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PJ!IfAQB 

the efficient uae of Computer ia w~ioua fields 

requires aot CD17 ezteneive mowledge ot the problems 

to be sol ve4 but also Vert epec1al.1ze4 ocmpu~er know­

how. A knowledge of tlflJ' one hlp 1evel programming 

laapage limits the pJroblem that can be solve4 to 

tair17 simple one :t1:om the computer apec1al1.e'ts 

stand poblt. 

Algol. .language 4es1gne4 for s c1ent.1fie. calc\llat1Gl 

was cae ot the earliest ancl most ln-tl.uen t1al hlgll-l.evel 

lansua&e. ~he most v.ldel7 uaed version o:t the language 

is tnowa as Al.gol-60. Jilgol was the f'irst lanpage 

1Jhich illtro4uced the coDcept of bloek structured prog­

rammes. A114 .it ls due to its expzoesslbllity &D4 reada­

bU1t7 1t became ve-..:7 popular ill the educational f.1eld. 

for deaJ.sniD& ancl teaching azt o~ computer programmma. 

ln :tact. design of number of lansuages l.ike Pascal:. 

Algol-68, PL/I etc. was lleav1ly deps4ent on the des1&11 

pb.Uosophy or algol .• 

Among the higher l.evel l.ansuages our interest 1s 

to stuf.y Al.gol-60, Brief d1scrip't1on of' tb.e Algol 

language is siva he~evlth •. 
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DAfA 
tYPES: in tge!¢• .1'!§1-. jpo).ean 

ftRUCi'URBS: simple variables, arra.JS 

DATA OPliRA!lONS: 

+,-,•./,exponentiaticm ( ), 

relational ( , , a•, , , p) , 

l.ogical. (•, , -v, •. - ) 

COITRO.L O.PBRAHOBS: 

·~ 

Jf 4;ond1 tion> then ~atement) 

U ~ondi tion) tllen .d!ta:tement> e).se ~tate.nent/ 

for 4'ar) tlliDl. stn n2 until. a' !2, 

tor <Yar> a =t1l. stee u2 until wbUe ~41tion>J.2 

procedure call by use of naae 

retum 

!lal$ 

PiOGGtwl SfimOfU iBfh 

simple statements, compound statenent s, procedures 

SYSTEM ENVIRORMBN!: 

usual.l7 batch 

I/0 varies among implementation 
11bzary ot standard functions 
nCil-Al.gol p.rooedures sometimes permitted 

run-time paek:BBes support I/0 ana space all.ooat1on 



Data tJPea atJ4 expzese1GDa 1r1 Algol are integers, 

zeals ara4 Boo1eao. .&rza:J'e aze ot more geaera1 tJPe aaa. 

they C8D llav• a ega t1Ye tnclez seta. 

A aipif.lcant feature o'f .Ugol le S.ts block 

stacture. Blocks mar be nested. Variable •ames 

4e'1tin.._ w1t1Wl a puticulu block have the scOpe ot 

4ef1ni.'tioa 1Sa1te4 to the blook.1Jl vbJ.ch it ·appeara 

· an4 .,.,. lnaer blookth In~oma~1oa abou.t c variable 

4ecl.arecl 1a a block 1a ccapletel)' taaccesslble oute14e 

the b1oct. AD eaampl.e of block stncture ls as toll.ovat 

real a,b;t.n~ger o; 

a:•T·'J 1u•2.3; cu•2J 

beglla integer a.c;rea1 b; 
-=- -

a:•?; b:•3·5J oa=a+5; 

ea4 (a-1, b•,.s. 0•12) -
a4 (a•-"~·'• b=-2.5, o-2) -

Up-on eutering a bloc]::) all ~he ,.-ariabl.es deelare4 

. bave storage allocated to tlum. an4 llpOA ezit ~rom a 

. block, the atonge ie 4eallocate4. 

B1ock atracture provides a peat dea1 ot eq.reaetve 

power.; .In a coruU.t1cna1 expreaeloa., for ezample, where 

X 



the saeral. ~oa .is 

M (cG1141tioa) thea <._statement) else (atat•eat) 

the etattnent to be exacut«Ul conditJ.oaall.7 can be a 

eanpoa.n.4 ste.temct. !fhue a atataet wl'd.oh tna)' be a 

OQI'lp:OOnd sttt.-tement cen 'be executed c<~~.41t1onal17 b7 

··-· 0~ tW.a emate eta,tem.ent. 

Also~ pem!t:s mol!e· powerfal. uae ot con41tlonal. 

,atatemertta eJ.so t.UCh aai 

Atu(!t B ~ C ~ D) 

~hls 1e aa aas1praeat statemeat, lthlcb aee1gee to ,A. 

the value ot C oz D uc01"41Ds aa B is tzue or talath 

Such f~:tbility .is allowed' 1n the use ot pJ:OCeclure 

paramete~:a. '!he acmes ot J:Ot.ttiaee can lle paeaed. an4 

4ata oaa be paeeecl b7 valae or b)' aame. Ia paeeiDC tara­

meters 117 "V'81.ue. the g.ctual paraeie~a used in the cal1 

to the p:roced.ue are eval.ua.ted Nul these 'Values are uae4 

tlu:oaghOllt the ezecut1C3n of the p.rocellu:re. lD. passing 
~· 

by aame, the, aamea f!t ..alues 11re paaae4 ani are aecessecl 

b7 the procedure ~oclJ' _as aa~4e4·· t.rht.G merma ~hat tb.e 

.aluee ma7 be cbange4 by tb• procedure betc:r.e they are 

l21 the 4etiil1tiOA ot Algol~ ao ueer-4eflaed enemal 

proced.urea ue aUo•••· Soae imP~ementatiODs ot Jlgo1 



looae thle reetr1ct1oa, even tothe polat of ptmd.ttiiag 

access to prOoedarea 1n1t:1al17 writtea 1rl laagaasee 

othu tua .USol. Reeursi<a 1e permitt·ecl m AlSOl· 2he 

toUowJ.ng ls aa ezmnple ot .. eoust•e pJ:oee41are to 

OaloUl.ate a taotoria1t 

tntegez prooecl\lie factod.al (a); 

mteser nr 
ract~lalt:tif D. <.3 than a -

!he oae azea 1a which Algol.. aa orig1Dal17 4etlllecl_, 

is q1l1 t• 4ef1cient is that ot 1/0. the larlguage vae 

p~11DUll7 dea11Jle4 a.e a PJ of ezpresaing algor1 tmae.-
.an4 I/0 statements ••~• aot made a part 0'1 the Official 

l.angu.ase •. · Each 1mp1emente.tiOD. ot Al.go1nst irlclu4e 

atatements that pem1ts I/O. but these t•4 to VSZJ fro. 

s7ate to e7et•• 

Ja tbla ~aertat10D a CGDpil.&:t: te a tnbse't of 

Also1-60 1.e dcuBo:&"tbe4. It ta ·TJ'd.1.ta. :L'1. P~/I language 

av~le on ew:p~ter IC-t020D. ne 41ac~.,.t1on. Jtae 

been. dt·vided into 1'ive coopt~r;. 

In tjle first chapter a earYf't7 of c•pUiltr stncture 

~a &1 vea. a4 forra.al 'tecbn141.1e11 o.ro exp.le.iaed. 

Xll 



lh• eeooa4 chapter Uata the ~Mbeet ~ AJ.col.-60. 

fbls &Qbse' 1a taka te 1Dplemetat1oa. 

fhe thtr4 chapt&r ez.plale.s •d.oas, data atmctuea 

uod 1D the· ocapUer 1mp1emetat1oa. 

~b.e fOQrth chapter 4eacr.tbea the 1ogtc aad algorl ta 

ot the compiler. 

'.In the f!.fth Cba,lJter pre~!ftg detail.e ot vad.CMs 

Slb~Otfl1d.nea ls enpl.a1ned .. 

X lll 
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CCIIpllez traaolate atatemeuts 1D. a progrADDiDg 

J.aDg&ase into .iasU.eti.orus, vb10h, poae1b1.J after 

~ea4ms. C81'l be 4uec'tl7 executed by the b.aJ:d.vare 

ot s•e computer. cot Decessarilr the ODe oa whleb. 

the translat1Gtl has. talua place • 

. A useful eeceptttal1zat1on ot a caapUer is 

tbat ~~;. 1e a prosram which takes as lnput a string o"l 

characters representing .a program .:ln a latl&\1&£• and 

atpata a set ot machille tnetmotias with the same 

meanlllg as was .1D.te11ded by 'tb:e statemets 1D. the 

iD.pv:t. A useful m~el of the atzacture ot a CGBpUer 

la eho• SD flfPtre 1.1. tthloh shove the ilaportaat 

·phaeea t.Dvol.Ted. clur!Dg compilatt-oa. It has m.anr 
vaz1at1o.ae 1a pzaoUce. J'or installce, not show are 

the importaut functions ot generattas ou.tput ll.stlftg, 

aa4 aettiag up tables 8114 J:OU.tinee for ZW'.l-time auppet. 

SCIDe ccm.pilera sensate code as the sptaz anal7o1s J.s 

4one end tlma ao not ha:ve .an explt.olt eod.e--generat1on 

pba.ae; ll&ll7 do .ao opt1m1SationJ&n4 acme combine lexical 

ud eJAtaz analpee. 

2 
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SOURCE P.BOGJWt 

1 
LEXICAL ANALYSIS 

t 
CODB OBGMllZA!IO.H 

COllE GBIBJtAfOB 

Figure 1 ~ 1 • Phases ot a Compiler 



Flgare 1 .1 makes J. t clear that, theze are ae•ezal. 

malor tasks that ~m.st be pertoa&-4. ta traaslattns 

statements ln e. b1gb.-1enl lanpase iato maeJ.dae code 

·that ie executable ~J' hucwue. Oa.r- lateat10D llce la 

to ezplaia the aore c:anmoa OAes aa4 the prmc1p1es Oil 

which tb.Q are built. 

It aeparatea cbazacte~e of the aouroe laasuaae 

pzoopaa mto gt:Oilps that log1oall7 beloas 1;ogeihez; 

these grape are called tOkcms. ~he aau.al tOkens ue 

keporia, snch a.a no, IP, tlii&, 14eAUf1e~s. mteh as 

II e IX. opua~o .... &JilbOle such as * or +, aaci punotaat1G'l 

aymbols aach ae pannt-heeee or ccmmas. !he ou:tput of the 
lenca1 81lalper is a a-. ct tokeas wbloll 1& paased to 

the aen phase. tle sp.tu anal78er1 01: pueezo~ ike 

'tOkeaa 1n tbla stream can lie :aepre.amted bJP codes Which .., • 

• ,. :#egarcl aa integers. 

i'igu.re t •' Illustrate the role of lexical. aaal.per 

1rl trrmsfomat10D ot prog~am ten. .It USllallJ' performs 

several •clearaing factions to re~~o.e 1ll'llteede4 'blaJ:lka, 

comments, l.1ne :anambers, enct-ot-~ecora. m.IU!ka, oaftla~ 

retua ctuu:acters. and so f~t'b, that ha•e ao meaning 

•• 'the traalator•.~t 



lords 1D cfDpute l•guasea u811all.J' bel.cmg to one 
of three claseeas (t) iclelltifiere (lel:.els, 178.r1ablee); 

5 

(2) temi.aal~ (operators, reserved worcl.a), u4 (3) 11tera1e 

(aumencal. ca~,staats, !&tdnge) • '!he ledcal aual.pe 

retuma to the parser a eod.e tor tile token that it f'amul• 

Ill the ease that the tolna 1e an 14en titiezr em 81lOtber token 

with a .all1e, the ValU:e is also paese4 to the pazsu. the 

uaua1 methoi ot proY14iag th1.a illtoaauon 1s ~or the lezlcal 

tmalpa to can a book•1utep1Dg Z'OU.tille w:hloh installa tJae 

actual value in the :qmbo1 tabl.e it it 1e not alrea47 th~e. 

· fhe 1exical. at1al,ze:: the passes the two componate ot a. 

. token to the pazser. ~he first. le a code for the toke 

tJPe (14eat.1f'J.er), and the &$COJlCl 1a the value, a poiateJ: 

to 'lhe p1ace iD the $Jlllbol table reserved te tbe 

•ec1f1c 'ft.lv.e twact. 

Obaractcs trcra 
progma ten ,. Loz1Ca1 

AllalJBU / 

l 
f!ables 1d.tb. 
.tilformatton 
abot~t SJI!lbOla 

C·ode for 
'tOkeaa 

fipre t .~ lto4el of lesical. enalysie 



1 .2 sates Apa1rter 

the 1'1mct1oa of the sptaz 8D&l.J*U 1a to nc~lse 

the maJozo o011stmcts ot the leaauase 8114 to cal.1 the 

app:.:opr.\ate actlOA rOI.ltioea that will ceaeJ:ate the 

intermediate .foa tor theae ccmstmotth General moct~ 

ot a SJJl'-z aaal)'Ber ie ehowa ia fiau.J.>e '·'· 

&pbOl.f from 
lexical 
81lal.J'al8 

r S1ntu Aal7aiS 

<'[' . 

infom&ti.Gn 
abOilt 
S)S'bOl.e 

'I' 

-

,. 

··- · Jafol\ilaUoa 
.abotl.t the 
etzucture ot 
the p~:ogam. 

6 

:two approa.ohee are common 1n. the 4es1ga. of compiler. 

ID one, the parse1" doee a c·cmplete etwotural. anal7ah ot 

the J.Dpat stream, aad the oa:tput 1a a lrltemal torm of 

repreeeatation kllom sa a. tree. Cont~ol i.a then passed 

to the seaaatic BDalper., ID t:b~e othe~:, the parser 1s a 

aaateJ: coat20l ~Oil tine whlcb calls on led.11al. ancl seaan tic 



aaalysls roa tlaea aa l t JUs••· .:fa th1e c·aae, the output 

aa7 lte either 8ll iDtemal- zepJ:esen tatl.oa each ae a tree 

·or maehiae la.ngaage. ·A oompz:ehea1ve eta47 o~ .tthe BtlbJeot 
' .. --....,_.. .... · .• ~ 

la givea 1rl Abo aact Ullltau ( t 973), Davt.cl Gdea ( t 971). 

the top-4oa. patsmg alsor1ta bull4a the sJD'tp 

7 

tree. 'etutiDg td.tll the root node ea4 voamg clom to the 

seatenee. lt 1s described as aaal7s1s b.7 ept:hesta t:ha't la, 

aalpie bf attempting to generate a progr-&1\\ using the mles 

of a p&IUDU ol\8 produOtiOIUh It checks 'to aee wllether -

aot a goup ot cae or more &JIIbole in the input streaa 

aat1ef'1ea a par\iftlar produe-tion mle ani predicts that 

tbe etr1rlg aat1aflea tile d.ght-hatld t44e of this wle. 

It 1t 1a vroag, .lt muat back up to the 'begi1uamg of the 

atriag and whether th~ strillg sa.tls'fiea another p.~ct1ca 

ftl.e. 

lie 11111 d1souss this teclmtq:ae iD mere detail aiDoe 

1t v111 ·be uae4 ttn: the ;paHirl« ill_ the ·CQAp11er preeeate4 

1n th1e41saertat~on. 



lather than tr71Dc to geam:ate the enti~• pros;na h• 

the 1ait1a1 aJJDbOl, a· bott• up parser attempts to 

~ectuoe the eatire pros:r:am to the 1D1t1a1 SJIIlbol of' 

paamal:'. ~he pareezo oheoke t-o see vbether or aot part 

8 

o't the etrillg satiefles the rlcht-hm14 s14e of a product10Jl 

nl.e. If a )re4uoua can be mad•, that pa:r.-t of the strillg 

la replaced b7 the l.ef:t-baa4 side ot the pro4uotle ftle. 

P:ualag tbea OOJ'ltlauee w1 th the modified. suing. .If at 

&Ill' point- 1a this pzoceaa the striae cannot satlef7 a 

proctuotion mle, backup aust occur. to avoic1 backup, the 

gnmaa.r 1s usuall7 mocU .. fte4 0%' reetri.cte4. SJ.mple p~ece­

dece g1"8mmUs aa.d operator precedence gzammars are 

res"r1cte4 ~e. A srammar ia a simple precedence 

gJ!ammar vhea there 1e atmOst one relat1oneh1p between 

aa7 two QJDbOle, and ao two productloa nles bave 14entl­

cal right bancl parts. Coasider the tollowillg gramae 

<ezpr> ••• <ezpr) + ~em) f <tea) 

.(tea> • t• <tea> • <tao tor)\ <~actor> 

(tactozo): :• ( <ezpz) ) \ <aumbez:) 

i'igm:e 1 .4. 9J:alDllaZ £or 
· bott•-up exaapl• 



••~• tbaa -~ relationshi-p b.o14e 1D some eaaea (fc 

e~:B~Q1e betvea + aD.4 (tem> • I .&Jl4 ~ exp > • (8114 

<ezpr). ). 

p~oduot1oa ftl.es to change -the~ ot tifPlZ'e 1 ~4 to 

the fcma ehotm 1ft fJ.eu:e t • S. ftp%'e t .6 shows tile 

precedence relaUonsblp to~ the aev grammu. 

<.•> tt• I <•> I 
<•> s ••- <(expr .> 
<(eQZ) II • <ezpJ:) + <t> 
<t > II • .(tel:ll) 

<:tem) •=• <:t_..) • (tacto,r> 

<:'~> a:• <~ac~or) _ 

<factor> t a• ( <•> ) 
<tact-> s ••. <l'l1111ber> 

n.san 1 .s. aensed sraamaJ: tor 
bottom-up example 

9 
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li~e 1.,. S1mple precedence rel.at10Deh1pa 
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file parsi.Dg al.gOritbll usee a stack ae follow,. 

Each mcammg aJaibol of the string be!Dg parae4 is 

c,•parecl v1 til the eJ!DbO~ at the top o~ the eaok. _fte 

•elat1onslll.p can be f01Ul4 bJ oheokills a preoe4eace table 

or prece4eoe tuncue based oa eu.ch a table. It the 

&-e1at1e.ehlp between the SJIIbOl GD ·the top ot the stack 

and the new SJlilbol i.e <..• cma • the aev SJDlbol.. la plae!4 
oa the top ot tbe ata.ott it there la ao ·z.elation.shlp, aa 

_e:rroz conditf.m. ed.sts• If t1le r~t1~sh1p 1a-<f> • the 

stack is eearche4 doawaztt 1Dlt1l a re1at1oruah1p ~ ie fowlCl. 

fhia oaa be thoasht ot ae a scan. fr• r1ght-to-lett, 1n 

oC~at:raat to the lei't-to-ript SC81l to fin4 tile riat1&ab1p 

•/ • 'the JlaJlclle the ooasiets of all apbOls betweea the 

(• aa4 ·> rel.ationeh1pe, uc1 the7 are replacecl b7 ·the 

left put of the p1:!od.uctiea ml.e whose ;r.itJht part ie 

sat1-1ecl 'b7 thette SJIIltOl.s. a ff\se.~oc1ate4 eemaatio 

J:OlltlDe can be caJ.1ed •t this U.e. 

fhi e1ap1e ;prece4eace method may be a.ae4 Zor 

lar&guagee with eram•are ha'ri.D.g tew pt:Od:uet101l ft~ea 

l:f the mlea can be mocl1t1ed to simple prece4eace fom. 

POJ! l.aapagee with grammars hav!Dg a&DJ' production mles, 

the ze$1ll. tiag table woa14 be too .large to be pra.ct1.ca1. 

Por sc:me ~e, 1 t ia poaetble to repl.aoe the table bJ' 

precedence functiOD.a t an4 g sat1stp.ng tbe f,ollotdag 



t(t) < g(l) 

~(1) • 8(1) 

t(l) > 8(1) 

pPerator P£!!dfllU 

it 

1~ 

u 

12 

1~ J 

s. • • ~ 

1 9J 

Ia contrast to a simple precedence grammar ia 1fld.ch 

1tela-tlonablps aaoas all. sJD.bols must be oons14ered, a 

:PUeer tor 8ll Operator precedence ~ <llll' oane14e~e 

rel.atlODsldps among tem1Dal. .epibole. J'rGD t.he point ~ 

new of the parser, 11l the azammar or fleur• 1 • 4, tllese 

are +,•,),(,aa4 <Jtumber~, plus the encl·osing 8JJDb-o1 f. 

I 

+ * ( ) <aumhcu:) I ... is"·_-· : __ T_ i JJ 

) ~ ~ ) ~ > + I 
j 

• :> ;> ( ) <· ) 

( 1.: ~ ~ - < 

) ::> >: )' ~ 

·4iumbe:&-) ~ ::> ') ) 

I ~ <: < ~· :::::. 

Ptsa:e 11;:1•0;urator precedence rela't1onebipa 
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ft&QJ:e t .7 ahOlfa "the precedence rele."1onsh1pe tor these 

8Jill:.Ols. At aost cae prececleace relat1oaahip caa hol4 

betwe• 8.1lJ' two temi.Dal SJJDbola, ad nCiltezm!tlal eplltola 

caanot be adlaoeat. 

ne parser etaclts all ucommg aJIIbola 1mt11 the 

rela.\1GD.e1dp •) hol4s hetweeD the t.Op temmal eJmbOl an4 

the t.ncomlng spbol. the pazaer usee the operator prece-

4eaee tables- (which. are amall.er tbab simple preoet.ece 

tables a1D.ce tbelf mvolve 01117 temiaal SJilbols) or 

operator precedence tunetlons baaed • tlleee tables. It 

ma7 tlae aepuate .etacka for temtnala (opera~ a) ac1 

JUil-temtaals ( opeJ:aDcl•). When the relat1onsb1p • > is 

:tOQD4, the appropriate_ redUotlcm. can •• made aa4 the stack 

m04it1od. As the aontem1Da1s are lpo~ed in pars11lg, the 

Opez:a:tOJ: precedace aemantlc roatiDea ast 4o moze thaD 

the simple p:~ece4enoe a•aat1o rou.t1aee to ea•re the 

correctness o'f the redaotiOB. 

~he Operat·o.J: precedence method ia applloable to more 

laagu&gea thu tbe simple precedence methOd. lhea a parti--

cular tezmJnal. e,abol 1e uee4 1D two 41f~ereat wags, b.oveYer, 

there ma7 be a0%"e thaD one precedence .rel.at1<mship betwee two 

teJ:Iltaal. &JJD.bol.s. :re l.a.Dau•ges pemittbs ••h •sage, ,aa 

operator preee4cce sr:amma~ 1a not adequate.,:._ 
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Slmple pzece4e!lce parsers and operatR preoe4eoce 

parSers are not a1.wa7e aatlaf&etOQ" t~ p:ro~mlns 

J.anpages. It J.e often: eaale% to detezma.ne the production 

nle appllcable to the baaclle of a atZ'ing it' we can look 

at aore SJIIl'bole to the left arul right. P.arsera for (m.k) 

pzece«eace gramaars, ~or 11'1stance, are more .aeneml. tbaa 

slmpl.e pzece4ence parsers in that theJ' detemtae preoed.mce 
I 

on the.; baels ot at most m SJilibol.a .m the . staek e4 k 1a the ill- , 

put «rtrillg. Par.aers f~ (a,k) b«m4ed c-.test srammara 

ccmsicler at most • sJmbol.s to tb.e lett of a ban41o aad k 

to the zigb:t ~o 4ete:rm1ne the appl1oab1e prod.uct1cm rale. 

!azeere tOJ:' LB.(Jt) srammar:a 0811 4etermine which DOt\-teminal 

ehoaU .repl.aoe the baaCU.e b!f acazudDg the 1Dput strms tJ:a 

1eft to J:J.ght and aolna at most 'It BJlllbOla to the J:J.ght of 

tbe handl·•· these par&&rs. store 1nfoD18.t1a with each 

stacked 1 tem 1;hat ean "'• use4 to determine whether stact.illg 

or reduet1z le to occu~re and it the latter, wbioh podUctioa 

nl.e is appl1cab1•· . 

further 1af'omat1on 01 pwralng metbots caa be ~OWtcl 

1a (tines. 19T1),(Aho a.4 Ullman, 191J) •··-

!he so.u:ce program ia tranefo.m.ea to aa Sater.nal 

~epreaatation b7 sem&lltic aalfele r011tilles aad directed 
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'b7 'the QDtaz 81Utl)'s1s of the parser. the ttme at which 
- ;"t,;..;;, ',..,. 
semantic &aal.J'Sia OCCUres 18 influenced bJ 'the me~J!~· 

olloea fer aJiltax aaal781s. fo .avoicl hav1DB t:o W.A~ 
'> ........ ~··.. -

aema.Dti.c actioas when baCk up 1a Deoeaearl;'~8emu:t41C 
.. . . .· /' ·.. .. _, . . 

p-"Oessms .aa,. be clefenoed untU ..J~ ... e com.ple-.;lon of &Jilt&% 
y 

pJ:OOeeelDg. · la thls case. .....;emamt1e· aal.7aia ma7 be 4Gae 
. . /, .. 

011 a para~ t'ee th~s the oatput et the parser. Seautic 

a.nal,-e1s SJ!f'_90.le~-A<i utb Opt1m1&tna also ocCGrs after the 

ooapleticm ot &JD.ta:x proceeeir&B• 

A semantic aaal781s routine •••elops the internal 

tom of the wtput on the bae1e ot· illfomatlGn 1n the 

stack anc the apbOl. ~abl.e. In addition to the 1.."l.fozma,t1on 

nee4ed for 4etel'minat1ort of a tum4J.e 1ft $J1tUZ srtal.J'sla. 

the stack m&J also cCiltaiD s.emantj.c 1ntomat10Jl. Por 

sJDtu anal.7a1e. lt is aecesear7 to Jmow that the eur~et 

SJmbOlts aa 1dentU1·et; tea semantl.c .anaJ.,sts. we lltlat 

aov whloh 14mt1f1er. It .la 1D the semantic aaal7sla 

roa tiDes 'that type-checkiag OC01ll:th Ia a4U t1cm, llnlOh that 

is .1mpl.1cit 1D the sou:rce prosraa 18 mue espl1o1t at tb1s 

time. 

lntemt'!l. forms o£ repres·entation 1ft eOlT!liGa uae melude 

pcat~1x: ~tO'tatloa-. quatb!aplee. tr1p1es. and trees.· Let ue 

cGDsider each o~ tbese fozms .•. 

Postfix ~totat1oa, 1Jl which operatolt'e follow their 



operaaaa. 1s eepeciall..y ueetv.l to~ p~Oduomg code tor 

stack maohlllea. fhe ezpl.'esalc:a 

appears 1n poet.fiz notatloa ae 

abc • + 
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A quactwp1e conalsts ot 811 operator, Operancta. ad 

'the locatlOD of the zoetllllt ot the eperat1GD. !he 1ollow1Dg 

eQ.reee1oa can he represented b7 the qua4aples 

• • e t•P•arr 1 

+ a tespOraQ' t t•porar7 2 

A triple ,coas1sts of an operator acl 1 ta opcand.s• 

the result 1s not stated exp11o1t7• but the t;r1ples are 

aumbered. aad eaa be referace4 b7 nbsequent tr1plee. the 

e&preesion above can be represea.tea b7 the tr1plea 

(1) • b 0 

(2) + a (1) 

f,;,:eee make expllei t the mtozmatton proviclecl b7 

triples. An eatue pareecl program oaa be represented 

b7 a tree. Baoh 81lbt~:ee of this tree represents an 

operatozo and ita operancla•· ~ e2ample ca be t:epresente4 



/ 

17 

ta tree 'fora ae ~o11ovaa 

2he teak of ee&D8ftt1o 8Dal781s ls the tzaaetomatton 

ot the aOll:zoe propam or 1 ta parae tree to a btemal 

:tom fztoa which ooele caa be gaerated. 

COde gae1:at10D consists ot the tl:U&fomatia ot 
tb.e t.ate.mal :tozm of a popaa to a ass•iblJ' laa.gaa.ge OJ: 

macld.De laaguage toa.. The a44resatng aeohatl1s aD4 tJP• 

ot cOde 4epen<l GA ·t};le epeetfic target macbllle ~- which 

the cOd.e #.a generated. Mdreases ma1 be at.aolute cw 
relocatabl.:e. 4epatU.q on the sotuare (geerallr, .liftkeu 

aa4 .load,i!:a) and har4ware (:fcu: ezaaple, bas• zeg1aters or 

pagJag tac.U1t1ea) ot the taraet s7etem. 

As. a·oted above, pos\£lx flotation ie .appropriate foJZ 

a atact' machille e.U J.adeect. eOde ma,. be emitted 41rectU7 b7 

the aem&lltic anal)'ste zooatitu'la• Often, however, cOde is 



p~roh.ceel lt7 separate cOde-gerleJ:a.tlag rou.tlnea calle4 

geaento:a:e. 
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tnicall.J', a oo4e-geae-.t1ag rODtlrle has a ateletal 

structure ~or 1te coastnct. It the 1Btemal tom coaelete 

or cpiadmples or triples, speeUtc t.afozmeUOD su.cb ae 

ope~4 ad4resses oaa be passecl as argwaent.e to 'the r011t111•, 

vbicll 08J1 thea 1asert .1t tato the skeletal structure. Code 

senerated tor the express1oa a + b • o alght be eometb!Ds 

11ke thle1 

1oa4 b 

DP7 o 

store tempo~ t 

·J.oa4 a 

844 temporu,- t 

store temporu7 2 

OOde tor qua41'u.p1es is generated 1D the orie:e lD whlch 

the quadmples .appeu:.- InfoJ:mation aboat the temporaq 

zeal.ts must 1Je .ma1nta1:ne4 throughoat the saeratloa 

process. 

004e :toz ~rip1es is geDeratet. 11'1 a' aim1l.ar marmet:, 

but the tntemal .repreaetat1oa 1e amal1er and 11l1'ormat1• 

a'b0t1t temporar,- reauJ.ta (lD. tbie case, the numbers ·ot the 

triples) aee4 be ma!ntai.Dect on.lJ as 1o:ng ae tbe relate4 

triple can be r~erenoe4•· 



Code caa be gen•ate4 trc. trees ua1ftg aa,- ot <tk• 

eeve:eal. tr::ee-walktnc algorithms. Aa the code la 

geerate4, the tree caD be moditied to perm1\ Opt1-

mlzatton. 
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Code oaa be genuate4 frc poett1x notat10D b7 

scarming the poetf1x aotatlon f~ 1et't to right. plactng 

operands on a stack, and havmg tile eode ge:,e-.tor emit 

code tor 'tbe Clll!rent op~te an4 the OpeJ:SD4e on the 

tog of the atacJr:. 

A major problem ot code gseratio:n has to do with 

the ad4resaus of data .and. prGif.'81le IaSiles to be considered 

iao1u4e the time ot bi-n4111g 'Variables to l.ooatlona, the use 

of regtet•e, tt!$.4 overla71DS. With respect to 1he bi.nc11ng 

t'Jrt.e ot variables, beth tbe binding times permitted b7 th• 

langae.ge ancl those pem1 'tted bJ the B)'stem ast be cons14erecl. 

!he e.ff.ieieat use of registers 18 a fo1m ot Optill1Zat10D 111-

volvmg the fewest loads a.o4 stores ot temporar,- reflllts. 

!!be general problan of overl.aymg involves the sbar11lg o~ 

the aaae apace 'b7 41aJo1at lOCP...l variables o~ t:emporaq 

. renl ta as well. aG the p.robl.em ot how t o st:ncture a 

program to make efficient uee of ses;mentatlOD or paging. 

We have men:c1<me4 Optimisatl.Oil ill eonnectiOD with tie 

eft1c1et uee of registers, bat there ue maa7 pl.aces lB .. 
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whioh optlmlzaUon 1 s appropriate. Ocapilers ·~ 1D 

the amount an4. k:i.Dda of optilltsatiOD tbeJ do. '!here is 

e. Optimu•t1cm of the aouz.ce program vhtch is the iuput 

to the coapUer. and there is opt1m1eat1on ot the object 

program which is tbe J:) utput of the compiler. s•e 
Opt1i'd.zation 1a with respect to a specttic target computel!, 

sit d. some is ill4epenclent ot the computer.. ltt1c 1en t use ot 

zeSiatM:e .is u eDlnple ot the tcmer~ sinoe the oumher ancl 

t7pea ot registers varies tzoom one aachiDe to sa other. 

· Bzamplea ot the 1attez· 1Dclu4e the eval.uatioa Qf some 

eap~•aelon at compUe time rather tbaa at rua time, firuU.n,g 

common ex;p:resstone. an4 Optilllelrlg loopa bJ' pul11ng ou.t of 

1oopa those ezpreesione whose val••• •o aot. chaDge 4ur1D:g 

tbe exeouuoa of the loc>p. 

OpU1alsa.t1on can oceuz at various points 4u1!1ng the 

cc:mpUaUca p:ocess. Cle~er semantic anal.)'81s rout1D.es can 

achieve s<ae Op·ttm1ea\ion Ju producirlg 'the internal repre­

sentation of the program. AQ optimistag compiler may 4o 

tl.ow auaJ.rss.e en en intenal tJ:ee representation prior to 

cede geaeratioa. !he resu.l t J.s a tranatomed tree represen- · 

tlng a more eftieient etructur~. Code caerators ma7 do 

ecae optauat10D, ancl, tmallf'• the resal taut code may be 

exam1De4 a ~ev inatructto.na at a t.Jme. 



Pew pUrpose ot evaluation, it ma7 ao't matter vhetlle~ the 

oommdat1ve opel!at1CI'l a+b 1a e.al.ltated aa a+b or ae b+a. 

Bowevu. some oauu.on ,le neede4. !here are e10me caaee 
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iD. vhich challgi.Dg the oder of execution does have an 

effect up<ll the output o~ the propam ( te ezample, it 
evaluation of aa operand tavol.vea ealling e. 1\mct1cm Which 

bae s14e eft ecta) • 

A putieul.ar optimisatioft la usaatlr not over e.n 

er1tire prosram but zathe~ over several statements (SLtob ae 

a .loop) • the statements a~:,e oqaa1zecl eo that ezecut101'l ·0811 

besta only with the first statem-ent. A uaetal aptiaiaau.oa 

le the pulling out of a loOp those Operati.ODa that need be 

performed OD1.7 once .iastree~a. of eacb time the l.oop 1a 

executed~ If, say, the asslgament a • b+c oceu.:s witb.iD a 

loop 8114 there are no changes to a, b, ore either wl~ 

the l.oop or potentially f~t<Jll proeedurea cal1e4 from within 

tbe loop~ thle statement o•n be pUJ..le4. outside the loop aaci 

ezecute4 once prior to ent~ the 1-oop. If e., is m«l1t£ecl 

b\lt b and c are not. ~he a441tion OBil occntz pd.oz to eaterirlg 

the loop 81l4 the retml t stores 1n a tempOJ."aQ variable. De 

'Value assigned. to a b7 \his etatemeDt vithm the .loOp ie 

then tba t of the temporaey- Vfl:riable. 
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to eltmille.te zeduaclaftt, or commOD, ezprese1cme. So.ch 

exprese1one are eYaluattKl once, and t-he rea1lt is storei 

1D a teaporaq variable. tile, ather than reevaluate the 

ezpresa1Cil, ve cu e1mp1r ze~er to the temporary var1able. 

lt is not always possible :to tell when an expression 1e 

recluruiant, bat cheeks on commu1ia~iVit7 can recoptse some 

case a. 
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the purpose of this chapter is to pweaeat the 

4ef1D1t1oa de-acript1oa of a subeet o~ the 1ate~a.t1<mal 

a.lgod tbmlo lallg\l&ge .A-lgol-6o. this eub set of Al.gol.-60 

·ta ohoeea ~or 1mplmen.t1ng on BC 10201 Computer. 
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In the first artt.cle a •rver ot the basi.o consti­

tuents and t.eatwree of 1be l.a.Daaase is given, and the 

:tomal aotat1oa, by whloh 8Jiliact1c stnct\u~e· is 4ef.lne€l. 

1s eaplalftect .• 

the aece4 articl• lJ.sts all. the basic eJmbOls, aad 

QAtactic uits Jmoa as 1dent1fiere a4 numbers are 4e-

ftned. 

~he third artiol.e explatna tile ales tflr tormtag 

ezpressione, aad the meen:l.ng ·Of these ezpreeeimuh 'two 

clitferent tJpe of expressions ensti autbmat1o u4 :Booleaa .• 

fhe fourth artiol• 4eecr1bes the operational UD1 ts 

of the language, kDom as statements. 'fhe basic sta-tements 

at:e: asslgllment statements( evaluation of a fo~<) • go to 

s'&atemeata ( ezpllel.t break . o'f the eequenoe ot exeout1on ot 

statements), aad. p:Noe4ure statements (.call tor execution 
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ot a closed procese, deftae<l bJ a proee4u.re declaration) • 

n. :tomat101'l 0~ more eaml)lex· stncturea. ha.viDs eta'temeat 

character, ls expla11l.ed. these 2Dclu4ea cOA4it1onaJ. 

Ertatemont.e. compound statements aud bl.oclts. 

111 tbe fifth ar\1c1e the un1 te kaovn as 4eclara:t1ons, 

eerv!Dg for 4efin1q perma.rumt properties of the ut te 

enuing ·int'o a prooeas ctesexotbe4 b.J' the lariguage.are . 

ciefi.rle4. 

~he pul!poae of thia algoritbaio .laaguage ie to 

deeoribe computatioa.al processes. !the· baaic concept· ueetl 

tor the desc.ription o~ calculatillg 1.'\1l.es 1a the well lal01ffl 

arttbmatle expressioa e:OJltaJA1ag aa cGDstltuents numbers 

ana ~ables. hom sch ezpreaet.one are. ccspou.nded, bJ' 

app.1JT1ng atlea of arJ.tbmatic co~os1tloa, eel.f-eontaJaed 

um. ts of tb.e J.angu,age-ezpl1c1 t tomulae-o&ll.ei aselfPUI.ieDt 

statements .• 

to show the now o·t oom.putat1onal processes, certain 

nan-er1tbm:.t1c statements and statemtmt clauses are added. 

Since 1't ls neoe!Je&rY for the funct-ion of these atatemmts 
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that one statement refers to an.other, statements may be 

provide4 with labels. A sequence ot statements lll&Y be 

enclosed betweett the the statement brackets l!!S:in end. end 

to tom a ccpou.ncl statement. 

Stateaents are supported by declarations which are 

not themselves computing instructions, but inform the 

translator ot the existence and certain properties of 

object appea~J.Dg in statements, stlCh as the cla.sa o'£ 

numbers taken on aa values by ~variable. A sequence 

ot de~laration followed b;y a sequence of statements 8tl4 

;enclosed between .begm and end constitutes a bl.ock. 

Ivery 4eolarat1on appears 1D a b.loot m this wa7 .and 

ie valid onl.7 for that block. 

A program is a block or compound statement which ie 

not con ta!n.ed vi thin. another statement a.n4 which makes no 

use ot other statements not contained within it. 

!he reference language .is built up :from the t'ollawing 

basic SJD1Dols: 

4'asic symbol.) ::• 4etter) (<41g1t)j~el1m1ter> 

z.2.t Lmm 
{l.etter) ::a AIBlC(D(BfFIGIBIIIJIX\LIRl 

BIOI~IQIRISI!IUIVfWfXlYIZ\ 

atbteldlel~lglhlilJlk\l.la\ 

D\Olplqtr!SltlUIVfWlX{7/0 



this elpbabet may ubitraril.7 be natr1cte4. Let'ters 

4o not. bave m41v14ual me,anmg. ~bey are used for 

··tomJ.Ds identifiers • 

.(41&1t> ,,. 0\1 \2\Jf4l5l6 l1{8{9 
Dlg~ts ue used for forming mambe.rs, 14eat1~1ez:s • 

. ~elim:l.te~ : :• <'opera-.e>t<separato:r)}~raeket>( 

<dec1ara1or.> 
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~peutor) : t• <(art tbmetic operat•//~elationa1 opera to~ 

f<seqmeDtlal operator) 

,&d. tbmetlc Operator) t :• + \ -\ •\ I 
<(relatioaal operator) ::• < \ <•J•l>•\>f"-r•l•<(•> 
<eequential Operator) t c• goto \ 1~ ( ~ \ ~ 

<separator): :• • \ .• \ 1 l t \ t·• l o-.et 

<oracket )t t• ( l ) \ beg1n} ·~ 

<declarator? :a• integer t real.l proce4are 

Del1m1teJ:a have a fizecl meaiDB which for the most 

part ie ObvlOtle, or e1se vill be given at the appropriate 

place 1D the sequel.-:; 

~JPogr&.p'blcal. :features ncb as blank space or change 
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to a aew line haYe ao a1pif1oace 1D the reference 

1aaguage. the; ma7. novever.. be uae4 treel7 f.e fao1U­

tattng reaUag. 

Jar the pw:poae ·~~ 1nclud1Dg text among the s,mbols 
.. 

of a p!rogmm the fOll.ow!ltg •comment• cODventlons hOlda 

~he sequence _o( basic a~bols: 

; CQDmtmt <•7 seqoence ao\ contain1l'lg; > ; 
be@ ct.Gmme!l_t. <•7 seqo.ece not containmg a) ; 

@14 <•7 sequence not conta1ning ellj or1 or else) 

I 

)}J!!&ill 

act 

B7 equtvalace 1a h•e me&Dt that Em7 of the tlu:ee atraetures 

ahown 1a the ltl'ft-JlaD4 colan may. tn UJ' ocau:z.oence CMtside 

ot strings, be ~eplaced 'b7 the epbol shoe oa the same l.tne 

1n the r1ght-ban4 column without an1 e:Cfect Oft the action 

ot the prograa. It ia 1\lrther understood that the commc' 

etructure uccantered .first 111 the text 11he rea41ng !'rom 

.1e~~ "to right has precedence iD bems repl.ace4 over .later 

structures conta1De4 1a the sequence.-

2.;:.,.1 mux 

<tcteatUier)· a:• (J.etter/[ (14enU1'1er) <J.e'tta) 

{<l4en Utiez) <.(.41s1 '> 



. J.2.4.2 IIM!VtiS 
X 

V12 

2.2.4., @lf!AI!IQI 
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I4eat1fiel!a llave no .inherent meantaa, l:nlt .serve tor 

tlle 14entit1Cat10D of simpl.e var.iables. label·e, .an4 

pftee4urea. ~he:r mar be choeen ~-eelr. 

The same 14en't1~1er eaaot be usefl to 4enote two 

dif'~eJ:ent quantities escept whea these qaant.1t1es have 

41aJolat ·scOpes aa 4e1'me4 by the deClarations of the 

, .... 
i•2.S .D:DIBJ 

2.2,2·1· ... mt,t:r:. 

<unatped illt~se~)' a •411&1 t>l<\meigae4 in teser)/tiistt> 

<(illteser)& :=+as:igrleci. intege1:)(: + <.ua.aiarte4 1Dteger) 

J-(ueigaecl 1Dtegezo) , . . 
~ec1ma.1 f1'&Ctietjt t=~eiglle4 in tet;elt~ 

<' ' c 

<!!zp cen-t par~):=- r<tateaer > 
.<G.ec1mal numbez>t :u~sigaecl tu-teger)i·(4ec1mal. 1'1:80t10D) 

4UJ.sigaeci iateger)<!f.eeimal. traction) 

(Uil81lJled ••'-e~)J i•<@.ecimal aumbe~:zponen~ part) 1 

~ecimal number)l'txpo.rum.t put) 

(illlmber)tt=qme1ped number)(+ <una1gae4 DWBlltea> 

1- (uae1sne4 number> 
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+1B5 

+0·" 

Bec1mal. aumbere have tbeir CC!lV&tional meanhlg. 

!he ezponent part is a acale ~actor exgreseed aa cm mtegral 

power otto. 

2.2.S.4U!R 

Io.te,gers are of tJPe lnteser. All other nUll\bez.oa a~• 

of tJpe naJ., 

· A valtte la 8Zl or:4e~e4 set ot llttntbe.rs ·(.special oaae.: 

a smgle numb&'r) • an orde~ec! set of logleal 'ftluee (special. 

easel a siJlgl,e J.og.ical value), or a label. 

Certain. o'f the eyu·tactic uni ta are said to possess. 

Wl.uee. these vaJ.uee ld.i.l 1ll gen.eml cheese dw:lng the 

execution o't the prosram. fhe valuee ot eXpreaeJ.oas afld 

their ccmstituata are defined ill. Seotioa 2.,. 

the 1rarious 't;vpee (!!'~tese.c.!', ~. Booleaa.) bae1oall7 

4t~tote·propert1es of Y&lttee .. tlte tnes aeeoeiate4 with aJBtacUo 

v.ni ta ~efeZ' 'to the values of these uute. 



A 

31 

la the language the primtU:)' constl'taen ts of the 

programs 4eacr1biag algori tbmie ,processes are ·&r1 thmet1c 

BJ1d booleaD expressions. OCDstJ:tuente ot these ezpreeeione, 

except to~ certaill 4el1ml.tere, are logical val:aes, numbers, 

variables, a4 el.ementary aJ:ithmetic, relatioD.al., 1oSS.cal, 

aa4 sequeDtial. Operators. 81noe the s;rntaotlo de..tin1 tlon 

Of variables c~tams ezpre~sione, the ·4ef1D1t1oll ot 
e.xpressions, and ·their cons:tltuents, ie necesearr .recurs!. ve. 

(e:press1on) t := <..c1 tl=ette expreseion){<)ooleau ezpresoi·OD) 

2·'·' .1 mzu 
.(yarlabl..p s • • ..(i4ent1tis) 

. 
2.l,1,2 i:f.\mlLIS 

X 

.&17 

A varJ.able 1e a cles1gnat10D gi·ven to a singl.e value. 

ftd.s val.ue may be usect 1a espresa10DB tor fomiDg othu 

values and may be_ cbanaea at 11111. b7 meaus of aesipment 

atatemeats. the t)l)e of the value of a particulaJ! variable 

ie 4efille4 111 the cleele.ration for the variable 1 ted.1•. 



<a4411ls operator> 11• + t -
<nltlpl.Jbs opuate7aa• • II 
(faotOJ:) at• <•siflD.e4 aaber) l< .. :nrtable)/ 

( <(u1\h1'1Ut'tlc expreaelOB/ ) 

<•era>• ••· <_1'aotor) 1 (Cem><l1llltJ..p171q opeatoJP'> 
<_tutor) 

" 
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·- .. 

<art tbme~tc ezpreseiOn) < a441ac aperat••> 

<.tem>r <,lua) 

u-v 

All ar.f..thmet1c expres$1011 le a J:Ul.e to~: c011put1Da a 

euraer1cal wlue. ID caee Gt aJ.sple arithmetic eapresa1GD.s 
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'tb1e value 1a obtalae4 b7 ezecutiag the .ta41cated ar1 'thmet1c 

operations Oft . the actual numerical values of the taote.ra ot 

tJt,e e:apresa1C.. 'lbe QCtual. aum~zt.oal value o~ a factor ls 

obvious 1tl th.e case ot numbers. Ptz variables 1 t is the 

current ftl.u.e ( aes1sne4 last 1rl the 4Jft8JD1C sa ee) • Final.l.J'., 

fa arithmetic ezpreeaioas eacloaed 1a parenthesee the .atue 
r 

8Rlet through a recursive aaal7sis be expresee4 1D ·teme of 

1he values ot re.ctors ot the other two ktft,4th 

~he ccmst1tuets of rd.mple ar1tbmet1e expressiCDe 

muat be tJpe real OJ: integer. the meaaillg of tbe baelc 

operators e4 the tJPea of the expzoese10!l& to which the)' 

' ~ea4 ue give b7 tbe f.ol.lotdng ralea. 

2.3.3.4.1 'fhe operators •~•-• an4 * baYe the oon.vctt•al 

llea&iDs (ad41tlcm. su.btract1on, and mul t1pl1catioa). ~he 

tJPe ot the espression will be 1ntee:e;r 1f both of the 

operan4s are ot in tege1: tne, otherwise .real. 

'·'·'·*·2 fhe operat1~· term I tacto.r 

4aote d1v1s1on., to be understood ae a mult1plicat1on ot 

the teJ:m b7 the reciprocal of 1he factor with due .regaz4 to 

the J.'Ulea .of precedence. !he tJPe ot the expression will 

be 1Dteger if both operand.s are ot irltese;' type,. othervise 

real. 



·fhe .aeq,usce of Opera.t1Gas w1tb.11l oae e~nssl-on 1a 

gae'%'&11:7 dcme t.eom left to ri.ah"• with the following 

a441 tlonal mleat 

l•l·'·'·' Accor411J8 to s,atax givea in aeetloa 2.3.,.1 

the following rl11es of precedence hol«b 

~!.ret: ·• I 
aeoada + -

1··3·2~5·i the ezprese1oa between a le1't parenthesis aa4 

the matchiag d.gbt putmthes.ts 1B eval.uate4 'b7 1tee1t aad. 

this val.u• J.e used 1a aubsequcm't caleulaticme • 
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.. lfwnM»s Blld •rtab1ee o£ · type ~ must be 1Dterprete4 

1n the sense ot o.umen.caa. anal7sl.s, i.e., as ea~1t1ee 

4etirle4 lllhea:rea u,. - th ODl.J a :t inl te accurao7 •. SilllUaz:l.7, 

the possi\lUJ:t7 of the oceu..zreace of a fm1te de"fiaU.on 

frc. the mathematlct&J.ly de11De4 reaul.t 1D any ar:ttbmetlc 

ezpt."eseton. 18 ezp11e1.t7 -.mtleretood. Bo exact ~1 thmetic 

vlll be specified., however, ·~ 1 t le 1luiee4 uderatood. that 

different laardware represel'l:taticms ma7 evalua-.e utthmetlc 

expt:essione 41t:ferentl.J• The CODtrOl or •he pos.eible 

oonsequecea ot aach 41tferences mu.et be car:d.e4 ou.t b7 
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the methods c~ muaer1ca1 anal.yste-. this ooJltrolmu.at be 

ccms1dere4 a put ot th• process to be desortbd, 8114 wlll 

therefore be •spreesed 1D terms of the l~mgu.age 1 taelt. 

2.3.f.tdSJIW 

<(rela tlonal o_perator > : c• ~ l<.=i •l > =-\ >l -r- l •)f• < 
<._boolean ezpressiOD.) t :• ~oolean tact=:) 

~elati.onal operator) 

~ooleaa :tactozo) 

<&.001-. .tac t<m) = t• Zvaaattl~fi/l<awalter) 

3•2•4•3 EXAMfljBS 

%•2 S-•1 

A bOOlean espressiOD 1B a rul.e for eQDputJAg a .logical. 

value. The pzlacipl.ee of ,e'WlJ.uat1on are ent1rG17 aaalogou.a 

to thoee stven for aritbmet1o expnseiona. 

Belat10116 take on the wl.ue trae whe.tlever the 

oorreepondJ.aB relation ie satisfied tor the eaprEJas1oaa 

involved; otherwise f'alae. 



the lmits of OpentJ.OA witlda the lanpage are 

oall.ed statements. ~her 1d.l'l. 110ma117 be executed 

cODaeout1vel7 ae ft'itten. lioveve~. thie seq;o.ece· of 

operations may be b!!olten b7 go to _statemellt s, vht.eh 
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defme their su.eees~ ezpllc:l.\17, and shortened b7 

·oon41t1GEla1 ata.temente. 11tl1cb ma7 cause certam stat,•eat.e 

to be Sk~ppe4. 

In ord-er to make D po&slble to define a specU.t.lo 

4JD.amtc 8llOCeoa10a1 s'tatemente may be p.zov1decl wltlll"ela. 

Slo.ce seqaaoes of statements ma7 be srOQ.ped tosether 

lnto _compOtmd statement a and bl.ocks, the defiDi t1on. of 

statemat muat aeoesearily be recursive. A1ao smce 

decl.aatt,ono, 4eaor1be4 in 8ect10D 2.5. eater i'undameatallJ' 

into the sptact1c structure., the sJntactic de~tn!.tioa ot 

statements muet suppose 4ec1arat1one to be abea47 4etmect. 

2.4.1•1 mm 
(.\mlabel.led basic st.atemen·tj: :~BBipment etatemeat)J 

~!".~~ stateraent>l<"umm7 statement>\ 4!J!lace&tre s'tate­

J.nen't) 

4aes.c statcont)::•~labelled basio statement> l 
<label.) : ~asic statemeut) 



Z!ftcmut1t1onal atatement)t:• <baa1.c .statement) { 

~Qap0lm4 etatemtmt)}<)loek / 

<statement): :•4meoad1 tional statement)\ 

~on41 t1onal statement> 

<4Gmpowul tail) tt•~tatement) e!14 \<statement) ; 

~orap0Uil4 'taU) 

~1ock head)::= )t)egin <!ac1ant1on')\4lloek head).J 

4\.eelara.tioa) 

<._tmlallelled compou.nd) t *-,~~e@!l <compou4 taU> 
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. (.tmlabellef! bl.ock)# :•4lock head) a ~Gmpoumi taU) 

(eanp<Und ateteme(lt): :•~abelled cue:poaad) \(label) ~ 

.(oc:.potmd atateaent> 

(bloc'k): :•~!1labell.e4 l:llook) l~el): 4lOck) 

. <vrogram)t~·~lock>(.(capGUrld- statenum.t) 

tb1s SJAtax ma7 be Ulllst.re.tef! as f'ollowet Denot1ng 

arbitzar)" sutements1 cieclarations, and .1abel.a. b7 letter.e 

s, .D. azul :L, respect1•ely, the basies,ntac,ic unite tate the 

:forma:~ 

Ca:npwa4 sta,emen't c 

L;L; ..... og1a D;D; ••• DJS;S; ••• S;S el4 
. -

It shcnlcl be lteipt m mirul that ee.Ch tJt the statements s may 

apia be e. cGDplete coapOtm.d. .etatemen t or bloolt. 



g.t-.1.2. UARaiJ 
Baeio ats.temet: 

A i •I+Q 

go to Best - -
C<lipound statemeDt: · 

beam X:aaOJ 

B1oota 

f!.• to Bext 

Qc 'eg1D. tatega I. X; ~eal. i; 

1:•2*X/3J We •I-5; 

K;•xt? 
ea4 block Q 

2.4·'·'-PIMUPS 
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beZ7 'block autoaat1callJ' introduces a aew level ot 

aomenc1ature. 'Ibis ie realle-ed. as to1l.ows: Aa7 14eti~1.m 

occvrJ.·ag 1d.th1n the ltlock ma, tbro11Sl a suitable clecl.autiOD 

be epecU1e4 to be local to the bl.ook Ja question• tb1a 

means (a) that the entity represm'ecl b¥ tbie 14entUJ.e 

laelde the b1ook has no ezlsteoce 01lte14e it, ancl (b) lhat 

81lJ' et1~7 ~tepresen-ted. by this 14ent1f.ter ODh14e tile block 

1• cCJApl.etel.y tnaccescble ms14e the bloCk •. 
".,.h, 
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14ea~J.f'J.era (except those represent&g l.uel.a) 

eceuJ:J:lDg w1 th!D a block aad a ot Hill£ cieolared to tb.ls 

block will be DOD-l.ocal to 1t, 1. •· , w111 rep;coesent the 

same eDti tr 1ca14e tbe bl.ook e4 111 the level 1mme41atel,J 

OGtsHe it. A 1abel. aeparakd bJ' a cOl.oa from a etatemfJDt, 

t.e., l.abel.l.S.Dg that statemet, behaves as tholigh declared 

lD the head ot the smallest em'b:racmc block, J..e •• the 

smallest block whose brackets begin aacl ea4 eDOl.oee that -
statemeD.t. Ia this coaten a. proce&tre boclf' rmat be con­

sideecl as 1t lt were eacl.oeed bf begm a:ild a4 and treated 
~:::.-- -

ae a block. 

S1Me a statement of a block ma,- aga1ft 1tselt be a 

block the concepts local 8114 aora•loca.l to a block aust be 

\U14erstood recursiYelF• ~hus • 14ent1t1.-, which 1s aoa­

l.ocal to a block A, .,- or ma7 not be A0%1•1.6cal. to the 

bl.ocli: B 1a which A 1a Gae etatemeat. 

2.4.2·'· sm.u 
~e~t put) :t• <vutable> :•l<prooedure 14ent.tt1er)t• 

(aseigDmeDt statement) ::•4-ett part)(an'thmetio 

eapresatca) 
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2.f.2•#AJMIWLBS 
Xt • 1 

Jh • ··~ 
AI • .&•B 

Aest.gmnent statem•ts sene tor aas1s;D1ftc tbat ftlu• 

of aa e2pressioa to oae variable o~: p~ooeare 14ea't1t1e. 

·Ass!gmnet to a proce4u.n 1dentU1er ma7 Cl.ll7 oeear w1tld:a 

·the boelf of a precedure-. !he pEOoess will 1n the aaeral 

oaae be a4erstoo4 to take place la tlt.V};.--:· ~ at epa aa .follows• 

L 4.2.}.2 _!he Yal.ue of ·tbe expzoeaeion ts aestpe4 to the 
' 

1~t pan vutable. 

·i·4·i·4 ~DR ' 
!he tne aasco1atei with al.l. variab1ee and pzocedure 

14en.t1!'1e~a Of. a 1~t P-' 11et aut a.e the same. U tile 

tfpe 1e real or· ~teag, the ezpzoesslon must 'be adtbmetto. 

I1 ·the tne of 11le aritbaetic eap:reaslon cU.ttere tzom that 

anooi.atecl with the varta.bl.es and prooe4uo idtmti~lere, 

appropriate tra.asfer 1\motlons are under$'too4 to be auto­

maUcal~l' lavo~··~ea .• 



<so to statement) : •• liP to <1abe1 14entU1s) 

~llel 14eatttier)••• <1det1t1e~> 

2.f,,.2 jDRRHS 

fO t_g :IBD 

so to .&GAD 
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A so to eateme~t1: tate.rzu.pta tile nom&l ·aequenee ot 

eperaticma, c\ef'm.ed bt labe114eat1g1ez. fllu the •est 

statement to be executed will be the one havtag these ftl.ue 

aa its label. 

SlDoe labels a~• mhezaerttl7 1oca1, DO go to statement 

0811 1ea4 oatai4e lrlto a block. A go to eta<temen:t ma7, 

howevez, lea« t2:• outside 1~a:to .a ctapou,Dd etateme!lt. 

2t 4tf•1 ltftAI 

<_cJ.ummy etatement)a I• <!=Pt7) 



i·4·4t2 ,BARLU 
L: 

b~ Johluen4 
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A ctummr statement ezecutea 110 ege~at1oa. It maJ serve 

to p1ace a 1at.e1 .• 

41· ol.ause)a:.• 11' 4o01.ean expzesa1oa) the 

(uaocwulltional statement): •= .(basic etatemeat)J<I>look) J 

<..o•poaa<l. stat•• t. > 
<U statemea1)*, ••4t el.auae) <ucOD.41·t1oaal etateea1t) 

~ondittaaJ. etatem•i>a ••4f etatemen-t> e1ee<!ltatemeat) 

4t atatemet)~bel).a(ce41Uonal 
ata:tem,ezm) 

2·4·'·'P411Hi 
1:t X,O then Jb.U.f - -

U q • Y the At.-B - -
e1e• Yt-.2 -----· 
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CGI.t41t1caal. statements caae eertaia statements 

·to 'be executea OJ: ek:lpped 4epen4tac oa the zuru.dag vaa• 
ot apeci~iri bOOleaa espre.,elona • 

.,. ezeouted. U )oolean ez:preseton o<£ 1be 1t el.auee is tme. 
. -

O~e..,S.ae lt v1l.l be eltJ.pped •cl tlle operation will be 

conUnue4 vJ.th the aut atatt!meat. 

Aeoordlag to the SJAtaz two 41ft'erat. form ot 

ccra41t1oaal statemte a1:e posa·1b1e. fheee m&)' be 

Ulastrate4 as toll.ov•• 

lf Bt -- S,t e1ae i.f' B2, the 8-2 e1ee 13; S4 -- ___. ............ .....--

U 111 then S1 e1se 1t B2· thea 82 else it 1:3 thea teJ 84 -- --- - ·--- -
Here a·t l!tD4 B3 ue boolerm expreeetona. vhlle st a4 SJ •• 

uacC~DcUt1oaa1 statements. 84 la the etatalleat f'o11owtaa 

tbe cauplete eon41t1•al statement. 

rhe ezecu tlOA ot a cOD4~t1onal statement aa,- be 

clesozlbe4 as ~.Uows: ifbe boolean .ezp~eseione of the 1t -
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olalloea are G'f8l.uate4 GDe ·~'ter the otheJ: 1n aequtDoe 

ftGID le~t to d.&f1'& 111ltll. OJle ,S.e14qg the value 'tme ie 

tou4. ~hell tile v.aeoa41t1411a1 atateeJlt:. t0l1ow1ng tb1a 

booleaa is ez-.tea~ lhllese th18 atateet 4efinea 1te 

811CCeese expl.i.el tl7 the 11est statement to be esecute4 wUl 

be 84. the atateueat follovios 'the COIIlpl.ete oon41 U.GDal 

etatemet. 21raa the etteot ot the clelalta el.ee m&J' be 
. -

uec•lbet b7 sarin& 'that u 4etmea the saeeeeaor ot the 

atat.-'t lt ~·oll.ova to be tbe stat.emeJlt fol.l.OVI.IlS the 

oCiillple"te ccmc11t1onal sU.tement. 

the conetmctt em 

!_lae <•e•41t1Cilal ste.temet) 

la e(Qivalet to 

elee ~ tme ·'l!!!'t (ucOD41 tloaal etatem811t) 

U acme o't ~he; 1Jool.eea eqJ:eastoae ot the tf olauee -
ie tzae, tb effect of the llhOl.e can41t1ona1 atata.ent w.Ul. 

be equ.l'Vale11t to that ot a dumla,. .statemeat. 

. Por 1'ufthe exp1anat10ft tbe ~ollOWbg p1otue m&J' be 

DS&tall -
- . - f..,.~ -• ••-• •••·---•-••----·-l··----.----· . -· •-• -•-••-· r-· ,..l 
lt B1 then .. 81 .. else U: :82 ••.· S2 else ~J;14 

*--...,-~... __ J ~ '11-r.ti'e __ ,.J 



cODdlttonal statement: 1:011ovs 41RCtlJ' trom the above 

ezt;laa'tle o'f the eftect ot ~B!• 

<.actual paramet•~:> Jt,• 44at1W) 

<aotual pqameter U.at/ 'tJ•(aeW.al puamete>\ 

~e,tual. putmeter 11at) , <eottlal. puamder) 
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<aoW&L puameter pet> t te ( <@.etual pacaaete• l.let)) 1 
<aaptJ':> 

<proceiure e~atement) ••• <pJ:Oeeclare 14Cltif1er) 

<acwal. parameter pan> 

.1•4.§.5 P'NfiJCI 

SPVR(A) 

TB!tiS(A.».C) 

ABIL 

A IJ»OOe4ure s'tateaeat aenea to laveke (eaU. to~) 

the ezecutS.on ot a pmoeclure boi7, whe~e ta.e pzooeii.U:e bodJ' 

is a eta'tement .a tten Jn Al.go1 the ett:eot ot ·tbJ. s ezeeutioa 



11111 be eq:U val eat te the eorfect ot pel!fo.i:mtng the 

:followi'oa GpebtlOJUJr oa the pJ:Ggftm at Qle tlme Of 

eaeoutiCJD of the pJ:OCechl:re, etat•att 
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file ooneaper.utenee betweea the actual. puamete!!.s ot · 

the ~ocedue sta,erae%4 u4 the fcaal par-.tera ·Of the 

proc e4w:• iteadtDc 1e esta~l.1ai'le4 ae t011owst ~- actaal. 

par:aete:e l.ist of the pzoeeaue atatce' must have 1tle 

- J.n~mber or «ltft.e!l " the :f'emal p~tu 11.81; ot 

the pooe41lzte 4ec~U• headt•s• !he eor~:espc:ndGftoe la 

•tairle4 b7 taldas the atJ:i&s of tbese two lleta ta the 

same OZ'4er •. 

Decl.al:aUoas sene to 4ef111e oertaia p~erUes ot 

th:e qwmttUes esei lD tb.e prOSJ:•• aul to ass001ate •• ' 

ld.th 14ent1flere. A 4eol.antl·oa of aa 14ettfler ie ~a 

fee •• l'llook. Oatet.tle th1• blook the· partibulu 1datltJ.e~ 

aa7 be usei to• Oitlex- putrposes. 

D)'llard.ot!ll.l;v thiu it.apl1oa the follo~t at the time 

ot aU, lftt.o. a bl .. ock ( tln;Otl&h the bgtn, s~o• tke labels 

uat4e are l.ocel tm4 thelfdo:e laacoesstbl• l,tQ! .·GU'ts14e) aU 



47 

14eattt1ua leolue4 fol:· the b1ook aa-..e the . el,aJ.tloaoe 

implie4 'b,. the aa1alre of the 4eolaJ:atS.CDa pwa. If these 

·tctats.tlaa bad abea4J bee aetta.a b7 ot11m: 4ecluat1oaa 

at&He tile,- an te the time beifts 81•• a aew ldp1t1oance. 

I4eatiti.ea Whloh u:e Dot deelau4 foe the bleck, oa the 

Otha hsa4, .retata thetr 014 meaaitlg. 

At the t111e o£ a eu t tzc;m a blGCk ( •aoagh ·~•· e 
b7 a.~ etatemet) aU 14eaUtiu.s eioh aze 4eclue4 <to~ , 

the lloek 1oee thla local alpitlos:aoe •. 

~eolar:att•>• •• <trP• C1eeluat:.t•>) 

<p•ooeat.ue 4eol.arat1ca> 

.1•'·'·' SWIAI 

~tneltet> ••• (vaz:lablc,>\~able> • <tue U.at) 

~·>= •• real \ u.teae 
~tJpe decl.aJ:at1GD) ::• (tJP4p~De Ust> 

zal. x.Y,Z 
mtger .a.a.,e 
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fJPe 4eclazat1an sene 'to d:ecl.are ee1"taill 2-dentU'iex:a 

to ~ep•esent aimple varial1lee ot a g1va t~e., real declarecl 

wz1ablee may <ml.~ assume positive OJ: aecative values u.­
c1u41tlg zexo, intecer( 4ecla~e4 varlabl.ee ma7 Q117 assume 

positive ad negat.ive tategral ·vaJ.tles, tnolattns zero. 

ID arl tmnetic e.;pressione an7 poai t1on wh1oh C811 

be occupied by n real declare-d variable may be occupiecl 

b7 an 1n teger declared variable. 

2.;.,.1 .. SJUAI 

<#'oaal parameter): :• <(14eattf1er> 

<(t'omal. ~amete1: i1ri): ;•<tomal paJ:Smeter) ( 

~ormal parametezo 11et > • <formal parameter> 

~OJ:mal puametf# put) a =•<empt~ \ ( (toaal parameteJ: list)) 

<p~ooedure hea41Dg> : :o<~roce.~!!· ida tif1er> 

<:tomal. paramf:te:r parrt) 

qn:ocedure bOdJ') t I• ~t&temect/ 

(Procedl1l:'e tl~.araticn): a• , ~proeedure4'roce6.1ire head!lls> 

6·'·'·2.SAMPLB 

proceclure S( a.); 

begin Sa-a+1 ad -
1Dteger a; 



A poced.ue deeluat1GD aenes to uftae the 

proc~e aeaoc1ate4 w1tb a pzocetJ.'Ue ldetJ.tle~:. ~he, 

pdaclpl:e ecstltuet ot a p%'0ee4ure declaJ:atton 1e a 

statement• the procedu.'·e boq • wh1oll tbroash the uee 

ot pzooec!UZ'e statements m&.J" be aetl"fated tma otller 
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parte t:lt the lJl·ock 1D the hea4 of wh~Ch the pmcedure 

4eolaa~1·on appears. l'oraal parameteu 1D the pMceda,re 

'bo&r wlll• vhee._, the: ·pzoeeduze le MUvatetl.be aeal§le4 

1he ftlue of o~ replaoe4 b7 actual panmetere. Icleatlflere 

111 the paceiue body whiCh are not to:aal rdl be e1ther 

local. or noa-local· to. the boi7 4epe.ati.llg· • whettuJJ!' the7 are 

4eolued td.tlda the bot\f or not. ~hose of them aieh are 

not &(tl-1ocal. to the 'bfiM\v :ma7 wll. be local to the block 

m the head of whioh - prooeebare te•lamttoa appeua. 

!"he procedure body a1wa7e .aets like a bloetk, whether lt has 

the form of' one o~: aOii •• Qonsequ.elltlJ' the acope of .DJ" la'hl. 

l.abeU!Ds a sta-temellt wl tbiB tltc.e bGif' e ~he boclJ' 1'taelt 

0811 Beve extend •.,-c:md the prooetl.ure bo47. ~ a4HUoa, 
' 

1~ 1be .1clelltU1er ot a tomal parameter is 4eel.ue4 a new 
I 

w1.tbtn the procedure b$4J' 1 lt Js fheJ:ebJ' e;1ve\Q a 1oca1 

a1glai11cance 8114 eotual pez.oametez:a which coneapcacl to i·t are 

baccesal"b1e 'tbrO\lBhwt the ecOpe o£ this .llmu l.ocal cpaaat1ty. 
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~he coapJ.1e~ mttiatea traelatloa ot 1he a<J~mce 

pnpam b7 &'eadills the pr-Ogram oaJ:Cl. It 14et1~1ea the 

toJtee aa4 accoriinglJ tile variOUs tab1ea such aa epbol 

tabl.e .• 11td&l tab.le1, etc. m:e oreate4. !flteee talt1ea 

p~OV14e t-he aeeeaeaq lntozmatie associated wlth eaCh 

toke. t-a'bl.es lilte tezmmale are ot fize4 .legtb v811e 

othea, a~e, Of variable l.easth· llurit!g the coaplete 

process l't makes use of the va~1oua data etzu.oture. 

!fhie chapter old.t1oall.7 4eac.Mus the fuactlone of 

the various 4ata structure uaei, theu .fomat aut thea 

looatloae. BaeJt .such 4ata atacture 1e clher-1be4 '-elow 

ia cletaUaa 

2•1. SllfBOL_WQ 

th1a table eompl.etely 4eaortb·ea al1 the programmer 
-

defined SJmbOla or t.b.e :l.clenti~i.•rs use4 m the aouzco 

p:rogam. The &Jlllbol. table o011tame a eat~ ~or each 

:lclentttler. the syabol t@le 1.s czeatecl b7 the pa~tae. 

Sine e ve are uebg bl.ock stmcture 1!l oar aou.rce l$lguage,t 

.a block 11st- 18 Dtqf.l1re4 to 14entif7 Which tdtmtlf:J.er 

bel.ongs to Wblch block. 2h1s 1e 4esor1bed ill aectlcn 

'· S ot this cbapter'., 



llltriee J.a the aJllllH4 table ue arnase4 1D 

sequential order. liew •trJ.ee are add-' at the •:4 ot 

the table, with ohaasiDg 1nfOJ:Qat1on 111 "he block lie'• 

lhia tabl.e is ae&J!Che4 eequen'tialq to 4etemine aa 
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entrr 1a a block or m the 11bole eJIIlbOl. table. It bae 

act been sort.a ta alpha hett.cal. ercter or entries plaoe4 

1a the same oz.rc!e to bave a 1'aat aooese to aa •tq ai.rlce 

for small p~:osrams Unear sea:rcb. is acme etf'1c,1ent slrloe 

no t!me ia .epet ill aortiag anc1 the progr:am to aoceas • 

entry J.s also quite small. 

ille SJAbol tab1e prov14ea tafomatlcm 111 the tOll.otdng 

'fomatt 

I : I 

SpbOl. ot mazimua D.lne oharac'teze la lceth 1e aton4 .b 

r&llle b,ytee,~. lta cteclam.t~OD. t1elc1 g1vee the irlfomatloa 

about its 4eo'larat1oa 1~'••• 1* tbts 14eaU~ler tiecluea 

or aot. ~. !fhl.e field 1e em la tegJ:al fie14 oooupJS.ag 2 b:ytes •. 

It the J.flenttfJ.er 'is aot defined tll1a tlel4 ls ·ceo ea4 

otherld.ae ••~ 

~J'Pe Of the $)'J:Ilbol 1s also aa •portaat field a4 

is macle of 2 bTtea~· ~bla f1e1d 'telle us the aature rtr 
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the lien tlt'ier. '!he fOll.ottilag tjpe aassaamats bave been 

\18dl 

~JP• BatuJ:e, ot fhe 14eatlfie~: 

0 ~;pe to be 4etermiae4 lateJ:Oa 

t Labe1 

2 Jleal 

J ID.tqd 

4 Dlt»J 

·the actelreas fte14 o0Jis1et& of tw& b,tea gives us the 

ad4.::ess ot tilte l.a'bel U J.<lentif1er 18 ~abel el.ae1t a1ves 

Safozmat1on abQ.lt the atorage space for the vadabl• Gl!' 

atutmg e.44J:oss of the p!!oced.uu. 

S,mbol ta'b~e 1a located ill the 1umor,- u4 oaa ooatatn 

mul.a111fof t024 eJllbole. 

fhe l.1teral table 'oaaiet~ ot cae e.t1:7 for each 

li.tezal 1a the soU.zce p~opam. Its slze ie 4JB&aio.. 'file 

et.ries ue adde4 at the aui of 'the table. Linear aearclt 

le macle to ,fta4 O&at the value o~ tbe l.lteral 1B the l.lteraJ. 

table. 'the Utezal tab1e 1s stored on the uac. One 

record ot 19 b,-tea 1e aesictle-d. to one entzo7 1ll the literal 

table• !'he format ot tlle 11 teral table record la &a 



L . 2JP• I ~ l. Vala. I 
fbe tJPe field ot the 11teral. table 'm.aaeup ot 

2 b,tee gives the nature of 1he 11:tero.l as .shea belcnt: 

tne Ba-.re ot 'the .U.'teal: 

1· Integer 

2 .i'ize4 pom t real numbeJ:· 

3 Floatiag point real· aumbelt 

J'.cm.gth f1el4 aa4e ·up of 2 b,.tee 4eSOJ:"1bN'' the legth 

of the literal. this vU.l be ueett tOJ: next pass., wile 

tile "V&l.lle l)Ut of the 11tezat w111 be convene4 1ft b1 ta. 

Value fiel4 made up o'f 1 S b7tea cot~talD.e the 11 tehl 1a 

the character ~ona. 

~be special. character table ie a penane11t tab1e that 

has ODe entlf¥ tc each temiaal. e,mbol.. Bach ctZ'JiS •• 

b7te. ai1d ccm~s a temillal. chazactez-. tezmfaal. obazac'te.:a 

eze 

(+-/*).JI -,·< •) 
fhla tabl.e 1e orgard.eecl in the main memory aa4 searche4 

11neazt7 ., . 



'· f ltBIWOBl) fABLJ 

£ike epec1al oharaoter tabl.e• kepo%4 table is aleo 

a peJIJlaru:at table whl.eh 1& list Of al.l keJ110zds ot the 

aoarce laDguas- 1D spbo.U.o tom. Thee ie oae . en trJ 'for 

each kerword. Kepozd. table consists of the fol.lcnd.ag 

kft71roriat 

lf the el.ee prooe4v.re begta. soto zoea4 write a4 --- --__.-----
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Algol has aeete4 bloek ad pzooedllre atwoture. fhe 

same 14eatt~J.er aar lle 4eclare4 aa4 uee4 maa7 t:lmea .ill 

dif,lereut blocks and p~oeturea. aad each Sitch 4eclamt1ora 

nat have a tmique a,mbol table eDtrt aseoe1ate4 wl'th 1~. 

lllOCk 11et 'table glvea us bast-e 11lforma.t1on abOilt 

the local yulablea 111 'Wr101la blocks• .Bach etrr td the 

block list omalste of four :fie1dst 

-. 

8aft0Uilcl.iq Buaba ·~ Jtom'ter to Block 
nu'bez: ot •*r1ee ia the 8JJDb01 .1clent1-
bloeka this block tabl.e ftcatloa. 

Bach entz7 consists ot 2 b,.tea an4 la atore4 1D the 

main mem~r. ~total aum'ber of ·blocks that cme C8Jl use 1e 128. 
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atJ?rou.ruU.ag number ot blocks field. tells. u.s the leVel' of 

the 'block. Bumeer -of entries field tells the number ot 

locel. Ytu!i.a'bles m this block. Poin'ter to apbol table · 

f1el.4 gives the polnter to the ssmbol table wher• local 

vuiables are stored.. Last fie1d i.e. blook J.4.eatif'icat1on 

tel-ls the nature of the block. lf' this field is ze~•• 

b.lock is beg!a an.d 1f it ie one then it is proce4ure. 

fbie table 1s used to ato1:e tempora~ labels4t Some 

~abels are require&. which cannot be 1den.t1tie4 until wh01e 

ot the statement is passed and code fo.r that statement 18 

generateel. the cmly at2!7 in this table is the a4firess of 

some inteaediate co4e matrix en'trf'. Each eatt:y of this 

table is of two D7tesi! ~his tabl:e is oa the disc. 

~his is a pel!Jilanent table inside tlut memor7. Baeh 

eBtry ot tbie table is of Y'ad.abl.e else. dependiu& upGD. 

the aature of the error~ Kessage from this table ax-e talten A 

prbl te4 in the error. lleaaage .file •. !fhe fomat of the eeo.r 



:aessag• table .is as tollowm 

Hessage . 
14eUf1catlGJ1 

ERe 
meseaae 

Pl~:at t1el4 is of two. b7tes gl.ves message 

icleatl.ft.caUOJ'l. sec~4 f.S.el.d t.e. erzor Jnesaage 

.t1el4 is 0'1 va:rlable length elves the nature of the 

.error. 
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~a cU.acoverea. Jn the aoarce prO&J!am dud.a,g the 

com.pilat1~ are stored 1r.t the error message !tile. !he 

fUe le etorei • the disc. BaQh record occupies :50 bytes 

81l4 con"tams three t1el.ds. !he entries Ul· the table ue 

made aequent1al.l7 and the7 an printed 011t .ill the .aame 
. 

o•er. Bach ea trr ot the et:rcOJr message ta:bl.e l.ooke like 

as ehow:t below: 

-
s.&o. f1e14 l.s ma4e u~ of' two b.~tea. Statemen.t 

D'Willaer i.e. the statement 1a which errOr baa occurred, 

1s made up ot two bytes. BJ:J:or message ~J.eld :' .: consists 



of ranailling 46 bytes eo.ntalaa a 4facrlpt1.cm of 

eue meeeage. these eft·o.r: mesaase are take fJ:Om 

the error mes-sase table. Bach OD'tJ!Y ot ez~or aeasas• 
'file is prt.ate4. Ollt after the oomp.Uat10A. 

'!he btemediate oo4e ttt,ble coataJ.Ds ( . 011e eatq 

~OJ: each 1Jlteme41ate tnstnotioa. lt ill eludes both tbe 

machirte 1nstwctloa ml'lemGD1cs and the psacto 1nstmet1e 

mJUJmOZt1cs. PCJ: .-ch macbiae 1natmct1on we .need to etore 

a tuee b7te obaraote COde ot eJJDbolic oo4e an4 address(t 

flold spec1tioat1ott. Addrese f1el4 of eaob. 1natru.ct1a 

oOD.eieta of two 1'1elde, i.e. address o~ tirat epena4, 
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8114 address of secOl'ld operaricl. Bach address :: .J again 

consists of three parts namel;v tabla, cede and b~ock number. 

W1tk the above orgaD.isation the format of the .bltemeUate 

oode looke Uke: 

Op.-cod:e f1el4 1s ot three bytes, remainm.g el.l tlle 

oJ.z :f1el.4e are o"f two brtes .. ' Bach ea:tr7 consists of 1 S 

bytes le organised fJil diac in aequetial orier. 
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!these o.re mam 4a"ta etrue'ture used. 111 the oampller 

1mpl.ementatiou. the compiler usee other structures Uke 

stacks, pointers ete. are given in programma implema­

tat.te. $1D.ce th.ese a.re tranalat cl$ta stru.o1.urea arul 

hence are .act d.escr1bed be-re. 'these are described m r.ee­

pectlve implemen tatlcm. paris. 
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Gl 

!Jd.s chapter: ciescd.ttes 1D aetaUs the pbaaes ot 

the cCbp1lez. Bach p-.oe 1e aesisnecl wtth a 'f1xe4 'task. 

Bow this task is done in these pbasee 1s 4eacabe4 here(;· 

l.ogt:e ua. alge1tbm fe each phase ie sivm in 4etau. · 

Bow these phases in 'tenet ts a1so 4 eacribed. Here we 

stll4f' QDJ.y tuat four phases ot the compiler. ~hese 

phaan are l.e:doal aDal.;reis, &JlltaX analrsts. eeman.tio 

anal7sis and 111termediate co4e generator. 

All these pha.sea are mach!De ift4epea.4at. f:hese 

pbaees ue e<llilJined to 1'ora f'irst pasa of the oomp11ez. 

A second pass ot the compiler can be written in vbioh 

optilllteation ·am~· f111al ob-ject code geneJtatiOD can be 

ioae • The geaeJ:aJ. aodel ot Ute compile!! ca be vlsual.ieec~. 

as tol.lowst 

~.-mlnal [ llle4UCUOD8 
table ·~~ 
.. 'r 11..--·-·--·-dr I . ·······- -···-·······---··-.t.. 

so.u:ce H Leacal 
1.., 

SJD.'tax Semantic a a4 ~ 
pJ:OgJ.'Ul Analysis AnalyaJ.a .a.ater-mecli&te ~--- , r!!ode generator 

~ 1 ~~ 

I Stack lnteDnecU.ate 
- COde 

.. ~ ··"" I .. ~ 

Litezal. B1ock List 
~ !a:bl.e Symbol fabl.e 

ftpee 4!'1 The interaction fd leXiCal.. &JDtas 
semaniiJ..cs an« in~erm:ecliate code generator. 
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!he purpose et th .. e 1encalmalya1s ta (1) to parae,_ 

the source program iato 'the bao1o elements ( tokeae) ot the 

laa.auase (2) to buUtt a literal. table• 

the 1Rput of the l.ezt.cal anal,.eia phase I.e a strlll,g· 

of characters A O».tput ue basic elemeats. In ouz: Smple­

meataUca lezical phase is call.ecl whenever there is a need 

tor the aext tOk.ea. At en4 of the earcl flle, COD.c11t1ans 

are set, wb.1Ch Ja4lcatee tltat ih&J:e ia ao mare token 

a'nllatl.e •. ~he 1aput str1q oo•stste of toke 1:s soeae4 

chaJ:acter b7 character tmU.l one token 1s fount. Bach 

character is eheCke4 for legaU.ty, and teete4 to see tt 
they ue break cbaractere.'· CGDaecutive aon-h:l:'eak cbaraoters 

are acCJW'4Ulate4 1Dto a token. Blat1ka are also ueate4 as 

break characters., There are tou.r tJpes Of tokens (1) 

J.dentiflers, (2) 11tel:ala, (') ke7Voris, ami (4) sp-ecial. 

an4 operator Oha.zactertt- J.exical recogniZes each one ot 

these tokfll&•': Comments a.nu bl.anlts are ~ored Jn· our 

!lmpl eaeatation. ·•. 

lni·tially input string Characters are available 1a 

a butf'er.,. ~here 1e one pointer to this buffer area ft:a 

where aext 'tokea i.e to be searched~': fh1& pointer is mowei 



~onazd equal to the 1engtll ot 'he tOken aile w:etum 

18 ma4e. Le#Oal. C·hecks first 1ihe poi:ftte4 charactezo 

tor l.etter. In caee it io a letter, iaput etJ:ma 

J.s SC8Zlae4 vatU e.a 1delltit1er 1e tarmea. Bow there 

are two poae1b:U.it1ea, one it aa7 'be a keporcl, aaa 
secon4 lt maf be a vut.able or .label,., ~ble eo tomecl 

.,4",... • 

14enU11er ts. oepued v1th eaell kepozcl untU a~ mateh 
: 

1s founcl. It there 1a a etch tllerl it means that a 
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tOke ao :torrae4 is a .ke7Vozd. 8114 approprlate 11'1tosatton 

about this ke71ror4 ls returned. OUt erwise it 1a label 

or a va~iable ana heace neees&aJ:J taformaU.oa 1e retumed • 

. If illput po11lte4 character 1e aot a letter. it 1s checked. 

tor aumllle.rle cluu:acter. It it is a fl'f.llUler:l.c Oharaoter, 

J.nput string is seannea Uftt!l a nt.mt'l!eld.c 11 teral ia 1'Qllld 

8114 11 <teral so f:oaecl is stored 1n 11 tezal. table tor 

fur1ber uceasar, intoriaattoa., al14 1eZ1eal. retuma the 

toke aa a .literal., Finally 1t lrlput pomte4 character 

ie not ~ummer1e, 1t 1a Oheekect for eadl delimiter,~. 

It J.t 1s not ,4el.ia:j.ter, esrro~: condi-tions are set 8llCl 

~et\lm la ma4e. Otherviee next input pointed cha.racter 

1e al.eo tested. ~or various combinations ot 4oub1e 

characters c:lelimttera~ 

Wbil.e doiog so there cart be some errors .like 

length ot the J..4eDt1f1er etc. which e.re recorded 1a "the 



!be faction. of the SJ!lt&z phase 1a to recopJ.ae 

the majo%'. eonstmots of the l.M#Jl&ge end to call the 

app%'opt:1ate ae-t1a rOLttilles that td.l.l senerate the 

iatermeUate form or mertiz 'for these co:nstru.cta• Ia 
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<llr compil.er this phaBe is 1mpl4mented b7 one 1._. propam 

tut recogn1eee each construct. Ooa pareer has a input, 

a stack, and a pus~ tab1e. fhe iaput is read 'from lett 

to J:lgh't, one SJJibOl at a time. the s.tack conta.tus a 

atrl:Dg of the tom aoXt 81 X2o2 •••••• Xm••. wheJre aa 1e on 

top. Baoh Xs. is a grammt:tz SJIIbOl an4 eacll 81. la a SJJDbol-, 

cal.led a statet~. Eaoh state ~bo~ SWJ:I1llU1zes the infor­

mation contained. in the stack below it .am is used to guide 

tb.e ehi~t-rectuce 4eciceicm., In ~ actual J.mplemeDtation, 

tlle ~ sJmbole aeed not appear on the etact;.. We 

include them to ezp1a111 the bebaviour ot the parser~~ 

a, •a - a1 ......... .... • 
~ 

;QaVL . 
Driver Parems 
RO\ttme !fable 

.. 

li~Jare 4.2 SNDtax Phase 
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£he program. 4r19i!Ji the parser beha-vea aa tOllowth 

It 4etea1nee ffm• the state cu.rrently mt top of the etack, 

aa4 at, the current input &Jabol. It the ooasul te 

Aotloa ( 1\D•t>, tb.e pta:sins action tab1e etz, tor sta-te .,_ 

aa4 the mput "1• the entrr Act1cm (sa,at) eaa have ene 

o~ few: valueea 

t. Sld.ft S 

2. reiuoe A · -/ 

'· accept 

A coatJ.gw:aUOl'l of the parser 1e a pak whOae ttret 

C<DpO!let 1s 1he stack contents and eose seooll4 eompGlent 

1a the unez;pectecl J.nputt 

f·be Best move ot 1b e parser Sa 4etem.1r1e4 b7 

ne41ag a1 , the canet 1Dput &JDlbOI, and 8
11

, the state 

OD top o~ 'tbe ataek, acl then ooru~t~.lting action tabl.e 

entry Action (1\g•&s_)• ne conf1!PU:&t101le :resalting att• 

each of the •0&1% tJPee ot move are e.a .toUovet 

1. If' Acttoa ( ._,~)•shUt s, 1he pa.raer executes a 

sbift move, entet::ir.:g the con:figuratlon 

Here the puser has sh1fte4 tbe ct1nent illput 

sJJDbOl. at and the a est e=GO!O( ~~n•&i) oa-to tbe stack, 



a... beccaea the aew cuuent JD.p!Ut B'Dm'bel.. -1+1 ,_ 

2. If Aot1CID ( s.a,a1 )C'educe .&--Jl, .then the parser 

exeeutesa reduce ao•e• ater!Dg th.e conftpraUon 

( 8 oX, s,.lt282• • •••X....r8a-~• a1' 8 1+1 •• • ·&all 
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where a-GaRO( '\u-r•A) a4 r ia tile length of fJ, the 

zicht side of the p%0duct1on. Here the :parser ~lr.et 

popped 2a tJJmbola ott 'the staclt (r state 8J'IIbo1e 

and r ~ .crmbola), eapoallll state ...... ~he 

pusez then pahecl bo\b. A, the left o14e ot the 

production, aa4 e, the entr1 tor Action ('a-r•A), 

011to the stack. lae curl:ellt iapd sJJDbOl le not 

changed. 1n a reduce move. For 1he parsezo we ahaU 

ocetruct, X...r+1 ........ ·l"a• tb.e eequace o~ grammar 

SJIDbOlG pop peel off the stack, will always .match fJ, 
the ri.ght e14e ot 1be :re4u01ag production. 

3· If Act101i (a,.,a1)=accept, p~s!ng is completecl .• 

4. I~ Aot:.ion (S.,a1)-error,. the pazser bas 41scoverecl 

a ea:or a4 call.a an errcz recovRy rout11le~ 

We Ulusuate the teetmique •sins the tollo1f1ng 

fP:8IDIIU'J 



<!ltate) :a-u, (!spJ9 tpa 4tate> 

<state) i:• 4Br..> :• <extr-) 

(.espr> ::a 4%pr) + ~>\ ~~> 

~r) :tal 
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(1) 

We make up an .&oticm. matrix whose rows rep:reseat hea4s 

(vld.eh end 1n a te:rm1fta1 sJmb01) ~ nght sides of :r.ul.es 

W.ich. ma7 appear in the staCk, and whose colDillls r:epzeef!llt 

the teminal. eJmbol.s, ineltt41as the aeatenee 4elim.t.r,ter 1. 

~- el.emer&ts ot the matri:x will be numbers or ad.eess.es 

o'f sabrout1Dea. these •'broutmee are action routines fOt: 

:tate:q,retatioa phase. 

I .u !hs •• + 1 

' 1 1 

" 
"(pap%') !ill• 

~> ,. 
<ex,z) + 

1 2' 2 2 2 

ft~ 4~' Pantal. filled ~~:ans1t1.on Matnz 
' 



~he :r:eoognise~ usee the tJ'pieal stack S aad 1tlc<Ding 

&Jnibol w.nable R. We atJ:u.cture the stack a llttle 

d1f.ferent17, appear 1D. a stack element. Stz1nga 

appeartng here 11111 be heads ( wh.ioh e4 1D a. temirt.al. 

8JIIl'bol) o~ right parts ot :zules. lor ·ezample, if tlle 

coa.vational a•k at some poillt contained 

I J1. <ezpr) li a .U. zezpz) thea .t...,var) := 

fhe stack w01ll.4 loot lJ.ke 

<"'BZ) .:• 

it q,zpr) .. -

!1. <expr> !BE 

' 
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Bote that a11 we are 4o1Dg -is keepiDg together those 

SJ11b0ls·wh1cb. we tmow must be ~:educed at tbe ilame time. 

One final. po1Dt we zutecl a third variabl:e u.. It 1-s either 

uptJ or contains the sJmbOl to 11h1ch the last prime phase 



has 'beea reclucecl. 'llms. 1t the partial strbg parsed 

so far is 
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I it <.espr) tk• Jt <._apr> then <_Y&~) :• ~espz) 

lhen the stack WOUld be aa above ana (expr/ w0lll4 be 1D V. 

tb.e recoplse:r uee 'the matrix ae followa. At each 

.step, the top stack eleaeat corresponds to aome row of 

the matrix. stac·e both repref)ea.t the head. ( eneU.ng in a 

terminal s,mbol) of ·some zight part. !he iacomins termirl&l. 

SJmbol a d.eteattnes a col.UIDJl: of the mata.x. these two 

together cleteame an elemeat ot the matl:lx which 1s the 

number e£ a .a1n:011tme to execute. 'ibis subroutine ·vUl 

perform the necesstU!1 .reduct1GD or will stack a aa4 soan 

the nest soa~e apbo1. 

Par exampl.e, tlhea we stari Otat we have I 1D the 

stack 8114 V empty. !he 1ncom1Dg .qmbol., accoriing to 

gzammar ( 1 ) , must be either Jl or 1. Sine e these begin 

rtcht parts. we ttaDt to stack 'them and go otl. !he 1'1ra-t 

subroat1ae ts then 

t: U Up • • tb.ea errorr l•I-1JS(I)•.R;scaa. 

whfte seq meaas to put tba nest G:JIIbol. ot 1he inpt etrirlg 

.into a. !be check on V belllg aapty wUl become clear m 
a aaciDeat. 

&appose 1 is at ihe top of the staCk. that ca be 
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a vaJ,i4 SJillbOl 1n ~ 1 can ~· followed b7 tb.e s,mbol 1. 

then. :• or +. lh&~ we lf&l'lt to 4o ill all these oases -
is to chfU1ge 1 te <ve) • makitlg reduc.'t1on 

•••• "-.vaz) ••••• : := •••.••.• 1 •••••••• 

lftlltrC'Iltme 2 to 4o this ia 

· · 2:~Jl~ ~- •-'"'"~h~. ~z:~or; _Ia_•l-~ 1 Ut• <.:nr~, 
Bach •trts element •. then is a number of a auln~outiae vbieh 

either stack the incomlDg splbol or make-a a red:actiOD. 

!he ataclU.ng is a li'ttle bit more 1n'VOJ.ve4 because ot the 

wa7 each eletneat l.oo1ta. The complete matrJ.x ana 81lbrootinee 

'tor grammar ·( 1) are ill:tkure 4.4. 884 4
._
5

• 

I the!! ,. + 1 

I 5 1 0 ' 0 1 

0 0 9 0 ' 1 

!t 4Jspr)D.ta 7 1 0 ' 0 1 

~).:• a 0 0 0 ' 1 

<apr)+ 4 0 4 0 4 1 

2" 0 2 2 2 0 

J'ig=e 4._4 !ranei t1on llatrlztor grammar (1) 



'a !t, v~ ' • D• error; 

I=I-t; S(I)•li; soaa;; 

21 .&[VI: ' ' »a error; 

l•I-1; 11•' (vaJ:> t; 

'' U U~ '~zpr>' s. U/s • <vu>' iJ!ea ermr 
I•I+1; 8( I)•' (espr)+* J tl=' • J soan; 

4a !tJJj. • <vaz>' a• erre; 

1-.t-t 1 \J = ' <:expJ!')' J 

5a .U U~ '<:PrOC)' a V~ '<@.tate)' tlle ene; 

7c it fiji • <etat.e)' tAg erJ."'r; 

l•l-1J U•'<state.>' J 

81 U U/:- '<.var)' S V/: '<!ZJJ:)' ~!ll error; 

1==1·1; V• '<(et.ate)' ; 

9t &tv; • <var)' s. V'P '4f:Spr)' litR error; 

8( I)•~ 4ur:p~tM!J1; 

· V•' •,; sea; 

71 
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~Ue tecbnl·que is used fo7: our AJ.gol-60 
' aubset ccmpiler. where 1he matrices are all ccmatmctecl. 

b)' han4 .:bl much the same mener e.e we ba•e done. Each 

elenat of the matrix was fillecl ill b7 dete~U1g 

from the lango.age what 1h e 1ncomln8 SJDlbOl oool4 be 

and what corresponding action ehoul.G be perfome4. fhe 

use at 1h e matrix al.l.we4 us to cone a trate em OD.e 

partiCUlar oonstmct at a. time and thus helped bzoeak 

the project up :Into a number ·Of .little one1a. 'fbis 

teolmtque is Yery f:aat, because no eearch1Dg is .:re(tlired 

at al.l.; each sUbroutine lmowe eacUy what. 1t has t~ ao. 

ADo1ber aioe poillt i.e that error recoye~ can be iacoJ:por~teA 

•er7 eas1~7• .Bach aezo 1ft the matrix corresponds to a 

&Jil'tU error anA. s1ace over half the elements are 

ua1all.7 aero,. one can write maa1 routiaea to han4le 

these errors and have several ways ot recoveriag. Wttb 

all the other teobn1qu.ee ao good error recover; has bee , 

4evise4, because one carmot really break lt up easUy 

11tto ab cases. 

Ill thls seetion the aJ.go.ritbm for ~he pa1'81aa of 

the s tatem,ea't 1s 41 eeussed. These rotltine accept the 

·input tzom the lexical ana17e1s ud. generate ifttermedia'e 



-1). 

C"l':) 

~ 

Proee.-.Beg- wr1• 
I u th• eele 4ure. 1a. goto Read te. •• <Rel> • •• (l) - -

fl 5 1 0 0 '4 21 1 1 ' 22 0 ' 6 10 

<tS> 0 0 9 0 18 23 0 0 0 23 0 0 0 ,, 
~ <.tx.p:e>~ 0 ' 0 20 18 at 1 1 1 25 0 1 6 10 

~ ~aplt> theft4>else 0 1 0 0 18 21 1 1 t 2S 0 '2 ' 10 

pzooectu,re 0 1 0 0 35 21 1 1 t '' 0 ,, 6 to 

bed,n 0 t 0 0 34 21 2 1 1 22 0 26 6 10 

s:oto 0 0 0 0 18 2' 0 0 0 ' 0 ' 0 2 -
Rea4 0. 0 0 0 18 2' 0 0 0 28 0 24 0 ,, -
write 0 0 0 0 18 2' 0 0 0 28 0 24 0 14 

<Ye.J:)I.• 0 0 0 0 18 " 0 0 0 8 19 8 0 15 

~rXJtel) 0 0 0 0 ta 2' 0 0 0 23 0 0 0 12 

IF: <I> 0 0 0 0 18 -2, 0 0 0 8 11 0 0 0 -
<l > 0 0 0 0 18 2' 0 0 0 29 16 29 4 0 

U4!zp'b)~<e> '0 30 0 31 '0 30 30 )0 JO .JO 30 0 0 30 

P1g&u.re 4•6 Deois1o.n Matrix :tor pareirlg of statement tor ALGOL-60. 



cocle in the matrix fora. Sillee separate routines have 

been written for ban411ng 1cient1tier, literals etc. whil.e 

implementina 'tile algori1hm, their consideration is taken 

1Dto account. to atuq the parelDg ot statement ~ 

1a taken from chapter 2 section 2 .4.1 • Decision table 

~or tbe grammar is stva in figare 4.,. ~he enulea ot 

the ct eciaion matrJ.s. dcoted by l'l1Uilbers m:e tile .eemaatic 

roat!Jles. !he task ot these routines ie deeorlbed as 

fOllows: 

1 I .u 8( 1)•'bes1g,. as ·-· • ; .u. V/:t' t thea erzoo.; 

1=1+1; S(I)=ll; ecaa.; 

2: lf U/a' • Sh• error; U•'li'; ua.a; acaaa 

it U/t'L' th!B er~•J V•'S'J 1•1-1; ge(BBI.,US); 

1f 11/:' ' I!!B e~; U•'Y'; I=I-1 J 
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41 

5: 11. v-· a• !ltR .u V/'' I 'then error; .u .... ,. thm retum; -· fi: 

7: 

10: 

.U. V/:'V' j!ea enor: 1-•l+f J S(I)•'<ra~=·; ece.t 

JL u,£•s• :the error; .a(I)•JU.<expr);tbf!! <•> •;scan; 

1t VJ'' B.' !lg error; I•I-1 1 U•'S' J ~ea(IIOV US,UtiiDl):; 

U UJ"'ll' Ala err<»%; S(I)e'U.~zp:r:):tha';V=' '; 

cea (BBI CBOD,U~AB); 

if' S(I)J''beaip• thea!&. Uja•s• thea V=' '; it V/f.!f:n.-4 

the error; 1-1+1 1 S(I)= 1 ; scan; 

11a 1fll/t' • ,Shl!l error; V•' •; CIO»=OO(ll)t S(Z)•'J!'; 
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12t 1t U/t' • . thea_ erro~ l•I-1 ; ·u.•:s• J .&.fll~ (CMR VS,:Jl) J 

1J: 

14t 

15t 

t6a 

11: 

18a 

19t 

20: 

sea; 

ca11. to; u-• s• ; I-t-1 i 

ga11 10J V•' S' J I•t-·tJ 

!All ezprJ V•'B' I 

J.f Vt'' • thea enoz; . i•I-1 ; ecaa; 

.It U/t' ' .lJ!Sl. ettor; Us-tl; S(I)•'U<I>' J sea.; 

· error; I=l'!"'1; 

.!fll. expr-; V•' B'-~ 

u_ v~•s• Sbs enorJ 

U-' • J gen (BBI, t 5, V~U) J sea~ 

2tt U I(I)=')!fdA' !btl ,&! U•'S' tllen U•' 'I !!. U~' ' 

then erro~a l=l+~.J s(I)•'besii'J 

221· er~or; J:,$BU 

2'1 error; l•l-t 1 

24: · Ji u,&• s• As -error, t•I-1 J 

25t it VF'8' ShS! e~~~~ 1-=-I-1; 

261 !t v,&•s• :.!Jlea el!'xor; lh=' '; so•; 

21: U .Vt'' a• :~hf¥1_ e~r~J U•'S'; I=I-t; ecaa; 

281 !£ U,l'D' Jhg era:~J V•(S'; l•I-1; . 

291 . U. v,&• ',am erro:r:; tr••s•; lai-1; gea (JJIS B); 

~~ 1•1-11 

31 t S(I)co~ <@spr)then 4J;>e1st~J tl•' t .J gea(BBB 15, tJ!All); 

scaa; 



32: 1t u,&•s• then error; lol-t; U='S'; 

"' error; V=' •; scan; 

'4: if ti/z' '·then error; Ia1+1; S(I)•'I£2•edarp• ;scaza; 

35: error1 I=l+1; S(I)='procecl}y;e' • scan; 

36: U u,&•s• ~htn error; gen {DBDP) acaa; 

In this section parsing metho4 tor an ar1 thmet1 c 

es;preea1on is describecl. Here it ie not taking the SJJ~bol 

ta·blee, e.ttributea etc.. into c»asicleration as these are 

uaef. while implelleatiag. fhe SJataz for the ar1tbmet1c 

exp.-ess1on is as tol1owes 

B :a• 2li+~ )i-!l-t 
~ . I t• F f !*P )t/F 

:P ::a If(i) 

Decision table for ·the above grammar 1e &1 vai 1n figw:e 

4.7. fhe eDtl:ies Of the fitcis1on matris 4Gilote4 by the 

nwabe.rs are tile semantic routines. fask o'E these routines 

is described as follows: 

I 1 lt VIs' • ~·- error; I=I+1; S(I)al\; scan; 

2: if UJ''2' I v,&•B• then error; lJ='B' J Jretum; 

3: it,. U/z'f • tben error; .I•I-1 ; U=' E' 1 genA(UPliAG); 

1: -"· U/r'f' !l!m error; 1•1-1 J gena (VFW.G); 

5• 11' Ut''!' Den error; 1=1-t; S(I)•'e+'J U=' •;scaat 



6: 

11 

8: 

J.! u,&•F• 

U Up')\' 
U Us'•t• 

Slutn e,rror; 

th .E eue:r; 

•• • error; 

l•I+1; S( I)o''l/' J V•' 1 JSC&DJ 

1=1+1; S(I)••f*' I •=· • •aoan. • J' • 

l=I-1; gemnl.(UF.L.Ae); 

9: tt vJ:•t• tha error; I-I-1; v-•:r• 1 geaml.(UFLAG); 

10: 1t U"' ' then error; lJ•'f' 1 Us.RJ VF:LAG=1; scan; 

1 t t .U. V/:s' ' thE error; I=I+t J S(I)=IJ VS=IlJ VF.LM=t; 

SO Bill 

t 2: .U. U/;' • aa error; I=t-1 J U•'f'; 

.u S(l-1)•'1' J .S(I-t }•'( t IS(l-tl='-'»'P HOY(VS)J 

13: Af.V/a' ' 'h!!! error; I.X-1; V•'J-'J ROY (VB)J 

14: J: V"'f'JV,&'ll' )heg el!:rOZJ S(I)='( e)' J tl•' 'J sea; 

15: J.f v;.• ' Ia• erJDr; Iol-t; V•'!' 1 

16: J! V/:' ' !hen enorJ I=I-1; 

,&! S(l-t)•'!*'(8(I-t)a'I/'.Sh!5 V='fl'; !J.ae V='.P'; 

11: U tl#' ' theu em:or; U S(I-1)=1 Sia. return; !lee 

eto 1!; 

18: At V"' • tua errorr a( I)•' <•>'; scaa; 

19: && Vj&'T' .!La errorr I=I-1; gem(U~Jilll); 

20: i! VI='~! ~· beAJ1 .&! U/:' 'the errcm;I•I+1; 

8(1)•·-·' ••• , .ail 

elM I-I-1 I S(I)c:'<f-' 1 V•' 'J sea.; 

211 J:t11t''F1 lJ!!m. e:w:re; X=I+1; gEDil (Uf.ii«P) 1 

77 



the ~ouuae erzor is executed, vbaever a•• 

erzo:r ls 1n110k.ecl. ~he routine geaa le call.e4 ~o 

geaerate an a4d mst:mcti.on. It VF:LAG.O 1Dteme41ate 

co4e genera.te4 wlll be 

where f'liRP2 is tempQQ.r7 location eose adch:ess is an 

the top ot the stack U~BMP. !iMl?t is the aen top ot 
I 

s'taelt. Stack liflte ta poppe4. It VFLAG•t coae is 

generate4 11lte 
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where Ui. contains the ad4rese of some a t%7 in the 8Jmbol. 

table. In this oaee UPLAG is Mt to aero. S1mUar1r. 

SlD 1astmet1on is gtme•ated by this J.'Outine. It is 

generated when top of the stack S ts e -. S1.mUar 

tnterpreta:ttOA .18 tor GIIML (tor mal ti.pl.1cat1on and 

41vision)., GBZDt {for urd~J:7 Operation mmus) Gnd.. MOY 

(~o. transterr11'lg ccmteats). 
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I ( + - • . l ) 

I 2 1 s 20 ' ' 0 11 

•• ' 1 4 4 ' 1 4 11 

·- ' 1 4 4 ' 1 4 tt 

8 t s a 9 9 a to 

11/ 1 8 8 9 9 8 10 

- 1 1g 19 21 . 21 19 1 t 

1 ,., 0 12 12 ,, ,, 12 0 

( 0 1 20 1 ,. 11 

15 0 15 18 16' ,, 15 0 
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ifhe entries iD the 4ec1e1oa mat~:1z tor apreasloa 

are different from entries that appear in: deoiaioa matrix 

for statement. ~hese tmtries indicate the action ~:outifte 

to be ezec11ted aext. A sera entry in the 4ee1s1on table 

indicates tbe syntax error in the -sou.rce program. For 

example an expression cannot begill with .right paraathes1e. 

fheee action rOlltines are executed and. appropriate inter­

mediate code is aeu&ra\ed. A cleta.Ue4 information. about. 

what is done J.n these aetioa rou~iftes. is g.1ve in the 

interpretatio11 Jhaee. 

thi.a phaee is a collection at routt.n.es tha·\ a:re called: 

lfhen a eoxu.:;tzuct i:s recognieed in the SJ!l'tactic phase. Tbe 

pu11Joee .of these routillee (called action zoutines) is to 

create an intemediate tom of the smarce and up4ate the 

i4eat1f1er table. the eepa.re.tioa of this phase from th·e 

SJ111iact1o phase is a logical 4iv1eton. !'he latter phase 

:recop.lsee syntactic constraeta llibUe the toser 1ft.terprete 

the pr-ecise meaatns into the ma.tm..x ot: 14entif'1er table. 

Sptas analysi-s eall.a the interpretation phaee. Ill 

ow: .1mpJ.eraent;at1on tbere is no ol.ear cu;t l.ine where -&Jlltax 



81 

pllaae la over and tbere aemantics starts. Oaoe a constzu.c1; 

is recognised thea its 1a:termecl1ate code 1si.:aenente4. Ae 
I 

we have .-en .in the 87Dt&Z phase, there are aoae entries .:LD 

tb.e 4ec1sia matnx, iheae entries are 1b e numbers ot the ' 

acti«l zt0tlt1D.es to be ezeollted. the pvpose of these aotioa 

roatlaea is to clteok the Worma:t:1on associated with the 

tOp of the stack ad incoming tqmbOl. I,f there is no 

matohiag aa erre messase is recorded in the erzor aesease 

t'ile. It eeme constact is rec-ognized u4 tbe-re is AO 

~r of aay kmd, the Jateme4late cod-e 1a generated 'for 

that oonatract.. Semlmtios tor variou eOJtstmots ls 

sat.tmari.sed. as t o~lows: 

COBl)j;fiOIA SZA~Bm{'l 

fhe uwal. tlefi:D:lt1on of a oondJ:tional statement 1s 

~tatemct1>••• <tt clause><!tatement2)dsa ~tatement3)l 

~ cl.na~Lfstatemeut2') 

4~ clause)::• _u ~Jib)tU! 
.c(espJ!b >: :• ~'far1 )~elo,p)Lyar2> 

( 1) ·ORP V1 , V2 (1) CJQ V1._V2 

(2) Bml CC,q+t (2) BB CC~-9. 

~tatement2> OR ~tratement2> 



(cl) · BJii 1S,r 

( q+t) <1tta,eaent3 > · 
(r) 
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(q)' 

Dee (JC is the CQD.41t10D o04e for 11iich br8ftch1Ds. 

is to ta.ke place. It CC=15 then it is a "Gnoon.d1U,ortal 

bzancb. fhe code BBR 1a gcmerated by the routine . for ~it 

clause.>••• U c(expr1»> ,$he. ot coaroe., " cto aot 1m011 

whe~e to bnneh prior to pus1J:as .of (statement!> • to 
ove1:come this 4~ficlllt7 we atack the address of this 

ea.ti:J't aad Y:hetl zetatemeat2) :I.e paasecl tb.e ataok ia pope4 

aa4 aO.d.rese of that .entry 1s ~ill e4. In actual implemen­

tation theee addreaeee are stoHA :bl a table and their 

refeeaoes are made thr«tgh the pointer. It it is a 

l!· then ,lAA statemeat then there ie a ~ittle problem. 

Irl this eese -ranehing ad4reas is q+t aad at maUlz entra 

t • theM 1a an ·1ud.epen4st branch r ~ ln order to mow 

what 1e the actaal ad4ress r, value q 1s a"tack sul pope4 

whea ~ta'tement3_>1s paraea. 

tfheae z:ou tines a:rea: 



Check <'ezpr'b) is •oolea. It tal.se •• 
ea:ca. Geauate the Bill eode. save the 
uctress of this 11eW1.7 s•ented etl:)' in 
the ataek •. stack 1111~ )e pope4 wllfll 
<etatemenU> .Ul. be puaed aa4 cOde '~• 
it all. bee generate&. CUrrent value o1 
the aau1x ent17 1s the aG«rees ,._ branoh 
11'UJtwC1d.OD • 

s.- .ia pepe4 whick octaiDect tile matnx 
entQ" m whlcb mG41t1oation of the ai4ress 
portlOD is 'lo he done. tlle next mat:is 
atq is the actual. .ad.dzreae toz the branc'll 
taatno"tim. 
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Ill oar a,ntaz, label ue 4e~1De4 as fol.lowe' 

~t-emeatt) : •• I• <(etatemat 2) 
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where •1• 1e the aoateminal., meaniag 14eDtJ.t1er. 

1:he labels oan be ze~erenced before theJr actu.al 4et1-

n1t1GDs~ lie eite the ~ollowin& senant1c routiDe: 

~abel clefuitt•? ,at• I a 

search the 14etif1er 1D the cuaent block. 
U it 1s not there. )>ut 1t .·-~in the &JIDbOl 
table and make 1t aa a l.aael. 
Ii 1:t is . 'alread,- theJ:a. aalte ~• it is a 
.label~ If lt 1s alrea4)' •eol.are4 pa-!.nt encr 
message .1!1 error ttile. Otherwise set 4eela-

, raUOD bit aad fU1 the add~:eas. 

fhe aema tic r•t•e for branCh gOto I le 

~tatemeat1) c :• SO!O I 

search the 14ent1:f1er in the tn~rrent ltleek. 
11 it is not there ;ut it ia sJmlJOl tabl.e 
aa4 make J.t as a label.. Jlalte it unclecl&Zet. 
U 1 't is there; J.~ 1 t n·'* l.ab el. t7Pe pr.lat 
messaae. Gaea~ 1he bzuoh mau1x cotte. 
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A ecapoam4 statement i.e a block statemen.t U there 

is no clec1amUon statement avauable 1rl 1t. So ve vUl 

41scuss Oftl.1 block atat•ent. Geneza.l block statemet is 

wh,ae L1 is a label. Dl(t~i~a) ee 4eolara'U.aae u4 

SJ(1,J,a) a%e etatemeata wblch ma:y 'be block atatementa. 

f~e synta& ot 1he block can. be wri tta &IJJ 

(t) <)look begin/,::. bfA 

( 2) 4alock/ : ,. <!Jloct begln) /g;eclaratlona) r 

~statements) Jm! 

We open a block wha zoOilU.e ( 1) 1s eseca te4 cut 

close lt vha zoCGtine (2) 1s ez«mtel. When a bl.oe'k 1a 

oloeecl labela are looal t• th.e non SGUOUD.4e4 t.look. 

More details abOLtt: block stmotun has al.J:ead7 ttea 

41,a~$eed lrl ehapte III:· 

General fGnD of' our arJ. thmetlc espzoes.e1oa eJ.DtU 

le as f'oll.ovat 

Bl1-'llB+'fl&4}-t 
1!: :.P l!•!' }~/F 
P11.-I l( B) , 
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,. statq the late~:~~ecllate Code Pbaae. we 11se the 

nlee o~ epe•tc p~eoedenee., . to associate tile pzopez 

ope1!811la wl.ti:l aa Operator u4 thea pt the operat1ou 

Sa• the matr1z lu the sef{QCOe the)" ehoal4 be .. ezeeute4. 

We wUl tiscuea ... oue J:OUtiaea aa follows: 

fld.s ro.a.tme requizesAO ~p1e~to be e--.ate4 

because no 1)~ o.p~U• 18 "Jnwlved.: W•uaJe• GD17 

loOk ·up the 14eat1-f:J.er iD the a,ml>o1 table 8114 aaaoe1ate 

l.te entr7 ld.tb<'-..6. we. thUs. haYe 'the seraentte »out.iae 

.Look u.p tile ••• uaoetatecl 
wi'tll tile 14eatUier. If it 
ie aot availabl.e gift efta 
aesease• Auoolate the 
a44l:ess 'ot the table eatq 
nth ~r). 

fbe 1'1:• (B) •. zequ.1l'ea ao (Udaple.e to be aeanate4. 

8lmpl7 we ha'O'e to asaoetate eatr, wto. P. We tltus have the 

semantic roatlae 

l'tt• (B) 

Aaaocta'• tile a4tb:ese 
ot upresste ctzr 
vlt:h 1aota ·eatrt. 



-~-- 8 7 

Senarttlo rGatlaes f'or BJ •-'~• BDd !: t•F a:te atmllAr 

to that 0'1 Ftt•I, aa4 P: t•(B). 

Ia this routiae ~lzst 'Qpe ot B and t la checked it the,­

ee ot 1be same tJPe ad4 tastmctia 1e genera-tea_. If 

tlleJ' are aot ot tl1e tUlllGc ·tJpe, tf 1a first ·c•verte4 to 

'the t7Je of I an4 tbeDaew -~ is ueed tor &44 Jnataeuon. 

Sial1ad.;r we have aemantlc ~oat1nea for 

fa:Jf•F,f:ha!/Faa4 Bt;•M• 

, .. 111:-t 

a simpl-e J.natn:ction. 1s generated i.e. liEG aa4 suCh new 

eatrJ' is usecl as an expreasie eau,. Ite tJPe :1.8 a&Dle 

as that or~. 

l 
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CBAHD V 



~he p.e&e81lt work COD1aina the .Sapleaentat1oa or 
the tt•at a4 o~ the AJ.gol.-60 abaet. tllla 1aclu4ea 

lexical. analfds, &Jiltax aa&J.yfd.e, eemaaU.oa usl,-ela 
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aa4 ·tile Sote:zme41ate code sGD.eza'te. .All tbla ~las beea 

t.aplemeate4 Jn PL/1 • EC to20B. fhe tlhole t.mp1eraea-.u.on 

oODtame matlf ntu~oattaea w1tb a .mam p7!0gram to start 

aad aut the JOb. Sabr«ltiaea ~or s. well 4ef'iae4 ami 

p~ecle'tenifled .task. !u oompilatioa atai:ts ld.Ut the mam 

p~ when t• reacts a e-.rce pzopam ca.r4. Vadas -

8\lbrOlltiDes BZ'e cal.l.ed to ouapil.e it. ~he ~ocess ·Of 

rea4ms a card azul umpilmg 1t is cont1Due4 Ufttil the 

en4 of souce p~.. fhle chapter 4eeo:r:ibea the tunctioa 

ot vaz!oae sultroau.aee ,.., part 1a oompUatltm ot 

Alaol-60 subset atatellents. 

2•1 RAJI PBOGUJ 

thls prograa caalata o1 4eel.aut1ou 1a tlbioh acme 

neoeasarJ 6la Is 4Gf1ne4 aa4 1D1ttal.he4 to meet the 

Hq,\11ft1Jlatt. FU.ea, ~ meesagea are also 4ee.lare4 m 
this e-ectiOD. ot the pz:ogzam~ IatUal.i&aUoa ot staolt 

poiaters, an«. otbQ talpOJ:tant "t'U'lah1ite 1e done !D this 

eect1on.,. Xt the pawses control. to BA!li 8llbrout1ne ltl1ck 
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1a a roatine performiag ihe taa't ot paraiag a atateaent • 

2rhe fi.A!E 11Rlbrw:t!ne then coa-.ols tbe now aacl oaU.a the 

othe var1•s 11811tlrlee vheeve:r req&Uet. Whm "be SOQZee 

pJ:Ogaa eda tl11a S!MB retuaa o-.trel. to the maU. progl.'81D. 

It tha prepuee all. the files for upclat1on aa4 oloee& the. 

Atte&" closlDB the tlles :ma.tn prosnm termina tea to atOp 

eomp1la-t1oa •. 

this is the most impctaat JtGatine of the ooapUeJ:• 

It ia 4eeipe4 for paralog a statement ot Alpl.-60 sabaet. 

It calla GESll, BUll. B:r&,l,S• .IEUIB • DROll, lO, SBAitCBBt 

SEABOlt, DSJB'i' ea4 other routines to complete the process. 

Bow thle routine pazaes a statement 1s esplai.ne4 ill eaaptezo 

IV. !'his rOllt!ae aaes a a tack s anct an iaeomlJJg epnbOl, R. . 

»ependmg <Ill the top of the stack •« 1ncomillg SJmbOl a 

paJ!Ucul&Jt roa:tlrle la •ecuted._ In case"top ot the atack 

artd iaccmillg aJmbo~ ere not matcb.ms aooorCilag to· the SJiltU 

ot the ).angu.age an error con4111on is, deteotea.. An erzor 

coo of f01.U: characters 1s p:rJ.nt-e4, f1rst tvo cbaJlllOtera 

eh-ow the 'lop ot 1be siack an4 l.ast~oonclude tile lU.e-- _ 
matchiag of kepods or 4eltaetere~ t:o 41attnsulsll *ribeJ: 

the error oecarea 1D the statement etmcture ozo Sa ezpreaaloa 



atnoture another Character is prl.D.ted al.·OllC w1 th the 

errOl' eo4e. A11 •s• meaDe a eno:r ill. parsmc ot 1he 
. f~at 

statetaeu. aa4 a •E• 1n41cates"'in the expresst.a. 

After priatiaa the em:e messace 1tl the error meaease 

ttne. the atatemeat UDde cons14ent1on is isDOred and 
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the sack ts pope4 up ez.eept titum 1t Sa begia ·02 p•ceture 

etc;. low. 1nJUt string is soarmecl atU eu4 ot the 

ourreat s-tatement 1s ~ouaa. Ia case. there is ao enor 
1a the c•rrcmt sta:tement, aa error ~zee 1DteDlel.iate eo4e 

is geerate4 f<m this parsec statement. Intezmedle.te eode 

matztz is available 1n CO»U tile. .At th• eact o~ the 

SOUJ!Ce pl!'Opam file, CPl£1, this routlne paeses oatJ:C1 

to the ma1a propaat 

i'his rouUne scans the input etr!ag untU a tOke 

.i.s touad. so as to be 14et1t1e4 as 1·exical anal.per. 

Tld.s routine 18 ca1le4 whenever there 1s aeed ot a tokea. 

At the end. ot a•rce. propaa .tile. C.FILI. 1t »-'uma tAlcO 

llhieh te a s1pa1 tor 11.\e eacl of 1he soazee p~. fh1e 

rat1ne limits the length o~ ihe 14eaUt1er at 10 c~actera. 

lt'l case it exceeds 1te l.ength ot 10 Ohu-aoters. aD Smme41ate 

actt1GD. J.a taken to twaoa•e the 14eat111er aacl a wazrd.ng 

alongvith the l.iating of the eouroe fUe is printed oat. 
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lil'terale are also deal.t With e'ialla%17 eaept that tile 

liteJ:Sl. legth ~or Sn:teger is taea ·to "be to ehara.otera 

and that ~or s-ea1a 1s t5 characters. ~hie mut1ne also 

cheeks ever7 14euUfle fu a pese1ll1l.1t,- ot 1te betaa 

lteJlfOd• Henoe1ff'f.eJt7 14en~1f1e~t tokea is compRe4 w1th 

the •t•:les 1a the keJWOrcla tabu. It a match 1s foacl 

code ;to~ kepoJ:d is zet.uzone&. othertd.ae a cote for aa 

Uentit1ezr 1s returr.tet. Sta.il&rl7 code for aumeneal 

l1teral.e, opemtore ad c1el$metezs are returned. 

tble 2oat1ne scaae tile lnp•t etr!Ds -.tn a &JBtact-1-

cal17 correct expnaaioa is tO\Ulfl. Illtezmetiate eO\te ~o• 

th.e parsecl agresS1aa ts the• seaeate4 81'14 etore4 Sa the 

bt'eraecl1ate oode fi~e ecmu~ ~hie routiae 18 proVided 

w1 th a pointer to the input atdag tam 111e~e e;zpreaeloa 1s 

to 'be· paaae4. Otl utum. ttde pomte ia at the ea4 ot Mae 

exp:r:eesloa. It al-so ~etu-ma tbe po11lt•r to a tempeaJ!7 

location, where ae va.Lue ot the pars:ecl e.Qres.e1oa WOtll4 

be avaUabJ..e. 

~-- a a'tack ;I aa4 ~ ~ 8Jilbo1 a. JJepdilag 

Oil 'tlle top ot ~tack aa.4 inooaiag Qmbol a putieule rou:tiaeis 

.aecute4• Ia case;·tog ~ the ataok a-a4 a~•ms spbOl.e ue 
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aot mateb1Dg aocod.ing to the sptax aE the arltlnleUe 

eK})resai•• desczt.be4 ln the text. an erzor ooruU.tie 1a 

4etectte4. <Aa eaor oode of fOUJ: chamcters le prii'lte4. 

first two. chuact.en shovtng the tOp ot 'the a~ack an4 1aat 

two the 1D. camms apbol. Oae extra cb..R&Ctet: •B• 5.8 also 

, prlD.ted. with the eftOr CO·de which i1'141oate that error has 

oceured 4ur1n.g parsing of the arltbaetic ezgresa10lh Once 

• euor baa been. 4et:eoted this routme tzeaste~coat»>l to 

the S'lA<fB. 

!hie roatme iS call.ed b)t stJfB, tor ceeraUag 

in temecltate ootte to~: Snput/ou.tput statements. t:td.e 

roo.tSne is pJtov1ded with a pointer to the input striDs 

from where, 14ot1t1er Ust '"• iapu.t/oatpu.t statement, 

I.e to be parseel• this routine eoaaes the tapli t std.DS 

'fttil SJjltaot.iOall.J' 00d80t 1npu'l/0111tput statement .is 

tou.tl. lhlring this p1:ocees lt gcerates 1be 1nteme41ate 

code for the parsed atatenen.t, mul on 4etect1oa of some 

erzor, eue condition i·s set ani this ~:oattae t~steaes 

ccat:JtOl -to Sf/tlii vheire 1t pri!lts error mes888•·· 

!lhie r011ttne is calle4 ~o gensate the iatemediate 

eoie ill proper ,.ormat~ ~hie roa.'tme is cal.le4 by Si.'ATB. 



' 
~he 1rlp11t to tb1s rou.t1D.e ls a1read7 provt4e4 by S!Arli 

b7 meaaa of 810ba1 ~b1ea. Inteme41ate cocle J.a 

availab~e b. OODD. 
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tld.e :rou'ld.ne :ls cal.1e4 by Bti!E. I't 1a eall.et ta 

.matd.ag a new eau,- ia tlt.e bl.ock liet. !he iapllt of ttds 

routine 1e a pointer to the current block entq aa4 blOCk 

1cle:t1t1ca11a'l. With th1a 11lfomatiGD. lt creates a new entZJ 

1a the bl.ook l.i.at, t.be fields 111 the ne14J ozeatei atq 

are f11l.e4 as 4esc·rlbe6 11\ ehaptel" III. 

this ~tlae 1s caUed 'b7 ft~B.. It 1s called whenever 

S!ATE ftaaa en4 ot a bloat. At this tlme all. tile entJ.-ies 

belGD.p.ug to the eurrat bl.oek are tzansf~ect to 1ibe o&ez 

aul o'f the srmbol tabl.e ~ If 1he closed b1ock 1s a proce41ire 

block:~aU the laltel vutablea are l.ocal 1:o this pmced.ue 

&4 henee.~eheeke4 tor their declua:\:1cm 1d.th1a this pzooe4llzoe. 

It these an not 4ecla.J:e4 esor message 1s recorde4 1n the 

error message fllei .After. elosing a bl.ock. eaftmt block 

ls aut nr:roun4e4 block~ All. the variables 1h1ch ar:e a.ot 

local 'o the closed block are aow .local to the currct 

bl.Oek~, 
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t!d.e rotlttne is oall.e4 tor ae&1"Chiae aa 14e:atU1c 

1a the current block. It Ud.tialtses DaCJBL vanabl.e with. 

aflUiiL atul th.en tnns!er;eC..tro1 to a J:OUtille SiDltBII. It is 

uoth1Dc to do moJre beoauee au seazchiag-wcn:k 1-s dcae "b7 

SID&li. tlhe SDRBI. traattfe~· coat1:0l to BIARCH, it wan~ers 
. l the. . 

ocratro1 1 pak t;o)\calle4 ~une. · 

this r011tiae does the aame WRk, vbat is 4oae b7 

SJARCJI. Inetead. ot eea11:0h1Dg aa 14eat1fi.er wlthta the 

carn.at b~ook. 1t searches it. Ia all th.e .Sflrzoua4e4 b-l.oeka. 

2hle rat1ae is cal.le4 b7 slWlCB an4 SBAROBB. The 

t.Dp~t to tld.a 1:011t!ae 1a the bl.ock aumbu td.tblD vhioh an 

lthmtUier ta eearet~ect. It .uees block ll.et tor tlt.at bl..ook. 

Block Ust prov14ed 1-t the aumber of et.ries ill the gtva 

bloek and. a pointer to the symbol tabl.e for that block •. 

lflth thls ~tormau.oa it makes a l.taeaz search m the ap\bol_ 

tat.le~~ If 14eatU1er is touct, entq poJ.at to the splbol. 

tabl.e for ·tbJ.s 14eat11'1e is tzaaeteZ"re4 to the oaU.ect 

Jrrogzam. If -14ent1tier 1e not :tom4 ooo.e-o eet arut eoatrOl. 

1s transferred to the cal.Ung propam(_. 



;., . 
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thle routine is ueed to insert a g1 ven ident1f:1er 

into a currm ltlock. Given i4entULer i.s luserted .at the 

top of the stack. Inserted variable tJPe 1s set -to zero 
... 

(which ia a atsnal that 1dGntit1er tJpe ts unkDotlll) lllld its 

4eel.arat1on bi-t ie also sent to· zero. ID. '"tb4f bl-ock list 
entdes for the ourrent bl.ock are al.so m0c11tied. For 

example aumber of entries tiel4 iS. 1ncremeated. .Ute 

-this roGtlr.te makes a aew eDUJ' 1zt block 11et. Block 

14eUf1oat1oa flelcl is ee-t to one(whlch tells tbat b1oott 

zep~eenteo b7 th1a block la a pl.'Oeedltre}. Humber ot eu.tr1ea 

field is set to zero._ foillter to the top ot the epbol t6bl.e 

is nored 111 po1n'ter to ihe &JilbOl table tiel4. Other 

ataes of block 11st are al.so mo4it1e4. Then 1 t tzanst-ers 

control to the P&OCID,. where parsillg of procedw:e hea41a 

clone~ Wb.s it receives control. from the PB.OOID thea it 

trar~sf e:r control to .S!Af'E-. 

this rOlltiDe is Called b7 PPROO. It par.see the 1Dput 
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striag untll. ttte proeectu.r'e head 1e define4. .Dwdag 

this process, it calls DeLB.lli to parse declant1on. statements 

appeariag Sa tb.e procedure head. All. tbe 4eolarecl variables 

are stoJ:ei on tbe top of 'the stack and 'Various block: 11at 

en'tr~es are also m.oclified. Dadrlg this process it" sQlle 

error is 4etecte4 it is printed ·Ollt. 

5.15 OPBLqJ 

'fb1s J:Oiltine is calletl by STAfB to Open a beglil 

bl.ook. lts purpose is to create a block list eaactl7 

1n the same marmer as is done 'b7 OPPaoc. It calla PCLRliT 

rout:l.ae for pars1Dg declaratia stateents. 

!hie rOll tine is called b7 OPBLOlt 8llC1 OPPROO routines. 

~his roat:lne 1s prov14e4 with a pOint• to the tnput std.q 

tzom where declaration statement ie to be pan~d~ .Ul the 

'9&r1abl.e• occu.ring in a declaration atateme.nt are p1aee4 en 
, ' 

the top of the SJD!bol. ta.lale and bl.ock llst entd.es are also 

modified~· When there 1a no more 4ecl.arat1on statemell'tt it 

transfers CCI'ltrol to the cal.lin8 pzogram~-
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provi4e4 w1 th a point• t.o the input atJ:tDg, ad 1 t 

ecaaa the mput etriag;un'tn. sd ot the statement is roun4. 

fh1s 1s don& to :ipore th$ cw:r• atatemeat. 

Besides tbe above desonbe4 routines, there are 

a tew mOJte ZOllUnee Whlctt perfom ~he jobe 'to compl.ete 

the process ot o•pUaUa. 
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LAX T=00004'IS ON CR00013.USING 00300 BLKS R=OGOO 

0002· ALGOLS: PROCEDURE OPTIONSCMAINl; 
0003 
o o·o 4 
o o o:.'.'.i 
0006 
()[)()'? 

OOOB 

() () ·.i. 0 

001? 
OO"l.:::S 
0014 
() 0 ). ::_'i 

o o·1 6 
OO"i.'? 
0 0 ·.t. D 
0 0 ·.t? 

·. 0 0 ~.:.:. () 
() 0 ;;?, '): 
0 0 ;_::~ ;,:.~ 

()();.:!.::; 

0 0 ;:.~4 
0 0 ~!.~.=.:.i 

0 0 ~:~l f~ 
00?9 

\ o o::~: o 

() 0 :::') ;.:~ 

0 0 ::~:.':) 
0 0 ~:~: . .:f 
o o:::;:.~; 
oo:?::6 
0 O:?i'? 

0041 
0 0 4;_:.~ 
004:3 
0 04·4 
0 0 .!+ ~::; 
0 0-4~:j_ 
0 () .<:;. '/ 

0 04El 
() 0 ;.:;. 9 
no:.'.'! o 
00~5"!. 

o o :.'s;:.~ 
0 0 ~:_:.; ::~ 
.o () :.";,:::. 
0 0 :.'5:.'5 
0 0 ~:=;~::1 
0 () ~.:5'? 
0 0 ~:.:.iE{ 

l': fj {. ...... 
0 \J •.:i .,:). 

01164 

DCL. 

I IJ t·~ ·r ~=~ 
I J)f\!-r -.t . 

INTGP 

E) ·~( f··l ~H ( 1 0 ;.:.~ ~:·:} ) 
· ·r Y P E: z 1 o ;_:~ 4 ) 

DCLH ( 'J. o;:?.4) 
l1D:O~:;:;; ( 1 0 ;24) 
UCODE <. ·_; 0 ;~~4) 

. I)L.Cl<EN( 1 ?B) 
BL.f:t< P T ( 1 ;.=.:~:5) 

bL.Cl< ID ( ?B) 

C~{Ji~ R E~L. 
'fC)PEL. 
L.P,STEL 

·L.ti!::lTJ:Ji... 
nEt,L.b 
DCDDE . 
G!TtJH P L.F 
•:······ ,1, ..... 

.L 1·· L.Hi:.: 

·CDDE 
T 
J. 

.J 

L. 

Ni'·! 
TT~:~ 

1-:{f{/.:.~ 

c::c:.;:_:~ 

Cl· 

l< L! TEt'iP L. 

i''rl'': 
I .. Jf' 

Fii...NK 1 

INITit1i... 
CCD<J.O) 
I !\~ I T I r~, L. 
)'3("14, 1.4) 
TNITI(iL 

CH(lR ( BO;. ·' 
C~l··lf.~i~ ( l ) ;. 
CHtii~ ( ':i) ·' 
t~ l .. l ~~:·, F!. ( ~? ) J 

CH{~r~ < '?? > , 
t~J·i i:~ F~: ( "J. ~;.:; ) / 

Ci .. it:iR ( l.? :~:.~) 1 

CHf:,F{()l), 

FIXED BINARY 15>, 
FIXED BINARY 15>, 
FIXED BINARY<l5), 
FIXED BINARYC15>, 
FIXED BINARYC15>, 
FIXED BINARYC15lj­
FIXED BINARY<15) 1 

FIXED BINARY<15>, 
FIXED BINARY<15) 1 

FIXED BINARYC15) 1 

FIXED BINARY<15)) 
FIXED BINARYC15>, 
FIXED BINARYC15>, 
FIXED BINARYC15>, 
FIXED BINARY(15>, 
FIXED BINARYC15>, 
FIXED BINARY(15), 
FIXED BINARY(15>, 
FIXED BINARY(15), 
FIXED BINARY<"J.5>; 
FIXED BINARYC15), 
FIXED BINARYC15), 
FIXED BINARY<15>, 
FIXED BINARY<15>, 
FIXED biNARYC15>, 
FlXE» BINARYC15>, 
FIXED BINARYC15>, 
FIXED BINARYC15>, 
FIXED B1NARY<15>, 
F~XED BINARYC15>, 
FIXED BINARYC15>, 
FIXED BINARY("J.5), 
FIXED BINARYC15) 1 

FIXED BINARYC15), 
FIXED BINARY<15) 1 

FIXED BINARYC15>, 
FIXED BINARYC15) 1 

FIXED BINARYC15) 1 

FIXED BINARYC15) 1 

FIXED BINARYC15>, 
FIXED BINARYC15l, 
FIXED BINARY(15>, 
FIXED BINARYC15) 1 

CHAR<'?2)INITIAl...C(72)' 

FIXED BINARYC15> 

/ i 
•' .~ 

(10,6,12,8,2,4,4,2,~,2), 
FIXED BINARY(15) . 
(4,8,2,6,12,10)10,12,10,12), 
FIXED BINARY<15) 
cs,o,o,o,o,o,o 1 D,o,o,o,o,o,3o, 
110,1,1,1,1,0,010J0,0,0,0,30, 

101 



0 0 {::t:? 
0 0 ,;:;:~3 
0069 
00'70 

0 0 '?!.'.'j 
D 0'?'6 

o o:?t5 
00:7~} 

0 0 ~:~ 0 

0 OH-<'f 
0 D ~:~·:5 , 
0 OF:t:~ 

00?·4 

00')6 

OO?B 

0100 
0:! 0 J. 
o 1 o;? 
0103 
0104 
o 1 u:~.z 
0 l. Otf . 
o 1 o·;.:-· 
O!OB 
010? 
0110 
0 11 l 
() ll·? 
01 :t3 
0114 
0 ".! ".i. ~.'.) 

0116 
01"!.'7 

\
")•! •I 0 
.. ! . . \ ( 

0 1 ;.:.~3 
01;~:~4 

0 •J. ~:~:.::.i 

0 l ;,:~(:;. 

0 ·_t ;:_:.~:::·' 

o 1 ;::.o 
() :! ;.:) 9 
0130 

CC) ~)Et~t ( :~:) .:t ~5) 

I~~ I ·r I f.::L. 

(~ ( l 4. ;· 1 ..q. ) 

I l···1 IT I trL. (2,3~3,8,8,19,17,0,15) 

"1 } 1 ' •J. ·' 1 ·' 1 j "J. ) 0 ) 1 ,• (} .> 

~~; ) 4 J 4 _) t~ .~ ~=~ .:· ·J. s) .> "J. ;~:~ .!· ~s ) ·;, ~=5 .:· 
20,.4~4,S 1 8,19 1 12 1 20 1 18, 
6,6,6)9,9,21,13,6,16, 
7,7,7,9~9,2"1,13,7;16) 

014)4)8~8,19,12,14,15, 
1 1 1 •J. ".!. ;· 1 '1 ;· 1 0 i "). 0 ·' 1 1 i {) ) 1 1 .> 0 ) ) 

·········.,-- ··· ··· • ' ' .. ) · · ··• ·r :·.1·r ···· .1. "I r 1 ·rn ,,., .• 1 .. ,"~"".'"' .,.r··· 1 • i f:: . .i\ ~ t.t t.: j''f J·~ j-.;, ( I .. ) J. t '•.; 3. j .. i"f •.• .. I i'.;, •• .f i '-: l..·l~ t 1::. J.~1 i \.J } .:· 

TEXT1 CHARC24 INITIALC'THE RELATIONAL OPERATOR'''), 
TEXT2 CHAR<B> INITIAL('''IN LINE') 1 

<'DOES NOT MAKE A SENSIBLE COMBINATION'), 
TEX~4 CHAR<lO) INITIAL<'CHARECTER''') 1 

TEXT5 CHARC37> INiliALC'DOES NOT BELONG TO CHARARTER SET ') 1 

1EXT6 CHAR<23) INITIAL~'THE FIXED POINT NUMBER ') 1 

TEXT7 CHAR(56) INITIAL 
('EXCEEDS THE MAXIMUM FIXED 1 FLOAT POINT.LENGTH WHICH IS 2'>, 
1EXT8 CHARC18) INITI0LC'THE FLOATING POINT'>, 
TEXT9 C~ARC63) INITIAL 
('EXCEEDS THE MAXIMUM FLOATING POINT EXPONENT LENGTH WHICH li 
TE>CfJ. 0 C::Hf.~R C.~6) IN:CfH'rL( '! .. JH::t:::L. I::l NDT r~N IJ.JE:!"-fTIFlEh:-' >, 
TEXT11 CHAR<33) INIT~AL('VARIABLE. ENTRY USED AS LABEL') 1 

·1· E:: X~ T ·.t ;,:;~ C I··~ {~f F< ( ;:.~ ;:.~ ) It\! 1·-r I ;::l L. ( ' ~::: ·1· f~~t ~r E:~ i71 E~ ~·.! ·r BY h! .. f' t::·l >~ i::F~ 1:~ CJ r.:~ l ) .) 

TEXT13 CHAR(25) INITIALC'ERROR DETECTED AT COLUMN ') 1 

TEXT14 CHAR<ll) INITIALC'THE INTEGER'> 1 

TEXT15 CHAR<47l INITIAL 
('EXCEEDS THE MBXIMUM INTEGER LENGTH WHICH IS 10 ') 1 

ERO CHAR(25>INITIALC'ILLEGAL MATCH OF KEYWORDS'), 
FF~? .·CH{~~1(:1.:7)Ii\!ITJf.~L('II}NT I::> NUT i~ l ... (1BEL'.)., 
ER4 CHAR<29)INITIAL<'IDNT IS NOT A VARIABLE'>, 
tR16 CHAR(32)INITIALC'VARIABLE:ENTRY IS USED AS LABEL'), 
ER18 CHAR<50>INITIALC'PROCEDURE DELARATION IN STATEMEN1"') 1 

t:::!~ :.:) 0 CH(:,R (?())IN IT I f-!1... ( ·'I l...L.EC!:~.!... EL::;E: CL.tJUDE I ) ·' 

ER22 CH0R(44)INITIAL 
('LOGICAL END OF PROGRAM PRIOR 1·0 PHYSICAL END') 1 

ER23 CHAR(23>INITIAL('ILLEGAL BEG1N STATMENT') 1 

ER24 CHARC36)INITIAL<'READ WRITE ST. NOT REC~GNIZED') 1 
ER25 CHARC20>INITIAL<'INVALID STATEMENT') 1 

E R ~:: t.. c H (i i:< < :~. c ::o I 1"-.l J ·r I r.:~ 1... c ·' ~:; T • r·· .. t o T ~~ r: c . ~ > ~ 
ER28 CHARC21>INITIAL('IDNT. IS NOT AN ENTRY')) 
ER29 CHAR<25)INITIALC'VARIABLE IS NOT AN ENTRY), 
ER32 CHARC31)INITIAL<'SYNTAX ERROR IN ELSE STATEHENT') 1 

ER33 CHAR(37)lNITIALC'lLLEGAL END WITH CL.OSURE TO PROCEDURE'>, 
ER34 CHAR(25>INITIALC'ILLEGAL BLOCK DEFINITION')> 
ER35 CHAR<30>INITIALC'ERROR IN OPENING A PROCEDURE'), 
ER36 CHARC30>INITIAL<'ERROR ER36 IN A PROCEDURE'), 
ERTAB3 CHAR(20)INITIAL('INVALID KEYWORDS'>, 
EROPPR CHARC27liNITIAL('lLLEGAL OPENING OF A BLOCK'J> 



0 ·.t :·:;) l 
01 :3_;:? 
0:\33 
0 '.!. :::)4 

EROPPRO CHARC23)INITIALC'ILLEGAL PROCEDURE NAME') 1 · 

EROPPR3 CHARC23)INITIALC'ILLEGAL PROCEDUhE ENTRY'), 
DCLRO CHARC21>INITIALC'ILLEGAL DCL STATEMENT'), 
D c L. F! 1 c H (:! F< ( l 0 ) I N IT I {\ 1... ( I :i: !....L. E G {i L DEi... I i'-i IT E l:~ i ) ~ 
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0135 DCL DELIMC13) CHARC1> 
0 l ~-~) (:) :( j\~ I ·r I(.~ L. ( , ( l t .' + .~ i ·' .. n l .) l .l .~ .~ -~ ·>~· .~ l .I ) _., > ·' .} ~ i / ; .. ~ i , ; ' ) :- t·. ~ ' ' < / .) _, :::: r ~ _, ) , ) ,} 

0137 DCL KEYWRDSC12) CHAR(9) INITIAL 
c ' I F ' , _, ·r HE r·l ' _, • E L. ~:; E I , ' P n D c ED uP E ' ~ ,. ~.-:< E c :r r··! I .• ' G D To I , f i~ E P1 D ' , ! t,J ~~~ I T E ' , 

0139 'END',~COMMENT' 1 'REAL','INTEGER') ~ 
0140 DCL BLCKF FILF OUTPUT ENV<'FO=SQ 1 RT=Z 1 FL=80'>, 
0141 lEMPLF FILE OUTPUT ENV( 1 FD=SQ,RT=Z,FL=30') 1 

0142 SYMBL.F FILE OUTPUT ENVC~FO=SQ,RT=Z,FL.=30'), 
O'!.-=i-'3 coDEF r:·:rL.E nu·rruT ENl.)( -'FD::::;:;Q 1 l;!T::::Z,.FL.:=:!.':io') ~ 
0144 LFILE FILE OUTPUT ENV<'FO=SQ,RT=Z,FL=50'>, 
0145 EFIL.E FILE OUTPUT ENVC'FO=SQ,RT=Z,FL=50'), 
0146 PFIL.E FILE OUTPUT ENV('FO=SQ,RT=Z,FL=132') 1 

0147 CFILE FILE INPUT ENVC'FO=SQ 1 RT~Z,FL=80')~ 
0148 OPEN FILECLFILE>,F1LECEFIL.E> 1 FILECCFILE),FILECCODEF>, 
0149 FILE<PFILE),FILECTEMPLF~ 1 FILE(BLCKF) 1 FILE<SYMBLF>; 
0150 ON ENDFILECCFILE>GO TO EOJ; 
0 •J. ::.'i l 

() 1 ;~;3 
01 !.'.'.;4 

() '1 !.'56 
0 l :::;'? 

0 '.i. :::.i? 
0160 
o·1. 61 
01 t;.;,:,~. 
0163 
0 l ~::t4 
0 16:.:.:.~ 
0 "l {16 

0 l b'/ 
0 16B. 
f' •i l {'i 
tJ }. :s.::~ ~\ 

0 '1 1/0 
0 ·.t'.:? 1 
0 '.\ '?~:2 

0 '.t './3 

0 t·l? ~:). 
n 1 '.?'? 

O'J.'?D 
01".?9 
0 'J. ~=~ 0 

·o 1 [; :t 
0 1 ~:1;:.~ 
0 'J. BJ 

o ·.1. n:.=.=; 
0 Hi(:, 
0 •J. ~:~ ~7 

0 '.l ~:~~=$ 

() 1 90 
0191. 
O:i. ?;.:.: 
0193 

c: lJ F~: ~~~- B L. :::: 0 ; 
TDPFL"::O .; 
L. t~t ~:~ T I-~ L. :::: 0 ~ 
L. (i ~; T.E L. :::: ·_t 0 :? 4 ; 
CGDE::::tl; 
1. .. I ·r i··-~(] :::: o ; 
i<I.JTENPL.::::O; 
I r· L. r, f.:;:::: .0 ;. 
1:( u .. f f:':i I-J :::: 0 .~ 

. QTUF:PLE::::·J.; 
Ctii...l... GTCtlF~X); 
c:: t% t .. I ... _ G; 1::~ ·r ~:} ·l t-'1; j 
Ct1Li... BL.Ci\bT .:. 

C P1 L. L ~:) T f::, ·r 1::: ; 
GC1·r (J E::t:J . .'J'} 

GTCARD:PROCEDURE; 
Ci:~:::=Cr~J+ t ~ 

-GET FlLECCFILf)EDITCCARD)CACBO>>; . 
PUT FIL.E<PFILElEDITCCA,CARD)CSKIP,X<7>,F<6> 1 A(8Q))} 
D CJ I :::: ·1 .~ ''/ ;.:.~ ; 

CHR(!)=SUBSTRCCARD,I_,l); 
E~i~}) ;. 
T:::: 'l : ... .. ,: 

.J::::'J. ;. 
HETURN; 

GETSYM:PROCEDURE; 
If"·-.!IT; 

IF I>72 THEN CALL GTCARD; 
.J:::: I } 
J::::I-'1;. 
L.=O -~ 

I=::: I+ 1 ~ 
I F. L :::: 0 ·r f .. l f~ t\J I) CJ ~ 

JF CHRCI)=' 'THEN DO;. 
I ::::I+1;, 
GD TO J:[-..IJT) 

END.> 
IF CHRCI>('A' THEN GO TO NUMERIC; 

END; 
IF CHR<I>~' 'THEN GO TO INSTALID; 
IF CHRCI)('A'THEN GO TO SPLACHAR;. 

·IF CHR<I><='l'TH~N GO TO INCREMENT; 
IF C:HR (I)< I .J' THEN. GO "CO ~:iPL.()iCHf.~H;. 

IF CHRCI)(~-'R'THEN GO TO INCREMENT;. 
I 



() '.i. (~) '? 
0 t ~;' D 

0?00 
0 ;.:.~ 0 J. 

·o;.:; o;.:~ 
o;::.o3 
0?04 
() ;.:~ 0 :.:; 
o;::.o6 
0 ;_:~ 0/ 
[) ;.:.~ 0 B 
() ;.:: () 9 

0 ;:.~ '1 "l 
0 ;.:~ '1 ;:_:,~ 

0 t.! "J. ::;>; 

o;?:~. '4 

0 ;.:~ '1 ,~:~ 

0 ;,:.~ t '? 

0 ~:!;::.~ 0 
0 ;_:);.:_~ :t 
0 ;,:!. ;,:.~ ~:.~ 

o;.:>;:.:.:::?.; 
0 l.~ ~:~ 4 
0 ;,:.~ ,~p ~:~i 
.o ;:.~ ~:.:.~ (:~ 

0 ;:_:_~;.:.~ :? 
0 ~:.~ i.~ ~=~ 
() ;.:) ;.:.~ (? 
() ;.:~ :"3 () 
0 ;.:) ;·::; 1 
0 ;_:,~ :::~ ;:_:.~ 

o ;.:)::s:3 
0 -;.:.~ ::5 /.~ 
(j :..:.~ :.::;; !::~ 
o;:::36 
02:.")'/ 

o;.::, .. :-:}·4 
0 ;.,:.~ 4!:·~i 

0 ;_::: /+ '7 
o:r.::4u 

0 ;.:.~ ~=.=.; () 

0 ;.~~:_;; 1 
0 ~:~ ~:),? 
0 ~.:.~ :.:.~.i :·:~ 

O?~'.'i4 

0 ;.:.:::.'.'i~;:: 
() ;:.:~::;? 
0 ;,:;. (:, () 

IF CHR<I><'S'T~EN GO TO SPLACHA~ ~ 
IF CHRCl)(='Z'THEN GO TO INCREMENT; 
lF L=O THEN GO TO NUMBRICJ 
IF CHR(l)<'O'THEN GO TO SPLACHAR;. 
IF CHR<I><='9'THEN GO 1·0 INCREMENT; 
c.; CJ T () I l'-~:::; T' ,::·fL. I I) J 

I i"'-.!CF~ El'1FNT; 
L.::::L.+".i.; 
IF L>=9 THEN GO TO 

IF I<72 THEN GO TO 
GD TO lN~:;Tf.~LID;. 

IF L=O THEN GO TO NUMERICi 

:P r t ·y· c: ·-r·r) ·~· \~ ··~ ,~ ·i· 1··-i 2\1··1·· ) ·::· ri -~· ·\·· { .,.".t 1 ·N 1! "~ c :;. r <~~ ··~ ·1 = , ..• , ..... 1 r, .1. l .l. .. , . .1. ,, , .• 1 ... ..., .1. r , ... • ... , r.. .. I, , ...... , 

J1::::_J·+·L····l ;. 
PUT bTi~ING<IDNT)EDJT<<CHR(i()DO l(::::;.r "IT! J".\))(p,(:l)); 
T:=~= :1. J. 

f\! E: :x: ·r r::! I< E: \( : 
IF JDNT=KEYWRDS<T)THEN DO; 

T::::·r·{··"l·;. 

CDDE::::T; 
I~ 1;: TtJl~ N ;. 

Ci···!D; 

IF T<=12 THEN GO TO NEXTAKEY~ 
T(~B::::"J.; 

l;~ ETU F~ N .: 

L. :~=< P N ·r :::: 0 .> 

F"J. =::0 .; 
F;_:_:~::::(l;. 

E:S I G;f·~:::: 0 ;. 
Z!:::O; 

DIGIT: 
IF CHR<I><'O'THEN GO TO REAL.S; 
IF CHRCI><='9'THEN DO~ 

~z::==:.t+1; 

J::::I+'I ). 
CO TD DIC.:;IT~ 

IF CHRCI>='. 'THfN DO; 
F "J. ::::'1; 

I;~ F~(iLFXDP : 
I====I+l ~ 

:z==::Z+'l.) 
IF CHR<I><'O'THEN GOTO CHECHAE~ 
IF CHRCI><='9'THEN GOTO REALFXDP; 

Et--1:0.: 

IF CHRCI)='E~THEN DO; 
I====T+l .; 
z""'Z+1 ;. 
IF CHR(l)='-'THEN DD .~ 

Ef:i J GN:::: 1 ~ 
I===I+1.> 
z::::z .. ~··t .:. 
c:o TD Fi E::P!LFI...TP) 

Et··.lD;. 
IF CHR(I)='+'THEN DO; 
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o:.:~t:1?\ 
0~:)64 

0 ;_:~ 6~.'-'.i 

n ;.:~{:):::5 
0 ;_:_~{:·· (? 

.0 ;_:~ :? 1. 

0 .~=-~ 17 ;:.:~ 
o;.::.)':::!) 
0 ;:.~t? .{l 
0 ;.:~:?!=.:; 

0 ;~~ '? ~=~ 
0 ;_:_:~'.:?9 
.o ~:-~u o 

0 ;~:~f: ;_~ 
I] ;:.~t:~?> 
o;_:_::n-<l-
o ;_:_~ ~:~ :.=s 
o ;_:_:~ut:~ 
o;.:)r::? 

o.J? ~:~ (? 
0 ;_:::9 () 
() ;.:~ ·~;:• '1 

0 ;,:?<? '? 
o;_:_~(?B 

nr-.. ~?9 

o:·:)O? 
0:::::0 ~:) 
0 ~-50..:'~( 

0306 
()307 

o:.!i 09 

03:1.1 
0 :::) l : .. :.~ 

.() 3 ·.t ::; 
0314 

0316 

0 ~-:~ 'J. {? 
0 ::::~ ;.:~. 0 
0 :,3;.=.~ l 

o:·5;_::-4 
o ~s ;_:.~ ~:=; 
0 ~·5 ;.,:,:~ t:) 
1] :·:) ;.:~ ~? 

0 :·3 ;_:.~ ~3 

P XPNT:::: :;:·; 
F:Ei!~LFL.TP N: 

IF CHR<I><'O'THEN GO TO INSTALL!; 
IF CHR(I)<='9'THEN DO; 
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IF Z=O THEN GO TD DELIMITER; 
IF F2=1 THEN GO TO INSTALFL; 
IF F1~1 THEN GO TO INSTALFX; 

~:;ct,LE"'' 1. 1 
IF Z>lO THEN GO TO INTGRREC; 
.J'l::::,J+:t .. ··'J._} 

F;;~::;: ·1 l 
f:::::J:··:·· 1. _; 
J::::J+J. _; 
L. ::< P t\! T :::: L. >::: P f\! T ·+· J. ) 

GD TD REf.~l...FL.TPN;. 
E::i\! D > 

PUT STRINGCINTGR>EDIT<<CHR<K>DO K=J TO J1))(10 AC1)); 

p 1 1 T <:; ·r p T '"'1 c:· f T N .. ,. r· •:l: ·1 ) •::· n T T r I-'ll t·-J•<' ., ) r 7 ::; {~ , ·1 · ) ) , .... .- ••.. • \ ••• J ~ .. ' •. • • . I .. J J". .. J... ... ... . ...•.• ·,1· ... i' ., •• 1... l I ., .. "' . ;· 

.} 1 ::::.J -~· :z .... "l ~ 

PUT STRINGCINTGRl>EDIT((CHRCK>DO K=J TO J1)lC72 A(l))~ 
PUT FILECPFILE>EDIT(lEXT14 1 INTGR1 1 l.EXT15) 
( f:} f< I P .-~ >< ( 1 1 ) .~ r~l ( :l 1:· ) ;- ~:) i< I P .., X ( 1 1 ) _} ~~1 ( :? :.:~ ) , ~;I< J P } :,:( ( :t :t ) ·" r::1 ( 4 ? ) ) J 
.]'::::,J 'J. .... f>) ;. 

PUT STRING<INTGR>EDIT(<CHRCK>DO K=J TO Jl>><lO A<l>>; 
Z::;: l 0 ,; 

Ir.,~·rr;P .. f; 
L. I ·r J·-.. ~ D :::: L. I .. r i\~ CJ ··:-- :l > 
PUT FILE ( LFILF) EI>IT ( i ... I TNG > l:!Ct1L.E 1 Z > Ih1TGR 1 F~:>IGN) 
CSKIP;FC6>,XC1) 1 F(1) 1 FC3) 1 X(1) 1 A(15) 1 X(1) 1 FC1))J 

Ti::-,fJ::::;?;. 
CUi)E::::L. I TND _; 
r.~ 1:: ·r Lt 1:~~ r--l ; 

I~\!~::: T l~L. F~=< ; 

IF Z>15 THEN GO TO FIXEDERR; 
.J'i_ c-;J+:.f::·····j_; 
PUT GTF? I NG < INTG!~.! E.DI T ( ( CHf( ( K) :00 I< ::::J lC_ ,T :t ) ) ( 1 !::i !~1 ( :\ ) ) ; 

F. I X E J) E:: f~ n ; 
PUT STRINGCINT6Rl)EDil<BL.NKl)C72 ACi>>~ 
Jl~J+Z-1; i 

PUT STRINGCINTGR1>EDITCCCHRCK>DO K=J TO J1))(72 A(l)); 
PUT FILE<PFILE>EDIT<lEXT6,INTGR1~TEXT7) 
CSKIP,XCtl),AC23) 1 SKIP,X<1.1) 1 A(72) 1 SKIP,XC11> 1 A<56))J 

.. J::::JJ····14) 
PUT STRING<INTGR>EDITCCCHR(K)DO K=J TO J1))(15 ACl>l; 

CD TO Ii .. iTGPT j 
Ir·~;:;Ti::;L.Fi ... : 

IF Z>l5 THEN GO tO FLOATERR; 
IF LXPNT>2 THEN DO; 

J:! ::::PXPNl+'l; 
PUT STRING<INTGR>EDIT 
((CHR(!()DG !(:::: . .J TD :.r:l))(:!;::; A(J.)); 
PUT STRING<INTGRl>EDITCBLNKl>C72 ACll)~ 
:.r·i. ::::J+Z····:t _; 
PUT SlRINGCINTGR1>EDIT 
CCCHRCK) DO K=J TO J1))(72 AC1>>; 
PUT FIL.E(PFILE>EDlTClEXTB 1 lNTGR1,TEXT9) 
i c:· •l I l:;s: -.,,.r { -: 1 ) c'::t f .. ::: ... ~ ·-~ c~ '< -~- p -~< ~~ ~1 ·j .) 
~ ._..} J \ j )" ;t;. \ , .. , • _) , 1 -. 1'••• "••' ,• j • .. , 1 • •., ) F • • , •'- , ./' ) 



0 ::t:: ~·:) 0 
0 :::):::) 'l 
0 :·~: :::);.:~ 
i) :::::; ::~) :?.~ 

0 ::~::::~;;!5 
0:3 :·~) (. 

0 :::S .(~. 0 
o:.?)-4 .. 1 

0 :::::;.-:~~~.:,; 
0 ~:~-<1·6 

() ;~; :=:; 0 

I 

AC72>)~SKIPJX<11)iAC63>>; 

GO TO I1'--rfGPT; 
END~ 106 

.J 1 :::: . .r + z:· .... ~1. ; 

PUT STRING<INTGR)EDITC(CHRCK>DO K=J TO Jl))(15 A<1>>; 
C.~U TD I!'~TC:;P'f ;. 

FLD(~TFF:r<; 

PUT S1RING<INTGRl>EDIT<BLNKl><72 A<1llJ 
~r :t :=.J + z: .... 'J. ; 

PUT STRINGCINTGRl)EDITC(CHRCK>DO K=J TO J1))(72 A(lll~ 
PUl. FILECPFILE>EDITCTEXT8 1 INTGR1 1 TEXT7> 
{ c~ 1,-· .,. o ·,:_, ( ., ·1 ' t·1 r ·1 o ·., <:' v ·1· r.:• v ( ·t ·1 \ I" { , .. , ') ) c; '( ,. •:l y { ·j ·1 ) l:·, { !!:; .1., ) ·) , 
\ •,,,• \ .1, r } ,•''· ._ ), 1 j I" \ ~ .. : •' ) ..J,;\ .. I ')' .1\ . . .-. .J > ••J ~ / i'. .. • ) -.,,. f · ,[, J .... o' 1. 1. •• •• • ) & • '• '•·• •,J • jt 

IF LXPNT>2 THEN DO; 
JJ::::f'XPNT+ :l; 
.:r ::~: .J 'J . .... 1 4 j. 

PUT STRINGCINTGR>EDIT 
((CHR<K>DO K=J TO J1Y)(15 A(1))J 
CO TD INTCPT; 

END; 
Jl=~XPNT+LXPNT-1; 
.J:::: .. J1·· .. 14 .~ 

PUT STRING(INTGR>EDIT<(CHRCK)DO K=J TO J1))(15 A<1>>i 
0351 Z=15; 
0352 GO TO INTGPT; 
0353 DELIMITER: 
0354 D=l; 
0 3 !~) ::.) NX T {l DEL. ;. 
03S6 IF CHR(I>=DELIM(Dl THEN DO~ 

0 ~:~; ~:.:; Ei 
o:·:=}!5~) 

o:3<":)o 

T c-::·~ I~ :::: ·4 .~ 

CODE""'D J. 

GO TO E)ECON:OtrCH .> 

END~ 
036"1 1)::::1)·"· '1 ; 

IF D<=l3 THEN GO TO NXTADEL; 
0363 GO TO NOACHARJ 
0364 SECONPACHl 
0365 l=I+l; 
0366 IF !)72 THEN RETURN; 
0367 I~ D<9 THEN RETURN; 
0368 ·D=l; 
0 :.J(:) (? t·~ E~ ):~ .. r (.:1 :D 1::~ 1... t:j : 

0370 IF CHR<I)=DELIM<D> THEN DO} 
0371 IF D<11 THEN GOTO COMBERR; 
0372 CODE1=D-10s 
0373 CODE2=CODE-8; 
0374 CODE3=CODEM(CODE1~CODE2>; 
0375 IF CODE3>8 THEN GO TO COMBERR~ 

t\ "j.' I"} t'•) 
\J .. :~ / / 

0 :·5~"~:$ 
0 ~:) '? () 

o :·:) r~ ;.:~ 
0 :::~ B ~~) 
o ?: rs..:+ 

,03(]6 
0 :.?:~~:~ =7 
0 :.-~) E3 ~:~ 
o:.-~;}.J9 

0390 
u:3(? ·1 

0 :3\?:.:~ 
() ::')!_;:.4 

IDENTEF<F<: 
I::=:J + :t ; 

EL.~:;E DD_; 
T{~B::::lt _; 

CCJI)E::::(~UI)E~3+1. :·:s ;. 
I:!:: I·+· 1 ~ 
1~ r:: T u 1:<: r-l ; 

END~ 

J.)::::I)+1 1 
IF 0(=13 THEN GO TO NEXTADELM; 
l~E·r UFl.N; 
END_; 

IF l<=?J THEN DO; 
IF CHRCI)('A' THEN GO TO RCVRIDNT; 
IF CHRCil<='I' THEN GO TO INC; 
IF" CHI~(J)< '.J' THE::!\![;[) TO F::C\}!~I:QNT; 



() 3 9~.'5 
0 :·~:~ ~~) 6 

0 :?; ~:) ~:5 
0~'39{? 

().-:'f(J'l 

() 'J 0 ;;,~ 
!) -4 0 :::) 

.. 0404 

0 ~l 0 f, 
040'? 
0 4 0 ~:~ 
0409 
04-.t 0 
0411 
041 ~~ 
0·4 'J. :.:~ 

041·4 
0 lf.l :_:.:; 

0416 

0 .-:f 1. ~:~ 

04'!.? 

0 4;.:.~:::) 
0 ..:.~. ;,:.~ 4 

IF ChRCI><='R' ThLN GO TO INC; 
IF CHR<I)<'S' THEN GO TO RCVRIDNT; 
IF CHRCI)(='Z' THEN GO TO INC~ 
·.·.:.:. 1::· , ... • . .11:; f T J' 1 ' n _, .. , .. 1 .. 1 t·::· 1q r· ,., T , .. t ·!:; f'' ":i T X) hi 'r · l,,• f l ... ._ •lo \ ,,t t , ••• '•. l;il.) I \.r '\ .,/ •/ i··, •·• •• • '• t ~ 

IF CHR<I><='9' THEN GO TO INC~ 

~T :1. ::;: ..J .. ; .. [~ j 
PUT STRINGCIDNT>EDITCBLNK><AC9))J 
PUT STRINGCIDNW>EDITCCCHR<K>DO K=J TO J1J)(9 A(l))~ 
PUT SlRING<IDNTl>EDIT<BLNKl)CAC72))J 
3'1 =.J ·{·· L. ···· '1 .:. · 
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PUT STRINGCIDNT1JEDITCCCHR(K)D0 K=J TO Jl))(72 ACl))J 
PUT FILECPFILE,EDITCIDNT1) 1 TEXTO,IDNl> 
<SKIP,X(tl>,A<~O>,X<1>,A<13),XC1),A(9)); 

Tt:':·iB::::"J. > 

I:::: I·{·· :I. .~ 

L. :::: L. ·{·· 1 ; 
GU TD t{;tG/iiN; 

J :i. ::::I.-·· :t ; 
PUT FIL.E:(PFTL.E>EDITC.rL<T1 ,CHR(Jt) 1 CHR(J) ,TE><T;.:_::_,cr::,,TDC'f':];) 
<SKIP 1 XC11)~A(24) 1 A(1) 1 A(1) 1 A(8) 1 FC3) 1 AC37>l; 
I:::: I ·{··1 ~ 

I FL.,:-:·,(.):::: 1 _; 
.l~E'i'UF~N; 

PUT FILE<PFILE>EDI.r<TEXf4,CHR<I>,TEXT2 1 CA,TEXT5) 
( S !< I P ;· }( ( .l 'J. J ;- !:-:1 ( ~:~ ) ;· f.i < 1 ) 1 1:·~, ( B ) i' F. ( ~~:'! ) .. ~ F"i ( ~·:) t? ) ) y 

IFL.t·~f.~:::: 1 ;. 
F!.ETUI;~N; 
Et·· .. !J.) GETEYi··-1;. 

0430 STATE: PROCEDURE; 

0 4· :?:: ;_:.~ 

o-4::::)·:·:s 
0 .. q. :.-:~:.{{. 

0-4~-:~:;:; 

0·4:3'? 
n 4:.:~:~:j 
()4::5? 

S(32) F~XED BINARYC15>, 
UTAB(32) FIXED BiNARYC15) 1 

UST FIXED BINARY<15) 1 

USC FIXED BINARY<15>, 
USB FIXED BINARYC15) 1 

GOOUT FIXED BINARYC15) 1 

I 
u 

FIXED BINARYC15>, 
CH1::;1~ ( 1. ) ) 

0440 5(1)=1~ 

0441 U=' '; 
0 ·-:'f··r.;.2 ·:~: ::::;_ 1 
o .·~·::. l:~. ~:~ t-..~ ~::: >< ·r : 
0444 

04-47 
044h 

() 4 ~:;_; () 
0 -4~::.£ l 
0 -4:::;:..:.~ 

- 0 l~.!:.:; :::~; 

n ·.:1-:.:_:;l~-

04:.':.i'?· 
0 4(;; [) 

I r· T P1I-J:::: 0 ·rJ .. lEf~ DC).> 
GDDUT::::B(l ,~;)(I));. 
GDTO DUT_; 

IF TAB=l THEN DO~ 
GQOUT=B<l4,S<I)>~ 
GGTD UUT ;. 
END; 

IF TAB=2 lHEN DO; 
GOOUT=B<l-4,SCI>>; 
GDTD OUT;· 
END_: 

IF TAB=3 l~~N DOJ 
IF COBE>9 THEN DO; 

PUT FILE<EFILE)Ef>IT<Ct,,FPT/iJ33) 
( ~:~i< I P ~X ( 'J. ) :- F ( t;) }' }( ( 'J. ) ;· t~~ ( ~=.=i 0 ;~ ) ~ 
C.;(J T(j NE:>(TB; 



80I 

f ] ~:; n ::::;::~ :J 
f !;;~ t: :::: t:~~] 

·f ;-:IBn :;:: (:·~ H 
f J.~:;n::::i:JJ 

·r r,,,, ., H 
~- 0:::: l . .1. 

f ,.i\iHH,.::::dD 
! T. .... I ::::J: 
·[ ·' E' ::::f'i 

... .. - t:~ ? .. J ·::!I) ! . '''J J' ::: ..... fl ,.::f I .. .. .. (... .,. ~ '. i ';,f \p! .. , () ! \ ). ; ' ... J t !.,.. ' ( ' I ... , I ll ("'• .... ! f 'I ) { ! . ! . ..I l 
: (;i :,,, ( ,,.J '" • •• ·.. • •• r I D (( I\! .::i ·~ . . _.:",, ..., ••'•• I ·-J 1,,,• "-·· ··• • 

!SJ.XJN 01. 08 
!laJ~nJ=asn 

!JaoJ=Jsn 
!t=lsn 

'i f.::::(J((CJJ(I)~~dl..L 
faNJ 

!sJ.XJN 01 08 
!t-I=I 
r , , ''"n 

f((0£)ij 1 (l)X< 9)J 1 (t)X 1 di~S) 
C2J3c~Jl!IGJ 3liJ3)3liJ J.nd 

! 00 N3Hl l<<JGOJO)Jd\L JI 
fl~3SNI l1VJ N3Hl 0=3G08 JI 

! I··f :.:1 {·:l 1-:.i :::r s ~., ... , '-;.1 :j 
f '·-, ... ::::f'l 

'~m-El 
fE.J..><Ji'--l D.!... 0~) 

f ( ( 0 ~;;; ) ~,:;J t ( r ) }( ·! ( 9 ) .::l < ( 'f. ) X -~ d. I >~ ~:) ) 
<2~3'~JjliU3CJli~3)3liJ ·lnd 

f, •""'n 
f T. ··•· I·::~ I 

f CHI N] HJ.. 'f.:=:" li1;;J J .. i ,. ,. == -~- i'l .::i:i: 

1 ((NJ 

!oa NJH.J.. 2 

;· GN:J 
f (~! ~~ ~~ ~~ J 0 ..l. 0 ~) 

fSlXJN D.!.. 08 
!t+JGOJ=CI>S 

!t+I==I 

!oa NJHl , ,=vn JI 
t l l :::: rr 1 ..... ! ::j f .. t J.. / ~=~ ·' ::: fl .::1 I 

N3Hl 9=(!)8 ~I 

faN3 
==J .. f'lDO~J .::!I 

!oa NJH! t=lnD08 JI 
!aNJ 

1uuu~3 o.J.. 08 
roa NJH! o=.J..noo~ JI 

fotlnOGJ 01 OJ NJHl 6<!nODJ JI 

~1<·:;:;;; G 
:~~; (::::;;~ 0 
-};-- {:'~ ~:·:~ {j 

:r.: ~::::·;·;; o 
. ::·:~(·:;~;;; 0 

): ;:·::: :~·:~ 0 
0 ;:::: :;,~ () 
,:·::: r !·=;~ o 
~:~ 'f. ~;~~ 0 
£: r. ~-,-,~ o 
;~~ '(. :~~-i 0 
ST.SO 
~~so 
£1£0 
at so 
'[. '(. ~;;~ 0 
OT.£0 
60SO 
80£0 
[0£0 
:) 0 ~·:·:~ 0 
!;;; 0 ~,~; 0 
~.t 0 :;·:~ 0 
~:: 0 !;;~.0 
~:·~ f}.!':~~ 0 
'f. O!:.;iO 
() () !~:; () 
~~j/j t;.· 0 
E:~()t>·O 

l.:f:)tr 0 
=.~f ~~; i7 0 
r; l.;t:·· o 
i?(i ·(! 0 
~:·:i.~i'(.r 0 
;::·~ t:)'i: .. 0 
'1.6t-·O 
0/it>·() 
(~::t:1·(?0 

88~0 
!8~0 
98~0 
~8~0 

~8~0 
1E:~::1·{;r 0 
(':·:~:Jt:· 0 
T.8tx0 
0 ~;~ t:-· 0 
~:-;/,·(i.-0 

i:~/. t7 0 
: J..C!!] /~/.t?O 

faN3 9l~O 
f.J..no o1oJ st~o 

· f((I)S'tl>S=!nOOJ ~l~O 
faNJ zt~o 

!1no 0..1. 08 at~o 
f((J)Sl£t)U=lnOOJ 1!~0 

f 00 N3H112=3UOJ JI Dt~O 
!aN3 69~0 

f .LflCJ· OJ.. o·~:l 
f<<I>St2t>a=lnoo~ 

foa NJH! 8= 300J JI 
foa NJH.l ~=UVl JI 

faN3 
11no 0105 

f((I)St t+30Dj>S=ln008 
faN~ 

B ;~~~ "tr 0 
r::·;9tr0 
~~~ ~:? '(7 0 
:~:~ (:.i iY 0 
t:··9ii'O 
~i.-:(~;~t-· n 
<:~ t:J 't? 0 
r~~rr7o. 



o:.':i:·:':::::. 
0!:):33 

o :::;:·s ~.:Y 
o :.::r :·~~ f~ 
0 ~~.=; :::s {;;• 

o~:_:_i-4 o 
o:.'.'iA·'.l. 
() !.'.'jL;.;.:~ 

()~:_;.f.;. 4 

0 ~:_:j4'/ 
0 ~:5.-:l f5 
0 ~:j.,~.(.:} 
0 ~.=.:~ ~~;; 0 
o:.'.'i!.'.'i'l 

o:s:.'.'i:::i 
0!.'.';:.:;.-:{-

0 ~:; ~.;; ~~:} ·_. 
o:.::.t!:S'? 

O!.:'.i60 
0 ~'5(. '.!., 
o:::;6;::. 

· o ~:st::: :·5 
0!5<:)·4 

·0 ~:.:~ ~:::: ~::i 

0 ~~.,6f.~ 
0 ~::it::t ·.? 
o~::.i6B 

o~:.=;f~<? 

D~'S'? 0 
0 ~~i'/ :,l_ 

o:.:_:.;:_?:?> 

0 !5'/ 4 

D ~::t ~?:l 
0 ~:5'/ B 
0 :;:;'?"?· 
0:'5HO 

0 ~:~; ~=~ ~:~ 
o ~::.; r~ :·!) 

IF GOCiUT:::: ·4 THEN 

IF GOOUT=b THEN DO; 

END; 

Cr:~I...L. GENCDD) 
GD TO NE::XT ~ 

DO; 
IF !..) ... ::::'' ·• THEN GDTD Ei~RHP ~-. 
l.J :::: ,~· l._} I ; 

J::=I-···.t -~ 
IF USTA=1 THEN GO TO ERRRR~ 
PUT STRINGCIDNT>EDITCIDNTS><A<9>>~ 
r''A•' 1 c·•:: ... :-:,~·(·'up, ... · . .... :... ~Ji.-1 J}, J! i.-.. ' .~ 

IF CODE=O THEN CALL INSERT~ 
IF TYPE<DCODE><l THEN TYPE<DCDDE)=2~ 
IF 1YPE<C0DE><2 THEN DO~ 

PUT FILECEFILE)EDITCCA 1 ER4> 
{ C'·\l T p "f •j ') ·1::· { t.,) ·x. ( ·j 'l (.~. ( >::; i'J· 'i '\ • 
· .... ) \ .,. . ;· 1\ ... .. . .::- . , :,,, . / ·. .. ... " ;· . ' . '1.,. ... •• ~ j 

l.J;;;; I I J 

Ci~L.l... NE'/TE!\! _; 
IF TAB=3 THEN GO TO NEXT; 
GO ,TO NEXT~3 ;. 

END} 
UGC====CDDE; 
LIB I{::: DFif~i~~ f{L. J 

CODE==c.~ ·J. ;. 

GC! TO .NEX'f; 

VD; 
IF U"::::'~)-' THEN 

IF UA:::: ·' ... THEN GO TU EI~F?F?R; 

IF TAB=O THEN RETURN~ 
GD TO NE><TE .1 

END_; 

J::""I+l.> 
~;) ( I ) ::!::l 0 ; 
GO TD NEX:T~3 _!. 

IF GOOUT= 7 THEN DO~ 
IF UA='S' THEN DOj 

GD "f'O EF~RF< ~~ ~ 

~:><I)=rl·-4~ 
~-~-'i".ll "( r1 1\lj::· y 'j" !:' ' ~ ... r 1 -· . .._ 1.J ) 

END~· 
IF GOOUT= 8 THEN DO; 

END;. 

JF UA='E' THEN GO TO ERRRR; 
:t~:=I .... '.i. ;. 

CJp::::·'j··.-jC)I.J' ~ 

T:l :::::(' 1 
C'l::::UGC;. 
B:t::::lJf:)f.i_:. 
Ct-1LL. GEi·\~CDD; 

GO TO NE;<T;. 

IF GOOUT= 9 THEN DO~ 
IF UA='B' THEN DO;. 

G D ·T 0 I:::~~~ F:: R H 1 
0585 END; 
0586 S(I)=3;. 

. () :.':! D '7 u '"' ·' I ·' 

0588 CALL GENCOD;. 
0589 GO TO NEXTS} 
0590 END;. 

IF GODUT=10 THEN 
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O!::ic/l:~ 

0!5(;;'~? 

() ~.:.i (.:.:r ~:~ 

0 ::.:;a:?i7~ 
' 0600 

060t 
0602 

0606 

0609 
06'10 

0 (;}·'1 4 
0 l:.': 1 ~.=,; 
06"16 
i) ~:) 'J. :? 
0610 
0 61 ::_;~ 

0 (:) ;,:.~ .0 
0 (:,;_:~ ·,t 

0 ~:~ ;,:.~ ;:_:) 

0 .~;;;_::~:_:; 
0 /;,!~:? 6 

0 {:~ ;,::~ ~=5 
, 0 {;~ -~.:.~ r;? 

063() 
n ~.:i::) l · 
0 l:)?; ;.:~ 
0 6 :.:~~~:: 

06:3[-J 
0 ~:):.':):? 
Ob:·:'iU 
0 t:;:.':)<? 
06·4 n 
0641 

() 64:.'5. 

064H 
0 .,;:) /.~. <? 
061!!.:.£ 0 
. 0 6:.:_:;~l 
0 {;,1 ~;_:,;;,:~ 

0 l:)!.=.:;:·5 
o t:·:~=s4· 
0 {:)~:_:;~:5 -
06~:'.;6 
() 6 ~:i')' 

END~ 

I r-:· S J I ) :.:: f:> ·r ~··l E i'··~ 
IF UA='S'THEN U=' '; 

IF u·:·''''' ' THEt"l :oo ~ 
GO TO ERRF::P~ 
END;. 

IF TABA=l THEN GO TO ERRRR; 
I::::J+l ;. 

UBT::::).,; 
PUT STRING(IDNTS>EDITCIDN'f)CAC9>>; 

IF GOOUT=ll THEN DO; - . 

IF U;":::: I I THEN GOTG. EF;f~RFl; 
f i:::: ,r / ! ... / 

IF CODE<l1!CdDE>l9 THEN GO TO ERRRR; 
CCCC::::CDDE ... 1 0 ,; 
CNCD::::CC C CCCC > _; 
B ( I J ;:::~-~ J 
J;;;;I+1.; 
~3 <I )'::::·.J. 1] 

C:;D T'C) NE>CTS; 
r:::ND J 

IF.GOOUT=l2 THEN DO; 

Er··-!D; 

JF UA=' I THEN GOTO ERRRR~ 
I;:::I .... 'J. ~ 

lJ:::: I B·' _:. 
IF TAB=1 THEN DO;. 

1F CODE=O THEN CALL INSERT; 
IF TYPECDCObE><1 THEN TYPECDCODE)=2~ 
IF TYPECDCODE><2 THEN DO; 

PUT FILECEFILE>EDIT~CA 1 ER4) 
.( E} I< I P .~ X < J ) .r r· ( (. ) 1 X ( '1 ) ) A ( _:s 0 ) J ; 
1..):::: I I ;. 

GO T.D NEXTS J 
El··-!D_; 

END; 
"f 1 ;::: I):::> T J 

Cl ::::!Jf:)C .1 

D "1 ::::USB; 
T :..:.~ :::: T i:':'I I{ } 
c;.:_::::CODE _; 
B~?.::::DBC!~ :t-:.L ,; 
C)P ::::·/ c;lt<'JP ~ .. ~ 
C(.':,i...j ... GENCOD _; 
DP '"'I BR i'··! l ;. 
Tt ::::{! _> 

Cl :::CNCD _; 
.KUTEMPL=KUTEMPL+l; 

C?::::!(UTEi··iP L; 
I<UTtiB::::!<UTt!B+l ;. 
UTAB<KUTAB>=KUTEMPL_; 

B ~~:: :;:: t ; 
G;[) TCJ NE:><T~:) _; 

DD;. 
IF TABA=1 THEN DO; 

CJP:":'GET' ~ 
cr::t!.LL ID .1 
I:::: I-... 'i. ;. 

CC ·ro E!H.:: P F~ ,t 

IF IFL.AG=l THEN DO; 
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() 6.;;. 0 
0 t~{:) 1 
0 6(;,;.:~ 

0 6(;) '? 
0 (:){::.!:::; 

06'?0 
067-.t 

... .. -.... ··~· 

lJ (] / .. :) 
06'?4 

D 6 '? tj 
('• ~ 1'1' t''i ,J (,,1 ,l' l 

0 (:) :.~:f; 

0 {::tE:;~:-~ 
0 /:.; :::~ :.·~~ 
06B4 
ObU!.'.'i 

OL.BB 
· Of.,~:l?· 
06{?0 
06{,;)1 

() 6'?4 
0 6 ·;?;'.:.; 
() 6 ~;.>,;;_, 
O(:)(?C? 
0 \·:) S:' ~:~ 
0 (:~ ~?,('l 
0/00 
0 1.? 0 ~! 
0:7 0 ;,:.~ 
0'/03 

·o :?.n ~.:; 

o:?o~.::~ 

0 ~.? 0 '7-
0'?0t::: 
0 '? 0 ~?. 

0? '.l 'J 
0 / j: ;::~ 

() './ :1. 3 
0'714 

·0?1 ~:) 
0 )'1 (~ 

0)'21 
0 'l ~.:2 ::.:.~ 

0 '? ;.:~::) 

END; 

END;. 

t.J :.-.: ... ~:; l ;. 

(~~D TCJ NE~>=:·r _; 

I)D f 

CD TD E!;~RHI\; 

END; 

JF TABA=l THEN DO; 

(}P :::: ~· PtJ"f / > 
Cf.1L.l ... ID ; 
,I::::J ····1 _; 
IF IFLAG=l THEN DO; 

[.;(] Ttl EHF .. ~::<H .> 

LJ :::: I ~:; I ;. 

GD TCl NEXT.~ 

IF GODUT=l5 THEN· DO; 
Cf.~L.L EXP} 

.IF IFLAG=l THEN DO; 
GD TD EF~!~F:I;~; 

!.J::" l E.-_; 
.. ( ;_::. :::: ·r ·r ::.:.~ ; 
c~ ;.:~ :::: c~ c ;.:~ ; 
B ;;~ :::: B B ;;.; ; 
(;;u TD NEXT;. 

IF GOOUT=l6 THEN DO;. 
JF UA=• I THEN DO;. 

END,; 
T :::: T- ·; ~ 
olo olo ./> } 

IF CODEA=9 THEN DO; 
·PUT FIL.F<EFILE)EDIT(CP: 1 E:F~16) 

' (''- ( 't' I'' \, r •l ' "'"' I' /. '• "":{ .• ol '• ... \ f::' "{' '\ t \ ,:.d., .1. r·' ;· X <. • > , ,.. 1. ,:; .! , " ~ 1. J , :··: ( -..~ ,; ) .J ~ . 

Cr;L.L. NE><TEN ,; 
(·.~ i"J T ,.~ ·r··l :::· Y · .. , .. , 

••' .. I \,) \ J..,1\ f 

END.> 
PUT STRINGCIDNT>EDITCJDNTS>{A(9)); 

. . ,., ~Y! l (~ ;::· '~ ·!:;. f' : .. t · t.rt ~ •- l•oo • .. .- .... f I "- .,.'I ) 

IF CDDUT::::'J. '.7 THEN DCJ_;. 

IF CODE=O THEN CAL.L INSERT~ 
IF TYPE<DCODE>>l THEN DOi 

PUT FIL.E<EFILE>EDITCCA,ER16> 
( ~;;: i< I P i ::< ( 1 ) , F. ( 6 ) .> >< ( 1 ) 1 f~) ( ~=.:; 0 ~! ) ;. 

GCJTO NEXTE;. 
El\!D .i 

TYPE(DCC!D[):::·.t.; 
:OCf...F~ ( DCDDE;. ::: ".l j 

ADDS~(DCODE>=QTURPL.E; 
CDTD NE>zT~:; ~ 

END; 

IF TAB=l THEN DO; 
ct.,L.l... ~:)Ei;R CH; 
IF CODE=O THEN CALL. INSERT; 
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IF TYPECDCODEl<lTHEN TYPE(DCODE)=2; 
IF TYPECDCDDE)(2 THEN DO_; 
PUT FIL.E<EFII...E)EDIT<CA,ER16l 
CSKlP~XCt>;F<6>,X<1>,AC50)); 

c; cJ T tJ i~ r~ ;< ·r ~:~· _; 
END;. 



() '7 ;:.'6 
(J 7 ;_:,:· '7 

() '7 ;_::·? 

07:.':S J. 
0'73? 
ol?:?>:·s 
0 ')1:::),:{. 

o·?;:=:;;=s 
() '.1' ::') {:; 

0?3'7 
0 /1

:::~:~:5 

0'/39 
0'740 
0 ?--:~. :1. 

n ,7 -4~.:-~ 
0?·4:.?1 
0'74·4 
0 :? -4~;5 
0 '/llt::: 
0'/4'.7 

END-1 
t.!ST====TtrB;. 
UDC===CDDE) 
USB~==DI·1Ci~BL. ; .. 
~3( I )::::1;:~.> 

c:; C.! ·r o t\! 1::: ;< ·r ~:s ;, 
Ei··-~D:, 

IF. GUOUT===·.t B THEi··-i DO,; 

IF GOOUT=19 THEN DO~ 

PUT FILE<EFILE)EDITCCA,ER18) 
r c v T n v ( ·t ) r::· ( t.1 ·1 v ( ·1 '! ,~; (· '"i ('J ) } • 
....... ' ;.., .1. r : f\ .. • . ;· 1 .. t... .• ;- l\ .. ~ 1 . r , -... . . ;-

I:::: I···· '.l J 
GO ·ro NE::XT ;. 
O·lD) 

IF CODE>3 THEN GO TO ERRRR; 
-~···· f·\ I ~ !:: ~ ..... t:• ~:) , ... 

··' .. ,, .• I... l .. .l'.' h }' 

1,-.i= J.I~',_F\ .. G.;=·.J .1 .. 1~rN ~(1 ~n '!~Q~~~~~· . .. __ .. ta ... l , "'-•' •• I ·.~ ... E, • 1\ '\ ) 

lJ:::: l F I > 
c ~~~ :::: c; c; ;.=~ .. ~ 
·r ~.:.~ :::: T T ;_::. ;. 
f.~ ;,=.~ :::! f; J:.; ;.:~ -~ 

GO TD i···-lF><·r ;. 

0'748 IF GOOUT=20 THEN DO 
074(? 
o '7 ;=s o 
0 ?:.=.=; 1 
0'/:::.i? 
0?!.:5;:; 
() '7 :.':.; 4 . 
0''/~:,i:'.'.i 
0 t?~.~.i 6 
0 ''/ ~.:.:~ '? 
0 '.'i'!::,iE$ 
0'/!j? 
0'7t~O 

0'76-.1 

0'764 
0'76~;_:; 

0766 
0'76'7 
0?60 

IF UA='S' THEN DO; 
PUT FILE<EFILE>FDIT(CA,ER20l 

T === T ----1 • 
;.~C) .. T (.) i. :q 1::· .,_.. T (:·· , 
I..'Jt~ f • h ... /\ l ... J:) 

ENDj 
!3 o: ) ::::ft ~ 
KUTEMPL=KUTEMPL+1; 
i<UTtlBz::!<UTt•D +l .> 

UTAB<KUTAB>=KUTEMPL; 
OP~"="BF~N' ~ 
"['1··- (l '. .... 'I 

·rc.~:::: ~::; ; 
C'l ::::1 ;:; ; 
c;;_~::::l{ UTFl"IP L. ;. 
B :1. ==1.~ 
).:{;~::::1 _; 

C/~LL. GEi\!COD; 
l.):::: I I ; 

GO TO NEX·rs 1 
0'769 ENDy 
07?0 IF GOOUT=21 THEN DO; 
07'71 IF S(I)=6 THEN 
07'/;.:.~ :r.r· u~:::l~:;.~ -rH;:::r ... l t.J::::-' .~; 

0773 IF UA=' f lHEN GO TO ERRRR; 
0774 I=I+1; 

CALL DP.CLCI< ~ 
GD ·ru NE>::T; 

EI'·.!D; 
0'779 IF. GOOUT=22 THEN DO; 
0'7UU pu·r FILl::· ( EFIL.E) E::DlT ( CA; ER;.:_::-5) 
0781 (SKIP 1 XC1) 1 F(6) 1 XC1),A(50)); 

0'784 IF GOOUT=23 THEN DO; 
0785 PUT FILE<EFILE>ED1T<CA 1 ER23) 
0 './ .. ~:5/:.) 
O:?f;? 
0 '?.~:~ ~:j 
o:~:'t59' 

( f::. ~< I P ;· X ( '1 ) ~ F ( 6 ) ;· J< ,( 1 ) > (~~ ( :.::.i 0 ) ) ~ 
I:::: :t ..... ~,t .~ 

GO TD _ l..,~E><T ~ 
Fr-lr• · · ........ ~ .~ 

0790 IF GOOUT=24 THEN DO; 

112 



0)'<,;..':1_....· 
~79:.:.> 

o? 9~·:·s 
0'.?<?'·4 

o:?·:?n 
07(?? 

IF ul·:::: _, ~;:;' THEN 

J:::J .. ··l] 

PUT FILE<EFILE>EDITCCA,ER24> 
< ~3 i< I P ·' ;{ c t ) ;· F < 6) ·.) x < r) , {)I< ::.:• o > ) ; 

CD TO NEXT;. 

IF GOOUT=25 THEN DO~ 
IF UA='S'THEN DO; 

PUT FILECEFILE)EDIT(CA 1 ER25) 
on o o ( ~w I r .:· x < t > ;· F < 6 > , x < :t ; ,. r--1 < ~:'i o > > .~· 
0801 I=I-1; 
0802 GO TO NEXT; 
0803 FND; 
0804 I=I-1; 
0805 UCODE<UTAB<KUTAB>>=QTURPLE; 
0806 KUTAB=KUTAB-1; 
080? GO TO NEXT; 
0808 END; 
0009 IF GDGUT"::;,~6 THEN DG; · 
0810 IF UA='S' THEN 
0811 PUT FILECEFILE>EDIT(CA,fR26) 
0 B 'J. ;.:. (~;;!(I P ;· X ( 'J. )! )' F C 6) 1 / ( "i. ) , f.1 ( :;.=.; 0 ) ) ~ 
O!:l'.\3 
Of:l4 

i j .... I / , 
~ ... ·-· i 

0815 END; 
08'16 IF GOOUT=27 THEN DO; 
0 ~:~ 1 1

)

1 

0 ~] 1 E! 
OfJ1 t? 
~) f5 ;~::~-0 
0 E~2:' ·1 
0 D ~.=.~ ;,:.~ 

0 E3 ~.:.~ ::) · 
0 ~ :$ ~.:.~ ..:~;. 

IF U"·::=~~;:;·'THEN IF ll''::::'' ·rHEN DC!; 

I:::: I ··-l ;. 
C (:~ L L. CL.I~ L. C~f.: ) 
GO "f'D NEX:TU;. 

END.; 

tJ:::! l t) I ~~ 

PUT FILECEFILE>EDITCCA,ER26> 
<SKIP,X<1> 1 FC6>,XCt>,A<50>l; 

FND .l 

0826 IF GOOUT=28 THEN DO; 
0827 IF u A=~s- THEN 

0 B?·:;:, 
on:.:::: o 

0 ~=~ :.?:: ~.:5 

OB?:6 
0 ~:5 ~:~ t.:/ 
0 ~:3 ?)~;.; 
OD:3::? 

004:! 
0 f:~4;.=.~ ... 

0 f~~ .:;~~.? 
0 i:~ 4· ~=~ 
0 [~ .. :-:?<? 

0 B~5 0 
0 B::'i:\ 
0 ~;~ ~.:5 ;.::: 
o B ~:r :·~; 

. 0 t:l~::il{. 
· o. f~ ~=s ~~:.~ 
0 ~=~ ~:.=j :::) 

PUT FILECEFILE>EDITCCA,ER28) 
(SKIP~X(l) 1 F(6) 1 X(1) 1 A(50)); 

tJ==~" s ~~ .> 

I::·:: I·····~. ) 
[; D T (] t··.! J::~ >< ·r ; 

END.; 
IF GOOUT=29 THEN DO~ 

IF UA=/ ' THEN GO TO ERRRR~ 
I::=~I-···1 > 
U== .~ s.· .. ~ 

PUT STRING<IDNT>EDIT<IDNTS>CA(9))J 
CGDE:;;;::CDDE;. 
(~(ii...L. SEt1F~C;HI{ j 
JF CODE=O THEN CALL INSERT;. 
IF 1YPECDCODE>=O THEN TYPECDCODE>=4;. 
IF TYPE(DCODE>A=4 THEN DO} 

CUDE"::C:DDE~:;;. 

PUT FILECEFILF)EDITCCA 1 ER29> 
CSKIP,X<l>,FC6>,XC1) 1 AC50>>; 
GO TO !"-!EXT~ 
E:NI)j 

D P :::: / ,J r..-i~:J l ,; 

-r·"I ;;::l;. 
C 1 ::::CODE; 

T;.:?::::O; 
c;?:~o ;. 
B ;.:;~ :::~ ~1 j 

LO:OE:.:CODE~:;;. 
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00:''.;7 
0 t3:.:.:j ~:~ 
0 ~:~ ~:;; !? 

Ci:C1!...L GENCDD _; 
GO TO I··JC:<T; 

END; 
IF GOOUT=30 THEN DO; 

I::::I--·1 .> 

UCODECUTABCKUTAB>l=QTURP!...E; 

08b4 GO TO NEXT; 
0865 END; 
08G6 IF GOOUT=31 THPN DO; 
0867 SCI>=4; 

0 ~:~t? "J. 

0 ~:$ t/ ~.:.~ 

OB?'t:~ 

0 ~:~ :? ~:? 

LJ;:: I / J. 
DP ,,,,' nn N -· ~ 

T :t ::::0; 
Cl ::::t :_:_:;;. 

·r ~~~ ==== ~:5 ; .. 
UCODE<UTAB(KUTAB>>=QTURPLE+l; 
!< U ""i E1·1P L. '"'I< UTE r'iP"L. + ·i ;. 
c;.=:.::==!< urEr·i e 1... _; 

UTAB(KUTAB>=KUTEMPL; 
CP!l ... L. GE::NCGD; 

0878 GO TO NEXTS; 
0~79 FND; 
0880 IF GOOUT=32 THEN DO; 
0881 IF UA='S'THEN, 
0882 PUT FILE(EFILE>EDITCCA,ER32) 
0 ~]~:3:·~; ( E::l< IP .: .. :.:< ( l ) iF (<:))>X<: '.1.) ~ f~:r ( !::_;o}) ) 
0884 I=I-1; 
0885 U='S'; 
0886 UCDDE<UTAB(KUTAB>>=QTURPLE; 
0887 KUTAB=K4TAB-1J 
0888 GO TO NEXT; 
0889 END~ 
0890 IF GOOUT=33 THEN DO; 
0891 PUT FILECEFILE>ED1T<CA,ER33) 
0 ~:5 (? ~.:.~ ( ·s I< I P .> X ( l ) i F. < 6 ) .:· >f ( ·;. ) .~ A ( ~.=s 0 ) ) -~ 
() U'7'3 tJ:::: ·' I; 

0895 END; 

0897 IF GOOUT=34 THEN ·DO~ 
0 ~:~(It:! 
o o<?9 
0?00 
0901 
iJi?O? 
0(?03 
o t..;>o .4 

0906 
() ?())' 

PUT FILECEFILE>EDIT<CA,ER34) 
_ ( ~3K I p· 1 >< ( :t ) ) r· ( 6 ) .r X ( ·.t ) )' t':i ( ~.:.=_; 0 ) ) ) 

Ci-"':L.L OPPRDC:: ~ 
IF IFLAG=l THEN DO; 

IF L{.:,c:::: 0.~ 

END_;. 
J:::: I+ :t -~ 
~=~ ( I ) :::: ~:_:_; ; 
GO TO NFXT~);. 

END;. 
0910 IF GOOUT=35 THEN DO~ 
0211 PUT FILE<EFILElEDIT<CA,ER35) 
0912 <SKIP 1 XC1>,FC6) 1 X(1),AC50>>; 
0913 GOOUT=34} 
0914 GO TO GOOUT34; 
0915 END; 
0916 IF GOOUT=36 THEN DO; 
0917 IF UA='S' THEN DO 
os.l"J. n 
0?1? 
0 ?i.:: () 
0 S:';_:; :t 
0 C:_>f;_:_~;_:_~ 

PUT FILE<EFILE EDIT(CA,ER36) 
CSKIP,XC"J.>,F<6 1 XC1) 1 AC50))J 
GO TU NEXTG~ 

END; 
C)P:::'Ei\1P I;. 



n <?;:.~ :::~ 
09:::~4 

!., I •·j·· , .... ,. ' r" ' (.'(' ., .... , ... ' t .. I' .. 'I' •••. (''"" • .) n l !"' n ... , . 
.. \ . .l !" .!. l... r. •, ,, .! l! 1::. I" ) t: . . } .L I \ ~ I u i\ I" ... ~- ) u !- ) 
CSIP,XC1),F(6) 1 X(1) 1 A(3)>; . 
QTURPLE=GTURPLE+l; 
~"'Q 1 1 f'l H! "'!t • .· ~.. .... 11... ... . .. · ...... ... l.:to, )' 

D927 GO TO NfXTS; 
0928 END~ . 

PUT FILE<EFILE>EDITCCA,ERO)(SKIP, 

0 ~:.:.':3~3 
o ~~) ~:s 4 
0 ;'?) ~=~; ~::; 

X) (:l ) 
Ci::1L.L 1'-.!>(·r END}. 
c.; Cl ·r Cl t··~ E: >::: ·r ~:) y 

END; 0 (?:::;)~:~ 
{)<')~;:)t"/ IF S<I>=5 THEN DO; 

Ct:1l...L !\!EX TEN 1 
GO TO- NEXT 1 

END.> 
!]<"):.?;"/ 

0940 
09··~1.· 
0 <?/.~. ;:.:.~ 

IF SCI)=6 THEN DO; 

0 (_>>.-:f:·~ 

094~ CALL. NXTEND; 
0 <.:.'J 1.{. (:;. lJ ::;; ,t I ,} 

0947 I=I-1; 

0949 CALL GETSYMi 

cr::rJ...L. NE:XTEN;. 
GO TO i··-.!EXT;. 

Er·-i.:O, 

0950 IF IFLAG=l THEN GO TO NEXTS; 
0951 GO TO NEXT; 
0952 END STATE; 
{) 9~.'5 3 
() (_;;;:j.4 

}· • .1 't i"j::· !-._1 'f) , j:l l~l [--1 f'' t::· 'i'o I i ]:) 1::· , 
l -. 1\ I ... i 'i{ •• 1 ; ·, ~·:· ... ,. : .. , •• 1 ,__, ! \ "' i 

C~f:':ti...L. NE:>(."ft=::t··.~ _; 
IF TAB=4 THEN RETURN; 

0957. GO TO NXTSS; 
0958 END NXTEND; 
0959 ID:PROCEDURE; 
0 <.7'6 0 NEXTF< ; 
0961 CALL SEARCHB; 
0962 IF CODE=O THEN CALL INSERT; 

o~;~r:-:-4 

() ?6:.=:; 
!)l?(;;b 

096'.7 

096? 
()(?'? () 

0 ~;~ '? ;,:.~ 
() 9~~:,3 

·r 1 === 1 ;. 
'f;_?,:::(); 

c: 1 :;;: c; D x; 1::: 1 
c;;_~::= o; 
E{,:.:~=: 1· .> 

Ctri ... L GENCDD;, 
c~~~LL. GETEYH,; 
IF IFLAG=l THEN RETURN; 
IF "i'AB::::4 THEN 

IF CODE=7 THEN DO; 
Ci~L.L. GET l::; Y t·i J 

ol:;f)' t:) 
0 9'?~.? 

IF IFLAG=l 1·HEN RETURN} 
IF TABA=lTHEN DO; 

0?'/9 
o !.?~:~ o· 
09G:l 
09H;_:2 

()'}[)4 

O~JB!':-i 

09t$ 1

.'? 
0 ~;) ~:~ ~:~ 

F< E::TUk I\!;. 
END ID_; 

GENCOD:PROCEDURE; 

DP='APG~ J 
GO TO NEXT I<; 

END;. 

I Fi...f.:-IG:::: 'J. j 

F:t:TU~lN;. 
END;. 

PUT FIJ...E<CODEF>EOIT<QTURPLE,DP,B1·,Tt,Cl,B2,T2,C2> 
<SKIP,X(1),FC6>~X(1),A(3),X(1),F(3) 1 X(l),F(1),X(l),F(6), 
XC1) 1 F(3),X(1),F(1),X(l) 1 F(6))J 
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O<?Slt 
0 ~!.>(? ;:,:_~ 

QTURPLE~QTURPLE+l; 

END GE!··-iCOD,.; 
CLBLCK:PRDCEDURE; 

0994 IF BLCKENCCURRBL>=B THEN GO TO ~TN; 
0995 DO II=l TQ BLCKEN<CURRBL>; 
0996 LASTEL=LASTEL-1; 
0997 ADDSSCLASTEL>~ADDSSCTOPEL>; 

0998 TYPE(LASTEL>=TYPECTOPEL>$ 
0999 SYMBCLASTEL>=SYMBCTOPEL)J 
1000 DCLR(LASTEL>=DCLR<TOPEL>; 
1001 TOPEL=TOPEL-1~ 

1002 END;. 
1003 BLCKPT<CURRBL>=LASTEL; 
100'l· F~TN: 

IF BLCKID<CURRBL>=l THEN DO; 
GP::::' EN))' .> 
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1006 
1 0 0 ')' 
1000 
t DO'} 
1010 
'.!. 0 '1 '.1. 

1 0 l :::.=: 

t D :1.3 
1014 
:\ 0 l ~'.'i 

l 0 "l t~) 

PUT FILE<CDDEF>EDIT(QTURPLEjOP> 
(SKIP 1 X(ll 1 F(6) 1 XC1) 1 A(3)); 
QTURPLE=QTURPLE+l; 

:l 01 '.? 
'J.OlD 
1 0 1 ~;..> 

'1 0 ;,:? 0 
'1 () ~=.~ 1 
1 () ;,:> ;,:.~ 

'1 0 ;.::.::?; 

10?6 
l 0?'? 

1 n;.=:.9 
1030 
'.! 0 :.:'l 'J. 

1034 
. 1 0 ~=~ ~.'.'i 

l 0 ~·~'7 
1 0 :.:~; G 
l (} :::s 'jl 
1040 
'J.04'J. 

1 0 4:.':) 
1044 
'), 04~:.; 
'.(046 
'lOl~.'? 

:l 04D 
104? 
1 () :':.i 0 
!.O~:il 

- 1 0 ~:.=.i ::) 
:!. () ~'.:i-4 

Nf1::::CUH F~ Bl... .'· 
CURRBL=BLCKLVCCURRBL)J 
IF BLCKEN<NM)=O ThEN GOTO NXT1 
DO II=l TO BLCKENCNM>; 

I I I '"' J I + L. 1!1 GTE 1... .... 1 ; 
IF DCLR<III>~O THEN DO; 
PUT STRINGCIDNTlEDIT 

<SYMP<IJI)))(A(9))J 
CAL.!... ~3[!-':)R CHB; 
IF CODE=OTHEN DO; 

BLCKEN<CURRBL)=BLCKENCCURRBL>+t; 
TOP E:L.::::TDPEL+ :l. ~ 

ADDSSCTOPELl=ADDSS<IIIl; 
TYPECTOPEI...>=TYPECIII>~ 

SYMB<TOPE!...)=SYMB<III>; 
DCLF< (TOPEL.) :~:o > 

E::ND J. 
END_; 

END; 

J 1::· D L. C l< I D ( C U !~ ~~ B.L ) ::: 'l THEN HE T U !~ N ; 
IF BLCKLVCCURRBL>~D THEN RETURN; 
GO TO CL.DEB1 

END~ 
IF B!...CKENCCURRBL>=O THEN RETURN; 
DO II=l TO BL.CKENCCURRBL>; 

I I I :::: I I + T 0 PEL:::: 1 _; 
IF DCL.RCIII)=O THEN 
PUT FILECEFILE)EDITCSYMBCIII>~ 

'!...ABEL NOT. DECLARED'> 
<SKIP,X(19)A<9l,XC1l,AC30)); 

f~ETURN; 
.END CLE:L.Ci< .~ 

BLCKST:PROCEDURE; 
!...ASlBL=LASTBL+l; 
BLCKLVC!...ASTBL>=CURRBL; 
BLCKEN(I...ASTBL>=O; 
BLCKPTCLASTBL)=TOPEL+1J 
BLCKID(LASTBL>=CODE-4J 

SEARCHB:PROCEDURE; 
Dl"'CH i:'!.L.~::CUI~ R Bi... .> 



l\1 XT:::;I~ H; 
Ct"t!...L ~:;R :Ol·'iBL .> 

IF CODEA=O THEN RET~RN; 
DMCRBL=BLCKLV<DMCRBL>~ 
IF :oMcRBLA=o rHEN Go to NxrsRH~ 

1060 RElURN; 
1061 END SEAR~HB~ 

1062 SEARCH:PROCEDURE; 
1063 DMCRBL=CURRBL; 
1064 CALL SRDMBL; 
1065 RETURN; 
1066 END SEARCH; 
1067 INSERT:PROCEDURE; 
1068 BLCKENCCURRBL>=BLCKEN(CURRBL>+l; 
1069 TDPEL=TOPEL+lJ 
1070 DCODE=TOPELJ 

1072 TYPECDCODE)=Ol 
!073 CODE=BLCKEN<CURRBL>; 
1074 DCLR(DCODE>=O; 
:\ 0 '.7 ;:'.i r.?. ET U r~ N .> •. 

1076 END INSERT; 
1077 OPPROC:PROCEDURE; 
l 0 '/B 
1 O)'~i' 
'l Otl 0 

1 on;.:_:. · 
1 ili33 
:t OB4 
'.l 0 U!.'S· 

C~f.·~L.L. P f.~ C!C: I D; 
IF IFLAG=l THEN RETURN; 
Ct:I...L GETE)Yl::; 
IF TABA=4!CODEA=8 THEN DO; 

C:t,L.L. J-:.;L.Ci<B"f* l 

PUT FILE<EFILE>ED TCCA,ERDPPR> 
(SKIP,X(1) 1 FC6>,X 1) 1 A<50)); 
GO TD NXT; 

'1 0 f:s~? . i\~;~(Tl)I...F{ ; 
1088 CALL GETSYB; 
'J.Oi:l9 NXT: 
1 0 ~;.:· 0 
·t O?'J. 

IF TABA=3 THEN RETURN; 
H E ~~!... ::3 :::: 0 .~· 

'i. ,']<7·,_·.···'.: '!' 1::· l:)r.r:· 1,\l c;. ...• ,,.. ·rl· .. t1•::·; .. ; t:)r: '"~' 11 j 1>\!. 
;; - • .:. • \. .•.. "i L •. · •. ! .... • J l I ••• ! \, 1\ f ••• I ... f\ I il } 

1094 OUTT: 
1095 CAL!... GETSYM; 
1096 IF TABA=l THEN DO; 
:\09'? PUT F.IL.l:::<EFILEii:~DITCC(~;EI~DPPR) 
109B 
1 0</'.i' 
l'iOO 
1 ".! 0 1 

<SKIP 1 XC1>,FC6)~XC1>~AC50>>; 
F~FTUF: N; 

END; 
Cr~L.L DCL.nEN ;. 

·1 !. 0~:. GD TD NX"f'f)i...F: j 

1103 END OPPROC; 
1104 OPBLCK:PROCEDURE; 
1105 CALL BLCKST~ 
1106 OP='BGN'; 
1107 PUT FILE<CDDEF>EOIT<QTURPLE 1 0P) 
1108 CSKIP 1 X(1) 1 FC6),XC1) 1 A(3)); 
1109 QTURPLE=QTURPLE+l; 
11"1.0 NXTDCn: 
:1. l 'l "l 
l 'J. l ;,:.~ 

:\ 1 :t :.::; 
'l11 -:{. 

'J. :!. "1 ;=.=.; 

'J. 'J 16 
1 :l 1 '? 
'11 "1 B 
'11. J. 9 

:1. 1 ;,:.~ 0 

c; f~', L. L. (; E: ·r ~:) ... ( f:J ; 

IF TABA=3 THEN REl'URN; 
J;;: Ei~LE):::: (); 
C(i!...l... RE::r::::L.~:>C .i 
IF F~ E(.:,L G:::: 0 ! H E(':L E):::4 THEN I~ i:i: TUH N; 
Ct;LL GET~:;Yi'-1) 

IF TABA=1 THEN DO; 
PUT FILE<EFILE>EDITCCA,EROPPR> 
(~3II<P ,,/..(l) ,FCb) >XC1) 1 f-i(~:.i0)) ~ 

F< J~: T l.J F; p.~ .> 
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1121 
1 :l :.:::2 
'J. l ;:.~ ~:) 

'1 'J. ;:;!lt 
"J. 1 ;::.::.'i 
11 :.:~h 

1 l ;:.~D 
:\ :! ;,:.~(~· 

J j_ :·:) 0 
1. :( :'}'). 

.1 '.1. ;·;) :..:.~ 

11 ~)~·~ 
"l l :·~:; 4 
l '1 ::'):::; 
1 :t :~s ~=j 
l··.t. ::~·? 

... , \.. Lt}•_...; 
Cf:1L.!... DCL.F:EN .> 

CD TO. NXTDCi~;. 
[i\lD OPBI...Ci<;. 

DCLREN:PROCEDURE; 
r·~x ·r1)L ~ 

IF TABA=l THEN RETURN; 
. Cf~!...L f:!E:AR CH; 

IF CODE=O THEN DO; 
c: c:"tL.L IN ~3E i~~ T; 
DCLF~ ( DCDDC > ::::1 .i 

GO TO N><T~:;; .: 
E~f·~:o; 

PUT FlLECEFILE>EDIT<CA 1 DCLR0) 
(SKIP~X(l),F(6) 1 X("J.) 1 AC50))l 

1 ·1 ::5 ~=~ ~\~ >:: ·r s : 
1139 CALL GETSYM} 
:\1.40 
:i '! ··='l-1 
·~ "J.L¥;:.~ 

11~:l :·:~ 

1. 14:':.; 
:t 1.-46 
1!. 4'7 
'!. '14B 

IF TABA=4 THEN DO~ 
F' tJ T F I L. E ( E F I L. E ) E :0 I T < C f:1 1 DC 1... f<: l.) 
'( Ui<I P ;·X ( '.1. ) , F ( 6) 1 X ( 1 ) ) tr C'5 0 ) ) ~ 
FlETURi'.t 1 

[[· .. 1)); 

IF CODE=8 THEN RETURN; 
IF CODEA=7 THEN DOJ 

IFI...i~JG::::].; 

HE'TURN; 
1149 END; 
1150 CALL GETSYM; 
1151 GO TO NXTDL; 
1152 END DCLREN; 
1153 REALSC:PRDCEDURE; 
1154 .IF CODE= 4THEN REALS= q; 

'!. l ~56 
I '.1. ~:.;·_? 

IF CODE=llTHEN REALS= ~; 

IF CODE=12THEN REAI...S= 2~ 

1158 END REALSC; 
1159 PROCID:PROCEDURE; 
1160 CALL GETSYM; 
1 '.l61 
:! 16;? 
'116:.?.; 
:! 1(::.4 
1 "1 t)·~::_i 

IF TABA=] THEN DO; 
PUT FILE<EFILE>EDITCCA,EROPPRO) 

. CSKIP,XC1> 1 F(6),X(1) 1 AC50)>; 
I F. L. 1!i G; :::: :t .~ 

R E:TUF( N; 
1166 END; 
1167 CALL SEARCH; 
1168 IF CODE=D THEN DO~ 
1169 CALL. INSERT; 
1170 DCLRCDCODE)=l; 
1171 TYPE<DCdDE>=4; 
1172 OP='PRC'J 
1173 PUT FILECCODEF>EDIT<QTURPI...E,OP,DMCRBL,TAB,CODE> 
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1174 (SKIP~X(1) 1 FC6>,XC1Y 1 AC3) 1 (XCl),F(3),X(l) 1 F(1),X(1);F<6>>; 
11'.'/;'5 RETLmr··.J; 
1176 END; 
117'7 PUT FIL.ECEFILE>EDITCCA,EROPPR3l. 
1178 CSKlP,X<l>,FC6) 1 XCll,A(50l); 
1179 IFLAG=l; 
1180 RETURN; 
1181 END PRDCID; 
1182 NEXTEN:PROCEDURE; 
1 '.l K:') NXT: 
1 1B4 
l '1H:5 
l 'J.B6 

f' 1.)! ! r·' l7T c·-( l··'i , 
;~-~A~~~~T~{N GOTO NXT 

IF TAB=3 THEN DO; 



:1 J. f:j '? 
1 l ~:~ ::3 
1 :1. ~:; ~~J 

i .,. ,... ····r"·J''t:· .... ''J ..\, !~'"'.,' n , .... ~., .. ,... \ 
.1.1 .. Ld ./o ••• •·••••• j~n ,;:.!"-! !\ ::. 1.\.Jrd·l ~ . 

GO TO N:Z::T ). 
E:: i·~ I) ~ 

IF CODE=8 THEN RETURN; 
1191 GO TO NXTJ 
1192 END NEXTEN; 
1193 SRDMBL:PROCEDURE~ 
'1194 DCL. 

".!. 'l ~?(:., 

1 :t (?l? 

I .,. ,, 
N 

FIXCD BINARY(15lf 
FIXED BINARYC15) 1 

FIXED BINARY<15>; 
1198 DCODE=BLCKPT<DMCRBL>; 
1199 CODE=O; 
1;:.~00 ·N::::BL.C!<EN(DNCRbL.) .; . 
1201 IF N=O THEN RETURN; 
1202 J=BLCKPTCDMCRBL); 
1203 N=N+J~l; 
1 ;:.~ () i.} 

l ?0 :=.:; 

l ;.:.~ 0 6 
1 ;.:.~o 7 
1~.~()0 

1 ;.:.:OS' 
J.C.~ 1 0 
'! :?1 :t 
1 ;:.: 1 ;.:.~ 
1 ;_:? ".( ::!; 
:i ;;,~ 'J. 4 
1 ;,?,1 ~.) 

1 ;.:.~ 1 6 
1 ;;~ 'J. '? 
121B 
1 ;,:.~ 1 (_';! 

1?20 

1 ;.:.~ ;,:) ;_:.~ 

t ~:.~ ~.:.~ ~) . 

:t. ;.=.~ ;.~~ j~'; ' 

l ~:.~ ~:.:: '? 

l ;;,~ ;,:.~ ~) 

i ;.:~:3 0 

·' ':l"l'"l' ! t ..... ;d 

·.t ;.::::·54 
1 ;.:? :5!:~; 

1 ;.::.::!)H 
.'.i. ;~~:."59 

1 :~.~ 4 () 
1;:24·'1 

1 ::.:4~.'i 
1?46 
1 ~.::4'7 
1 ;,:.~ 4 t~ 
l ~:.~ .<{.<;.> 

1 ;.:.~ ~:'j 0 
.1 ;,:.~ ~:,=; 1 

IF SYMBCI>=IDNT THEN DO; 

END; 
ni:~TUI<N} 

E:: f·~! !) ~:3 ~:< D iVf I·~ L. ) 
EXP : P F: DCEDU!;;: E.~ 

DCL. u~:; 

u~~n· 
u~:)D 

c·J. 
B1 
~B ~.:.~ 

T'.l 
T;:.~ 
T ... 
I 
UFlJiG 

GOCJUT 

"(''!' 
,,) 

ClP 
u 

• ~=} ( 1 )•:::: :l. ; 

lJ:;::-' I > 
I:::: ·_t j 

C C) I~ 1:::::: I -·· .J ·+· :t ; 
DCOD[::::I; 
R E:: T U r:.~ f·~ ;. 

END> 

FIXED BINARYt15), 
FIXED BINARY<l5) 1 

FIXED BINARY<l5) 1 

FIXED BINARYC15) 1 

FIXED BINARY<15), 
FIXED BINARY(15l 1 

FIXED B1NARYC15), 
l.=·.·t··/'~.c, .. ·.·.r) qT~~~~yc·~'. .. J_ .f. ·. f • i. . A 1-. .. " _.. 

FIXED BINARY<15>, 
FIXED BINARY<1B>, 
FIXED BINARYC15) 1 

FIXED BINARYCl$), 
FIXED BINARYC15>, 
F I>( ED 1.-n: 1'-!t:Wi < ·J. :=~.; ·' 
FIXFD BINARYC15), 
C~Hf:R ( 3) , 
CH{:Jl~ ( :\ ) ; 

IF TAB=l THEN GO TO CHECKV; 
Nf::XT: . 

IF 'T f.::B:::: 0 ·r ~·! E: ~-J I) (] ;. 
CUDl.J'f::::f.:i C 1 , ::;) (I) ) ; . 
GCJ TO OUT; 
END) 

IF TAB=l THEN DOJ 
GOOUT=AC8,SC1)) l 
GO TCJ OUT; 

IF TAB=2 THEN DO~ 
GOCJUT=AC8,SC!)); · 
GO TO DUT~ 
END; 

lF TAB=4 THEN DO; 
IF CODEA<9 THEN DO; 

GCJ JO Er~R~::F1; 

END~ 

119 



1 ;;.~!::;.4 
1 ~:~ ~.:j ~::.r 

"1 ;.:~~;!.it:) 

1 ;;~~:5tl 
t ~.:~ ~~:i <? 
t;:.::60 
1?61 

·.t ~.:.~ (:} l~ 

l ;,:.:: 6~ ~:; 

l ;,=.~ ~? 0 
'.1. ;,:.~ ~? 'J. 

"I ;_:_~7 ;:_:.~ 

"1. ;.:~73 

1 ;:.~'?:::; 

'J. ;:.~r/'~7 

:t.;.:,::t? ~=~ 

1 ;.:.~ ~:~ () 
1?!:51 
:t ;.:~ t:{ ;.~ 
t ~.:.~ ~:l :·5 
1 ;,:.~ ~=~ .f.?· 
1 ;,:_:: t:~ ~.:.:.; 

:1 ;_:_~F: 6 
"J. ;,:.~07 

:t ;.:~(? 0 
1 ~.:.::<? ·.t 

1 ;.=.~ (.'.) ;,:.:: 

1. ~:.:~ ') :·~> 

:l ;_:_~<? (::~ 

"J. ;.:~{/? 

'J.?9B 

"1300 
1301 
:\:.3 0 ;:,:.~ 
:i :.30 3 
1304 
1 :·:~ () ~.'! 

1306 
:130)' 
l::?!OD 
130 '? 
1::n o 
1.3".1 :t 
"J. 3"1 ;_:>. 

13"16 
J 3:1 7 

IF CODE - 7 THEN DO; 
GO TD EF!RPH;. 
F.:~ j·~ )) ;. 

IF CODE=8 THEN DO; 
GOCH..lT=:i:~~ ( 1 ) f.) (I) ) ; 
GDTO O!..J·r ;. 

' [j\)I) .I 
GDOUT=ACCODE+t,S<I)) ~ 

GD TO OUT; 

IF TAB=3 THEN DO; 
GDOUT=:A ( 1, b (I))_; 
GO TO OUT~ 

IF GOOUT= 0 THEN 
IF GODlFf":::: "l "THEN 

E f··.J:O .J 

GD TO EPP~~R ~ 

DD> 
IF UA=' I THEN DO; 

CD T D E i~ R I~ R ; 
END_; 

I"::I+-1; 
·B(I)::::f.$~ 

c;c; TCJ NE:XT~3) 

IF GOOUT= 2 THEN DO; 

IF GOOUT= 3 l"HEN 

IF CDGUT:::: ·'~ THEt~ 

IF GOOUT= 5 lHEN 

IF GODUT= 6 THEN 

JF U,.'"::·'T··· !UA::::'F·' THEN DC; 
GO TD EF~nF{R 1 
END; 

1..)::::1['; 

TT:.:.~::::6;. 

BE·:;.:.~:::: "l 1 
c;c;.:_~::::1; 

R ETUr< i\! ;. 
END; 

DD; 
IF UA='T' THEN DO; 

l.J:::: ,. E' > 
I=:f. <I ) 
GD TD GENP0!·1N; 
END,; 

DD ;. 

GD TD El~HF<R ;. 
END: 

IF UA='T' THEN DO;. 

J::::I-··1} 
GO ·ro GENP DHN,; 
END; 

DO; 

GO TCl ERF<i~t~.i 

IF UA='T' THEN DO; 

I::::I+1; 
l:)(J)::::;?; 
tJ:::: I I ; 

GO TD NEXT~:;) 

END; 
DCJ; 

IF Li"::::'F' THEN DO.~ 

'J:::::£·, .. "1;. 
~~ (I ) :;:;~:5 .~ 

U:::: f I t 
END~ 

GD TCJ EFlRPR; 
END; 
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'J :·:) :::_:: ;,:.~ 

l :::) ;,:.~ :·:~ 

l ::~ ;_:_:~ ~1 

~l :·:) ~:? ~=~ 
'.l :3;~~ '? 

'J. :·:=:;:·::) () 

1 ~·~):·~ ;? 
1 :3:·~)~'?:; 
·.t :3:·~.-:'{. 

'! :~~) ::s :;_:_; 
,I ·:r "X t~. J. .,.),_.,.,,,., 

l ::::):'3!? 

'J. :340 
134-'J. 

'.l :·:) .{f ~~=~ 

'l :5/.f !/ 

1. ~:~49 
:l3~'SO 
15~.~; :l 

l :·:) ~:_:_; ::.:-~ . 
'j_ :·5 ~:5 ~=~ 
1, :·5 ~:5 ~:~} 
1360 
·i:.361 
l ::5 f} ;:.:~ 

1 :::S {:, ~-~; . 

1. :.-:;? () 
1 :·!)~/ '.t 
l ::~)'?;_:_:: . 
1 :·~; ".l :·5 
"!. :::'i'/4 
:t. :·5·?~::_; 

1 :·~ 1

7 (::-

:t :·5*3'1 
l3~:l::_:!. 

IF GOOUT= 8 THEN 

IF GDDUT:::: '~' THEN 

IF GOOUT=10 THEN 

IF couu·r=J-.t THEI···i 

GDDUT 1 ;.:.~ : 

IF GOOUT=13 lHEN 

IF GODUT::=1·4 ThEN 

:0() -~ 
I F LJ ·4 • :::: ,~~ F:· ·' ·r HE !-~ J.) Cl ;. 

I=:: I +1 ;., 
~:) (I) ::::.41 
\.J :::~ ,I ,! .} 

GO TO NEXT~:; i 
END; 

GO TO E.RRRR;. 

IF UA='T' THEN DOJ 
GD TD EF~RI;~p;. 

END>. 
I=:i>-".l;. 
c;cJ "fCJ G;Ef-...~t·lP l)t.); 

END;. 
J)(] ~ 

IF UA='T/ THEN DO; 

I:::I· .. ·1 J 
U::::" F" _; 
CD TD GENi·'1F' DV _; 
EJm _; 

DO;. 

GC) TD EPF:f<R;. 
. Ei··-.!:0;. 

Tl··!Ef'l :OD;. 

U::::"T'} 

GD TO STOPE_; 
END; 

))Cll 
JF !..1'':::' THEI\1 

I:::: I ·+·1. l 
B(J)::::t.?J 

CD TD f:1TORE: ,~ 

DO;. 

GO TO EHRRF:: ; . 
. END_; 

!) (] ; 

JF U·''::::·' " THEN DD .> 

t;(J 'f(] E:R F~ r< H J~·-
I:::ND; 

I::::J>-·l;. 
U:::::" T, ;. 
JF 8(1)=1 THEN GO TO EX1213_; 
IF SCI>=6 THEN GD TO EX1213;. 
I~ SCI)=8 THEN GO TO EX1213; 

(~() TC) NE)<T; 
END; 

DD; 
IF U"::::' ... THEN DD _:. 

t.J :::: ,. r· , ;. 
J=.:J .... l ~ 

GO TO EX"J.;.:~"J.:3_; 

DO;. 
IF UA='T' THEN DO; 

~:; (I) ::::9 _:. · 
ll ::"- I ·' J. 

I( U ·•· ::::' E:: ,. THE!·· .. ! 
GO TD EHPF~R) 
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'.l :·:) ~~~ ~~ 
'l :::) ~:~ ~=! 
t:.';B9 
1 :3~? 0 
1. ~5? '.!. 

l :_?).,}:_?;; 

·.f.:·:~~;) 4 
12~9~5-

'.l ::) <? ~=> 
1 :·5~.}) 1.? 

:!. 40 () 
1 A [J:l 
t 4 o;:.~ 
:1.403 
1404 
1 4 () ;::; 
J. 4 () (:;, 
140~:, 

l40B 
:l4()<) 
"J.l* ".\ 0 
14ll 
".1.41 ;? 
14 'J. :3 
".!. 41··'l· 
14 :l ~:i . 
"!.416 
'141 '? 
1tf1~:j 

l4l9 
14;.:.> 0 
14;.:.>".!. 
:t lf ::.:.~ :..:! 
:t 4 :~:.~ :·:) 

1 ?."i;? ::s 
'.i. l{. ;,:.~ {:~ 

"l 4 ;,:.~ ~:~ 

:t lf;.:::9 

IF GOOUT=15 THEN 

IF GOOUT::::"}.6 THEN 

IF GDOl.J"f::::l '? THEN 

IF G(JJJUT:::: ·1 G THEN 

GO TO NEXT~;.: 

FND:, 
DO;. 

JF UA=' I THEN DO J 

J::::J ····1 ;. 
.U::: .' t I .~· 
GO TO NE~:<T; 

END; 
DO:, 

CD TO E:F~!={PI~) 

FND} 

IF(.)"::::' I THEi\l DClj 

I:::: I .... 1 ;. 
!J:::: I F.! ), 

CD TD FF<F~l~H; 
Ei·· .. !I) 1 

IF S<I>=4! S<I>=5 THEN U='T'; 
GO TD NEXT; 
END; 

DO;. 
IF u ·''::::I I THEI\l DD; 

co ·ro ER 1~1 P 1=< ; 

END .1' 
IF S<I-1>=1 THEN DO; 

·TT;:.~::::US _; 
:en;.:2""::U ~:;B; 
cc;.:.~::::tJ~:;T; 

r<t:::TUI~t-.. ! J 

GDDUT::::12 ;: 
GO TD GDOUT 1 ;.:.: ;. 

END_> 
:oo; 

. E"N:O .: 

IF UA=' 'THEN GO TO ERRRR; 

GO TO NEXTG .~ 
El'-.!D ~ 

IF. GQOUT=19 THEN DO; 

IF G(JDl.JT=;.::. 0 THEN 

IF U''-::::lT/ THEN !.)0; 

J::::I ·····.!. .> 

Er··.!D; 
DO; 

GO ·ro Ef< i~H F<;. 
END;· 

JF UA='l' THEN DO; 
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IF u··~:::: ··· THEN' :00; 

:1. 4::~:·? 

t4·3D 
"I4:":S? 
:!_/~40 

".1.441 

IF GODUT=21 THEN 

I::::I+1; 
~;:; ( I ) :::: :·~~ ; 
lJ~=~/ ,/; 
CD TD NEXTE; 
E: t\!I> J 

J)D ~ 

I:::: ~t: +"J.. ·J. 

B C: I)::::(:>-~ 

END; 

".!.44::!; 
1l~4·4 IF UA='F/ THEN DO; 
:t 4-/.~-~::i 

1·4-lf!:i. 
1447 1=1-1; 
1448 GO TD NEG; 
1449 END~ 
1450 ERRRR: 

CO TO EF:HF1Fl; 
END; 

CO TO ERF~HF~ ~ 
END_; 



''.i.4:'.'.i:t 
"J. lf!5.:.:.~ 

'14~:S?) 

l.""i-~:.iA · 

14!:5E~ 

:t4~:i9 

'.1.460 
1461 
'J. 46::::. 
'.1. 4(:,.:_'5 
14·~~:,4 
14():.:.:; 
1466 
1·46'7 
'.(460 
1·4(:)~? 

'14'/0 
1'-~· 1.? 'J. 

l'+t_:.::;:z 
'14'/~3 

1.4'/4 
:( 4::?;'.'i ' 
14'.76 
'i 4'?? 
'14 t/~:5 

'1 /.f ~'/ l._i 

·J. 4DO 
14B'.l 

14~3::5 

'14B4 
'J. 40~'5 

l 4t~t~ 
'J. 4f5:? 
'l4BH· 
:l4G? 
1490 
'1491 

NE:G! 

IFLf::rG"-::1; 
t:~ ~::: ·r u ~~ t··~ .~ 

c: f:·~t L. L. G E: ·r ~;;; Y f·/i ~ 

IF IFLAG=l THEN RETURN; 

IF TAB~l THEN DO; 

tJF"L.t=·ic;~o _; 
CJ p :::: l 1 .. 1 (J t .. ) l ~~ 

TJ::::TJ+'l; 
'f'l ::::6,; 
T :~:_:: ~;:: i.J ~;} J -
c~ ~:.~ :::: tJ t} .. r ; 
I{ ;,:.~ :::: tJ ~:; I·: .> 

D '.l ====1 ~ 

C:l ::::T .. T; 

U B :::: T {:r IJ _; 
U~:>T====CDDE; 
UEI:)====Dl··1Cl~BL.; 
U('L.PrG===:t; 
c;D TD J\!E~-XT~:) ;. 

:c: :\ :::: 'J. ; 

I7~ ;_:.~ ;::: . 1 ,; 
_· T:t :;::6; 

C'J. ::::T.:.r J 
T;.:.~":: 0 ) 
C?:::O; 

IF CODE=O THEN CALL INSERT; 
IF TYPE<DCODE>=O l'hEN TYPE<DCODE>=2~ 

- IF TYPECDCODE><2 THEN 
P U T F I L. E ( E F 1 L E ) F·D I T ( cc:~, ·' E R 4 ) 
CSKIP,X(1)~F(6),X(l) 1 A<50)); 

~~~v . 
1 ... 1·.1,, i' 

CG TO GENCO:Oj 
149? GENPOMN: 
1493 IF SCI+l)=2 THEN OP='ADD'; · 
1494 ELSE OP='SUB' ; 

'J.4'=?G 
:[.i.}(/9 

:~.;'500 

1 :::; [) 'I 
'J. ~.'.i 0 ;:>. 

'J. ~)04 
'.l ~.'.i 0 ;::; 
1 !::106 
'.l ~'.'.i 07 
l ~'50B 
1 ;:'.iO? 
'.l. ;=.=; 1 () 
~- :=.:; 1 '!. 
'.l :.=s 1 ;;~ 

"J. ~:5 1 -·~!- ~­

'J. :.:51 !:5 
1 ~.:51 f~ 

·r:t ::::t=; 

IF UFLAG=l l'HEN DO; 

·r .. T=:::·r..T··-'1; 
C'.i. ::::TJ ;. 
·r ~.:.~ :::= :::) ; 

l~l;.-='J.j 
x:~ ;.:~ ;::: 1 J 

G t:: f\~C:() D : 

UFL.f~G:::: 0 ,; 
C'J. ::::TJ 1 ' 
T;:.~::::t.J~:> .> . 

c~ ;::. :::: tJ ~;) T .J 
E: ;.:~ :::: {J ~;) B j 

E'ND,; · 

. PUT FILfCCODEF>EDIT(QTURPLE,OP 1 Bl,T1,Cl,B2 1 T2 1 C2> 
( !::) l< I r1 

; X ( ·.t. ) .~ r· < 6 ) )' X ( ·.t ) ;· t~ ( ::~ ) J >< ( 1 ) 1 F. < :·:s ) J X ( 1 ) .:· F. ( ·;, ) ;: >( ( 1 ) _;· F:· ( r~:) ) 1 

X(l) 1 F(3) 1 XCll 1 FCl>,XC1) 1 FC6>>; 
QTURPL.E=QTURPLE+l~ 

GD TCl NEXT; 
f.:;Ei\!f'JP:Ot.); 
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IF SCI+l) =4 THEN OP='M?Y'; 
t:L.~:iE CJP :::: ~· IJ I\)/ ;· 1 !.:.:_~ 1 f:~ 

:l ~.;.i ·.t <? 
1 ~:;;,:.~ 0. IF UFLAG=l THEN DO; 
l ~=s;.:?.1 .lJFL.i:':JG;::;~o; 

1522 C1=TJJ 
1523 T2=USl 
1524 C2=UST~ 
1525 B2=USB; 
1 :::;;.:.~6 CD TO CEh!CDD .~' 

1527 END; 
1528 Bl=t; 
15?9 B2=l; 
1530 C2=TJ; 
1531 TJ=TJ-1; 
1532 £1=TJJ 
1533 T2=6; 
1534 GO TO GENCOD~ 
1535 END EXP; 

1537 DO K=l TO KUTEMPL; 
1538 PUT FILE<TEMPLF>EDITcK;UCODECKJ) 
1539 CSKIP 1 XC1) 1 FC4J,XC1> 1 FC6>>; 
1 ::i'~ 0 END,; 
1541 DO K=l TO LASTBL; 
154? PUT FILECBLCKF>EDITCK,BLCKLV<K>,BLCKENCK), 
1543 BLCKPT<K>,BLCKIDCK)) 
1~:_:_;.l+·4 (~;)i{IP i>(( '.1.) .~F-(4) )}{(1) .'i~::·(f:::)) )X('l) 1 1::·(4) 1 

"J.!.::il{.~:; XC '.l) ,.FC6) 1}(( 'J. ).,F<. 1)) ~ 
1546 N=BLCKtN<K>; 
1547 IF N=O HEN GO 10 EDF; 
1548 I=BLCKPTCK>; 
1549 N=N+I-li 
1550 DO J=I TO N; 
1551 PUT FILE<SYMBLF)EDITCJ,SYMB(J),TYPECJJ,DCLRCJ>, 
1552 ADDSSCJ)) 
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1553 CSKIP 1 X(1),F(4) 1 XCl) 1 AC9) 1 XC1l 1 FCl>,XCt>,F<l>,X<l>,FC6l); 
1554 END} 

1556 M=O~ 
1 ;:;,; ~.:i? END .i 

1558 CLOSE FILF<PFILE>,FILECCFILE>,FILE<SYMBLFl,FILECCODEF>, 
'J. ~.:i :;s '? F I l...-E ( E F I L. E ) :. F I !... E ( L. F I l... E ) ~ F I L. E ( T E f'1i P 1 .. F ) ~ F I !... i::: \ D L. C i< F ) .; 
1560 END ALGOLS; 
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