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2. PL/0 &S miFaE

ARBFTEEUL) PL/0 15 5 gn ik as LA TAERFE W& 1-1 Pios:

VLT
AT
\ 4
EVEDHT
Ve jl:il]:
* VST i
5 A
H 0
v
R
\ 4
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T4

B 1-1 PL/O g i as A AR AE



2.1 HEESHT

PL/0 B 5 WL B ds F 258 i LU A%

(D Bk abass s, [, HIRA;

(2) HHIEW begin, end, if, while Z&{FF,

(3)  PUNAELR B 0 — b R, AR IR (R4 IR4A 4R id,
M4 )Rt sym WAELA SYM_TIDENTIFIER.

(D PUONEEET, AT ER S 4 R NUM,  sym DU 4 SYM_NUMBER;

(5) Hiul:=, <&, =ZRMRHERA S, R sym W7 ) B A A
SYM BECOMES, SYM LEQ, SYM GEQ %%.

HRERE (BREO A getsym(), getch(), HH getch O MIREHRAFFFIT

R, BRIEZ A, ETERk:

(D) B HBkk A7 45 R A% s

(2) R NSO RS 24 SOk

(3 FHE—mFEYIER, HHAHNAT S B TR TR R

2.2 BT

TRATR 3 H T B AR BT PL/O 4 o LU RATISS %35 5 (19 FIRST
A1 FOLLOW #45

ARG (S FIRST (S) FOLLOW (S)
TRk const var procedure ident call :
if begin while
A ident call begin if while . ; end
A odd + = ( ident number then do
Fik7 + — ( ident number . ) R end then do
1ji ident number ( . ;) R+ - end then do
[K]-F ident number ( . ;) R+ —-%/ end then do

1 BP RACEANNKRREEST

AMEUFH], PL/OESJE T LL (1) k. GIFWIMEG )

PLUR SR FRATI4 B an o) 25 BBk W g 'S GBIV R B LR i — M vk .
e B S ot IR B T (S), N

(1) HEERZBHR LA U AT 5E /D 1 N

(2) B FEBHN (3) - (7) FFmR— AR U

(3) e B 2 A ) -

— g > gy > e —_— o,
XFR: begin T(S1); T(S2); ...:; T(Sn) end
(4 EFE:



A\ 4
A\ 4

S1

A 4
A 4

S2

A\ 4
Y

S3

KN case TERJELH ST IET:

case ch of if ch in L1 then T(S1) else
L1: T(S1); if ch in L2 then T(S2) else
L2: T(S2); &% .
. if ch in Ln then T(Sn) else
Ln: T(Sn); error

o Li €FIRST (Si), ch AMIHIAR 5. CRFED

(5)  fHFh

A

St : while ch in L do T(S)

(6) Kori—AE A

— A

X AR T Ao

(7)  FOREEAFI I .

4.®_.

$SPMW: if ch == x then read(ch) else error

ORI REAT -

block(), constdeclaration(), vardeclaration(), statement(),

condition(), expression(), term(), factor()ZE.

B RO R W 1-2:



St
v
M kik [
\ 4
7
\ 4
SRR

B 1-2 VEEAHT I R 2
2.3 & X HT

PL/0 [ SCop M T2 EA T LA M A

(1) AR IRAT ST AR A IR O
(2)  FEAAEAE A PR AT RIA R 51 5
(3)  FEEAAAE AR TN 2 A,

2.4 R4

PL/0 g PR FE P AN 58 B IRTE AT S TE2 534, 1 ELE 7= A v [l AR A1
CHER” AR, BATRAVE “BAT7 % bR A TAERRA T dn AR IR R IE Y
fAT FRL IR 7K, ANEBA NS AR T G 1) SE B b Las R TR i i 2% J8 b 25, Al 1M
M EIES PL/0 R TN, FRAIFRZ N PL/O AbEEHL. PL/O ALEEHLI
P RRRE A O HARRRS , FRATIIR Z W AERARET o VR X RS BT 90 1%
WES AT &, FEARRFEPIRATE IR —ARiatE Mg id ey, © )5 im ik

9



SEREHSZIL, PR R REE — MR E A EE T DB . IS — AN VR,
FRREFE T WA 2 PL/O HLBEAT:, FEMEREINAT R B PL/O REAFIAT, A FRAT
FIEA TAE: 1 PL/O Y55 S FEFE S PL/0 HLES A 1A H, s — AN a4 (1) g
FEIT

PL/0 ACIHIA WAL, BRI — N e R AF I B4 code H, T
B AL — AR B AT

PL/0 ALFEHLIN i 2 EEARYE PL/O W5 F Sk i ih, EaFELLTFIiES:

(1) LIT /% RGHEBUE TR */

(2) LOD /% AR RARE TARTI +/

(3) STO /x BEARTIE IR S AR & +/

(4) CAL /* AT EREMHPTES */

(5) INT /% LEEHRA D A A s |]) */

(6) JMP, JPC  /* HIT if, while iGAJHIE&M BT R S */

(7) OPR /% —HERBBHIZHIRS */

IRFE AR K = A Rk

F (L |A
Hep, £, 1, a& XL FER:
F L a

INT W
LIT W
LOD FEIRZE LAGITRILN N
STO FEIRZE LAGITRIN N
CAL FEIRZE FE bk
JMP FE ek
JPC —_— PR :Lb N
OPR — ey gl

% 2-1 PL/O WbFENLFES

b, BIRZE N BSR4 SRR 2 A S E IR R, REP
il B AREAL code (TR, Eudm ikl 728 B8 53 A2 e vp i A o ko

PL/0 (4w 3R 7 A B4k PL/0 YA P I ] PATIE AU 2R UE R H ArAR AT
XAARHE AR oy O Rk AL TR A b R U A A B R TR

WIRAIER] X := Y op Z Cop NHEABHEFF), K eeak T r 3 bray
Feg): (B4R THEBUNE 100 54D

No. f L a
100 LOD Level diff Y Addr Y
101 LOD Level diff Z Addr Z
102 OPR op
103 STO Level diff X Addr X

10



MXF if F1 while AR EBI— 0, ROGSEIEAE i — LBk 4R 4, ki
(1) H bRk KRR AN o AR GIX — e, FRATIAE PL/O 4m APk A T [l
EHEA, =g B st A0, SR B eefs Sk (code
A EA NI Y D P I N v iR | WiE o SR A Bay A A Y & 2 R SN B 719 1 N P
H hse 384, R if. while iBA) HA U A SRR . (L1, L2 24t
gt

if C then S While C do S
641 C 1y H ARG L1: A% C 1 B AsAhs
JPC — L1 JPC - L2
) S 1) H AR W) S 1) H AR
L1: ... JMP L1
L2: ...

#2-2  if-while i¥&A) H ML A i 2

MRERE (RED f: gen(, HARFZL=ASH L. 1. a 2K 5 H
PRI IFAFICT code B, 80 CX AIME, CX o N4 BINRs AL ) H Fn i
Ak

2.5 RIEHAT

h T R L, FRAME A —A PL/0 AEENL, & REGSAEREAT PL/O 4 FE
J T A G H RS . 3X AN PL/O AR BEALA W RAEIE . — MR T A fl =/ b
W fras k. 27 CHARMUE) fEIFRN code, HIZmiIFRETFIEN, 78 HARME
EPATISFE P OREEAAR, R TR B “ " fAds . Bt S 2k
KAk, BT S ARZ R R TC AR T T (—ois EAUER T HI
J6), I RAEARE FERAEHE XSG . ARTUohbhlE CRAR) iCfEAR T 27 A7 2
T, FR& %74 [ BEE YW IEAMBEPITIIRS, Pl &8s P fRm~
— R RS .

PL/0 R — Ak AR T e 538 JR i AR B, DROA IX L8 il R mT DU st U M i ]
WACAE S B R P, oy R IX L8 Jay 5 A% B oA e H kb o ANk B2 1 30 ds X AE A7 e
e S WINF Sk, RANERE, B P € XA RSN, N YA E B SN EE
B B e R e Bl GRIEhED e i B 2 s X bl . e e 2%
15, 8 T IR JECRFR T BT, XS b AR DA 20 o AT DRI A N 356
RAE A AL T2 0 R 2 D i A B =R A o FRAT T AT 20 Sl o Ay 3k [ b

(return address) RA FIz&%E (dynamic link) DL. Zh&HERISL, BR&ESHT2
BC s DX ik, PRAFAESE R 27 A7 B o

KA SEBRIAEI e A8 AT (RS I EAT I, G fe e AN e JLAE AR
i A4 oey M, & L REAf AL T AE s DX N AL, TRk e I e (A 6 Hiuhl
N T IEBHAAR U, AR R T T R AN 5 10 S 0 2 AH N (1) B DX R SR R bk
Foo BRSNS T YA IE AR R AR, kI bl S AR A B 4, A,
T B A s X (AR 2 4R SRR A2, dm AR H e I 17 H i 2



IR AL, (RIS 2 BE R A A W R Bl (Bl A 7 5, T g 2% A7 R £k T
AN

B, oS A, B, € Horpid e C MR Es ik B, mid#E B i
VORI AR A, B TR, R A AR B, R B MIRALERE ¢, i
P2 C SR B, a0 N B FR:

o\
Ao

O O B

C
Bo-1 R i SURERTPRENE TR A B

MRS AT AU A AR 2 UM, B EAERE R Ui, C
SEAES R U . AAE B HAFEA TP UIAS R a, W T4 IFREP L SNIE A, B
IR ZE00 1, IRV E S N2, K2 C KRR AS R 1 ##
o QBT IERFI G DA AR, A s B E S A5, B AR BE W] T Ry R
FA R XS . AR WS HE (static link) SL. XHE, RSP
Pz A ik — X H, FRon A AR ZE AR X AR B IR T AT
ISR AL B A C Is AT I Z B EE X E 7 -

DL RA SL

| |
A AR

B AL &

C HYAL &

B AL &




AT LLEINE, BATRAXMEH A PL/O JEFE P B AR A& a4 4 iR AT
o BAEA)X « =Y op Z AW, GZIENREIRULPIIFRATEAE 2.4 1545HD,
PL/0 AL BEHUFREIZIR 2 “ 28”7 Wk

step 1,

S[++T] < S[base(level diff Y) + addr Y];
// WA Y FMEAERR T
step 2,
S[++T] < S[base(level diff Z) + addr Z];
// ¥AR 7 MEIAEAR T, AR TG A AR & Y fE

step 3,

T—;
// RRIFREHR I ER TG,  BIAFREs R T
step 4,
S[T] < S[T] op SIT + 11;

/) ABEY FARRE 7 2 [WHEAT “op” HAE
step b,

S[base (level diff X) + addr X] < SI[TJ;

// KRR TTEAF I 3N A 5 X T B IR 56
step 6,

T—;
// RRIFRET ek —

HHRIERE: base(), interpret ). HH base () FIZHREZMRYEZ RZETF
B3 X A A B A, DA AR AL &R S B P AE (K A0 X ik s interpret ()
W58 A b i 4 I AT A

2.6 BiRiCWALE

— AR, EZEUHOLN, PR AR IR GO A R . AU
s IFE NG IE RS WS B HARE G %~ AL 2 1A 1R, X T g PR R
M5 e E R — Mg, AL T

& ATATH AN SHRAN S 5 RS G R 1R 8 35 o

& UM E O AREI AR, RIS K

& 2RI AT, TR 03 R O B A I BT R R R A E A 2 T H R

AP PR R

MR XAE I EESK, FRATTh PL/O gm e A2 e ifilae 7 BL R P4 R

(1) SRBETHN; FERe AAES RPN, FT A8 2 DRI DA RO i e 4o 08 1) 1) 2 g

FF—— 7, (HALRA IR AZEALT “+7, XTI S,
AT AT S R 53 R T A 5 RIS, BT EAT [F) 5F
FLE P o BT MRF 1L, BATTRT LR FIAS 2 VB (V0 5 20 oKk A A
WS EH AP RIbRIC . BB BRI, R ki 5 T AL
gy, BB S ke W TRFROHE F kUL, XS

13



(WA RIP RS (Rl el B PL/O (45— Rl i i) LA
begin, if 8¢ while JF3k; HEFIUEBAINILL var. const BY procedure
TFko RREBRBHNRE, PP ks —BEY, HBEERXRRT
SOk, TIREEGTE.

(2> BUERN; BTN R8T RS e T BARX 2 il — 26+ Biw, 187
W FH S ) 23 B R R AL B~ H bR o B U2 B — AN o B R e B
THPR, EANZIER A R ETRE, AU e AR R R AR
Fads MM H G4k [a) g, FBNMRFRT DA I 150 s DAk
BT o IX— LR Pt B SO — AR P B 17 1B
Zak4h, BHEEH.

X TR E RN, — AN RE RS R A . — BORIARESS M, BBkt = 1 )

BINIESC, BEE 0] DU i b R Bl 2 1 AR 2 A B )1 S5 RSk

ke IXERE R — TR 75 AIE Y G S 45 R TSRS

N T HRENEA G S EAE, TATZE 0 MBI () B — > o dr i B it
— MBS, set, IR RMESAES . AEEAEMALET, WRHA
BEENH AL SO R —ANX RS GRS IR T, R RKFAL T . RSP
FHENR TR AN IR T — NS G <57 g, H T 2 2R
PR SEAY, PSR Y, EATH TARIC B AN 20 1) 454 1)
THAETE, Bk, 1F R SEAL LG i B ISR 5 AU T 2R RF 5 T .
X TIXFERIAF S5, FRATRAIXAEM T R NE . SR — Sl B oG 77
SEEWRYNE, RG2S HERBZ RN, B 80 K EE R 5 o
KT RWEER L, FATTIN test FREFHR LTI IAE TAE
test IWFEA =S
(D) "R N N 5ES ST, W a5 AFEESF, Hap
32— MR T

(2)  FHINEHF IR 544 S2, HEFSHIL, BARJCAE R, (H
BTN AN N 2 T Bk i s

(3) HHn, L IERIZHS:

void test(symset sl, symset s2, int n)

{

symset s;

if (! inset(sym, sl))
{
error (n) ;
s = uniteset(sl, s2);
while (! inset(sym, s))
getsym() ;
destroyset (s) ;
}
}
BATHT PR T %, BAKFER T 1 T8 e sk A 1 S AN ER
ZANFFTRIKE TR P AERNR DO — NS I RIS, ©
HBIEANIE B NS o IR, IXEFRIEAR LR T AP A BV EAER, AR



REEIIFTS ;7 Do USSR TR e 44T 58 & b LT TR P A
MHE HMBE S AT S, R e Bk —F . NIfrBote PL/O
TR SR T /DB BB EE T IR T AT A IR I T

statbegsys Sfrte “VEA)” AL I B4

if (sym == SYM BEGIN)
{ getsym(Q;

setl = createset (SYM SEMICOLON, SYM END, SYM NULL);
set = uniteset (setl, fsys);
statement (set) ;
while (sym == SYM SEMICOLON || inset(sym, statbegsys))
{

if (sym == SYM_SEMICOLON)

{

getsym() ;
}

else

{

error (10) ;

}

statement (set) ;
} // while
destroyset (setl) ;
destroyset (set) ;
if (sym == SYM END)
{

getsym() :
}

else

{
error(17); // > ; or end expected.
}
}

M FE: test(), inset(), createset, uniteset(), error().

2.7 FFEREH

N T AR 5405, SR LA LA R LS4 (et X
SEAH T MG R P A B AR BRI AR IRAT 251 o KRR R R AEAL B 2 At
AR U TE e o AL, ARIRRF RN AL SR bR IR PTICR R L W A hs il
P &8 SURVEEA HBUE s b IR i W A i, FR PEmi2 h
JERAME & (A &) s mithl: RS RAF gl W o0 i, HRPEste
PRGN FT bR R 2K

HORRAE AR IE SRR A, G AR 55 WS 0 A IO A ik . FRATTRE ¢

15



ISP 3 e A s FIARRS () 7 70 BB B — AR s Ui, g A s oo i R AR i —
(PL/0 ML, AR — A0 TFRHIE— AN FER, 2B o
(PR br dx BRWME, RonFrIrhe—NEEX . dx BIWIMER 3, FEAREANEEX
H=ANN AR = RA, DL A1 SL.

MR FE: enter O, KB T IR SR NCH RS, FH00E AR HRTIR)
HRJEM

2.8 HAth

AHRFTHN PL/O G RLF CLRERIEAIHT . TERAMHT . HEISIT . RT0
A REIATILI . X TRLAMERE, BT 5.

(1) R ARIF GLED WPLEHRIR, KU IS PL/O FUFAES.
AT LR Tisteode O 58l TR, RAMMERE GLRD HysH—
SR RMEIILL . R4 RBRELIR . JLIE PR S A RF R D)
AT RIIRE (SR BT R

(2) RRFUFIEN PL/O SRR, i U T s
5, G A R

(3) PLIO Wi & WA i i 0. WRERLIF M AT IR, BB AS R
H il I



SBERar EPISRBREK

CORPEIR IR SR ) ELSER SR ARAE PL/O BT M H R PR Rs HEATY A
B, AP mEE ST TR BIAN R 2 W54 100 43

SE EHUENL R, A ZERAT R A1) SCRY

(1) BEJGH PL/0 W8S SCA . BEEyESHT GEMED, TERSHT (BNF),

(2) AAIRMBEEJGE PL/O e Be/ SRR TR U o VEAH UG BAR 1) 2 128 42 WifeT
GiEHN PL/O WESFEITM. BRI PR IR 5y, LAAAR
AT L IXREAR, A% A ] a8 Tl R T SRR T

(3) SR Eh G M dmPEgs YRR PG L, IEbmid B AR T B s 4 . Lt
AR I G PR A AN K (1) G e 2 [R) R 22 501

(4> BRI 14 0 m] REAFAE A 1%

(5) REALHHN, WIREM—m, VR WL r ot ?

XFERAZ I PL/O G i 7 nl flcan Mg el 78, Hp (DL (2). (1) F(12)
WAIRTE R, TR I WA R IR RS, (BRI 70 43
(D #RE (B
R Gfl) A7, A RTFIRE.
(2) AR ER (10 49
A /R ISHLE) BNF A -

var option — ¢ | var var decl list

var decl list — var decl | var decl list var decl
var decl — ident list : data type

data type — integer | boolean

MG SR
(i) D AR S A R AR i R AR IA
(ii) T IN{% MV B AT R R ILIZ BT and. or Fll not., IXULELLT
DL CAT s AL e 20 Pascal 8 5 AHIA
(iii)  Aef Al AT /K% & true Hl false.
(iv)  EPL/OETF M “&MF7 MMkl Pascal 55 .
(v) MR FIEA T LLELE KN, false < true
(3)  Ai/RFIAXMHEE I (57
WA RAA (WL (2), B (2) 19 (i) 4b), fHXf and Al or RIX
FEE
(4) B4 (104D
B0 A AT Eh P S R R 1 — 4R 2 . B T ARBR Tl 2
R BT DL L E AR A, DRI DA 2005 18 2 S ST I I
B bR ST AT R Al R
e S



data type — integer | boolean | array [const..const] of
data type
const — ident | number

TS ARV BB, N TR RE, fERR AP T B TR,
AT ETRREPAT, FTREENFR PL/0 I E1ER 4.

(5) =% (10 43>  iEvLE Pascal, KHME-45 97 4%08 CAH var 5
.

(6) B4 (10 7)) 5L Pascal.

(7) else FHAJfl repeat i&f) (5 43)

(8) forifit), WHiESM Pascal B Ciis (5 4))

(9)  exit if] GREYHIHATIERE) Ml break 0] (BHAEEHIHmNZ
W, (55

(10) sk (&5H) , VLR Pascal 15 (107D .

(11) S HWREEERIKSE LS (20 43

(12) sy EfRRE A gmitds (570

WE: _LEWSLEERGH &G &0 Blaseim/REREHE, MM

SHER N IZRAEEAHEASRER, WAREREAH (BESEH4. fi

ﬁ\'ﬁf’ﬁ?@?ﬁ‘ﬂ{]ﬁéﬁ\ /RS . ERRSTRBAENISEE

HE.

FAh, N TSEILLL EIhRE, RAATEIG N PL/O ALEENLAIFE S . (HE TR

AR RS AR,

A AR N RS, AR 2 AR R T HIE O R IEE— 22k
SEEL PL/O 1B S A i), HOBEE T e U Pascal 5 Af

[F) o AT DA ACSE I — o an N sl tH —AME 15 ) ERZ I E; Ha L

SEPLSE A Pascal i85 —FE, BB E N ES R MBS HIER .




FE=FH PL/0ES RIFERFEERF

1. — A+

1.1 PL/0 &S HER
RIIRATE H— A PL/O T2 E i — BOMiTe. 1 IR e A 2 B i v

const m = 7, n = 8b;

var X, y, %, q, I;

procedure multiply;
var a, b;
begin
a:=x; b:=y;z:=0;
while b > 0 do
begin
if odd b then z := z + a;
a:=2%a;b:=b/ 2;

end

end;

procedure divide;
var w;
begin
r :=x;q :=0; w:=y,;
while w > y do
begin
q:=2%q;,w:=w/2;
if w <= r then

begin
T I=T - oW,
q:=q* L
end;
end
end;



procedure gcd;

var f, g;
begin
f = x;
g =V,
while £ <> g do
begin
if f <gtheng =g - f;
if g < f then f :=f - g;
end
end;
begin

X :=m; y :=n; call multiply;
X := 25; y := 3; call divide;
x := 34; y := 36; call ged;

end.

20



1.2 ARERE (FBD

BT EAIZE T PL/O WS 5By, Hrpsikid g g ik i e A4

DL AR
2 INT 0 5 — allocate storage
3 LoDl 3 — x :F -
4 STO 0 3 — a
5 LoDl 4 — y _
6 STO 0 4 — b :F by
7 LIT 0 0 — 0 ]* L—0
8 STO 1 5 — 2
9 LODO 4 — b
10 LIT 0 0 — 0 } b>0 \\
11 OPR 0 12 — >
12 JPC 0 29 — if b <= 0 then goto 29
13 LOD0O 4 — b ]> odd(b) \
14 OPR 0 6 — odd
15 JPC 0 20 — if not(odd(b)) goto 20
16 LOD1I 5 — 2z - L if
17 LODO 3 — a [ z=z+a
18 OPR 0 -— + _
19 S0 1 — ) while
20 LIT 0 -
21 LODO 3 — a
22 OPR 0 4 — % [ a=2%*a
23 STO 0 3 — a J
24 LOD0 4 — b )
25 LIT 0 2 — 2
% PR 0 2 — , [ PTb/Z
27 STO 0 4 — b | _//
28 JMP 0 9 — goto9
29 O0OPR 0 0 — return

AR BAC A B, “ == JRIRE o T E s n LR,
KA AT Ry FE AR F 3 51558 I (R R e o ) i ) BRI 3

2. PL/0 &S HiEBFEERF

PL/O &5 dm i e i Fe P A5~ C #3044, PLO.h. PLO.c. seth Fll set.co
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JEksrkkskkekkkksk PLO. h skekskskekskskokokekokokok /

#include <stdio.h>

#define NRW 11 // number of reserved words

ttdefine TXMAX 500 // length of identifier table

#tdefine MAXNUMLEN 14 // maximum number of digits in numbers

#tdefine NSYM 10 // maximum number of symbols in array ssym and csym

#tdefine MAXIDLEN 10 // length of identifiers

ttdefine MAXADDRESS 32767 // maximum address
#tdefine MAXLEVEL 32 // maximum depth of nesting block
ttdefine CXMAX 500 // size of code array

ttdefine MAXSYM 30 // maximum number of symbols

ttdefine STACKSIZE 1000 // maximum storage

enum symtype

{
SYM_NULL,
SYM_TDENTIFTER,
SYM_NUMBER,
SYM_PLUS,
SYM_MINUS,
SYM_TIMES,
SYM_SLASH,
SYM_ODD,
SYM_EQU,
SYM_NEQ,
SYM_LES,
SYM_LEQ,
SYM_GTR,
SYM_GEQ,
SYM LPAREN,
SYM RPAREN,
SYM COMMA,
SYM_SEMICOLON,
SYM_PERIOD,
SYM_BECOMES,
SYM BEGIN,
SYM_END,
SYM_TF,
SYM_THEN,
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SYM_WHILE,

SYM_DO,

SYM_CALL,
SYM_CONST,

SYM_VAR,

SYM_PROCEDURE

enum idtype

{

ID_CONSTANT, ID_VARTABLE, ID_PROCEDURE

enum opcode

{

LIT, OPR, LOD, STO, CAL, INT, JMP, JPC

enum oprcode

{

OPR_RET,
OPR_MUL,
OPR_NEQ,

OPR_GEQ

OPR_NEG, OPR_ADD, OPR MIN,
OPR_DIV, OPR_ODD, OPR_EQU,
OPR_LES, OPR_LEQ, OPR GTR,

typedef struct

{

int f; // function code
int 1; // level
int a; // displacement address

} instruction;
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char* err msgl] =

{

/%
/%
/%
/%
/%
/%
/%

0 */
1 %/
2 %/
3 */
4 %/
5 %/
6 */

e
bl
L4

“"Found ’ :=" when expecting '=.7,

Y _ >y o»

“"There must be a number to follow .7,

“There must be an *=" to follow the identifier.”,

“There must be an identifier to follow const’,

” . . bl )
Missing ', or ; .7,

” ”
Incorrect procedure name. ”,

23
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var , or procedure .
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/% T %/ “Statement expected.”

/% 8 %/ “"Follow the statement is an incorrect symbol.”
/% 9 %/ 7.7 expected.”

/% 10 */ 7?7 expected.”

/x 11 %/ “Undeclared identifier.”

/% 12 %/ “Illegal assignment.”

/% 13 */ 7= expected.”

/% 14 %/ “There must be an identifier to follow the ’call’.”,
/% 15 %/ “A constant or variable can not be called.”,

/% 16 %/ ”> then’ expected.”,

/% 17 %/ 77 or “end expected.”

/% 18 %/ 7 do’ expected.”

/% 19 */ “Incorrect symbol.”,

/% 20 %/ “Relative operators expected.”,

/% 21 */ “Procedure identifier can not be in an expression.”,
/% 22 %/ "Missing ’)’.7,

/% 23 */ “The symbol can not be followed by a factor.”

/% 24 %/ “The symbol can not be as the beginning of an expression.”
/% 25 %/ “The number is too great.”,

/% 26 %/ "7,

[ 27T %/ "7,

/* 28 %/ "7,

/%29 %/ "7,

/%30 %/ "7,

/% 31 %/ "7,

/* 32 %/ “"There are too many levels.”

I
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char ch; // last character read

int sym; // last symbol read

char id[MAXIDLEN + 1]; // last identifier read

int num; // last number read

int cc; // character count

int 11; // line length

int Kkk;

int err;

int cx; // index of current instruction to be generated
int level = 0;

int tx = 0;

char 1ine[80];

instruction code[CXMAX]:
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char* word[NRW + 1] =
{

e

, /% place holder */
”begin”’ ”Call”) ”Const”’ ”do”’ ”end”’ ”if”’

"odd”, “procedure”, “then”, “var”, “while”

int wsym[NRW + 1] =

{
SYM NULL, SYM BEGIN, SYM CALL, SYM CONST, SYM DO, SYM END,
SYM IF, SYM ODD, SYM PROCEDURE, SYM THEN, SYM VAR, SYM WHILE

int ssym[NSYM + 1] =

SYM_NULL, SYM PLUS, SYM MINUS, SYM TIMES, SYM SLASH,
SYM_LPAREN, SYM RPAREN, SYM EQU, SYM COMMA, SYM PERIOD, SYM SEMICOLON

char csym[NSYM + 1] =

#define MAXINS 8

char* mnemonic[MAXINS] =

{
”LIT”’ ”OPR”’ ”LOD”’ //STO//’ ”CAL”’ ” INT”’ ”JMP”’ ”JPC”

typedef struct

{
char name[MAXIDLEN + 1];
int Kkind;
int value;

} comtab;

comtab table[TXMAX];
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typedef struct

{
char name[MAXIDLEN + 1];
int  kind;
short level;
short address;
} mask:

FILE* infile;

// EOF PLO. h
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JEkrkkskekekkkksk  SET. h skekskskekskskokokekokokok /

#ifndef SET H
#tdefine SET H

typedef struct snode
{
int elem;
struct snode* next;

} snode, *symset;

symset phi, declbegsys, statbegsys, facbegsys, relset;

symset createset(int data, .../% SYM NULL */);
void destroyset (symset s);
symset uniteset(symset sl, symset s2);

int inset(int elem, symset s);

#endif
// EOF set.h
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#include
#include
#include

#include

skokkk  SET. ¢ skekskskskskskkokokokakok /

{stdlib. h>
{stdio. h>
{stdarg. h>

”set.h”

symset uniteset (symset sl, symset s2)

{

syms

et s;

snode* p;

S =
whil
{

}
else
{
p—elem = s2—>elem;
s2 = s2->next;
}
}
while (s1)
{
p—>next = (snode*) malloc (sizeof (snode)) ;
p = p—rnext;
p—>elem = sl->elem;
sl = sl->next;
}
while (s2)
{

p = (snodex) malloc (sizeof (snode)) :
e (sl & s2)

p—next = (snode*) malloc (sizeof (snode)) ;

p = p—rnext;
if (sl->elem < s2->elem)
{

p—>elem = sl->elem;

sl = sl->next;

p—next = (snode*) malloc(sizeof (snode)) ;
p = p—>next;
p—>elem = s2->elem;
s2 = s2->next;
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p—>next = NULL;

return s;
}// uniteset

void setinsert(symset s, int elem)
{
snode* p = s;

snode* q;

while (p—>next && p—>next—>elem < elem)
{

p = p— next;

q = (snode*) malloc (sizeof (snode)):
g—>elem = elem;

g—>next = p—>next;

q;

p—>next
}// setinsert

symset createset (int elem, .../* SYM NULL */)
{
va list list;

symset s;

s = (snode*) malloc (sizeof (snode)) ;
s—>next = NULL;

va start(list, elem);
while (elem)

{
setinsert(s, elem);
elem = va arg(list, int);
}
va_end(list);
return s;

} // createset
void destroyset (symset s)

{

snode* p;
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while (s)

p = s;
S = s—next;
free(p) ;
}
} // destroyset

int inset(int elem, symset s)
{
S = s—onext;
while (s && s—>elem < elem)

S = s—rnext;

if (s && s—>elem == elem)
return 1;
else

return O;

} // inset

// EOF set.c
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// pl0 ¢

#include
#include
#include
#include
#include

#include

/1111777
// print
void err

{

int

prin

for

prin
prin

err+

fopkdk PLO. ¢ skioksdokskedokstokskook /

ompiler source code

{stdio. h>
<{stdlib. h>
{string. h>
{ctype. h>
“set.h”
“pl0.h”

LI 777777777777 777777777777777777777777777777
error message.

or (n)

i;

tf(” F

i=1;1i<=cc—-1; i+H)

printf (" 7):

tf (" \n");

tf ("Error %3d: %s\n”, n, err msglnl);
n

} // error

LI 777777707770 7777777777777777777777777777777777777777777777

void get

{
if (
{

ch(void)

cc == 11)

if (feof(infile))

{
printf (“\nPROGRAM INCOMPLETE\n”) ;
exit(1);

}

11 = cc = 0;

printf ("%5d 7, cx);
while (!feof(infile) && (ch = getc(infile))!="\n")
{
printf ("%c”, ch);
line[++11] = ch;
}// while
printf ("\n”) ;
line[++11] =~ 7;
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1
ch = line[++cc];
} // getch
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// gets a symbol from input stream.
void getsym(void)
{
int i, k;
char a[MAXIDLEN + 1];

while (ch ==~ ")
getch();

if (isalpha(ch))

{ // symbol is a reserved word or an identifier.

k =0;
do
{
if (k < MAXIDLEN)
alk++] = ch;
getch();

}
while (isalpha(ch) || isdigit(ch));
alk] = 0;
strcepy (id, a);
word[0] = id;
i = NRW;
while (strcmp(id, word[i—]));
if (++1)
sym = wsym[i]; // symbol is a reserved word

else
SYM IDENTIFIER; // symbol is an identifier

sym
1
else if (isdigit(ch))
{ // symbol is a number.
k = num = 0;
sym = SYM_NUMBER;

do

{
num = num * 10 + ch -’07 ;
k++:
getch();

}
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while (isdigit(ch));
if (k > MAXNUMLEN)
error (25) ; // The number is too great.
}
else if (ch ==":")
{
getch() ;
if (ch=="=)
{
sym = SYM BECOMES; // :=

getch() ;
1
else
{
sym = SYM NULL; // illegal?
}
}
else if (ch == ">")
{
getch();
if (ch =="=")
{
sym = SYM GEQ; // >=
getch();
}
else
{
sym = SYM GTR; /] >
}

}
else if (ch == <)
{

getch();

if (ch =="=")

{
sym = SYM LEQ; // <=
getch();

}

else if (ch =">")

{
sym = SYM NEQ; /]
getch();

}

else
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sym = SYM LES: // <

}
else
{ // other tokens
i = NSYM;
csym[0] = ch;
while (csym[i—] != ch);
if (++1)
{
sym = ssym[i];
getch();
}
else
{
printf ("Fatal Error: Unknown character.\n”);
exit(1);
}
}
} // getsym

N N N AN aa
// generates (assembles) an instruction.
void gen(int x, int y, int z)
{
if (cx > CXMAX)
{
printf ("Fatal Error: Program too long.\n”):
exit (1) ;
1
code[cx]. f
codelex]. 1
code [cx++].

} // gen

Il
I < >

o

/1177777770007
// tests if error occurs and skips all symbols that do not belongs to sl or s2

void test(symset sl, symset s2, int n)

{

symset s;

if (! inset(sym, sl))

{
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error (n) ;
s = uniteset(sl, s2);
while(! inset(sym, s))
getsym() ;
destroyset (s) ;
}
}// test

L1001 777 7777777 777777777777777777777777777777777777777

int dx; // data allocation index

// enter object(constant, variable or procedre) into table
void enter (int kind)

{

mask* mk:

Xt
strcpy (table[tx]. name, id):
table[tx]. kind = kind;
switch (kind)
{
case ID CONSTANT:
if (num > MAXADDRESS)
{
error(25); // The number is too great
num = 0;
}
table[tx]. value = num;
break;
case ID VARIABLE:
mk = (mask*) &table[tx];
mk—>level = level;
mk—>address = dx++;
break;
case ID PROCEDURE:
mk = (mask¥*) &table[tx]:
mk—>level = level;
break;
} // switch
} // enter
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// locates identifier in symbol table.

int position(char* id)
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int 1i;

strepy (table[0]. name, id);

i=tx + 1;

while (strcmp(table[——i].name, id) != 0);
return 1i;

}// position
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void constdeclaration()

{
if (sym == SYM IDENTIFIER)
{
getsym() ;
if (sym == SYM_EQU || sym == SYM_BECOMES)
{
if (sym == SYM BECOMES)
error(l); // Found ’ := when expecting =
getsym() ;
if (sym == SYM NUMBER)
{
enter (ID_CONSTANT) ;
getsym() ;
}
else
{
error(2); // There must be a number to follow ~=.
}
}
else
{
error(3); // There must be an = to follow the identifier.
}
1
error (4); // There must be an identifier to follow ’const’, ’var ,
" procedure’

} // constdeclaration
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void vardeclaration(void)

{
if (sym == SYM_IDENTIFIER)

{
enter (ID_VARIABLE) ;
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getsym() ;
}
else
{
error(4); // There must be an identifier to follow ’const’, ’var’, or
" procedure’

}

}// vardeclaration

L1110 0777777777777 7 77777 777777777777777777777177777777777777777

void listcode(int from, int to)
{

int i;

printf ("\n”) ;
for (i = from; i < to; i++)
{
printf ("%5d %s\t%d\t%d\n”, i, mnemonic[codelil.f], codel[il]. 1, codelil.a);
}
printf ("\n”) ;
} // listcode
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void factor (symset fsys)

{

void expression();

int 1i;

symset set;

test (facbegsys, fsys, 24); // The symbol can not be as the beginning of an
expression.

while (inset(sym, facbegsys))

{

if (sym == SYM IDENTIFIER)

{
if ((i = position(id)) == 0)
{

error (11); // Undeclared identifier.

}
else

{
switch (table[i]. kind)

{
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mask* mk;
case ID CONSTANT:
gen(LIT, 0, tablel[i].value):
break;
case ID VARIABLE:
mk = (mask*) &tableli];
gen(LOD, level - mk—>level, mk—>address);
break;
case ID PROCEDURE:

error (21) : // Procedure identifier can not be in an expression.

break;
} // switch
}
getsym();
1
else if (sym == SYM NUMBER)
{

if (num > MAXADDRESS)
{
error (25): // The number is too great
num = 0;
}
gen(LIT, 0, num);
getsym() ;
}
else if (sym == SYM LPAREN)
{
getsym() ;
set = uniteset (createset (SYM RPAREN, SYM NULL), fsys);
expression(set) ;
destroyset (set) ;
if (sym == SYM RPAREN)
{
getsym() ;
}
else
{
error (22); // Missing ')’ .

}
test (fsys, createset(SYM LPAREN, SYM NULL), 23);
}// while
}// factor
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void term(symset fsys)
{

int mulop;

symset set;

set = uniteset(fsys, createset(SYM TIMES, SYM SLASH, SYM NULL));
factor (set) ;
while (sym == SYM TIMES || sym == SYM SLASH)
{
mulop = sym;
getsym() ;
factor (set) ;
if (mulop == SYM TIMES)
{
gen (OPR, 0, OPR MUL);
}
else
{
gen(OPR, 0, OPR DIV);
}
} // while
destroyset (set) ;

} // term
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void expression(symset fsys)
{

int addop;

symset set;

set = uniteset (fsys, createset(SYM PLUS, SYM MINUS, SYM NULL));
if (sym == SYM_PLUS || sym == SYM MINUS)
{

addop = sym;

getsym() ;

term(set) ;

if (addop == SYM MINUS)

{

gen(OPR, 0, OPR NEG);
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term(set) ;

}

while (sym == SYM PLUS || sym == SYM MINUS)
{
addop = sym;
getsym() ;
term(set) :
if (addop == SYM PLUS)
{
gen (OPR, 0, OPR ADD) ;
}
else
{
gen (OPR, 0, OPR MIN) ;
}
}// while

destroyset (set) ;

} // expression
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void condition(symset fsys)

{

int relop;

symset set;

if (sym == SYM_0ODD)

{
getsym() ;
expression (fsys) ;
gen(OPR, 0, 6);

}

else

{

set = uniteset(relset, fsys);
expression(set) ;
destroyset (set) ;
if (! inset(sym, relset))
{
error (20) ;

}

else

{

40



relop = sym;

getsym() ;

expression(fsys) ;

switch (relop)

{

case SYM EQU:
gen (OPR, 0, OPR_EQU);
break:

case SYM NEQ:
gen(OPR, 0, OPR_NEQ);
break:

case SYM LES:
gen (OPR, 0, OPR LES);
break:

case SYM GEQ:
gen(OPR, 0, OPR_GEQ) ;
break:

case SYM GTR:
gen(OPR, 0, OPR GTR);
break;

case SYM LEQ:
gen(OPR, 0, OPR_LEQ);
break;

} // switch

}// else
b // else
} // condition
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void statement (symset fsys)
{

int i, cxl, cx2;

symset setl, set;

if (sym == SYM IDENTIFIER)
{ // variable assignment
mask* mk;
if (! (i = position(id)))
{
error(11); // Undeclared identifier.
}
else if (table[i].kind != ID VARIABLE)
{

error(12); // Illegal assignment.
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getsym() ;
if (sym == SYM BECOMES)
{
getsym() ;
1
else
{
error (13); // ’ := expected.
}
expression (fsys) ;
mk = (mask¥) &tablelil;
if (i)
{
gen(STO, level — mk—>level, mk—>address):

1
else if (sym == SYM CALL)
{ // procedure call
getsym() ;
if (sym !'= SYM IDENTIFIER)
{
error(14); // There must be an identifier to follow the ’call’.

}

else

{
if (I (i = position(id)))
{

error (11); // Undeclared identifier.

}
else if (tablel[i].kind == ID_PROCEDURE)

{
mask¥ mk;
mk = (mask¥) &table[il;
gen(CAL, level — mk—>level, mk—>address);
}
else
{
error (15); // A constant or variable can not be called
}
getsym() ;
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else if (sym == SYM IF)
{ // if statement

}

getsym() ;
setl = createset (SYM THEN, SYM DO, SYM NULL);
set = uniteset(setl, fsys);
condition (set) :
destroyset (setl) ;
destroyset (set) ;
if (sym == SYM THEN)
{
getsym() ;
}
else
{
error (16); // ’then’ expected.
}
cxl = cx;
gen(JPC, 0, 0);
statement (fsys) ;

codel[cxl].a = cx;

else if (sym == SYM BEGIN)
{ // block

getsym() ;
setl = createset (SYM SEMICOLON, SYM END, SYM NULL) ;
set = uniteset(setl, fsys);
statement (set) ;
while (sym == SYM SEMICOLON || inset(sym, statbegsys))
{

if (sym == SYM SEMICOLON)

{

getsym() ;
}

else

{
error (10) ;

}

statement (set) ;
} // while
destroyset (setl) ;
destroyset (set) ;
if (sym == SYM END)
{

getsym() ;
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}
else
{
error(17); // ’ ;" or “end expected.
1
}
else if (sym == SYM WHILE)
{ // while statement
cxl = cx;
getsym() ;
setl = createset (SYM DO, SYM NULL);
set = uniteset(setl, fsys);
condition(set) :
destroyset (setl) ;
destroyset (set) ;
CcxX2 = cX;
gen(JPC, 0, 0);
if (sym == SYM DO)
{
getsym() ;
}
else
{
error (18); // ' do’ expected
}
statement (fsys) ;
gen(JMP, 0, cx1);
code[cx2].a = cx;
}
test (fsys, phi, 19);
} // statement
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void block(symset fsys)
{

int ¢x0; // initial code index

mask* mk;

int block dx;

int savedTx;

symset setl, set;
dx = 3;

block dx = dx;
mk = (mask#*) &table[tx];
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mk—>address = c¢x;
gen(JMP, 0, 0);

if (level > MAXLEVEL)
{

error (32); // There are too many levels.
do

if (sym == SYM CONST)
{ // constant declarations
getsym() ;
do
{
constdeclaration() :
while (sym == SYM COMMA)
{
getsym() ;
constdeclaration() ;
}
if (sym == SYM SEMICOLON)
{

getsym() ;
}
else
{
error(5); // Missing ’,” or '’
}

}
while (sym == SYM IDENTIFIER);
Y/ it

if (sym == SYM_VAR)
{ // variable declarations
getsym() ;
do
{
vardeclaration() ;
while (sym == SYM COMMA)
{
getsym() ;
vardeclaration() ;
}
if (sym == SYM SEMICOLON)
{

45



getsym() ;
}
else

{

error(5); // Missing ’,” or

1
while (sym == SYM IDENTIFIER);
// block = dx:
}o// it

while (sym == SYM PROCEDURE)
{ // procedure declarations
getsym();
if (sym == SYM IDENTIFIER)
{
enter (ID_PROCEDURE) ;
getsym() ;
1
else
{
error (4) ; // There must be an identifier to follow  const’, ’var’

) )
or procedure

}

if (sym == SYM SEMICOLON)
{

getsym() ;
}

else

{

error(5); // Missing ’,” or

level++;

savedTx = tx;

setl = createset (SYM SEMICOLON, SYM NULL);
set = uniteset(setl, fsys);

block (set) ;

destroyset (setl) ;

destroyset (set) ;

tx = savedTx;

level—;
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if (sym == SYM SEMICOLON)
{
getsym() ;
setl = createset (SYM IDENTIFIER, SYM PROCEDURE, SYM NULL);
set = uniteset(statbegsys, setl);
test (set, fsys, 6):
destroyset (setl) ;

destroyset (set) ;
}
else
{
error(5); // Missing ’,” or ’;’
1
I // while

setl = createset (SYM IDENTIFIER, SYM NULL):
set = uniteset(statbegsys, setl):

test (set, declbegsys, 7):

destroyset (setl) ;

destroyset (set) ;

}

while (inset(sym, declbegsys));

code[mk—>address].a = cx;

mk—>address = cx;

cx0 = cx;

gen (INT, 0, block dx):

setl = createset (SYM SEMICOLON, SYM END, SYM NULL);
set = uniteset(setl, fsys);

statement (set) ;

destroyset (setl) ;

destroyset (set) ;

gen (OPR, 0, OPR RET); // return

test (fsys, phi, 8); // test for error: Follow the statement is an incorrect

symbol.

listcode (cx0, cx);

} // block
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int base(int stack[], int currentLevel, int levelDiff)

int b = currentlLevel;

while (levelDiff—)
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b = stack[b];

return b;

}// base

L1111 1777777777777 777777777777777777777777777777777777777777777

// interprets and executes codes.

void interpret ()

{

int pc; // program counter

int stack[STACKSIZE]:

int top; // top of stack

int b; // program, base, and top—stack register

instruction i; // instruction register

printf ("Begin executing PL/0 program. \n”) ;

pc = 0;
b =1;
top = 3;
stack[1] = stack[2] = stack[3] = 0;
do
{
i = codelpct+];
switch (i.f)

{
case LIT:
stack[++top] = i.a;
break;
case OPR:
switch (i.a) // operator
{
case OPR _RET:
top = b - 1;

pc = stack[top + 3];
b = stack[top + 2];
break;

case OPR_NEG:
stack[top] = —-stack[top];
break;

case OPR ADD:
top—;
stack[top] += stack[top + 1];
break;

case OPR MIN:
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top—;
stack[top] —= stack[top + 1];
break;
case OPR_MUL:
top—;
stack[top] *= stack[top + 1];
break;
case OPR DIV:
top—;
if (stack[top + 1] == 0)
{
fprintf (stderr, “Runtime Error: Divided by zero.\n”);
fprintf (stderr, “Program terminated.\n”);
continue;
}
stack[top] /= stack[top + 1];
break:
case OPR _ODD:
stack[top] %= 2;
break;
case OPR _EQU:
top—;
stack[top]
break;
case OPR_NEQ:
top—;
stack[top]
case OPR_LES:
top—;
stack[top]
break;
case OPR_GEQ:
top—;
stack[top] = stack[top] >= stack[top + 1];
case OPR GTR:
top—;
stack[top] = stack[top] > stack[top + 1];
break;
case OPR_LEQ:
top=;
stack[top]
}// switch
break;
case LOD:

stack[top] == stack[top + 1];

stack[top] != stack[top + 1];

stack[top] < stack[top + 1];

stack[top] <= stack[top + 1];
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stack[++top] = stack[base(stack, b, i.1) + i.a];
break;
case STO:
stack[base(stack, b, i.1) + i.a] = stack[top];
printf ("%d\n”, stack[top]):
top—;
break;
case CAL:
stack[top + 1] = base(stack, b, i.1);
// generate new block mark
stack[top + 2] = b;
stack[top + 3] = pc;

case JPC:
if (stack[top] == 0)
pc = i.a;
top—;
break;
} // switch

}
while (pc);

printf ("End executing PL/0 program. \n”) ;

} // interpret
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void main ()

{

FILE* hbin;
char s[80];
int 1i;

symset set, setl, set2;

printf ("Please input source file name: ”); // get file name to be compiled

scanf ("%s”, s):
if ((infile = fopen(s, ”“r”)) == NULL)
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printf ("File %s can’t be opened. \n”, s);
exit(1);

phi = createset (SYM NULL) ;
relset = createset (SYM_EQU, SYM NEQ, SYM LES, SYM LEQ, SYM GTR, SYM GEQ
SYM NULL) ;

// create begin symbol sets

declbegsys = createset (SYM CONST, SYM VAR, SYM PROCEDURE, SYM NULL);
statbegsys = createset (SYM BEGIN, SYM CALL, SYM IF, SYM WHILE, SYM NULL);
facbegsys = createset (SYM IDENTIFIER, SYM NUMBER, SYM LPAREN, SYM NULL);

err = cc =cx = 11 = 0; // initialize global variables

ch =" ";
kk = MAXIDLEN;
getsym() ;

setl = createset (SYM PERIOD, SYM NULL);
set2 = uniteset(declbegsys, statbegsys);
set = uniteset (setl, set2):

block (set) ;

destroyset (setl) ;

destroyset (set?2) ;

destroyset (set) ;

destroyset (phi) ;

destroyset (relset) ;

destroyset (declbegsys) ;

destroyset (statbegsys) ;

destroyset (fachegsys) ;

if (sym != SYM_PERIOD)

error(9); // .  expected
if (err == 0)
{
hbin = fopen(“hbin. txt”, “w”);
for (i = 0; i < cx; i+¥)
fwrite (&code[i], sizeof(instruction), 1, hbin);
fclose (hbin) ;
}
if (err == 0)
interpret () ;
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else
printf ("There are %d error(s) in PL/0 program. \n”, err);
listcode (0, cx);
}// main END OF PLO.c
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