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The P-code Machine ' [Ch.

Thus the reference in a Pascal program to a file varfable for example Input f,

will be a direct reforence to the contents of one of these locations.

P-CODE INSTRUCTION SET

The following table describes the complete instruction set showing the parameters
and also the ¢ffect of the execution of each Instruction on the stack, Only a
brief descriptlon of each Instruction is glven here — a detailed verslon is glven in
Chapter 11,

Instruction

abf
abr
adi

adr

chk C
chr
osp
cHp
dec C
dif
dvf
dvr
ent

eof

Operatlon
on stack

Befors
(i
(r)

(8

(1,0

After

i

t
i

No change

¢}
speclal
special
()
(5.,8)
{i,h
{r.r)
speclal
(s}
(x,%)
(b)
{.n
4]
{x.x)
(x)
(a)
(1,5}
(5,5
{b,b)
(.l

[+

- e s A

o or

by
e

— T TR M p MDD O SR N O .

Parameters
If present

Q
FQ
Q

PQ

eV olal

o Zronp33eos

Description of Instruction

Absolute value of Inlegor

Absoluto value of teal

Adds two Integers on the top of tho stack and leaves
an intoger rosuit

Adds two zoals on the top of the stack and [eaves a
roal result

Checks value Is betweon upper and fowor bounds |
Convorls integor to character

Call standard procedure

Call user procedure

Decrement

Set differencs

Intoger division

Real divislon

Enter block

Test on end of file

Comparo on equal

Falso Jump

Float noxt to the top

Float top of the stack

Compase on greater or equal

Increment

Indexed fetch

Test sot membership

Sel Intersection

Boolean Inclusive OR

Compute Indexed sddress

Load baso-lovel address

Load address of constant

Load constant indirect — gssemblor gonerated
Load addrass with level P

Load constant

Load contonts of base-fovel address

Compare on less than or equal

Compare on less than

Load contents of address

Modulo

Move

Integor multiplication

Roal multiptication

9] P-code Instruction Set
Instruction QOperatlon Parameters Description of instruction
on stack if present
Before  After
gpecial P Matk stack
22’.; C Ex,x) b Q Compars on not equal
ngt (1) i tnieger sign Inversion
ngr 6] r Real slgn invorslon
not (1)) b Boolean net
odd () b Test on odd
ord C (x} i Convert to Integer
ret C special Retum from block
sbi {ih i Integer subtraction
sbr (r.x) i Roal subtractlon
sgs ¢y £ Generate singloton sot
sql )] i Square Integor
sqr () f Square real :
sro C {x) _ Storo at baso level address
sto C o -&" Storo-at-base-level-address -
. " Nd'effect Stop
g‘f C N (‘;c)c PQ Store at level P
fre {r i Truncation
ujc No offect Error in case statement
ufp No effoct Q Unconditional Jump
uni (s,5) ] Set unlon
xjp 1)) Q Indexed jump -
Key to effect on stack:
a . address
b ’ boolean
¢ character
I Integer
ro real
$ set
X any of the above types

The C parameter denotes one of the primitive types,



82 Pascal Implementation: Compiler and Assembler/Interpreter

67
953 and}

54
945 46 (%Lnt*)1 bagin sp e gp-l;
stovefap).vs 1= atorelopl.ve * store|ep+tl}).va

= || Assembler/Interpreter Listing] =~ &

95y 47 (*uni*)i begin op im pp=l;
stove[spl.vs i= storelap).vs + stora{sp+l}.ve

360
1 {*Aageabler and {nter . L 961 ond}
pretor of Pascal cod &) .
2 (K, Jenson, N, ¥ 8 952
3 3 .’.rﬂh, Ch, JﬂCObt: ETH Hay ?ﬁ*J 963 48 (Minn#)y bagin
4 program pcode{input,output, prd : Q64 ap 1» 8p ~ Ly £ 1o gtorvelepl.vi;
3 putprd,pee)y . . 965 storefap) vk 1= { in store[sptlfive;
6 {* lote for the {mplementation, L ' 766 end;
7 h ﬂll-.ll'ulhﬁ-.ua-nn-q-nuv--n.-- r 947
U This Iaterprocer (o wrirp 964 4% (Pmodh): begln ep 1m pp-i;
Ig ;nka one otorags eerh: ten for the cass whera all thu fundamental types 969 storaispf.vi i= store{ep].vL mod atorefepwi], vy
1! I:&:na::;::: é:glgzggt:;;rnéhthn handling of the 5p polntor hae to tahy 3;? onds
{2 tn push and pap oparations th: ::P;:am:g ::V;niensth: aag gont £ron ong ek 50 {fodd®)t storolspl.vb 1= odd(scoralop.vi);
13 by I, but by & numbsr depending on the typo co::s:;:d.and.dacraauud not : ' n Ampi A .
14 Houevor, whorg the numbay of uni ' , 974 51 (*mpi*)) begin sp = ap~-i;
15 compiler, tho value nuat n:t :: :gr::c:::rlsr ha roea computad by the HH etorelsp].vi 1= atore(ep).vi « stovelopti].vi
}? 1nvolva§ have alraady bson taken ipto accéu;t?co the lengtha of the types 3;? andi
}g ' ) . ) ' ) 3;3 52 (Pampr®)1 begln Iapix- ep-lj fop] \ 3p1]
. ) storelapj.vr 1= storefepl.ve * stora{epti],vr
20 o060 ond}
2§ ’ - 941
22 labal t; ) . 982 53 (dvi*)y bagin op 1= ep-i;
23 conat codamax “m 8550: , 943 storafop).vi t= stove{spl.vi div stovu[ap+l]. v
M N}
B poan D 7s0g, - %3 e
26 :3::{“ : ;g:ggf (: 8lzs of variable stors 4) R ' 905 54 -(AdveA)) begla ep tm sp-l;
-7 ovarr L 13660' é# siia of integar constant table » § #) 987 atore{spl.ve i= stors(ep).vr / atorelspt!j.vr
C 28 . " overs M 13?305 & 8ize of real constant table = $ a) - . 984 and;
19 gverb = 13820} alza of pat constant table 708y ' 98y ,
. ’ .o . . . a . “}i.va:
TR A o T R s AN
32 lavgoint  m ; 1 : o . 992 for 4 ;= 0 to q~1 do storafli+l} = stoce|12+1)
33 begfﬁczda o 5?144' ' ! 993 {(* q 1o o number of stovage wnite )
g; Inputade o 5; _ i ;3: end;
out .
3% P?df::“dr : ?: ' : ggg 56 {*lcan) b:glg lsp]::an$+l;
7 ) : orafsp). LT
B g o c
19 ° = 62 ; 999
o 1000 100,10%,102,103,104
:? type \::tg "g":g; ’ ’ 1001 51 (*dﬂé*)i‘ltD;e[l;]oVﬂ 1= store(sp].vi-g;
LT e i . ' - 1002
Zg ::ffgypn ° E26;4?"26143| . 1003 38 (48tph)1 interpreting 1= falsag
= undaly Lot ,reol, bool, satt, ad . 1004
:: ;ddreln - —lf,maxagr: PROTRatE, adr,mark, car); ) ' 1005 5% (*ord?)t (fonly vaed to change the tagflolde) (Sghi::)
b ota = packed array{l..25) of chary (tggpor acsaages) :ggg hegin
. . end;
Z; var  coede ! arcay{Ovicodamax) of (% the progran #) : ] 100y (;_‘tb
49 packed record opl ibitsy . 1004 ‘ 60 (Achr®): begin
30 ] P: thitd, :g:? ’ and;
spe gpz ::t::?' i0l2 6} {Pujchr)t errori(’ case = orror R
: . p2 (bich) 1013 end
’ 2 bt : ; . 1014 end} (Mwhile interpreting*)
34 ) q thie20
RN . ' sefiemAxy A 1
Y o 6 op U bLes; p oy bith a) biesn. (iPFOBTSa address registerd) N
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57 . 12t inacr|32]:i='8gs S inatr(33):=" £kt 3
53 store : array [0..ovarm] of 122 tnetr[M]i="flo - tnatc{35}1="tre ‘
59 record case datatypa of 123 tnatr{36):="ngi "t tnotr{37}1="ngr “
60 int - vl iinteger}, 124 instr[3U]i="aql 'y jnote{d9}i='pgqr i
61 reel i{vr ireal}. ) 125 tastr[40]i="abi Y faste[4l)in’abr .
62 bool i{vb .boolean}, X 126 tnatc[42)i=’not ", tnetr{43]1="and ‘,
63 satt t({vs isat of 04:47)4 ' 147 tnstrldd)i=’tor Y, tngtr{45]:="dit "
b4 car i{ve ichar); 128 tpstr[46) i’ ink ‘, tnate(47fimunt “
65 adr i{va :addresn); 129 tnste{4)i=‘inn ' tnatr (4] 1="mod %
66 {#*addvess in atora*} ) 130 fnetr[50] t="odd ‘., instc{5))i="mpl ‘4
67 mark 1{va tintegor) 131 inser{52]t="mpr ‘s instr{53]i="dvi ‘t
ol end; 132 ' fnser{54]1="dve 'y inatr[55] i« mov *;
69 ap,ep,np,ap ¢ addresa, (% address reglaters *} 133 tnatrl56li1="1ca ; inste(57)i="dec N
70 (*np potnts ro baginning of & data segrent 134 ftnote[50fi="stp ', instrf59]:i»"ord 4
7 sp polnte to tep of the atack 135 inser[60f:i=chr " inetrfbl)ie’uje ‘.
12 ep points to the maximum extant of the stack - 136

73 np poeinta te top of the dynamically allocated arcat) . 137 gptable| O}t="got s pptable| 1):+"put ;
14 138 aptablel| 2):='rat ‘S aptabla| 3]:="¢ln ‘
15 interproting: boolean; 139 sptablof 4).="now ‘s sptable] S)in‘win ‘Y
16 prd, pee i text; (*pré for vead only, pre for write only *) 149 sptable| 6):='wra fy spteble{ 7]1="sln ‘3
77 14} gptable| Bjiw‘wrl ‘Y sptabla( 9f:= wrr 4
78 inetr 1 arraylbit6} of slfaj (* mnemonlc instruction codes *} 142 aptable(10)t="vwre Y gptablo[lLfi='rdl 'y
79 cop } evray[bit6] of integor] 143 sprablo{12)1="rdx ‘s sptabla[13]i="rde "
80 sptable 1 srrayf0..20) of alfa; {%standard functions and procadurosh) 144 sptable{lé}i='sin % eptabla[15)i1» cos "
8i 145 sptabla{16]1n"axp " eptable{i?):="log 3
82 (*locally used for interproting one instruction#) 146 sptabla{18])t="sqt s sptablo[i%] =’atn 3
43 ad,ad! 1 addrevs; 147 gptable[20] :i="sav "3

B4 b 3 boolean; 148

as 1,4,11,12 1 inceger; 149 cop[ O} 1= 105; copf L} 1= 65;

86 c 1 chary 150 copl 2} t= 70; copl 3} 1= 73

87 ‘ 151 copl 6] t» 80; copl 9} 1= 83

08 (Awmrmumro= s m—— e m———— - mmmm——— *) ' 152 copl10] 1= 90; copl26] 1= 95;

8y . ' 153 cop[57] := 100;

90 pracedure load; 154 '

%l const waxlabel = 1050; 155 pe 1= begincoda)

92 typs labelst = (entered,datined); (*labal situation®) ) 156 fcp 1= manstk + L

93 . labelry = O..ounlabel; (*%labsl ranget) ! 157 rep t= overd + 1]

94 labalrec = rucord - i 150 gcp 1» overr + 1§

95 val: address; ! 159 . bep 1= overs + 2}

96 st: labalat . 160 mep = overb + 1

97 and; 161 for Li= 1 to 10 do word(i}s» " °;

98 var lecp,rep,scp,bep,mcp ¢ addyses; ("pointevs to next freo position®) 162 for L:= 0 to maxlabal do

94 word ; arrayfl..l0) of charj { . integar} ch 1 charj ‘ 163 with labaltab[i) do begin veli=-}; sti= entered end;
u labeltabs array[lebalry] of labalrec; 164 roset{prd);
101 labalvsluat address; 165 and, (*indth)
2 166
102 procedure Anltj 167 procadura ervorl(atringt bota), (%error in loading*)
104 var 1: intagat; 168 begin writoln;
10% bagin inetv| 0}1="lod ‘s inste]{ 1]1="1do '; 169 write{stcing);
106 inatr( 2}i=‘str " fnste] 3)i="ero ‘3 170 halt
107 Lnatef 4)i='lda N instr| $)i="lao ‘4 . 171 end; (harrorl#)
LG tnseel 6)i='sto ' tnstr| 7}i='lde Y i 172 !
] 1348 S LT '} instr{ 9)i=’dind it J 173 procadure update(xs labalrg)i {#when a label definltion lx i found®)
110 inatr[10]1="ine i tnatr{ll}i="nat ) i 174 var curc,oucct =lespomaxj (*rosp. current clement and successor olemunt
111 tnste[l12)t="cup T inatr{13] =‘ent ‘G ! 1715 of & ligt of futura references®)
112 tnstells)in"cet ’, fnstr[15}1="cop ‘i 1é endlist) boolean;

1E3 toatr[i6)i='dxa - fnstr[17]:="eyu ‘s 127 begin

14 inptc{l8]in'neq i inotr[19]1="gaq i 178 1 lebaltab[x].stmdefined than erverl(’ duplicated label )
s tnotr{20]1="get i tnetc(2i]1=leq ' 179 alee begin

i6 tnatr{22)1% los ', fostef2dji="ujp " 180 if lobsltab(n].val<>~l then (®forword 'rofarencc(e)*)
17 fnstr{24}i='t3p i fnete{23]1="njp " 181 begln curri® labeltablx}.vek) endifeci= falsey

1y tnate|26] 1o’ chk 3 tnotr[27]1="0ol . (. 102 vhile not endlist do

e inptrf{28li="add “;  insrrf29 jo'ade Y 183 with code{curr div 2} do

120 tnstr{30}1="0bl " tnote{3t)t="ebe 7y 184 bogin




JI0

70

185
31
147
(B
tdy
196
i
192
193
19%
195
196
197
19y
189
200
201
e
203
204
0%
206
207
08
09
210
P3N
212
213
214
215
216
217
218
Y
110
221
222
23
124
225
126
27
178
249
230
231
in
223
234
235
236
137
238
239
240
24}
242
L]
k1Y
FL )
b213
247
240
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{{ odd{curc)} than begin succin qi;
q2:v labelvoluo
end
aloe bagln succim ql;
qli= labelvalua
end;
if succe=i then cndllat:= true
elae curri= succ
and;
end;
labelrab(x).ar 1= defined;
labaltab{n).vali=~ labalvalue
end
and, (fupdataet)

procedure assemble; forward;

procedura generate;{*generata segmant of codo®)
var %! integex; (* label number )
again; boolean;
bagin
again 1= true}
while agein do
bagin raad(prd,ch},(* firot character of line®)
casa ch of
£ readin{prd),
‘17t begin read(prd,n);
{f not eoln{prd) then read{prd,ch);
1f eh="=’ then read(prd,labelvalua)
elae labalvaluei= pcy
update{x}; resdln(prd);
end;
‘q’1 begin agailn 1= false; readin{prd} end;
**1 begln read(prd,ch); assemble end
endj
end
end; (*generate?)

procodure assemble; {*trenslate symbolic cods into machine code and store?)
(#goto 1 for inatructions without code genevationt)

label I;
var nome jalfay b rboolean; v yresl; & iset of 0..58;
c¢l rchary 4,el,lb,ub ifnteger;

procedura lookup(xi labelrg); (# asearch in label table#)
begin case laboltab{x].sr of
enteredt bagin g 3= labeltablx].val;
laboktab[s).val 1= pec
end; ’
definedt qi= lobaltab[x).val
end(heass labal., ")
and;{#Lookup¥}

procedurs labelaesrch; 9
vatr u1 labelrg; .
begin while (ch<>'L’) and not eoln{prd) do read(prd,ch);
read{prd,x}; lookup(x)
end;{#labelaaarch?)

procedure gotname;

begin wordi{l] i1e ch;
cood{pvd mord[2] ,word(3));
1f not soln{prd} then rcad{prd,ch) {*naxt charactox®);
pack{word,l,nane)

end| (*gotiomat)

249
250
251
252
253
254
255
256
257
258
259
260
161
262
263
264
265
266
267
268
269
70
211
272
223
274
215
276
2n
274
279
280
201
242
283
204
85
286
27
286
289
290
291
292
243
194
295
296
297
294
269
300
301
302
303
304
303
306
307
308
309
30
3l
2
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procedure typesymbolj
var 1 integer;

bagin
1f ch <> "L’ then
begin
casa ch of
fa’t 1 1= Q@
vy 4 e 1
‘st i 1= 2
M-S SN LR
A ST H
end;
op t= coploplti;
end}

end (Htypesyabol?) ;

bagin p = 03 gq t=4; op t= 0;
gatname;
inatr|duminet] = name;
while insttviop)¢name do op := optlj
1f op = duminet then errorl(’ illegal {nstruction

cage op of {* gor parametors p,q *)

" (*equ,neq,geq,grt,leq,los®)
17,18,19,
20,24,22: beglin casa ch of
i (p o= 0%
p i
poim 2y
p=
poim 4
p =6
bagin p i= 53
tead(prd,q)
and
end
ond}

{*1lod,styr®)
0,2t begin typeaymbolj vead(prd,p,q)
andj

4 (#1dan): vead(prd,p,ql}i
12 {%cuph)s begin read{prd,p); labelsoarch end;

11 (*nst¥1 vead{prd,p);

14 {9rett)s camo ch of
‘1opin0y
1 pimly
'y opimi;
‘1opied;
ropi~dy
1t pi=3
end}

(%lso,ixa,nov?)
5,16,551 road(prd,q),

{*1do,sro,ind, tnc,dec?)
1,3,9,10,571 begin typeeyaboli read(prd.q)

71

B

G



72

313
314
s
36
7
g
e
k¥
3
LF¥)
3]
324
125
Jt6
J27
J2y
119
Jlu
13
n
3
134
335
3b
37
3y
339
140
341
342
34
144
345
k12
47
kLT
349
150

51

Js2
353
354
155
156
357
358
359
360
361
J62
363
364
365
366
67
368
169
310
i
2
373
314
115
T
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and;

{*ujp,fip,xjph)
23,24,25t labelaearch;

13 (%onat4)i begin read{prd,p), labelscarch end;

13 (#*cap®)t begin for {:v] to 9 do read(prd,ch); getname}
i vhile namo<>optable{q] do q 1= q+l
end;

7 (*ldc*): bagin case ch of (4get q#)
"1': begin p = i read(prd,t);
it aba(f)>=largeint then
begin op := B;
uturelicpj.vl i= 1; q i~ aaxstk,
Fapeat q 1« q+l until stovelq).viel;
Lt g=icp then
begln  lep i= icptl;
if fcp=ovar{ then
arvorl(’ integer table overflow v
end
end ulse q ¢» §
end;

‘r’: begln op 1= B p i 2
read{prd,r);
atorelreplive 1w vy q iw overd;
vepeat q i» g+l until astore(q).vray;
It q=rcp thon
begin  rep 1~ reptl;
if rep » overr then
errorl(’ teal table ovaerflow '}
cnd
and}

0% (Fp,q w 04)
‘b1 begin p am 3; read(prd,q) ond;

'e’t begin p t= §;
repoat resd(prd ch)j until ch ¢ ¢
i ¢h <> """ then

evrorl(’ illegal character ")
raad(prd,ch}; q 1= ord{ch);
vead(prd,ch),
it ¢h & *“*' then
ervorl(’ illegal chatactec ‘N
endj

{'1 begln op 1= 8, p ia 43
s = [ Iy read(prd.ch).
while ch(>*)’ d
bogin read(prd, ul.ch); 8 1~ g + [al)
end;
atoralscpl.ve 1= 8; q (= overr;
repeat q 1= g+l wuntil storaiq).vame;
if g=acp then
bugin scp 1= geptl;

if scpeovars than
errocl{’ set tsble overflow Y
ond
and
ond {Acppon®)
ond)

* Assembler/Interpreter Listing 73

377

378 26 {*chk") i begin ctypesynbol;

319 vead{prd,1b,ub);

380 {f op » 95 then g i= 1b

361 else

Ju2 begln

kL] atora[bop-l].vl s# 1b; storalbepl.vi ie ub;
304 q 1= avers;

s repeat q = gt

k[ unttl (storaelq-l}.vislb)and {storelq),vi=ub),
b2 Lf g=bep then

ki) bugin bep 1= beptZ;

sy 1f bep=overb then

Ll errerl(’ boundary table overflow "};

3yl end

g2 end

393 and;

394

395 56 {*lca*)t bagln

396 L€ mep + 16 >= overm then

397 errorl{’ multiple table ovevflow °J,
%8 mep &% meptlb;

199 q i= nep;

400 for £ i 0 to I5 (fatringlgth?) do
401 bogin read{prd,ch};

402 stora(qti]l.vc = ch

403 end;

Hoh end;

405
406 6 (%sto®): typesymbol;

407 -

408 27,28,29,30,31,32,33,34,35,36,37,38,39,40,41 42,40 ,4h 45 46,47,
409 ﬁﬁ 49,50,51,52,53,54, 5Bt H

410

411 (#ord,chrh)

412 59,60: goto 1;

413
414 61 (*fujet)s ; (*must have eame longth as ujp¥)

415
416 end; {fcasa®)

417

418 (* store Lnatruction %)

419 with coda[pe div 2] do

420 if odd{pe) then

421 begin op2 1= op; p2 1= pj q2 I= ¢
422 and olse

423 tagin opl te opj pi 1= p; gl 17 g
424 ead}

425 pc 1= petl;

426 1; rveadin{prd);

427 dndy (tassanbler)

438

429 begin (*load*}

430 inity

431 ganarate;

432 pe 1= Q3

433 genarate;

434 andj (*loed®)

43%

436 (A== e a)
437

438 procadure pmd;

439 var ¢ rintager] Lt integar;

440

&
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56%
510
3Tl
572
513
574
ars
576
sh
579
574
gy
k1Y)
582
583
584
583
h1-1]
587
b1.1]
589
390
591
598
593
394
595
596
597
599
59¢
600
601
602
603
604
603
606
607
608
509
10
6l
b2
613
6l4
615
616
&t7
6ig
Gy
620
621
622
623
624
625
626
627
628
619
630
631
632
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4 ("ngwh)y

5 (*wln*);

6 (twrge)y

7 {*aln%):

0 (aurin);

9 ("wpre)g

10(%yrer))

8: ervori(’ roadin on per file )
end;
api= gp~}
end;
bogin ad:= np-store[sp)iva;
{*top of otack gives tha lengeh &n units of storage W)
{f ad <= op thoa
ervori(’ store ovocflow "3
npie adi adi» atore{sp-l).va;
storafad).va g np;
apivgp=2
end}
begin case atorelanp).va of
31 errori(’ writeln on input file '3,
6: writeln{output);
7t errort{’ writoln on prd file Y
6: writeln(prr)
cnd;
gpi= gp-|
end;
case atorofspl.va of

St errord{’ write on input file ");

61 writastr{output);

71 errori{’ write on prd file ")

81 weivestr{prr)
end}

¢ errord(’ eoln output file Y,

Br ervori(’ eoln on prr file )

bagin caso storefsp].va of
5t lnoi= eoln{input);
[
7t linst=eoln{prd);
and;
arorefapl.vbh j» lipe
andj
bogin case storglep).va of

arrori{’ write on
61 write{output,
storefsp-2]. vl
7: arvorl{’ write on
B: weito(prr,
store(ap-2].viy

and;
api®gp-3
end;
begin caso store{sp).vas of
51 ervord(’ wrlcte on
61 write{output,
store{ep-2].ver
7t errorfi(’ write on
8: write{prr,
storef{ap=2].vr:
end;
Bpi=sp=l
end}
begin case ntora(spl.va of
5; ervovi(’ write on

fnput file "

stova[op-1j.vi);
prd file Y

atore{ap~1).vi)

input file ‘0

atore{ep-lj.vi});
prd fila Y

stova[sp-1),vi)

input file ")

61 writa{output,storefsp=2],ve!

atorefap=i].vL);

Ti arrort{’ wrlta on

prd flle  T);

0: weite{prr,chr{atoralep~2},vils

storefep=l}.vi);

end;
ap.=ap=~)
and|

633
534
635
636
637
6308
6319
640
64l
642
643
644
645
646
647
648
649
650
651
652
553
654
655
656
657
6358
659
660
661
662
663
(133
665
666
667
668
669
670
471
672
673
674
675
676
627
678
679
680
681
662
643
584
685
686
47
686
689
650
691
692
693
694
693
696
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11(*rdi®)}; caso store[spl.va of

5: readi{{nput},

6: errori(’ ruad on output fLla

71 roadi(prd),

Bt ervori{’ read on prr file
and;

12{nrdr4}: cass store{spl.va of

readr(fnput);

65 errori(’ rood on output file
71 reade(pred),

8 errvord{’ road on per flle

and;

13(*rdc*); case atore[sp).va of

5t rveade(input);

6r errori(’ read on output file
71 reade(prd);

B3 exroci{’ road on prr flle

end}

14(*ain®)y atovefap].vri= vin{store(sp}.ve);
15(%coa*)t store(sp).vris conlatora{ap).vc};
16(%exp?}: stora[sp].vei~ exp(store(ap].vr),
17{#log#)1 store{ap[.vr:= In{store|sp].ve);

18(*aqt#)y scoralep).veie aqre(otoresp),ve);
13(*atn*) storelspl.vri= srctan{atorafep).ve);

20(#gav*): deglin adimatora(op].vay
stora(ad]|.va 1= np;
api= op~1
ond;
and;{Acase qh)
end; (tcallepn)

begin (* main *)
rawrita{prr);
load; {* a=gsenmbles and astores cods #4)
weiteln(output); (# for testing #)

pe i O) op v ~l; mp 1% O; np i= wmanstk+l; ep := 5;

atora{inputade].ve 3= input”;-
stove[prdadr].vc 1= prd*}
Interprating i~ truej

while interpreting do
bagin
("Eateh#)
with code{[pc div 2] do
if odd(pc) then
bagin op t~ op2; p i~ p2, ¢ i~ q2
end elos
begin op i= opl; p 1= pl; q t= gl
endj
pe 1= petl;

(Rexocuter)
caeq op of

105,106,107,108,§09,
0 (#lod#): begin ad 1= basa(p) + q;
ap 1= apil}
N store{ep) 1= storeiad}
' and )

65,66,67,68,69,
1 (%lda*); begin
ap I= eptl;
etorefsp] 1« seora{g])

77

'
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117 procedure pt;

447 begln writoe{s:6);

1% ] if abu(store(s).vi)} < maxtnt then writelstora[e], vi)

Ghg else write{’too blg ");

L45 8 =g = |

446 1w | %1

1% if | = 4 then

Lby begin writuin{output}; 1 1 0 end;

(1] endy (Mprk)

450

451 bogin

452 welte{' pe =’ pe=1:5," op ~",0p13,’ sp =',6p:i3," ap =’ ,mpi3,
453 " onp o« apid);

ush weltalng wrltebn( e m e e e ")

658 '
056 B i=oep, I 1= 03

457 while 8>«0 do pt;

L5y & 1% maxetk,

459 while s>=np do pt;

460 endy (Fpmd*)

461

462 pracudura crroci(etring: bera};
463 begln writaln; writekn(astring);

464

pied; gote |}

465 end;(%orvor{*)

466

467 function bage(ld :intager)iaddrees;

466

var ad taddrase;

469 beglin ad = mp;

470
471
422
473

vhile 1420 do

begin ad 1= scovefad+l].va; Ld 1= 1d-)
end;

base 1= ad

474 end; (*basa%)

475

416 procadure compare:

477 (Acounmparing fo onl

478 bogln
479 L1 ;o storef[ap].va;
480 12 ye atore(sptl].va;
481 4 1o 0; b 1= true;
:Hg whilo b and (1<>q) do
B it storeitl+t}. - . -
i if sto :1 éeijcvi atora(l2+i}.vi thon 1 1= (4]
48% end; (Pcompare#)
446
487 procedure callep;
488 var line: booloanj adptr,adelnt: addrass;
489 i1 Intogor;
490
491 procedure veadi{var fitext);
492 vatr ad: address;
493 begin adi= storefop=l).va;
494 read(f,ctoralad].vi},
495 etorafatoraiapl,val ve i £y
046 aptw gp~2
497 end; (*readin)
494
499 precedure reade{var f: text);
500 var ad: address}
501 begin adi= atove[sp-i).va;
502 read(f atoralad]).vr};
503 store[atore{ep|,val.ve 1w £}
504 Rpi= yp-2

y corvecc ({ result by comparing Lntegats will be*)

505
506
507
508
0¥
3o
5
512
313
5t4
5t5
516
517
LR
519
520
52
522
323
LY L
525
326
527
528
529
330
331
532
53]
534
535
536
537
538
339
540
34l
542
543
Shd
545
546
547
544
549
550
551
552
553
554
555
556
357
550
559
560
561
502
563
564
563
566
567
368
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end; {(*readc®)

procedure voade(var €1 text);
var ¢! char; adi addrase;

begin road{f,c};
adi~ storalop=l).va;
atorofad].ve 1® ¢
stovaletoralepl.va)ve 1= £7) X
stove|storelsp).valivl 1= ord(£");
apie ep-2

ond ;{*raade?}

procedura writestr(var £ toxt);
var L,},k1 {ntegori

ad: address,

begln ad:= storalsp-3}.va;
k := gtore[sp-2}.vi; § = storelap-1).vig
(* § and k are numbers of characteve *)' ,
Lf k5§ then for Lli=l to k~) do urkce(t,’ ')

elsa Ji=m ki '

for 1 = 0 to J-i do wedte{f, otorefad+i].ve};
api= ap~4

end; (Awritosre®)

procedure getfile(ver £ texc);
var ad) address;
begin adsmatore(ap).vaj
gat(f), storcladi.ve P M
spt=ap-l
end;{*getfilo®)

procadure putfilai{var [ texr);
ver od1 addross)
pegin ady= stova{sp).va;
t71= groralad).vey put(f);
ap:= sp=i)
and; (*putfile#)

bagin (*cailep*)

case q of
¢ (*gat*)) case store{sp].va of
51 getfile{lnput);

61 avrori(’ got on output file )
71 gotfilalprd)y ,
81 errvordl’ gat on prv file )
end} (o] ]
fouth spleva o
b {tpuctit cane ;EO::rogi(' put on vead flle ¥
61 putfilaloutput);
75 errori(’ put on prd file )i
81 putfile{prr)
and}

2 {#ratf): begin
(#for testphage?)}
np i= storofsp)iva; sp i= ap-l
end;

3 (Arla"); begin casas atora{spj.va of
¢ s St begln readln(input);

stova(inputadr].ve = input
end;
61 errori(’ readln on output [lle
71 begin raadln(impot);
atovelihputadrj.ve 1= {Mpgt”
ond}

15

r)i

el

N
),
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6y?
bya
699
100
701
102
7103
104
105
706
107
108
109
710
3!
T2
71
TH
715
14
17
71y
119
120
72
722
723
114
12%
126
117
128
729
130
73
132
733
734
135
136
137
138
119
740
14}
142
143
Tah
145
746
147
14y
149
150
751
752
153
154
155
156
157
758
78
160
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and}

70,71,12,73,74,

2 (*ptr); dogin store[base(pltq) 1= atorelep);

ap 1= ap-l
end}
75,76,11,78,19,
J (faro*): begin stora{q] 1= storalep];
op t= sp-l
and;

L {#Lda*)1 begtn sp t= sp+l;
storafap).va 1= base(p) + q
ond;

5 (*lao*)1 begin sp = aptl;
otora{cpliva 1= g
end;

80,81,42,83,84,

6 (*ato®}t begin )
storsfotore[ap~l].va] 1= atoralepl;
Bp 1= ap~2;
and;

7 {*lde*): begin sp i sptl;

1f p=l then
begin atore(ap].vi i= q;
and elea
if p = 6 then storefep).ve 1= chr{q}
alse }

1f p = J thon storaf[apjsvb 1= q = 1
alse (% load nil *) storelspl.va 1= maxsty

and;

8 (2lci®): begin ep 1= ap+l;
atorafep] i~ storeiq]
end;

85 ,86,87,86,89,
9 (®ind%)¢ begin ad ;= storelspl.va + g
(¥ q 18 a number of storage unlta A)
storeisp} 1= storafad]
and;

20,91,92,93,94,
10 (%lne®) storafep).vi 1= atoralapl.vitg;

Lt (%mst*)1 begin (#p=level of calling proceduro minus lavel of called
procedure + 3 sot dl and el, lncrement sp*)
(% than length of thie element is
vax{inteize,realslize,boaledizg,chavalze, ptreiza #)
stovaispt2].vm 1= base(p);
(% the longth of this alement ia ptraize 2)
storaiap+tl},vm 1= mp}
(% tdem #)
storalspth).vm = op;
(* {dem %)
8p = optd
and;

12 {7cup®)1 boagin {#p=no of locatlons for paramoters, geontyy polnt?)
ap 1= sp-(pti);

161
762
763
164
765
766
167
768
769
tELY
771
772
173
174
175
176
in
174
179
780
1ol
782
783
784
785
786
767
104
189
750
791
192
793
7594
795
796
191
798
799
800
801
802
803
804
805
806
807
B0y
809
810
0il
B2
813
al4
Bl
816
817
818
819
820
821
822
823
824

Assembler/Interpreter Listing

storo|mptd]. v v poj
pe i= g

end;

13 (vent*)1 46 p =} then
: begin ep 1= mp + q; (*g = length of datasep®?)
1f ap > np then errori(’ store ovorflow

and
alase

begln ap = spiqy
if ep > np then error{{’ etore overflow

" and;
{#q = max gpace required on stackh)

14 (*ret*): bagin

ond;

case p of

0; sptw ap-l;

1,2,3,4,5:
and;

spi= @y

pt i~ store]mp+s).vm;
ep = atore(apt3].vm;
mpie ptove{mptd).vm;

15 (fcap?): callap;

i6 (#ixa*): begin
ie

atore{apl.ve;

ep t= ep-i;
atorefap].va = qrltetorefep).va;

and

17 {®aqu*}); bagin
case
1
[t
6
21
kT
41
1 5t

"t

end}
andj

18 {"neqw}t begtin
case

01

1:

bt

21

3

4y

51

end
ond|
19 {*gag*): begin
casa
/]
I ¥
63

8p 3= gp-l;
p of
store[spl.vb 1=
storalep].vb i=
stora{ap].vb (=
stora{ap).vb :=
atorafspl.vb 1=
storalopj.vb =
begin compare;
gtorefapl.vb
end}
(kcage p*)

8p = 8p-1,
p of
atovalsp).vb 1=
atoralap).vd 1=
store{sp].vb i=
storcfepl.vb 1=
storalapl.vb im
storalspl.vb 1=
bagin compare}
storalapi.vb
ond
(fease pi}

sp 1= gp=~l;
p of

storefap).vi
atoralep).va
atoreepl.ve
storafep).vr
astocefap].vd
storafepl.ve

1= b

atore[sp).va
stova(ap].vi
stora{sp].ve
storeiepl.vr
atorelsp).vb
atorvefsp).ve

1= not by

<
A%
194
o
O
L]

exvori{’ ¢,{=,>,>= for addrans
storefap}.vb 1= atorafmp).vl =
atoralepl.vb to gtovelspl.ve d=

19

storefapri).vi;
atore{sptl].vaj
stove[eptl].ve
stora{ep+l]).ve;
store{sp+l].vb;
store{ep+l].vs;

store[ap+l}.va;
stora[sp+l }.ovi;
store[sp+i].ve}
store[sp+l ] vr;
atoralaptl].vb;
astorve{eptl]ive;

'y,
stovefaprl).vi;
store{aptl].ve;

LS



80

uzs
826
627
320
¥2y
By
Ui
432
833
834
813
Bl6
437
LAT)
434
440
B4)
U4y
843
Bak
Uas
846
847
840
a4y
450
83t
852
B53
B34
453
836
837
854
459
860
g6l
862
863
864
865
abh
867
86y
869
870
871
472
473
874
4735
416
837
u7y
u19y
qs0
881
882
883
444
By 3
LT
8y
L1
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2: svorelspl.vb = stove{ep).vr = stove[sptl].ve}
3: storolepl.vb 1w stovulep].vb >= atave{sp+l],vb;
4; stove[sp].vb i= atore{ep].ve >= storelsp+l]}ivs;
51 bugln compare;
stora{ep).vb 1= b or
{atore{f1+i}.vi D= ptove{i2+i).vl)
cad
end; {"cese pr)
and;
20 {(~grth)1 begin s8p := ep=l;
casc p of
0: orcord{’ ¢,<=,5,>= for addrecss *);
1: srore{spl.vb .~ storaiapl.vi > atore(asp+i].vi;
6: storaispl.vb := store(sp).vc > etovalap+l).ve;
2: etoralsp].vb v storolsp}.vr > storalapsl).ve;
31 seorelsp).vb t= srove[epl.vb > stocalaptl}.vh;
4: ervori{’ set inclusion Y
5: begin cowmpare}
ntora{up?.vb i® not b and
(store(Ll4L]).vL > atore[i2+{}.v1)
end
end; (Acase pA)
and;
21 {#loqn}r bogin ep 1= ep-I;
cose p of
0: arrori{’ ¢,{=,>,0= for addrass ‘');
l: store{spj.vb 1= srorefep).vl <= store(sp+l].vi}
b: stovalepl.vb t= atore(sp).ve <= storelapti].ve;
1: storef{sp).vb 1= srorofepf.vr (= storelep+!}).vr;
3: atoralep].vb t= stove(ep].vb {= stova[sp+l},vb;
41 otorafapl.vb is storalepl.vs {~ store[ap+l].ve,
31 begin comperey
storalsp}.vb 1= b or
(store{tl+i}.vi <» store[i2+1].vi)
end;
end; (*cama ph)
end;
22 (*las*)}r begin ap = gp=l;
case p of

0
1
61
'
3
3t

end;
end;

23 (%ujph)i pc am

24 (2t 3pA)}1 begin

errord{’ <,{»,>,>= for address ‘Y
ctore{spj. vb i= store(spl.vl < storelsp+l).vi;
stovelapl.vb 1= atore{sp).vc < store[spti}.ve;
utore{ap).vb 1= etorefepl.vr < storo[sp¥l].vr}
storajepl.vb 1= atovelspl.vb ¢ storolaptl].vb;
begin compave;
atorm[spi.vb i= not b and
(atoralfl+t]) vl € storal12+1].vi)
end
(*caga ph)

4;

i¢ not etorefsp).vb then pe 1= qj

gp i~ &p=i

and;

23 (AH3p®)t bagln

pc 1= etorefap).vl + q;
op i= osp-l

and}

B9
890
8%
By
893
8%4
895
496
897
84y
399
900
901
Y02
903
904
505
306
407
908
04
Y10
9i1
912
y13
$l4
915
L6
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
933
936
237
Y36
939
940
941
942
941
G44
945
946
947
948
949
930
951
95
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95 {rchhka*)y Lf (axorelsp).va < np) or
(utoreinp] va > (maxstr-q)) then
srrorl{’ bad pointer value ‘Y

96,%7,98,9%,
26 (#chkr)y Lf (storelspl.vl ¢ storelg=lj.vi) or
{stove{ap).vl > atorelq),vl} thun
errori(’ value out of range ‘0

27 (%eofn)1 begin t» atove(sp}.vi;
1f I=inputadr than
bagin storefep).vk = cof{inpur),
end alwe orrori{’ code in orror )
end}
28 (*adi*): begin ap := ap-i;
n;orn[npl «vi 1w store{ep)l.vi + srorefaptl].vi
und

29 (*adeh)y begln 8p = ap~l}
storalsplivr := storalsp).ve + storefop+l}.ve
end;
30 (#abin)y bagin sp 1= Bp-l;
storufepl.vl 1= scorelepl.vi = srorolsp+i].vi
end;
31 (*abr4a): begln ep 1= sp-1;
otora(apl.vr 1= stovelspl.vr - stovelspt]).vr
end}
32 (isas*)l atovelsp)ivs = [otore(np).vi];
23 (#flew)y atorelopl.ve 1o storalsp).vig
34 (*flom)y etocelop~df.vr := store(ep~li].vi;
A5 {*trct)r etoralapl,vi i= trunc(stereiepl.vr);
36 (4ng1*)1 storo{splivi 1~ ~stovelap}.vi;
37 {*ngra)) ecovelsp)ovr 1= -atorafspl.vre;
38 (#sqit)y storafsp].vl 1= aqr{sterelsp).vi);
3% (hsquiht stora[ag]-vr 1= agr{atoralep] . vc};
40 (%abi*): etorelsp}.vi 1= abs{atora[sp).vi);
41 (habrd)t etovelep).vr 1= abs(storelapl.vr);
42 (Anot®)1 storaf{spl.vd = not etore(spl.vb;
43 (fand#*}s bagin sp 1= ap-l;
gtore{sp).vh 1= store{sp).vb and storelsp+l].vh
end}
4a (*lor*):1 bagin ep 1= sp-l;
otoralep}.vb 1= srorefapl.vb or storelaptl}.vb

end;

4% (#d1fR)) bagin ap 1= op=l;
etora(ap).ve 1~ etorolap).ve ~ storaisptl).ve
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TYPES
Types arc represented internally by the type structure [118-32],

All types use the size fleld, which contains the run-time store-sizo needed to
hold an object of that type. (The marked flold Is used only by the procedure
printtables [676-845] when printing out the compller tables, If the ¢ option Is
switched on.,)

All other ficlds depend on the form of the typo, if it Is a polnter, or an array,
and so on.

Scalar
A scalar type Is elther declared, that Is, an enumeration, {n which case feonst

polnts to the last {dentifier In the lst (they are linked together by thelr next

ficld) [1061]; or it Is standard, when the typo ls Integer, real,.or char (boolean
is declared), These fatter four can be distinguished by comparing tho polnter
value to the structure with one of the four pointers iniptr, realptr, charptr,
buolptr, which are Inftialised [3646 et seq.] (sco for example [652-7]).

Submnge
Here rangetype pelints to tho type of which this is a subrange (for examplo,

integer In 1, . 10); and min and miax hold the mintmum and mavimum values
(1 and 1¢In the above case).
Pointer
Eltype points ta the type polnted. at (nteger infinteger).
Power
i"or sets, efser polnts to the element typo of the set (for example, char in set of
char).
Arrays
fnxrype points o the index type of the array and aeltype to the clement type,
(e.g. char and integer respectively In acray/ char] of lnteger).

A multi-dimenslonal aeray, like array f1. 10, L .10] of real Is treated
identicatly to nvray /1. . JOf of array { L. .10] of real s0 here would give

iy

s

4. _ Tyypes 45

Flles -
. Filtype polnts to the flle type (for axample fnreger in file of integer).
Records !
Fsifid points to the first fleld of the record, the other flelds belng Jinked to the
/ binary tree described bofore,
Recvar points to a structure of form tagfld representing the varlant part of
the record (it Is nlt i there Is no variant part),
A tagfld has'two flelds: tagfldp points to the Identifier for the tag fleld, and
fstvar points to a list of struchures of form variant, each representing one of the

case labels,
As an example:

type r= record I Infeger;
case b, colour of
red, blue: {}: integer);
green: {k: integer;
case ¢. boolean of
true: {a. real)

end;
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a glninum slze for | ptackelement
= kAgtackal
stackal = gen(all other al-constants)
charmox o scm{charaize,charcal)}

scm » gasllest comson nultiple
lcaftoraarkntack >~ &Aptraleotmax(r-aice)

w klAgtackalelze A)
maxstack = 1
parmnl = gtackal}
patmsiee = otackelolze}
recal « pteckal)
f1lebuffar = ['H
maraddy ~ marint}
typa (#*dancribingi®)

(hﬁnhhﬁnhﬁkhﬁh)

(*bneke mymbolo4)
(Ahﬂﬁﬁﬁnﬂhﬁﬁhlﬁﬂ)

symbol = (4dont,intconat,realconat,stringeonot,notey,nulop,addop,ralop,
lpnrent.rparcnc,lbrack.rbrlck.cummu.uemlcolon,parlod,arrou.
colon,bocoman , labolsy,conatey,typeay,varay,funcey,progay,
procey,setay,packedny ,arvaysy,cocordsy , flleay, fotwardsy,
beginey,ifoy,cascay,rapoatey,whilesy,foroy,withay,
gotoay,enduy,elecay,untilay,ofay,dosy,tosy,dovntosy,
thensy otharey);

operator = {mul,rdiv,ondop,ldiv, twod, plun,minue crop,ltop,loop,geop,atep,

neop,cqop, knop,noop) |
sotolays =~ set of aymboly
chtp = (letter,numbar,spoclal,illiegal,
¢hstequo,cheolon,chpariod, chlt, chyt chlparen,chapaca),

(fconatantu?)}
(RRASARNARAA)

eotcleps = {real,pset strg);
cap = " conatanty
conatant » racord ease cclass: catclags of
ceelt (evals packed avvay [l..otrglgth) of char);
peett (pval: sat of setlow,.sothigh);
atrgt {algth) O..strglgthj
evall packed array [l..strglgth} of chor)
end}

valu = cecord case Intvali boolean of ({Alntval never sat nor testod®)
truet (dvali tnteger);
faloas {valpr cap)
and}

{#dats structurcst)
(ARRARARARNAANAARA)

.

tevrange  O,.mexlovel| addrrange = O, .manaddr]
ptructforn = (acular,aubrnngu.pointer,pnuer,arrayn.racordu.lileu,

tagfld,variant )
decikind = {etandavd,declared);
gtp = " structure} ctp = ° identifler} 1

atructura = packed racotd
morked! booloan;  (#for teet phasa onlyf)
akre) addrrango] “

121
122
123
124
123
126
127
128
129
130
131
132
133
134
133
136
£37
13y
139
140
14t
142
143
1464
145
146
147
e
149
i50
151
152
153
154
35
156
157
15y
159
160
161
162
163
164
165
166
167
168
169
170
I
172
173
174
175

176

177
170
17t
180
gl
142
183
184

Compller Listing

cage formi atructforn of
scalars {chse scalkind) duclkind of
declaced:r (fconsty ctpl));

subranget {rangetype! atp; min,mex) valu},

palatert {eltyper stp),

povor: (eleat: stpld,

srrigel (aeltypo,inxtypar stp);
recocds: (fetfld1 ctp} racvac:t atp);
f1lans (filtyper otp))

taglfld: (tsgfleldps ctp; Estvary atp)s

varlantt (nxtvat,subvac: stp; vacrvalt
and}

idelass = (typee, konst varn,field,proc,func);
setoflds = sot of ldclans;

fdkind =~ {actual, formal};

alpha = packod array [1..8) of char)

identifier = packed record
namo: alpha llink, rlink: ctp;
Idtypot atp; naxt: ctpj
case klasst f{dclass of
konsti1 (valuasi valu);

valu)

{*namunt)
(QQAAAAI)

varst (vkind: idkind} vlev: levrangay vaddr: addrrange),

Fiold: (fldaddr: addrranga);

proc,

funci  {(case pldecklind) declidnd of
standardy (key: 1..15);

declared: {pflev: levrange; piname: Integer;
case pfhindr ldkind of
sctualt (forwdeck, eatern:
beolean)))

voend)

disprange = O..dlaplinmtity
whare = {blek,crec,vrec,ree);

atcrkind # (eat,varbl,expr);
vaccoos = (dret,dindect,innd);

attr = recocd byptr: atp;
case kindt attrkind of
catt {cvalt valu);
varbly (cane accoes) vnccess of

(*enprenslona*)
(ARARAAAARAARAY

drett (vievel) Jevrange; dplmtt addreange);

indrct) {idplat: addrrange))
end}
testp = " testpoincor;
testpolntet = packed record
eltl,ele? | etp;
laattenty t Lteatp
end;

Tbp « ° lably
fabl = record ngrelad; ibp; doflned: boolenn

(*labels?)
(AAAAARAR)

D
=



18%
146
147
188
18y
130
i
193
193
144
195
196
197
190
199
200
201
202
03
204
205
206
207
206
20%
210
211
212
213
214
215
216
U7
218
219
220
221
222
243
224
25
226
227
28
229
210
2
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233
224
235
236
237
238
219
200
241
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244
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266
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Pascal Implementation: Compiler and Asseibler/Diterpreter

labval, labpanet {ntegar

ond}

extfllep = “fllerecy

flleree = gecocd fllenaneialphay nent(lleluxt[llép and;

(i --------------------------- T = i 1 e e e _--n)

var

syt symbalg
opt operator)
vol: voluj
Llgth: Intoger;
id1 alphaj

k) 14483

chi char;

eol) boolaan;

chent: Inkeger)
le,ler addrrange;
Iinecount s Intoger}

dp,
priere,

liet ,preode, prtablest bhooleany

dobug: booleang

parmptr,
iatpty,realptr,charptr,
boolptr,nilptr,textptry atp)
utypptr,ucetptr uvatrptr,
ufldptr,upveptr,ufctptr,
fwpter ctp;

textfilopr extfilapy
globtantp: testp;

lovely levrange)
dlan,
topl dlapeange]

{Araturned by source progrom scanner

insymbolt
ARAANAARAAY

(Alant wymbola)

{fcloselftcation of Last eynbol®)
{fvalue of last conatantd)

(#langth of last string constant®)
(flast idantifler {poosibly truncated)Ar)
(*nr of chars in last identifiart)
(*last character?)

{*end of 1ino flag")}

{fcounterasi®)
(AhARRAAARAR)

(fcharacter countar®)
{#*data location and Inatruction counter*)

{*awitchonth)
(Nhﬂhﬂﬁﬂﬂﬂﬁh)

(*declaratlon part®}

(Ato allow forward referances In polater type
declaration by suppreseking error messsge*)

(*output options for
~= poutrca program liating
- printing symbolic code
-~ displaying ident snd struct tables
== procedure option®)

(*polntatai®)
(aRpanARARRAY

{"pointare .to enttlies of standard ids®)

(*polnters to entrlea Eor undeclared idet)
(*head of clotn of forw docl type idak)
(*head of chain of entarnal fileed)

{Alast tastpolnter?)

{#bookkecoping of declaration leveln:#)
(lhﬁihﬁéﬂ*ﬁ!hiﬁﬂhhﬂiﬁhﬁﬂhhﬁﬁkhﬂﬁhﬁlﬁh)

(fcurrent otatle lavel?®)
{*level of last id searched by seavchidh)

{ftop of display®)

Compiler Listing 7
diaplay: (*whare:r nmoanstf)
arriy ]dlaprangs) of
packed recocd (*=blckt fd le variable [d*%)

frnome: etpy flabelt Ibpy

case occur) where of

cruet (clevi lavrange;
¢deplt addrrenga)j{s
veact (vdeply addrrange)

end;

errlrait 044103
orciists -
arcay [1..50) of

pscked racord posl integer)

ekt 1..400
end}

Battri attrg

{Aucraey id s Ilold Ld [n record with*)
(a conatant addresa®)
{Rmyrec) id fa fleld 1d In record with#)
variable addreess)

(% ~=) procedure withetatement?)

{ferror measagen;®)
(ﬁiﬁhlhhﬁhh’ihﬁﬁ#i)

{#ar of errore fn current source lingh)

(*expresslon compllatlion:*)
(AAARRAABAANARAARARAARAAAA)

(*deacribes the expr currently compiled*)

{fstructured conatante*)
(AAAANARRRARRARANARRARRA)

constbeguyn,nlmplypebcgnyu,typebegsya.bluckbegsys,nelqchnya,facbngsya.

statbigeye,typedels: setofayey

chartp 1 arvay[chac] of chupy

i1 arcay [L..35(%nt. of reg. wordet)] of alpha;
frwy array [1..9] of 1..36{%nr. of ces. words + {#);
royt aeray {L..35{*%nr. of ree. wotds*}) of symbol;

aoyt array fchar) of ayabol:

Topl aryuy

fat  array |1..35] of alpha;

l..35(*nr. of res. worde?r}] of aperator;
copi areay [chor) of operator)

war abray {0.460] of packed array [I..4) of char;
snat aceay [1.423] of packed arrsy [1..4] of charg

cdry srray [00.60) of <&, +4]
pdx: array [1.o23] of =7..47

ordint) axray [char] of Lnteger;

Intlabel,mxint10,digmax; tnteger]

prucedure endofliune]

var lostpoe,{rcepos,currpos,curcnor,f, ki integer;

begin
If arcinax > 0 thaa
begin write{outpul,” #had

for ¥ 1= 1 to errinn do
bogin
with ecrliscik) do

(foutput error measagea*)
“115)4
lantpos i~ 0; freecpos = };

begln currpos = poei currnmr i+ nar end;
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s
316
an
318
39
320
11
122
323
24
325
126
w
328
329
330
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332
333
334
33
A6
KhY)
330
19
340
341
ALY
343
344
345
346
347
kLT
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350
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335
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339
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{f currpos = laotpos then writa(output,®,’)
sleo
bagin
wiitla frcepos < cuccpoe do
begin writa{output,® ') freepos t~ freaopos + | end;
write{output, "}
laatpos 1= currpos
andj .
1f curenmy € 10 then £ 1= 1
oalue Lf currnar € 100 then f 1= 2
eloo £ = 3}
write{output ,cucxnntif);
traepos t» freepve + ( + 1
end;
writeln{output}; etcinn (= 4
and;
{inccount i= iinocount + 1j
£f llat end {not sof(input)) then
begin writa{output,llnacountst,” 't12);
1f dp then writa{output,lc17) elae weite{output,lci?);
welte{output,” )
end]
chent 1= 0
end (tendofline?) i

procedure arror{ferrart Intager);
begin
if ercinx 2= 9 then
begln eveliet{10].nae t= 25353 ercinx 1= L0 end
eleoa
bogln eccinn 1= errinx + 1
arelist[arrinn].nmr 14 ferenv
end;
orrlist{ercinnl.pos 1» chent
end (forrort} j

procedure insyabolj
{*resd nent basic symbol of eource program and return its
description in the global variables sy, op, id, val and 1gth*)
label 1,2,3;
var §,k1 Integarj
dipits packed array [l..strglgth} of char;
atring: packed arvay [l..strglgth) of chary
lvpt cep) toet: boaolesn;

procedure naxtchy
begin 1f eol then
begin £f Liet then writeln(output}) endoflins
end}
{f not cof{input) then
Lagin aol t= eoln{input); read{dnput,ch)y
1f Itet thon write(output,ch);
chent #» chent + 1
end
eleg
begin weiteln{output,’
teat 1~ false
and
end;

ah# gof ', ’encountared’)

procedura optione]
bagln
repeank nextch!

12 eh <> '’ then

ar
e
Ay
380
isl
ja2
383
384
348
366
Ja7?
ki
189
390
3t
352
i
%4
195
196
7
98
19%
400
401
402
403
404
403
406
407
408
409
410
41}

412
413

4b4
415
hi6
417

48
419
429
421

422

h2)

424

425
426
421

A20
42y
h3o
LR}

h32

i

434
435

A36
437
418
439
440

Compiler Listing

hogin
{f ch = “t’ then
begin nextehy priables o= ch = “+’ and
alse
if eh =« ‘1’ then
begla nertch) list 1= ch = "+7;
i€ noc et then writeln{output)
end
alse
1t ch = “d’ then
begin nextch}p dobug 1= ¢ch » "+’ apd
elee
\ if ¢h = ‘¢’ then
qub<;bj begin nextchy precode 1= ¢ch = ‘+' and;
ey nexteh
and
uneil ch & °,°
end {foptionsh)

bagin {*inaynbol®)
1

repeat vhile (ch = ‘ ‘) and not eol do naxteh;
teat 1= eol}
tf test then nextch
untkl not testy
1f chaztpich] = illegal then
begin sy t= othersy; op I noop;
errov{399)) nexteh
end '
elaa
cate chartpleh) of
lettar:
bagin k 1= 0y
tepcat
if ¥ € 8 then
begin R 1= k + 1; 4d\k} 1= ch end |
nexteh
until chartpleh) in |epeclal,fliegal,chatrquo,cheolon,
] chperlod,chlt,chgt ,chlparen,chspace];
1f & Do kk then kk 1= &
elne
repoat Rd{kk] 1= * ‘| kk im kk ~ |
until kk = k;
for L 1= [rw[k] to frvikkl] = | do
(f rvf{i}) = {d then
begin ay 1+ ray{l}; op t= vopli]; goto 2 end;
ay 1= ldent) op im noop;
kY] end}
nunbor
begin op i= noop; L 1= Oy
repeat L 1= {4)p 14 (4= digman then digiz{{] = ch} nexteh
until chactpleh] ¢ number)
1 (eh w 'v’) ot {ch = "e') then '
begtn
ko= 4y
tf ch » . then
begin k 1= k+]; 4f k (o digmax then digle[k] (= ch;
noxtehy Lf ch = ‘. then begin ¢h 1= *{'} goto ) end;
i{ chattp[ch} <> number then ovror{201)
elec
repant & re k& + i
if & <= dignax than digit{k] 1= ch} nextch
until churtp?ch} <> npuober
end}
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4nl
442
443
444
I
446
447
448
449
450
asi
452
453
454
455
456
%57
458
45y
460
461
462
463
"
465
466
467
468
469
470
471
412
473
474
473
476
u17
478
479
460
481
482
483
484
483
486
487
488
4p9
490
491
492
49)
494
495
496
497
498
499
500
50t
502
503
504

Pascal Implementation: Complier and Assemblerf/Interpreter

i ch » ‘2’ then
begln k 1= k+l; 4f k <= dignax then digit [k} 1= chy
nextehg .
4 (ch = 4’} or (ch ='="} thon
bagin k 1= ki) £ k <= digmax then digit{k} 1= ehy
nartch

end
1t ch;rtp[ch] ¢> number thon error{20})
alse .
rapeat Kk 1= k#l}
1f k <= dignax then digit[k] 1= ehj nexteh
until chartp{eh] <> number
end]
new{lvp,rack}; syi= realeonstg ivp~.cclass 1= reel)
with lvp” do
begln for 1 1= | to strglgth do rval(i} = * ",
4f & <= digmax thon
for §{ 12 2 to k + 1 do rvadfi] 1= digle{d~1}
alse bogin arvor(203) rvakl2} 1= 0’y
tval[3} 1= .7 pval{t] g ‘07
end

and}
val.svalp 1= lvp

end
alse
K1} bagin
12 { > digrex then begin erroc{203)y val.ival t= 0 end
eloa
with val do
bogtn fval t= 0}
for k 1= | to L do
begin |
1€ dval ¢~ printl0 than
V’LMA; tval 1= ivaldlO+ordint[digitlk]]
{?f“’bzﬁp,, glse begln arror(203); ival 1= 0 end
a,"_'».,’..rl " end}
.5.;--&+} gy t= intconst
and
ond
end}
chettquas
bagin lgth 1= O} sy 1= stringconat) op = noopy
repeat

rspeat naxtchy lgth 1= lgth + 1}
1f lgth <= atrglgth then atciog(lgth] 1= ch
uatil {eol) or {eh = "***})
1f eol then error{202) elso nextch
until ¢h ¢ 77y
fgth t= dgth = i (fnow lgth = nr of chers in string?)
4f 1gth = O then erroc{103) elaw
1F lgth = § then val.iyel ‘= ord{atringf1})
elae
begin .new(lvp,etrg)} lvpt.cclassi=strg)
1f lath » etrglgth then
begin arror(399); 1gth 1= strglgth andj
with lvp® do
begln slgth = lgth}
for L 1w | to lgth do-svak[il) 1= string(t)
end} :
val.valp t~ lvp
end
end§
cheolont
bogln op t= noop} nertchy

503
306
507
500
509
5to
5t
512
513
514
515
16
517
k13
519
520
521
522
523
524
523
326
527
528
329
530
531
532
533
334
535
536
537
538
519
340
341
542
543
544
343
546
547
549
349
350
551
552
533
354
553
536
557
358
559
560
561
562
503
584
365
366
367
368

‘Compller Listing L

if ch » "=" then
begin ay = bocomes| nextch end
alsa ey 1= colon
and}
chpovlod:
begin op 1~ noopj nextchi
1t ch = "0’ then
bagin py 1~ colonf nextch end
alae sy 1= period
end;}
ehlt
begin noxtehy sy 1= relop)
if eh = =’ then
bogin op 1= laop} nexteh end
eloe
if ¢h = >’ then
bagin op t~ noop: nextch end
elae op t= ltop
end}
chgtr
begin nexntehy sy 1= relopy
it ch = "=’ then
begln op 1= geop; nontch end
else op 1= gtop
und}
chiparen?
begin nentchj
£f ch = *A* then
begin nextchy
{f ch » 3" then options;
repeat
whila {ch <> ‘*’) and not eof{input) do nentch;
noxteh
untll {ch = “)’) or eof{input);
nextehy goto |
ond}
oy = lpareat} op 1= noop
[ H .
speclalks
begln ay 1= ssyich]; op 1= sopichly
naxteh
endj
chspace! sy 1= otharay
end (Peaeah)
end (*Inaymbolf) 4

procodura entorfd{fcp: ctp)y
(%enter id pointed av by fcp into the came-table,
which on each daclaratlion lavel in organisaed as
an unhalanced binary traet)
var nami alphay lep, lepli ctpy lleft) bookean;
begin nas 1= fep”.nanaj
lep i1~ diaplayitop).fneae;
4f lep = nil then
" dleployltop}.fnace 1= fcp
elaa
begtn
rapeat lepl 1= lepy
1t lepemame = naa then  {*name conflict, follow right link*)
begin erfnr(lDl); lep t» lep® rlinky lleft := lalae eond
olno
if lep®.nome < aAno then
beghn lep 1= lep*.rlinky Lleft 1~ false end
eleg bagln lep e lep® iiinky lleft t» truo end

4
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569
370
sn
372
573
514
375
376
577
310
3719
360
581
562
583
384
383
580
587
Ju8
509
550
591
592
392
594
593
596
597
590
399
600
601
602
603
604
605
606
607
600
6oy
610
61t
612
613
614
613
616
&17
618
619
620
621
622
623
626
625
626
627
628
629
630
631
632
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untll lep = nik}
4f Iloft then lepl*ollink 1= fep alse lepi™.rlink 1= fcp
and} !
tep i llink 1= nllp fep®oriink 1= pld
ond {Rantaridh) |

procedure socarcheaction{fcp: ctp] var feplt ctp)y
("to £ind rocord flslde and forward duclarad procedurs Ld's
—=> procedura proceduredoclaration
~-» procsdure selector®)
lebal I
begin
while fcp <O nik do
tf fep®.nams = id then gote |
else 1f fep*.nomo < id then fcp t= fep™iriink
elsa fep 1o fep™.llink)
b: fepl 1= fep
end (facarchsactlon®) |

procedurs scacchid(fidelat satoflida) var fcpt ctp)y
labal 1}
var lep1 ctpy
bogln
for diex t= top downto O do
bogln lep t= displayl(dink].fnacaj
while lep <> nil do
it lep®.nene = 14 then
1f lcp*.klese in Fidcle then goto |
alas
bagln Lf preerr thon erroe(l03))
lep 1» leptorlipk
end
elese
4f lep®.unme € Ld then
lep 1= lep®orlink
akso kep 1= lep®.llink
end]

{#search not succesaful} supprose, ecror meseage in case
of forward raferanced type 1d in polatar type dafiaition
w» procedure simplatypo®)

1f prterr then

tagin error{l04)}

{(Ato avold raturning oll, raofereance an entry
for an undeclared id of o ropriata class
~=» procedutre satetundecl §

if types in £idels then lcp &=~ utypptr

aelee -

if vare in fidcks then lep 1= uvarptr
aloa
{f flald fn fidele then lep 1= ufldper
alea
1f konot In fidels then lep 1= uastptr
alae
1f proc in fidcle then lep 4= upreptr
alea lep t= ufetptr}
end}
tt fep 1= lep
end (Racatchidd}

ptocedura getbounds{lep: stp; var fmin,fmaxt tnteger);
(#get Internal bounds of esubrange or scelsr type?t)
{%assuna fap{dintptr and fepOrealptrd)

bagin
fain 1= 0) fmer 1= O}

633
634
833
636
637
638
639
640
§41
642
643
644
643
646
647
648
849
630
654
652
633
654
6335
656
657
638
659
660
661
662
663
664
663
666
667
668
669
670
61
672
613
674
&75
76
877
670
LI8
650
681
602
643
6R4
685,
686
647
688
649
690
691
692
892
49%
603%
696
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Af fap <> nil then
with fap” do
i form = subrengs then
begin fnln t= ain.lval) foax 1= paz.ival end
olae
1f fep = clharptr then
begin fnin =~ ordeinchat) fmax 1= ordmanchar
en
aelao
Af fconat <> ntl then
fwan 1= fconst™.valuos.fval
and (4goLboundsh) §

function elignquot{fapi stp)1 Integer;
begin
alignquot 1= [}
if fap <> nil then
with fap” do
case form of
acalars 1 fapwlntptr then slignquot 1= fntal
olsa Lf fapeboolptr thon allgnquot te boolal
eloo Af pealkind=daclared then alignquot t= intal
alea Lf fop=charptr then allgnquot 1« chacel
alse {f fspr~realptr then alignquot 1~ realal
oles (Aparmptc®) alignquot i= parmsly
subrangas alignguot 1= alignquot(rangstype);
polater: alignquot 1= adraly
power; alignquot 1= sataly
files:e slignquot 1= ffleal;
arrayel  alignguot 1~ allgnquot{aeltypa};
rocorde) alignquot I= recalj
variant,cagfld1 etror(50]1}
and
and (Palignquot?)g

procedure aliga(fspi atp) var fletr integer);
var k,Lt integer}
begin
k 1= alignquot{fep);
1 oi= tle=ly
fle ta } + k ~ (k+l) mod k
end {*allgnt);

procedure printtables(fb: boclean);
(fprint data okructure and nawe tablaet)
var 1, limi dfsprange}

proceduva macketb}
(*uark date structurs entrles to avold sultlple printout®)
var ki integery -

procodure marketp{fp1 ctp)) forwsrd;

procedura markutp{tps atp);
(*matk data strvucturas, pravent cyclesd)
begin
L fp € nill then
with [p” do
begin marked 1= trusj
case form of
scolarte 1
subranger mavkstp{rangetype);
peintarr (Adon‘t wark eltype: cycle possible; will be marked
anyway, 1f fp = truet)
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825
BZ8&

827
828
829
830
631
832
B33
B4
B15
836
837
$38
¥19
840
84l
842
843
844
BhY
846
847
846
849
850
85t
852
83)
854
855
856
857
858
859
860
86l
862
863
864
865
B66
867
B6B
669
670
a7l
812
B73
B74
B75
#76
817
818
879
apo
gel
862
ik
864
885
286
aar
608
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i

ales writa{output, forrmal’ i)
ond
and
and (*case?);
vritaln{output);
followetp(llink); followetp(rlink)}
followstp(tdtypa)
end (Awitha)
end {#followetpt};

bagin (*printtableat)
writetn{output); writeln(output)j writelafoutput);
1¢ fb then lir 1= O
elsg begin Lim 1= topj write({output,’ lecal’) end} ,
writetn{output,’ tables ’); writeln(output);
moatkar}
for 1 i1~ top downte Mim do

followetp(dieplay(1]).fnane)

writeln{output)}
if not ol then writefoutput,’ ‘rchent+16)

end {fprinttablash};

procadura genlabsl{var nxtlab: integar}y
begin intlabel 1= intlabel + |;

nxtlab = intlabel
end (fgenlabal®);

procedura block{fsym: actofaysj fay: symbol} fproecpt ctp)y
var lay; sywmbol; test) boolaang

procadure akip(fsya1 entofnye)}
(*siip Lnput string until relevant symbol found4)
begin
11 not eof{input) then
begin while not{sy In fays) and (not sof(input)) do Inaymbol;
if not (ay In fays) then fnaymbol
end
end (%ship®) ;

procedure constant{lsyst satofeys} var fsp1 stp; ver fvalu: valu),
var lspt stpj lcpi ctp) slgnt (none,poa,neg)y
lvpt cap; L1 2..etrglgthy
begin lup 1= nil} fvalu.ival 1= O
1f not{ay in conatbegsys) than .
begin srroe{50); akip(faystconatbegsys) and;
if oy in conatbageya then
begin R
if oy = atvingconstsy then
begln
it 1gth = 1 then lsp t» charptye
alss
begln
new{lap,nrrayn)y
with lap” do
bagin asltyps 1= charptr} inxtype 1= nilj
alze 1~ ggth*chareisa; form L= arraya
and
and}
fvalu 1= valy insymbol
end
clao
begin
algn 1= nonoj
1f {ey = addop) and (op in [plua,zinug)) then

LEL)
90
891
892
893
894
893
896
397
898
899
900
901
902
909
904
903
906
507
908
909
910
911
912
913
914
914
916
o017
910
949
920
921
922
923
924
925
926
927
920
929
930
931
332
933
734
915
436
"
238
939
940
941
$42
943
D64
943
946
947
943
949
250
951
952

Compiler Listing 17

begin &f op = plue then eign 1= pos elss sign ts nagy
inaysbol
and}
1f sy = fdant then
begln searchid{[konat},lep);
with lep” do
begin lep 1= Ldtypa; fvalu := valuas eond;
LE elgn <> nona then
if lap = Lintptr then
lbasln L€ edgn = asg then fvalucdval to —~fvalu,ivel end
[ P¥.1.]
if lap = realptr then
begin
if atgn = aeg then'
bogin new{lvp, rael);
¢ fvuiu.valp“.rval[lt = "=’ then
lvp“.rval{l] 1= '4*
elas lvp™,cvak(l] =
for L 1= 2 to strglgth do
Lvp*.rvaliLl] s~ fvalu.valp~.cvallt},
fvalu.valp 1= lvpy
end
and
elea exror{105);
inayaboly
and
alee
if oy = intconst then
begin Lt sign = neg then val.lvel 1= —val.tlval;
lep 1= intptry fvalu t= val} Lnoymbol
end
elss
it ay = roalconat then
begin 4f olgn = nog then val.valp®.revalll} = '=*;
lop 1= roalptry fvalu 1= val} insywboi
ond
alea
begin error(106); ship(feys) end

L,
1

end}
Af not (ey tn fays) than
bogln error{6}); ekip{faya) end
end}
top tx lsp
ond (#constant*) |

tunctlon equalboundn(fspl,fap2t atp}1 boolean;
vir leinl,lwin?, loaxl,lman2: integor)
hagtn .
15 (fapl=nil) or (fspZ=nll) then equalbounds t= true
4lga
begin
gatbounda{fepl,lain},loex] )}
gotbounds{fap?,lnia2, luax2))
aqualbounds t= (lminleinin2} and {lmaxl=lmax2)

end
end (*equalbounda®) ;
function comptypea{fspl,fop2) otp) 1 booleang ,5;S§?m
(*docida whother structures pednted et by fepl and fep2 are compatiblenr}
vat nrtl,axt2y ctp; compr boolaani dﬁ;"l‘
lteatpl,ltecetp? 1 teotp}
begin
{f{ tapl = fop2? then comptypes i1n truo \\
eloa
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697 powart markstp(alnntz |l , _— } ent ;g; ‘ . Bn::llowatp(filtypn)
698 arreyet  bogin marketplealtype}; marketp{inztype) end} ! . 410, 14 ord fiolds}:
499 racordei bﬁglﬂ m!l'kﬂtp(lﬂtlld)l markutp(rue\nr) and} ;z: 198!‘61 blgh;l ‘::zt::;é?::s::;t;;IsEl 110, th,ord{tagtlaldp):t,
U0 fliesr earkstp{liltypo); ' 76 (ollowsép(tutvar) H
101 tegfld:  nmarkatp(lotvar); 766 andy
702 va;lu:tt :nsln nacketp(nxtvar)) aarkotp(subvar) end, 167 varfantt begin writeln{output,'variant’s10," “14,0cd{nntvar):6,
703 gn Q(ICE:; ) 168 ! “th,ord(subvar)ié, varval.ival};
708 sad {fwdt 169 followstp{natvar); lo[louatp(nubva:)
702 and (fmarkotph); 70 end
70 4 (hennos
107 pracedurs mavketp ;;% nngn(*gtc:::k:dﬁ)
708 begln : » M
709 it fp < ntl thon 13 end (Mollowatp M
1o with fp* do d 4
i begin markctp{llink)) marketp(riink}} : . ;;: proce ;‘f'i;:e;:‘:‘:'l’l
112 warkotp{idtype) . 177 bagln
13 ond 778 L tp © nll then
T4 and {*marketph)i 179 with fp* do
?ls ' ' r oy L | ’ *
A 7450 begln write(output thyord(fp)i6,’ 'inema1d,” ‘1é4,ovd(lllnk) e
7o bogla (tmarkert) 781 B R 0rd(eliAk)16,* 1 8y0rdCidtypadi)y ' '
17 for 1 1= top downto lim do . 152 cane Lleos of
;lg 4 ?:rtﬁtzgi;avinyili-Enamu) 143 typest welto{output,’typa’110);
7;0 on ° ; 7684 konett bogin write{output,’constant’rl0,’ "14,ovd{next}ié),
721 procedura followetp(fp: ctp); forward) ;g: 1£l:d:55;p:>un::e;::: than
122 .
' begd

;gz groiedurn follovscp(tpt atp)i ;g; ef!“valual.vnlp <> nll then

58 n L3 L LY N
725 1f £p <> nil then . ;gg ond write{output, yvaluea,valp“.cval:9)
726 with fp* do 191 oleo
721 Lf werkod then . . . .
728 begin marked 1= falsej write{output,’ ‘t4,ord{fp)i6,elresl0); ;3§ 1fb:::z?‘ +fotm = arraye then (*stringconat*)
7% cage form of . s ol
130 pealart  begln writef{output,‘ecalac’110)g ;;g ‘fb:;izezrrzizoztpstl,‘E;?
Kl 1{ scalkind = atanderd then 79% atth valueo.valp: do
732 writa{output,’standard’t i0) 2
733 aloe urltu(outéut,'declared'lIO.' *14,0rd(fconat)16); ;g; Ic:rit:(o:t;zzs:s:?[:T)
734 wrltoln{output) 199 end )
;gg b %“éi 800 and

subranget bagin
Y wrlte{output, 'subrange’110,” ‘14, ord(rangatype)16); gg; andy alae welte{output,valucs,ival)
718 it rangetypa O :"’:Fti ;:“"1 %) ) varsr begln write{output,’variable’110);
;zg el::lta(output,m Aedval,mar. lvasl. a04 tf vkind = sctual then weite{output, actuval’ti0)
805 oalee writa(output, formal’110);
if (nin.vaip <> nil} and {oax.valp <> nil) then TPy .

;:% uﬁ?te(outgut.' '.mln.va{p“srva1?9. gg? en::lt°(°“‘P“‘v 14 ovd(nexntdié,viev,” ‘t4,vaddrib };
743 ' manavelpt.rvali9); , , ' s . L
704 welteln{output); followstp(rangetype); ggg :i::d: writs(output,'fleld’110,” "14,ovd(nent)1d,’ "14,fldaddr:6)
s ‘end; 810 funct begtn
746 pefnter) writeln{output,’pointor’rl0,’ “1d,ord(altypedib); u B . . dure”
747 powers  begin wrlteln{output,’set”110,’ *i4,ord(elaak)16); g:; , :{:;1:::“(g;:;u:hu?u:::::‘(‘m:iggf procedure’ 110)
748 éolloultp(uluct ' 811 1f pfdeckind » standrrd then
749 anaj . 8l4 wrdte(output,‘stendscd’ 110, key:l0)
150 arrayst  bogin , , ., - 815 olae
731 writeln(output, ‘avcay” 110, thiord{aeltype):s, h 316 begin writa{output, 'declared’ 110, ‘14, 0rd(nant)i6)
752 : ord(Laxtype) 16}y 817 wrhte{outpet,pflav,” “14 plnace1d);
733 followstp(asltype)y followstp{inutyps) a18 © Af ptkind = sctual then
754 ond} 819 begin write{output, ‘actual’110);
155 recordas  begin . ? . ' . - Bt i1 torwdecl ‘thon wette(output, "forvard”: Q) —_—
156 writeln{output, ‘record 110, thyord(fattld)r6,” ‘14, 621 else writeloutput,’notforward’ 110}
757 ord{racvar)1d); followetp{foclfid); 822 Lf axtern then write(output, ‘extern’110) ,_jgzmwd
18 follovstp(recvar) 823 eloe writa(output, ‘not extern’110),
159 endg 024 end

760 filas begin weiteoutput, ‘Eile’t10,’ 'l&.oqﬁ(!l}typn):ﬁ);
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953
954
Y55
956
957
258
959
%60
61
262
963
964
363
946
967
968
969
970
311
972
9713
974
975
976
917
918
919
960
981
9682
963
984
983
486
47
408
969
990
991
992
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994
395
996
997
958
999
1000
1001
too2
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
10td
1014
1613
1016
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i¢ (fepl <> atl) and (fep2 <> nil) then
1f topl*.form = fep2”®,form then
caso fapl®. form of
scalar
comptypes (= [alsgy
(% fdontical acalare declared on different lavele ave
not racognieed to be compatible#)
subrange!
comptypea 1= comptypen{fapl®.rangetype,fap2”.vangatype),
polntar:
baglin
comp i» falsef ltestpl 1= globtastp}
ltastp2 1= globtestp}
while ltestpl <> nil do
with ltestpl” do
bagin
it (elt! » fopl”.eltypa) and
(alt? = fsp2*.eltype) then comp 1= truaj
Ltestpl 1« lasttentp ’
end}
if not comp then
begin now{ltestpl);
with ltestpl” do
bogin oltl 1= faplt®.altypa)
altl 1= fep2”,oltype}
lastteotp t= globteatp
ond}
globtoatp 1= lteatply
comp i+ comptypes{fapl .altype,fap2®.eltypa),
end}

comptypes 1= comp; globtestp 1= lteatpl
end}
powart
comptypes t= comptypea{fapl”.elsat,fop2*.oleat);
arrayst
bagin

comp = conptypea{fapl®.aoltype,fap2”.aeltype)
and comptypea(fapl™.inntype,fap2” fnntype);
comptypes 1= comp and (fspl.aira = [sp2°.alze) and
equalboundo(Lapl®. inxtype,fopl™. fnutype}
and}
racords:
begin nath 1= fopl™cfotild) nxtd 1= fep2*.fotfldj compimtrusj
vhile {nxtl <> nil) and (nxt2 ¢ nil) do
begin conpimconmp and comptypsa{nxtl . ddtypa,nat2”.1dtype),
nxtl ¢~ nxtl*inext] nxt2 t= nxt2® nent
end} . .
camptypto = cosp and (axtl = nll) end (nxt2 = nil)
and(fepl-srecvar » nll)and({fop2”.racvar = nll)
and '
(*léentical racords are recognlzed to be-compatibla
1£f no variants occugh)
f[ileat
cowptypes 1= comptypes(fspl™ifiltype,fop2”.fiktype)
end (fcaseh)
elee (#fapl*.form <> fep2®,formh})
if feplt®.forma = subranga then
comptypos 1= comptypen(fepl”.rangetypo,fspl)
else !
if fap2”.form = subrange than ’
conptypes 1= conptypss{fepl,fepl*.vangetypo)
clap comptypes t« falea ,
elge comptypes (= trug - d
end (Pcomptypost) T

to17
1018
Ly
1020
1021
1022
1023
1024
1025
1026
o7
1028
1029
1030
1031
1032
1032
1034
1035
1036
1037
1038
1038
1040
104}
1042
1043
1044
1045
1046
Lok?
1044
1049
1030
1051
1052
1053
1054
1055
1056
1057
1038
1039
1060
1081
1062
106)

1064

1063
1066
1667
1068
1069
1070
1071
1072
1073
K074
1073
fo?s
1077
1078
1079
1080
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tunction eteing{fap)r etp) 1 booloang
begin strlng 1= falaej
{f fap <> ntl then
it Eap”.form = atraye than
it comptypes{fap".aaltyps,chacrptr) then strlng e true

and (fatring?) i

procedura typ{fsys: satofeya; var fspt stp; var felze: addrranga);
var lep,lepl,lep2: etp| oldtop: dieprange} lepr ctpj
leica,dlepli addrrange; lmin,losax; integar;

procedura simpletype{faymtsetoloynj var fapiatp} var faize:addrrange},
var lep,lspl: otpy lep,leplt ctp} ttop: dleprange;
lenty Enteogery lvalui valuj
begin feize 1= 1)
if not (sy In simptypebagayc) then
beghin arvor{l}} skip{fsys + simptypebegays) end}
L! sy in eimptypobegays then
begin
if ay = lparent then
begitn ttop t» top;  (*decl, consts local to innermocet block#)
while display[toplioccur <> blck do top 1= top = 1}
new{lap,scalar,declared);
with lep* do
begin alge 1= {ntalre; form 1= acalar;
scalkind :» declared
end}
lepl 1= atlp lent 1= 0y
tepoat inaymbol|
i sy ~ ident than
begin new{lcp,konet};
with tep” do
begin name t= {4} Ldtype t~ lap; next (= lepl,
valuca,ival 1~ lent; klass 1= konat
end}
enterld{lep);
fent 1~ lent 4+ 1;
lepl 1= lept Lnsyabol
and
else arror{)y
11 not {ey in fays + [conma,rparent}} then
bogin orror{6}; akip(fays + [comma,rparent]) ead
untll sy <) comma;
lsp*.feonot t= lepl; top 1~ ttopy
tf sy » rparent then inoymbol elee arver(d)
and
aloe
hogin
{f sy = ident then
begin nearchid({types konst}, lep);
insywbol;
it lep™.kiaes = konet then
begin new(lap,subrange);
with lap*, lcp” do
begln cangetype 1= fdtype; form i= eubrange; )
Lf etrlng{rangetype) then
begln arvor(i48}; rangetype 1= nfl end;
milp i% values; alze |~ intatzo
and
if ay = colon thea ineynbel else error{5};
conatant(faye,lapl,lvalu}y
lop®iman 1= lvalug
£f dsp"srangotyps <> lapl then error(l07)
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1721
112
1723
1724
1725
1726
i727
1728
1729
1739
1231
1732
113
1734
1735
1736
1737
1738
1739
1740
1741
br42
174}
1744
1745
1746
1747
1748
1149
1750
1751
1152
1753
1754
1735
1756
1757
1738
1739
1760
1761
1762
1763
1764
1765
1766
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1768
§769
1770
1771
1772
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L1774
1773
1776
1N
1778
179
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1784
1182
1783
ires
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begin name 1 idj ldtypo = ally
extorn 1= falsep ptlev = leval} gonlabel{lbname);
pfdeckind 1~ declaradj pfkind 1« actusl) pfnama t= lbnaney
1¢ tay = procsy than hlass i= proc
aleo klaas 1= func

end}
antecid(lep)
end
elsa .
begin lcpl 1= lcpenaxt)
while lepl <> nll de
begln
with lcpi® do
Lf kless = vare than
if Ldtype <> nfl then
begin les 1o vaddr + idtype”.elze}
1f lem » lc thea le 1= lem
end;
lcpl 1= lepl®vnext
end
endj
insymbaol
aond
alse
begin avror{2); lcp t= ulctpty and
oldlav 1= lavel; oldtop i= top}
$f levol ¢ manlevel then level 1~ leval + 1 else srror(25l);
if top ¢ dieplimit than
begln top 1o top + 1
with dieplayltop} do
begin
1€ forw then fnome t= lep”.next
elas Enane t= nil)
flabel 3« nilj
occur 1= blek
end
and
elae arror(250)y
1f fey = procay than
bogln parametarilst({oenicolon},lepl)}
if aot forw thon lep®.nent 1= lepl
and
elaa
begln paramateridat{{sentcolon,colon),lepid;
1f not forw then lep™.nent = leply
if sy = colon then
begln Lneymbol) -
it sy = fdent then
begin Lf forw then .error{i22}
saarchid([typed},lepl)y
lpp 1= lepl®.idtype;
lep* ddtype 1= lopg
if ksp <> nil then
18 not (lep”.form kn [ecalar,subrange,polnter]) then
begin arror{120)}3 lep”.ddtype 1= nil endj
ineymbol
end
eleo begln errov(2); akip{fays + [ocmicolen]) end
end
clss
tf not forw thon error{i2l)
end}
34 ny.- senkcolon then insymbel alse arror{id);
iF sy = forwardey then

o r—rr . i

P

178%
1786
1747
1708
1789
1790
1791
1192
1793
1794
1793
1796
1797
1798
1799
1500
1801
1802
1803
1804
1803
1606
1807
1808
1804
1810
1611
16812
1813
1814
1813
1816
1817
1618
1649
1§20
1421
1822
1623
ta24
1823
1826
1817
1628
1629
1930
1831
1832
1813
1834
1835
1036
1837
1838
183%
1840
1841
1802
1643
1844
184%
146
1847
1848
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bogin
if forw then error(161)
alae lep”.forwdecl = true
inoynbol}
it sy = socfcolon than Lnoymbol else srror{la);
iE not (e2y in feye) than
begtn erroc(6); skip{foye) end
end
elaa
bagin dep®.forwdecl 1o falae; mark(markp)
repeat block(fays,somicolon,lep);
if gy = semicolon then
begin £t prtables than printtebles(falae); lnaymbol
£ not (my fn [beginey procey,funcay}) thea
] begln ovrov(6}) skip(foys) end
an
elas arroc(l4)
untfl {sy fin tbeginay,procsy, funcay]) or eof {input);
;eloann(mnrkp)a (* return local antriee on runtire heap 4)
and}
lavel 1= oldlevy top 1= oldtop: le¢ 1= ey
end (tprocdealaraticar) |

procedura body(faya: setofaye);
conet cotoceman=6d; clximaxn=1000;
type oprangs ~ 0..6);
var
1lepictp; saveldiakphs;
cetptri array {l..cotoccaan) of cep,
f:tgfrlnu 0..catocemax;
sllows referencing of noninteger constants b
(inotesd of & pointer), which Ean be atored 1£ ::n!:gg?ield
of the instructfon cecord until writeout,
~=> precodure load, proceduts writeout®)
i, entnanc, ecgeizat integer;
stacktop, topnow, topmax: Integer;
femax,1lel) adderange) lcp: ctp;
pr 1bpy

proceduro nea(l: integer);

begin topnew i topnew + edx{l}*oaxatack;
é{ topnew > topmax then topmax 1= topnew

end;

procedure puticy
bagln 1€ fc wmod §0 » O thon writein{prr, 1’ ,let5} and;

procedure gonO(fopt oprangs)

begln
L{ preode then bogln puticy weltela(prr,mn{fop)i4) ead;
le tn {¢ + 1} mea{fop)

ond {Agen0A)

procedure genl{fop1 optangaj fp21 integer);
var Kt integar}
begin
it preode than
begin putfey write(prr,mnlfoplit);
if top = 30 then
begin writeln{prr,ana(fp2j1i2);
topnew (= topnew + pdnlfp2|imnxatack;
£t topnew > topmen then topmax 1= topnew
and
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1949
1850
1831
1831
1833
1634
1853
1856
1837
1858
1859
1860
1861
1862
1663
1864
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1870
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1672
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1878
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1880
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1682
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1692
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elos
bagln
{8 fop = 3B thon
begin wcite{prr,”’ ")
with catptr[fp2]” do
begin
For k 5= | to algth do write{prr,oval{k]1});
fox k 1= algth+l to steglgth do weita(pre,” ‘)
ond}
writeln(pre,
end
ales 1f fop » 42 then writeln{prr,che(tp2))
elss writaln(prr,tp21f2);
mes{fop)
end
end}
ig to e + |
end {Aganlt} j

anl)

procedure genZ{fopt oprengay fpl,fpZt integer)
var k 1 lotegar)
baglin
if preode then
begin puticy writa(prr,mn{fopli4))
caoa fop of
h5,30,54,561
writeln(psx,” *,Epl13,£p218)
41,46,49,52,53,551
begin writa(pre,chel{tpl})y
$f che{fpl) = ‘o’ thea write(prr,fplili);
weiteln(ptr)
and}
3
cona Fpl of
t1 writoln(per,”t *,€p2);
2t baglin weltalprr,’er ')
with estptr{fpz]” do
for k 1= | to otrglgth do welte{prr,rvallk})y
writeln(pre)
and}
3, writeln(prr,’b *,2p2);
&t welteln{per,'n');
6t writela{pre,’s **"13,che(fp2),” " ');
$) bogin write(pre,’('); .
with cstptr(fp2]” do
for k 1= petlow to aethigh do
$f k& {n pval than writs(prr,ki13); -~
wedteln{pzr,’)’)
end
end .
andy
endj
i¢ 1= de¢ + 1} mes{iop)
ond {fgen2®)

procedure gentypindicator(fopt stp)y
hegin
{f faplOnil then
with fep™ do I
caso foro of H
sealary 1f fep=intptr then weite(prr,’i’)

also )
it fop=boolptr them write{per,’b’}
alao .

1913
1914
19t
1916

1912 -

1918
191%
1920
1921
1922
1923
1924
1925
1926
1927

1920 .

1929
1310
193
1932
1933

1934 .

1935
1936
1937
1534
1939
1940
1941
1942
1943
i944
1945
1946
£947
1940
1949
1930
1931
1932
19353
1954
1955
1956
1957
§958
1959
1960
1961
1962
1963
1954
1965
19606
1967
1964
1969
1920
n
1912
191
1974
19715
1876
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if fepecharpty thon weite{pre,’c’)
alsa
{¢ scalkind = daclaced then wrtte{prr, L")
elss weltelper,'t');
subrangaer gantyplndicator(rangetype};
pointary write(prr,’a’);
powart writa(prr,’a’);
tocorda,acveya)r welte{pre,’n’);
files,tagfld,variantt erroc(500}
end
end {Atypindlcatort);

procedura genOt{fop! oprange] [epi atp)
begin
LE preode thon
bogln putic;
welte(prr,an{fop)id)y
gentyplodicator(fap);
writaln{prr};
end} :
fc i= lc 4 1} wee{fop)
and {(*gonOt#)y

procedure genit{fopi oprange; fp2: Intogary fap: atp);
bealn
if preode then
begin putle}
write{prr,na(fop)id);
gentypindicator{fap};
writeln{per, fp211l)
end}
ie 1» fc + L mes{fop)
and (%genlth)) .

procedure pan2t(fop: oprange; fpl,fp2t integer; fapr otp);
begin
1f prcode then
begion putic;
write{pre,mnifoplt 4);
gentypindicator({fep);
:riteln(prr.Ep113+5ﬂord(abs((pl))99).[p2:8);
endj
fc 1= fc + §: mee(fop)
end {fgealtd);

procedure lead)
begin
with gattr do
if typtr <> nll than
bepin
casa kind of

33

est1  if {typtr~.form = acalar) and (typtr <> realpte} then
1§ typtr = boolptr then gea2(5i(*ldcA),3,cval.lval)

elaoe
if typtrecharptre then
gen2{5t(*1der) 6,cval.lval)
elge gen?(5t(Alde?), |, cval, {val)
elso
l: typtr » nilptr then gan2(31{Alde*},4,0)
else
Lf cotptrix >= catoccrman then erroc(254)
elss
begin cotptrin 1=~ catptrin + I}
cetptr{estptrin] 1= eval.valpy

L

8



34

1977
970
1929
1980
1981
1982
1983
1984
1985
19686
isa?
1908
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
‘2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2021
2024
2023
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2008
2039
2040

Pascal Implementation: Compiler and Assembler/Interpreter '

LE typte = realptr tlien
gen2{5i{#1dc*),2,cotptrin)
olsa
gon2{51(*1dch),5,catptrin)
end}
varbli casg access of
drets Lf vieval{=l than :
genlt(39(r1dot)  dpimt, typtr
alge gen2t(34({*lod*},laval-vlavel, dplat,typt:
indrett genlt{35(#indA), {dplut,typtr); .
foxdt  error{400)
and}
anpri
and}
kind .= expr
and
end (tloadh} |

procadure stora{var fattci stte);
begin
with fater do
if typetr <> nil thon

casa sccase of
dret:  if vlavel ¢= | than genft{43(faro*),dplat,typtr)

elee gen2t{36{*atc#), lavel~vlavel,dplut,typtrl;
indrets 1f idplmt ¢ 0 then ervoc(400}
elsa genDt(26(fato®), typtr}y
inxd:t  arror{400) I
end i
ond (Astoref)

procadurc losdaddress
begln
with gater de
te typtr <> all then
begin
case kind of
cstt  if etring{typtr) then
1f cotptrix »= cetocemax than artoc(254)
[31.1
bogin catptrix 1= catptrin + 1)
estptrfestptedn] 1= cval.valp;
ganli(38{rlead), cotptrin)
and
alse ervor(400);
varbli caso access of
drett  1f vlevel €= | then genl{J?{lact),dplut)
alse gan2(50{ALda*),loval-vievel,dplat};
indrett 4f fdplat <> G then
genlt(34(*inc*), tdplut,nklpte)

inxd!  ecrorf{400)

2 o e e 4y ke

end)
expry  error(400)
and}
wind 1= varblj dccess 1= indret| Adplat 1= O

end
end {%londaddress?) i

procadure gent jp(faddetr Untegar);

begln load;
1f gater.typtr <> nil then :

1f prcoda then begin putlic; writeln{pre,on{33]14,” 1°18,{addrsd) and}

1f gattr.typty <> boolptr thon accor{lan}y :
l:

2043
2042
2043
2064
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2056
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
200
1071
2072
2073
2074
2075
2016
2077
2078
2079
2000
2081
2082
2083
1084
045
LT
2087
2080
2089
2090
2091

2092
2093
2094

095
096
097

2099

099

2100
1i0}

2102

210

2104
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fe 1% 4o + 1} mea(2d)
end {(*gent Jpt) ,

procedurve genuipxip(fop! oprange; fp21 lnteger);
bogln
LE prcoda then
begin putic) writeln(pecr, mnffoplst, * 17:8,fp2i4) cnd;
fe t= i¢ 4 1; mas(fop)
and {Rgenujpxipi)y

groicdurc gencupent{fopi opranga; fpl,fpZ1 fntegar);
egln
If prcoda then
begin putic)
weltala(prr,maffopled dplad, M th, fp2id)
atd]
te tw dc + i} =mes{fop)
and |

procedyro checkbnda{fap: stp);
var lmin,lman: integer;
tegin
1f fap <> nil thon
1f fep <> fntptr then
tf fep <> realptr then
£E fep™,form €= subrange then
begln
getbounda{lap,leln, lmax);
gen2t {45(*chk), taln, lnax, fop)
end
ond {*checkbndat*),

procedure putlabel{lobname; intepgec)
begin {f preode then weiteln{prr, 'L’
end (Aputlabol*);

¢ labnamoié)

proceduvre statement(€ayni aetofsys);
labol 1 _
var Lept etpy Llps 1lbp;

proceduce sxprosslon{fuyp: satofsys); forvard;

peoceduke selactor({foyn1 sotofaya; fepi ctp);
var lattrey attr; lept ctpp laize,lmin,lmant Integer)
begin
with fep*, gattr do
baghn typtr 1~ Idtypa) kind t= varbly
case klasa of
varel
Lf vkind = sctual then
bugin accens t= drcty vlevol 1= ylov;
dplat 1= vaddr
ond
elso
begln gon2t(S4(Alodtr), level~viev, vaddr nilptc};
accens 1= AIndrct} idplmt = O
end;
fioid:
with displayldiex] do
tf oecur = croc then
bepin accapa ¢= drct) vlevel t~ clev;

35

&
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3103 store(latte)) gonujpxip(37{tujph},laddr}; putlabet{leix)y 1449 begln
3184 le = 1lcy 340 cage oy of
3367 end (Aloretatementh} a3 fdent bagtn ssarchid{[vare,tield, func,proc), lcp) Insyubol;
3388 N 1432 4 lep*.kiaes = proc than call(!sya,lcp)l '
3389 3433 eloo asalgament{lcp)
3390 procedura uithst?tem;ntjl Mer adderange) : gzgﬁ end;
339] var lept ctp) lently disprange) ilcy ra beginayt begln inayaboly com '
31392 bagin lentl t= 0 Llle 1= lo) 3456 gotoay)  begln lnu;mbol: 5ot£:::::;:;§m::;;end'
EE FOREty = tdent thon 450 S besla dnoyabol ifatatanent end;
{ - caseay! egin ine '

3995 bagin searchid{{vars,flald},lep), tnsyabol end 3a3% whtle{y: bugln lnuizzgii ::it:;::::;:;te:d&-
3396 elaa begin error{2); lep 1= uvarptr end) 3460 tapeatay) begin lnaymbol; repeatatotemcnt zné-
3397 selector(fays + [comma,dosy],lcp)) : 346l toray:r  begln Inayabol; forstatement end;
3398 At gattrotypte <> nll then 462 witheyr  begln Ineymbolj wlthstatoment end
33%9 1f gattr.typtr*,form = records then g:gg end;
3400 1f top < displinit then . ! it not {8y in [semicolon
3601 " begln top 1= top + i) leatl 4= lentl + 1 3465 bogin e:ror(é)l aklp(!;;:ia:;:iaﬂay.un‘i1ay]) then
34012 with dleplayltep] do 1466 end

3403 begin fnama 1= gatte, typtr”.fotfld) 3467 end (Astatemcnt®)

3404 flabel 1» il 3460

1405 and} 3469 begin {*body*)

2406 if gottr.access = drct then 3470 1f fproep <> nll then sntname 12 fprocp*.plnane

3407 wi:h glaplﬂy[topl_do . \ttrovlevel) g:;é else stnlabel(nntnauu);

3408 egln occur 1= crac] clev 1= gatlir, eatpteix (= 0} topnew i~ lcaftormark ; -

3409 i cdapl 1w gatte.dplnt 3473 putlnbel(entnamo)f ganiubcl(aegul:e):t;:Ein;:i?::aékté;;ltormérk'tGCki
1410 . end gz;: ?:“:“P'“t(:i(‘:;tl*),l.aesalza): gencupent(32(tant %) 2,;tncktop)

alde roc nil th [ ! '

g::; " bogin loadaddrese; kPl begln ftcl tm 1¢L::e£m:35zt?:é:lp1' valuge into local callp4)
3413 atign{nilptr,ic)y un lep 1= fprosp®.naxt}

WG gen2e(56(fatr*),0,lc,nilptr); 3478 while lep <> nll do

15 with display{top] do 3479 with lep® do

L6 begln occur t= vrocf vdepl 1=-lc end} : 3480 begln

1417 le 1= letptraiza} 3481 align{patmpte,llel);

3418 1f le > leman then lemax = le 3482 {f klazs = vara then

3619 . end g?gg it tdeype <> nil then

420 an ! Lf ldtype*.

guz| alen error{250) 348% beglxp form > power then

3422 . aloe arror{l40); 3466 if vkind = actusl then

3423 tant 14 sy <> comnaj 487 begln

3434 {f not teat then Lnsyabol J480 : 8¢n2{50(*1da*},0,vaddr};

3423 until test) 3489 Ben2t(34(A10d*), 0, 1c],nlpte);

1426 - 4f sy = dosy than inaymbol else error{54); 3490 3enl(ﬁg(,movﬁ,'ldtypeA:nlzu)‘ i

3427 atatonont{laye)} 39l end; !

3428 top I= tep=leatl; le i= llcj 3492 1lel = el + prrotze

Ih29 end {4withstatsaant®) ; 3493 and

343 3494 claa Jlcl 1w liel + tdtype*.slze;

343 begln (Aatatement?) . 3495 lep 1= lep®.neaty

3632 1f ay = Intconst thea (*label#) 436 end;

3433 begin Alp 1= dieplay{level}.tlabel} 3497 end;

363 whtle llp <> nll do 3498 femar 1= leog

3438 with Llp” deo 3499 tapeat

1436 it labval = val.ival then , 3500 repeat statement(feys + [semicolon,cnday))

1437 begin 1f defined then error(165); 3501 until not (sy in statbegeye);

1416 putLabel{labname); defined = truoj 502 test t= sy ¢> pemicolen;

1439 goto 1 3503 1f not teet then Lnsyabol

1640 end . 3504 until test;

et alse 1ip 1~ nentlaby 3503 {f sy = andsy then tnaymbol else ercor(13);

42 arror{ib?}; 1506 Up 1= dieplay[top].flabol; (Atest for undafined labelss)

3443 1 Inaymbol} ! , o7 while llp <> nil do

Mbh 1f sy = colon then insymbol elss ervor{3) ; 1308 with 11p* do

3443 end " 3509 begin

hib 1t net (ay in feya + {ident]) then asto 1! not defined then

3447 begin accec{6)} skip(fayn) end) e ) . 5t begin arvor(l68);

Th48 {f sy in otatbegoys + [ldent] then ; EH writeln(output); writeln{output,” tabel *,lsbval)

i




