 LSISI 1 ~ inpu P m u l t i p lexer -

Am 25LStbl I binary hexa d ecimal counter

Inte r rupt  Control Un i t

A m2 913 1 P r i o r i ty  i nte r rupt  exoa noe r

Am 29144 2 vectored p ri o r i t y  interrupt encoder

A m2 97IJ S 1 lo word x 13 h i t  tw~~— oort RA M

O i r e c t  M emor y  A c c e s s

Am2 5LSIb 1 binary h ,xaaecimal counters

Am2 5LS25Q1 2 rict a b buffer

Sync and Enao le  Log ic

A m 29750 1 32 w o r d  x P h it  PROM

Am? cjL~~157 I ? inp ut m u l t i p l e x e r

Am5 55 1 timer

A m74L S 112 I dua l f l i p — f l o p

A m 714L51244 I clock

27
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C. A M DA S M / ~0

The next step in the deve booment of the CObOL cal-

culator is to convert tri e aloori thm s to m icrocode usino the
S

N meta asse mh le r lP AM DASM /aO. AMDA SM /R0 is a m jcropr oaram as

sem ble r  whic h operates on the  INTEL fl~ITELLEC MDS OflS system

under th e ISIS—TI operating system. A m e t a — a s s e m b l e r  d i f f e r s

from a conven t i ona l  assemble r  in tha t  the user must aef i ne

not only l a b e l s  and sy mbo ls  but a ls o  wo ra  le nat hs  and for-

mats. Very l i t t l e  informa t i on is pre de fined in a m eta—

as s e m b l e r ,  a l l o w i n g  t he  user a g rea t  f l e x i b i l i t y  in m atchin o

mi crooro~~ram s to a haraware confi ourat ion. ASM /80 is  suf-

f i c i e n t l y  genera l aria powerf u l to he used for nearl y any

micro p rogrammable m achine. However, it was aesi gned esre—

c -i a l l y  for ?he A m 2 9 0 t)  tam ,)y .

T he assembler operates in two phases: the l~e f i n i —

t i o ri phase and the A ssembl y phase. The r)e f i n i t i o n  phase,

w h i c h  is executed fir s t ,  establishes the t ab le s to map each

user defined format and Con stant names to Phe corresp onding

bit patterns. The lenct h of each mi cr o i n struc t i o n word can

oc de fined 4rom 1 to 12R hits. A ‘ni erni ns t ruct ion word ma y

consist of one format, or several over lapoing for m ats. A

form at aefines the field s of a microinstruction and the i r

usaae. Field s may contain snec-i 4ied num eric bit natterns :

eith er b exi d eci m al , aec ima l ,  octal, or bin ary. The field ‘nay

also Contain a va ri ao l e fiel d to he f i l l e d — i n  aurino execu-

t ion , or a “don ’’ ca re ” f i e l d  to he ionorea , whi c h is usu-

a l l y  a f i l l e r  between other fie ld s . The “don ’t care ” fie l~~~

4
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are used when f o r m a t s  are overla poer i. Tha t  is , f o r m a t s  can

be over la ppea  j f  tri e celiried fie lds of one form at correspond

t o  “don ’ t c a re ” f i e las  of  t he  o the r  f o r ma t .

The A s s e m b l y  ohase uses t he output ohase,  and

ope ra te s s i m i l a r  Po a more c o n v e n t i o n a l  as s e mo l e r .  This

phase rea ds a sy m b o l i c  Prog ram , perf orms ~he com mon asse m-

bler functio n s and Produces a bin ary output , lis tin g s , and

t ab l es,  wh i ch are retained for execution or post—processing.

T h e  Po s t — n rc c e s s i n g  phas e uses m e  A ssemb l y  pha se

outPut to  c re a t e  nacer Peoe s s u i t a b l e  fo r  use in pr ogrammin g

PR OM’ s. T he user ‘ray c e f i n e  t h e organi z a t i o n  of t h e  ~PQM ma-

t r i x  and then c r e a t e  a t a o e  fo r  any p a r t i c u l a r  row or

column. This w i l l  a l l o w  the user to organi ze the ‘nicropr o—

g ram memor y as a es i r ea .  Fu r the r , i~ i s  r e l a t i v . l v  easy  t r i

change a pa r t i c u l a r  p RO M b~ creat in a a new tap’ for the

de s i r ed  co lu mn or row.

The advan taces  o f  a m e t a — a s s e m b l e r  a pe ro ach ,  suCh

as AM~~A5h’/qO, are f l e x i b i l i t y  and ease o~ use. The user ‘ray

a ef i n e  m u l t ip le f o r m a t s w i t h  ove r lap n in g fields and l ink

meaning fu l mn eumonics w i t h  various hi t natt erris . Th us, the

assemb le r  c r e a t e s  the bit strin o s for tn i c r o ir ~struction s. Th~

user may a l s o  w r i t e  Progra ms us ing s t r i ng s  of l’ s and (b’ s

w ith a short O e f i n i t i e n  phase.



_________ 
T : __,____.

D. TIMING ANA L YSTS

i Pract i calit y of the Cobol calcula t o r decenas par—

t - i a l l v  upon the t ime whi ch Is reQuired to execute a proorarn .

The act ual ti m i n g  of tri e m achine performanc, w i l l  Occur when

it Is run in m ic r o c ooc  on the I r ite l l ec  UDS~~)OS s y s t e m . tlOw

eve r, sever al i mpri rtact factors can he assessed by usino

ma nual methods and ,st im.t lng the regu i red cycles ama number

o~ references to °anocm Access Memo ry (~~A~’).

Table 2 COn P. Siri S a l l ~~t of t he  seaucri tial process-

in g steps ~~ the AL)f~ vero. Th. Si’. of tne ~a’a ansi pro—

ceoure d i v i q i o n ~ are assumed Po b’ 2000 by tes each , w f l i C h

a l l o ws storage of a reason~ h ly compl ex prog ra m . A PiAM access

t im e of .300 rienoseconos was assumed for these calculatio n s ,

and any processinri whi c h cou ld  be done sim ultaneous l y w I t h

th e R AM access was n~~r iri~~l’jd~ d. The t im e of 1.338 n i l —

l iseconel s for the t,tcri , ~~~~ an d store is ou lte long . Th is

value inclu des ~~~~ access to memory, most of whic h were

used in m ovin o data a i vi s ion by tes tPirough Pne w or d ing area.

The time used in m ovi ng th ese by tes represents l.?i~ m i t —

l iseconds or abou ’ Qj percent of Ph~ ‘oPal Cxec ut iOn P i n e .

Anothe r  e xa no le  o ’ a large amount of tim e spent

mani p ul a tin ri date is th e i n i ’ i a l i z a t i o n  of the prooram in

memory . Thm in ieror ete r , COI N!, must f i ne  Ph C  top of tFi C

proced ure division eric Ph•n locate the too cf t he  da ta  r’ iv i—

s ion . For Ph, s imo l e examp le proaram in A o pe na ix  A , m e  in-

i t ia l i za t i o n  rea , j i res  g0~ PA M a c c e s s e s  ano 1000 m achi ne Cy

cles . tiecution of ‘his rirpgram w i l 1  require about d~~QO

3u



accesses to memor y anc S500 mac hine cy c l e s .  Th us,  e x e c u t i o n

t ime  is  about 1.05 mi l lise conds , of whi ch 71 percent i-s ab-

sorbed in mem ory access.A aain t hi s is quite lpna for a sim-

pl e p roaram.

It must be remembered th at these estimat es are

v ery rouoh. Fs t im at.icn errors w i l l  be found in countir l o the

number of ma chine cycles wh i c h correspono to a aiven lin e of

assembl y code.

using these estimates as a roug h ouidC , it is cvi—

aent that the reference tim e to R andom Access Memory is a

major factor in the sreeo o f nroqram execution. Oue to t hi s

pro blem , two r’ossiole changes to any future aesi gn ~hou l C be

considered. First, Ra rdom ‘~cc ess  Mem ory w I t h  an access time

of under 200 nanoseconds Shou ld be used. Memory w i t h  this

access speed is a v a i l a b l e ,  althoua h it is more exPensive

than th e sl ow er ~~~~ Th i S change could im oreve executio n

t ime by one—fourt h . The second suqoestion is to aeve lop a

pi p e l i n e  te ch nic ue  f o r  by t e s  ac c e s s ~ much l ike the Pechniaue

used in the sequencer. Th is could he done in m icro code it

wou ld consist of loao ina In c next sequent ial b yte aurina the

processino of a g iven by te. Since a m a j o r i t y  of RAM

accesses occur during a lin ear search of the user ’s proaram,

thi s simpl e techni que cou ld cut th e execut ion time ~v 25

per c e n t .

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _  _ _  _ _ - - —~~~~~~



TAB LE 2. SAMP LE T IMING FOR AN AUD 5 1 A T E M E N T

T iME. A C T I O N

4 lO ns  mar’ token number t~ symool table entry

bh0u s sea rch  da ta  c i v i s i o n  fo r  a v a r i a b l e  nrintnani e

(assuming 1000 c h a r a c t e r  com pares )

355ns f e t c h  ne x t  to ken  number——does it eaua l ‘TO’?

300ns fetch nex t token number

bb0us search data c i v i s i o n  for second v a r i a b l e  p r in t ria me

(assum ing 1000 character compar es )

1.2us a l ign decimal Points—— a ssum e two zeros

~4. 5us a c c e s s  a r i t h m e t i c  t a b l e s — — a s s u m e  lo noes t  operand

nas 10 r i d i t s  * .~~~~~ us /digit

t r a n s f e r  d a t a  f r om  b u ff e r  ‘o memor y a cpl

1.33t, ms/add

1
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1. RECO MM INDAT IONS

Th is t he s i s  represen t-s  on ly  t he f i r s t  hal f at the

i mp lem entat ion o~ a COROL calculator . The ne xt Phase in-

cludes the fin al m achine desiari and conversio n of the ‘C ’

la nouage Program m odules to mic rocode . AhIOA Sh~/80 would he an

app ropriate l ancuaqe.

th e f o l l o w in g  are i t em s  w h i c h  can Ce cons ide red  i f

an expansion of  the CIThOL c a l c u l a t o r  is  des i red .  Each of

these item s øas corisicered durin g the i n i t i a l  oesign of the

al gorithms; all sh~ u 1d be relat i vel y strai ght forward to im-

p lem ent.

Firs t , the ari t h metic packaae cou ld ~e exoanded to

handle exp ohen ti a ls. As presentl y w r i t t e n , the routines are

inaependent o~ deci m a l Point Position once the location is

known. A routine to cem eet and manipulate the exponents can

be aadec to pn tb th~ ‘r u l ti p ly and div i ce routines. For m e

add/suotracr routine , the section w hi Ch a lio ns the decimal

points must be expanded to ad just the exp onential values.

becond, expansion to a l l o w  for both ucoer and

lo wer case A SCI T characters has -some value since it woul d

impr ove r e a d i b i l i f y .  The ed itor, CUED, w i l l  pr ese ntly allow

upper case characters anywhere in the Identific a t i o n and Fn

viron m ent d ivisio ns . T I the token routine i-s m o d i f i e d  to

detect uooer case le tt ers when loo king for a symbol name in

the Oat -a d i v i s i o n ,  all user defined symb ols can contain c t —

‘3 



t hen upper or lower case characters.. To the Procedure divi-

sion, however , al l  reserved words must C o n Pa i n  on ly  lo w e r

case c h a r a c t e r s  because th ey are en te red  in the sy mbol  t a b le

in lower case. Thi s cart he e a s i ly  cnanaed to  uoper case .  or

a m i x t u r e  of t h e  Iwo, by chano ing the sy mbo l  t a b l e  e n t r i e s .

How eve r ,  i t  may not be not p r a c t i c a l  to  a l l o w  t he user any

m i x t u r e of upper and lower case cha racters for the reserved

words , due to the l i m i t e a  size of the symbol table.

A th ird ite ’r of expansion could be a character

e d i t i ng  ab i l i t y.  Thi s Could be a c c o m p l i s h e d  r e la t i v e ly  easi-

ly since the line to be moai fi e d is in the l i n e  buf fer . A

sig nifi ca n t numoar cf revisions to the mo ai fv and i nout

routines would he require d , however , and it was not impl e-

mented at t h is tim e.

The fourth area of i mc ,rnvem ,riP is the in clusion pf

a debua f a c i l i t y ,  i b i s  i5 pr obabl y the most im port ant area

o f imorovem .nt. The acoug routi n e wou ld h av e  th e  v a l u e  of

a l l  d e c l a r e d  v a r i a b le s  a v a i l a b l e  since they remain w i t h  the

program until  r e i n i t i a l i z e d .  Thus if a f a t a l  e r r o r  occu rs

durir i a the inter p retation ohase, the error routine needs to

insure t h at  t he Subr o u t i n e  s t a c k  and the orogram counter are

savea .  Th e dehuoger w O U l d  use the v a r i o u s  s e a r c h ,  m a t c h ,  and

find routin ,S w hi ch have alread y been imple m ente a to octer—

mine the value of any desired variable. A restart could oc

eas ily accompli srieo cv r’a sino the in’ erpr eter ’s i r i i t i a l i , a —

t ion routine .

In conc l usi on , Pha firs t nhas. is comolete. In

the course of t h i s Ph~~~is, s e v e r a l  imp ort ant concepts were

34  
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impleme nted.  It was hown that  a CObOL C a l c u l a t o r  usino

sim ole al gorithms to interpret a ba sic version of CObOL is

tec hnically feasible. Tt was also -shown that there are some

unre solved questions as to th e op erational feas i b i l i t y of

th is desiori .
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APPE i~0IX A . SA MPLE TERM INAL SESSION

COEO :Cohol Editor. ~.rsion 1.1
*Au000 Iden t if i cat io n Division.
*A OO1 fl Prooram name . tes t.
*A0020 Aut h or.

Cool ev.
aR0000 Env i ro nment  O i v i s io n .
*ROO1 () Ccn fiouration Section.

Source computer.
POP—I 1/SO .

*B0(U 5 T h i s  l i ne  w i l l  he a e l e t ea  l a t e r .
ap 0015 d
*~~Q f l Q f l  O a t a  D i v i s ion.
*Ct)01 fl ~ i l e  Section.
*C0fl~~O fc f i l e — i n

aata record is emo—in.
*C0030 01 emp— in.
*CU0440 03 nam e—in pi c x (l0).

03 rt rs—i r p-i c 09•
*CU fl b fl 03 rate—in pi c 090 ,99,

*~~Q f l 7 f l  f r  f i l e — o u t
data recor d is emo—ou’.

* C Q f l 5 c~ 01 e m o — o u t .
*~~QO9 fl 03 name—out p ic x (1O).

~CO100 03 f i l l e r  pic x (10).
*CQ II O u3 pay p ic ~~~~~

*C Ul1 0 0. pay p - i c ~~~~~~~
*C0120 03 f i l l e r  pi c x (lO ).
*r 0130 03 tot - a l pi c ~9,9Q9,9Q value 0.
*f)()000 Preced’jre r i visi o n.
ftl)001f) Ul0 — vn ~si n.
*00020 read enD—in.
*flQ (l3fl if n ame—in numeric ao 020—enatest .
*1)00 35 pe r f o r m  0 3 °— o r o c e s s .
*1)004() ( ‘2 0— en dt es t .
*00045 stop.
*0Q050 030—process.
*00055 ‘rove name— in to n~ m e— o jt .
*flOflb () m u l t i p l y  r i r s—in by rate—in.
* f l Q 0~~5 ‘rove r a t e — i n  to  Pay .
*r)007() a~ d r’ev Pp to t - a l .
*00080 write emr,—ou f .
*f)Q 090 0 3 0 — e x i e . e x i t .

*!~QO2fl

*ftQ fld5 re’raric~q. ~hi s i s  re s t  p roo ra m to

-
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calcu late the pay of an empl oyee
based on h i s  oay ra t e  ana the
hours worked.

*00005 * t h i s  is an example Comment,
w hiCh can be inserted anywhere.

*A0000,F
A0000 Id entificat i o n Divisi on.
A 0010 Proaram name . test .
A 0O?O Au thor.

C o o t  c v .
AO0?5 remarks. Thi s is a test crogram to

c a l c u l a t e  the  pay of  an em p loyee
based on his oay rate arta the
hours worked .

A003 0

~0u0O Environment Division.

~0Q10 Con fiour atio n Section.
Sou rce computer.

PO P—i 1/SQ .
80020
C0000 Data fl iv i s i o n .
C O Ol O F i l e  Section.
C0020 to f i l e — i n

data record i~~ e mo— i n .

C0030 Ut en D—in.
C0O~tO 03 name—in pic x(10 ).
C0050 03 h rs — in pic 09,
COObO u3 ra te—in pic 09Q •O9~
C0070 fc ti le— o u t

aeta record is emo— out .
COO PO 01 emp out .
COOQO 03 name—ou t pic x (10).
C01 00 03 f i l l e r  pi c x (10).
C O I l O  03 o y  pi c ~~~~~~~
C0170 03 f i l l e r  pic x (10).
C0130 03 total Dic ~9,909~ 90 val ue 0.
C011U)
00000 Procedure Division.
00005 * t h i s  is an exam o le comm ent ,

w hiCh c n  be inserted anywh ere.
00010 O l O — m a i n .
000?U r e a  enD—i n .
000 30  ifs nam e— in num eri c go 020—endtest .
00035 perform 030—orocess.
U0U00 020—endtest.
00005 stop.
Of l oSu 0 3 0 — o r o c e s s .

‘rove name— in to name—out.
D00f~0 ‘r~~l t i p l y r ir s— in by rate—in.
00065 move rate—in to oay .
0007u aad cay to total.
000PU write ~‘ro—puP .00000 030— ex it , e x i t .
EOF
*ou it

37
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APPENDIX U. GRAMM AR Ru LES IN BNF FOP M ICRO— COBOL

I <program> ::: < i d— d iv > <e—aiv > <d—ai v> <p—div >

2 <id div > ::~ TDENTI FIC~~TIO~ DI vIS Io N. P R OG R A M — t O.

<comm ent> . <auth> <date> <sec>

3 <aut h> ::: A~~T~-j flR . <commen t>

<em pty >

S <date> ::: flA TE—~ PI TTEN . <co”me nt>

(empty >

7 sec> ::: SEC u RI T Y • <co mm ent>

<emotv >

9 <commen t> :: <in p ut > -

10 <com men t> <i np u t >

11 <e—~~iv > ::: E~HIR0NMENT DIvISIO N • CO N FIG URATION SECTION .

<sc r—eb > <i —o>

12 < s r c — o o j >  ::~ SPUP C U-CU M P(I T ER . <com m ent> <dehuc>

()m J FCT ~ C uv PuTFR . <com ment>

13 <debuc> ::: OFBI!GG INu, ~flDE

38
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1 4 1 <emoty >

15 <i— o > ::: INPUT—OUT PUT SECTION . FILE—CONTROL

<fi-l e—ccr ,t r oI—l is t > < Ic>

‘16 <em Pty>

17 < f i l e — c o n t r o l — l i s t >  ::~ < file—control—entry >

< f i l e — c o n t r o l — l i s t >  < f i l e~ con t rol— entry >

10 (file—control—entry > ::: SELECT < ia> < a t t r i b u t e — l i s t >

20 < - a t t r i b u t e — l i s t >  ::~ <one at tri h>

21 < a t t r i b u t e — l i s t >  <one .~ttrib>

22 <one—a t t rib > :: CROAN IZAT ION <oro tyoe>

A CCESS <acc tvoe> <r e l a t i v e >

dO ~SSI f~N < inp ut>

2S <ora—t yoe> ::: SErU FNT IA L

REL A T IVE

IPt e relat i v e  attribute is saved for pr oduct ion 19.

d7 <acc tyoe> ::: ~EC UFNTI A L

Thi is th e default .

PA ~ DOM

T h e random - a c c e s s  nooc needs to  be saved f o r  o r o duc—

39
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tion 19.

2q < r e l a t i v e >  ~~ RELAT IVE , < id>

30 1 <empty >

31 < ic> ::: t—O—C ON 100L • <same— l i s t >

32 (emp ty >

33 <s ame—l ist> ::: <sam e—elem ent>

1 <s am e—list > < sam e—e lem ent>

35 <same—elem en t> ::: SAME < i c— s t rino >

3~ < id—Str inc> ::: <id>

37 < id s t r i n o>  <ic>

38 < d— d iv > :: DA TA ~ tV ISIflN . <f i l e—section > <work> < l i n k >

¶
30 <fil e—section > :: FILE SFCTION • < - f i l e — l i s t >

‘40 < e m pt y >

‘41 (fi l e — l i s t >  :: <‘~~le—e l em ent>

‘4? 1 < f i l e — l i s t >  < f ile—element>

‘43 <files> ::: FO <i c> < f i l e — c o n t r o l >  • <recorrf desc r in ti on >

‘40 (f ile— contr o l > ~:: <f i l e — l i s t >

‘45 1 <em ory>

‘46 < f i l e — l i s t >  :: <fil e—e l em ent>

- -~~~~~~~~~-~~~~~~--- - - --- -- ~~~~~~~~~~~~ —-- - - - -- - -— -- _



47 (fjle Jist ) (fil e—e lemen t>

• L4P < f i l e — e l e m e n t >  ::: BLOCK <integer > PECOPuS

: RECORD <rec—c ount>

The record length can be saved for comparison w it h the

calcu lated length from the Picture clauses.

50 1 LABEL RECORDS SIANOAP I )

I LA PEL PECOPOS OM ITTED

— 52 1 VALUE OF <i a— str ino >

~3 < rec—count> ::~ <intecer >

514 1 intener> TO <in te ger >

55 <wor< > ::: WUPKTN c .—S Tr 1NA GE SECTION • < re cord—descri p tio n>

Sb I <emo ty >

57 <l i nk> ::: LIN~~AG F SECTION . <re cord—desc rip tion >

1 <em pty>

59 <rer.ord— 0,scriptiori> ::: <lev el—ent ry )

I (reco rd—descri p tio n> <lev e l—entr y >

bi (leve l—entr y> :: <inte n er> <data id> (redefines>

<d ata—t ype>

b2 <dat a— id > ::: <io>

01
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03 1 FILLER

bO (redefines> ::= REDEFT’~FS ia>

The redef ines option aives new att ributes to a previ-

ously defined record area,

<em pty >

66 <data—t ype> ::~ (crop— list>

87 1 <em p ty>

o~ < p r o p— l i s t >  :: < c a t a — e t e m e n t )

1 <cr o p — lis t> <data—ele m ent>

10 <dat a— elem en t > ::: PlC (input >

The < inp u t> at th is po int is h. char acter string that

aefines the record fie l d.

71 1 IJSAG F CUMP

T he fie ld is defined to be a oac~~~a numeric fi e lo .

12 1 PIs A~~F DISPLAY

The DT~~PLAY form at is th e defa u l t, and thuS no sp ecia l

action occurs.

13 1 SIGN L~~A O INt. secarate>

T his Prodiic’1or~ in dicates th e presence of a sign in a
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nu meric fleld. The sign w i l l  he in a leading posi-

tion . If the <Separate> indi cato r is true, then the

lengt h w i l l  be one longer than the Picture c lause ,  and

the type w i l l  be chanced .

70 : SIGN T RA ILIN G <separate>

The same in - f o rma tion renu ired oy p roduction 73 must c°

recorded, but in th is case the sian is t r a i l i n g  rather

t han leaøino.

75 1 OCCU RS (inte9er>

The tvp’ muSt oe set t o  indic ~ato m u l t i p l e  occurrences.

76 1 SYNC <direction >

77 1 VAL UE < l i t e r - a l >

The fie lo bei ng de fined w i l l  he assianea an i n i t i a l

value dete rrn ine o by th e value o the l i t e r a l .

78 <direction > ::~ LFFT

70 1

1 < e m P ty >

81 csecarate> ::: SEPARAT E

1*3

_ _ _ _ _ _ _ _  - - - • - - -~~~~~“ -•-“ - - - - -- -~~~~~-



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

82 e,rpt y>

83 <literal > :: <inpu t>

80 1 < u t’

This literal is a quoted string.

85 1 7ERO

86 1 SP A CE

87 1 (
~UO1E

8g (intecer> ::: (input>

8~ ia> ::~ <i nput>

90 <c—di v > ::~ PRUCECU P~ DIVIS ION <using>

<proc— body> END

91 (us ina> ::: uSP’G (id—strin o>

92 1 emn ty>

9’ < id—s r r in c > :: <id>

914 1 <i d S’rinfl> <id>

95 <p roc 0r,dv> ::: (earaoraph>

I < p roC—b o dy >  <na rac raph>

97 coaracraph> ::: <id) • < sente nc e—list>

9P 1 <I d> S ECTIO N

£44 
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9Q sent ,nce— list> ::: <sentence>

100 <sen tence—l ist> <sentence>

101 <sentence> ::~ <imo erative >

102 1 < condition - al >

103 1 ENTER <Id> < o p t — i a >

t h is constru ct is not irnp l ementeo . ~n ENTER a l l o ws

statem ents from another lariauaqe to insertea in the

source code.

104 < i m p e r a t i v e >  ::= ACCEPT <supid>

105 1 < a r i t hme t ic >

1 06 1 CALL < l i e >  <usinp>

T h i s  is  not imp le m e nteo .

107 1 CLOSE <id >

1 08 <fi l e — a c t >

109 1 CISPLAY < l i t / i d >  < p p t — l i t / i d >

110 1 EX I T  <orogra m ia>

111 1 c-o <ia>

112 1 GO i d — s t r i na >  ~FPENOINt, <Ia >

1 1 3 1 ~IJVE < l i t — i a >  TI.) < sub id>

1*5



114 1 CPEN <typ e—action > cia>

115 1 PERFORM <id> <thru> (finish>

110 1 <read—id >

11 7 1 STOP <terminate>

118 c o nd i P i o n a l>  :: < a r i t h m e t i c >  < S i? e e r rc r>  < i m pe r a t i v e >

119 : <fi l e ’ act> < in-valid > < im pe r ative >

A 8S 1 ope ra tor  is Output  to  c o m o l e t e  thP branch f r o m

pr oduct ion 614.

12U 1 IF con d iti on > <a ction> ELSE (imperative >

121 1 < re a d— i d>  <Special > <im p e rative>

122 <Ari t h m e t i c >  ::: ADD < 1/ia ) (o nt- l / id > 10 <suoia> <round>

123 1 CIV IDE <1 /id> INTO <suhid> <round>

12 4 1 ~ULTIP LY < l /i~~> BY <sub id> <round>

12S 1 SU~~1 PA CT < l / i~~> C o o t — I / i d >  ~~RQM

<Sup id> <round>

12o (f ile—ac t> ::: UELETF id>

127 1 RE~ MT TE <ii>

128 : ‘ N ~~!T F < id > <sp ecial—ac t>

129 <condit ion> ::: (lit /id> <not> <coro— type



130 Cco r id— Pyr’e> :: NUMERIC

131 1 ALPHABETIC

132 1 <compare> < li t /i a >

133 <not> ::: NOT

NEG

134 : <empty)

135 (co mpare> ::: ONFATEP

13 o 1 LFSS

- 

137

138 <ROUND> :: : RUUNOE~

139 1 <em Pty >

1140 <term inate > ::: ( l i t e r- a l >

14 1 1

1142 (spec i a l> :: < i n v a l i d >

114 3 1 ElID

1-4 L$ (ot~t - i d> ::: (
~ uh i $ >

11*5 1 <empt y >

146 (action> :: < im p e rat ive>

11*7 : N EXT ~ENT E~ CE

‘47
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1~~8 < th ru>  ::= THI~IJ <id>

1U9 I (empty >

150 (finish> ;: <1/ id> TIMES

151 1 UNTIL < c o n d i t i on>

152 1 <em pty ’

153 < i n v al ia >  :: : TN VA L L D

1514 (size—error> ::: SIZE ENPOR

155 < s p e c i a l — a c t >  ~~ 
(w h en> A D V A N C I N G  <how—many >

iSo  <empty>

151 <w hen> ::: *3FFr~ E

158 1 . A FTEP

159 <now ma nv> :: <int eger >

160 1 f~AGF

16 1 < ty p .— a c ’ io n >  :: I~~PUT

162 1 OUTPUT

163 1 I—U

1614 (s uo ia> :: : (s u bsc r ipt >

165 1 <Id>

ibo (In t eg er >  ::: < inout> 

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



167 ‘id> ;:: (input>

168 <1 /id> ::: <input >

169 1 <Subscript ’

170 1 ZERO

171 (subscr iPt> ::: <Id> 4. <in Put > )

172 . <o ct— h i d> ::: < l / i~~>

173 1

1714 < n n — l i t >  :: : < l i t >

175 1 SP A C E

170 1

177 < l i t e r a l >  :: < n n — l i t >

178 1 <in cu r>

179 1 LE~~C

180 < l i t / i d >  ::= < 1 /ia>

181 1 < n n — l i t >

1~~2 < o o t — I i t / i d >  ::: < l i t/ i d >

1 . 3  1 (em pty>

L~~14 
(p rooram—i d> ::: i~~>

jM5 I (empty>

£49 
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iSo < r e a d id >  :: : REAL ) <id)

co
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APP ENDIX C. COED USE R’ S  MANUAL

T h i s  manual ae s c r i be s  t~~e f a c i l i t i e s  of  the  CUPOL

editor , COED, ~.hieh is desionea to run on the UN IX oper ating

s y s t e m  at NPS. T h i s  eoi tnr  is the fir st , and manda tory,

steP for w r i t i n c  a COBOL orogram to be executed py COIN, the

CO8OL inter p ret er which also run nn UN IX at ‘~PS.

The fo l l o wi ng items aepl y to Programs w r i t t e n  iis

• ing COED:

1) Lower case A SCI I characters are used exceot for lin e

numb ers,  as ri’~teti D~~l~~w.

2) Each COBOL sen tence  must have a uniQue l i n e  numoer,

w h ich is entered by the user usina the formats noted below.

3) Per iods ,  b l a n k s ,  t a bs ,  ari d new l i n e  cr ia r a cters may be

f re e ly  in s e r Pe d  in a l i ne  to  im p ro v e  re a d ih i l i t y .  A pe r iod

fo l lo w e d  by a new li n e character , however, is treated as an

ena of l i n e  in dicator.

14) T he COt3O L sen tence  muSt be less  t ha n P56 characte rs.

5) Each CU9O L sen te nce  must end w i t h  a pe riod anti n ew l in e

character ‘.(C°)’. No b la nks  ar e a l l ow e d  b e tw e e n  t hese

ch a r a c te r s .

o)  Lines may be entered in any ora.r th° edito r p laces

th em in ascending numeric order.

7) Four line  numbers must he orCsent w i t h  the fo l - l owin a

fnrm at

A 0000 i d e n t i f i c a t i o n  di visio n .

c i



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

bfl000 envircnment division.

C0000 data division ,.

LIflQOQ procedure div ision .

T he following items acpl y to line numbers:

1) A line number con sists of one of the  uoper case A S C I I

- characters followea oy four d i gits.

2) Ihe ASCII alp ha betic ch ar c-ters have spec~~a1 meani ng s

w i t h i n  the program. m e  cr~~racte r indicates the COBOL divi-

sion into w h ICh t~~e line w i l l  be inserted .

A X XXX represents Phe T D F N T I F I CA T I O N  D Iv I S ION

B Y X X X  r epresents the EN~/IPONMFN T DI’/ ISIPN

CXXX X represents the DATA DTVTS ION

DXXX x represents the PROCED!JFI E oIVI sIm~4

3) the four r l iai ts in dic ate the cosition 0~ 
t h e  l ine w i t h i n

the div ision .

~hen the ed itor is cal l ed it  w i l l  respon d wi t h  an

aster isk , ‘* ‘; it is then ready to  acce pt  a new l i ne.  T h i s

asteris k must alwa y s he fol lowed by a l ine number.

-•-

~
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ELEMENT:

ADD A NE~ LINE TO THE PROGRAM

•FOIIMAT:

< l i n e  number > ~CO ROL se nte n ce> .( C W )

OESCiITPT ION:

The euit n r w i l l  find the croper  l o c a t i on

corresponding to the line number . The l ine

ritjmber and the COBOL sentence uc to the EDL in-

d icator ar’ entered into the m emory area. If

th e sentence i5 in the ~roc~~dure d i v i s i o n  it is

converted to token numb ers be f o r e  being e n te rea .

Otherwise, the ASCII ch aracters are inserted

direct lv .

EXAM PLES:

AO 0 1O nrrigran— id. (rR) examol,.

CO040 01 data—in n ic x (90).(CP )

01900 add x to y.(CH)

53
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ELEMENT:

ADD A bLAN K LINE

FORMAT:

< l i n e  num he r>tC~~)

(line number> .(LP)

DESCRIPTION :

A olank line is inserted in t h e  p rooram.  Th j~ is

uS~~f~~l to im p rove rea~~i b i l i t y  and ma y he used

f r e e ly .  No te  t ha t  the  f i r st  o p t io n  w i l l  r esu lt

in a cleaner p rint ing .

EXAMPLES:

A fli O D . ( C R )

CO0 4U (CR)

514 
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ELEMENT:

COMMENT

FOR MAT:

d ine number> * <ASC II stri r a > .(CR)

O ESCR TP T ION:

If the li n e number is followed by a sina l e blank

and then an ‘ * ‘, the int erpr ete r w i l l  ianore the

rest of the li n e  uc to the ce r ioc—n ewh ine. Com-

ments may be f reel y inserted in any divis ion and

are always Stored as an A SC II strin a .

EXAM PLES:

00100 * T h is is a samr ,le comment . It may be a

maximum o f 256 chara cters. 

.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - ~~~~--
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ELE MENT:

DELETE A LINE

FO NMAT :

(li ne number> a (CR)

DESCRIPTION:

T he line is fr,urci in the nroqram area ar’d al l

characters or token numbers are deleted. i~ote

that no bla nks are a ll owed between the

‘a ’ -and t~ie ‘ (Cifl ’.

EXA MPLES :

b0200 ci (CP)

~ 
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ELEMENT:

MODIF Y AN OLD LINE

FORMAT:

<line number> m (CP)

DESCRIPTI ON :

[he editor w i l l  p r i n t the line as w ri t ten , then

prin t the l in e  number and wa i t  for instructions.

The user has tnr ee options:

1) type <CObOL sentence> to renla ce the oresent

sentence ending w i t h  a

2) type d (CR) to jelete the line ,

3) type (CR ) to leave m e  l i ne  as w r i t t e n .

~ote that rio charact er co itir ia c a p a b i l i t y  is

available.

EX AMPLES:

* 0 0 014 0 r~~((~~~~)

L)00~~U ado x to v .

* 0 00 140  aud z to y.(Cri )

*

67 
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ELEMENT:

PRINT

FORMAT :

<line numher> ,<l jn e number> (CR)

<line num her> ,E (CR)

<line number> , (CR)

DESCRIPTION:

r he first form at causes al l  lines to be p rin Ped

st a r t ir ~t, t th e first li n e  number and C on tm n uir i a

until the SCCOriC l i n e  number has been prin ted.

The second 4 o r r n a t  c a u s e s  - a l l  l i ne s  Po OP p r in t ed

st a r t in o at t h e  1 j r~~~t l i n e  aria co n t in uin o u n t i l

the end of f i l e  in di ca t i o r.

The th ir o forma t causes that lin e  number onl y to

oe p rinted.

EXAMPLES:

A 0 0 1 0 , b O o O O  ( C R )

A 0 0 0 0 , E ( C R )

A0000, (CR)

-
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ELEMENT:

UUIT EDITOR

FOR MAT:

q (CR)

qu it (CR)

OFSCR I PT iON

Edit is terminated . The orogram is w ritten into

l~~w memor y, closin g vo the work soace. the sym—

to) tac le is w r i t t e n  a i r e c t l v  following the

p rooram ’s EUF , and any deleted entri es are set

to ‘N (IL’

~
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AP PENDiX fl • COIN USE R’ S  MAN UA L

t h i s manual describes the subset of M ICRO CI)RUL

cu rrentl y accepted by the C~ bflL interoreter , COTN . The fo l—

lowin o conventions are used in ex o l ain ing the form ats:

1) E lemen ts  enc losed  in broken braces < > a re  c o m p l e t e  •n—

t it l es and -a re descr ibed  e l s ew h e r e  in t he manual .

d) Ele ments enclosea in stacks of braces ( } are choices,

one of whi C h muSt bC Chosen.

3) Elem ents enclosea in b r a c k e t s  I I are op tional .

~) A l l  elem ent-s in ca pi tal let t e r s are reserved words and

must oc s pe l l e d  •x c t l v  so t ha t  t h e y  c- an be manpea into the

c o r re c t  token numbers. ~h en usinc CUFU and COIN however,

t he  e n t ir e CO BOL prooram is entered in Ipwe r case charac-

te r s .

User de f i n e d  va r-i ~ibl es and naraa ra ph na me s are  i n —

cjicated as lo w e r  case. Th ese names are restric ted tO 16

cha racters in lenot h . Va r iab l e names must be rm w i t h  an al-

ph abetic ch aract er and must be dec lared in the Data ~1i v i —

sion . Paraoraph names must begin wi t h  numeric characte r .

60
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ELEMENT:

I D E NT T F T C 8 T I U N  ! IV I S IO N  Format

FOR MAT:

I O E N T T F T C A T I O N  O L V I S I O N .

PPOGR AM—I O . (com ment ).

(A UTH O R .  <com me nt> .)

(t)ATE-tjPITTEN . ‘comment> .l

(SECUPITY .<eomment ).3

DESCRIPTION :

thi s rlivi ~~ion provi des in fo rm atio n for orogram

i d e n t i f i c a t i on for the re oer.

EXAMPLt.S:

identi fi ca ti on division.

p roaram—i d . samole .

f l

_— -
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ELEMENT:

EN V IRONMEN T DIvISION Format

FORMAT:

ENVIRONMENT DIVISTO N.

CO ,~F IG UPAT LON SECTI O N.

(SOUR C E—CO MPUT ER . (commen t > .)

(ObJECT—COMPUTER . <comm ent> .)

(INPUT—OU TPUT SECTION.

FILE—CONTPOI .

f i l e — c o n t r o l — e n t r y > .l

DESCRIPTION :

.

At oresent , th i s  in f o r m a t io n  is ignored. unce

t he COBOL ca l culator is op erational , it w i l l  oe

needed for Sp, ci fv in~ input and outr,ut fil es.

.

62
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- ELE MENt:

DA TA DIViSION Format

FORMAT :

DATA DIVISION.

(FILE SECTION.

(ED f i l e n a m e

L <record— rle ,cniption— ,ntrvj ...l

DESCRIPTIO N:

t h i s section describes how the data is St ruC

tured. j

63



ELEMENT:

*<comment>

FOR MAT:

- 

* <any s t r in g  of  A S C I T  c h a r a c t e r s >

DESCRIPTION:

If a space and an ‘ * ‘ d i r e c t ly  f~~lj ~~w the l ine

number , al l c ha r a c t e r s  un t il  the ‘ .( C P ) ’  a re i g—

nored by the i nt e rp re te r .

EX AMPLES:

00010 * th i s  is  a sam p le  c o m m ,n t . (C P )



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

ELEMENT:

<da ta—d esCrip ticn eritry > Format

FOR MAT:

level— number {data—name }

fF TLLEP}

(P lC c h a r a c t e r st  r ing

(VALUE chara cte r— stri n g ) )

DF SCR !PT ION:

Th i s tatem ent cescnihes that soeci~~ic attri-

butes of the dat . The VAI .UE cla use is used to

i n i t i a l i z e a v a r i a b l e to a soe c ifi c va lue when

the prooram begins execution .

EXAMPLES:

ul c$a t -a in.

02 part  n c  x ( 6 ) .

02 num nic  ~9 v a l u e U.

65
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ELEMENT:

PROCEDURE DTVISTUN Format

FOR MAT:

PROCEDURE DTVTS TO N.

Loaraorap h—nam e.J <sentence> N-sentence>...)

DESCRIPTION:

Thi divi s ion contains al l  the executable CUBUL

S t a t e m en t s .

• 

1 -

• 

I
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I

ELEMENT:

<sentence>

FOR MAT :

<im oerat i ve Statemer’t>

<Cor’Oi t ion— State m ent>

I

.

67 -
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ELEMENT:

(i m o e r a t i v e — s t a t e m e n t >

FOR MAT :

ACCEPT

ADD

- CLOSE

DISPLA Y

DIVIDE

GO

MOVE

MULTIPL Y

OPEN

PERFORM

READ

STO P

t~ RITE

DES CR1 P110 N:

A CCEPT , D!SPL &Y, OPEN, and CLOSE are currentl y

i criored by t h e  interpr eter because they depend

on devi ces  e x t e r n a l  to  t h e  machine.

68 
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ELEMENT:

<condi t jonal —sta tement >

FORMAT:

IF

— - -- - - -

~
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ELEMENT:

ADD

FOR MAT:

ADD (id enri fier — 1 ~ TO i d e n t i f i e r —?

41 itera l )

DESC RIPTION :

This ir i st ruct i c r adds i d e n t i f i e r — I / l i t e r a l  to-

identifier—? ana Stores the result in i d e n t i f —

i e r — 2 .

EXAMPLES:

add ill to total.

70
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ELEMENT:

DIVIDE

FOR MAT:

DIvIDE (id e n tif i er— I ) INTO (irl ent if ier—2}

(l it e ral )

DESC R IPTION:

Thi s in struc t i O n divides i d e n t i f i e r — i / l i t e r a l

into i d e n t i f i e r — ?  and stores the result into

identifier— ? .

~Y4MPLES

div i d e  ~ into t~~ta l .

7 1
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ELEMENT:

GO

FOR MAT :

GO r’araorap h name

DFSCRIPT ION:

The GO instruction causes an unco ndi tio nal

bra nch to the sr - e c i fie d paragraph name.

EXAMPLES:

go 10—beg in.

72 
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ELEMENT:

IF

FORMAT:

IF <condition> (imo erative l} (ELSE imoera—

t i ve ?l

(NFXT)

DES C R I P T IO N :

If the condition evaluates true eithe r imoera

ti ve— ) or the next sen tence  in the procram is

executed. If the condition is false , e ith er im-

p erat ive-? is executed , or th e next sentence is

sk ipped .

EXAM PLES:

I
if a oreater I, Co tO— b e am else go 30—end.

i f x numeric next.

73
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ELE M E NT:

MOV E

FOR MAT:

MOVE (id en tif ier—I ) 10 i aenti fi .r—2

(lit e ral)

DES CR1 P TI  ON:

Eit h e r the va lue stored in i~~en t i f i e r — i  or th~

l iteral value is stored into i o e n t i f i e r — d .

EX A MPLES:

move 10 to subt otal.

move sub—to tal ~o tot a l.

7q
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MULTIPLY

FOR MA T:

MULTIPLY (identifier —I ) BY ide n ti fi e r—2

(l i te r a l)

DESC RTPT IO N :

the m u l t i o l y  instruction causes i de n t i f i e r — i  to

be m u l t i p l i e d  b y ide n t i f l e r—~~. Th e resu l t  must

be able to he stored into ide n tifier—?.

EXA M PLES:

m u l t i n l y  3.S by 3. 9° .

75 
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ELEMENt:

PE RFORM

FORMAT:

1. PE RFORM paraqrao pu—n am e (TRPU paragra c h—

nam e—? )

2. PERF ORM oa ra q r~ oh—name (THRU paragraoh—

nam e— ? J

(iden t i fier ) TIMES

4 i ritecer)

3. PERFO RM p aragrap h—nam e (THPU paragrach—

name—? )

UM T TL <conc~i~~i~~n>

DESCRIPTION:

This instructio n causes an unconditional branch

to thp specifie c parariraph name. When th e retu rn

C o n d i ti o n s ar. me t ,  e x e c u t i o n  resumes at t he  in-

stru ctio n f o l l o w i n o  the PFRFORr ~ stateme nt. At

p resent, PEPF0RP~ statemen ts can be nested eioht

levels deep .

EXAMPLES:

perfo rm 10—bea m .

perfo rm LO— reac thru ?0—enc—r ead .

oe r f o r m  10— rea d  unt i l  c a r d — i n  n u m e r i c .

7b
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ELE MEN r:

READ

FOR MAT:

~EAD f i l e — n a m e

DESCRIPTION:

- Data is read from some external aevice into the

Data di vision entr ies for th at file—name.

EX AMP LES:

re ad d a t a — i n .

,

77
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ELEMENT :

STOP

FOR MAT :

STOP (RUN)

DESCRIPTION:

This statemen t causes the interpr eter to halt

ana return control to the monit or.

EXA MPLES:

St 00.

I

I

7b
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ELEMENT:

v~PIT E -

FOR MAT :

WR ITE f ile—name

DESC RIPTION:

Th is statement causes th e va l ues in t~~e Data

division associated w i t h the spe cified f i l e  name

to he pr inted on th~ line pr inter.

EXAMPLES:

writ e  t otal.

79
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• ELEMENT:

<cond i t i on>

F O R MA T :

R ELA T IONAL CO ND IT IO N :

(ident i f i e r — i )  ( NOT ) ( G R E A T E R )  ( i d e n t i f i e r — ?)

( l it e r a l — I )  (LESS) ( l i t e r a l — 2 )

(EOU AL )

CLASS CON DIT IO N:

ide n t i f i e r  ( NOT )  (A I P H A P ET IC )

(~‘1~J~ EPIC}

DESCRIPTIO N:

Id e nt i f i e r s  are t e s t e d  as s r ie c i f i ed .

EXAMPLES:

total greater 100.

number npt num eric.

chara cte r ecual beta.

R U
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SOu RCE LIST!W. -- COED

‘define EOL 0177 ‘~~ •ud of l ine c arnc t~~s” ~ /
‘de t~~ute ?1E~~~XZE /* n iz e  of mem’.ry a~~ep
•def ine  RWORD S 58 /~$. i to m ber o f  r e,.rv ~~d ~~~i’4i,

‘in f t~ e SP.~CE 0
‘define T.%B 1
deIin e PERIOD 2

‘defin e FILLER
‘de fine  ERR 0
‘de f ine  ADDLINE
‘d e f i ne  tiDOIFY 2
‘define DELETE 8
‘d efi ne BL.~I1K 

.1
‘define PP .INT
‘define QUIT
‘define LESS
$def Inc EQIJAL. 2
‘define GRE ATER
‘define TRUE
‘d ef in e FALS E
‘defin e CR
‘Include “ table ”

,a The fo l lowing ch a r a c ter s  have spe ci al signif i cance in COED

‘a A000Ø’ the firs t L ine number and mand alory “IDENTIFICATI OIZ
‘a DIV ISION. L ine en i ry.

‘* ‘MOOO mandatory “EN V IR Or4 rIENT D 1V ISIO~i. line entry
“a C0000 mand ato r y “DATA D IVI SIoN .’ li ne entry
‘a ‘00000’ mandatory “PROCEDURE D I V I S I O N . ’ li n e entry

1* For the foll ow Ing item s ‘CR’ ix the newi l ne choract e r f~ r I°~~ ( a’
and OOIXX is  a cnrr~’ ctI y forme d l t n ~ number.

“a .CR end of l ine
~‘* “~OOQO1 1CR d e l e t e  t t t i ~~ line
/~~ 0000C mCR” m o d i f y  t h i s  l i ne
/* ~OOQO( * ( .~SCII a tri n w ).CR • comment li ne a,
/C q CR” or “ qu it CR” quit the e d i t o r

‘a NOTE : LOWER CASE ASCI I character , w i l l  be used by the prr.gr~~ier */
ezeep t for com m en t s  and the le t char In the line ci:nh.’r.*’

,a .Th&. ser sion will  gene rate a equent l al line number ,. If th . *,
/* user wiahe. to cha nge the l i n e  number,  t ype t he new I Inc  nuu~ber ~~/
/* Imm ed ia tely following the le t  number , It ’ the user wishes tc . */
,‘~~ Incremen t the number . by one . in s tead of 10. typP a line number  * 

-

/* wjth a leas t s i g n i f i c a n t  • t is ~ it o f ’ I t h .rn 9. i .e . not 0. *7

char Ib (2561i -* I np u t  l i ne buf f e r a’
cha r t b ( 2 5 6 J ;  a toke n b u f f e r
chi r . t(4090 ] ~ p r i n t  naune t a b l e  *‘ 

-y

char c i a l S i : ~ current  l i n e  ‘ b u f f  ~/
cha r temp t ‘* te mpor a ry chu r i . n f f  *7
cha r me,ef flE7~~ lZE l :  ‘~~~ memory si ze - -

it * t l7~pi 
‘
~~ l i n e  b n f f ’e r  u-’o l n l er  r./

lat tbp : . “.~ t r k o n bu ff e r p o i u t e r  */
let  .bp ;  ‘

~~ 1 st  ~-hsr of  ~~-m i n  lb r ’  - -

m t  c ci: top ~ t’ a rea I - 
-

let ep2 : -
~ hot t~ m of er.n 2 a’

h i t  t l~~,t - - 1 t . . r n~ ( i o u
m t  - . t..p of  ‘.vinho l t e ! ’ I e  *7

m t  em : ‘ t . . p  n I ’  rie m o ry
hat 4” ’. t e  1 I n ~ a/
m t  ( ‘ ft  i i ’ i ”  ‘ i v c r ’ r~~ut  “ - ‘

~~~~ E~~1flR -
~~‘

~3 l
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er ro r (s)
char *s; C

/* Whe n an err or is 4e t e c~~~ i.  ~ ‘ ‘  Is i n se r t ed  at  the p o i n t  *~~
7* tha t the error wea d et t ” - te d and (be r n p r e p r i a t e  mecen ge is  */
~* p r i n t e d ,  a,-

m t  n:
a c t i o n ~ ERRt
for  ( u 0 ;  a< lbp ;  n++) /~~ i n se r t  an a t  er ror *7

putcha r ( ‘  • ) ;

pa tch er (‘‘‘):
pu t cha r ( CR ) ;
p r l n t f  ( “Ths CR” , . ) ;  ‘.ft p r i n t  the error meg */

-I

,-a ~rrr rrr a~’
input (m o d )

m t  mod ;  C

/* Thi. routine accepts charat -te r s from the conso le and mo~ ee */
‘a them to the inpu t b u ff- ~r . Li’. It the n w i l l  analys e the *7
/* Input to deter m i ne who ’ a ’- ’tion the “ d i t o r  w i l l  take .

/* The parame ter NOD I n d i c a t n e  if the acti o n  i nvc l vee a new
/5 line or a m odl f i .’at in’t “f ati old line .

m t  n e x t . d i g i t . n u m b e r . l ;
putcha r ( ‘ * ‘ ) ;  /* inp ut re quest cha r a,’
ac t ion ~ ADDL IFfE :

I f  ( mod ~~ 0) C /* inpu t a new l i n e
lb p 01
I f  ( l b ( 0 1  > ‘A ’ 88 I b l O ]  ~- D’) C ‘* line ‘ i n  l i n e  b u f f  *‘

i f  ( l b ( 4 ~ ! ‘ 0 ’ )

‘* i f  the las t d i a r i t  o f  the l i n e  * is no t  ‘0’ ln c re , r tp nt
t he l ine nuni1~~r by 19 o t h e r wI s e  b y 1. a,

d i g i t  4;
d.c

d i g i t  3 ;
next TRUE :
w h i l e  (n es t )  (

next = FALSE;
number l b 1 d i g i t 1 ~~l :  .‘* incre m ent  l i ne  #
i f  ( nu i nb er ) ’ 9 ’  80 d i ~~i t ! 0 ’  C - *  check for overflow */

number ‘0’:
nex t TRUE :

lb ( di g t t ]  = number:  /* put number in buff *7
d i g i t  d i g i t — I ;

)
for  ( lbp OI lbp < 5 :  ibp ~” ’) /* p r i n t  the new ~ a,’

put cha r ( l b t l b p ] ) :

e l s e  C /~~ p r i n t  curr  l i n e  e *7
for (1bp ~9; lbp (5; lb p++)

pu tchar ( c m i ibpl ’ :
)

tb( lbp l ge tcharU ; ‘~~ read the t a t  cbor “

If (Ib C lbpJ > ’A ’ 80 Ib( Ih p ‘D’ ) ( • -‘* ‘heck i f a line ‘ a,
IblO] ibi lbp l: ‘* w r i t e  ove r let  e a .’
f or ( lbp ~~l :  I bp ’5 :  J h !’’+) C - ~ r end  the rest of ‘ a’

lb ( lbpJ ge tcha r~
If ( Ib ( Ib p l < ’ O ’  Ii  lh~ l b p J > ’9’)

errnr ( ‘ IN V 5,L ,II )  L fli E rftTTiI3Efl’ ,

lm ~r lb p l  • ge tch ar ’
wh ile  lb (ib p l  • ‘

~~ - ‘ SI ~~ ip h in uk s  a,
l h t ’~~lb p l  = ~ “ ‘t r l a ~i r ’ ’ :

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~ - - -~~~-- - -—-~~ _ _ _



F,

e l s e  C
f or ( 1bp ~ 0; I bp (5;  ib p +” ~ a p r i n t  the l i n e  ‘

putch n r ( ib ( lbp l I :
ib [ lbp l g e t ch a r ( ) ;

i f  (se t i on  • ADDL I NE) C
/5 the first char acter s were a line nn&~ -r no error s a,’

while ( lb ( lbp ]~~~
’ ‘ i i  lhc it.pl == ’ ‘ )

lb f + + l b p I  = getehur ’~~: ~~* wn i t  for le t non—bl ank 5/

switch ( lb (Ibp ]) C ‘5 ‘fr penda on l e t  n on—b lank */

case CR: ‘5 ‘nie r a BLANK LINE 5/
a c t i o n  ‘ BLANK;
break;

case ‘ , ‘ : /* T ’RI NT a blo.- k of lin e. 5,’
action PRINT;
whil e ( lb( lbp ] ! C~~) ‘5 read 2nd lin e number ~~‘

I b ( + + l b p l arP ~hnz” ) ;
br.e k:

ens, ‘d ’ : ~‘* DELETE a l In e  a,’
lbC++Ibpl  getchartl ;
i f  ( ib ( lbp l  CB~ /5 n ’ xt  char mus t = n e w l l n e  1~/

ac t Ion = DELETE;
break ;

ease ‘m ’: “a print and ~fODiFY c l i ne */
lb (++Lbp l getch ,i r ’) :
If ( lb ll bp l ==  CR’ /~~ u — v t  char  mus t new !lne a-’

a c tion l’IODIFY ;
break;

ea se ‘q~~ /5 QUIT the e d i t o r
action QUIT;
I b ( O J  • E’
for ( lb p : l ;  lbp ’i : I b y ’++ )

lb [ lbp ]  ‘ 0 ’ : ‘5 put ‘ EORAO ’ i n  LB 5,
lbt lbp i ge t c’hnr’ ‘ : - ‘5 get  next  cha r

3
If ( a c t I o n  ADDLINE) C /a ADD a new l i n e 5.’

while (I) C
ib (++lb p] getchir ’): - ‘~~ read the c o n ce i t ’  *7
I f  ( lb p > 254)

err or ( ”LINF, 1R!~~TF~R THAN 2~ (’. CRARACTER’~” ” :
r e tu r n ;

if ( l b ( ib p J  ~~~~ 
‘ . ~ C /5 1? ‘ .‘ is read . r~heek

i f  i t  is  th. ’ EOL *,‘
l b ( + + l b p ]  gt’ t .; I m r ( - :
i t  ( i b t l b p ]  CR ’ ‘~~~ a “ . ( c r ~~” is ~~~~

break:
3

3 
3

3
whi le  ( lb( lb pI != CR) .-‘a w e l t  for  ne.~ l l ~~e *7

l b (lbp l •
ib i  ibp l  • EOL:
re turn ;

‘a cn~’cr -~nr.
cotnpsr e C ) I

“5 compar es the cu r r en t  i i ” . -  -“imbe r b’, N’~’r .  CLN . vi t h  tin’ I ;;e ~~ ,/

/5 numb. r I n  II. . is t ‘ I v’ ‘ ~&n r I ,t the ~p’~ t i i  a.’ l’~ f f e ~ , Ih *,
/5 I f  CLN ‘ LII ‘“ c = i a’

CLN LB C : 2  a ’  

- -  ~~-~~~~~- - -~~~ -- - - 
_



______

‘5 CLN~~ LB C 3  5.’

t n t  c .k ;
f.~r ( k ( ) :  k< .’s; k+ +) (

if (claC k] :i ib ik) ) /5 char are equal: < ‘oat “ -‘

c F,QUAL ;
e l s e  i t  ( c l n ( k ]  I b ( k J ) C ‘:t not e q u a l :  h o l t  5/

e = LESS;
b r e a k ;

e lse I f  ( c l n ( k3 ) i b t k 1~ C “* not  e q u n l :  h a l t  5/
e = GREATER;
br-ak ;

r — t u r n ( e ) ;

/5 TIPLIi’E
u p l ln e ( )  C

‘5  Find .  th. next  larg er 1~~’:e flum ber and mo ve s the current  l i n e  5/
/~ to the low memory a r e o .

m t  j;
temp ‘0’ :
while ( temp ! EOL) I /5 mo ve char u n t i l  end 5/

t emp = mem(4’+cpll = n1-sr~~~p2 +e l ;  “* of  the l i n e  *7

for (J=0z j<5 ; J++ ) 
~~~~ move next line • to *~‘e t n ij i  = nem(cp2+ .;~~; /5 curr  l i n e  b u f f  5/

r e t u r n ;  -

‘

7* DOWN L fl’I E a’
do w n l i n e( )  C

/5 Find, the  next s m a l l e r  l i n e  number and make. it the current *‘/5 l ime In the high core nr’e . The p o i n t e r  cp2 i n dic a t e,  the a.’
.‘* begining address o f  the current  l i n e . 5/

m t  j ;
mem[ —— cp 2J  n i e m l e p l - — l :  ~‘* mo ve EOL cha r *‘/
tem p = m e n C e p l I ;
w h i l e  t temp ! EOL) C - -

~~~ move char until EOL a,’
mem (—-’r p2J = temp ;
t emp m e m i - — e p l l :

for (j O : J ( ~~ ; ,j++) /~ mo ve i m p  S to  curr  5/
c i n ( j J  m em ( cp2 + , j I v  ‘~~~ lin e number butt 5’

r e t u r n ;

“5 SEARCH a .’
.eareh ( ) C

‘5 S er.’h.s the me mory  a r— s  u n t i l  the line number is found . 5/
/5 ( or the next la rg e r l i n t ’  ,iumb er fo, ’ an add r e q u e s t ) .  5/

T h i s  l i n e  I .  mad e the  r q r r e n (  l i n e  number ~ nd p o i n t e r  cp2 ~~ .‘

/5 l a i d l ea t .~ t he  f l r , t n i . l r < — q .

lnt c;
If t art ton 1 ER1i~ I ‘5 no er—o r hns b,,n de tee ted 5/

• compare ’ ) : ‘* cnr ,y ~nr ~ New o rul Cur ren t  Lit ’ s 57

sw i t c h  Cc ) C

ease GRE i~TEfl: -
~ Nut

wh I I s  f c (‘. .‘ .s.TT~1 C ‘~ tie %e ‘I o ~n I a rn— me ry a. ’
,l ow,, ’ j~~ <~

=



Fr -—— -

~~~

I f  (c  ~~~ LESS~ ~ pa ssed l i n e  mo ve up l~~’
up lln e (

break ;

en,, EQUAL : “
~ NUt CLII h a l t

br eak:

ease LESS : -
, 

~ NE.N ‘ CIN mo ve up v/

w h i l e C c  = =  LESS)
t ip l i ne I;
e

i f  ( ( a e t l o n : ADDI~ I N E n~~t i n n : BLAN~~ t’J ’% c~~~EQUAL)
‘
~~ 

1 u~’1 icate i : I~~~ n,tct ber fo r  a new l i n e  5/
e r r e r (  “DLTPL L C~ TE i.1~IE NIIIIBEP )

e la e
i f  ( ( a c t l o n ~~~MODli”I I act io n ~~~1’~~LETE I I  a c t i o n ~~~P R!N T )

88 c t: E~~’th~
a modi fy. “n o t e . or p r i n t  request  and the
l ine iS not found . 5/

er ror ( “LINE ~~ I’tLifl NOT ‘OI T IT I ’ )

re turn ;

‘s ctrsr’t ~~‘
qet aym( ) C

/5 Find s the length of the = ymbo l p r i n  na me in the l I n e  b u f f .  5/
/5 SD? I n d i c a t e s  the l e t  c h a r a c t e r  -‘ f  the symbo l
/5 LI3P i n d i c a t e s  the l e t  b l a n k ,  t a b ,  or p e r i o d  *1

hit 1;
sbp  lbp :

for ( 10 ;  1~’ 17: 1 +4. ) (
it ( lb ( lbp] sS ’ ‘ t l b C  i h p l:: ’ ‘ I I  l b (  l b p ) ’ .

re t urn ( 1 ) :
else

lb p++ ;

re turn (1); ~ re tur n the length a/

‘a MATCH a,’
m a t c h  C l )

m t  1: 1

,‘a Compares the symbo l p r i n t  na me in di cated by the SB? to e l I  ~~/

/5 the p r i n t  name s In  the c ynibo i tab I.’ , :nt ll a match is fo u n d . 5/
/5 The paramete r  n i ”  is the l e n g t h  o f  t h e  p r i n t  name . 5,’

tn t a d d r .e q . k , t n ;

addr = I6; /5 beginlng of syn tab 5/
d e l  • 0; / ‘~ d e l e t e  La false 5/

eq • 0; ‘
~ equa l Is f a l s e  5/

while (eq • 0 88 .ddr < “n ~ C
~‘5 compa r e u n t i l  e qua l is t r f l e  or th e — ‘ t i of the .ynbo l t a b l e 5 ’

aJdr t+ 16; -r next  addres s  I n  S .T .  5/
eq I;
I f  ( s t t a d d r l  < 0) 1 ‘~ tIn ’ d e l e t e  flag is

s t ( e d d r j  8 0177 ;
‘I—I 1;

fo r  1 k 0 ;  k< I; k~’~ 
5 .‘~ ri’pnre n i l  < ‘ii~~r 5,

i f  C l b t s b p + k )  ! s ’1 n , ldr ~~k~

if ( q ‘ I)
t In. ‘;r t ho t lie ~~t’ ‘r~ r I n w ~ — ‘:1 h I - ‘ end r I n’-i mc ) 5,’

,.- I



~ 

If ‘k( I5 88 st~~addr ~ ’i,- l ) ! ‘ ‘‘1

eq 0;

i f  ( d c l  : 1 8k’, eq t’~ C
r* fo utd a de l e t e d  na,r~ ~nd it 4o~~~n ’ t match : restore flag 5/

del = 0;
~ t l a d d r) =1  0200;

3

i f  (eq  I )  C
‘* nar~e natche d , return the toke n number 5/

= addr  ) >  4:
re t urn tn )

— lie
r e t u r n  C — I ) ;

‘5 E~T1tI~ N ‘
~~/

ent e rpn ( 1)
m t  I :  C

/5 Copie s the symbo l p rIn t ~a,t e from the l i n e  b u f f e r ,  l o c a t e d  5/
/* a t  SUP w i t h  l e n g t h  S i ’ , i n t o  the next  empty  symbo l t a b l e  5.’
.‘~~ l o c a t i o n .  a,’

m t  a k ;
a = 0;
wh ile ( s t i a )  I’ ‘/ ‘) C

.‘a Find the let entry where the le t cha r Is ~~~‘ , i . e . empty 5.’
a =+ 16;
it (a > en)

r— t u rn (  — I)

for (k0; k<l; k++) ~ * 4ove the print name 5.’
— ttsa+ + ) = l b t s b p + + J :

= ‘7’ ; /5 I n s e r t  end of  nam e c har 5.’
re t urn (a>)4) ; /5 Return the toke n aum ier 5/

‘5 TOKEN IZE 5/
t o k e n l a e ( )  C

/x Converts a line In the P roc— dure  D l v i =  io n  to  t o k e n  number s  5/
/5 and puts  them In the i ” h e n  b u f f e r .  TB. The TB is tht’n mo ved a.’
‘5 to the me mory area. If the line is i r a  the Data D i v i s i o n  an *7
.‘~~ entry in the symbo l tab le is  made . L as t l y ,  a l l  lines In the 5/

~ * I d e n t i f I c a t i o n , Envirn: ,r .-u t . and Da ta Div i sion s are c op i e d ~ /

,‘a di re c tly  from the line buff t ’r i n t o  t h e  me mory ~~ rking ar”a *.

/5 (I.e . I n AS CII) . a.’

hit J ,tn , leng th;
cher t ;

I f  C l b ( 0 1 = = ’D ’ 88 C I b E  11 ?= ‘ O ’ I I lb (2J !‘O’ Ii  lb(3) T = ’O’  I i
ib L 4 I !’’O’) 88 1b~ t’i 1= * ‘ >  C

/5 l I n e  I. In the P~ o- . Div and not a com me nt or the header 5/
tbp • Ibp 0;
w h i l e  (tbp < 5) .-‘* Mo ve the line * to Th*/

tb t tbp ++ J = ibi Ibp”:
w h i l e  ‘ lb (Ib pJ 1 EOL) - -

~ rind teken~ tint i i  F.OL*/
awl tch ( Ib I lbp] )

/5 •w l t c h  I. l. .~~ .. ‘; on the n~- ’~t c h a r a c t e r  I n  LB 5/

tb(thp’ + ’ 
~T \C} : ‘: Tok.’n • for liink 5’

lbp + ’ :
b r ca k:

c a se ‘ ‘ :

t b (  tbp -~+~ ‘~fl: ~ Token • for T’R a -

lbp+ ’ :

_ _ _ _ _ _
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bre ak:

case ‘ . ‘
tb ( tbp ++1 = PERIOD : “5 toke n S for PERIOD */
lbp ++ ;
break;

case ‘0’ : ‘5 Symb o l I. a LITE RAL : a,’
case ‘I ’ : -‘5 check the sym tal ’i e 5~
case ‘2’ : ‘5 for a match e l se
case 3’ /5 maKe a new en t r y  5/
case
case ‘5’
case ‘6’ :
case ‘7’ :
case ‘6’ :
ease •9 :
case
case ‘ •

length = getsyn ();
If ( length 17)
/* l i t e r a l s  can be more tha n 16 char : reset lbp */

lb p—— ;
t n = m a tch (  l e n g t h ) ;
If ( tn < ‘3) ( “~~ no match fo und */

t n  en t e r p n (  l ength ) :
i f  ( t n  < 0)  C

e r r or (  ‘SYMBOL TABLE F TJ LL ”~~:
re t ‘u rn;

= t u;
tb (  tbp ++ 1
bre ak;

def ault : /5 a symbo l print name 5/
length =
if (l ength 17) C

e rror ( ‘NAME GREATE R THAN I 6 CHAR”):
re t urn;

I
e lse  C

tn  = m at c h (  l e n g t h)
i f  ( t n  ‘~ 0) C

, r r or (  “NAME NOT I N  SYMBOL T A B L E ’) :
r e t u r n ;

el se C
= t n ;  /5 put toke n in TB 5/

t b [ tbp ++ ]  =

I
t bC tb p++1 • EOL ; /* I n ser t  EOL in  TB */
if ( C c p 2 — e p l )  > tbp)

~ 5 Insure there is room in me mory  for the buffer 5’
for  (j 0; J < t b p ;  •j~ +)

mem( ” + e p l l  • t b i : j l :
else
.rror( ”PIEMORY FULL ” 1 1

I
e lse

I I  C I b t O l  ~~ ‘C’)
/5 l i n e  is in the  D a t a  D l v  5/

lb p  = 3;  ‘~~~ sear ch fm lIn e ‘
wh i l e  ( l b (  lh pl~~~ 

• H lb ( lh p 1~~:

I f  ( lb l  I b p i  ‘0’ I I 1W lb p l  ‘7’~ C
/5 e n t r y  I s  ;i d a t a  d e f I n I t i o n  a. ’

w h I l e  ( ( 1  bI I t’~, - ‘ a ’ II  (hi i ’ p i “ ‘ -‘ ‘ •“4A 1 hi I bp! t ‘

•!~~ip  t o  tI~ ;t n i p h e h o t l e  r lui r “ r EO [, *‘

II~

- ~~~ •---~~~~~~~~~~~ - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



Ibp ’e+ :
• ge t .y m ( ) ;

i f  (j == 17) C /5 name is too long 5/
er ror (  ‘N,t~~~ GREATER THAN 16 CHAR ” I :

r e t u r n ;
I
‘lt,e if (j 0~ C

error ( ‘INCOP-R.ECT DATA DIVISION ENTRY”);
r e t u r n ;

else  C -
tn  m a t ch ~~, J ) ;
if ( t u  == -I) C /5 NEW p r i n t  name 5/

tn  = en ,rpn (J):
If ~~t ’t • 0) C

-rr~ r’ “SYMBOL TABLE FULL ”~~;
r ’ t~ I :’n;

I
e lse i t  ( t n > 0 138 Ut ? FILLER) C

/5 found a m a t c h  and no t  the name “ t i l l e r ” 5/
e rr o r (  Dfl’LICATE SY~1BOL N A M E ” ) :
re turn :

while ( lb t lbpl ? EOL ) .‘5 LBP to end of line 5/
Ibp++ ;

I I  ( ‘ ‘ - p 2— c p l )  ) lbp ) /* Insure room in  me mory *~
for  (j 0; J ’ lb p ; J - ~ -’) ‘* Move LB to me mory  */

me m( +4 c p I ]  = ib i ,;];
e Ice

err or ~ “MEM ORY F tJ LL ” H
I

re t urn:

a DECODE ~‘
d,eode ( t)

cha r t ;  C

/5 fInd , the address of toke n number “ t ’ and copie s the print 5/
/5 name i n t o  the l ine b u f f e r .  LB.

lot addr .m ;
add r • t <C 4; /* sddr esi  of  the toke n 5/
m = addr+i6 :
wh ile (stI1 nd4r~ ! ‘/ ‘ ~)A addr C m) - ‘~~ copy na me u n tI l ‘- tad 5/

lb ( Ibp++) = e t (ad 4r~~~I :
r e t u r n ;

/~~ BL A NK a’
blanki.) C

‘5 inserts a bla nk line In to any divi s Io n .  5/

hit ,J :
tor ( p0 : j’3: j++)

m e m ( 4* c p i i  • l h I J I :  - s  Move the line number ~~‘

mcmC e + cp i l  = EOL: ~ inse rt end of line 5/
re t u rn ;

~‘* rnITr ‘‘p r i n t ( )  C

/5 P r ln t e the c urrent l I n e  on  e 9 n 5 o ) e .  I f  the  l i n e  is I n  t h ~ 5.’
‘5 Pro,’. DH? ., it is d,r’., i, - t ~ i~ ’l’ore pr int Ins. Thie line is 5/
“5 t lie ci;; ’ re i t t  I Inc . I . . I.o t h t he  C! .~~ a rid Cr2 or e tu ne lit ’ n~~o .~ .

m t  ,i~ 

—rn--~~--- -- -~- ’ - - - ---~~—-- -~ —-—-—- - — -~~~~~~~~~--~~-~~~~
---



if (cin (OI’ ’D’ 8.8 f cln ( 1) ?’’O I I  c ln ( 2 ]  ?“ ‘O’ I i  c m i i ’  ! U ”  I i
c inE 4 l? ’O’) 88 mem(’p2+6]l ”t’) (

# 5 line is in the Proc Div and not a comment or the hen4.r l i n e  5/

sbp cp2 l
Ibp • 5;
for (j~ 0; j<3; j++) “~~ p r in t  the line arm w~’

putch ar (meae (.bp+’1);
temp • m e m( . bp + + 3 ;
wiu l le ( temp ! EOL) C ‘5 Decode toke n n’uru .~er 5/

d ecod e( teap ) :
temp • memlsbp++ I ;

I
for (j 3: ,j(Ibp: J ++) ‘5 p r i n t  the LB 5/

pu tcha r ( Ib i j i ) ;
I
eI~ e C

slip • cp2:
temp = samtsbp++);
whi le C temp t~ EOL) C ‘-‘a p r i n t  l i n e  fm me mory ~ /

putcha r ( t e m p ) ;
t emp  = ieem lsbp ++J :

I
I
pu tchar (Cfl ) : -‘5 decode the EOL char 5/
re t ur n :

I
/* DELETE 5/

de Ic te ( mod )
m t  mod ; C

~-‘* D e l e t es  current  l i n e  f r om memory by moving CP2 . I f  the l i n e  5/
/5 I s I n  Da ta  D l v , the d e l e t e  f l a g  is s e t  for  the a p p r o p r i a t e  a’
/* sy mbo l t a b l e  entr y. I f  MOD I s true , DELETE was c a l l - d  Nom 5/
/5 MODIFY r o u t i n e  and the l i n e  b u f f e r ,  LB.  mus t be ,ta ve.I . 5/

hit tn,J . length;
i f  ( Ib (9) ! “C’) /2  l i n e  is n o t  i n  Data 5/

while (inemlcp2+’l 1 EOlJ ; /~~ So move CP2 to ‘nd 5/
e lse C

Ibp Oi
i f  (m o d )  C “5 sav,  the line buff 5/

tbp 0;
while (ib t lbpI ~ EOL)

tb l tbp++1 Ibi lbp++J
tb (  t bp ) • Ib( IbpJ
i bp  • 9;

l b ( O J  • mem (cp2++1;
wh ile ( ib (Ibp l ?: EOL) /~~ move old line t o  LB ~ /

Ib (-c+ lb pJ = mem (cp2+’] s
Ib p  • Si

w~a I  Ic C Ib ( lbp I == ‘ ‘ I I  Ib i tbp ] ==
lbp ++ ; •‘a skip blank char S-

ir  ( ib ( Ibp I ‘0’ H 1W lbpl ‘7’ C
/2 not cu PD entry , a com ment , or a blank lin e  5- ’

while ( Ib i ibp i C n ’ I I  lb ( tb pl ‘z ’ )
i bp++ ; ‘a skip to 1st :lamac 5/

le ngth = getsy t~~):
tn ma tch ( lengt h ’ ; - * find symbo l name
if (i n > =  RVORDS) C ~ no t a r eserve r word a’

.3 • tn< (4;
st (j] =1 0200; . 5  set d e l e t e  f log a.’

Ih p 0:
i f  ~mn 4) C “ i-—s tore lIne h,i I’ ’  5/

h i p  • 0;
w h i l e  ( t b l  t b p l  !: iml ~~

liii lbp++ I s t l ~ tbu ’-”l i
~~ I b p + + I  = i b i  t h~’-

_ _ _  
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f o r  ( j sO; J <~~; j+4) ‘~~ s~~~t CLN to next l ine */
ein (jJ • m c m f ep 2 ’ j l :

return :
I

/5 ~‘fOD !FY sr
n o di fy o ) C

/5 c a l l s  the routines to a l l o w  the m o d i f i c a t i o n  of a line 5/

p r in t () :
Inp ut ’ I);

,wI teh (action ) C 
-

cas e ADD L I1 ~E: /5 R ep l a c e  o l d  l i n e  with new*/
d.e I c te C 1 ) ;
t o k e n i z e ( ) ;  -
br e~~k i

ease DELETE: /5 .letet p th. old t Ine 5/
d e J a  t e (  0 ) :
break;

ease BLANK: /* do not change the oI’l tine 5/
l b p  • 0;
break ;

de fau lt :
errort ‘ILLEGAL ACTION FOR L I N E  MOD IFICAT I O N ” ) ;

I
return:

I

‘a PR IN T BLOCK ‘$~‘

pr In tb tk (~ C

/5 Starts at the le t line nunher in the LII and p r i n t S  a l l  lines 5/
/5 tin t ii the current l ine m a t c h es  the 2nd lI ne number In the LB .*/
r* I f  the l e t  char f o l l o w i n g  the comma j~ a CR, one l i n e is 5/
‘5 p r i n t ed . I f  the l e t  cha r f o l l o w i n g  the comma Is a ‘E’ , a l l  5/

/* l I n e ,  are p r i n t e d  u n t i l  the End Of F i l e  is encountered , a. ’
/5 A l b  wa b Ic  for me :  ) I000( • )OOCOC CR

X CC <.E CR
X~~ XX. CR 5,

t a t c . i ;
if (Ib 16 ) I: EOL)

‘5 11 not a n e w l in e , w r i t e  t h e 2nd l i n e  number ove r the 1 st  5”
fo~ ( i 0 ~ 1< 5 ;  1~~+ 1

1W i i  = lb (  i + 6 )  :
i t  ( ib(0I • ‘ E ’ )

break ;
I

o • compare1);
while i e 1 CBEATER) C
‘5 pr in t lines u n t i l  the 2nd line number is found or exc’,.,Ied 5/

pr Int o ;
up l In&);
o • oomp.re ~~~ i
if (cI n COl ‘E’ ~~~ 1b ~~0) == ‘E’)

p r i u t i ) ;  /5  p r I n t  the EOF h u e  5’
b r e a ks

I
return;

I
/5 01111 - - .

q u i t o  (

/5 The f L I .  his s been pi ,ve i ‘.. t h e  l ow  n r ” n  o f  memory  cmn ’t c-r I

--- --4_ 
-- - ---- - - ~~-- -~~~~~~~~~ -- ----~~~~~~~ - - -
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/5 p o in t s  to the last ~dd r”sq of the f i l e .  Th. symbo l table *.‘

/5 mus i be “ leaned up by s e t t i n g  n i l  d e l e t e d  p—name s to zeros . */

h it  a , j:
for ( j 0; ~i < 6; j++) /5 mo ve End Of F i l e  l i n e  5/

mem( #+ e p l i  ‘ mem(cp2++1:
a 0;
while (a < e a )  C /5 C I ” c k  e n t i r e  S .T.  5/

I f  ( i s t i a ]  < 0) C /5 I I  the d e l e t e  f l a g  Is se t S,’
for (j O; j< l6* j + +l  ‘~~ se t the entry to ‘/ ‘

- s t ( s + j J =
I
a •+ 16: /5 uext p—name entry 5/

re turn:
I

‘a HUT a’
Init () C

/5 Checka I t  t i l e  Is new. I f  ac .  the tr . p of  f i l e  and end of  a’
/5 f i l e  lines are Inserted , a,’
“5 I i  o l d  or new, the EOF ia  made the cu rr ent line number 5/

m t  J ,k . l ;
1 • 9;
for (j 0: j’RWORDS; j +’i ) /5 i n i t i a l i z e  the symbo l t a b l e  a,’

for (k0 ; k< l6; k++~
st (i++ 1 = syrn (j~1 [K];

ea • 2948; /5 set the length of e yes tab 5/

j = RWO R DSSI6:
while (J < ee) C

e t C  j++ 1

ep2 • ME1ISIZE; /5 CP2 starts at top of me mory 5/

i f  ( e p l  == — 1 )  C ‘a a new f i l e ,  i . e .  no ~har.s */
m em ( + + cp h ]  = EOL :
mem( ++ cp l l  = ‘A’ — 1: ‘5 Se t to p  o f  f i l e  5/

mem(++cpl] = EOL;

mea (++epl] • ‘E’ ; /* se t end of file line 5’

m.m(++cplI • ‘0’ ;
me.( ++ c p l J  • ‘F” ;
meml + + c p I I  ‘

mem (++epi] ‘

mem( + + c p i l  • EOL;
I
downlIne L~; /5 makes EOF the current l i n e  5/
re tu rn ;

I
/5 IIEADING ~~‘

head i ng() C

pr ln tf (“COED : Cobo l Editor. V - ’rslon 1.0 CR”);
- I

“~ FIAIN ‘~~

vuiln ( ) C

lis t h;
cp l  2 1; ‘* for TEST o n l y  5/

hend i nq ( ’ P t  ‘ ‘~ J~r i f l t 5  heading lin e
i n l t ) :  ‘a i n i t i a l i z i n g  r o u t i n e  5/

action • ERR;
white ( a c t I o n  1 QU I T~ C -‘ ‘- ‘i t I I  user  sea “ quit ” 5/

;“ -n ’l t he  co n s o l e  5/

s — n r c I ~~ ) : ~~~~~n~-l ~hc d e s i r e d  l i n e  T-

sw it ch ( n e t l o n )  C ‘- - s c t i n n ’ Is ~ e t  I n  in p u t  a.

— -- _ -~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~ —- --- -~~~~~~~~~~~~~ --- -—.- --—-— ---- -- - - — -— -~~rn--- -—— - -
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ens. ADDLINF .: /* ADD a new l i n e
token ize ’);
br ea k;

~~~~~ . bIODIFY: “a Nt)D!F’Y an o l d  h u e  5-’

mod Ifyl
breaks

ease DELETE: /5  DELETE an old hIrc- 5 /

d e le t e t O ) :
break;

case BLANK: /Y~ i nsert  a BLANK L P O E a. ’
b l ank();
bre a k ;

case PRINT :  ‘~~ p u ’ l n t  a BLOCK o f  f lnes  5/

p r i n b l k t  i ;
break ;

ease QU I T:  /5 Q1J ~~~ t he e d i t o r  ~~~-‘

q u i t  ( I :

for  ob:ø: h<~~ep 1 ;  h++) /S move mem area to f i I ~ a.’
putc ha r ( mewl h J ) ;

for (h’Os hOe s ; h++ )
putebar (e tCh ]);

I
_ _   ~~— -~~ -~~~ - - ~~~~~
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SOURCE LISTINC -- CO IN

def ine SPACE 9
‘def ine T~ B
‘def ine PERIOD 2

Inc  N EW L IN E 3
‘de C in. GONNA 4
‘4.1’ Inc GOM!IENT S
“le t in. ACCEPT 6
‘de f ine  ADD 7
‘d e f i n e  TO 8
‘d e f i n e  ROU NDED 9
‘d e f i n e  SIZF.-’ERROR 10
‘defI ne CALL I i
‘defi ne CLOSE 12
‘de f i n e  DELETE 13
‘de f i ne  I N V A L I D  14
‘de f i n e  D I SPLAY IS
‘d e f i n e  D I V I D E  16
‘define INTO 17
‘define ENTE R 18
‘de f ine  EXIT 19
‘define GO
‘def ine DEPENDING 21
‘de f ine IF 22
‘define NEXT 23
‘ d e f i ne  ELSE 24
‘defIne MOVE 25
‘defi ne MULTIPLY 21,
‘define BY 27
‘def I nc OPEN 28
‘d efine INPUT 29
‘d e f I n e  OUTPUT :30
‘d efine PERFORM 31
‘define 1’HRU 32
‘def La . TIM ES 30
‘define UNTIL 04
‘de f Lee READ 35
‘defi ne END 36
‘def le e STOP 07
‘ d efin e  RUN 38
‘de f In. SUBTRACT 39
‘def Inc FROM 40
‘define WRITE 4 1
‘d e f i n e  BEFORE 42
‘def ine  AFTER 43
‘define ADVANC INC 44
‘def In. PACE 45
‘define NOT 46
‘define GREATER 47
‘defIne LESS 4*)
‘d e f I n e  EQUAL 49
‘de f ine N UMERIC 50
‘define ALPHABETIC SI
‘define EOf. 0177
‘def Inc r1E~~~!ZE 4046
‘defIn e flAX 9256
‘define ON POO l
‘define OFF oooo
‘define TRUE :1000
‘defi ne FALSE
‘de f ine  NUL
‘def ine EOF ‘0 ’

‘d e f i n e  add P
Sdefln e sub

/5 COB OL 1N1’ERpr~r,Tp R -- f ( b I ~1 s/

-a ‘fl~. to llowlr’ g t fl b l e5 ire •u .2 .~ .i f o r  the .‘ir~~~’~n~~’ ir  ro u t i n ee . In  5/

‘13

--‘--S

_ _ _ _  _ _ _ _ _ _ _ _  _ _ _
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,‘* the lap I Imen tat Ion of this interpreter on a mierocomput”’r. thee. *“
‘5 t a b l e s  would  be La RO N. Thus the acces, t i m e  would  be op pro ” — 5/

“5 i in et e ly  equa l to the me mory cyc le t i m e .

char *a d d t a b l  ( 10] C .‘* ad ditIon sum ‘n b ! .’  */
‘0123456789 ” ,
“1 234567890” .
‘234567890 1 ‘ ,

‘3456789012’,
“4567890123” ,
“5678901234 ” ,
‘6789012345 ” ,
“7890123456 ’ ,
“8901234567’ .
“9012345678 ’ ,
0

char *addtab2 (10] C .‘* ad d i t i o n  carry t’~b le  5/

“0000000090 ” .
-‘oeeoooooo i n ,
“90000000i1’,
“000000011 I” ,
“000000 l i i i ’ .
“00000 1 1 1 1 1
“0000 1 1 1 1 1 1  ‘ ,

‘ 0 0 0 1 1 1 1 1 1 1  “ .
“00 1 1 1 1 1 1 1 1 ”
‘ 0 1 1 1 1 1 1 1  I i ,

1)

char *.u b tn b i  ( 103 C -‘* s u b t r a c t i o n  I - ab ’~- 5.’
‘0987654321” , ‘5 t h i s  t a b l e  es:;~’-s ~~~~

‘1098765432 ” . - 5  t hat  s u b  t ab  y] r ’
“2109876543 ” . ‘

~‘ means a - y
“3210987654 ’ ,
‘4321098765 ” ,
‘5432109876’,
“6343210087 ” .
‘765432 1498 ’ ,
“8760432109 ” ,
“98763432 10” ,
0

Ii

cha r *.ubt.b2 1 10] C /5 b o r r o w  t a b  Ic
“ O 1 1 I I 1 I I I  I ”
‘ 0 0 1 1 1 1 1 1 1 1 ’ ,
“000 1 1 1 1 1 1 1 ’
‘0000111111 ” .
‘00000 1 l i i i , ’
‘0000001111’ .
“0000000 1 I I ” .
‘0000000011’.
“000000000 1
‘0904004040 ” .
0

3:
char tnnt l tab l C 103 C j -” L5D of produc t

“61000000900 ’ ,
‘0123456769 ” .
“0246802468’ ,
‘9369258147 ” .
‘0482694826” ,
“0505050300 ” ,
“0620446284’,
“0741852963’ .
“0864208642’,
‘0987A3433 1 ‘ .

P

A :
_ _ _ _ _ _ _



char *mnltab2 (19) C /~~ £~ U of  produc t 5,”

“0000009000” ’‘000000009&t ” ,
“00000 1 1 1 1 1 ”
‘00001 I 1222” ,
“0001122233 ” .
“0011223344 ” .
‘0011233445 ” ,
‘00 1 2234456 ” ,
‘0012344567’ .
“0012345678” .
0

m t  leng th  0;
m t  e r r f l g  OFF :
cha r save •

cha r me mE 1’1E~~~IZE ] : /* byte a c c- s s i b l e  me mory a r r a y
m t  pc ; /5 program c n t r — — b y t e  o f f s e t In  men */
m l  ept r ;  1* search b u f f e r  p n t r — — h y t e  o I l ’ s et  57
cha r e b t i f l  161 ; /~~ search b u f f e r  5/

char xs .ys : ~~~~~ s i gn  b y t e s  fo r  x and y b u f fe r ,  5/

m t  ~ I.x2.x3 ,y l . y2 , y3 .n :
cha r sbC32] , y b ( 3 2 1 .t e mp 1 32 J , c[3 2J ; ’~ operand b u f f  fo r  m a t h  r o u t i t i c e  ~~~~

m t  ep — l /~~ ,tack poi n te r for PERF ORI I ve rb  5,
m t  ~ntr (8] /~~ counter stack fo r  PERFORrI v-ri, s- °
m t  r t n ( 8 1  ; ‘* rtn addr stack for PERFORN ‘- ‘rb ~~ ‘

m l  e x t ( 8 T  : /~~ e x i t  cond s t a c k  for  PER FOR ( ’~ ‘ “ r i ’  ~t /
c har pseve :

m l  c p l . r p 2 : /5 me mory p o i n t e r s— - b y t e  o f f s e t s  5’

m l  begpr n c :  /5 byte o f f s e t~~~~l n i t  to  b e g i n n i n g  of  pr ,,c d i v  5/

m t  b e g d a t n :  /5 byte  o f f e e t ~~~~L n l t  to  b e g i n n i n g  o t ’  d a t a  i i v  */
m t  base:  /5 b y t e  o I f e e t — I n i t  to b e g i n n i n g  symbo l t D h l e  5/

m t  .‘nndptr ; -“5 cond ition putr for IF v.’tb 5/
‘-liar 1,1236]: /5 line buffer 5/

m t  l bp P t  /* l i n e  b u f f  p n t r — — h y t ø  o f f s e t  5/
l o t  c l n ( 3 1 :  ,~* c u rr en t  l i n e  number  5/

int S 4:
m t  v 1;

/5 REABIN */

rea4&n ( ) 1 /5 This  r o u t i n e  I n i t i a l I z e s  2 memory p o i n t e r e — — c n e  */

a t  the b eginn ing and one a t  the end —a n .1 r .e’ts ‘•.—

‘5 in a p r e d e f l n e d  Input  f i l e  u n t i l  e o f  or the 2 ‘‘
/5 pointers meet. 5/

cp l - ‘1 :
cp2 MEISIZE:
cove getcharV :
whi le (save !~ EOF 38 cpl ! cp2) C

mem( ” - ’ . - p i l  save :
~~~ ve ‘ getcharfl :

I f  ( ‘ p 1 1” cp 2) C
mem 1 +~~~p l I  save : /5 w r i t e  EOF I n t o  r ” m or y  5/

len gth = cp l:

a l e ”  (
I , ” i n t f (  ‘PROC RAN EXCEED S AVAILABLE FI EM O R Y’) :
— r r f i a  lflt ;

— r~ t,trnt) - ‘ -t’ eu4 r e s I I n

/* WR ITF.011T a’

wr I t eo’, I’ (
vi i i  I , . ( cp l !“ len gtii )

m c m l  ~~~~~‘- p 1 J = men( .p24 + I
‘- p 1  O j

I ~‘op 4. ’

05

-- 
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wtt!le Lr~p l  !x len th ~~ cDer3IepI~ !~ EOL.)
pu t . .~har (me in(cp l+~~l ’

If (ip ~ ! length) (
pii t har( ‘‘)
goto loop4;

re turn ;
‘* end wr ’ite out ~/

.‘* COMPARE *‘

conipare() C 1* This rodthn’? compares the current line number 5/

/* buffer. cm , with the firs t 5 character’ In  the */
‘5 lIne buffer , lb.
~~~ if clii > lb a I is returned;
~* I f  *in lb a 2 i s  return~ d s
75 If em < lb a 3 is re t urned. 5/

tnt comp .k;
for (LOs k<5 ; k+~~

) (
if (cunt k] Ibik]) /~ C char are equn l ront 5/

(~~~!fl D ~ EQUAL ;
else if (cln(kJ < tb (k . i ) C /5 not equal: halt 5/

comp LESS;
break:

else If (cluC k] > tb (k]) C /5 not equal : halt
comp = GREATER;
break;

)
)
returuCconip);

) /5 end compare 5/

~‘* UPLINE 5/

uplhne () C /5 ThIs routine fI~ d~ the next larger line nuinbor and *.‘
/5 moves the currant line to low memory area. 5/

m t  j. scratch;
scratch = ‘0’ ;
w hI l e  ( s c r a t c h  ~e EOL) C ‘5 mo ve char until ‘nd 5/

scratch tnem(++cpll = me i n f cp 2 f +3 ;  /5 of the l in e

for (j 0: j<5; J++) ~~* move next line • to 5’
cln (jl mi..m(cp2+j]; /* curr tine buff *~‘

re turn:
7* end uplune 5/

‘a DOWNLINE 5’

dowuline () C /5 This routin’ . finds the n zt  smatter line nur,ber *#‘
.‘* and makes It the current line in high core~~-cp2 5,’

‘5 indicate s the beginning addr of the current line 5/

m t  j ,  scratch ;
memt—— cp2 1 m e m i c p l - — J ;  .‘* move EOL cha r 5’
scra tc h r i e m t cp l ] i
whi l e (st re tch ?z EOL) C /5 move cha r u n t i l  F.OL 5’

tiee m(~~~cp2l scra lch ;
s”rnt ch meet( —c p l];

I
for (j :Ø; j’S; j++) ~~~ move line • to cnrr *~

c l n ( J  memIcp2+jJ; “a l ine number buff 5’
re turn ;

.‘s end downllne 5/

,z rni~ rt ~,

token( ) ( /* This roil lrø rc’turne the nest token
;iumbe r c anned . a,

ithlte (mem(pe ’4) ‘ CO1VIENT
/5 ekl~ per iods . • tnr~~~. t.b~~. and l~Lsnka 5/

- ~~~~~~~ 
- 
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pc-” ;
Pe tdrnt me m! pcJ);

) /* end toke n ~~/

/* FIND *‘

fI n d ( ) ( “~~ Thin rou t i n e  .~~ar~~he. the d a t a  d i v is io n  u n t i l  ~ t
f i n d .  a m at ch  w i t h  the name in abuf. *‘t ut u

loop i :
I ~ 0:
w hI l e  I L  ( 16 1)~ .b u f (  I )  I: NUL 8~3 ~bitf( i i  mem(cp2 3 ’ C

me ual +#cpI l  I mem[~’~’2++1:
)

i f  ( I  !~ 16 ~~ .bu f(  i i  ! NUI.. I C
1 * ‘i~mem(++ c pi l  . i emtcp24+ l ;
gotO l oo p i ;

)
,* cp l  now p o i n t,  to the t a c t  c har act er  of  the I d e n ti f i e r  ~/

for ( j Z Ø ;  1< 16; 1+41 “C zero oitt abu t  ~~ .
‘

. b u f ( t )  ~ NUL ;
re t u r n ;

) ru end f i n d  */

/* INI TVAL ‘C’

initwalO C /* Thin  r o u tin e  in i ti a l i z e.  vnrlabien in the d a n
d i v i s i o n  tha t ha ve the va l ue ’ clan.. . An ~~~~~

‘

.tgn and Ph,~ In i t i a l  value I. inserted dire ctl y
fo l L o w i n g  the c l a u se .  ~~/

tn t  1;
lbCø l ‘ C’ ; ‘~~ f III lb wi th line • of data .1 l v i !  I on  /
fo r( j $ ;  I 5; 14+ )

Lb (l] ‘O’ i
while ‘vompare () !~ EQUAL

/* move 1in ~’q to low eor~ t il  top of data dtv ‘C’
down i ine (  )

begd ata * cpi +1: /* byt~ offse t of ’  f i r s t line • of data d i v  ‘Cf
ub uf ( 0J
.b*f( 1l ~ ‘a ’ ;
•bn f(2 1  ~ ‘1 ’ ;
•b*1C31 • ‘a ’ ;
•b u f t4 l  ‘ ‘ e ’ s
while ( cp2 ?~ begproe) C

u ndo ; ‘l f i n d s  each o- ’u ran c e  of VALUE c!~~uae */
w h i le (  1 (mem(cplJ )‘~~~ 

• ‘$ Ifs m e i c ( c p l l  . : ‘9 ’ ) )
nieml ++ cp l )  • me~a( -p 2 ’+ l ’

•p t r  cpu
w hi l e  (m e m ( c p l )  !: EOL~

m..t + + c p lJ  mem( c p2 ’+1;
m e m C cp l l  ‘
while (mem(.ptrl Ia ‘ a )

mam( + + c p lJ  • men1~~ptr++l;
memC ++ C p l J  EOLz

re turn ;
3 /* and initwa l 5/

/* LOAD

l o .d ( r )  ~ ‘C Th t~ r out in — l oa ds zb or yb . d e p e n din g  on
the va in, of r. wi th the vn iiie correspond
I t,g with t he token number In save . *~~

l a t  r u  C
m t  I :
sp t r ~ nay * *6 + baa— ;
%f ( ( m e m t u , ~t r l  ‘

~~~~~
) S ( rnr m! sp t r )  ) Q’  5 )  C

i i  ‘mernt .ptr) 21 ) ( “C n.-~ n iv.  l i t e r a l
I •

a p t  r++:



Cl,. C
i f  ‘mem(.ptr] • C /* p o s i t iv e  l i t e r a l “

•
sptr++ ;

3
ol se C “C alplrnbettc~~~fInd va lue in data dlv ~~

white (cpi t~ begdnta)
msuC -cpI J mem (cp2 -1:

for  ( I ~~~; I I I~~: j++)
.buf (tl = ,w’r i l . pt r++l *

find ( )
w h i i e C m a m( c p l !  ~~

me iaC + + c p i l  memC cp2++];
sp t r  * cp2;

)

whil e ((momi.ptrl!’ .’ l((meII(eptr]!IEOL)M(memIsptrl !NIYL))) C
xb(LJ  m e m ( s p t r i :
1+4:
sp t r++;

If (me m[sptrl I: • C
x l  = 1;
z2 yls

3 0;
3
else C

xl  1;
nptr++ ;
w h i l e  ( (m e m ( sp t r  ‘: EOL) 88 (m e m( sp t r l  ~ * 0) )  (

zb (iJ : memLeptri:
j+4 ;
np t r ++ ;

z2 3 y 1 + i ;
x3 I;

I t  C r  2= y) C
for( 1:0, 1 1 ~2t 1+4 ,

ybli] ~ xb( iJ :
yl • xli
y2

s

• cp2 + y2; /* v a lu e  wi ll be overwritten by r,~~:tlt 5/
)

ret urn:
3 .‘C end toad ‘CI

“C RELOAD ‘C/

r .load () C ‘* Thi. rout Inc reloada a va in. from yb i n to
the slat . dlvlnl on. *~~

t i t t  I :
I a 0;
I f  (vs 32

m.m( + + c p IJ  ~
If (phi iJ •‘ ‘G 88 yl > I’

w h i l e  m ‘‘ yl)

~~nI++cp l) ~ ybC I’#);it (y3 !z 0~ C
•

wh ile (1 <‘ ~~~)
iwem(++cplJ • ybt i~~’ls

mem( +~~~p t l  EOLt
r e t  ur9:

‘~~ ~ nd reloa d ‘C~~

,‘a N}3(11.U1 ~‘

“8

- —  _--—-
~~ 

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

. - ----- .4
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neztIine(~ C /5 ThI. routine skip, to the firs t token of
the n e x t  l i n e . 5/

hit I:
it (~~i~ive !~ EOL)w h i l e  ‘ token () ? EOL);

for S 1 ’); I I 5; 14+)
c m i i i  a mem (++pcl; /5 load cm and s k i p  l i n e  ‘C~

‘~~~ en’I n e x t i in a  ‘Cj’

/* ~~ YW1) 5/

keywd() C / t  This routine call, routines by cobo l key words . ~:/
swl tch (.eve) C

case COt1i~~NT : /5 comment  5/
next I in~~~

);
break;

case ACCEPT : /5 accept staterent 5/
aecept ():
break,

ei’se S’SDD ; IS add statement 5/
cotnpute4 add);
break;

ense CLOSE : /5 c lo s e  st a t e m en t  ‘C,’
e Io.a();
break;

~~~~ DISPLAY : / ‘C display statement 5/
d isp lay0 ;
break;  -

case D I V I D E  : ,~ divide statement 5/
dL vtdeU ;
breaks

en.. CO : /5 goto s t a t e m e n t  5/
got);
break:

s’ase i’IOVE : ~~‘* move statement *~‘
move C )
break ;

~~~~ NULTIPLY : /5 multiply a tatement 5’
mu I t C ) ;
break;

case OPEN ; ~~* ope n st a t e m e n t  *~‘
openO:
br—ak,

cane PERFORIt : .‘s p e r f o r m  st a t e m e n t  5/
p.rform ( I:
breaks

as. READ : / ‘C read n tatemen; 5/
r~a4U;
break;

case S”RTRACT : .
~~~~ sub trac t statement */

rompute (.nb);
lire ak ;

en,. ~ ftlTE : /* w r i t,  s t a t e m e n t  *.‘
~~~ i

‘ I r f a u l l ;  .-~S: ey~it  er r o r  ‘Cl
.rrflg * ON;
errmag ( IIICflURECT t~~.i’ORD FflhJ.O’ l’TG (ONDITIONM. SiR I~L~E’

___________________ 

~~~~~_---•-—- —--—-~~~~~~~~~~~~~~
---—



3 ~I* end switch statement 5/
re turn;

I

7* COND ‘C.’

cond o C 7* ThI. routIne evaluates a “on t i t  tona l phrase and
r’tnrna true or false . 5/

char temp I. temp2;
save token0 ; -mf (( te.p2 ~ t~ ke~~0) a ’ NOT) C

t’mp i * NOT;
tarap2 tok.nO);

I

swttcli ( t.mp2) C

case IUJI’IERIC : /‘C a;:nerlc? *7
•p t r  = save * 16 + bane;
11’ s m em la p t r)  < a  ~ 1’)

temp2 = TRUE :
e l s e

temp2 * FALSE:
break;

case ALPHABETIC : /~~ a l p h a b e t ic? ‘C’
,ptr * sa ve 5 16 + base :
if (mem (aptrl > ‘9~~)

temp2 a TRUE;
el se

tenip2 a FALSE;
break;

case GRE ATER : /5 xb ) yb? *7
loadtx ) ;
sa ve ~ tokenO ;
iond (y):
it (size() 2 GREATER)

tensp2 ‘ TRUE;
else

temp2 * FALSE:
break ;

case LESS 1 7* xb I yb? 5/
lond (~~)
c a v e a tokenO s
i o a d (y ) s
I f  ( s Lz e ( )  *3 LESS’

temp2 a TRUE ;

temp2 a FALSE:
break;

ease EQUAL : i’S zb a yb? 5’
load ( x);
save a tokenO ;
Ioad ( y);
i t  ( s i z e ( )  ** EQIV*L)

tonip2 * TRUE;
else

teiupZ ‘ FALSE;
break ;

/5 syntau error *7
errmsg( INCORUE( T ~ fl RT~ IN CONDITIONAL PRHASE’) ;
a r r t l g  • ON;

3 .‘E ‘ad switch ~~t 1 t en e f l t  ~~
.

I f  ( t ’mp l NOT) C
I ?  ( ~~ •.p2 •2  TRUE ’a
•

t.’r~p2 • TRUE ;



I
•1
r etu rn ( temp2) ;

3 /5 end cond *~~

aecept () C
next  I m e t
r e t u r n;
~~* end accep t  ‘Cl

c lo.e O )  C
n e x t l i n e o ) ;
re t urn:
‘5 end ci”.. */

d i.play() C
nezt I ~~e(~~:
r e t u r n;
/5 end 4l~~pI *y *~

/5 GO 5/

go ( )  C “C Thi, r o u tin e  searches the procedure d i v i s i o n
f rom the b e g i n n i n g  f o r  a toke n m a t c h .  5/

cha r sc r a t c h ;
save * tokenU ;
pc ‘ begproc ;
whj l e ( ( s o r a t e h  ‘ tokenO ) ! save 88 s c rat c h  a STOP)

next  I I neU ;
i t  ( . cr a t c h  za  STOP) C

e r r f l g  ON;
e rrmegS DESTIIIATIO1t FOR GO STATE1’IENT NOT FOUND” ) ;

I
e i.e

n’xtlineO;
r e t u r n;

3 /5 cud go ‘Ci’

‘S IFS 5’

j f~ ( )  C /* This r oat l ne  determines program flow by testing
a condition——If true , t he  imperative directly
f ol l o w in g  the  c on d i t i o n  or NEXT SENTENCE is pe r-
formed ; I f  f a l s e , the I mp e rat I v e  f o l l o win g  the
ELSE c laus e is per formed . i f  present. *7

I f  ( c o n dO )  C
save a t o k a n O ) ;
i f  (saw.  ~ NEXT)

ke ywdO ;
else

nex t  l i n e ;
3
else

w h I l .( ( (e sv e  ‘ tokea ()) a E L SE ) l I ( s a ve  ?‘ E OL ) ) ;
i t  (save ** ELSE) C

save * tok.aO ;
ke ywd 0;

I
re turn s

3 ~~~~~~~~~~~~~ Ifs 5/

/5 ?‘!DVE */

m e v e( )  ( .‘e ThIs ro*t inc mov~ p the va l u e  in  the firs t I d en t i -
f i e r  or l i t e r a l i~i t o  the s” ”n d  I d en t i f i e r .  v .’

tn t  I :
cave ‘ tek.,nU :

• 1o 4 ( x ) ;
it C token’ ‘ I’ TO) C

°rrme~~~ ‘TI) EXP ECTED AfTER IIW N T r F F~ ’ I N NOVE STATE?’?V T
e sr t I ’ -  lilt ;

3
saw, a
sptr a 

~~~~~ ~: 16 + base s

A

_ _ _  - - . - ‘ ~~~ - - - ~~~~~ -~~~~~~--~~~~~~~ - — - ~~~~~



____________________

for ( i’O; I 1 *6: 1+4)
a b u f t i )  a mem( s pt r+ ’~~;

flud ( )
r.1oad~~)~ /5 store ~nlue from yb h;to in ta d lv iel n n P,’
next I m et’:
re turn :

3 “t emit move 5”

/5 14AIIE — ‘

na.e() t /5 ThIs routine handles the pro~~.’selnw of paragraph and
sectIon-names . ~~‘

If (ap 7 —I ) - C
/5 tho m proces. ln~ wi t h i n  PERFOR?1 e ’ at er . ,n t  5/

I f  ( ‘ e x t t s pi ‘a ~~~~~~~~ ‘( .~~t ( sp 1  I ’  (
Lf (cntr(.p] ~~ 0) C

• xt(sp l  2

pa a r tn(spi ; 7* ~e t  pe t.’ insir after PE~ F”!’ 5/

next Itnet);
I
else C

if (cntrt,pl ! CV~X) C
cn t rt sp i  = c n t r t s p i  —

/5 perfo.~m proc a ~ of tIme, 5/
pa a begproc :
w h I i e ( t o k .~,~4 )  7: psave !

n e x t  I Ine ( ) :
next I In.0 ‘:

I
else  C ‘* UNTIL cond it ion mus t be eva l ’:ated *7

if (cond (~~ C
pa r ;nCs pJ :
a
n ex t  I ine C

I
e lse  C

= hc~~proc:w h i 1~ ;.~k.e n ( )  ! psavo )
n e xt  I Ine (

next I ine (
I

I
I

I
e l se

n e xt l  ln~~~):
re t urn;

7* end name ‘Cl

op.a () C
neSt I tac t)

r e t u r n ;
3 /5 end open ‘C’

IS PERF’)R..’I sr

p.rfor. () C /5 This r i : ; ln e  causes program flow to Jump to a
p art i’ .;Iar pr ocedure and r e t u r n  to th a .t ~~t e—
m p n l  r . . ! I . ~wlng  t h e  p e r f o r m  s t a t e m e n t .  ~/

t a t I:
a

rtat ++.pJ p~~; 
“C cave r t;rr,nt prnwrflIR counter ‘C,’

e n t ri ep i  * 0;

ezt(spl • I :  /5 4 e f p , ; I t  % - I l , I . — — e~~i t  i m p I I . ’ d  at next prn.’.iame *~
peave •
it (I cave tok.n( ) )  ‘‘ ~~‘‘ . ‘ c

I C C en v. * flfflVT ~ C
.‘•~ t ap i i toke nl 1
s a v e  * token’

if (a ny ’  rncrR ’ ‘ j
“.2

L - - - - .~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ .



cn t r ( ap l  •
a

I
If (save !* EOL) C

m ad (s);
e nt r i s p i  a xb (O) — ‘0’ :
i f  ( y2 a’ 2)

cntr (apI = ( c lt r ( sp ]  * 10) + (xb (IJ — ‘0’);
:f (y2 > 2) C

errmeg( “PROCF.DTTRE CANNOT BE EXECUTED > tOO TITff.~~” ) ;
errfig a ON;

I
if ( token( ) f TIMES ) C

o rrmsg( ‘TI NE~ EXPECTED I N THIS PERFORI’1 STA1tNE?T”) ;
er r f lg  = ON :

I
if  (anv e  EOL) C

p~ * b~ gproc ; /~~ search  f o r  proc to be per formed ~“-/

while (tokeno ) ? p.ave )
n.xt I tac t);

next I I u e ( ) ;
I
r e t u r n :

3 /5 eat perform *7

/5 ERR?~~G s/

err g(or r) 7* ThIs routine pr ints an error mes.age correspond ing
to .rrnum which is act at the t i m e  the e rr~,r
occurred. 5/

char *err : ~t n t  I :
p r i n t f (  “ ERROR OCCURRED AT L IN E  ‘I ;
t or (  i O ;  I ( 1; 14+)

pu t ch ar (c  l u l l] ) ;
p r l n t C ( ’  ~s
r e t u r n :

3 7* end erraug */

/5 SIZE */

•lz e( )  C /5 Thia routine returns CRE~’tTER If xb ) Yb
EQUAL If xb = yb end LESS if xb < yb. ~~/

Int .iz ,i ;
If (xi > yl) /5 xi . yl contain the * o f  s i g n i f i c a n t  d I g i ’ . 5/

siz * GREATER;
else C

If (-x l ‘ yi)
slz  * LESS;

else C
I ‘ 0;
w h i l e  ( ( x b ( I I  ‘

~ y” C l I )  88 ( + ~~t
if C I =* y2)

.iz ‘ GRE~tTER;else  C
I • 0;
w h l l e ( ( x b ( i I  ybt iJ)t3O(+~~l <
I f  C I •‘ y2)

s in  * EQUAL :
e lse

a la  LESS;

re t urn (cI ~~):
K end ~~I *a ‘C .

‘5 F1T .I~ . ’ ‘C.

~ 

~~~~~~~~~~~~~~~ 
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filbuf () C
i f (y2 ~) C

with , (z2 > 0) C
teinp(n— l
c n i  ‘0’ ;

el se  C
w h i l e  (y 2  > 0)

tempt n— J *
el ul  *

I
r e t u r n :

‘ eni filba f .~ /

/* COPIPI TE ~~/

compute(op) ‘S This rou tin e adds or su b t r a ct e  2 va l ues
dep.ndin~ ‘ii the param” “r op. 5/

In t  opt  C
m t  a.b.m. l .di f ;
save tokenu
load ( z); /5 Ion Ic f ir s t ope rnn4  in t o  b u f f e r  xb ~~‘
save
If (op “ sub) C

It (sa ve ! t’ROMl
er rf l g  = ON:
errms~~( ‘FROM RFOI’IRF.I) HERE Ii i  SUBTRACT STATEMENT”” :

I
I
e lse C

if (save ! TO) C
e r r fl g  * ON:
errmu~g’ ‘TO REQU I~~I~i’ HERE IN AD!) ST’tTEMENT’);

save = tokent):
“c lo2ds  second operand Into b u f f — r  yb 5/

if (x3 7’ y3) C .‘~~ ~3. y3 cont a
i n tbc number of dig it s to

the right of the decimo l p oint 5/
If (x3 > y3) C ‘~~ zero t i l l  buffer with shortest

m a n t i s. ., to  a l i g n  d e cI m a l p - m n t s  *7
• 53 —

for C i’l; I <‘  d~~~ ; i + ~
yb(y24’] 0;

*
I
else C

d l f  = y3 —
f o r  ( i 1 s  I ~ • l i ~~: i ’ ’)

0:
y3:

I
3
If (x2 ) y2) “C c2. ‘2 c~~ntaIn th. total t~b ’rof  d i g it .  in  each operan i

~ ~
e I.e

m * y2s
a • as
cC.] =
if (o p ~ • •i ib )  I “C to subtr- .’t . ‘h nng.~ .Ign of the

f ir s t npo :” l ant add ‘Cf

I f  (*s ‘4 ’)

as
• Tee

as * ‘b’ ;
I

If (xc a’ ~ .,1 
~

c~~nl
w);~ Je I I  y2 ) 0) ~~) ( 

~~~ ‘ 
1 C

- ------‘—-‘.----- .-- - - -

~
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a * xb (—— x2 ]  —

b = ybN—y2) — ‘0’ ;
tesapi n—— ] a addtabi(m] lb] :
c i a)  * addtsb2t a l

~~I~1:
I
f h t b u f t ) ;
f l ’ m:
w h i ie ( n ) 0 )  C

a = t e m p C n ]  — ‘0’ ;
b = c i a]  — ‘0’ ;
yb i n — — ]  • ad dt a b i i . .~~( b J ;

I
I

else (
sw it ch i s i z et ) )  C

ca a e  EQUAL: ‘
~~ ab = yb 5/

7w a ‘4 ’ ;
cEO] = 0’:
y2 = I;
y3 = 0;
break ;

case GREATER ’ ‘~ ab > ~b 5/
ys =
wh i l e  h’2 ~ (P C

a * x b ( — — -~Z1 ‘0’ ;
b ybL——v .2~ 

— ‘0’ ;
teuup (n—— J = c ub t a b l ( a ] [ b ] ;
c m ]  at,btnh2(aI (bJ;

11 Ibnf ( )
break;

case LESS: “~~ xb < yb 5/
a. ‘ ys;
w h i l e  (a2  ) 0’ C

a = xb t—— ~ 21 — ‘0’ ;
b = yb (——y2~ —
temp(n—— ] subt abi tb ]tnl :
rim ] snhtai~2[b](aJ

C I lbuf( I
break ;

1 /5 end aw l  t~~h s t a t e m e n t  5/

ii ta t
w h t le ( n > O )  C

a • te inp in i  ‘0’ :
b * c i a ] — ‘6’ ;
yb(n—— I • subtabt3 (b I;

yb t O l  • d O ] ;
=
a y2 — y3s

re load ( ~~:
re turn :

3 .‘v end .,.Id 5/

/5 MULTIPLY ~~/

me lt ( 1  1 /s ‘This rout In . m u t t  i p I l c u  the  t~~~t op’rand by the 2nd and
a t o r — t u  Iii— r e s i s t ;  n the second ..pcrsi;.1 . 5.7

char p.cl.e2.c’3. 4:
tn t s b .  ‘I, t2,zl,z2. I;

save ‘ t.,~.-n(
load (s) :
if C toke n ’ ~ P .Y) C

errCla~ ~ (“N;



errnwu ;~ “B~ ItQU IRED HERE !t4 ~1VLT I PLT ST ’~TE~IEN T” ) ;

tO~~.efl4 ‘ 3
load’.y) ;

xleyi: -~~~~ locatio n ~f de c i m a l p t  in t e n o  *7
z2 • x2+y.2: /5 nn~ th ’-r o f  d i g i ts  in pro.Iii.- t  5/

t2 * *2;
for (a’O; %< .~~~; ~ .+) /5 s et  .i:e output buff to z’-ro 5/

temp (nl =

for( yl’y2 1: vl>=0: yl—— ) C /5 for - ‘a-h di git in n n s l t i p i i e r  */
c2 z -4  = •

~ l’ ; .~~K s ot  ~ .;rry to  a s c I I  z’ro 5/
t I  *

fo r ( ~~I , c2 - l ;  *1>50:  * 1 — —  ‘ /5 f o r  ‘ach d i g i t  in m n l t i ; ’  &ran*/
a = xLi  ,ci)~~~0’ : b ‘-:.~ 

_,~~1_
~~O~

p mui . t a h l  C a l  t b l ;  - ‘5 produc t ot 2 digit s *7

~~I = m u i t a h 2  ( a ]  ( h i ;  /5 save ca r ry
a 

~ 
p- 0’: b c2— ‘0~~;

p =addt jib l (a] (b I; /5 a (.i previous step ca r ry  5/
c2al dt ab2 (a] ( h i ;  -‘ “  • ave  ca r r y  5,

a = c2— ’O’ ; b =
e2 q4.ltabl (a] (hi; ,~~ add carry for next s’ep 5/
a = temp( ti]— ’O’ ; b = !~

‘
~~~~~~

‘

p a d d t a b i  ( a ]  ( b I ;  /~~ ~ ‘t cl r,~~n It  to output 5/
c~3 a d dt a b 2  C a )  [h i:  ‘5 save car r y  5/
a p— ’O’ ; b * c4— ’O’ .
t.s m p ( t i — l  a d d t a b i  f a t  ( b i : ‘~~ add p r e v i o u s  c a r r y .  rave 5/
e4:a d d t a b2  ( a ]  ( b i ;  / —  ~.ave  — a r r y  5/

a c4— ‘0’ : b = -3— ‘ I’.
c4 e d d t a b l  ( a )  ( h i ;  ‘~~ add c a r r y  f o r  n ext  ~~~-~ p */

t 2 ;  7~~ .I”~rer.ont t emp coun~~”r */

a = c2— ’0’ : b = c4— 0 ;
t e m p ( t l i  :n d , l t ab I  ( a )  E b ’ : /~~ • ‘ ar ry  is T’~~D of  ~, u t p i , t  *‘
yl  z i :
y2 = z2;
y3 y2 — v i ;

for (1:0: 1 ‘‘ 72; 14+)
yb ( 1] = t emp i  i i ;

I f  (as 7 y.)
vs =

ei ~~e
* 

.
-‘- ‘

re ioadt);
re t ur n s

end m u l t i p l y  “

“C D I V I D E  ‘: -

d I v i d e C )  C
‘C’fl,js routIne ~~~ea t h., ~~is—res torInç techn i que to cnll- t,lrat e

th e  rLuo t lent——rb is dlv t.I.d Int ” y!’ and the quo t l e n t  i~
ator.4 in yb . 5/

lin t a.j,Ip,sr.zi.z2:
char z.;

save = to~~eu ( ” ; ~ load operands ~~ -

lo~~d ( g ~~;
If (token’ 1 ‘ t Wit) ) C

e r r fl g  &‘fl:
e r r m’~~’ “ ThT° REQIJIRED ~itiV ~‘3 l i V t l ) E ~~T~~TT.~MENT’) ;

save token ( l :
load (y)
so ‘ 0; ..~~~ ,li~~~ -.~~of l  a t eJ )  i’o ui f l t
dp a ; ,: 1 i —  • ~os t l< . n I n  temp ~~~‘

* *i r l~~T ;  - u .~~I t c  pr .- roo l i , i ~

f or (j ’O ;  j ’82 : j ++) . -- ‘- ‘.-‘r-p t o  ~oro *7
t emp ( . i I  = ‘4’;



_ _ _  _ _ _  
____ __ __

while (zb~ 0l ‘6’) C /5  1! ~~D is zero. shift ‘C’
for (j’O; ,j ’~~2; j +~~)

x Mj l  = x b ( j + i J :
if (xi 7 01

xl-- ’ :
x2~~~;

I

while (dp -~2 t~8 a C 16) C
‘5 while the number of di~~ite In the output Is I.,, than in  the 5/

~~* d i v l d~~n4 *rid the r em a in d e r  (xli) is ;ic t equa l $n zero 5/ - 
-

swI tch t x a ~ C /5 s w i t c h  on s i g n  o f  r .t~a i n . */

eas e
‘* I f  the remain ’l ’r  i-s positiv e subtrac t the divt s ’r 5/ j -

‘ unt il the a i ~~~ ‘ f  ; tte r e m a i n i~~r changes 5/

= ‘O —l i
whil e (is ‘4 ’ )  1

co nsp u te ( snb ’ ;

te n i p ( dp ++ l  : n ’; ,‘5 St or e  ASCII  vcslue i n  te,rr ’  */
b r .a k ;

case • — .

/5 I f  the r .mm i nd~~r is n e g a t Iv e , add the d iv i q o r  up: I I  5/

the sIgn of the re~:n i nd e r  changes
=

wh i l e  (is  = =
c o t n pu t e ( a d d ’ : -

te,ssp l 4p +4)  = sc /5 •tore A S CI I  valu - ’  in  t omp5/
b e ~ K;

3 /5 end of SWITCH a t m t  5/

for ( j I ~~; J ) :O ;  j — — )  “u h i f t  divisor to r i c~’$ ~~
yh[ .I+I ) = ybEjJ : /5 for next cycle 5/

a z i ;  5 a d j us t char  coun :er~ 5/
/~~~ y~~++ ??? *7

for (a’O ; a~~i6; ~~++) /5 lest remainder ~ih u e qnsi*/
i t  ( x i ’( a )  ? ‘6’)  /~~ ?r  z e ro  5/

br ’ak :
3 ‘* ‘n’I of WHILE , t m t  *7

i f  (za  7 /~~ ~~. - t  s ig n  of  r e s u l t  *7
y-s =

else
7w 1

y2 * 4p 4 1; /5 cn’-e length of outp~~ 5/

yi * *1:
y3 y2 y1;
fo r(j 6t j  ( y2: j++) - 

-y b (j ]  t em p t j ] ;
reload ():
re turn;

3 ‘5 end d i v i d e  *7

/* ~‘TAIN ‘C’

.~~Ia() C

/5 ThI. r ou t i n,  r eads  the e d i ’ o’ “s~~p u t  f i! ”~ Tn t” a cha r array
c a l l e d  men In  me m o r y ;  I n 1 t ~~ - u I i , ~ ’-, v a r i n l ’ ’ .’ va in .’, in  the d a t e
d i v i si on: scans the pro’- .’ I ~ir  d i  v l~~ l ’,s ~~- ~‘- ‘n l’y toke n (byte ‘y
byte) for gramma t lea I -or- - ’ ;n~ cs aol -.~ t ’ -  , ,t . ’~ eac h  c om p i e  t~’
state n-nt :us It e n o o ,I u ( e r - ’  : , ., ;t s  h - - ‘ii n i l  errors •-~~r .- ; t
fault y j’nnc t na tloui or wh.-’; t 4 r~~~55s i he  • .~~n m r  ~~~t op ’

I
_ _  ~~~~~~~~~~~~~~

---—-—



hit I; -

pr*tatf ( COBOL I NTERPRETER , Vers ion 1.0 ‘ ‘ ;

read iso
l f ( e r r tl g  ON)

go to  e sad m a in t
d ow n l i n e( b ; /,r find las t EOL——heg ~ f symbo l tab’. *~
base ep2 + 5; /5 set  base to ( ‘y te  o f f s e t of sym t ab l e  *7
Ib (OJ ‘IY ; /~~ load lb with 1st l i n e  * of proc — i v  *~~
for (1=1 ;. i < COPDIENT * I

‘ l b (  I I  = ‘0’ ;
whi le (compere() 7a EQUAL ) /5 nov.’ proc dlv into high “ore *7

down 1 l ne ( ) ;
p c :v p 2 ,
nex t i lne U ;
begproc = pci  /5 pc and hegprnc now Sr to 1st e x e c u t a b l e  s t a t  5/
fo r  (l ’6;  I < 16; 14+ )

s h u f i l ]  = NUL ; /~~ zero f i l l  the search b u f f e r
lnit vil (): -~~ i n i t i a l ize I d e n t i f i e r  va l ues ~~/

whi le ( ( (sav e  token ()) !: ETOP ) &~ (.‘rrflg OFF)) C
,‘* scan in s t i l  t ok e n f o r  st o p  or e r ror  5/

awl ich(save) C
case COMMENT : /* eomr . ’n t  5/

next I ine( ) ;
break:

case ACCEPT : /5 ac c op t  s t a t e m e n t  5/
acceptO;
break;

case ADD : /5 add st a t e m e n t  *7
- c o mp u t e ( n d d ) ;

break;

case CLOSE : /5 c lo se  st a t e m e nt  5/
c
breaks

case DISPLAY /5 d i s p L a y  s ta t e m e n t  5/
dI.p1a’~~ );
break ;

e~ sa DIVIDE : 7* dI ’r !de  st a t e m e n t  5/
& *vi de f l:
breaki

ease GO : /5 goto statement 5.’
goO ;
break ;

case IF ; ‘5 I f  s t a t em e n t  5/
I f.( ) *
breaks

case ?IOVE /5 move st a t em e n t  5
mo v e ( ) ;
break;

case MULTIPLY /5 m u l t I p l y  s t a t e m e n t  *7
mu I t O
breaks

case OPEN : IS op.n s t a t e m e n t  5/

break;

cas. PERF ORII : “C pt -r ’orvn s t a t e m e n t  5/
p e r f o rm s ) :
break ;

ease RVID : ,- ‘ C  r.’a1 s t~~ t . m . n t  5.’
r—ti d U s
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break;

ease SCIDTMCT : /5 sin b t r n c t  s t a t e m e n t  5/
con ,pute(,nb) ;
break ;

ease. WRITE : /5 w r I t ,  statement *~~
w r it r U ;
break;

de iau tt : ‘~~~ labe l proc npn, ,s e et i on  anew or “-rror *7
n am eU ;

3 /5 end switch sPot,ment 5/
3
end maln:

wi’ I t eont  ( ) ;
/* end main——return to m’~~i~~” 'r  5/
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