AR IR X

—EHERTE N\ TEREEMH

L

BT

=QO&AFA



JE ST I
(200 5%)



VESEARRA (1 99548H10H)

AR RER IS (19 9 64F) [



JEEA LT IR IR =
(1995484

5Pnuel i Z&fF—
#(19 9 54)

HFh(GEH 6 fihCMU
F1J. M. Wing##
(198 8%)




5RN#ER T EE
o ; WA
(199 7%

B
(2004410
=D

50T h LA
— it

(200 44
10




»

A

ERp A+ ZRLETENM IR —REW, 485 H#%
WREFREH, FFEYLULSTFEINATERLY, HAAFSE SR A
f, B bt TELEAENH THAMS MBS it E5E, g
—(EHHEENRERFaMdwe L, AEETENB GG ELY
AEARZEENE W, HHEEATHIFIPENEH T HATEE LM A
GAEHHARIEAR, TR OV FEFIAM SRS &M 1006 £
TETHEEERBF L. 1906 F ACMBEZLEE A Pruell 8, #
HEXENETFELEHE PR, "B TFE R ERHFEENE
Hhd, BRLHE#Edz—, RX4HE, aFHERSFEELA N A
HAZPHHBANE —FE (HEEEAEL), fedsFTdP—~4a
L HHa",

BE4s R - Na# AR EREFEALYERIFNA. ERELE
FEEFHPEH LI ES, SF AL AN FEARIAEME o T
LEMEMNEHTITREC SR ANESENEEFASERAL, LPEF
FERESHRBEAHIME LY, 0F 8B THEBESEREFBE %
EREN “AF AR THRO I K LEHRERERY —ATHR",

Erg R e HEHAA I leE, WEEEUA (PRHY —HF
WIEAEREE Y, “ERAmHE Y, BSOATMANE, BREHRESD
B, B Wi, GATALLE YN ERBRTTIANE, THEA
Z M,

BMNERFERRABRLENTHEF., AhELELENATHERZIT,
ENUETHREAFRARM A EEDRLFEEHT 2 0E 5HiT 4t
208, BEWM, UEAE, e B SRR,

HEEHELS,

W A
“OOFEEAR FILH



RS BORATEITRE (1965 v i §
SEATRFER T S ARLFETE T (1977) «reeveerer s sisss s 24
H o ZEHRISE (1978] v s |8
XYZ, A Program Development Environment Based on Temporal Logic [1983) - 118
FEFERRATET S F4E [1988)  «rvervrsnsmnis s |28
XYZ BEATETIEAR (1990] -« rvveerr s s 145

A Unified Formal Basis for the CASE Tools Systerm [1993]  crveevenninn 154

ﬁ@ﬂ{ifﬂﬂﬂkﬁ@qjﬂ_ﬁﬂag [1995] B L o
XYZ Systern and 1t's Philosophical Backgretmd [1996]  coreeevvnnnnen 20

BEEEZETE oottt ettt bt b b e 2]



ErRErER

EEs 1S ETETH (BE) 2F#b Ky, £E 0859,
TR, At BEaG Rk AT, HLFRZ, AR TESF
MALME, HEIFREERIRTUAFPFEOALZ —, BEL
s S BEEw, SAob LRSS FA, Eah LR,

1940—1044 F | Bt B A Mm R F L& T Fih P S
EFR—-FFHTHEFY, LESHASEIHRAPHETE, LULdBEFE
T, 1M5—1050 S A HREELIFAFELFEFEAHE T,
1950—1052 £ AF ek FMELETY, TLAHMETHE, AL FHLE,
B &FAT LEDEH, £ 5E 6T 0 et £k et AR Ed b
B AL B B R,

1952 £ 8 BE 1056 £ 10 B, FHAEFEARL FHEHAEH
Mo, 1956 F 10 BE 1062 £ 10 8, EVFEHFEHFHAENZHE T HE
FRER; 1062 £ 10 BE 198 § 3 B, ABETFEHFETEELFE
FPBREEAFA R . BIAFA T fosf R 0, 1985 F 3 AAddE P EH F s
FEAFRR, 1991 SHEAASFPEHFEFFER,

M08 70 B KA S, BRSO A R EE T B F a8
AT ESATRA, AERANTESR FE, AL AES E ER,
BEFET, BALE, LFELLEY S THF A, BaE— L4
MAAMBF Ao HEH KL, THEAENMHFREFERNELRE
HMEMATENT D, SHLFL NN AT EREEETHEZE
B8P AR A P B iR,

AR 1056 FRAPEHFEMEFFLHE, TEAFHHNER
FEeAE TR, AT A TH BN PR T Eey—sks 4, 1065 4§,
B —E R T BALig AR a9 P, 4R AR IS AT AR S
L, LBELAERA, "L KES" Fi;, LFFAFAEE, T,
AR ARG T B dy S PR AT A AR iR B AR LR,

“HALE EHT RE, FRARLSTHRLASZ P, HAMNFHAL
ERGERE AT @HME, 2084270 EA T, MBS TER

-7 -



HEETIERF

FTEMEFETFET AR TS, FaEERL “SHEFERS
HMFEFET, BRI EN S A EESAE ST iR, &AW
FFFLXYZ Rt Tied, b ihsh b Faadd T —Hass F6
HMIEFELT, WAREA T BT N R BT A, A 2T 49 XYZ
R,

1978 & ERRIFLZENFP (BREAmIHes) EFEHS
W, &b, WAET XYZ 20 0iE A0 aiEit B, s ek
BPIEAE . 1080 F, Lk R A PEE & IFIP $5480

1970 & B a@iE R T R HEdEky, hE L a8 e 5
Efeod AFE 0 ZA AT, AR FFR, L4 B Lk FH A
FE, FARET B LSRR RRKEEL, —FEEEAR, 21
FERTREESE, F-—FELAC ARt FREER K XYZE
B T AE R FAEFE T A AR R LR R E S TR,
B T AR S R TS AR S A st — LT RS
XYZ #8855 T P8048 29,

1983 5 [FIPEfEiet, FaaR TR EE A THFTHFE
it —XYZ3E L, B HERELTEMEEHREHREFLE
FERARE P A TP ATE B ey 2R, iR T R SRR SR
FALME AZBHE Bz LE-RBAHGFEIEEALERSDS R
EEE A SAE TAESRE L - Skl ST EEE
AETHFEIHESRS CAREE bl f 5 T o R s, 4
EFRFIOR0 FEF ASRHAHFLE - F L5 1006 567 £ 4 HF4E Kt
F i,

BRAAERAEEAFARLETE, FTLEF (HSFEHEFF
FEHH4TEY b, T (FE R 1000, 2000) F 2003 FEEH
FEES LB AEHMEE L -FL FHFEAFE (BTG
(3 it 2005),



FZARIL W&



IS REREFE

(HFFHFE, 1506), 19635)

FEXFEEHMNZ—Z, ZENAEITHERISE AT EARFEUEN A LEE
2 BEAEIEEHEITTE, BER, BIREIEIREESREFHESMER, T
32 PiTEAE—H A BRI S BE, T8 PNEHET NLE A a0
IIrERTTE S B,

EFEEHRA A rET HIE S 2R EIAERR L E,, #5T185 B SRiEgEs
it B i & AT A BT AL SR BT TEERRY T ik, A AR—TEMENE—EHEAR
TR UAMERT B 3h4, ﬁﬁﬁfﬂﬁl, B Ritchie[4], Cleave[5] & Shepherdson & Swrgis
(8] FXEFRZE, EFEHTE—ERAEIEST RS 7 M6 B Sl
&, MRS RIS AR AT B St VLG i R LR, RATEE 51 ATt Reed
FEFEAMFE, EFHEL, BITERENA8ME—HNSE e 2P ad
BIfE-Sateie, w0, B, BEEEESN TS, TIIMNFEERATHE—SIEH, I
B ESES P —M A SR R, NAASA—184 B 5 is F B4 g
HUAET , AT L T B SV I S B P IR R G 1 T i B - A o AR
SHEERERRER,

it RSN O &R REE FEE ZERAEVEE, S5, TLEERR
Fi Shepherdson % [6] B URM fE AT, A Bi1EH x84, BEE
2, DEFEMHEMINS AT RFNFAN G, XEERIRTFITE ML,
@E—FEEEEATEANSTSERVATE AR,

EENFEIER [1] RAESMEREHN, AR a2
IHFETENSITMER N EZ—, EENER (1] PEEFERE, BN
i P SEMRGE R L T LA EA R ZAl, (1) EMSEPMERER ([1] P
FoAafEs), SRFUEN DS AREERNRA, (2) X [1] e H—5E
T, FEEETRHANHFHENMESMNER SRR LSS, A Bk £ [2] P
Yetda IR AT 8 SALE PR EER N, e OE I,

B P A F A RERAMESTL A TSRS, FX L, BYEREM
(BEERE (1] Poodss) MEAESEAFTSRFTENPMESEY, TESH
WEEAY, Finx (3] SFREM, TENPHRORHMER (B0 EH
FRRTEHE) MR, MESVBNELEEENEMEEE, B HErH AT
Mg zig, @EVEEMEE EAT MIMEE SH R TS HE AT, B
d, E—EREFTUEEEN IR, BTN —E s HEIENLE, H—

-5 -



HEETIERF

SRR # R SRR R HAAMA e, ARl —BEaHFUEN FEE

BEREAIM e HEEAS—TEEMEEOES CA— HEY,
FAEEARPERSEAGRIEE, BEAIAENE, WA, fREE, M|

SEFGEEQE SEE—HITE, FEREND—EIER Rt #ILEWEH,

1 BHRRS®EEENSshiaias

BATHRESEINTH—REHEHIEMN,

A FREHERABMTEMTEEMNTEMSE, AMBAr& (H9Ers
6), BEBTELRPFEN, SEFFE MR, FRIEBHRE (i=1, 2,
o, r), TEHERE BTN, FEAERE B4 AW AEEY, B &F
o+ T, HadWaiandEE.,

(D4 M AR O £ T Bk, # E¥LISads | HESFhmE T we,

GEERHBFEERA (0, 1, =, A, HRUOEBREHET, ST
{E— BN —1F5,

@EHMBFREE =TFEL, SFELENERN—HFN—TEF, Z=TFELd,
|—-E T BEH LA BT (330 A 4s o O FRATTF S LR @i #1048 P TET S R P A5 41,
BRI AN T BO{E B ERAE

(1) —. B8, NE:LCEFaaE, BE-HERTE,

() THEE F—#aaRET E, IMELE AT eSS HE NS L7
&, EENT MeHFg, WatErEEan s EgE T mALE,

(iv) | BETHAARET L, DFELEHT EHNEHEENE T 79
L, HE] BERFE,

BATME, B1FLLL, -, r BHAHBHEE, E2TL01, 2, 3, 4
WAHHEGHER, 21 @LLUESTWAHESRSER, 2 HHETEANMESRE
BRI TR R, BT, BITEME, 8|, 2 ARLLE VWM EE—TETH
BFEAE, F1TLUESHET—METHEFSGE, BSFEEHMERS,
VRS SRS EL A E ARG E L,

AL VMBS T L, ST, ST, i
MEmATETEE (EBEEESRPTHESS 2R, REETREZTH
FTHF—+, BTFENGREN-MET AEFHR, afErEARTFER, S8F
—(33, 0" A TEREHOHT0, 17 HETHT |, EFEZEFHE,
THENEHREN—TETPHFE— =,

WA HFRETE, TE | FHNET— T THETF— =+,

EE— S EMEHERMN, EBRFER-MRRERE (HdL BEH0 AR ES
BREREN), BEE =ML, H—5 A28 — 8 s iR IR AT T HeAT
MTHEAMNIESAEE, BPLUETS FFELE FHE—2EEME—T R R

-8 -



Wis% RiEa2EME

SR g R
I
: o | - A
] Faobonon Fon b9, Finw Do 9 FoaPoad e
Tim Fivutt Binid 9 il Firt it T Fit Bint B Fins Bt 3 st

otz FRETie |1, 2, 3| LERETFEXRTEHE I TELH, g, -, o, FT
PRI, a0, 1, =, A, byel—, —, T, LI, agelay, =, a,,
ay |, EEH, FEAMRATESESHESEEE, BRITEHINTHES ., Hitat
b TTE =, <, [, || BEfmees, o1, HEms -1 11,

T E e — T S AT E R A

Y. HTAEENZ, WE 1, 2 FHEPINEN M TH AN E R - R Es—1"
*ﬂﬁ{ﬁﬁﬁﬁ:

A% B B
#2

2 o | - A

] o—py = -y # &
ru ol Iy, 0Ly I =
fa =T r =T r el n # &
ry Bty l—ry - Ty # &
5 .y e A # =
i O—ry I—rry o=ty it =
" e 0} l—r; - lyg £ =
2 o S - T # &
h: O—rr =y «—tyy # &

A HTIREWE, BF 1, 2 AHRAFAMEH « B 355 T8 #3480,
HiEHAFTEE | H2p,

EN SR ERZE,
#£3
2 o [ - 4
a, o [ ¥, 121 %, -+ | g, # &
a, ol a, ol a; & &
ay ol a, ol ag - T —a # &
a4 t— | *a, l— 1 %a, # = i £




HEETIERF

HE

2 o [ -

ag l— L ¥a, o L oy H# & # &
ag 1T La, # & # & # &
ar o1 ag o1 ag tlang iia B
ag e L2, l— L%y # 0o&= L
a, B, | —a - —ay # &
ag - la, - la, l—a,g # &
ay - =gy - 1 —ray # & # &

Jo. ETAEERE, HEEE 2 A PIET 1 fFPAFNIENEERE 1 FHR, #F
WHRFEZHPZ1 HE,

HdEEE,
Fd

[ G [ - ) 2 o [ - g
mo|EOE|HE OB |- | F OE mo | OB | B || & OE
de | et | B OB | e | B OB o B R I R # &
ha By Dy e ' = e Iz =iy =iz # =
e | e | B8 | 2= | & pa | vt | orms | ores | HOE
o | OE | # OB |- Ll| # & i | s = | == | # &
i Olyg | o, | # & ' = (k)

e | B =t - =i # =

ne | Bme | Towe | o=t | &

mo| 0T = | =——n| # &

(a)

VLT EEEEME RN ERRat assfia ®iTE— Mg £,

), ETMEEE . B8 UFPAF U E0RFE 2 BP0 1 fIFR, HE
XA BB HE,

). HTEEHZ. BTREE | adil | (AR PAFZNEEER S HR, 5
PHGRE | R | HE, TEETHATRE | BRI,

N. BTEELZ #FSHFPHEHARIBLEAR I T=ZBREOLIEE
HE— +« EE B TRAFERA T80 e, WER« HHHRE 2 £
21,

5. HIfEENHZ EATTES 1 BPIZF I MFPTEE I BHIC—, B
WHRSHPIEARS BENAF—T =B ERLZEEEAFE— « LEZ—EB# T
FRFFRET 1 BT 400 e, FITESE « FHIEREFE 2 BNIE— A, B854 %A

-8 -




Wis% RiEa2EME

—iHRIE, E+«F05E A BNATE, ZARASE - BHASED,

E BETHEENE. AEEF 1 £PICH | M¥FRRAFIHESHO, InZo0,
Mg BT F—H P EGEZ A, MEBEETAEE 1P | BHREE 2 ERZ«
HiE, BEGHRAENA A (EiEE, THE &%, FimitEFEnamnito,
FHEE -FEFEP L, LISIESREP, HEAR 1, HE«-FH01, EENHF
REWFEE A0 BT, ENFEEI T FrRATEMeT A, #EIH AT, B ENREE (LT,
FE TSI C T A B SR T A 2 AP AT R R A L),
BUEEFM T AR | BP0, RESH, INEFRREFHE, MEx
WHRF1EPZLEE, FERFRRFZEEETE—F2P, REEEET
A—HZ TR 1 BPIiDl,

B. ETEERZ . WERESE 1 BPIEE 1 B3P 1,

O HTiEEME. 88 558 | ST il A04E P a7 A B ATHHE, TEFEEiT
B R AR 1 4EMID 1,

TEETFERAE-A-HFAEAERN, FFERHERN K -MEHRENE
fav, BATLLOL, 02--, OK EFToR, MEFREFEIBHET, 5 5RE 4R EETT]

1

2
BRERSEATAT R 1, 2, -, K, TRCTERVBMMFEZES, Hin 3,

4

5
1

2
FIORICH Fy3). EIiEENE, BES HPHEHE 4+ BEMSHELHNE
4
5
—-P2ERE E R — B TR 1 AT 34 o, MINLEER SN FEHLRE L, .
HidBEINT .

5
k| o | - n
iy # & # - # &
5 o= e, # & # &
5 O Iy # & # &
a o= I+ i o
5 0"y 1= fos # & # &

Z (FFiEH Z ;). HTEERE, MRS | BHT 1 0%, E—%658

I EAREET, —BFSEFRERESORFOOTPREMTE. AU PERAALAEWOEE
HadFda ),



HEETIERF

BoRHAETITA, IMFITA, MHSMTF 4, INiEH A, MESEERE 1 BIEHE
R RERE 1 EPF 1 #HE, FUS 1 ZLAETELF—HMERFE 2B L,
BEEMNTF =, ,

BATIEE HEL B RS EME FE RV RS S — S pE W EHE e,
AT, BEASE RN A RN, REEREIR (7] S8 pAAME, F
i, BATEEAER.A OBV SIS L AR S/ EN—i  EES,

BT EAZAN G BEENTHSEE, SR —ETEMASFSRER, MR,

(1) ERE—FEETHEMAE (1) PEFALs PH—18555,

(i) Z—rFEFFEETERE (2) PArdaF AT REFEAR .,

() #eeddB B FEAE (3) PR T EER,

Mtafe ANOERETEAE (1) MFARITASMER, BTRaMERERE. #
HATRRFE, MTEMATHRSEE BEEH, Wit MiTEMERIETHE (3) B
18 HETH P,

Hiw MZWREINT.

AE (1), BFG 2 AETRES,

e S (HEe®SE P(1, ), XE, Wi« PAF R GRS
FE1FEZP, EMITT 1%,

EOES (HIESHSE P2, o)), TXE, BE | HhAF i a%uE
EF P, MEMITT—18%,

MRS (HISSHBE P(3, o)), SXE, WE 1, 2 P PIETAEN,
HEMEFTE AR« AHZP, SEITT 184,

EEES (HSNEEP(4, o)), §XEBLEONBHNREETSE H2
B, M Setm EERBE  + | RATRRE T EUED, InH A0, N B ER £ AT M)
a+ | HETFEZIES, NS EdE D, MMNGHHE i+ RIEEFZ HEZ HHE | +2 BFF
o, REBEMITEMYL 3 B e X —E PR TR, ST, H
ML+ PSS | RERENEETH 0, NBRFEZ0, NEEEHITH
Hedb i +3 B PETFEZ TR, HEMH i+ PAFZHEED, ﬁﬁﬁmﬂi¢
FEGEEERHE + 1 P, HREREMIATHL 2 +1 tiﬂﬂfﬁ?_’,fa Fa SHEEHEE
WF=Z&F, (1) az=i+3, (2) —BERINEHR P4, & Fm a,) FITESTF
S, BEMERITRa L, o, AR i, 2, Jﬂ']%ﬁﬁﬂlq__a,, (3) #HE—
Fl4, a), BEAIERNEA, MTEi+3 8o Z—E YL RATRE Z48S, BRI+
l, [ +2 i‘Jl‘IﬁijJ:ﬁ%u

2HEe SR P(5, 0)), SHEHEH,

i{?‘*‘ﬁﬁﬁ"i‘ ,;r' ¢'T SIS AT HER B — FEF IR A—iE o EF? — & B
%f‘é‘ TFE BN ETE e R A AT B & B AR 5 BRI, e, 28—

B fF R R RN E— 185,

ME (2), —REPRIES TFEIEINT 89 77 b7 RAEFEA AN B, IMEIE 505
BH P, &), NERGAFEHMER-METSE, BRI BTFRF— =, 85
MeaEl-TErE—=F-MMETrRidl, B#EE=EE—M BT, RS —F «

- i -



Wis% RiEa2EME

TETHICL, BEETEEEHSEEME TRII— «, §FF—1859 SR,
HA, FFEEITEZN, TREME SIS M RD TR R T RE—
T fefF— 1,

M (3), W FTESRBCI— b x,, -, x, HETEYE EH S,
oLz ), MFEFBITEZAET, REE 1 Es#HTY, ABTEE s FRTE—T G8HE
DRI TR, TEETHNTE— ORI M TH S, RETEEIE T+ HHIE
VAR %, -, = BTG, ZFHAMER, SR =98 TEE TN o7 % HeE
FR+n WIEHESH R, REIESHEHTFE, BENRFEREESF SR
5, LS £ RDFTETE, REETEy, HRMaEeFRNE, ¥
E, §—RFITESREN, GibERE FE 4 R,

AMFHELRERNw , TLEERAE SRS, A, RO, St
& TLAIACsHEEREMNSE#HE5HTNEE, FTEHRATY ¢ BT 8
=T R &

T
I.\JI‘ID'z -
CBEI,
ik
I.\JI‘II'z -
-3 OBEJ
@' =), F 9 o
SRR I I
YAN, ], Z _
DBEJ,
SEJ,
%

TEF—HHRANINREA L Sl S LR EFER e 2—EHMERD
=l =k

§2 BESRE o WIRESISEIIIEEHA

MmxZ2FR# |0, 1| PH—TF, WRITUGES « ZERE - BHE—T T
{ETAER A Fi#EABERS, s 2FEF (0, 1, -, 9] PHE—PF, ME
T & BTN « BEE—T P SETAR A —#ESET R,

0 FA—HE, W {0 ENFBREHE WATFEAI T HE G (RS AR
MEY, Bl FFAHIL 0 RETFERTHET 3 (i,

—HGE RS (x,, -, x) BRHE L THEMN, DRFE—« BF L, #5
FEERE—H =, -, x, FTAS PHBITFESHLE, 5.

flx, o, w0 ={4),
B F, £ BATES o TIAEGE RN o B, NRIF AT

- FF -



HEETIERF

—RpEE{E, AT £, LB SHAT £, LG 4 R TG EEAE, AR S
rAS I,

| rAa— o B, MREBELTZS&S, (1) 5 PETEs—miEyies
P(S, 0), (2) TERIESHME M oISHKS, RN 5 AR TERE,

W21 8§ & BFOFE—MELE T MERSZE,

SR,

LA T O LR B« BFESEZAEE TH (XENAEE 3 PiNiE
H, LENFEERT), TEHEE?2.2, 2.3 H5iE, #reEEHEH,

W22 SEEAKELITEMEN (1), (T, (W) FraliE ssenia @l

(T3 flx) ==+,

(D Ax, -, x)=x

(W) flx, =, %) =g
2 ' TR,

IR 2.3 Bk(y, =, ¥, @ lw, o, x ), e, g (x, e, 2 1R e T
WHEATE T EE, NN T AYaES mEASAE R (V) HATHA

(W) flx, oy =) =klg (=, -y w0, o, galx, %))
PSR @mE f (=, , -, =) B2 & THEM,

WB24 Bglm, =, x), iz, m, o, %, 5.) HEHE.F THEE
B, Mg o F eI (V)

oy [0 7w mal, )

e, +1, 2, o, ) =k, 2, o, x5, Fla, o, 2 0]
FriSBTERE f(x, , -, =) HE. = THHER,

WL, LA AATE g, L 2B, m, o, o, x L ) ETAEL
TR B, EFGhaLEEERNtTRAr, o, n, &, THEEr BIEAE
s, B, ZIEEE B EEO LA T BATERMEES, Fm 7, Y ARF,
F, P EFRASHIESHER, fb, NOERITERK (x, -, ) B &
BEFIDT,

[

#6

Hi4l 2 T+a |T+a+l r, = rp=das | rp=da 42 ro—da+d
mE | I i, e | el By | el s +2a+3) el %y | pl2, 8
=2 =1 8 5 =1 = 5+ e | #2204
P, T4ad | P2, T+a+l) rr Fll, TH4a-13 | B2, T+ad || PLI, B
5 +0a-3 | 5 +2a -7 5 +da— | I +da 5 +2a+1 5 +2a+2 5 +2a+3 | 5 +2a+d

P2, 9 B, 4y P2, T+a+ 1) PLL, &) B2, B) Pld, = +53 o o
) +'2n+5|---|'.2—| LN N N 5+ | T, + e 5, +13 5, +4 T, 43 5, +E

s BE -

A pl 1y i UL, By [ece, v |eon, Ty |ea, v RO, 43 |PLe. Tea+1n | PUS, oY

- §2 -



Wis% RiEa2EME

Bl S,

EIR 1 RS EEEE o TIEA,

ATIEHAFHEAME FHE, SFEI L8, — o &Eﬁjﬁ$ﬁgﬂéﬁ,ﬁ'
B, IMREHEINTAEN,

(1) —BEINTHESNE » BN EMNENS » BF

7

i 1+ r+2 r+3

Pid, 432 x, S Ple, a)

it isa, x,, =, AEE ORI,
(2)y @£, FLATE m EMENE = BF, N-—HEinTHEIM. - BF
FHam+l BEREMAY = 2R

#8
P i+ 1 +2 r+3 | |;+q(m}+'2 p+glm) +3 | |_.-+'2ql:m.}+'2
Pid, p+2glm) +27 i, iy iy Iy
Mt g(m) BESSINTF
g(1) =4,

gl +1) =3 +240 m),

(3) BAILERE (1), (2) FRENH. 5 BEFE— n BTN 2 &
=3

S8 g B £, BT — w0 F B EAENAY 2 R E S 2
_J—.E.EIJE(].U;KI '&Jﬁ:u

H— 2 BED, MBI E T B, f S RmS HESHS
BEVISCMEBR, B M 2—ENs o B, Wik 52—FAM 25, K

FTEE—SLEIRM, B, FFE— 2 BED, FTAREERE (1048E
T BT e B M TR M) 5 £ AR S

Fo

r=13 r=12 r=1 r | =

Fld, I3 | | r

r=13 r=12 r=1 v | | b =+ = +2 =+13 =+4

Fid,z+4) I I r Frd,s+43 1 T EARE

- i3 -




HEETIERF

FI1
=T =G r=5 r—d r=3 r=2 r=1 r | | =
Fid, = T T P, 13| 1 T |F . r (3]

BFL FAMELEE

W25 §— 2 BFEST{EA—S5ZSMAENAETFH 2 BF,

T EEEEE | A E T, IXmE e asEr 2.2 B, &
flx, =, =) A— THERER, FATEEMEMS.» BF, B M8KE
Fd, EEWEHANE, TITEIZEEE, -, 2 FETHAE, -, TrEH, fiH
HET +no+ 1 B K MFEEMEHE R, HETERLES, 7HARIL0, 1, ABFE M2
WML K+ FIEFR, BrEERd, e —BSF T A +4, #%
r=K+d, FTHE—0T8, Ry Ksy=r-1), & v+ 3 BTZAT TR0 452
FRFRIHtE, &, -, g SR BTEIMHE L, -, r RETFRZZHEAH, BATER
rel T (i, g, o, g) POAERET e, p B ERERL, AR

PoPi' P
ARSTRG , y B9 LHESET S84, Wb p (5=0, 1, -, r) ERE/+1 T
=¥,

A

| R T O R Peacl) [ 1) Lol
= Tl Falty FaTFalFelia Fa "'P‘.' B L T T

i, {K+1 - {r) BFEFHAK+1, -, r PEIFRSER © #1183 61%
W, BN g IR B BT

T@E, BMTERE—L Kleene[7] PHFEGHEARE, 18ERFEREE
AR FIRES, BT A — EmHEE, WATE S e AT 2 o B R
i BF 2 Eb BB SN A0 B AT 2 R i 13 AT,

,&f\

H %) =max yﬁ_x[[l—zr] =0 & [lﬂf"] =ﬂj +1,

[l =

Z ([ e J i~ n] - [mein-—c] ) IEI-]- PAR N

=0

Flx) =max yﬂx[[%] =0 & [Z.%] =DJ +1,

" - F%;I[[z-!'hi[.-.n] - [ = -.-] ' 2) LER
=D

2.![;1
8z BR—1EFE, LA (x) BT« PHEBESEGHTE LM, &0 F
T ox BEHS ST E | BT8R, ALY

.
—
®
—

1

[
-
Lz
2]
—_—
—
|=
—
|
—
=
—
—_
=]
_—
-

oy
o
2
“
2
0
Lo
=
e
i
|H
=
|
—
3
—
=
=
a.

- i -



Wis% RiEa2EME

Rilx) = Rplx) = R (%],
?E:”I | |l BRTE v REFEENPLL o BA p, MIEHAER,
Arkheyl [1ul = pr=u (0] =g & (%) o (275 (), = (), ),
R

gl [ ul = glisal |20 [ u) ),
BAELL T YR T md B E,

T, ¥, ®) =R (), ) =4 & A, ((2), ] = (2], +y,
m L, ¥l e lan), Tl ¥, %],

hlz, ¥l =y g, 7le, ¥, %],

my [z, ¥) H[E:Illl[:_,:r:ll-:rl-l =0 & m (2, ¥),

™z, ¥l Tz, y)

W4[z: }‘:IH'“'?Tl[Z', Tj&wl[z? :"r:]:r

sl(zr :"rj =E:D|f ||,:][=I:I|=:.u_;._|| | | 2] r
O B R [CA T
5. (2, ¥} =@lmm-) ]38, (2, ¥,
) 1]
5 - e 5
J[z?}r] IL--'ll:l: | ( ||Iz:~j‘rj|?
52 (e, 1) =l ﬂ?;_;glns 1,
S5 (2, ¥y =g r et 15 (2, :FJI,
3‘5 [2' T]—,:Ii'l[ Irfl :.I_II ||3 }‘jl,
| Az, ¥) +¥+1]
R LR ey TR
rhere
E‘-'.'- [z :"r:] 'Fﬁl I:I'??”‘:'I::-u—:-:'| ||S'-'. Z’} :"r:] | ¥
5 [z, ¥l =EIK-:[[|=:'I=:'|]—:-:'| 13,0, ¥71,
[1]

5 o= 5 (e, y) 1,
SI-D[Z’ :F:I =‘E‘:DI Fal Ledeag =t 1. I[ f-""zlli'“.ﬂ_,,:- il || |

| [2dg +¥ +1]
30z, ¥l _p::[flu al. |[f| cig-r-il. | (z j[:]u-.]-nl 1 | lz],
Sle U = eif o s 111>
E‘-|:|[z. Tj'bulﬁl ||||z|"

THELERg(w, ¥, 1), u:ﬁﬁﬁ&%iﬂﬁ%ﬂﬁﬁﬂﬁﬁ}%ﬁiw dE, LBt
¥+ 1 PETFRES AE | S MATATIE S T HAT T « 4 LS BT 4 _E N AT S A4,
AL

glen, ¥, 1) =330e, ¥),

- 75 -



HEETIERF

(5 (ala, ¥, 1), ¥),

ﬁﬁwj[g[w: ¥, Ej, Tj&ﬁll:l:gl:w:r ¥, r:]:][|;[w,;|-,|::I:I|:|~:r:I =1?
5y Cglea, v, 80, %),

ﬁﬁw:[é’.[w? ¥ ::]:* Tj&-ﬁli(g(m? ¥: :jj[g[w,;r,:]jun;r:l =2?
S (gle, ¥, 8, ¥),

ﬁﬁw][g[wr ¥, E:l, Tj&-ﬁl([g[wr ¥, I:I:I[g[w_,]'__t:l:lul-:r:l =3:~
S Cale, ¥, 0, ¥),

My (gle, ¥, 6, Y)&ER lgle, ¥o 1) gy ) =L,
3y (glew, ¥, 21, ¥),

ﬁﬁwl[g[w: ¥, r]? Tj&-'ﬁ‘ll:l:gl:w:r ¥, I:]:][g[nl_,:r__t:l:lul-]':l =2?
S, Lale, ¥, 21, ¥),

ﬁﬁwl[g[w: ¥, Ej, Tj&ﬁll:l:gl:w:r ¥, r:]:][|;[w,;|-,|::I:I|:|~:r:I =3?
gle, ¥, t+1) =95 (gla, ¥, 1, ¥),

f[ﬁw4[g[¢u, ¥ :]? y]&'.ﬁ',[[g[w, ¥ :jj[g[w,r,:jﬁn*r:I =1?
5 (ale, ¥, 0, ¥l,

ﬁﬁwd[ﬁr[w: ¥ E:I,, }":I&'RIKEH’[{U} ¥, r:I:I[g[m,:|-._|::I:I|:|~:r:I =2?
S Lale, ¥, £, ¥),

ﬁﬁwd-[g[{u: ¥, :]? j‘rj&ﬁll:l:gl:w: ¥, rjj[g[m,;,:jjunyj =3:~
Swlale, ¥, &, ¥),

ﬁﬁ[g[w? ¥, rjj[a![w,r,fflflu‘r*' =0,

&Rll:l:gl:w:r ¥ I:]:][B[n.__]-__:j:lu..]-:l =4,

S gle, ¥, o), ¥),

ﬁﬁ[g[wr ¥ r:]:][E;[n-,;|-__|::|:||;|-;|-~Ia'.l_-ﬂ:r

l’EF"l.?l|:-|:I5r|:'£’l‘|:l- ¥ I:I:I[g[w_,]'__t:l:lul-:r:l =4:~

\Salgla, ¥, 0)), HitfER,

BT H PN BT, B S ITAT STy +1, B
HREFEH—m EMENA. » BF (AHEE T EAESNES), #1126, (1,
¥, §) FBRERFEIITR IESHE MTETT AT TR A,

TEMITAT e BB, (v, ¥, j) Z—IRIE RN

m=1, NERAEREL— 1 BEAEN & 32FF, Hitk

B (v, ¥y, 1) =2,
Bile, ¥, j+1) =2+,
Bl g (e, v, ) 2—IRfEE AN,

WHTHE—m, 8.(v, vy, /) ZREETER, TEAFREHEE, . (v, y, j) &

EEEIAAT, T, FAERFEE—m+ | ERENA = 32FF, HEAITES R $

- ie -




Wis% RiEa2EME

FIRBIRE D, Eit
B o, vy, ) =1+8 (v, y+3, () ]
8. 0gle, yo V4B (o, y+3, (01 1), ytglm) +3,
(glo, ¥, VB (o, ¥y+3, (0),500), mala
HTERFEEFET, BT
blo, ¥, m, Y =8, (v, ¥, /) +B.[alv, ¥, B.. (v, ¥, /1),
y+3, (gle, ¥, 8.0, ¥, S100, 5],
T
Boolv, ¥, j+1) =b(v, v, m, jI+8.[alv, ¥, by, ¥, m, 1],
yrglmd +3, (gle, v, 2o, ¥, m, ), g ls
LA G, (v, v, /) BERSGEEEK®, BWE, (v, y, /) ZEEEEAK,
WA EASF it H N FEN T, MEEFME 1 58S F TRt
K+lZ9, FEEA(x, -, x) B BFEME2—TITHMN . BF, ETrey
E# G0 HINT 89 R 5587 Mk F R
e, R) mper=e(gle) +1 = hlw) =K,
BeBim, v, v, /1 =8, (v, ¥, ), W FEIE | SESHEHITRISE M
T FRERENIE S E—HHFI TR EHA T B S(w, K), o, K, [a)) +1,
,z:-;‘_’\

Bla, K)=B(5(a, K), a, K, (o), +1,
i
flaly, =, (@l =(glo, K 8 (a, K))),

Fi5,

EIE 2 A g TEATREER RS,

R . SEEEHN o NSFEBHATERG S A AN, TEEMLE,
MHT LS SE—8FEN » BFEAMEMSHe M, Hewd, gk, B
R ' BFEPES P4, o) BUHINTRAIER P (4, n, b)), thatd FBTR—HE/
Wik, = BAR—BHAM (FFAMAE), BEXE, BSEFPHA T8¢ R8TF
E#E r 8¢ X o ST FHAT, HNATHIRE T EbAL b BATFZTE,
AT, 85 b AU 1, HER R0 B, AN b bR TR ERE R
EPATTER v +1 FES, FEGER, WAESLT r £180PHRFLL b S
B, Bine (4, n, b)), P4, ny, b)) SRIAEFERE:, o #4684, Bi <
ang +i, Wi +r=i, +n, BTS2 BEMS

Pli, a l-Pli,, a1,

LR R RMEERE R E S, e HERN, FafIs¥fT. B
EINTFMEXRFEREMN,

P, alla=1, «, ) EANETEHENSZ (2), EFNEZWE -« FPIGE
EHR LW,

L, 5 F(2, 2), P(3, ), P4, n, b), P(5, D) ARETEREMN
&y (al), &5 (a), &.(n, b, &5(0),

- J7 -



HEETIERF

M, SHres e BE PN, IRZERe a3l o, (dER) H
= [ﬂh ] "'.@c;(ﬂxj o
EE—TE CE O MEREL FHRFHEN S B E M REREY AE
H LR FEAT B AT—Th I i,
Fidd, BATENTHE M eREERE o, f— RS8R, Bk, WEA-EH
o Hafst 22— EEMETEH O, YiaFarE R,

§3 JIMMBERIDEIAMNES R

H 31 A, BITERE—SFERNE,

DM 31 PR AR EFEEML R, RENTH M EFEAREN (A ER
PR
N, ETEERE, WELEFE B PICT 1 fEMTRESE | 48P DAEE-M 1
HE, WEES FRESAMIE, Bina, T« FHOERE 1 ERIT L,

G (B G ;:n. HTEGE R, hiE 1, 2 WM, nEs, SHF

Co, THHEHLTF €0

REEESHERN ., HAZ S EARFESMEE, RE5¢" H5AE
SEAR . £ 5 e FMERIESHAR, FARETHESESREINT A
1 EBIES,

ERBIES (FER P4, 0)), HELE, HEB 1, 2 FIHHMY, I8
FNHATT—184, BUPBITHE « FEES,

Moy T B SMEHERNERINT .

rNI'lD jl

l-gl:l

SlEFHRitie s fERAL, FTEEeR2E. o U B 2 BF, &
TTEES#ME,. TEXEEMEHIES FREE |, 2 a9 REEN, HE
TEIEBTHT TR I — e TR EE (G UFER (V1)) M, S ER
e FEESRABEHTLRTEOA —FEEAME  MEEREN, BRBE, &
Shepherdson % [6] 1, SEHEAETF AL, AL HESEHEATEE
FF AEAETIATERE, T Peter [9] HhAdBMAHE, Fd [9] PFRELE

- iy -



Wis% RiEa2EME

EBIESEE,

Bl REEE MR 0 TTERT, R,

iERE,

s, HEW @, o« VSFMEERES ¥, NOHEnEFEEL
W, #FEXTe (ST EREZ—HREUENM RS RTTIRERS,

e, 5 E—F P T e Va8, AT aE8— » BFiasE—%
AT Fw t8E,

TEREAUEES A2, Tt P& FESHFA £13 18501185 BHATE
134,

THFESES.», 2, TRHTFE—» BEFE— 7 BESZSM, N
B 7 BEF o 20, B0 C o, MR o C oo fE. e T, JIBEAT
¥r.g St i, L. s =20 MR FC g, =g, MRIF.2 B
FF.#5, LA C A, BELAC A,

BATHE S EINT 883

S (HEMFBRA (3, «)). HELE, BE | FPAFEZ ZHE%,
ERFETE L HFL R« B, RERITT—184%,

S FV =PI, ), P2, ), FU(3, a), F(4, &), FIS, )],

FU =P, e, P2, a), PU3, a), P4, &), P(5, 001,

T EAYE B E SRR,

4 gi=g, g= g,

MEELE #, #VH. 2, 2 e, BiIZHRUE 2, s EHRESE
T EE A 2, 2 S NARFITEN R8s EEAin,

BN T AT &G 185

TATHSRERES (BHSEr(s, o)), HEXE, BLEE L, 2FAHERAE
AIEY, AT T—18%, SUMITHEN « PAIES, BEFR, 4S9
SRR A, WH [ <a,

A= | P, &), P2, a)

EFHESs S C 2 C g,

. AAEE2 AR AU FERERR g(w, K, £, B (e, K) &, &
HHETE L TRE

F[3 ﬂ:lll‘ F[EJ‘ ﬂ:]? F[SJ‘ ﬂ:]l a

¥ ¥

Y-

¥

B a2y, by
glo, K, t1=pa - i

B (w, K) =uwrsth(w)((glo, )g=r-K),
R, B RRFEFTE A BT OISR TS A EE, R S,
2T e S,
REMRBIES (BSR P(T, ), BEXE, F—HRITHIt « HH7F
AR BRI RS A — TR T ASRRIER
ERIES (PSR P(T, K+1)), HENE, REMRERITRENE
F184, HUHAE K +1 BFE | £180FRAHIE,

- Je -



HEETIERF

Pt =P, a), P2, &), PI3, &), P8, &), PIT, K+11, F(5, D11,

EIlRE  gi= g7,

iE. o C o ZRMA, MREIE C 24, A, X LHERTTFE—
FURFE, WMET— 2 BESZ S, i o BFEZFA-0I78 TR S
BREPEAEHRE A (4, o) SREFEEN, HEMas a2 BFA

HF 2 RFEREHMA A (4, o), TR FTRAMEEES, BHESTFY
Wi, —FERR <o 87, WBERRNHBZ AR TROEL, 3—RELE
ixa ], MFFZHE_EREER,

FATE. 2 BFEPE A E T RASE3Ee, BRNTH PG, 2) R,
QB P RAT SIS M T, hiT, 18 P 8 SIS ETEAMNEH K 1
MERE—£ESFEHIN r, TFRLEMNEGIESTRHITTHNEEEEEE
frig

YeTEHEAEr +1 PSR P17, K+ 1), B PP —HEH e RaE
14484, HIEFMPET 24 N8N [ RIHRF ST E R R 0) |, 85 Mt
Fa, b, 8, L, v, 8, L, SRETEEEEE P RATEGIESE M P ERAEE
fEHME, —— P ETRmLEE, BWEi -1 - (i-1<4d) FLRBATES
fEeHMEEET, HEEE M D RAAE T E R SESES, BRESHTE
Z P4, a), MaPHITE TA .

(1) HETEFEE &4 - (25 B3 HAY S AT i, 15 R M8 R A 42
B, LSS —ERFA S ESSEIntaEs, FEEM), A +1 2K +4
4 MR IR FEA IO T B98P, 50 P(2, 2)P(1, £)P(6, a, +4),

(2) Mg +4 BEEREEREH 4 T3, FER 4 MEH Y PFEAINT
BI—E8S, P, 8YP(2, )P, BIP(2, ),

(3) BFTEEAEIFES P (4, o) HETATHAHHE A 5, BIE P4, a0 M
My R, BMHAL, REEEEERE 6 -THYL, £E, TR —E R
FAIMTFEES, P2, )P, 2)P(2, £P(2, 2)P(1, s ) P(6, 1), tiabr &
ik r +1 S0 EESRESETTIENE TR At

AL R R R P A ] R A S B £ BN ET Frf
815 FSfay s PRRF, EIEE,

ZER TR G REES,

AT RERRES (BFSEP(E, o)), HE XA, HEE 1, 2 W BT
AT, IS MMIT T —18%, TORITHAE « RATHE-S, BESR, Ind484 /977
ERFERtAS ., M a,

T E = | P, ), PI2, &), P(3, a), P(B, 4],

THEATEIEN 2= g, fikk THE,

HREE A fpEEE2 2 (1, (T, (M) =48R0 B4 ie o SEn 2
Y OIVHERAY, W2 3 PR (W) IREHMFIEM. 2 TITE A et 2« TitE
A EREN,

iERE,

- 20 -

Pl5, 01,



Wis% RiEa2EME

HHIE 3.2

2.4 PEIMER (V) FEEEIR x,, -
. REREEESSEAN—A, 8 £, O SHHTE g(x,
L % %) BIHRBSET RO R, O F), F] SRIAMOR,

h[:rl:* iy 7T

Wgle, -,

%1, kix,

e ) o THE SN, N
, %) M2 2 THER,

- x“j}

EREEATENISSEELA P, 4)P(2, T+r+ 1) FBSMER, B, 1
BREABAL, L, #iBo, XD —FEFAR0, TEATSEHE

— BT ¢ BR K +2n + ], +4, BELEIBTFETE flx, -

, %1 B2 B

T
FI12
i Hk H o T+a ¥ ! E+l [ ] E+3 +d
ME |5 | = A ) g o - POl By | PlR e | PLZL 2 | ROLTY
F+5 E+& F+7 F+1 F+Q F+da+? F+2a+13
Fla, ¢ P, 9 P2, 8 P, o) P2, 9 Fil, T+ad Fll, T+a+1)
Fadnad | | Bala+l, 41 T iy g+ g+1
f Pl T+a—-13 | P2, T+ad | P, T+a-2) Fil, T+a-13
s lg+ta—d|g+da -3 |g+2a-2 (g+da-1| g+2a g+2a+l qg+2a+1 | g+la+d, +1
POL, By | P02, 9y [ POL, &) |2, B3 (P01, 40 [PE2, T+a+l) rt
g+2a+ly +2 g+la+il, +3 g+la+ly +4 gH2a+ly +5 g+ la+ly +8 g+la+idy +7T
Fil, T P2, 1 P, B Fl3, 8} P2, P, o
gH+ia+l, +8 gHia+l, +% gHea+l, +10 | g+a+ b+l | g+2a+l,+ 12 g+la+l, + 13
FiE, g+2a) Pll, T+a+1) P2, 4 P, a) P2, B2 PS5, G}
W33 Waly, x, o, %) ADH 2 UHEER, WaEinTFHER
(V1)
[w]ﬂxlr Uy xn:l =|':‘L:"r[g[j‘r? xl > T xn.:l =ﬂ]

PrE MATEE f(x, -
iE. ® 5 AR gy, %,

, %) R g THE,
, %) BIARE T BT IR, AR e SR

B, o, 0 AR M P EEERESNETHNER, IEARHE

s oy )00 B
13
'bﬂ:hk 2 T+a |T+a+l £y ] F=2a-=-T r—2a -5 r=20-5
mE | s i 7) o Fil, T+a) [FC2, T+a+l) | FLI, T+a-12%
r—2an-4 r=9 r=1 =T r=G r=5 r—d r=13 r=12
P2, T+ad Ll By | Pl2, e [Pl e ) [ B2, 20 [POL g [ PO3L B | PO2 0 | ROL. T

=20 -




HEETIERF

R
Hi 4k r=1 r =1 z z+ | T+dn =12 L E | T+2n T+da+|
PBE P2, rt BOL, e [P, 8y [POL, THa+ 13[P02, T+ad] PO, a4y [ B2, 23
=+2a+? =+2a+13 =+2a+4 s+la+h =+la+6 s+2a+7T =+2a+18 =+2a+ 9
PLl, &y | PrE, r—2a-Ty | PLL, ¢ FL2, 4y PLL, &Y FL2oq0 | FL2L o) PS5, o)

BLAFEEAA 2 2, BT 1 C 2, AR, 5

EIE 7

1;! E-Fl'

RITRERZER—HETES,
BWEFIES (SR P9, 4)) HSXHNE 1 IA@MESRSD, 14

(3) “oHHbhE i +3 B YL o X—EHBHEPATFFIE S0 41, §+2 fEA MRS
E—RHEE, HaREHS5%1 PESESHM,
G #FE = | P, &), P(2, a), P(3, a), P9, a)

¥

¥ 3.4

B,

WP AUE gy, %,

ﬁg[j‘r? xl? e
BUEIAEEE (VI BETF gly, =%,

¥

¥ xn.:]

P53, D),
, %) HERA g THEER, Méx FEnEE
o x ) FRASATEE Ak, -

2 e O

, %) BIMARAL THY = B, BHEEHNI+,

FrAR P EmE R MR, BT ARTEM. s BFR, &M HHHA
i, EFRRTER AT R, X —ERR A AT — LA R A e AR TR
FHE, ATERIEE, B GxFOERSRIER A 50,

iR ZHE flx, -

, %) B2 BFINT

EA L]
gk | 8 Tea [T+a+l]|-- [ 42 R+ 2a-1| K428 [ E+2a+]
BE | = %, AR, Tead |FL2 THa+ 13 | | PO, By | Ri2, o | PO, &)
F+2a+2 |B+da +3| | E+2a+l+2 [ E+2a+0+13 E+2a+1+4 F+da+l+5
P2, B3 it FLL, 4 P2, B+2a+l+6) FILS, R+2a+ 204130
F+la+l+& E+2a+0+7T F+la+l+18 E+da+l+% F+la+l+1D E+da+l+11
7 o PUI, B) PLE, 23 P, T3 B3, Y
F+la+l+12 |---|R’+‘2n+‘2.!+|| F+la+2l+12 F+la+2l+13 FtZa+2+d | K+2a+2l+15
rt Fll, 4} P2, B+2a+l+5) Fll, B3 B2, 4}
F+2a+2l+18 R+2a+21+17 F+da+20+14 B4+da+20 415 B+da+20+ 15
2 P2, B) Pll, T+a+l) P2, T+a) PLS, 0}

HAEEE@EE 2 2—2 408 7 C g, EFT 2¢C 2, NEZSiE, AR
HHE ST YMER g(w, K, 1), B2

- 22 -

B L, K) =w((gle, K, 1],

thi

wl =K1,




Wis% RiEa2EME

45
fleds, =y (el ) =(gle, K, B [, K],

EHIERAT

MR8 ge= g7,

Van der Poel'' @IS E—HE—S£ESHESBE, Tid, ERFEHSH, BH
PEAPERHNEGERE LRSS, X BESRITEAS L PREEMNELERFE,
ERATZEMERT, LN, —HETARAEESHESRESS »* 2%
e f (TEEARE) .

PUL1, a) FARLIMAL « PEEE (FAM) Hib 1 B, BERFT1, « @
Motk SRS TEMEEREZ TS0, I0E 0 4ET @F— ML ATt B 2484,
FM, AEF—Hedk P A A ST 2R A M P A 2 184,

P2, a) BREHYL « PETFEZH SN | RAFZIMEN, BHFEFL, «
P, #4005 T F—Hh AT 485, B« =0, MIEH,

% % 3L K

[1]  Ei#, SEFEEE, REUMEDT, bF, 92,

| 2] Burka, A., Programming and the theory of amtomata, Computer progrmomonng and formal aya-
tema. Morth Holland puklisbing Company, Awaterdam, 1963, 160—I117.

| 3] Wilks, W. V. and Stringel, |. B. , Mhicroprogramming and the design of the contral circoita in the
electromic Computer , Froe. Camdeidge Philos. Soe. , 49 (1953%, 230—238.

EY Ritchie, K. W. , Clames of Predictable Complexdty functioma, Trowm. Amer Math Soc. , 106
C19e3), 138—174

| 3] Cleave, J. P. , @& hierarchy of primitive recumaive functiome, Zetscfe fomath. Logik ond Grundio-
gen d. Math, , % (1963}, 331—345.

| &] Shepherdaom J. C.oand Sturgis H. E. , Computability of recuraive functiona, S Assoe. Cosmpos.
Mack. , 10 {1363}, 217235

| 7] Kleenme, & L, Imtmduction to Metaathematea, “Yan Moatrand, Prnceton, 1952

| 8] Feter, K., Rekumiven Funktionen Akadewnescher Verlag Budapeat, 1931,

| %] Feter, B, Frogrammierung und partiell -wkumaive funktionen, Asa Math. drad 5o, Hunmger. |
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(1577

[l

$1 Al

¢ Software Practice and Faperienced #1975 EE— B HFMTH—
B

“— R PTER A T BT B ARG B, iR, —RENEFRTE
HPFEEH—HEMANEFRE R IR (a8 BEFEEMEEiIZ IR
A1, AfiTE#E, #EMEFEERITEFRTER S IR EFMEE - 18 iT—
FhEE LA Eh AR A E 8 B T EE TR E R,

EEATRAT “FEaT HMASSHERETT, ZEMRAFRNERFES O ES
HEHEFEE, knuth 7 [2] PHRERLAFES.

C—HEG PRI ERFEARFETMFAFEREE, BARER
WEAEAMESE S AR EBHE AR, —PATTREE TS TEEERFE
THHFRZEMAEACMEFPIETE, EHEMME LR G RNTR,
Dijkstra B & 1972 % Turing £ & " The humble programmer” 15 2 Kb 8 2 2
T e

“TENET, WERPRATEALE NS R RERFE ENFERFEL T L8 TR,
RESIESEAFIENEEEERT FASEFF N EAMN EE, BMAYBAT
1984 G, BITETH—FEFAERELMAITFMNEFEE (HEETRE K
HEENEE) - e, BIEHE i, BEAEAZHAEN—EELE
TR R i 2 ™

T ESFMFARFENNE RN EATE, AT RS —RE AT
YA EE,

TE 1968 EHTSE NATO TF Camiisch B FETHENRIER LW FB—IEE " ¥
IR GE, AT AR, 803 TR B9 15 T8 8 FET a1, B&T
R B HETE LR SR LM TR, e Mgt TRREN B R r Fn R E AT T
RENLLERE—HA,” M IRAFTARE, —fad, SHEFR, O
BAEESTEREEE, Y3 TEMEESEE, RAMNFESEFSS.. o M
SRR E R E A,
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1968 4 E. W. Dijkstra 585 CACM BIEFRATE", SHATHE AT 245 COTO
AT, BERFEE—TETRFEEEMNE AFEAMEE, 2ECHESNEZED
SRR TG S,

i TREESHEFETEEMERATEERN, HENYREHTESR
F(HHEZRERR) SAENEFEFOARE, BN L RENEFESR
RN X, B RS E, —FEEEEESN, S IER e R gL IIE
FHFiIE:; B—FH, BFESEATAMTEMAPEERESITEN, AEas
FEHEAEL N, BR A R AT E W RS R RS, MR AT
“EATHIENT, B IRSEABRRETH IR ETERE BT AL SR
FHT,

Mosegee R LE, S EfPit, REMLRE, RRTNHA SRS TE
B, 48 Dataration *' T, BFRE TIEHREFR T UE S A8 26 —&
WiiE, YERFLEERERE 10000 TR E—ME, SES 50w, BFE
FEERGEE S0, B, TER, SHEFETTATE B TR A T a0 E
fEFL, MAEIIREAYIIHTFHMER, Finx [7] RS, “EHER
BT, (EHEASTERESEI T EMEE, FMUTERR, MATEREEF
MR R IRINLE., % Datamation X&E— 0 P EBAHE . 17 2EE T W6 A5
&, IME—BRPEE LR ik E AT X8, SHARE 5 CUIDE B F-TBE A1t
BHAPEOMNES DT GRITT 0 S0 SRR FU I, T I18M
R EGRERTAEEFERFAMRERNEHIREIN, MESHNLFXT
BT EA T EE A,

Tl Ak, SHEREFRTTAFRAEITERE LAR ETFHWAELANE, FE
BN FEEEFRTE - EATE—EFF A FE ", ERERITH
HFHRTEEE (Craftsmanship) BIESES— TR e 00

A FRHE—EFEAREFIIE, B b CEpaE, FEtE R B
13 THeE e 1% B TR E 7 EAER,

AR VERE T R EW A fE RiE— B0, RELUE—F
i akE, STHEEFE RS, ATEREEEASEZMEE, L5 oEsd
REXRMNEICESTE TR,

FERETHESDEE, (1) SHEERAET, (2) SRBFEE, (1) @tk
BImIERS,

A AL, BEE. BRSHAEEREMTERM A ET RS SRS
HFRERNELET BAEE,

o FXEE (Ey, () (T SEOELRE, EEMEET SRR, B8, s,
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§2 SREFERIT

a2 “EHEERFETT T BIHTELE, 2EF —ERETHEN, Diksa S8
M COTOEAAE A F i 0 2 07 [ AT 248, B M COTO &A1 & Trid
HRBFRTTAE 2P, M ESEEEAE TR A Y W R EREAE
B, B4R Kroth! Y BYEER, U ( Dijksta) FTVE IEBRPEIEEHFF JEIE M HWE BAY
AR, mEEE—f - BN 898 (B R iR 4ER AT
7y, —EBHEE £ —FTEEET . Baker 5. SHEEFEUE "R E—Ha
E RO I8 TErk 5 5 8 1ok pTA 0| Fi T AR tHay 7 18 A, Den-
nimg' ™', Faulk!®! Lucena-Bery!"™' & L\ T o X - B ERYFE K HIT E TE,
Cries! "I FIEET SRR + ER T HAEE, BITBT IS HEFHE, B
fiTeE b R X A AT L EFiTie, AT EFHR, HEH “ESHEFET,
“EEREET, B CHEHREFEET =S THCEFL R ANREINT

EMERBTTEAN T ERFEEA —S HEA Y P {RIEMEIERFRERLE
B — M MO TR ABITATEN ,, BT R AR A bR, HiEER
AR BEERRREFR U E R R, NAETFESEEmbEE, #RTSHAE
FEFREE FREMNEFEER MIEHNERFEE,

EHARHE, A oiEEu A, HoRE, SHRFRITEYEST TR FE
B

[A) GOTO i&H [

FEL b, REXTEFMNSHESHEE, HA oo EaEferEmess
Ml i AN ER A, B Dijksra T8 (4] REHEEAOENESE L LEAF DAL
E—EERTELEE (X [2] vE—EFHMH), EHRME COTO EH
A, BEXEHEEAL TR,

(i) —RFHMIREENTENITNER, I —0EadR, mEFEPR
AR HIH{E A coTo B, MESSERSHEITENERE X, SHENEERE
FEAEL\ GG IERE, M SHETELEE, B, #HE CoTo 18415 Bl T8 i E
il S TEN A — Bk, ERFERENSHE,

(i) —RFHINFE S XS AR A coTo BN o] FH A& s T3 L iER B
FHrE, HMHE coToBAE, Ho{EiEEaRFE FRESSIN,

Jx b, MHEE EE, como gapd A Z ATl A8, B S EE AR
HCInE A B, ST A E Lamkda FE B EE A S COTO 851485 A1
4, TE 1966 4 Bohm 5 Jacopini' i#f—FiFR, HEAE 1 $ (a), (b), (c) [H
(a), (WY, (d)] BR&EaT—:HirwlsEt (HeEE, ®%, BF [ While B{ERE
Repeat BUGETT) | BT LG B 4 WG A,
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{a) (bl
PEE ®E
—d

‘6

i |

L)

(<] idl
While BIEF R poal BI{ER
E1

P F i LA RS — T BB S SE RS — A0 —H O, gE.A 0
S OB A4 8 i MR A AN T AR A i — T a i i e, (EFIAEE, ThE
Fardl, EE2EEETHE O0MER, TREEHE | AREREHEER, HEan
VISR EN TR, REATER AT, EREL TR A ERREED (W [12]),

TF (18] 287, = [19] B FEHREFRTES 2R FEEREE, F9iE
B, (1) EEFTEFREEMNESZIN, RERN LS While B{ENAR 183 ([
B S5&4FERE COTO BE AN 1S, ETEE—WMesi7oitE ey, Img
. While BIfEIR{8-S S5 54 BB ANATES, NATEMBHRSBE], AR
FE A, B mES R IE IR T BT A SE TR O] A A FIAT AT, X
HFEE, MEEH COTO FA HF AT AT, FAE0H T O A 2418 A E,
(2) COTOEEIEL bAFR, —fEZEF HER il g8tk mH AT coTo, —Ffb
EFIEEEIRHEAT COTO, T—& COTO F-FEEHE AR, B, EFFEEHEsE 2
FRAAE ERMEIES, TERITFER coTo AEMHET coTo, Bk, M
ME coTo SRH coTo ERIF#E,

- 37 -



HEETIERF

A

<>

L

EH2

ML RS COTOEFIATH AL, FEL Fab Ak Fef (1), (i) A&, &
EFRS A TR, B AR LT LT @AYt

(a) {EREFE TN, MERFESE A IRMABERSRE, x [20] 18
o, Y E—FF COTO A & SR tEtilt, HElfER R e AT B2 i a0E
t, EHETEANT—ERE, BRETHL—EFEE BEaEFme iR
|B] R 2 S AL, LB — I B En A S AR AT BIAE BT R VAR TEAR R 0 R D0 B A
FAKER”, Dijkstra T [21] 310 SRR ESSEMSAEE, fik, "8
et Z N BT iE R e S i, BITMEREIIAE (FiEE L Em
BT ma e, fEAEN B F e b R e E s L AT R i,
HEEH, EHEFFEMERE e,

(b) BEE-SSHAATEREh, wuf [22] 484, Mk coTo 8 B—ifab—0
E—hTE BLISS T2 BT HAE & 2 B8 T aruh 18 BIa—— BN s R An a1 3 gy i
&b, T—HASHEFC- SRR FREFEANE S0 3 A7 COTO B EiEE 1517
itk TR R AR AT 185, MER COTO MR —HiE+hEET, MEFEME
EHEH T EM RS ERE B F # Eartr Z2-2 R R R A1, Mk
COTO TF X 75 @ B4 RO {EAE™ , 30 [23] RE1EE, B CoTo [E M AT AT
& EHER s T BT SR TR, MAg2RE R EME, d ik
COTO {2 Sk, = [24] BikiHeT B SIMPL X —EERFEE E SRS
L2 P e £k A 1E 8

H—EEETF COTO R A, £5F TR —M—Arrkay FiEg a2
B While BIER D SRR S A AEY (INTE Y ENETERDE R
BH] COTO B4, EHFRFIEEFESSA—FEHE, AR ERREMIEENEE
RSB cOTo B4, B —g SRR iTEfaghdEerT, F
LTHEFAR, B, ZRFEPOERTIFEREEMNED, B— il FHEEsT
HEREARFETEEENERRE, MAEEATEMNEIFEEHZENE, HEE
BE COTO B EEMRE, FHHEE SHER TEHERRTAIESR, Bh, &
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H—E— e, BE R RERM R FIEIE M COTO BIAY TTRRRE, FitS
HEFRTAET B AT, T knuth [2] Ri8HE8. “2ERFEOESTH AT
&, fFEEHERRE COToEaTE,

il COTO EAS—F B 3 AV B LA BB, BB 4 (a) SREIE
¥R OsEN, MEErILEsSnheyREge™*,

'\-
-

A0

@\,

(BJ {a)
H3 B4

cic)

—
i
—

. Hadall], -, Alm] FUFEMNE, FrEEEbL2TESHEx,
MBEAMEE « FAF—T D, THE—He, Hbel[i] FEHali] M

WE,
E—fRETIEEAMNERE.
fori, =1 step 1 until m do

it A[7] == then goto found 1

not fomd 7y =m+ 1 my =7; A[i]; ==; B[i]:=0; found;B[i] . = B[i] +1;

EHEMHE COTO ERMBEFEEFED, H wolf [22] RAMEEMN—RTE
[FHE4 (b) % (a)], ETFEFEEREELY, #HLR-0EENPEZ—2FR
F H e BT ML E E B A 2 R H coTo Ba L) T B AT CoTo 18R, {Bil
Mz ZE—TEE, MEFMEFSEHPHLRETE OMER, A TR
prh L IVE S

Knuth [2] $18H, “2F COTO E41E & AT SO ERILAEHR E BE 1T
Rt AfIE 8B —HT5RF, REFEHED COTO M. BIEEFE
BT EIE 2 ERE, EERITEER B coTo B, BRLFFEIFE",
i |3 AR AT S AE B R B R L B COTO B AT R e, B 1 BT R Mfp iy
R THEN, YN EEERE s, RIS EEERN, fthen B {3187 H 50
EEHILAR, W, B SHEREE, Winth-Heare [28] 0 F I B X BHT,
ol

case E A | o A end

EXREAHERERZEHE £ A 0, EET A, -, A, EFMNERLTFE
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BHEERE—THA, DEX [29] P4 HIREa s 0T AR 2,

cases E of
]_.I ;.""‘I.I

L, : A,

end

ek L, e, LoAdRS, EMBE—4E, SFeBRTE SRFEESF AR
L ATRHE,

FERIEH L ET TS FEEASEE T 0 suss'™ , AT S hiE
FIRAEEE R O, AR TSR EAE LSS FIET 8 flkdEa, B, exitblock
E, exitcompound E, exitloop E, exjtset E, exitcase E, exitselect E, exit E, retum E,
L4t B FNME BT AT 2 (8, A —fpab 3, BEe AREIRT, MASIRITED
—BEWAR, R wolf sl AT ", EENWE I 5T, RE51#n
RN B L L A IWE k- LR O

leave L with E
E&NAYEE EMHIFES LT RAET, REMTEE S BB E R
A ZRE, BeE—XE,

t5E, BLISS 9513 6 M 2 B8]

while E, do E
do E while E,
untl E, do E
do E until E,
incr {BFEY frem E, to B, by E; de E
decr {BF) from E 1o B, by B, do E
FEEARa A EMAE RS, ERENT —Fp TR Select 1849]
select & of et £ E 3 E, E;i - E, .
E,. . t=n
FF BLISS HL PR REAATE N, [R] EAESEEE AT,

HA B gL B S 7 EANE &, 1 BLSS ZE4 BCPLY
BHZEF—RRRE,

TE BCPL & & L T — {3 mE-a]

unless E do G

until E do C

while E do C

C repeat untl E

C repeat while E

C repeat

for NAME = E to E, do C
VA B 0T Z Feh S {38 T
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test E then G or G
ifEdo C

A I A AT ]
switchon E into

% case con, ;. O endcass

8 case con, . O endcase
default, C &
VLRI M—FhTE 7T C B R E A8,
valaf O resultis E 3
o, g — i — B AT B 18-S break LIRSS rewrn, TE_E AT
SOH, ERRFER, CHERIES, WHEBYENEE, Evans X [34] P5E,
BFMEFEL OLLESRAEESE O, SoLIERA oo SiSMERT, +
HIF BCPL AT valef B ewitchen FIESEHIHER B R,
WEFFMEBMMEASRTLE—FEL T ANE COTOE RERFHRE—TF
A7 (E, BEETRSIT HPAERRE 2SR T R TE, Dijkstra 45 3H
— R ER A1 Yharomque monstrosities” [ BEREATH AR, FE AU AE BRE—f
EEMEMNEENM, AERTE SRR R ER T HTsE, Bz EE
TH—EERANE ERRy, —FEEMERER T AMER &, HI 88
FNOTAL g — R B ERNES, B—FEEESHE TN R B SR FRiT A E R nig
FERH—Fp g HATEEA,
0 C. T Zahn, Jr [35] SEBINTA—REsiea, FoAFSEMTERE

A] [ Event driven case statemment) [ LT BEREIFEA) .

untl E¥, or EY, or--or E¥_ do 5,

then case

EY,: §
EY,. §,

EY,: §,
FEEZTIES,
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HE&MZ, g8#irs,, HEHMEv, -, Ev, EnPEEPE—REHASE, HE
H e, MR ERIT S,

BE—RERH AT TEREAEIrF HEEHET, METAEESR, EMEE
AR A TE,

Zahn BAPE £ Clint and Hoare [40] P HEEAM—FEAERILL, = [40] $
Tk, FEfAR—#, 2t —aBFENE S, AR, T
RE R RS F LR, HATE coTo EaEt, e dRmEA—H#EE
PUThimS e, Ao, TATEEE S BaRE EE R E 28 B8 -Ta L
COTO g A AYa 2R, B#, & CoTO 89, Bl Y F Zahn BIEFEFIH 5, FAT
FiF, MinS W, BEAETF Zahn B9 FHEFE EHITSHEE, TEHEZES
VEA] P B A SR AR A (i TR AR TER A AT 2T R ATRE e, B
%, Zahm HELHEH Clint-Heare T E AB#,

Zahn AT B A X AP E R ST, FELEE C V. Bochmann T [36] $# HA7ID
TRED CEFEBEREFET ([ Loop with multiple exits) BT—Fp A&,

{ 8] EAE I AT )
{5, 0 (8T,

(59, (iEa,

ended, {ET),
HE R, TR E SR O, T S8R B AT R ARk
)

exit $4RE), [i=1, -, n)
HHMAETE E O6t, EE I B, M ARERENA (55, BB MmiT
FIRSEA (BT, thATEEE, WA HERT, T S AR R
EEHH OER, NRITHERTEFRLG, RERT ended BA/ {1BF ).,
SR HARE], EE— R S AEIT s — A F O ST MR R B 4 AR AELE
O, MEX&®TFEL O/MEE,
Bochmanm 345 SRR 2 ATEAHT, WS B EEAREATEE S R O, BNtr i A

i, SREANTAIR R,

{AEEF) (EWE) exits

(050, . 08D,

{50, (1840,

ended. {18W]),
M2 e, BMEFHE Qa8 B BB et {IF5),, HIT
Fi MR EEIET, ENMcEEdR, mMBEIEARESA (58, 4, iTHE
EAT (B, PiTsEEE, MR ET, it BT ES SO,
R EERENE AT, MEE 2 ended 5 BT {BH],, 1T, B AL EH
184,
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S5WAEE, C W Barth™ HEET —FpES - EEEAMNTE, HE TS
FhpEahEgea, HEAE.
docase X of
case T,
51,
esat
case T,
51,

£5al

5L,
esac
esacod
Ho x inyBeEss, ME—r o E—F880,, i, i, HMEAET,,
o, T, BAAEEBETARE, |5 1, S mic NERETRER, HP X o]
RiheE, WHtE— 1 A—&4%, BT HREEHE M _EFT ATET, HEE A
AT HABM ATES, ITE R EE-E e, R NE T &%, ZH—fEHich
HE, BHRER{L LISP HRTES R,
Knuth [2] SEFETE AT Zahn BIE A8 018 0800F, il * AT HIE 84 i
B —FP B E R AT E C T Zahn R EY,” SEFFE AT gy T
Zh, W AwmEs, —#EL loop--repeat AIESAT, —HBEL) begin--end HIES
g1, E
lecp until {event) | or---or {event)
{ Staternent lists ) ;
repeat
then {event) = { Statemnent list) |,

{event) = { Staternent list)

begin untl £ event), or--or {event)
{ Staterment 1ist),
end

then {event) = { Statemnent list) |,

{event) = {Statement list) :
fi

HiR—F {evert) 18, HIETE {event) BIBFE, H 5, PUTHTHEEIEAE
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i, ENMBEEAT/E EAARATE R,

L+ EFFPEEEZF BIE T loop oG ANE @R FE, HE S, P HiTEI—
{over) TEATHTAIE, T begin FFH& BOTEATHLJAT—¥ S,, BUATEBEE—( event)
AT, ERMRE AT (event) 5 EEA,

RATEAR O — R TIEE, HAR {evemt) ETLEFEHN, $F,

Kruth th 4 S A T fEERE A8 BLLE N B BESfpiEe, B4 TETFE
g, ATERENEER, MEREIHELUTILAETES,

(a) Ole-lohman Dahl BHHA S

loor: §; while B, T, repeat
it s, TEAEFES, PROASE, M B it BER, #eE, SETHE
BT, MMEHNEZES, FN, 25 A8, 85T While BIEH, X T H=6t,
YT repeat {83,
(b)) for 8]
looy for 1 =i=n; 5 repeat

(e) if-then-elee B384,

Knuth BA2h, SSEH—FEHE A ES FERETERERE, BEZ, AT
F-RFEIERMERES, TESERENBEFZE, BFELE Hairlis
#, Ei#irEfhedt, JTHERSREIEDRE, deffmR TR0 R E Coro-
tine FHEE, EFENKELT, SHFAEHIA COTOEE], Knuh [2] HL
B R, —FEEAENTILAMN coTo LFEFEEHEERTRAE, B—F@
TERFPREE g S 1 COTO (UFRARFEHTEEW T A, B, fbEHREED
W8 EEH PR E coTO, HINEEAFEHF MRS, BRWMEEFAEE, —
ARTE P A RF R, ZUFEEE COTO M—FHE BAER, DAMEE B PAS-
Cal, Blinthafs como g,

A AEE T AL Zahn BTBAHE A AR RIS R A R
HBEH, ERETLEFRE COTO B ER FNEES S SRAEESFE, A NEE
{18 ZEILEATEE, TTREMAFPRREE —ERNFAEE, s eeR &8
BRI, MEHAEMIEE LT oop, docase FF, TH LT 2—MFFSm
B, SEFEMERBERPLFHELMAEDFT, Bk, THHATSER, &&
o] LMER B AE E @R A AR, MAEAEE,

(B) BEFHERIZITAE

X EREFFSTTRY e &, FEFEATS TS A BRAS S AN A TR T A F I A R
FHEEAT, MEEYMEMRRAS TS, EEHEN TS, &8RSN
BELASHANTESE —FERZTERA", E5F0F HB{ER coTo E4
AT CE, EE—FEERTMRE, —FESIEFETEE, E52E,
B—FEEREFSTHEARE RS TR ITEN Y, R REEFMNTEES
1, BERFLEGHESAEE, RRENS Hoffman FiEE FE 20 £E
FERYTENLAA LEAEM, BERAFE SRR, FX FEZNIBET B AR TR
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AI—FpRkE (3H GHELT Sharmon S FIRMBE THBEFLME ), HFEEE
o E AR AT, SRR EE R TRk s e R,
EHRBRFRTTR AR E, AR AR b #ITERMTE, ATET (T
Dewn) RTHFEAES, MEZ2XFEMN—MER, TZEERENE—TfhEa 254
BB AR TR T AR, s, wirk [B8] PET InTAGIRE.

“EATAEREMNSEEMTEEZMES, FL, — 9S40 & A5 5
FiTENES, s FEF £ER, MTOURASEOESFEDEREY, T
MEEMEXL THIT THEMETSHEREET, ER- 28, —THHRBF
HET, EEMESMNIESITELENEMNER B EZEFLESFHMIES (T4
HEZEMEE) RERY, REEENERECBFAMERE &, xRNl
— BRI (decompesition) FIHEA T —E8HEE, ZHEAEHAL (refinemem) B
DE—EH#ITTE, —HHREFERTTTEIT CHEE ok, W, WREFGT
HEEFAFE—BEESI0 FORTRAN R HEAT, MOTEREIZHMEESREM,”

TERE—EH T,

w1 FERE A SEE X AREEEEE Y R

158, MEES D WEEFABRER.

T, =AxX

H2f, NHMS ST ERINENEEMNBEES (I0APL), MAAR
ALCOL o0 M LIRS, Ny bRFPMeEREREIEIH, HEes
A, X, Y#HITTHE, #EEHEPEETREBEEMER length, 00 R
FEAE AL In T BTRE R

fori =1 step 1 until length( ¥ do

begin
Y[i]: =0
for i =1 step 1 until length( X)) do
Y[i]: = ¥[i] +Ali, i1 = X[j]

end
TF—RERET, IRV A ALCOL 60 ZHAE S, HHAb S —F hH
LA EMT, BINREBATHRESEEEE—AFERE, AT 78EL, HE 4
TAn(n+1)r2 (Mabn oA BEE) MEZOHET, Ak, N LFREE

— gk,

EIL B LEERFPATA [0, §] &H
AL[Fi<jthen j+n#(i-1) -7 *[i-1)/2
elseitn®(j-11-j*[j-11,2]

ab Al BN bR AT RR AR RS AT — R,

FEEART, YeEddar R AN =, BE T LS
—b R b =Tl A A A R AR,

FTEBE— Ditkstra T [21] & Winh [10] &850 T,

w2 [EE, TETHET—F-TE#,
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Bo%, H
begin “{TETHIRT—F A EHK" end
B, AR CEET 5 CIET BARS

hegin variable “table p” [1.1]
IR ET— T B HAEA table p” [1.2]
end “print table p” [1.3]
B2 1 able p FRBESE, I CW—TT ST

begin integer array p[ 1. 1000] ; [2.1]

k M1 1000
plk]. = "Bk TEH [2.2]

kBT £ 1000
print p k] [2.3]

end

F@EH [2.2] #iTat, BF [2.3] BTaArERE,
B3k, W [2.2] hENYREEE AT, B

begin integer k, 1, k: =1; j; =1;

while k « 1000 do
ki=k+1; plk]: =j:
end

end

TEA ] AT #1740, KRR X—WRE prim, ® AT —EE
O] F o i

while prim do

begin j; =j +1;
primy = j A—RE,
end

HFH 2 L R RS, SR 2 2 TR S HeEs LSRR, N3
R
begin integer k, J; boolean prim;
k=1: p[1]: =2: §: =1 prim . =falee
while k « 1000 do
begin while qpim do

begin j: =]+2;
prim; = ¥} ral ﬁ%ﬁ”;
end .
ki=k+1; plk]: =1,
end

end
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THERET | A—FH", B, ZOHTH ") FEEENF 8931 FEEH
Frals”, BEX LREM RS -1, EEIRNGE, ®p MR IAER, WA,
<p?, WM URE FIGT, Fr, BT 8y SR BRA (] med
y) =0

B It EN S

BESH, [2.2] TTAEHALE AT ATEA

begin integer i, k, i, lim; boolean prim;
k=1, p[1]: =25 3o =15 lim: =1,
prim; = false;
while k < 1000 do
begin while 7prim do
begin j; =) +2;
i epr(p[litn ] ) =] then lim, =lim+ 1.
1, =2, i, = e,
while privn A (1 <lim) do
begin
prirn; = (jmod p[i] =00 =i +1;
end
end
ki=k+1; p[k]: =]
end
end

BAMLERT AR R TEEME S PERL N med 128, #fELRE W EANTTE
MRKEE P Tmed BE, MEFE—FTHEN med 8IF, BITHFEHRET,

WikakBEie [2.2] FHEERBMARFES [2.1], [2.3] £E—HMEE
Fir 319 AR AR AR

MBREMEHNFPEEER PSSP EEEEMES, T LIS AT
BEHAEE (HINCREE) ST LHEE,

MU FFAET, LSRR SRELI RN E55R, TERE—RRFEtF
#®, BLUTILAERER,

(1) BEFEEAFEFLFE2—faWe TNt AE, FA REeE Rm i am
AiiF EERAHCE T R, BAEAE, Bk, F4hFET, HR0M AL
blgt LiTaierE, B2, 2&— “daTET" M3 B FaEgs ek, B
A, AltEE— T UEHEEE, T TSRS 2R LS — g B a8
A, SEALEH—SEELTE, SEEE, SAEERTEEY, &%
EEaAERTLIE HEE, HET, BEA CHERLE" HERDETAIFL SR
HATHERL, ERES—fpEl, FL EFTE R EEEMNS—HREEZ AT
BEZHE, ZETTEREER, ZFEERE#EE—SRESRRELHTT, B
W, AR A i R R TR Sy — Fp TR b o B R[] b B9 I AR FEBY b T [e] T A48
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T,

(i) B R RRUREE—fE ST, ZHMEEMEAET
LFEAEIE T ELEEFTE TR, BISE2F R EEETHRIE P AW T,
i A 25t ALCOL 60 BNEMT B RS E5T BEH 7 i, S48 8 0 HIEE f#
FEER ME S RS RMERMRFES, BNEFEZM, —FERETa8E
Elmakiil, EE Y EAERAHE, 5—F EE ALCOL 60 XHAH HIE ET
ETFHERHESFNAY, FfERbaRd s —5m, NEESgEL s
BB ERET, RAMEFFAMATE, SFNIZEBRYAREHEREE, &
HEAETSHEHMNEFEHRNSS, BERARMEsEEF—&, —2Z@MmE
HE S FEE ZIRTHE & ( Architecture Design Language)'™' , B % FE R &E
AR FES, MREREMNEZRTNEE, SNEEETRHMERERTES (I
[43]), EEEREHEREITE OEMERRITEESS,. SMEEMH SETEREY
BT H— 2 e ATk BT e F S AR, 087 @R fIE— S8R
FLIBRIBEESEEEREMEENEY S TEE HEE EMER, MaBFEPL
BHEEYBREER T, CEEFUERENSE FLR, S IR E
B—# AL HBEMEE (Cormmon Base language), HH—FEE SEEFHATIEE
BEMBELEFRNS, m—FEI O ELRETHSATERFHANE
Efsr, SHEERAREERE, E—HE5EEBNEESAHERE, ERBTHEEF
B “EWEET MHELERTILIEEPENE EPEEB EE; THNE—RTSHFHE
ZECHB EAEE, El, ZESPNEEFE RV EFE ERSIE. W
UREFEARPTHAREE SR BMMEERS, EMW Kknuth [2] PHEHA,
“BITESHTEMEE, HESEE, BiSHERRF, MEZEE, BITH
EEETAEMEH, TESITE, THEFREEESS”, B¥MBEREESR
FEENFENEZEEZHA—RERE, BN, ZH—mEHNEERHRDP, B8
EMERTERRBEESHSE, HFaiEanL 24 AR, FI Coos [56] HAT
#, "HETEHEERNMFERCHZIESFHMNEESMANMFAEE, HEs
B fr i, SaEdih oM FAEIFER S BA FEIRT# RiEMA," Eik
1, IEMEAE EMEA TR, 2RSS TE TR FHATLRER,

(i) HBESRELRNSEEENAESEEXETLE, SR EEINTAE
A, (1) infd gy (2) IMHRE S EAERMET W—EENZEaEitEF IS
Ex 2B oA E, 5—oMEEE gt SR B EH 2 8 SnEE Sk,
ATEF-E A, FE L HEFEE ST E AT BT

() ERBhEE (ATEESTHRER), MEBSNEIES i, XMEIME
BEREFRTTRE RS, BATEgL LR,

(b) FILHAE, BNHFLETTFEFEHTE, ALERES—F 2 BHNIE
B, SFEENEA—EZREEMER, 0 [41] PERATER,

(¢) FAFEHEETERT, Biis3in Harsiz—=F,

(iv) SRR TESEERRTRIEE,

FEEE T HREMROEENAaHEIAENET AR, BEERITSFESEFR
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BHFESARTE, B R re LR 28T B —fhei s, ERiET
HREBEGERNEHESESREMNEY, M, BSREFEEREITETSE
HE—HEETES AT LS AT, SRR — AR LR, TR
WHHZ AT TR N SR E AT ERNERE, MEERTT R EE R E Ty,
TRESERTETSSEE S FENFEMTENEERTH XS0, B,
N OTHES ARLE A T ATIE, FIRAMR AT coTo Big AR, L E{eE R aTe S
H g PaiRaes ) R, Koster TE [44] PSR, "HEEHEFEREDRTRENH
FH, BIEAMIEIES B EREE—SEEEZR HAE B A AN 2
TBEFTHEMNEFMTE”, ME “EEEREFERA—EME LETA, Mmit
W —RNEHTEA—EEZR", BT L EE—f &5, Koster 5 Ross [(H N
[44]) FARAEE . (1) SEHEN “HEEPEST—SEMICEEET", (2) T
SRR TR A A L IR AT E L) R ARATE AN WA B
%, TEERHELSEMNETR, BTEN MR REZAL, B RFASHEERS
TFEMA, EFTHEEESTRT, AARY, hEEERaHLER, 0g
A, EHELEEHEEASEY, ERSHEERITHUEBEEA SR BE
WERMERF, ERENEZFAFEEE, R LHs,

Fad, EEETTOEEST RS, MEREE, T FESETERTERAE
%, ETRE, HAETHE, MERRFETFERELE, NEs ABRSFE
SEMEFRTTERMEEER-*, TEE Chapn [46] HHMFE,

Chapin EEMEAFELEZEFEE, FREF—HO0—AO, HPHEBERT
FERMAAITEESREMTERE, ETERZEREER—A0—HO (&
& (a), (b)),

I—FEEFAESRE, W ESHEMEZTEEST, H—ESEE018
%, FHREFSEHEETEERARMEMZ LR (86 (<)),

LAE

fal (k] (e
Ee

WMEAEHAFEREN (EaR) 2F, FEEF—EHEFEZ L HEHE
%, REEEFEN A3 ERANE (I0E 7 () IDHASEEE ERE—§
FEHHNEFREHERRZEN (RA4R) THhEFERRZEENSEEA (N
EH7T (b)),

—EE (EaR) MEEAER, —HECTEREREE, BEREA—HE
SRAEEANENE (MBI 7 (o)), WMEEEWAEMN, HEsnERE, Wit, FiEFE
ETFAE#EREOED (ME7 (a)),
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(e

fal Ly i)
ET

FIEAETRMES (), HPF LETEMPETES, FAESHEAETS
AR SEMED, TEFEPAESETEAETTHEFELFEZAED,
VA o st 1 37 52 B A RE A9 PHEET,

FEAHEAIOLA T NS B R-HE MR (B s (b)),

o & . & ¥
2 & LB !
|
a0k 0k & | e &H 3
B2

Es

TEFEAFT (B9 Bt S5EE S5m0 A EIE 3R S AT {8 89 54
SEFSEATE FIEASM TR RERE, IE il 8 513 2Rk T _H
T 7l B Al While 25 Repeat BIFFAPIER (I0E 9 (a), (b)),

EZ&T R

E ST
{a) ib)
EHo

NN\
NN

EHERERFBITRET E2ME COTO B PR3, SEPIRTEHE COTO B4,
FRA “—LABR", EOEEFEMEE P BN,

INEEE B S | TR PR i B 0 o 4 AT R BN B A8, NITE b | R e
BEEiCL “+" AR EMEGEER, kot EWEREZ SIROH « 318 —
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T B R R AR AT 1S 2 R BT (] b F L B M e R F R R
T ITAE i 2 4 e
Chapin EFMEEE R & 2T 5 S HRFRTHER, THESTER, @5

&%,

#
START « $E EXAMP
& -0 @MAIN o
\ggﬁgﬁ SEARCH hale
i e 3
MAIN . EFsTEET A
é AT « | 1375 FiEE e
— m—ia A Lz 4
:FF.__..-"## =EHp2H1HATH LA WLz EA
SN 3T B2 EfEay : : FTED
s LAY eFze | eRze A9
:-'__r"i - «DATACHK* (e
] ey
[ &2 WRFE AT
— I5H T
WRAPUF
Al b = =
B TREES, BREH
ERI-O

B EEMAET LS LS R B T R AR R SR
THHEMEE, ETETERR R RESR, REAKSHY, REREHEME, H
FE SRS A8 WA R EEL, CESHNBRFEEAATERER DS,
EALFEMEL, B, AFETEeABINTEZMS, (1) aFERLE2SAE
B, MERRTTE A e SR REN R, XA GeTES
WREME, (2) BERELRTAREINGETT, Hafarh Bk i ST A A
B R BN LA R F . AT iRt E IR AR AT, 2 R s e b AR AR
TRERIERT, FHREM e T, 3L, NeZ2RRAETET 8775 ds
HEENEAEMEE, Ammam [47] PEESITMEE, (3) BEREFEN
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Ak B AT AR OTREAE {8, B8 b —t T R, o Bk T S
ZEE— SN #ITIEANE, EESHERSSESETUERBRE A HA T
IR, REETREETEEY THESREHE, B0 ESRFRHER
A,

Baker [7] tHAFIE 1BM FSO REE “BTAE T~ @A e, RITF
18 “mTim T A “HELS YR, FHEESERAR TR T ARSI
1% HAR# T Mt B2 E A, IR AirS B— e, RiF e FEmEEa
REMNEIBEEET. I8, BEIFE M BRI BT— 25 RE
TR RS,

Baker [62] IS TETRIFERF TEEEGBFAERE, #H50E 1,

& oL E EhmEEEam C Bh0 PL1 &RRES
H3 wEEHPTT HmEH—EERE
L L ICL
I LEL
LEL
I [ == ]
FEEHE 1 1
FEFR| | FE8¥| | FEF

i) B C

E1l

ERICLFBRIELEFIEE, LELEREREEEE, HEEEIRERZ, &2
BAELEFEE, ETERELT (MABEHHEEHE), 23X FERI @R
BB —F R TRERSGA "R BINEE”:, 2—EETLE, BEEEERE
B, #ERL—FEREFAENT LN, AdHd—F2E, It 5488 LaTE HE
ERFEMAE, AHNTH—SEE,

Baver [B1] ST E T At EEREES—ERELE, MRS
ITEWRER IR, &8, TEE-TEFMEREERSEHEIE, G, s
HBRFETR—EEN, SElETHFEEROFEeE—FEa™", X,
FHEREFRMRMEETRICMNARE SRS RED TR ERFgT i, b
SR TIETR T AR AT, BEFER AR E S ER BT A — R A
FbF T,

THES—ENEAERE T ATERATEST #A0H#E, MA@
MREFEFEESEL (W Kmth [2]) EEEHEEE (M Manna and Waldinger [14])
AIEFSTERE I B, S @10 3 AR T F H SR RS & A9 Huffman @13, i,
BT, EZEEEFERTES, T2 A0S A RS AY a1 AT ek
Rt B g0ET Biva AFBREE, OF AR—IMEEEE, hE AFHERE
SEEE, FXESERE, ZREFEEE S EFELS, RS RE g i
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&6 A AR E AR B SRR M — R R A T ERE, BT
AA—TPRFTETE,

(C) S RERSERER

BEXFEFMTEREHEE, —F BE2—BFEHNS 0Nt BRI,
B—FEZEEEF EAS | FX E R —E AR R, MRS —feefy
& 3 SinEHE TR TR i B A,

FLETFRAEMNBEETEFEERELRE AT, HITHFEMNER, WF
72— R A TE A A AL AR, BT R B AT B RIS T

(1) E—iEfZ Pt 2 B BRI RN, BAHEFRENDRRE E EAT,
T EEAEFHETT, TEF HERTE— e R,

(i) BEFENRE—E—EHRL A, &bk E fAE Bk E—
FpaBaEs, AR EENL THES g, ME¥ Lt —EBiELES, 80
BRI E A (Fi), E, FEAEAIE S R TS 2169 52 R B 2 — b A AE A AY
(B 12 (a)), BEF_EEDIFEFHROELMARA, W& H, MNE— ¥k
SRR (0B 12 (b)),

TEGEFD, BTHAEFSTREF IS FEERI, FHRERREE—
MEEAERRSE, B RTRESREFEN, 85T E RS RIESES ATEE, 18
S BLEFYMEENS AN ERFMNFE, BETEEGRETE, Hbhs
EfE—FHEEEN Fgm BT — FERRERSIH, 28— EREs, in
B 12 (¢) iR, BARZAERMEE™, 28— a8 S EseE F
FEEMERT AR, BNE2—EWRaaa B, NiFihdE s abar =R
A, INREES RN FEESE s, B wAE ET i E A9 N
IF, MR E TR ar st B S & ATt N2 HE, W B A —Fop i o R
O] L) B S R i AL 8

ETRFAEHEEMEEFSHERFETH#EIEE 2R E SAEE (F280H
A0 0. L Parmas BOAR ST TAE), A, SHEBEEARITAZE—EEEHT —FHEAES
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LRI A s, A EEERT—SbaiRFEd, S—EEMERETET—
TR,

FrvE iR, FEfEfEE e, AL Em BRSSP MEEaI N EE,
A FIALTRAE, Dermis 3 [57] BIENE, “E{LE 1515 BTE 12 A 4 A 4
THE—RBERIIFEE", il ARSI N AL T R AT BT

(1) AfEER{ES S FEE Ay TR B M8 A8 A+ T
AT ERRE,

(i) AfTREETER TEERLAM SRS SR AT N BN, TR FERAR
Er i ih ST R R,

M Boehert 89 "I F LTI LFE Dikstra 89 “ER T #0465,

FEL b, COTOERBMEE, BREFMERMSSHETE 1 AAEE R, BEH
FHbMEREZ EMEATH, SFFFEEREMN RO METMELEE
*E, FE 12 (b) FURAT L Efeidty, EREFAEHEERBRTFE—HZ ML
W, NS Mgy SETEMEEEATE (HINE 12 (b) PE4E
HFEMEEHZEEA), THER, HFEHTHEREFEEE,

SREEELEECES AT — 6 EEL RGP S0 20 HS
FERAT R, R F B AT MRS R SR BATAUET ], TR AT AT Ak
g#FE, L FEMEREEHERT —L#SERMNFE, MEHERFSTHE
FRE, ATEEFEIRE T EAEN,

I Forran BETEREEMENE AT @ FHEHEEFRHE, THEREREEFRT
TR MR TEMESR, WEEREEHE, B2, HEHBFe
BERT, S FERERETEFEZA, (1) S EMEETE—f P
REMEATESHMER, (2) TRFRTEENEME, (3) FEEHeF EE
COMMON HATE FHITEE, FRASHBREINFES TEINESAY, TEXY
AL s Re A AT BB R B, AR ES coTo BT B —Tb
MRRFEREEERAXES B, ERTUEY, ¥R FE AL HE Foran 25
BRiEt b Ag e = -l

ALCOL 60 B " iig” 5 "#4RF” hZ—ESHERMEEFE, #F AL
COL 60 Z20RFHRESH, BESEEHENS (o) THARA EFaaE Sl
BIERAT, BOEEFEE T AR ERPETEE, %32 — 22 Rt A8
EIE ST SEFEFE, TR, T—aREmaaE Mt —EREY
AR, FUHATH, EFEETEEE MEENE R E R A E SR, &, BN
REEWIREL, T lossle [39] b, AET— B0 E Rk &0 e s EE
FIR TR E T AN (hRHSAE—FPIRE, ENTEE M iR £l A AT
{aiEaHE, EEHETET SRR M, S8 0T E R 2N AHE B A 32 5
([ AMTFERE L S O] B A BIRRRE ),

{82, ALCOL 60 FAT R MGE 1L S8 4 a9at B 7 F38 U A8 A7 @ AT
B4k, (1) HEEHSHE THEERERMEF FAEE (3B EREH),
ETTUREARY, S, ENSTF R L i B g R R A AT A B & v AT IR RE LB
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TR BAN, —TE#EREEM ALCOL 60 AR M R F A A E2——8 5, K
B, FEEAREYT push 5 pep A2 BESB LAERE, & TARATIHEE &Lk
HIRAYR BT o FHERY, MATEHA &S AR EE—TPlE B HITFE RS
EIFeT, MEtEaER TR RATTE & AEMRH, (2) 18 ALCOL 60
AIME, —EWHAMNSRNTEA A RSN SN, SS8EMNERZETER
B TLA ARG EE SRS PERERMEGHE, BEXESERFD,
ENfFrea @bt S0t—i 82 A WHA—THIREF B, B2 MEEi A FHF B, X
—STF ALCOL 60 B EUREBHEN, Hot, 3T 2FRZEaEE0EE, AEOFE
FH ALCOL o0 M RBHEERET, ATERL FEFFEMATFE, SIMULA 67 F
—I T CLASS (35 HEEEA—DEA SR a F e 0P

Class Z2—FPER{EH G0 B H WA © 8 B S MER df SR 71 pY L 184
&, BEUEAERE AT AM— cbiect, T SAR—HE RS A DTSR
(TE SIMULA 67 e, BEFEAMSRHIREN, HERUMNESRHLHRE
B, HEXFNA

{class TRBA) 0 = Class {class ) (EEED . (RPEERG) . {clase {£)

{class 484 10 = {1EEDY

TF— Class FTHBEAT 532 8% 12 ST AT attributes

Class FYRIRIR /=4 ¥ AT — 1 object, S EHMW{E, THRAEMN (&8
gy FLRFIE, Class BIWIRRR A generaor, HE SR — @, ISR~ E—
18 [o] 2 i AT object BITE T EF (ENMHAE) . penerator BIFE 204

{ohject B generator) i1 = new {class IO { TERS

AT HES | FRTF=E BT ohject, MLWEATF=E AIMIHF A—TFEZ P, EHEAT
RIS reference , H R BHATREE 5

{reference TR 1 =ref ({class fRHAF) ) {IRHIFED
BHAERTRITATIERE R, AT "l ([ )7 WEFE {cas fFH
%) MEZEARTHMMEMNETE, MAMEHRRETFE, ML none F7HE,

T F b veference T2 B O] IME ¥ A —H 2 E, FHEEHEITHE (5IM-
ULA Bkl —" BREES, L "= =7, "=/ =", ETHEE. F8%F),

#l Class CA9RBAH

Class G+ ]y oo
181 C AT X BITHEE A
ref(C)X;
TEHAT T LR BSS , ENTTHE C 89— generator BT FFASHBHERE A X &2, EN,
if X ==none then X, — new G

A0 K ZE—18E Class CHITR, MTE Class C A aurbute A, X - A BERY
BT X PATISAY AE— Class C AT chject AT attibute A, SHEEAT X - A BN O {$8 8 A9
BE—#&mEE,

AIEEH Clase Fom “ ZiEERBT BAOT

Class trea(v); int vy
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begin ref(tree] lft, rot;
proc ins( %) ; int %,
begin i x < ther
begin if 1 == none
then Ift; — new tree( =)
else It - ins( )
end
else if rgt = =none
then rgt;— new tree(¥)
else rat - inslx)
end
ref( wee) proc find (x) ; it x5
begin if ¥ =¥ then this tree
e i x <v then
if 1ft = =none then nene
else Ift - find ()
else if rgt = =none then nene
else rot - find(x)
end

end

— Class AIEFTHEE Y Subclass [ T3, OTTLIE Class A Class,
12 Clase A BIFE NS
% A [PAY: S5A,
begin DA
1A
end
4h PA, SA, DA, 1A STRIFET Class A B ERG, FEHT, FRHER IR
BN ey, IR e (IR, EEES), W5 A BEAT Subclase B EE Y
pai

A Class B [PB); 5B,

hi-n 0B
1B
end
EEMT,
Class B (PA, PB); 3A, 5B;
begin DA; DB,
1A
18
end
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HESE Clase BAFE— Clase A, HEUE, dREHTHELERE A 87, &
EE B#,

i, BEHEE " THEEMT ME N, HEE LT Oas BREFHHE
#, BREF RS HE AR, LA, FREA tpe, address FEME, T HE
EHE: CHEET (ener) 5 “HEHE” (seach) FTAHEERE, 0 hE FHEE,
ENTT4E %1 Class tree B Subclass F % I0F,

tree Class nametable( type , address )
nt type, address;
ProC enter «-eee

AR TREME, BARET DR EREE,

TE SIMULA 67 HERT biF Class RHAMHEARATS I FS, FBET resurme, detach
L HER, MEZEEE, NTLRInTFAEISMNEEER<E, miTdg v 8
Al call (X) FIR AR X, HATEE resume (Y), HIRAZE Y- HATE]
detach 1BAIHT, BN[EIENIEA M BT call (X)) &b, & HETE HETAR AT T A7, FI
Rl AR BN T AR 3 B 48 coroutine BRFHEHATRRR,

Class fEEZ T FEXREWREXMFEER T, XTEMITEERE, FXE TEE
fr @ —EE EREE S S AR, B, S —EEEESREERE I EEERM
i

FE b, BFMSEERESETTRFNFETOMEL (XS rEE®kd T),
MESABHEHERBTRE, Cowey HAEE, "BFEABHGEHES, Il¥E
B BIRR A W BRE, BATIRIER S —5 HENS, TREEEARM
& HEHOEFTE,

(D] BB

TSRS TN A B AN AR AP G IFEMEE, MsZFEEM
Z Ml [Baker [62]) P ETREFRBH [ Chief Prograrmmer Tearn), HFTE R EF
2, EESMEFRHPE L THEAR,

FRFE—A, WAFEEMNET, THETRMRERF, RilERTEF, #t
HHPERFRARERF,

WHREFR—A, B ERFREIE, FEEFRFEN, BERATHE,
Bt AFEETE FEHMTRE,

MERFRTA, BiTREERFRME L HNEHETRE, T—AHNEFRT
i, T AT FA AR R T BRI,

BEEMMFER—A, TEEFAMEREHRERE, LEEREFZMTIET,
I DA MR T P B AR L R R RE T M S RPN,

FEBLR, s ARHEEAS (C) PAITIEMMETE 872540
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IFAA R, — &0 LIRS aT AR ERE A,

H AN AEEEF BRI IR F A R SM ST E SR F—F Y
BEAEX, ZTREMK, MFTE, F—GHEEE8, LT REESS
WATREFDAER, M FRG A ARITER EWEfEEEm, HtsEEEEE
BRTEN T FEEF TR —HEOM R, ETHITERPEE TIFEE HEEAT
2 B FAEENES S E R A Y HEAEMN, B—FE, aTEE
B—FE#F—SETMEPIEE, SRTEMLEISHT S, & TRt
I BTEA IR T,

BEATR TS —FPH O SAE— i, BXEEY Y, AT H— S
VAT BEEAE AR, BE PR ATE A AR S ETATH, AT R
FH—EHEEs, §— s AEBELR, ERBPE D —B{kEH Mt mF
tofrE—E AR E AT, i, S —8a¥E S AR R eSS
FEE—EEEMESOTE—FdaMER, TRFREFAT LTSS,

BE, WEAFVitehmEMaf—EORA, TS0 E BERIT
ERTEIE AT e, EEEEIRAT A RS, FfFeeEf, thin, ERF
BERE T LRSS EN ZE L THA, AR e N
EHHTT L FIEE AR, BREFMEORESE, TEFARARES D EER
FRFAERTE TMERER, MEHNT TEIHEARM TS, FINTEHH2H
T FAIFREt B S, BT E T AT O S e L A ah Fois E RS & —H,
FARHEREAPOEFERRSREEMBIES, MF5HFMMEES, TIEEEE,
TEIEF, VETFEEHNER, 22 EMEESER, B HEFSEA ST,
o T i o B AT R TR R

A, FREA A S TR EFRITET [ epcless prograrming group) AT
o, MRFETIEREIEFE T ATARE S APEREE, MEEER
bk, ATIHIERFER, —TRBESTH P AR MET AL, TAaEEE T
BIFERE, EEE-REEEAREE EES, EELHMNTE, 3eBEN, GEEEE,

§3 SIEFEES

SHRFE & 2 —TEER AR R S RARFEE, L Preser I8 4514
& — I T BB EFRLAEI HiF, fbi8, “—SHEE, RTELS
PR P AT A B R 2 5, ATIRHNE R BASRR A0 B AT, % AT £ B IR
ERERBEEBEUTNFTARAT, EMERFWHBTY AELBELA
(HEF) SHAENZHET HEEL, B ERN S TaE FREEREHTE
R R B L 70 B B TR P E T T R, B RS BRI E N
.7 CEi—, #UE S SRFE SRR RN BT RET SR
SeE, Fl, GSHIRRE R MR A0 B I R Bl E R TR
— 4 HAT R,
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AT bR SR FEE E R IE B S A, BiERDLEES §2
o B S AR B TR -1 07 E R

(A) MIEREEFRH COTOE-aIAyal M, - E 8 f b & e Infa{e e Fr Ao # s
SR AE TR B St A — B e Ia] A, X T E TR AE E L PR
B R A AT R a1 &,

(B) BAERAFOTR A, XOEEELEFZTE, AT BR8N EF,
Hagvhi e LA A8 07 T, & aER R EE LR RSE R E
R BA A aEE A A MEh &L ST S RER NS EE E

(C) sHESHSEREHEE, MErEShEEbmEk FESBFMEE
FHEATEE, ZTEERMTEETEINS—SHEFESEEAESRFEEH
i, BRATAHFIRGREH,

FrigtRsidth o, LATe— FYEFRE e a1 T EFN Bat 46
BiigM, ZTEIRREMEEEFAE, I SHEFEERETHEFEETREs
YRR R A 2 A RS,

(D) ARHAREE, HTEE—RFEHRER, BEmA BRI LEME
FATHE, MEHRFEERERNER SN EEFRRELN, DE&EHEH
FER AT A R AR — R B, FA0). R White 5 L Presser [67] 9 ETEIBR 18
B, “JOISLE FEFRYZSEH, AM ENE N T TRFEHEMEERMN",

LRI EAEEEEE, A E (RS SEESSE) 2RTEEM
WWEEARET, MERZFE (MBI EEEE, BFEE TEFMEIEEEE AR
PG 2ETEENZTWEHAT, LTasl#EiTitie,

TEITEZAT, DAEREL T 241850,

(i) SHEFRTESTESI IR SMRERF, SEiht—E S Baay
RIESE, FEFAREZENHEERT RSN FE PR A4 LA R
KERA, MREENIR - EEEERSEERE AT CE L E-LEm, R,
PHEREE R, FEEZNERNRFOFEE X M8 Siss hig i ik g Ld
AR ERTRBREEEN, RS T ZEEMTE,

(i) —FhFBRA DA F e AT CHE FAER, 0T RO ~Em
B, E—8 Dijksra 7F [21] FLPFLLESEF AT, AL, ERH
—RpEAM AR 0T, THREGEL R AIER R, R R AR M
MBERAED, TERI—ERESHEUARETES HEAEE, ALCOL o hg HiE
B, FEFER T mATEE,

THATERAE LR FAE T AR BN, AEfEhEd X HE2F B2
BT BB AT,

[—) BFIESHRNLEMEE

HITRFRTT, ¥FE—ERMRF R MR EA T A Rk,
arRlEt, eteAELITEE, (1) SRR ATREREEERT () SEE
FE@ER A FEZHEERT FiE A EN I B e 2R E Ba e FHET
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(i) —HE AN F Rl WA TR T (iv) 3 bR ST R In{e) { S0 F —iR
AR A BAE For Tl

TREEFLHZA, BFOENEHTIERH0H P EFEEEREEET
BREMEH SR PSS, MEREEELRZE, TRPERFZ L EFE—&
TEES, BHREEHOREMEESES, MbRFTrEa. 2F, TEF=
E#f, M, T—REEENEAEEEEFAENR, TS5 PR FaEhdn
FEAAR, BRSNS ZEEE,

EIRTE 2 (C) HEETEHADAEE, ¥ LMREAEE P ILAEE LB
BTE WESHAT I T LA,

FORTRAN RItREE i HEZ A TR FRRBFS TRFEHE L8, HEFEEInE
13 R, HiSiEZ, (1) BFRSHSTEFEHSE, WEas—tlwRS TR
TEEH TR £, (2) SHAERPEIHPRHA, (3) THZETHAER
H, (4) FHZHHEE XARMSEE, (5) FRZHFREEHF S BTN
BEFH, FEl, X350 HEEEFEAaR,

i

PR R T B B AT, ST AHET R, SRR AR
FEBRER, T EF 8-S H, B USSR, N TEEFFE,
B, (1) =cHEEPE—4, [fFFHEF, NARIEFHENR, TEEMRIELL,
(2) STHFEMEREESS, STTAREFRNEHEEHE LY., B8, &f
— gL T e E R SRR B E R,

ALCOL 60 fTEEHI0E 12 (b)) FRR, FRFESHETATRFS SR A, o
ETIREAETEE LR, R RTEEHNT FREFEMS, 5ERTHELFL
EY, EERTEYMNATREMS, BFASHE—TER, HREFMERST
BFASRE 2, THI B, STEFRITERAN—EMNTEBFE, Ik
TEHE, TEH iHMHE, MAESE— gl SAHRS5SRERAa A
BEX ARG, S—RiENEYMBHTELERZSERE, MAEREEREN
EoHE, SEZ B8R ERE FERERRAE, SHEEREH RN T2
Feab, mEHERRAAELSE, &8O, FR{EE.-g1EE, AFERRAERSE,
BRMA, BERAEEL - 0EE,

E—EEHMEEEE, (1) #E LAENE—, (2) SFAEaEZEN, BR{ETFLE
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HEE R TR eHS BERGEZHEESE, (3) SRR ZEMEN T
B, EETFE—AMNERETRFRAENMER#FTLHE, METEIEFMARE
[Bl#A77 T,

E—EHERTHAEE R, SMARE S NEE 08 a0 28 895
R ABE, InESRF, MESHFES,

A Wulf 5 Shaw' ' S Fo HEHEF R E R AHITE, TEAEED,
(1) BMERIEEE, fn—d2EmE R EBWEAES, e~ E8 e, &
an

begin

procedure enclose

real procedure 5[ z) ;
real z:
begin
w, =Z+1;
I =E+2:
end 5
end enclose
end
MFE—BFE, B#, p =5k 2w, Sp,=wxs5(k HESIFEAER,
(2) FHREEREFMNELT, THEARPHEAMNIER, RUZETHENEX
TEHE2EMERT, ¥¥ERERENEESE. (1) TLRENERES, FRER
HEHNEENMNEBEENEMNS—ARPEIIH, BN AMNEE BT TS,
i B A BT e fd - 2 AT, infeit S mak, Ml EFRa 2——H, HF
ER AT RBFE POP, PUSH BB T, INFERIRH, M&EETHRNE
Y, FALCOL MIFTHAE, FEifFEefe BT HEMNSIE, (4) 8 TF R
iR, ArEE, MEEER.
begin
procedure enclose;
begin
Trteger 1;
procedure A
begin
=i+l
begin
real 1,

A
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end
end A
end enclose
end

g, L EREE RS ZE FESNEXEATEELSONE, MZaT
HER ST R ZRETS AT, WS,

ALGOL 60 BTS2 AT LR R 2 5, BYMEEEZ, aFHEddgms|
MRS T4, REEHMNEREERD, NAEZHEFEZER, HHE
FTHESHFITInE,

E-EEHEMENCGEE, B ALCOL 60 A IR ESHM BB ER T —E g
H, BEREZ2—Ff EEpEiiis, TR RIEES ME RSN E, Bin,
FRERFEY, FERHEARGE P RHEITEA, eI LB P ER A
B et BT WA S %, B Haneen TEXX [BO] HIFEH . "T—RIERSHPHISI
FIRIRE ¥ F 22—, MEEHE—AmM, ZEadiled T a0 g s
FRFFEEAGE SR N AT F H 2R (B E& MR BERAE”,

B, EESPEFERMAER N —HER, EP—R—PaRER
E—MEATRFOREEE, ME2—EEERMMNEE, N—EREHThOEy,
BEhEMEA—AR, By, ZHERETEMTFEMEG, EEEER
AR S E RS R 2 TR,

o, BERRFGEEE R RS R T A SR A s TR B A AT
I, B, SHER—SERITREES, HPFEEPHMENTREE, X, A
THEMAPER T EAMBFE, BT B HaFrE et est, FEEA—
T | FE R S B ST M, HEEAEE SR RN A E, W
#, ALCOL 60 WTT LM BB, A, own TRETEIRNITIFEES THRE
EE: TEAMNERFESTRIBESHEHESNCEETMNFALH, T, EF
4k oy B 92 ) SRR AT,

AT LS REE, FRMESEFEEEE BMEWANERS B fE LYy
ETR AR R, FSAER, RET AR, —H20 FawWE Wi
FHE oo B AT RATRH BTE, HAR R4 J0s5LE'S-S-F . B# 0 E Fitit E gk
HATATHEAE LR 3 | B FRAT R & %, HAREED Concurrent PASCAL !

TE, #EiTaHLL JOSSLE B Concurent PASCAL AR Z,

JOSSLE H TR E P Bkt A S, ZEEs, BFEEH, TBF (H
ai2) &,

EEEHEEEERME "BERT AER, BERAMESHINE 4 iR,

b, BEERESIEH T EEAEARFN 2T EEAT2EA & FHE AW
B, H#ESHAI0T .
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R E

HREF HREF

Communication Region { fRH5F)
Define
{HRE S
End Define:
Declare
{ TR
End Declare:
W embers
{#RAFY, -, {4REAT
End Member:
End Communication Region { #0755
HH Define-- End Define #arE X440 B ATA AIHE 2 BB T, Declare-- End
Declare #1F X AERE RS HE, Members End Member S0 A A8k & AT
RN ERFNET,
BERMEEMNEARFTLEZ—RF, NOLEZ—#ER, NZFEERAX
HAHE 14 FrRevisd, \han—eEaEigd,
FHTEE,—EMNARFERER AR —EMRRREF, MEMERAT—E
MEEE, FEEAFEEEBENMERAMERAREREFR PR EM—1, ZTHEHAE
CERFT, TESESHEMEN, BT RERASEEZEE PR EMBEE R
FE.
HERFRFEZEEEMIG “BF”, THERSEEETRE, MZEHE
“RFEST, TAEEESINT .
Program { #FiHAF)
(e FHEE N
{HEE N
{ TRHE)
{EE M)
O AT
End Program { fFE5F)
WAk FHEE X B Ea TR,
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Clobal
Drefime
{HERUE N
End Define
Declare
{EHE)
End Declare
Prograrms
{FRHAFY, -, (FFEAE
End Programs
End Clobal
E—HaEL L EBARFPRHIMNEER RAEN A HEEHT N T LIRHE,
#t, EH Programs-- End Programs I BI4F 1R 242 T eEW FA B B8 B i
FRESE,

FETFH Program MAT (HBEE S B (TRWH) 84, ZRAFRNESREFHN
Frigp SR ER S HER B, B (3REN) Bl ARFEN g
BARE, B (T PETEET) #ar B & AR A ) T 400 T A TE A,

WEZ N TEEERERF, BULIAEHEEdR, “JREm" X 5RFE
HER, EREESL,

Procedure {fF1R4F) [ {&8HE))
{ B AR
{FERUE N
{ TR
{AEE N
O] $A TR
End Procedure {fRIE4F)

HERERFERFERZ4TETE (BT FTE2BMIIANNERERRFR
E MU B AW S | B2 8 FREF S FHETES Known - End Known 29
B, ki, IRAFTERECHATRAIR, NidREERS MBS,

LR IOSSLE M EER SR, (1) BELRES, EFEEE RS HERBE
FFR, ERBEEHFR = R2EEAHE, TEEETEERFIEMARSEYE,
EIRs [67] PISHAT, EFREATERMT TRFEAMNEEER, (2) BEE
SIHBIHE R R FREEEEA A LM, 2H5AFESaRFhI AT
BEEREREREH, BRETHREMERE, Bk, 24+ FEE&S% Wulf 5 Shaw
[58] FrtedifdlaldR,

B E—E I, (1) BFEANEERE, FXRFEA L
ik, BRI RENTERS ARBIEY, Fa, (2) TTESEEFRERES
FrmfsiE 7, (3) BEEREORNAMESHE, Z5ERERFME ReSEhE
FFEAe—F, fELE (BRE (2), (31), M FE Concurrent PASCAL FT4S RIRE
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TEHY
Corcurrent PASCAL PHEEAT “HEB" [ Process), “"EBE" (Moniwe) #EEZEM
SIMULA 67 B “#47 ( Class) TETE'S", & Dijkera'™', Hoare!™', BS &
Hanmnlvv'mlﬁ.%ﬁﬁﬁﬁmﬁu
Goncurrent PASCAL ZTF PASCAL B4f FH FEM M, PASCALBIZ WEHE4 L
5 ALCOL 60 A8E, HERHE TrREFEME, BFS FEFMSEHRES — o 2a
LA, Concurent PASCAL MITE 26 S HHR, SHESESEN, s
W—FporE R RS,
HESEESESEE— T SAREMNNITEE —FE YATR B RIERRA T,
Hb{i 5 PASCAL PRI £ AMAY, mizn “"EHER", B EREINMTE
(), MFZH “BHHET,
—HRAFLIT LS, (1) BEEEX, (2) —FEE, (3) BE3HEEE
R AHRARR, NLSHMERERE,
fAlim, &4 inpugrocess A1 SHERIN TS B INTF A8 2
type TTpULpGCE 5 =
process [ var buffer, diskbuffer)
var block ; amway [1---132) of char;
cycle
readeard [ block )
buffer. send [ block ) ;
end
4k, block EH#RASREMNET, BEEBAARENE 152 T3R8 char A1
BEMA— S (LT page) . MIFE LS ES EHEITII TR S0E, FH
cycle--end M ATIEIEF], KHAEFTERS | FHBYER T35 B9 AR diskbuffer (T @
88 MBS ET, EHEELEF H buffer,
HAEZFNESENMNERRTLIITARERS LA,
var reader inputprocess.
HFEAHBAMESLNMES N, ARNTLAEY, HE, HBESERE,
A AT EESE, Concorrent PASCALHEEET “ME", MHMEhR, —HE =
BEAAGEEE, B, BRY SHAFMRESHFAES (int) —T&E, H
in, EIBETE S “reader”™ F N, HEIE “bofferl”™ FH—HEH " didkbffer” #9
TRMALE, ARTWERSET, W
init reader [bufferl ],
Hstz—Zasaf#ires, B HaBamaiE “block”, LIREMITE MAY
A,
WAL A B S E AT R RS, A0, 18 master (baufferl, buffer2),
writer [buffer2) R EEXET A PH#R RS EH#R, T mAYE sngs st
=EAHEEFEAES,
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init reader [ bufferl ],
master [ bufferl , buffer2],
writer [ buffer2]

—ERPaAFN TS, (1) FEFIERMAEEESE, (2) a2BER,
IS |, AT BN ITAMRE, ATRE A FEERNEAM SR,
Frixfh it BB oasHEa 2, HilBARTIZH Procedure entry, (3) — S8R TE8 Zhet
ERETERET, (4) BIAEEERSENRSREEEMNAR, LERNERET
2z WEE, HEEAE (5) ERERNEAMSEFEAHE,

B F—ERMASHT SRR TTERE .82 fHE R BT WA, & 280 S—1 HeR,
A1EE, X b, HEREFR, —FPEIER AT s R R A AR, R
HER\ B ES M FLIEH, @REFF TR E, A HRER A B R HRRL T,
A—FHER N ZE SR A S DT, HHERAETE, BTE 8RS S AT
AMEERFRE, BRHSMER—RESFE, ki, —FESEFELFEY
send 5 receive FIEEHATEE, YEWIHHTEETER, TESHNFE BN $
B, ZEHRE—THEFAATE M, SR HEEANER D R ERERRL T, AT L FERR
FEFPHERA , Concurrent PASCAL T =9FE, (1) —FEESRA queve [ HEFA
M, ERTFRAFEHRENERETZH, TTEEHBAHENE, ML qeve
BIEFIEESR (Farray (1--m) of quene) , (21 —FIERIEE delay ({ W05,
HINERFEES e, M@ E LRSI ER, BREEFFEA LT {(F2
) FUREERAMZ SR, M, EHRERAET L ER AN ARER, —&
B S H TR E— TR ShE R M AT — comtinue IBRET, 3 MM A9
BAREITWERL, (3) —FEEE contirue [ {FREAF) ), EMEH {451045)
B ERBTHER M MTE S R BT S IS anEEE

MIEENLL diskbuffer Rl “E 8" M#E, EETTE LTE—F 5, L
base, limit ARIETHRARESSERE, 25 EE X FOIHET S HAEE, "7
(send) & “E” (receive), HHFE, HHEeTENFEEEE, HHEntFREEE,
ERASRY, EERGWAZ—E (Hock) HUE (block ERE imputprocess HE i
T, "#E” ZF "R (wl) ki, "B Z28 "L (head) LE, HIEETEH
PRI IERF BN 15 BT,

e
SRS R R Lail

NI~

== head

g

!EI'Id

E1s

FEE, EXERMATECE X 7B Ha 0 R 5 2B vinvaldisk. TF X3
BRA T TR wite 5 read, EPEFE8H, BHTESEEHE,

- 55 -



ERrRItSEHRERES

R di skbuffer BT S8 A0 818 2
type diskbuffer =
monitor [ { S8R
var disk . wirtnaldisk :
sender, recelver, gquene
head, tail, length. integer,
wocedure entry send [ var block . page) ;
begin
if length =limnit then delay [ sender] ;
disk. write [base + tail, block) ;
tail; = [tail + 1) med limit,
length : = length +1;
continue [ receiver) ;
end;
wocedure entry receive [ var block . page)
begin
if length =0 then delay [receiver] ;
disk. read [base + head, block)
head: = [head + 1] mod limit;,
length : = length - 1,

continue [ sender) ;

end;
begin " FrigEE]”

init disk({ S,

head; =0, tail; =0, length, =0
end

SH#RMAHEMN, B dikbuffer ZRPESEMMESRTLINT RS LA,

var bufferl , baffer2 ; diskbuoffer;

BT B imit TR ] A5

init bufferl [ { S804,

{HA% 1F BT 2 R 8RB0 H iAo W B R B e M ATeiBiEs, A
ATEHAHESRATER, SRHEARLITHESES, MRS EHEREFHEMNE
SRTMETE, RERE— AT, BESHAEIBMNETE R EHEE S,
)40

buffer. send [ block ) ;
LA
disk. write [base + tail, block)

EFHE (Class), BXFSEREE—TER, METaERETHER, B,

FREMITITATEE, WREEER., B0, FE dikbufer 5 H PR vinualdick BNT]
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LA Clase FFoR,
HFERAPESERLEREZBHHETHE— 3 | SR —TERE =,
a S TR — B, R0, FEAMR TSI R,
type

wirtualdizsk = Class--end;

diskbuffer = roenitor-end ;
InpUtprocess = processs s end
jobprocess = processs s end §
CULIrocess = process: - end |

war

bufferl , buffer2 ; i skbaffer;
reader: nputprocess
master; jolgrocess
WrHter; GUPULRGEess |
begin
Thite-:
bufferl [«
buffer2 [+
reader [bufferl];
master [ bofferl, buffer2),
writer [ buffer2 ) ;
end
FrRAPEERSGEEA T EE LTS, (1) EHREEMES S RITRE R
A, ZIFE ALCOL 60 B PASCAL 8 BRLEAT FHEETH—RESER MBS
BIFEEE, (2) “EE” #EEFEFEFLFEPS AEREESEME R, BF
BRHERMEN e HEMER, WA, B ARPHER,, giig@&asd e [t
SIFEEE, ZEenae, FPEERSEFMESER,
i, HEEEGFEFIEENEFFEE, Concurent PASCAL 40 2 Sifaih
AT es ABEE TS ESA,
(1) gk “#R7, “ER” SHEHERE YRR ME SEERET
B, HEFERRREREAEANIEE TEERERFRTIH, HEFHBEER
SLeqamE R aTElE, 2T EAS AMEELGERES. (1) SEFEEH "B
7, WEWEEY AR NAEESE (08 PCB E) ST AT,
T L A R Y T R E R SRS H, B, SHREFEREEEE:,
B E A RS, TRESEFMNBERERMBTERALHR, (i) ERPX
WATFIZSHERL, TR ZR1E B S AT B B 60— o, BT 7RFr e dnfa 4 P A A
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FERIOE, BFLLEFE, & “HET, "ERT SRR E TR E M
#, 48 FRRF A EMEFERMETHR, & QA FERET S8R g
ERETRIE N,

(2) FE b, AAFESThEepIHE, 0 LETRIREREE, B2, BRI
HEHERE, fUffvihiidix, tin, ¥R EHEeEaR R, e MR EIEE, M
RIZETHRE H AT LS, AN TER ZH TR, BEETHRIETATE E 8
Hx, MARPESHEAMEOHES, T ~S587 8 384" S#M:, —F
m AT H RS | A RALER ™, B—F @17 HEME FEAT theenRiE, hintE
WSL [34] &, MLishze FENEsEREEMN TR MEEETA=ZE. B8
E. ¢, PEEHELT Concurrent PASCAL B “E887 ZHEAENS, MFEgEHA
FEEHA IR, TREE B B Sh L IGIRHER, Hin—E ¢, DU HEEFE
Bl “ZEE” pIINEE, FBSTAEEERHER., HEBZ A P HeT I BBHER, MiiE e
E—E tp P, MFAEE{T—FHEEN, MR R M2 BT Coroutine AEFEAT
TFEAEFAIThEE, XEHER . Concurrent PASCAL tHig T 26 B0 BT oL 80 49 5 ThER
FHAZTEESRE, T, “ERT, “HET SMTEN SIMULA 67 g 28
kAT “SIFHSEMRERT X7 EeTE, N CEHT B CanEERT R
BovEmHT LS “ATT ARG, REET “FEREER AIITEE, BATY A
"SI RATFRE T 22— AR, EFETE AR E & 2T LI E
WERAHAA S TR Nl b, PASCAL M Y HHET #MS bt TR R
“New”, TSIEHE-SHTEBMBETN “SAER" MIEE, EFEHESN E
B SRGHRETEINAIThER, IMEEEMBY L RFEINS, 258 &IE
ESMEBEEETAEN, ZENEBENITEERETZ LESSEEEEE, TFS
FEESEGRFZERRAE, MATESRF TESRERERA®RER s
TR, BLL, BAT AFETE S M- b AT B IR AT T ER i,

(3) Wi, SRS FEAGIHEFZ ALCOL 60 304 AT_ 2 ity iy 2
— ¥ B FAGEEHE, Concurrent PASCAL B35 61 25 BYAG HEF (AT (R 80 T £ —Fp
i, BE, YESEK, BREE JIHEREE T, £ Concurrert PASCAL
A E S | FEREFHETRE, WS 0EEEE, FX F, 5 mEMA
hi{ R E— R EEED, LA, FEEPHaNE LRSS, B
FEESBLZEEFTN, EFESfeE, B, A2EE A, JOSSLE FiE
7 AR G (A S50, MEIE J0S5LE 5 Concurrent PASCAL FRft H A FHF E
At RS ERR, SEEEYE, MILT—S—0ES2P, hin, 5)085LE A98%
EFEMAN, T “BF, "TEF” ZEHE "nEEs” Z—HIUER RS
g7, BEA “AEmFT MR, BEERIT,

(0B - BU O {HERRE) BFEEHRFD)

{+ LBESEHD o = B i+ L [({(BRERER) ( BEERSN { &)

ik, { BESEHRFD R85k { BEEN) HBAF,

AT #7E—EIBEE L IRHMITAE R, T RRE M, Rin— MR
o, HRFIEAREETASRETE, B,
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(BRITL) = BALET) - (HE) ([RHFHRS
{FRE D) 2 = = [ {AREFFN)
A, hBA PTLRE C8HT & ERT M— 8RR,

[Z) EFESHERNSEAEA

WS- IR RS SHEBER . BATRITeEHEa 7 maneE,

R EMERIEREAEEA AT 82 (A) PEHERT COTO EAMTIEEET
FOMFHRITE, REEENE T Zahn BIFEEE], EFETE A ET Knuth [2]
pEEFEE S EaER ", Fa, hEEITERE AR, & EEE
BR#—FHTHE,

Zahn BTEAF BB L A PASCAL 89 Case 1878 —FpHE B &, — ST EH]
EEWES EaT- R a8, AR THEEE ¥ OB EI— 5 —AT8 78,
M Halaas ME T Undl 3R ATES 2T (B Untl EY, or EY, gr---or E¥n), {2
W, Zabn HEMEAZ —ETEEBRFASE ST ERE AT L AW (HNE
S.) FEIEFHLLESHETE (REEERERE AR EAITRFN RS RN EFL
HEPET—E 117, B Halaas A4 Zabm B9EAFEFIAA L T LA EATELE (1) Case
AEFHEAEPPATEICR AT E A LM B R R R R RAMERE, (2) Case
oM EHEE 2 ENEESFEM N ESEFERE, (3) FF—FEEFESSS
EREEAER, H Zahn MEHESEMERAEER, R0 Case BaHH,

AT R FRE S, Halaae 8 BIDTELAT “BFHEENAT Detect BF” (LT
B 4T Detect THHF])

DETECT {event), OR---OR {event) 1N 5; NI,

bat {evert), TILLE—PHHE (I0FS), QUL EZE IR TE X A—
FHTE (FEA), TRTFBOUREL—FSS, 88, —HREHNE.

TR S RN TT AN AT EFH SR, B HAETAINT RS,

{event) , OR-- OR{event), |3,] . b {ev&nt}”-jﬁﬁ‘lfﬁﬁw‘f#mﬁ HE—F{4H
B {event), EEF ATHIEMHHREPE—FHTENE, SIITE S PREFEREN
HIATIEAT, ENREMAT 5, PUTRBE W Detect 1847,

Y FREF L RANE T RITA {event) FBRFEITESF MR PR H, REE
— (evert), BIEET, Ml |S,| S, SHTF @A, WE— B0 RGBT PR
|5, | o, MFBRPATEL,

ANEAATED NI BT AR A fATAT {evert) , MR [E Z0H, Detect 1E-RIRTFF 85405
AT, EH T Detect 1877 P FF BIEF,

RiF M. Detect TB-ATT] LA E Mo 2R ¥ s 8 R

FlinAsr 32 (A) PIIAMERTABTRAL], -, Alm] PEEHE~
AIEE . H Detect A FREN A,

i, =0

DETECT tablematch OFR nematch

M
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io=7

1F i =m THEM normatch |m, =i; A[m]. =

IF A[i] =« THEN tablematch | B[], =B[i] +1:];

]

HEE R Detect BAER A Zahn ATEAFE-91E A,

Fame » EEEES ( ', b e, Ty ). HeZEHX a2, b, e
B, $ATEE s, HoZEH 4, e, °F B, T8N HoFZEN g
B, $ATEA S, EamR Zahm BEHERETRE A

Until &, ar &, or

Doifo="a'oro="8" aro="r"then L,

Ho="d"orv="e"orvy="Fthen L ;

if o="g"then i

then Caze

L5

(SR

L5,

UNE Detect 1B A FTR M .

DETECT v OR nedind

M

aORBOR: |5 |

dOReORT |5

£ 151

notfimd | report emor |

M]

BE, EE—FEREIEATHE,

T Detect T8/9] 50 B0 & 01 A5 00 A9E-H] 8% % AT Detect 18 7F, —RRFO]
BB IF-THEN-ELSE 1881, Halaas tA 27 IF-THEN-ELSE 881 &— fhiR 4789 1891 #
&, BAEEESENE—H, ETHEHE,

o[, EHMZEF IF-THEN-ELSE 87, EHERA AW D ZE COTO B FZH
A—EEAEAEAT, HibsE, SREENEHEER TEYER, FTH
&, BuGREXELENTEEEE, BNERE, £ IEE Qe AR
FHRERER (IDENERAIER) o, BREATERSTE, RERERIE
F, FETHEEFATESTR THAEEREEMGERD, DREMAETE, X
[123] Fi8H, S FHISRR T EaEs EEas, BFFARR, FENTE
BT ER SR E A B, REE TS LISP 8R4SRI 89 tE
FIEE], SFPIEET A T AL L ATET RN i ERY S 78 =lE, BEfERR
mIBE—AEITHI, HERE.

Multiple -Altemative

Case { #F 15
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{TER 1)
Case { #4%2)
{fER2)

Crtherwise
{ BB~
End-Altemative
HHZARRE S ENBETEEEENEREEATE, RREREEEA INE
16 BTRATE 2,

@;?

E e

I [123] RH M. Jacksen 1972 E# A —Fb BT R R AR R EFE
#1 Posit-Quit-Admit 185, HH Quit BEREATEE, X NEREEERETTEH47
BT Admit 5 ETAI TR, HAEFIRE 5
Posit { 1R &1
{18 F{E 1)
(Quit { & % 1)
{18 R {% 2)
Quit { % 1% 2)
{1F ATE3)

Adreit
(MR
B SE A TEEEMNERE (RInEEatr) 2EATEM, TXE,
MR T L — A, BRI (1) e (et EEZ BT AT —EE 8
BT TRRFEAE BRI Adrit BATEA, (2) SO LMEFRIT,
A AR A A M AAT E Embley-Hansen [B5] 47580 KAIL S48 W R &,
EEAEEENM—ET S, EE XA,
{FABED) 1 = (RIS |+ | [ (B (BRI ) | « | BiES)
(AT 0 =) — | (=)
(B8 0 =— %) | (=)
gl (AT B8  +” ERXRBRERA, INEA CHERFER,
FEIRET, TE{ BERIERA) LoAAT ML BT ERITT, BRI it BB E M & 5184,
{PPRIERAT) o= { BT ) (BRIE A ) (RS | (2
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{HERIAEY 0 =if | while | until

(EHFREDD = (FEERD (=)

{AERES) = | | (KB (BHA) (BAE) |else (BaOF) |-

b “else,” TE—AERERETPEF T EERLH—,

T EEFR A AT 4 if, while 8% until BT, ZEEAEFIHTE 3,

'I?Jﬁlfl:r ‘-l%x, yqjﬁ;‘({ﬁiéﬂmax, ENo] &R A,

[if x| =y, max, =« |elee  max, =]

YA A while B, FIBARINT & 5, INFEHBIMERBAERE, MKE,
T M AT TR A9 G AR S AR IR AL 4R, W0 20 umeil BY, H& M NIAAR, Efn
RETERBAER, NPITENRE, & NgEETE i,

B30, BTEATREE A AR AL], -, Alm] PESEE < MEE, HE
HaETE A

1 =0,
*[f; =1+1;
urtil |7 =rmomy =73 Alm] . = ['r'n]:=1;
| A[i]: == B[i]: =[] ;] *

FEMTH—LEEEME, ¥ "XEH H =", & ﬁﬁﬁﬁﬁ”ﬁ

e,ﬂﬁ%%ﬂﬁﬁi#ﬁﬁﬁ"ﬁﬁﬁ”Eﬁ“ﬁﬁﬁ”ﬁﬁ%%fﬂ&t
MAREAT ¢ =7, twue” RWE Ui -27 BO4E, W, RAET—EANEHER, 0
T HEREAT B CEAEIERT RERTLSIAESR “BE T B g fERM
ZnEF .

EAp R BSRTIH— S EEA R P RS AT, AT,
Hidy “mfEafia” e BaE” 8 “HikA” N, B CEH s 9
BT “iEEET MMNOHRE, EHMAR, TEREDAEEPTEHE,

B LL AT A B EES ST R, T AT S B
RS T EEAMTE, FEEEEEr ST ENRERAS L, KMA{EE
FREEAEBEENTERAE S, BESIHFNIR, 28 Z0EA,

FE b, HAEETA-EAT KAIL 489, BTEATA-EAY Zahn FAHEH], K8 Dik-
stra [97] #EATINT A AMFREEE (EIREEmS) .

| = 1o[E: 5%

E.: 5,

]
(H& XA, ®/R{ATAEME,, -, E,, BEFEAIRMEE,, -, E,, MFES,,
L S PR T, BB, MBRAEE, -, E, ZEYREGS, MK
H. IESERA v+, MR, BRMT—I) &g EE e —fp
MER, BilSEgEa—Rr AL RMNEIREER, KRR EZ TR
S HAEREAMER, BT EREE NI TTAE EMAH, THHEEEH
ST E R
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(=) EFESHEREAEA

BFEEMSHNE—EEHNFELEUEER, X EZERESHEREHA
fiTAF & T, FANA ) Pedis T [86] ATISH ., 18 ERTAIE A0 £ Z ik Bt
2 HABERATEAE, fhTE [E7] Twing BEPEFITE TR EE, FMETIOF
ERPuiEs 3 St inl=n b

(a) A8 “HIERAY” SRR, NGRSy, T, BEEMEEE, FlE, 4%
BEIHSTEERERY,

(b) TEREEEfF FEE “EE” M—3iEE, MEAE, FEky,
tEAT, GEREAY, HE5MEMS,

(c) 4R EEHBERNEE TN, BEMEEdnfmER-

(d) FFF AP inardBaE A E B B E AR EE,

BeEMFFET 2 TFHBEHA—AhER, BI0, (o) SHEY, (b #$—iF
W F R, (o) S, SEEERaaasnl, (d4) SF—FEaFR
fepyE e, (o) SIA—fREMASETAMN, (1) H5, SR FE Y
B E T E AT

Perlis 3 FEATEAR, BEEF § A A B R ENE B 0T 718 A9
& Oy ARAE S AR TR A — T R AR L, AP eERE e E
RE XA EEMEMFREANFEE", & Ty A EEmEE R N &
RIS ER T BfnaTT B X — kAT E &, ot a k) B R O SiEE
HIZETAIS S, &2, H&EE S REREE A A £ 8T B E
AR E R AR, ST FERAMREE, EMTLFERE B EEME T
g BRESAF HESREY TSEY R, SEYAFENTCESERREERE
FrEZAMEREENT, DESHEFESIREREEHNESFE,

TE Perlis 1966 /T Turing fEE'" ! 25 B — R AE E6N8 1T BAR T TLE WA
&2 Wilkes T 1968 EWEH£ R XM, filE, —BERFEEAEEE, H
“HHEERET 5 v REEET, W EE SRS, Ta s, b
BE T —RFEEPHREHT LMy FEIRBERNEEmFE, FERYHES
BIESRIEER | EfRETESHEER) TLIZAEES, HF E2abadE R HaRess
EEARMEE (H{hmEssmiEs) MERAEmRD, X [91] P, LR
HgE ., C AMTHEAEVARE - BTN EENEESEFETEN P T,
ENE gty WABIEH, HREEEP, AEMERLRRERFZETERA,
M BTG RRE S RE AT &R R, A R ST H{EHE T REANE
AR AMEE AT RSB A A AR BEERE, 3L -, BiTEFAEE
g, E—arsR—2Z9, —THEEE, EEXTEHRY, —TRIEES, B
TSR TR AR AT, 1R T AR — M SHEE E—E A T D E LA i T &
B—LE—EREE, COLERASIERE, AT ENSFRAENL, NREE,
AR E MR IE S, Tk TEE S A7 mAHEE B A
CEpIEE TS
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= FEEHERE SRR EEE AT TR0 LR E ERiTiERFE— SR E, X
Brn e, OLlRiEA =7 may e,

[A) Hoare BISUBIEME L PASCALIEE,

(B) #iBLHmp—E489 |7,

(C) EEYEFSERERMTE,

LI A AllA-48

(A) Hoave BIEIBEMIEIE R PASCAL 25

BREEMERELRD, SHERSH PE HA8 ST HEM S, Nl
EEaEE, FEAXFEMAEDR, 8~ PERE, X FHIBEHA R EFITR
&P H AL Heare! ™ 7 BB R X, B EEME PASCALBEZ P,

Mealy' ™ B MESEENELTMERTENAE, "REFSHESTELEY
& (entity) BE EAITE (fact) BIRET, B E ATFHE, v AHE (value) 8, D
AT AR gt

pE— W
FrAasE-& , (iR O HHIBMATATER S,
oDt
# PAARAES, FaiRilEE S ainT AR —fPest
._n_:-z[fxl':l_:.-z[fxl':l
Mealy BROTEH (£, Vv, O, P H— "E2H", HFHESZEMTNI— “FET",
gk, "M FERT ZMEH R THEST 2T EESE, 2ETRFER
EpEi, “E2METF—HEET EZHNES, THEFELEMNET, MAZHEH
B O F EATA L AR E",

Hoare' ™! Il B #ATSEERTE TS B EH 5 M F T B A it 2 #1730 S0
FEIFE, fhthd “THEIFRHEE.. - sREAMIEEZME", #H "HITHEEM
AREERTSE,. (1) BE, NEPEE Tl Ry & oS g i L a6
i, MEREilZEaER, (2) F5, R4 FHEEREE, MEREHE
TR, (3) 8B4, B —HAFrFR R T TR A, B LT o ot RiT s
TEEME R, (40 S8k, M—H™EHMET, EET TAEEEFPHEREE
B ALt R FER EATMF S AR E r B L AR, Hoare H—F 1)
H1. v RN F A et FET AR B AT i B R BT R S E Y T
LHHFAERE, M —HSAREAHEREFE EMNE, "HAREEENE
HEMEM ST ER T EAd FEE T BT R, R TTFEHE", MiEEs
iAo 2R SRS, M THE A F P RS S E SR AN
WEERIRE, "THREHDED, B IARTHTNE, MEE, MEERSIEHR
IR TS E— TR, MEFE Y TR ETREER T AFEATHE"
i “FEFEFEIT—ATEUFFENATFEHITIRE, B, oS0 T
SiEHERIFET, T “FEERFLMN TS FENETERE—p#
B, TR TERE—TMME, B8RS, E—RSHESESE. AEATERE
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B— AR, BEEFAEN EEERHFELC AP E AFRFEAANT, "H
FE, FPEEFSREFIES N AT S EME—E, 2R G E F
AETTLAES, (1) #BHEpF—TTRESHAMBEMNENRS, (2) §—FEE
F—BE—#E, (3) GEE, TEEEAAMEMEMBRTL N EE SR
FRelSHE, MRGEEIERTHEME, (4) HTE—aE, Hags
SREEERUEAHEMNBE, (5) —BUNERE FENMTFEEMERT
H—HLERER, (6) BREEAENEEEMETENARFRILE LHHiE,
LA B BT AE] FAR B A0 T AL R 98U, (7)) WATA S Ama 2L D 03 E
FREMAYER, HERILE, THAMNEE, Be, BN, FFS5EEFE87,
BEF i (1) 2—E0, MESAERLne TEMERNFRA, L=
F{ERIEATIEAER (VI FH Scalar type TIEWHEHRED . (1) sEETHE
B, HBHEEERITEN EAEA AR 2A, IMBNA, THY, HRE, 45
HE (1) AFPaEAMETE, Flin
type color = [white, vellow, red, Hlack, lewm ],
(i) FEFE, HEEYMENMEFETRE, Fi0
type vear = 1900--- 1969,
type brighteolor = white--red ,
EFEE (71, Hoare RET OIH W E PR AN FAERATHE™ , #HEHI
i AEASHRFPEFERCEARESMEEMN— T, LEEENHME, B
B SRR & P o T TR e A A R E S 2 — By, B,
(1) A EZE R A A e AT HER
#FE, HFILK
HE, (TR (record)
#H, EEE

(i)t BT SRR TS
E, ENBFha <28, A
#EL @ (vectors) FEFEFI [ sequence)
EH, MEFE e F1E ]

(i) g B LAY g A e A
#E, REM
BE, SERE
e P AT IO i S R TG

HEZEE [97] B Dijksra #HAPITIT R 2552 T St ER AT
WEEE, WETTEIT—RER,

(iv) BMAARFHE B AT R AR mAT SR,

HE. RBE
HWE, HEA
FH AHEEE
by, TR R0 P —Fp i A A A TR ST AR AT o, T R
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ERrRItSEHRERES

AT P AR T AR A EE AT, B

(v) 48 )40 IR FE g B9

#E: XL
R, fEF
#E. COTO ]

RS, EIRA I §2 Bk, & coTOE-A R E R & T H e gk BN O] (@
#w el EEm—&, TFiEHhRERA A s AT tER e ET
HgE R AT st E R E S, e s E SER S0,

Bl FRIBRET LAY, S e B 7 o 0 AR AT E A AR AT E R
B, mHNEPESEEANSEM TEEEFAFHEEE, EEHENRN
Fsgf 86, ERFHEEsTTRl, BIERAEE LT gl HEriElmE
B, S P EFBERHS T, SEH O ERFEIRITNE S4B EH O
Hl i AR T TR AR 4R,

_biF Hoare 35 F 818 4345 A9 TE i 7 Wirth 18 1HAT PASCAL B EP I LM,
Hoare B Wirth TEBATHE X rEhE0SE EaiBHE T arfg 288> "™ W
TFREESENPATESED AT NLEESEBITEMN.

(1) ATHINTRMERF, MlTRESEEETH—HEEs—ag 8
HEPAMETEHTEREAEE STEEEAER, BT, REEPhRaa ~H
B2 M EEi AR EEFEEA TR EEFEE MBS E BT HET
REMITI B S ammae™'™ , (TH “twE)

(2) AT ATERITHEEE TR AT R EEMEE, NBREEHSHER
HR3RMR, “FiiEE.. . BHTEITEERFEEH S EIT1AEE T W H 58T,
B 25 FH FiEN A A B R H 2 A EEA R MR HAEEE
H1E B —Har- - T E RERTE R EREF B b AT AT ET ™,
El “EE PASCALB—TEE N EAERBE—INEEEH B RiEANEE, MXER
TEFHTEN L FL FASEERL 0™ S TR ZRiT SRiEEFA IR
L ETRT N TR RN

(3) BEH ALCOLA0 LIR BEE SRS, ERE R EEfmIEr T8, “F
BHIEE - 5RFEE- ZEFEEEHFAR-- ¥BA1E B2 Ew—fE
=AU B oF 5 B v 1 1

i ILAEENEN E FRAE A PASCAL Bl BAE AT Hoare 2 TS EMA A ETE
i, ZRATESIMEN PASCALAT R, £ XEEV Y, REeRNAEEHEZEY
BEA], Hoare 5 Wirth BUBMI T F{r{EAT e, PASCAL FEEFALEFEF T
Aths, BOEEZERETHE, B TEAERZEENZTmE, HEGFEERY,
Fag s, MBET A ESEEEE R LT, BT E TR S
— b L AT

{ 1) HTFE&FHFEainiSRmE S £ imE

BFESUFMRFETOMNEE, B EEREEHA-ZMEEME R, FEE
FRNFETEER, BRFESEEFETHE, AGEETCE2E T TENR
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B FLHA, ERBFEEMET TE—AENE, BEFEReRETE
MLBT—HSE, B TR — S EREFEY R EBMERM, Nar [103] PIRgiE
H, “BEETREERESEERERN T E R EE, BRE—F@, BMRE
BN T 303 512 R 2 (A4 R AL 4t

THREERMREE Ay FHER” WEBEE G, B " mEdE
AUTERR , HEIATHES R F RV B LA BF PSR FR, 0ET 68
T F—RRACTTENME, RS ETSHEN e “RRT BEEE, Z28F
B BIHEG S R MM S M E A R, AT — SR s L E R
“EEET MR “fFREECT B OCHORET Sr—ArithEy e T EET L BTRE
HEEaf SR MEEHEPFEDNN, &, FEHHEPENERLTH
HMETE, X TEESMEEIETE 2 TiE, MREFES RIFaeing, Ex
+, E—BFEENTE, PE—HSUTENEARERITAEE, BFESHAIH
RITERRE RN AT “BR” FHEE, SESHTaas, NERENTE—
RATEMN P e R A R, (REMBRES RSN CHFET,
PASCALYSE E PRISEMGE Y S “TRMEERMENSES™, BET AT
EHE “RRT, MMMAETREFEEMAESE, Ein Mo "8 H, g
3 450 T 38 B AT — B FAG IR AORES 2 —Ffh O sRATE Y, R WS B A, 2R
EEE— T8, SRX—NSTHRER RSB AR EERS, BRIz
FEEELEFEES PSRN EHT i E 6 EHAE", LT E XL
#HEZE5 “FBFR” HFEM, Haberman'™ IREMMEIEE ., “PASCAL B E S-S AT KA
FHZETEE., BEEGHEA ahE—RE R A i A R (N E—H
EHAEE",

5 PASCAL e T RIATE ¥ AR A 25 s SR a 28, B THRESH
FEFEmEER (IR, TR OEESSES, FHE T FARHRATTS
#BE HFAFPAEYMEFRESTHEEE, HEDBITETREAEY, 20 NE
HSEM . BN, REEARD., WS FEEEN TARARTMFETER, Bing
THETEE,

date = record
morth,; [Jjan, fek, mar,
apr, may, junm,
ml, aug, sep,
oct, nov, dec);
day: 1+« «31

end
hemewk = record
subj: [Lan, Math, Hist),
assg: date;
grad; 1 = « 5

end




ERrRItSEHRERES

B2, IREYRERTE “TREEMNES” 4R ANRE NTTEE £iF
ZHEF BMRANE, FI0 Haberman [100] PAAEERA, “FEEFEE— B4 FER
HEE R FIMRT, FIn

var A arvay [real] of integer,
FE b, FBAb aray [{THRIEED] B { TRBEED (GE FFEREL real, £Z
HER®E “SE” MFHEER, INIEE KA bhightedor” FEROEZT B
A, BEERAY, EAMAATATEMMRT 1 -3 BAEE,

ol A IO (i S PREE R b P B B A FR T B BT &
B, MEBREER,

FE L, BEEEPHAEEIHEHFEAERESMNFE, FBEMmEIEEmD
W, HERE IR, B TR R, FETUEN R AT 58 K
B, Hin

var 1, integer
=3,
BREISH HAIE, NZAEe, Holklsis, NS
var =3,
M T, MERITEREE | IEFEENT, HHEL 1EAE B3I MEF, N
o Em
war 1{ =33,
B2, FFLNAENT, ArEASE, 91E (G¥E) RAEEREz—ME, *
BRTE, MBEH integer BRL—EHW, RWHAE, ¥EFET RFSSZE S
BH—HOTRE MR A9{E, EHFMEMEERENTERM "FE” STy R FHE|
it CEET MGE. EREYE (BRTERHFaENET) AR —E37 FFE
HE®., B BERES |1, 3,5, 7,9, 11], NS,
var 1 |1, 3111,
EF CHPEEAMNETE", T42 “HE H—FEIAE., BAT xR
O—FEFE T PASCALVTHEREM AR Y MESEAAESGREER, ST
B AR RRGE,

A5, HAEE, BTEEE] Hoare[96] PHE R L HMIER T BERY FEH A58
AR A MELEESEETTEEE LB, {BO{ET PASCAL R iHE B
HafEEIATE 223 R AR LAHES, BINERICRENICESZ record-end, FFET
EEETAC S I E begin--end; FR BATITS A aray--of-, FIFR BTG FIH
iE B M & while--do, BY vepeat-- untl--FH %, HATU A, TRLIAELADS 3R AL
AIFF B, EE TSR REMEEMNICE, ARSI AESHERAR
FTINF# 1 FARAICE,
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1
Ec &l ] 1
| I0; - Gl BedEm [5; - 5]
- () [T f@Figa - (n) [5]
BERSTRYIL T, L T SfkAige (¥[8, . L, 5, ]|]
#BHTOIT HpiEgm T
FEv e |8 8. . B, E,I FHEige [« |F. 5, -, F,: 5]

FEHOCHER (EF) (BEER), SETREHE, TETRHEH, L ETEE, « F
TEET, 8ET BT xE, EBERBEAERN,

AEAEHV R, TETEEFRXERAITFHEIMMNTSHHEBHREEL
A, PASCAL EAREWS | FCER N, SHEE FEEFEE T #5611
Hitk,

(I} T AME SRR B e B T B 08 5 A A5 2R R i R

MEIERIZIT R EEZ T ER TR SRR EMN—REEMATE R ™ XA
EFIEEFIREAETEEES —, PASCAL TR FEFESH A, ZEEEFH,
{B A B FAPE TS MW — iR W, R IR — st - SRR
FigRe TFEa” AabFE, REGEMNREESTSERA, X [99] sTikiEl
arth, B, EHEEXMBEF—AAES 4L BHNFERES LRERE, B
., MEELITERIEA TR, F (9] P, CHEREATERE T T OE
HE—E YRR LAY, TRERATWEETR, HE RT
He gy, - TF PASCAL 8, 25 BUAR B BOM 3 0 SR T 0 R AT o] T 8 oh ik
—RRF R, LPEET 0T A

twpe stackelement =
record
case tag: (A, B, £ of
Ay [0y ineger) ;
. (v real);
£: (b boolean)
end:
var 5 array [ 1---100] of
stackelement :
PASCAL FHAE REMNTTFHESE—TORP HEF—4, B ELTRE, &
EE R, HAEYHS[] M8 el BT, 5[] r AZEEXEY, TS [i] MEEH
real MIAEEFRE 5[] ug=5, B, REREEAREFHT, B2, FFi#E
—Fhib ¥ BAETEES AWEZA, (1) BERAFEEM SHESETFETEEE
ZUEEA AR E  FIEEFSFEEEEN, () TELNAPFERETRE
W AR BEHATER AT &S, (i) TEESENT, ITRsT—ERE—AF
—EEEH, (iv) RIBTRE w T4 EZEREEZ—TEE, & [99] 7B
EREEIE SIMULA B “inepect when” AREEATE-FILL X E0H B AT,
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ERrRItSEHRERES

HEFAL EMER, FXESREFSEEREE—LREMRENER, £H

A0 2 25 A 28 BAR AR 27

Wi, integer; v real; b, boolsan |
FIFREEAN B R, SHREWMNITS, ' FLIRE AR A R,
MFFedF AT RS SME R, AHTAHERLE (e, NEZELR
EMT, BINEREEETPE R, EENM—SrEINT e TE— A
iTHedE, HUiRE SRR ERA R RINT &R,

HT R ES MR —MEE T E "EFG7, E77F AT rHEA 4
Argg! el

(I} PASCAL R AFEFSREILFIZEE

PASCAL PEFPEA R EMNLE S | REFSY, BHERGEHS 3R,

BEHARL 0 ERLUESHCFENM— Y Bmagsn ™ wrids
A, EERESFEMNAZE RN, ZEBEEMN", 2R EHMES
A —ETRRES Y —FhE, MBS RE-S Pk AR ST A AT
E, RS, RETAE, BUTIHRERS, 2—fE BEaERgFs
HTRRARE, EFRPRE T iCsinTRER,

|€|E|: E, -, B B

set {25805
EFARESFHEISEYREPMNRSHEELERIN, BREESHANER, m
Bo#aaH, B2, EPfpd R e i E R PASCAL B Faf s
(ENzElEN) s, MFETRFAMEDES, BHEAMNESEME, mEHE
HFRGEEEP—RETFESHMEE, MRS FREMAEFENES, EHHR
EEE, FRA

set of T

Mtbat 72— BB BRETAENE, BT ERLEEN, EERTHPLEMH
FHEANBMNTFE, SENTH - # i HFERERANMNTEEZTETRIP,
WERSERIEST By, b Aa—Ll y R, NFRATH— TR, 84X
Bk, SRR A HIMEERA R “bisring” .

A FRAE—EESEMS, BRTEEL TR, (1) 7 PaE-T AR
HARF B4, BinEaR-MRH, BT RMEN T 2R, AAhHfss
TEHE—FESHMINEY, (2) EE—ESHEENAMNESMESHS
EAARA, REFREETEMEEFEAE, EER T Winh L [100] B EL AT
g, BENSER "SREFEmEAT LEE “HFEfMASERAMNEE—E,
(3) SRR E-SAREER, OFFE2E $HEAHEN, HERTEE S
O AT PLRP SR 5 BURE A

FF R Mekeeran!" ' BRAIMTAEN, - HibBiTRFEZHARE
HEFRWRE BT R 2Pt B #H0 B D RS LTS AR5 M2
TR A, {FI0 PASCAL AT RE B TEREEWIIE, sTRIRAH
g6l - TEMNES, BEMNESEEHTHREIN, Tk, FE2TEATEHAE
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HEETIERF

FARBARLMHCER & ZEMHENN LIRS DE, B Zint s
R BEFRARAEPHE".

BZ, BIAEE A, PASCAL AR5 BHGE RER LA A 2—Fp ol thag 45,
FX b, EHEREE, FRTRGUATRZMN, BINREEEE LGB
HHERT Hifhe” B78EH, MEFFES MR R AR D B RET
HERE, Fet, OLERHP, SEMBATHNERE, SEMLEE B
SRAE” dRPRE, ARPE2FEI0E LEZRAT, &M, I PASCAL M98
HFHEHRESF, RREIEE,

PASCAL HR—3 | RPUATRAMEE “IHE", ¥ EX FE2CEHRAEETR
Fi P B2 S AR ot ag, EAREY, SEfH e AR R LE, 458
SHE E P E S VSR Afnioa AR E T EMES, APRZEREE
AT EFRAT, PASCAL FEIREEZ RIS MM, 2EHE— 7 EZE L —fpi
I TFHSFRIBRE A SR TEN, 72— XRS5 L2 7 s S
FHEEAMEID “FO7, “EpTE” FRMNE, SRES AR N,
0 Wirth [99] FTSHAT, “BATFY EE S F R HBET— H L f X waiE
FEX, MAFEREABAER. -7 d A, BETsEFRE “PEEL
BI7, Bl ZHE C—TEEsE, E2FEIREIEMNEE", FELF
Fhig ey fri . fENEARFE SN, hE® TREME X —RERREE, fEA
BREEN, MEFRFEX—BE, B g, pu AREMNE, AZLFEARE
MATEEFE T4 £ B read (F, =), write (f, x) ZHEAEE, AFHNTHES
“EO” OB ERTET RRFIRPUAMAME. A EESVE Winh REER
EREE-=-

bR AR RS |4RAT)E SR T LA 2 PASCAL FESF “IRsr IR0 BT AT
BEEHE—0)F, BEEEENSMNEEEERITETE () REEiHE,

(B) &iBZEfMp—iis5]E&

BAFFHIBEHMETEEN A MR RS, BEEN RS SBRE T
S5F@E (A) PMEIESEHRFE, 2 [14] - EEE & SAET 8A FEa
H, "E—XMEFEP, FEHREESEMERERENRERNMES R E
zn, EHit, SR EREPHEFETRRS VA6 p SRS h X EMREF
EHAFETRAE A RE TR, 28 —F, ERMABRNAFEI REFITE,
BEMRSHRER, - AERT, BITFER SRS L AFEEE A EM
PHAE, <o MR—TEE, BHE—EGHER 7R e, 81— i —2
BTESSIH & p0stE, NEESHE FidERIET, LHAZMB—H1E589E
A, mEZ, Me—REEhais TEM—HERRaE, —BF5 I HERE
SEAET, FEMI WS | SRS RS | FM 2 FEMEE, S o3ge
itk bR s CHF R ETE: bt S

2-E AT R B U1 AR B BT E A5 L A Wilkes SHREE S M EEE AR
AYEAE, (B R b - E ARAT E o Baleer BT RAUBRFET sIREGE,
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CREERFFHE—MHNEE, T ERFEESH—HEEN RS
I—HEEA AR, ME—ARAa s TR RIMBEM AR, AT RS X
AT dE, BHE—HREERBRFES, TR FE 55 500 87 BN i
tEAFERT, XENTLIEREEEEN “FEEIENT, FE-ame Ll E TR
MIMHREEFHERS FEMHAY,

E—EETLIRAEREE S R M RETFERESE ST
RiER, FRE—RmIMEHMEEREEHE P 85T RN ER—#, Balzer
IR AR RSN EL RN TR BRI G B A REEE PR T
LIAE, Wi, S8 ESHNEBETHTHEFEATZLRE, Ao EREE
ERAERM AP RE, iR BHNEE SRIEREHET AN TRTE
A

{BF) ({EHE)
AT & EAT B EHEAT ., Aray, List, Double List, Ring, Double Ring, Structre
(5 Pl HAYAEE) LA b ig i fEAT E F AA i, (b B EM—HiTHS
BZ,

DELETE {E}, EHE—"E

INSERT (R} | BEFORE | AFTER| X[ { FémF&EE) ), HE X[ ZHEEHE
A—TE

REPLACE (X, BY {X,), HEE | HE 2

ADD {E) TO X, HIFE X Z HEIm—E

HAETE R E S A,

{EBF) ({THEFEX)) ITO (E2F) ({ THEFEESD)

Bl— K #iEpra=lE, B4R =4 DELETE 5 INSERT iz B H 4 REPLACE 5 ADD
MTTLLE SRR,

ATHNEYMRESE, fENET —EEEPHMNEESS,

AR AT BB AR S BN BT BR AT H fTATiR, BR(EIE FEIR T FEL
EMET, SHSEFEHMSNE, EEL, (1) £E0REAREENEERE
EHTEXE PO SHREFSRELMEREET (2) SHHS FTE—&
B E R SRR T A, TREFAERE T EERARMN, B
HAEEATEET

Earley [113] ®#THET 25WEME, higSBEH " EBX” 5 "TH” B
THE, EEZET —ERSHEBEHMNEYMEE—E, -3 HEF
MAERE, Ehadg “Ea7, “BET 5 "B =hitg, 8—ES S ETEN
M—-F#ar, S—BETEI—TFOETRN TSR, A SR NESR I EEH
EiE, BN, BE17 (a) RER CFIE B YESERNAET (b,
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I l I NEXT -O

10 ] ]
COMNT
NEXT_ HEXT NExT (a)
35 18 17 0
COMT COMNT CONT
CONT MEXT
30
(k)
EiT EIs8

x (N3] BHE, “F2X L, v ETEMNELRERE, HEERTLIETH AT
FAESET, InE A AR, BRI ER 18, —T R
H, ZEEN, EE—EEMERERT, TV EHLOE XT —HE4AEE, &
an,

ATTACH [SELECTOR A, NODE M) =LINK
FERHEE N RS, HEFH A, BiEENIL, [

DETACH [SELECTOR A, NODE M)

M FRMEESE N HE—BFH A BIERE,

COMTENT [ LINK L) = OBIECT
BSR4 LINK L ETiSRTaE,

EREETRES, WiEF——F8, Aa s BN TES ZriEEs Ha
—FpArds PR SRPEBER T M —H B R R B v B RS T
AR TR A

WEEZH, BEIIHE LT RS, CTHEAMEATREE, A
RIS #53  BL 85 BTSRRI TEE v B £ E~8E v B8 EH”, thin, #F
FE—EM %, ﬁﬁ_fﬂl”\—ﬁﬁi‘frﬁﬂﬁqj BAEMNT, TSR TH
PP EAEMNTEE, 8S—RBTHAR_#E8HFHa—ER, BIE 1T (b)) P
—E (18 [a]], Elal sty FE 18 (b)), EP—igEdifhy— 38 {i Fi
BItles S, HOPF-TEEE T F- 16 {UpFER,

Eatley B9 v B H, Balzer A98E3R &, BNEEER E—H B> FHIBEH L
MEFEE, dEAEEEEEHEESEE, B, BN RRFE Baler TIERFER
HENRY FAE,

Liskov 5 Zilles B “3GEyEas gm0 Nel (IS 7755 77 @ 15T 5 A M
T—#%, HP.CEENSSIFIEER, "—HeaiERAE N —HEE g,
AR F ez LM — B AE ", BailiET I H—HE+58
MZTFHBEELMNEEMEE, "G e EMNEERBA EE
SHEFE”, MITRAT S 9MULA 67 o Clase #6330 8 LTINS, S 13#F —FEF
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1 Cluster AR

THR—HEERSUHTEZ LMEERE X, HPR

il s | FASATE B A ez s Es,
— Cluster I TF JLEHE, (1) 3% Cluster 12 F, SR F ¥ W Cluster

M—HEEMEE, (2

) HEER, HBREW Cluster IEYHMTREEHFHER

FRFIRE AR, HEXEAE

rep { B - (FEE )

(3) AfEfEREF, FFD Ad bmsUEL A ~E 8 — e & 0T PR A TH—
B, BERSaRESEL, (4) BEEY,
T @Bl — Cluster B8] F,

Stack .

cluster [ elemernttype: tpe)
s push, pop, top, erasetop, emply.
rep (type-para: typel =
[tp: integer,
etype; type;
stk array [1-+] of typeparal ;
create
s rep [element-typel ;
s tpr =0
s e-type; = element-type,
TRt &)
end
push: eperation [s; rep, vis etypel;
s =stptl;
sosth [stp]: =v;
returm
end
pop: operation [s. tep) return s e-type;
if « tp =0 then emaor;
s tpr =stp -1
retum s stk [s.tp+1];
end
top: operation [s: repl retum s e-type.
if s tp =0 then error;
retum s stk [sotp].
end
erazetop; operation [ s rep);
if & tp =0 then error;
s.tpy =s -1
TretIrn .
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end
empty ; operation retum boolean ;
retum s tp =10,
end
end Stack
Itk Closter #:3 SHTE 58 & 8T SIMULA 67 AT Class FF Concurent PASCAL B
B9 monitor AR AR, M FEENER, AFEEEMTMFEZ ST, Custer 5
Class BIFE], {82 [116] AFFTEINT “"EEEFEBEHER”, A Clas B “H—
TEAE ARSI Class JFE M AT RENT LIERAGE, HRPfEERELESR
& SHAE, — Cluster 87 rep TF Cluster 22 #FEFEEAEAT, HA Cluster HEIEE
FERTHE vep AFAM—EE, fEMT Cluster BT E YAEEN—HT68
RS IAT ., ETF Cluster 5 meniter B9, BF Cluster HFFFELE #5732 BEHEFH
BYIE1AR, TR 5 R HERA
Liskov &5 Zilles A7 Cluster FRIEZEH L F R EI—FRH GEARE, TURET
EEHAPEREN, B Bl FREMERMPEFEEERFEE, MAIERT L
1 Balzer #EEFH—FEAIEESE, B FROFEAGEE—BNMEEE, NHEE
TF . EEE RS (1o AT AE L S A A,
Cluster BEF IFANET @ gk 24 “ER” —SAHXAREEEREMNESER, &
O SRR RO Rk,
*[116] B, BEERFEPE Cluser #F, 185 808 AT ARy o312 f0aF
B, BB E# R E Cluster #EE M2 MR, TSy FEoahf B
LT RS A, OB SR T2,
Cluster #6:58TEFH 87 IE F—EES|—-F E, ©FHA SIMULA 67 87 “ 25
H” METIEE, NSRS SIS LR A | FARA R RS, BTN
i ERRT ATEISEAIEREE, AT i hER YT OT5E o 78 25 IR B b B AT PR w42 2L
B8 AT PASCAL AT “New” SRNHEMNFE MR, BHit, SFHLSY
TEMSAEBES, IO LIRSS | A SR B — B | AT hRE, M
FROT{E A0 T i Le 8 iR s A AT R Ao 0 BB S e,

[C) EmEZSHE R TR

RARFEEWEA— EE &, BEEEMAEE (0 ALCOL6D) AR EE
i, SELEAEEES, RETHNESE, ERNSHNEEMITAEETE
THES, B TEEFANRAE BN, ST AR T ERE R ATE REMF,
AR,

EoEFAArEER =Y, MAERZSNAEE, (—) B THERFE
X, HEHE, DEEEWEASE, MEHEREAEFEENNEIMFETR
e, ME— G FZEREENEBRESHEL, (Z) F—FEaFIRFEZEN
aF PEITARAERARR, M= EE RS, fEXEZERYIEFENE S/
A, B, TR, BEERFAEERNEEEENE BN, 2—iTEEE
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FAZEL, INATEH, SHEFETREENTFESEE REMERE BMEE,
B, 0 e E S EALER AT E (O] S T AR S B AR B R R
HAE,

BERFR, TEERFEEFAA4ERARERE SEARVSEMTES LT LibE
i,

(1) ks FmEEE NS RIS or AT A 3 5 4

R AR EEa, MY CAEEYESE SR ERN =R ELEE, AR
EEHEME S SRR, FEi, RS E P2 E RV ERAE T,
EFESEAEMEAMTEE wells [51], AEEFEES PEEMEEELME PASCAL,

Wells [51] MEABHEZFATEEFEERTER, Mk ERIEEREER
BEHECDE, “EESHEEEMATR T TEE —HAEEEY (nER, M
iE, HEENEE) SWGHRT-ETFIEES (Inied, Fhik, HHESA, T4
EEEHE) MR, BRRSERESELRERME R0 MEideaEds, m
R RSN S5 H BTV S e — RIS, B, "EEREMNEREE
T FH AR Wb 52 55 I (o 4185 4942 457,

A, HEFS A AT RSOSSN S ARSI R Y
BAMEE, B FESINREEE—ES H ERYEFED, B0 Homing th
“EH—AEE A 5% 1 _ERIERRAAEE DTTE B YA Sk TR E AT,
lehbiah i34, “id#%, BITEESRFPRE FEE NN ET, BEF
A Z2—ERIMERTD, ROgEE—FTaEE. - EINF e LIgr gLl
Rl — sl B g B & a1,

HEEE SATERRmEn, B A SE i B LA A AT
FHEER, ERBEEEMNEEFRRT, OIS EEME RSN, BEEEM
R E MR TS, MR, RN FEEFSARE, FMEKkE
EHRFEHARTE, TAEETEIEES XTREMESMNTREE, ZEEHEE
Frsfllfeay, MIBEFMEN, B PASCALEAZEE R — BTN ET 25
AR SR (RINCRPHMOTRFSRE NS, FRETHRSTAREN, &
— EBR{TENEDSIER, BF PASCAL 84 @R S0 R a-E S — 8 BRRET
EEHBETE, BN 0 Lecarme 8, “PASCAL FE 3T B & A HH E81AT,
TRl SEEMG B TR B AT E— e, P M R — e SRR BT
18 RS RFET 2SWREFHMRE, HuEpdn 248 AT, L aW,

(i) A¥rATH (35 EERFANEHEED

EEARBAMDE, (FEBEEHERA, Ao, TEFEESE—#HE L
5 BEARPHMARETE —#E, PLSE BN AT HE RS ESEFMEE, =
FBRE R AATEE,

PL/S ZH PL/ S MM, BEE T PL/1 BINT A —EEa R &, AS-
SICNMENT, CALL, DECLARE, DO, ELSE, END, ENTRY, COTO, IF, PROCE-

¥

D FREEINEENER > REFRFEEDL LD,
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DURE, % RETURN; HE{{E# A7, BIT, CHARACTER, ENTRY, FIXED, LA-
BEL, POHNTER, H-&#E4%1H74 . ARRAY 5 STRUCTURE,

CRIEEHEMEFES it i AZIPL/S 20, (1) B CENERATE B3|
A, FTEEVIREREN SR (FX L ACHRES), RIEEFTEEEHR, HEBRTE
BEESE AR EATE, (2) “MBIESEE”, X N&ITRT SH18
2 B ERME NG, EESaERIET R 2RIERA T LR,

Btk 4, PLS R L F—E A RVIEFAIEME, (1) Respecify 188, T
B RHEEEMRRRIE R TR E AL S I FaE, (2) PL/S T RE
wWARL, FEalk, FTEHRESFFEMAE SES, ZeIEREEHILFEEEMNE
184 HTHH CENERATE B3 A, B&H PL/S MEBRBEATESR; (3) HF
WIFREFEEERERIES, HPTHEA " Compiler option”™ B Procedure option”
HHEFHER, RINERERISCEF 360 BHEAEE 370 BE& LT, XINATS
MEREEERIEASS,

B, EHAENTLEEEEREMERE, BE, B9 T8 TN,
HENRETENEBEEEEREL, BH, CEGILEE SEMIAH S, SHEaRE
REFHE,

{ili} MEEPERIEEES

ST EAE EAE ST LA S TR, B, S EATHE
AR B Y & A B YT S AT H S T E BT R ERET B IS B AR B
. EFEAEEE PLI6O B BLISS, i BLISS NG EEMBmEEdamAs
A EIRFFE M —SE, RINEE2FE—THE COTOE MM BEEE,

F BLISS AYEFRIEE, BATEA X §2 (A) ROk T, HabF 8, mEH
BN SICSE EM AHET, EF—EAEM T F— BT (field), §—F
oL BE—EF, ZEFH{EHI— “187" (ponter), 2FEOEE—E, ZHH
EMEFHEF L LHI—Mi, — 87 —A8FTH

EAE, B, Ei, Eg
thih E, Bl—EMtE, £ FREEEZEFERENLGRE, £, FEREERL 5 N6,
E, EREN#S, E, BRESHEEEY, WRE, £, E, FEHEREEN O,
E, FEHRTRHEEZNBMNEFE, X H—EF, EBEN “ - X" FF "X
BT, HAD X e 17 BF X FTHRMHAEIT L, T - X+ 17 R XBET
RIFEID 1, W2E, LD “global 57, “lecal ¥7, “esternal 27, “register w”, “own
v’ BRI RE 5, v, 2, w, v A2EE, SRS, HEE, THF
FHE own TR, BLISS HRTFF I POP - 10 HLEE18S, HERIT,

OF(E,, &, &, K]
At OP 2R POP - 10 1820 RS, £ 2—FikA, HEMRE HHERIES
HEMSE (A) BAER, E, 2—FA, HEMSME 18 4GMERES Dyt

I PLERIERERENELEEISTENEZLAG, ZRPHEH, cEEHpMENIERAAZERL
hETERFEE &,
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(Y) BEMER. E, 2—F#FN, HEMSE4. G HNBRES T (X)) BHE
B E, 2—FEL, HEE—{iNBRESHMEIRENSTES (1D, E BE INR
EENEREF R0,

BLISS B RIMUE T —FbERib F A B & F X BT BEEAT Sructure,

Structure {BF)[{BER)] - {(BEDR) mp (&AF), {EFH)

A0 Stueture are [, j] =0 a4+ [ -di-1) =10+ -j-1); map am,
wiyiz; BIBRar 2— 285, HoB®EEEHN “ =" HAFT, «, v, 2 &
are AR S 4R, REAT “Stuenre” BEHESHERT Balzer ik “ AIERFE
#TEAR

B _EFATA- BT LA BLISS i E @R YT ATE E B S aak B s
¥, B BLSS FIERFTEFWMAAMNET—&£, IHETR, TEEENEETE
—&, X2 R, BF (1) BRI FHEERETFEEREF RSN TE
B, MiiSE#FEENTE, (1) BEBRFMEESHNEE—PrEs,
B#Eir BaCad SYSRHETY, MGG EREFEEINANE ZHTHE,
BENFEHESMTE" ™, MEHf—BEREF, BLISS RFEREHEERE R
#EEFBRMNTENERSE, EASEMNERNEETEEE, 2 —HRTE
A %2 Brgl coos [56] B kemh [2] HAEEREHREAS, 2B EEEE, T
EAEREFF G, SEEEMEHESAEL FEZRERM, Ei1MER TETHYE
EMEE, TEAZNPREEAETEEE,

{iv) E—EESSIHBESEM_EEE

BATATE SRS MM —B1E3 o, RFEH REE AT ESE TN
HAERRER FHIEMER, HEEMETE (0 Liskov-Zilles 7 Cluster) 2
HEBRREETEMME, @0 T ross" N EFHBHRHEMRBEET FEE
EEE—BIEI6E, i ZRFERA CEitEAT T, FERE R
F—/T Y TRIEE” BRI EEES RENE R, R —EENT 25 g
AZFpEH, FICEE ) SE (ACTION) fE3# SikdpdEte, FL b =FiE el
sl E CFEET, “EAREET 5 CEHEET SO, EESTER
B, HEESEsy el So gy, SosEmedes, BT HEE—4a,
REfSfsHEEM AR89 18 75, TRESRPHFRTIEIIMNER
f A TR AR EEA R8T, e BARE B AT I lehbiah % FTigiT
M_EEE "™, ZE T EESER CEIEE S T, HE—SEE
B, BTGB TN AR LR fRFERE N B AE AR,
— USEFEF—HoEEE H 0 wHRIEMNE AR, shEarg "4, —Z
BFE (Program segment) , —Z3BE ([ Data segment) , MITEEIEERE @A T HE
ERFH— SRS ( Irplementation pant), XFPE A S HIBMAE BIATREE, (L OTHE
BT REHNTRERE (H@EYmEaRemiuie), mE 19 s,
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L% ]

I. INTEGER, A RS

E. ACTION;

. ACTIGN;
EEHT

E#iEs EERFE CidEs CERE
J. INTEGER
ol o= A

9

THEETEFEY, AYHEZASREMNEEN S, MEERARTUERE
BEMSSEERTERSMEERSET, ME2 PULBEEEES RS EE

B E BRI,
F2
(=04 vy 1 28 i
i B urh 5 4
&F ok
Domain FALNTFEAFE ZONE 35 | WA F 48
8 FAMTLY . Domain of PERSOM " 8PALE . ZOME of 1000 WORD
WS T e
% 2, y. REF FAMILY " Z. REF
WHEYEE AEUER
Wy, = WM. =Y
a1 Wik B i ) e ik AR
# ¥. ACE (2 AS PERSOM) - ACE

TR — RS AT,
o

(2]

- 40 -

TYPE PERSON =
PLEX
AGE, [0+ 100);
BIRTH. (0--2000) ;
END;

PERSON - ACE
TYPE PERSON =

FLEX
ACE., [0--100) ACTION,
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BIRTH. [O--2000] ;
END,

PERSON - ACE

At (1) TE#EE PERSON - ACE BT B f&38 ¥ {C R laBe 7 A#i7, i
(2) thEHT PERSON - ACE BUER IS B ACTION 0 E, F-aaElls S
TR aZE, A ACTION 75025097 @7 5889 BLISS A9 Svucture B { F AR
HaRMER., —fHil, TREEERTPFEESSIETEES (Doman)
BIMFE, (B, FEF, REMENIELENS, FRBUEFLME, FREH,
SEFEEEEMNEFERSEIRET REENE, o FRYMNERBFEEER
HEEREFER, LS g5 TN, BX A AREMNTERGRRE
BEFHEER'™-"™,

{v) ERFEEE

HEREAM—EEEEEHE Bunongh T HFREEEHEFAZEE E EX-
TENDED ALCOL, DG ALCOL, 5 ESPOL, H 33— £ <r 48364 /i 25 — RN
2 F AR, E_mNsF—FFE,

EXTENDED ALGOL 2 ALCOL 80 B9—4 7, FEMNAMES. (1) s
B, BN - [5:2]=37 BoR “XNHESHEREEFESIT, (2) BEEES,
HAGTELE T #E Y “DEFINE STATUS = [5:2]%" &, BFEPH AL F “STATUS”
TERIENT R * [5:2]7, FENTHEMN, (3) TEEMSRE I “Ex-
TERNAL” ENO7 {803 it BRERIE S i T4R1E, TERW AT E ST “ Task”, R
ENT1E AR B Coroutine 375, I E T F&H * Task attibutes™, #F T[4 {8 X £k
“Task atributes™ 3 E#EIT R, B0 “STATUS™ BENE —F &AM " Task anrb-
ute”, TR M Task HETRAZ “HERAT, “iESHT, “HER” B ST, X
“Maxproctime” L ZE— “Task atribute” | HEFR TIFHEERNITANEEE, &
FERT “Task atribue™ HRSE, FEFIEE,

DC ALCOL FEEZAFETRBERIEACER MiEi78 %, i, ©O4E
“Message” THEH.

Message MESSACETOCONTROLLER,

FOafAri RS F— 5%,

Replace MESSAGCETOCONTROLLER BY “COMPILE MY/J0B USING COBOL”,
F T HFE SL6T MESSACE 4HE— s e,

Allocate [ MESSACETOCONTROLLER, B
PR EHERATER Message B9 “quene”™, HANINTATEE

Insent [ MESSAGETOCONTROLLER, CONG, BL):

FN &4 MESSACETOCONTROLLER HAY Message FEA R H COND A9 queve ZH, F
FEWL FEEEFFA, MR RR BLATEHO ® fiE, SHastn, E

Remove @ﬁ_ :
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Rermove [ ARRAYID, O1D),

EETH “quene” QI0 TAEFRFEAIE BB E, AR ARRAYID B9 H, WA,
HF queve, FOLEEEEE, INEEEEE, BFE-T queoe 8 H— X BT queve,
B— quene 8 P quene FH

HEE0 ESPOL M ZZAEVSFEE, CUEESTHAEVENFEEEER
HpER, EEERHFHRT 86700 BIE B & B8 A,

Bl EET LR, X-MrEE SR E FReTiSmns—a B8, 5 A—
FriRaATRREE, = [126] MR OAEL, A T ETERAT £ BARTE Rkt ARG R 2
BrH, EEETHEIALHMNES ZE R, - BE05EE6 4 2 a8
AERTITRE, B (aBEEE) sPEft ESANE",

TR EBMOTEEEES wiL'™ 7 ekl 7 @RS A HE, EinEiRit
EHF, BEESE TSR EZSHERETAENE FEFE SR I —IE
B

WL TEHEIEEE SR SN ERRERAM#EITTE, £aH g,
L, L ZE,

by ZLBEEH AR FENIMNEREFES, THRESEHAFEEETEN S
=

(1) EAMBAR ., int, real, bit [hool), char, bits, chars, HPE X R
long 55 short, WH#HEAE ref, ANTERTA XAEATSEFTI const, TR FE AR HIFT]
B i “eonst real 30147 FFRE LI 14, “eonst vef imt 27 B FTR—FELTAY
HigH, viER—#NTE,

(2) EEWELERE ., row, table, stack, mueue, structure 5 collection , collec-
tion IREH, AEHEFEFLEMNENESIaStREEAEMEERS, o
F collection T[T N, U, 1 HBi5E,; sructrs BB HATIC R, BTH PR 57T
WHEARTEE T E T HRESEE, BHAYER, HESEEEM—F =6, B, 98
ERFTERS S5 HMTE, TR URESE, FEHMANMESE, InsfTF
stack, H pop 5 push; HF wble, HEMANEE ercer; HF queve, BHEETEH
EE ot 5get, FEBEEE—SFBAEMEE fira, WS, FF sack, table 5
quene B S HEE TEMEMNEE .« TEEEE length ,
(3) FAE—FHE BRI “2ET fee,
(4) T L, PRIBE G R,
(5) M, A& soip 5 dress FHEETHF FHMp sl F 28, B0, “free soip
R gy MEEBEE D T free BT, “hit dress 7 HIFEFR CBEF x L bit
TEREARSER I L, B L THHE .
(1) FEEFEETEFGS, DA8sFETHE, FradEowgFE, &
2, BEPEENESTRFEEMNET,

(2) LIZBTF “EQUIVALENCE 185" MR S HiTEnEES,

(3) FFEEABEG Wit R, 8 eE HiFEEF—EEM, Ltk

- 52 -
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HRRHE, RES,

(4) FMFPTIRFE [ Routine) ; procs, functs, coops 5 coprocs, BT _FPEN#EE
BT AR A BN, M coop Z2H—HATIERAM coproc BB FEF, CHITIER HH
HWEY coroutine, TE &L, B, FAIFEEGF 2IFHESE, dRBMEE ARrE2E4ARA
£ const,

(3) FEEFFEEHWNEL G,

L EHBEHTERET SRS S-S MR ME, ik EEsEFE
ST ALCOL BIpRETRFESEEEWE FE, F2B&30M R BEHET,
TF coop PERLFH T 3 coproc AEBIFRTIRH], O 18— AT R AR B A 3 34T
AR, FER BRI ITE,

L, R FEEEAEEN, EPad 5 HE A Concument PASCAL B moni-
tor HE:3 A T B R

M E#FETF WL MEA R E ST, FRAHEESEREMEEME, REE
EEEER TP EEHATHETE, RITTE EHERE SRMNENEs, 7
BEGE, HENEE, 39 coproc SHEAEE RHIEFLA L, BEEH T
HEHBAA L, EEREESMNEREEREET, 22 BEEEAK S, BR
— FHXESIEAEVSFANE ENTEESEENS, B L SR EE, X
Z¢ ABEIREZ4,

F2E b, FEESFATEESEMNEE, — 2% Bh @ e 4y82 200 6 Bk 5
BESE, Zf—MrEETSRSREL EEGRFTEERNE R, B—E%
HF S HEMTAREGE, 28 —faE, nee#IlEESEER EH
EHHETHEREE R LT BRIE, WA FESMEELERE "REFE
AL RIEESEEER, R TOBEEEEAMREEHMOERIIET 7
HiE, REmEEEMEXFmEENE R R Se—5, HFEEErEHE
fFEERETREELRES "EEVE” MECERNERETE SR REE
@ E A EFAI AR E E ., Al a— A EEA R B E RS M
EEREE PR U R EMT R ES,

T, BIHEEETEAT 2 (5) PEEEE, HEATITIET RS Tk
FIMERE, -SSR arERE 2SR itE— "BEE", TERMTAFEE.
e EEEMEMN— “nHEMEE”, THZ FEY TE FAMERE
@S EEBIHEE", BkfEE—BEE,

BERAMEHEINTE 2 iR, BER CHER “AHEMEE”, FAFROHE
{2 [ mIALEE B B AR R B, LU HE i o 1 B AR T B i o
FE, THEaH FE RS EE e aEs EEEHEET S, -, %,
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B 20

EET, LA HEFEE P SIMPL B SEBRE T LS, M 1a1] M
fEBF, SIMPL-X 5 ¢, MAstRe, SIMPL-T 5 ¢, MB35, 7F SIMPL B ok @
MM —EEE,

B2l

# [141] [142] B9ArEE, SIMPL-TE “EA—IRBFEE EMEME S 8
TR HAFE 2

s —RBFH—HFRIEAMRE TR,

s FHEAY —2RBEMNESE—ARERNMNES,

s EAIESECA, BHE, &%, oEE, 2BEH, BE, EE,

» SUBIRCh, H¥, FERSEIT,

 BEFTEMN—HE B L AERE NN R BN,

» Tl HEA FRIERAA T BARA— %1,

s AREERNTHAPREESHENA,

s BAMBOTLIZIET PEAT (by refererce) EERE{EAT (by value), 1HUIHEEE
155 [1E8T,

» dARGEAHPTRALSBHNELR, FFaTll dER mitesER,

s TR, BEEEEM,

s EOFEREAER TR, REMKE,

fI4E A1 SIMPL-T 4 0-#7 SIMPL-X M[TE SIMPL-T 2 _EHEhIn T A9—EL R4l

s HAarF—fpdUB RipE R 8 RizHEAFITSITET, NA FORTRAN S5
eI EREFETER TR PAT S,
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s SRABEAED HAIrEE{ENA,

s A ARSmENEEEE,

s FEHSFHET 12 DR E L,

s SHERMEBTOE 99,

s FHEE (5, ) MATEESEMNESELE, T ST,

ATk, @E20, 21 ARMIZSF—TERER, B8 THRASHERE
EREFESTTE. ME—MER550MSFERNTE, ARER (08,
&) SEEYEE (B T, EESESA MTE, RiFdRENEDEX
BHEYENESR, FEFRSEENEMTFESS, T, FEEFEETEERA
L3 REAY Kruth [2] SEBA—EXTFTE ERTAIESE, RiTEE 2—FEE
EELMAISFMEFEE (REAETRE—FMEANES) ", - “BiTEEES
EREE: HESRE, Bi1GTSHEEF, MESEE, BITHEERFLER,
R, THEEwEMNERESSE, A—FEMES, TRHERESL AR
i atr, ZEEEBEMEESHITRR ", 20, 21 AITMEER, £250
LA 2E mE— AR — T

BfE, B—ERETHRE, BiTEAT §2 hIEHBRETTHE KBS
EE Difkstra FIETTHE W REF BT W R BF FRSEATES, ®BAOTE AT Fif kS
HEFEEFRTIIET Preser [66] PGS, HZMEER "B—HicH 2R
IEEAFE", AN SRS, BT g 8aErai g amesg sutry
M rA R PRI ma A T, B2, BITTEAL ZHEBE NG TS 2548,
o (1) EAMEFIREMEHFESeRFRES, #LEE, EEL
— R AR BRI EEEMNSE, (1) BTFREFREE, REHS I, 87
BEELTFRE, WRAEAMHNSAEEA TN EREFEEN,; (i) FIE¥FEE
e, AT F EWELE B BhAT 1L T Bt TR B2 ARl A B T A fi Tt aY
FET ([ [132] ® Dahlig, Kruth [2] RIREHEEAERE), B, &6 FEE
IEBFOAE T fd HAK R IR O] LUAPSE R FF B E M B A F I R, (v
EEHYEEMTFES, ERERSEERmE TS A SRR E S ML T
. R R A AT 0E A wh ik B A0t T R 0 L O (A AT s BIAT B 5E R,

ik, SRS RF PRSI RIES 28 oS8 e ®, o
MSETEIFAMMNE, TUEEY [140] MBS, LR IFIP Congres 74 5
Proc. Intl Cengress of Reliable Software PG FEATCE, WA [148] E—iHPS|
HATA [145], [148] SiEE—E,

§4 SRENRERSR

FHREF BT IERASA R LIRERSR, 27 F6 THEE
gl E i AR EREEE ™, A e A A R T EETH
FHREEALZN, FEEASEES IS, BIEETHEETE— 1 EE
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ISR, ENInflih i AT IRIZ RS, ST E-MEE, & T0E S A E,
BRI EE T AamE,

(1) WEREEFE AL E 8, AN i L AT RIEE S, I MeKee-
an! @2

(2) MFEREETE TS T FE, I ETE T A TR RIEE
g, EFEAUEESTIEM Armmann' ! Basli-Torner!'*' !,

T @A MeKeerman, Armmarm, Basili-Tumer 3% =77 @8I TAE

[—) #ERERTE

McKeernan' ™' Ph 3 “SRIBIEFFG M, THOH 0 SR RTAH
A, i, @R, o SHEERERESRPERMNESHE R, B,
fhéy * BIFRAEER LRIPRETM AR R, d B RIBRE R S
MIEST, BEL, FEFERIEFNLE, CRIERERENSEE—
HEWER I TTEF AR ER, IS AR, M Ea S Eas
VR HE, MAESHEE, —RERFERTSARBAHN LS, WTE 2,

m

" i2F (WERFEIE)
WA
" T
B0 #
w Fit
G
L) R
w8
" itEE
=)
5 PEEEET
# &
" aie-+EF
W o
" 2% ( BiRErerE)
B2z HEast

HFEHF—FUETE, —ANIEREEF THEAASIDMN, TREHER,
o, HPaSseeEtBa—%, FREESHPARHAE, EEL LEMER
{24 o B £ o (8] ot T A B — TP B SRE AT B 2, BT Lewis-Stearns! ™! R BTIE R4 o0
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B ORNERAMEES, FInFASR X« X+ (Y -Z) BB SiHER Eal 4
FRAEZ (a), (b)),

E ADD
E /,I \T MUL LUE
T / \\p ".l'uﬂ.FI,/\i'uﬂ.H ".l'uﬂ.FI/\"i'uﬂ.H
VAN 21N I | I I
T« p e X X ¥ 2
| I VA N
P W E - T
| I I I
y X T P
| I I
% P Y
I I
¥ 4
I
¥
() EHEA (b R

E23

EFERHNZEE 22 ¢ s —HEEE— SRS, BT 88
SEEPMAFMETE TR LI TME, (1) EX (ERE), (2) EE,
(3) =E (ENF&ER), (4) WEEH (BNERT), MEeBRANTSEE (1) 5
EigsS (1) sEMFATET, B, —ERFSHERHFEZE, Ehmad
ER, HO#EXIE FReSpE—3 > di, ENoE4E o fER (a0
EH24), Ho “a#” FRFEEMEMEAEBHITTEMERE, "HE" FT
BELEEREEHESRITEMNMNER, £ 124 NTAEREE 2 b “&H&”
AI—iE .

EFFEE HE

BE24  ERa Sy ahh e dh

MeKeeman ATES B A AT B F, MATE 02 E BSR4 (HBEA)
TERER Y, MR FEREEE PLA B FHEET RE TSR i, FR
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FEH IR — e P R SR IR S  T /S T 8 AT S Ry, s ars
FATABEITHE,. BN, T CEET 2SS e, SaAl2E, mEsa—af
2 BEBATRD, HPi—RaERRER A S EENTH S sERaEt, B
—#HERAAAT BEME RMES (RINTS. 178, MASSRHE—F
SeERNLZHFARTARS. —BrENSREE, 3—8TERfS RaRD,
MeKeeman Fi—Tp# L FEEHERMG NSNS SR (NE25) THE#SE
fE8 (inE 26) R,

string -table = string ™

string = length character ™

length = Litd;

hit= 0" |1,

character = a | b |-+ | cormrma |-
a= 11000001,

b= “11000010°

corntna = - 1001100
BEis #FEFk

sCan-cUtput = sting ™
stiing = pointer-into-string-table emor-into,
pointer-inte -string -table = bitlG,
error-into = page-rumber ine-number;
page-number = hitlG;
line-number = hitd:
Wit= 0|1,
E26 HFERHES (F/)

HITEMIREE ERFZEFE LRSS TR, RERmEETLIER
WFLIER TR, AXERBRSZERS, ®HE Mekeeman FTEAREET,
“ AR AR EE SR AT — 2 MIE A, FEXHEMNERRT(EE SR
A oA R, RSN AT T REMNEESE, EARITERIELRE
BERE—EEAETREERNERFREF 2RI SERTERI T,

(1) BiTER (FRHMEEEEM, §ER AST) BEE—HEER (H5H
ST) G RFEESITWEM (HEHACT, BEFEL LAEmEFHERNER,
AR TR A iR e T mE 27
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Program = ACT,

ACT = scope ;

scope = syimbol table scope  command
symbol-table = [ name attributes ]~

attributes = explicit-atribates | frplicit-attributes,

E27 4hirursst

HEXHNE— “swope” WEFL—HEFEBNENE (RIEHF B DFEHA
BERELLEERF T RS S, FSTUREENER “wope” LIE—
$EEME “oommand”,

(2) EHFrWERM AR (§5 5 ADT), ElNEsid & ot it
A FEE TR AST (HEFHERETER), Fing—EFHh 1 8
VAR HEF 1 MmHARMAEEEES ( CAXED' ) Romesasiaat, M.

YAaR YAR
| =
0 40 'FIXED'

E28 fFiErAcef

(3) BRETEAXFTRMTHEREEGRERSENES (FE 2
SET)

(4) SR PETRA RS HIFRERS BEEE (H5H50T),

(5) BEEHEHEE,

A R A R S ST AR A0 i, BRI E i
F | MeKeeman'™- | REE 3 B 5008 MBI T 350-0(518E,

bk MeKeeman MREHAL M R St LT B AT E, A TR 0
T LET R,

(1) S4B 22, 24 HFTRAEE 5h40 5 58 M4r ey AN R E HiF £ K3
EGFRE, fhMBHLET RGN M E MRS A AT B AT ST LA
& ArRE R TR ERE B XA, A R RS TR PR S E
B, BFEMAE A BRE 22 524 MRETER A HEM— 6 Wi
— R A — T B ARG ST B DR h— R R,

(2) McKeeman HERETEIHHEE 1A 6012 BIE BREIT B A, XH T4
B 2E S R A A B R R 2 T DR, BT R4 A8 5817
M A E IR MR TR, BE L, e R A R AR T
DRSNS —

(3) McKeeman [23], [48] S3hiRA iHEEHIRFE & Sl AT ES
HERRE— T EE 35 E, BEU— R BEEE ST, 2L,
MR EEEE—SHLMBREE, NWESHTERIEERNEHL,
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*a HH

HE Fiksl

E 29

(i) AT EEESERFRT I HE R T R He TiEd, BEFMNES ST
Be BN 29 BT AT RIS
thab, “E{kiEfT RERE CRET, “dB7. CEHC S SEAEEMEY
(B, B =" ERIIFEXE, FEEEARATHMIIAXEZEMRA, 2HEF
WETHEBKFES, EFFE, € ALCOL 60 BRAAE S0 F 5B X S ATEH
B EEy EET PeF R, m R PR OsIR 2RReET, m
R ZhXad g, RIGEWAEEY, “HET it iEET
CERAAT PSR, AR T H29 AR RS, fErE R D R iEs
BFEEE, IME—RNYE (BEE “AFS8H” Wb, SNTRAREY
—EFE, RAREEEEF A RIFE 187 8 “FER" PEHM, HEHTHE
F—InE 20 R ATERER, RTFRFEAEME, R [152], [157],

(i) MeKeerman [23], [48] S{RHEFskeE RAEFHKALMEE, 35 HHME
fETFEREMERE, GRE—TREERSEAEEEARE, FREFEHEHE
b, HEERERFEERIZFES (0 PascaL) B FREF e ST 248
KAl BT ik M E 7L TR iR TR A A gy M i T — R
HEA, TREMRIEEENBAESE, B, 38— MREETSERTREER
SEERE, FAHEEAZ, SIMPL 5 BLSS MRIEESMER ™V HEEH, &
FiEHRAE S PR E R coTO BEfRH T COTO MiER, Ei{Ee Stk FEEE
FE#M, B—BLLREE EHEELERTERE S EA A —a HEFRE,

SR, TS, FEEER s e, InREHE ke BiRbEE
MTHRETREZANTEEFRFEI TSN IEEN, S4B EEZEFTRIERE
Grigt{bad, HINEATEEER \YZ BEE PARAREMFRLAE “HFE", FX,
B FEE SRR EGAEAL, BB [154],

(4) FEFA-MEE, Mekeeman [23], [48] HEEWR, BATNATEER
12 B gremthbet 2 R 208

(1) WMEBRGSEAETHTENREIEARHEBAERE, SRIEEFEH
B MR ES, BEN TR AR HDATES SRBFE TREMEREZFE ZH
By, H#, BEE—SF—FLFVERER CTRFRE M, BARHEY
B SREEGAGH A —SEMNAE, TEEYEES T2 A FAMTL
TRt FE2  HAY

(i) RAE 22 B 24 EHREE Q#0080 7 Z 80l R 1R FE g —u,
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EATFEAM B ZESMRAANS, B2, FFFLMEE], L ERRE
B, iR, daFHEMARRT, ETERESREIHFEIEMNES, N S i
15 LA — TR

LA A58 T BT AE B MeKeeman FE, T E-BNEEEE TR T 5
BT Ammam'P!' 5 Basili-Tumer!' ! FE,

[Z)] BFRENTE

Ammann' @4 B4R A RAGAT A winth FUE X ATREE & PASCAL
EE—RIZERET, ST BB TREAE PASCALE BT, BT E 248
e, fE, HTAITERMRERESAE—EOMEAT, ZAFEDREME T TR,
Ammarn F1EHE, BTREBEEEX, BETEHEEI—TEREZLSREL TS
A, EH, GAE RSB EIE AT T T, BE—E AWM ER N T ERE
[ 22 AR RIERRFAE BN miRde, Ll R RSlESREdES RS
HWE PR SRR, dtEEEE 0 RS,

B F PASCAL $RiZREF—REER S — 175 803 13 TRF FifiTE
B, 8—SENSAN—EETRE, 53 TRFZE WA R
— B (graph) B, LIHENEEAE, EEEASE

(HEEAT) = while (HHAR) do (BT
HABMAEEFRF S,

Procedure whilestat:

begin exprassion;

msymbal ;

staternent

end

FIrEEA
5 BT A2 tR AL

BUSHE

R

& A

|
i
T
ﬁj 5 BT AR
i
T
7

S H—g itk AN R RIERE
B 30
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A&k, expression, statement-rAlER S (T, (1B ARNAEETTE
FE, Tl insymbel Bl “FAF5" FRE, ByEEAE—FRT SHN TEss
TSR TR EARE, FRTE ingmbe Z-1-FFSTER,

FriBE RS T U RCHMER, MEEDT mambel RN FHETE
TFETEHERMSET . 75l wofoym BRI SEFTHHES, M o FTRTER
B insymbol EEMIFAEITE, NEdR—FLE, 5HREHMEAHETFRF
ElI#g{E .

Procedure whilestat;

hegin expression;
if sy = dosy then insymbel ;
else error;
staternent
end
Mak, “desy” BT “do” BIMIEIRGD, TE eror FRFHLERSERFPFEE
RIS, BREITITE TOERMAEE, HETRAMMEEEESE, T ingmbd HE
EHELE R RS EBNTEE R X (T Infah B e 5%, 2—4H
BEAE ERRET,

BETEEZBISTPEE, MESFHEESE, B, S8 “EE", “&F7
FEHE,

g, ENEERS FT SR EE, Wing @ TR EE RSz
SHEHREZE—H; sRARESEEMNZE, sEMEIAXNEIF—HEYE, &
e BE G MRS RRERMEE, T TEREDR, L compype EREHE
HEE—HANEE, BAETE whilestar $ I B 22 EISIRTE 1T expression B RET
BERMERT S boolean B S Z—F45{d, ELRE whilestar BISH,

Procedire whilestat ;

begin expression;
if 7 comptype then error;
if sy = dosy then insymbel ;
else error;
staternent

end

BT—#, e TERTHENMEABYE, ZFEEHNFEYL, HEAH
H, @

(B, EM{E)
BHE—TEHBEETR, ki, dTFEE, AR EHRIHMREEER, FREEYNE
HE, BN [155],
B S EETRERAEER T, i CODE EFHMENIESTERE, or AE
—F-ﬁ?, gerinstr ﬁiﬁfﬁ%ﬂqﬂﬁ, insert FT @ﬁ'@fﬂlﬂiﬁkﬂqﬂ&, ic BRIESTT
#EE, BEEINS HENEANAEITTRE S,

-3 -



ERrRItSEHRERES

Procedure whilestat:
var laddr; addrange; leix: coderange;
begin laddr; =ic;
EXprELLILh o
if comptype then geninstr [ falsejump’, o)
elee error;
load, =cix:
if' sv = desy then nsyrmbel
else arver;
statarment ;
geninstr [ “urcordjurmp ', laddr)
meert [leix, ic)
end
b8 EARAF TR T — P PASCALSRIRE SIS SRR (&
EBERFTFH), Ammann A SRESHELTHTEEREEMNREES OEE
FIRT, 248, ERAENTIeES hEE fv—2 BLIFATIHEA R E HE—AtE,
HIERFN . BEREFEERACRE PR EREE SO LER,
BATEAZLS2 (B) FEGEE, “RE—FETE TAERETEESYE K
A B R A RN R S — PP TR el R e L AR AT FE A T T
BIETTAE", E—8, T Armann [47] PFRFEER, MRV EEE—FPHET
TR R ZRITRRERFREMER AMNER, RURE#73—FREES
BELFREL ERATEME, M Basili-Tumer [141] PEEH “REHFE” B9 FE,
F AT — G AE e F A TR,

(=) REVERT®

Z [141] B8, "ER—BEEREEFETEE mTE T ERER T8t
BN, B2, SFEHRRMREASEYAMER, SHERELIFELRFINEE
rH, BEAHeEER b s e THEER Y — FRHE R afE LR+ A8 5L
B EAEE, BHRAMHEEY ESIENE RFE SR E T
BREUE, FENENEYEFEEL ST,

*—Fhi B AT AT 2 AT AR 85 (3] A — -8R T f E I HL TR SR W g AT S 8,
smESIR FHeli A —HHEsX e 29, ETRABPHES—&, AT
 FEHEERART, MAAfZH#ITESuhEEME, FX b, WER BT,
WMEGOTHINRES, BES—SRATE A RETFEEZERER, o
i, “REYRE BT RARERENEHNEE",

EW, "EEYE FEMEETECFE (1) IO ERS BN RET
(2) o]t B AT 46 5] AR B TSR AR a7

(1) M MEESF BRINE

FrRsRa—r "REEFE" AE, HRAE 6 8- TR BT 895
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MEFLRSEMMEIRMAE, "REVE" Ma28#7—45, NEMEPH
EMERMES, HiEFT—4MuARES, 28 SiEd ks f9EF g
it wmEEE, RS ST W gt A EES REYET B
Fl REEHET PAFSESSHCEMERNLE, EPESERAFMATESd, HBIE
“AEERAWEMEAERET AR, 2ERRT MRS ER, LA
FHFEERF AT MRS, BT LIE R, “RERHE" MHFLEEE &
SY B ARMEITRESERE, TS N SR ErEaE, maf
ITEE S MR AL E R A, A “EAmriisE R, RERH HEH T
RS,

(2) Wl ERATLS B ARRY T S 1E R A

EFHRGEEMTE, WAFINTEREUI#T2E, “—MMIEEMNTERZE
& T e ol g0 7 MATE HATAE, TETE., FTESENIH, EXHE
BHE AT AHARREMES, B FAE S SR BRI, i —EiR HiE
BHEFRGEERHNTET, EFEH, UHERIpE ARty & S E AT,
FHEE AR TSR N B AR A, B TR RS LM E S a Ry
EFEe,

Hg L R M i B AR TR B L ATIRIE BT, CF ST HATME ARIE RS
MYEH#EREE LAM—MMHERETEE L AME, MEE L UWE LA—8 R
HETFEE, BT TR C, WEA FZ (LEASTNA) TE CH—TX
BT, M E, ERE—MEE LTHEMA TS CH—TFTE®C, HEFR
BETEFAEFHRZNMERTEE L, MEETHRERE TIEAE MR EABEL
EAMEERIEES,

AOETTE 1, Basili-Turner B¢ B IIEHE T —8 E1 SIMPL B HRIERS "=
SINPLERAT - HEMIEE H SIMPL-T, BEAFEHESEGRIFEGA R, HTHRA
“EEYET MFEAE— SIMPLT MRIZES, AR SIMPL-T A T1EE SIM-
PL-X fEAMEMNE S, EEAREIRERN B RIFMITEE, 2F SIMPL-T &5 S5IM-
PL-X BT EAESEE, BATEEAZSI (Z)(C) PAE, BE4E,

BB AL, 0BT S TFE R SIMPL-X B AT BRI IhER, NN T Eig
EHE—&, BilFEdl, ERFEREEENBE BTRETTE- TN 2R PR
H, BARMEESTSEE "REVE" 22T EFENTH,

Vb B THESEEGREESMN =BG NEENTE, F&FE, 2=
1 HZ2HERMBEEAAE, Bil2E#F2EFA58, 2B FE
BIEHESTE—TEEEE, ITHEEEMREESN, —F @XEE—MHFE
HAMFEERIRS, FE—EMENME L RERH ZET "EEVE", B
— 5@, HETRIEESSENCAENEITHED, woaiB 55 22, 24 830
BTSRRI T ATIRIE B S0 B A A,

A, FiEEuh, HRFRIFEFMNTHES (HTWS) TRIFEFEF
FlFIFEF SN, ORI RATE 2 (8) PEIIE RIFEFEERT
BE”, Bin. F Feyd-Evane FEH S8 RS HETF J0S5LE AEHEART
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BETEXTERF, IABU{#ER 5 X P FIR T, {85 F6Th T8
S5 BFRF RS FREW, ETHEDZMESR, MEATREEEPEBTRIEFH
LRI, InEWH BiFE4SAT “CODE” B4 (8 “geninse” TEH]), HEIGRE
FHigEnsS . TESM “ALLOCATE” EES, idmasiisd, #ET—HiE
R, TEEEAMIAR, MREEREREMNAES, 2Rt ET
By, O 5 b N ihaAR iR R T,

§5 &£ R &

TEAZT 2 PERAIESEEEY. BIVFIEE §2 P “SHBFET MEY
FEETiTiE, MR RFESE LT T ET LA, BT ST F8R
EE#HITAE, FHRERFMRE, ATFARFAFEFEBEEHERSE, BITZE
TERAF LZA A G — L EHEFRTT REEENENL, LEST REMER
iRz,

[—) X EAEFRITIRRE

a8 W iR A R 2 P. Abrabams Y GE, fBTEX [161] R EHEFEH
I “ESEHRRFETEEENT, bk, InahEg e KRR E-TERE
o, FORREM SR, SEREWAAEEEET —En i, EX
EFm, “HE, BATROTERE LN iEHERET AFEA DS RN
FAE, EHAFATVETEN, MAEZEEMN, BARE TS &, TINE
BEEFEEHHREFAL, HERFEEHRHFHL,” fis “SREFaT”
HESLLTRNE,

1. F& SRR T AT R AsT,

2. BRI EER, mEETERREMETTEREN,

3. BERET S COTO,

4. BB E A TR,

5. #ReEE,

6. F2FF EHEATUERT

7. ARHEFEAHTREFRHAMNERE,

fhid 4, STEERLEMTHEELERE—LHE, fxdEEPFEEERE
BY--e - FEBERBEEEL T L,

1. FTERAFT L B8 ET B —R B g,

2. AETH B & coTo, BoLISERFa TG, mARSE
COTO & 2—HEEM,

3. BFUFTREF EWREAGERT 25T Inf SR T BEER AR,

4. RIS HEAT TR R AR AR IR LIER T8 FF TARE ST F L fRH ]
VI SEORMER,
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5. RS R AR A0 A9 AT AT (8] AT F AR A R AN A T SR L R e R A T
B 4

HFEBY, InRSEHEF ST SRR EATERE, RSE L B EE,
MsE S EFR- T EIRAEE, SN, nREEESEY, 45 RIETL
gl o

(1) s REN T EETE T #7, 8— BN EaM RS ER, m
L, —RBEMNESTTEREETEREE—& TERZARA, angZg#F, 2
#, HiEf T2 A ME P EEEHe, 2R, BB TR HadEY
TRIETE T FA#ET, NE2ETETHEIE X SHEER MBS #7188
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XYZ: A Program Development
Environment Based on
Temporal Logic

{ Programming Languages and System Design, 1583)

OVERYIEW

XY¥Z is a Program Development Envirenment conforming to three ways of prograrmming.
pregramming with flowchart, pregramiming with higher level languages and pregrarmming
with specification. 1t is built arcund a family of transfermable programming langoages whose
unified logic basis 1s a temperal logic language XYZ/E, which is both a temporal legic sys-
tern and an UNCOL-like intermediate programming language.

Ameng the most influental Program Development Envivenment systems, Comell pro-
grarn Symthesizer [15] and Candalf [12] are well known for their symtax divected editors.
Indeed, they have the advantage of unifying the different phases of the program develop-
ment procedure nto a coherent integrated system. In spite of all these, 1 still find, there
are some aspects which seem not very satisfactory |

[1] These systemns start from the editing phase of programming that presupposes the
user's program having been composed to some extent before using the system. In omy
opmion , it would be more useful if a program development envirohment sy stemn starts from
the design phase of prograrming which would invelve more try-and-emer activities

(i) All such kind systerms are orferted toward higher level languages whose symtax 1

bazed on phrase structure grarmmar. The embedding structure of this grammar seems not con-
sistent with the stepwise nature of dynamic execution of a program in debugging. In my opin-
ion, a program in flowchant structure 1s more sintable for this purpose.
[i1) In fact, there exist three different ways [levels) of programming, program-
ming with flowchart, prograrmming with higher level languages and prograrmming with speci-
fication. Each has its advantages as well as shortages in some application fields An ideal
and universal prograrmming development envirohment had better be designed to conform to
all these three ways of programming.

There are many different desirable qualities required of a good pregramming language,
such as readability, writability, suitability for logical reasening ete. Until new, no one sin-
gle language can be taken as an jdeal model good m all these aspects In my opinion, it

might be impossible and even urnecessary to make effort to invert such a single 1deal lan-
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guage. From the standpoint of avtomatic pregrarmming system , if, instead of one single ide-
al language, a good system can be constructed, which contains a family of coherent lan-
guages ; each of them has one or two of above desirable qualities and there exist in the sys-
tern sitmple transformations which can translate a pregram of one language nto that of the
other automatically, then the system as a whole can be locked as having all these good
gualities. | believe, this might be a more practical appreach in the design philesophy of
pregramming languages.

As Haberrmarm [ 12] rightly peinted cut, "1t seerns that the development of imperative
languages has reached its limit. At the same time we conclude that these languages have
some seriols drawbacks regarding their complicated semantics and program venfication™ _In
recent years, there are a lot of efforts in constructing logical languages, such as those
functonal languages hased on h-caleulue and preleg based on predicate caleulus. In spite of
all their achievermerts, 1 find that they either suffer fram the limitation of application areas
or depart too far from custemary programming practice. What 1 am deing is to show a termpo-
ral logic language can serve as the unified legic basis of customary programming, 1te own se-
mantics 1s very simple and correspondent to the flowchart and there are simple transforma-
tiohs hetween this UNCOL-like language and the comventional Wgher level languages such
as pascal.

This logic language has the advartage in logical reasoning such as verification [ 18]
and ferral sermantice [9]. But it ales has it awn shorteormning, 1. e naot very readable. So
this is not a language for commen use.

But there is an external form of this logic language that can be obtained from it by ap-
picatdeon of some simple abbreviaton rules. That external form is a readable flowchart com-
mand language, connected with this language there 15 a flowchart-divected editor in the sys-
tern. By means of it the vser can design, adit, debug and implement a program with flow-
chart structure. The whole program development procedure 1s done interactively with one
window of the display showing the graph of the flowchart, another showing its corresponding
prograrn and a third window showing an equivalent program writen by higher level langoage
[& g pascal), which is ohtained autematically by the transformaton built n the sys-
tern. There is also in the systern an analyzer of well-structureness of a flewchart. 1t would
tnake a caution if any bad-structured flowchan ocours

The systern also contains a meta-language which is suitable for describing the semantic
transformation from higher level languages to the temporal logic langnage [ or its extamal
form 1. The ransformation so described can serve both as the formal semantics of that high-
er level language and as its semantic-divected compiler [9]. There 1 a simple way to imple-
ment this transformation.

This systern not only can accept the programs of PASCAL [ even hopefully, ADAT,
but also has its own higher level language XYZ/C. It 15 one oriented toward Chinese charac-

ters processing Perlie humoreiely points cut in hie philosephical epigrams [ 14]: " Chinese
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ought to like APL, but they spend their meney in Fortran. ™ " Matuoral language 7 not natu-
ral in computers. 7 Our XYZ/G s a hybrid of APL and PASCAL in the sense that its repre-
sentation 15 of APL style but its data structures are PASCAL-like. Its basic stucture 15 also
consistent with XYZ/E. Besides, it aleo contains Modula-like modules.

In connection with this language system, there are a group of tools, among them,
thers i a chinese characters processing system XYZ/H based on [ 3] and also a parser gen-
erator XYZ/ PG based on a two-level grarmmar [2].

Finally, XYZ systern can also serve as a tool to synthesize a program under the divec-
tion of its specification. This tool s hased on a method [6], [B] that is to derive the stric-
ture of a program by analyzing the logic constants in its specification. This 15 an approach
sornehow siilar to Dijkstra’s [11], but we have cur own particulanities

(1) Owr ermphasis is on the analysis of gquantdfiers and other logical connectives in-
stead of the latter alone.

[2) We derive the sructure of the program by analyels of both the pre- and the post-
conditons, this approach can aveid lots of difficulties which would cccur if anly post -condi-
tiohs are brought inte consideration.

[3) Our formal means is an eatenzion of flowchant called assertion flowchart nstead
of wp.

(47 The net result of cur methed 7+ that to synthesize a program from T specification,
what depends on designer’s knowledge and creativity are only,

[a) to change exit assertioh according to the cheice of algorithm.
(b)) to insert assignment statements into those nodes which dewermine the values
of variables.

Cmly these parts cannot be generated autematically from the informations given by the
specificat on.

The program so designed is a flowcharnt program which finally 15 mapped inte X YZ/E.

THE TEMPORAL LOCIC LANGUACE XYZ/E

In XYZ/E, a variable iz distinguished from ite name which 1s a character striing consisting
of three parts: the leftmost part s a type symbol which is either a capital letter 17, “G7,
wg

string, a Boolean, a pointer referencing an chject of tpe X or the rest (1. & a label) re-

. PR or empty to denote the type of the variable being an integer, a character
spectively; the second part 7s the oot of the name, it is an identifier. The last part is the
index part which i either empty or a series of nodes. The node can be an identifier with a
hyphen preceeding it or an integer grouped by a pair of parerthesis. The first kind of nodes
represents the compenerts of a record; the last one represents those of an array, & g labe
[ 3]-age is a narne n which 1 7s the tpe, abe is the root and the rest is the index. Related
to the concept of a name, there 75 a kind of expression whose value 15 a name. It is called a

narne schema. 1ts form looks like a name, except the parerthesized node of the index, in
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which there is an integral varable instead of an integer . e g labe [# Kabe] -age. The cap-
ital letter K represents that the variable is a comter which only takes positive integers as its
values.

Fora name v, “# v7 is a general variable. It represents ts value at present time t,
“o# v remresents the value of this variable at ime t+ 1, i. & nest time, so “c'# v re-
presents the value of this variable at time t + k. To make use of this convention, we can re-
present  assignment” , say v — u + 17, by an equation "o H v = # u + 17 and
“ump”, say "goto 7, by an equation Yo #lb =7 where "1bT s the name of a svs-
tern variable which s used to store the current control label. Conzecuently, “#1lb =p” can
be vsed to represent the defiritional cecurence of current label, e "p” . We call these
two kinds of equations with # b cccurring in it "lb equations™ | 1t represents the control
flow of a prograrm.

Itis easily seen that by means of these |b equations every control staterment such as
looiy, case staternent and compound statemnent all can be represented. Similarly, we assume
1, ©, B as elementary data trpe. Every data structure such as array, type union and re-
cord can be constructed from these elementary data type by means of control flow of itera-

tigh, disunction and sequencing, which again can be represented by b equation. We call

w ] a2 a2

“C7, “B7 allocational formmulas. They are intreduced i order to omit the type sym-

¥ ¥

bols in the name of variables.

XYZAE 1s a many-sorted tarmporal logic svstem. In thie system, “1f. . then. . else™ can
be used both as propositional connmectives and as espressional conmectives. It contains modal
operators “ (17 [necessity) , " 47 [evenwality), “o7 [newt time), " U7 [wmtl), A
name schema is taken as an expression. A program s a well formed formula of special form.

O[P=G: ... P,.=0,]
where " P =07 represents “if P then (), else T7 . Each P, always has the form “# 1k =1
AR where Risa predicate W R ie T (true), then A T7 can be orited from P_IFR
is not T, then there roust be in the program a =0}, j#51, where P, is of the form “# lb
=1l A 9 R” .Each [} is of the form 5 A o # b =m” where 57 75 a predi-
cate Similardy “T A o # b =m” can be abbreviated inte “o #lb=m” _ Each P =0} is
called a "econditional element™ in the program. A program is always decomposed into subp-
arte with brackete "% [ _]7, "% o[...]7, "% ie[ . ]7, "% w[. . ]7 and "%

¥
a[ ... ]" to represent input varahle declarations, autput variable declarations, input-cut-

¥ ¥

put variable declarations, local vanable declarations and algerithm part respectively. These
brackets are msered into a program only for the sake of enhancement of readability.
The following is an example;
Exarmle 1. Square root
O [# 1k =Sgqt=o # b =Im;
W i[#lb=lm=] A ocHlb=In],
% o[ Hlb=In=]1 A cllb=1k];
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% ov[Hlb=1k=] A ollb=Ip
Hlb=lp=] Ao#lb=11];

M oa[dlb=11=cdk=0Mcllp=1 Ac#lb=12;
Hlh=12 A dlpedlm=ollh=14,
Hlb=12 A B lp=H#lm=oc#lb=13;
Hlb==cdlp=Alp+2+ #1k+3 A o #lb=15;
Hlh=15=cd lk=81k+1 A o #lh=12;
Hlb=1d=cd In= 1k A o# lb=sop]].

Obwicusly, this language ie very simple, but it is also very stong. Almost every es-

sential construct of corventional higher level languages can be expressed in this lan-
guage. As a logic system, thete are many characteristics that can facilitate deing reasoning
on a program. E g for any program ©, a subgram 5 in it with P as its precondition and )
as ts post condition can be replaced by the redicate P2 &0 in the process of reasen-
ing Based on this idea, a verfication method is introduced in [ 10], that can be used in
both topdown and bottom-up programmming. Besides, mtermittert proof can also be ew-
pressed in this system.

A FLOWCHART COMMAND LANCUACE XYZAF

The flowchart command language XYZAF is the eaternal form of XYZ/E. There are a group
of simple abbreviation rules, to apply them to a XYZ/E program, they can transform it in-
to its more readable extemal form. The statements in this language correspond to various
kinds of nedes of a flowchart So it can be vsed as commands in constructing a flowchart i
some kind of flowchart divected editor 15 constructed in cormection with this language.

The abbrewiation rules are as follows.,

(1) To change each b equation of the form "8 lb=m™, "o #1lb=n" into “m.”,
T respectively. To change sach assignmert equation "o # v =ewxp” into a convertional
assignment statement , sav, of the form “# v — exp” . w0 omit the type symbol from the
namne of the variables. To ransform each paived conditional elerments "1, R=mwl; 1, 7 R

2

=m2:” nte an enclosed form as: "1, [R=wl; 7 R=m2].” which is called an en-
closed pair.
[2) In XYZ/E, all conditional elements in a program are commutative. Mow we fix
their relative position i program according to following methed
[a) to move any conditional element with definitonal coccurrence of a label, say

1

just subsegquent to the conditional slemert with * T17 at fts right end, if the lat-

,infrert of i, eg Y1, =m” o Y1, [R=ml: 0 R=m2]7 to a position
ter is not i the scope of an enclosed pair. If there are more than one such condi-
ticnal elements, then choose any one of them as the predecessor.

(k) then, to omitthose “gote” 5, f.e “T17 or “ A T17 from the condi-

tichal elerments whose successor has defmitional cccurrence of this sarme lakel 11n
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frent of it. In the algorithr part (. e within the brackets % a[ ], for a defi-
mitioral cocurrence 1T a label, say 1 [iie. “1.71, if there 1s no conditional el-
ernent in the program with * T 17 occuring in it, this definitional oceurrence of
the label can be omitted.
[3) To cancel the symbol " =7 from the conditional elements with a definftional oc-
curence of a label rmediately preceeding this symbel, 1. e these of the form "1, =™,

[T 1) a2

and to cancel the symbol ;7 from those conditional elements of the form 1.,
(4] For any sequence of formulas separated by semicolons, say Al; ...; An, thers
are grouping conditons
[a) only the definitional label of Al can be referred to from a poto staternent
outside of the sequence of Al, ..., An [i. & no abmormal entry ).
(b1 only the last conditicnal element of the sequence, say An, can contain a
goto staternent referring to a label cutside this sequence. [ Mo abnommal exit )
If these conditions are satisfied by Al; ... An, then they can be grouped by a pair
of square brackets and called a bracketed sequence. A bracketed sequence corresponds to a
subflowchart with one entry and one exit.
[5) If a statement 5 preceeded by a definitional cceurrence of a label 1, i 20 "1,
57, this label is referenced by only one geto staternent ™ T17 . Then this goto statement
can be replaced by 5 and the statement 1, 57 can be cancelled from the program.
After applyving these rulas to Example 1, the program is transformed into the following
ferrn .

Exarmple 1 [cont. )

[ somt:
% i[m: 1];
T oo[n,; 1];

% v[k: 1, p: 1]s
%oa[# k=0 A Hp—1,
12, [HpsHm=Hin—8k AT stop;
Epclm=[Hp—Hdp+2=8k+3; 8k —8k+1; T12]]17].
The symtax of the commands can be summanzed as follows .
coormmand =0 = Casslg > | Cgoto > | <paras | <par s | <oomp s | < label =

< cormmand =

Zassig F oy = < var = e < eup

cgote > = [ <label » | T step

cpara = o = <elem seq > A <end elem = | < goto >

zelem =, = <assg > | < predicate > | < comp =

cend elerm =, = <elem > | < goto >

celemn seq =, = <elem = | <elem seq > A <elem >

cpair o= [ < predicate > = <para > < predicate > = <para > |
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<eormmand seq = = <cormmand > | <comrmand eeq =0 < command >

coorp F o= [ < cormand seg F |

Itis easily seen, that the commands other than " gote” and " pait” correspord those
flowchart nodes with one entry edge and one ewit edge; “pair” corresponds to a decision
node; "pote” comesponds to the exit edge; the definitional cccurrence of a label eupresses
the name of a node If a cormmand with the right end " gote™ omitted, 1t means, jts exit
edge leads to the nest node.  “comp”™ comesponds to a subflowchart with one exit edge and

one entry edge
The flowchart corresponding w the pregram in Exarple 1 s,

aqrt

™

==
o

Reh)

h )
[ —C#p-T]
12
¥ T
[Fp — #pref ki3] [Fn = # &, Tauwg)

Cornectad with this command language, there is a flowchart divected editor which
contains many other cormmands. By means of them the user can edit, debug and implement
a flowehart program.

Although the flowchart command language is much more readable than XYZ/E, it s
still mot a higher level language in conventional sense. In order to transform a flowehart pro-
gram into one expressed by conventional higher level language , the system needs w check
whether the flowchart 15 well structured. In the process of designing the program, ifa ™ go-
to” 1s added which gives rise to a bad-struetrued loop, the system would make a cav-
tion. For a well-structured pregram, the system would automatcally transform it inte a PAS-
CAL-like program.

For example, the program in Exarple 1 would be transformed inwo follewing higher

lewel form.

st [ine m, integer; oUt” n, integer]

begin var k. integer: p. integer:
Hke—D0;, 8p=—1;

while #p = Hm
dobegindpe—#p+2+ #k+3; Bk —Hk+l

end
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end
in—#k
end

SEMANTICS-DIRECTED COMPILATION

As a temporal legic system, XYZAE's own semantcs is very simple and can be sasily de-
seribed with denctational methed witheut such difficulties as “continuation™ . On the other
hand, there exist sitnple transformations which can map the semartics of any higher level
languages such as PASCAL into this UNCOL-like intermediate language without such com-
licated problem as constructing symbel table. We call this approach two-level formal se-
mantics and take such kind ransformation as semantics-directed compilation.

In order to be adaptable to programming with higher level languages, XYZ contains a
metalanguage B-equation [ or XY¥YZ/B) which can be used to deseribe the transformations
from higher level languages into XYZAE. In this description, there is a [F-equation corre-
sponding to each syntactial production. In the process of transforming, first, parse the sm-
tax according o LRk ) grammar and then, do semantice transformations irversely: corre-
sponding 1o each reducton of producton 7, de the semantical replacement with the i* B-e-
gquation. When this process is finished, the transformation i also done.

In following Exarple 2, 1t is easly seen how to use these F-equations to describe the
formal semantics of a simple language. There are some meta symbols of this meta langoage

1%

used in the deseription; “B7 is the name of the semantic mapping; "< i the symbol of
replacerient. In addition, there are some symbols used to indicate the context sensitive se-
mantics; (1) “|m™ [ " [w]7) espresses that s an upper [ lower) context, here [ |7
[ " TT7) is a pair of upper [lower] contest grouping symboels. (30 “[7 [ " [-]7) iea
location symbol for upper [lower) contest.

In the process of replacement, when an upper [ lower ) contest location SYMBOL
“ETOC" [T ocecurs, the action 15 to replace this symbol with the rightmost ([leftmost)
upper [ lower) contewst which scours on the left [right] side of this locaion symbel. In case
a pair of context symbols oocurs with an ey comtext in it, then the svstem generates a
nEW tarms into it

Exarmple 2. The sytax and semantics of SPL

no.

1 <decss !l = <decl =

B« dacs > —F < decl =
2 <wdecs= i = gdecs ;. <decl s
B < decs = < decs =, B <dec =

3 <cdecl == gidxy <type
Baodecl > | Bid= 1 [P <type =]
4 wdeel =0 = 2idx . <decl =
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Beodecl == B<cid= ] [[]: B =decl>=
3 <type o= intsger
B« gpe = —1]
B <type> !l —array [ <eap =)
Betper kL= <exp =] (#kLD: 1
o# ki =kl+ 1A T,
T o<ets =il o= S
B st x—f st
B <atsax il = Sate xSt
Bo<ste > F <ste >y [t
9 <S>l = Svarx, = <eup
Bt —efcvar> =B <eup>
0 <stx i =for<vars ., = <exp > to<expr,do <t
Bastx—of<var: =B e,
Ll: Bevar = =G <eup =, =F st >
sh<vars =fB<vars + 1A T Bevars sBoempe,=

FINAL REMAREKS

These are only parts of the system. In order to make this paper not too long we have omitted
many contents. E_ g there is an APL-PASCAL-like language XYZ/C which i oriented to-
ward Chinese characters processing [7]. There is a tool that can be used to derive the pro-
gram structures from analyzing the quantifiers and other logical constants in the specification
[B,8]. We also have considersd the Tssue of composing wiable systern versions out of com-
ponent specifieations as what has heen done in Candalf [12]. A werification methed relat-
o to ternporal logic langoage has been frvestigated [ 10].
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W39 0 XYZ/E BTRRFF, SRR ST—8Ea 8K, BREE N E NERE
AR M T RFEER . X HFTE RIS EHY ohEE N 28 I REATR T 28 BT,
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M SERAREZETTNA, B F XYZEEMEREE, HEY EZ2F Ak,
H i fh rEEna g L dEe s, A2, RREZ2FRTREE SRS
BH, BRERTELEREETERERNSEE NS ERE, IEE—REMRY
EREAZENEM A REENESR., THI4BENSE,

B EPTE, STE N EIEY REYFES mAGE R, R AEIRRR, R
S AT FEAE, Bt R aE TRER, AR F—
FEiE, SRR @, TERTER I8 BEE A6 RS RIEE R EH T
P TRES, BERSHEREEN, S THAETEEMENTE, S FAELANE
HAFEREAE—ERIMES  REEM SR, TERERAREREN,

§3 NTERNAREDS

ATEALE TRE HBEAE VR LR B RS AR W, A2 AR AT
BN R EERET &4, it HEAFSAYS TR BES, BN AT
BEELFEGMEAHE, ERERASEA BEITE, &—T 440 2 5 A7
BERAME S PAER CESERET . TR BRR,

(1) EHIERE TASFRETENSYSGIEEESHEHAT Y FER
B, ERAHEIESTHEMAOYGFRICEIE, SRS HEMRR, Bl
TEMNFASHAPLUEFNERAR, SRESEZREZE Xero BFERTIFFY
FHEBEE SRR, BREES R ERE, REMATERARFRTTE, &
EFSE—MEE, BETLEEHNEFFRELE, NEEEF. RIEEF, AR
FREFEFSERAOME, I0 Ligp 8, Comed BEESHRE AL TES, &
FREEN SR T E— RS, AV TRENE, hAaARZ A CASE, TEAFE
BREAZMETTY (ETEmFE), 2F—FH@EsFRiEe, BEsETa
ETRIEBEAERAZEEMNTEN BHNEEMERES'™, I Creen, Balzer,
Cheatham, Luckham, Rich E-&4ERY KBSA, BEFERHSEZEBFRES-WT, &F
FAEEM B ASTEEAE, NinE., BEFHXAE, HEEM Riddle B H A#
Kishida, Seito F4MFHT S0A BE, HY G ZLMEEA MG SRP T 2 MITES
—F—thiEMEEZR, MASI TR XEAFER, B Kneg-Brickner, Broy, Can-
singer F4MF AT Prospectra BE N2 LIMUEE ¥ B R U0 B4 000D, 2
FEAFFESHEESHARNE—FE—ERZP, ZE2 - +EFREHNERF
WA RS SR AN, BITME RFEEERFEE ST & A RRE,
ek, EBBHTLARESHES, QBHEsutmERE, BEMNH, ZBFE0
WEZHEFEER, BFELSHEFAEEN—RESES TE, xvZ 25 bE2RE T
—EHPA—IREE, AEXEESEPRRitRSEFRREEETECHEA, T

D EBSA - H FW A Besval, FIAON X3 . Harvad . Smnford B NTT & BB S 60T - REF S € 1%
RS, Pmospecra Ml ZH Baver B TP REEHEERE. S22 HF £8F TEF @S R FEEO TE.
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5 E sk ik X 07 mREN,

(2) mSHESEFEE BEEAEZESRS— BB a BimmE e
AN{EITEEE AR FL fif L EAE CEAMT, RE2EHMEBEERMNFE,
EL L, BV ESGTLERE—TH—FFEsHENESR, SR EESEHEER
MRS, REEASKEE, HP L FMEEZEYH “8EiE” it Tl
M FEFTEMFEREIIVEEES, THREEENIESE EFHIEEREEN Hi#
HEH—EET—EH “FEH" pREG, V8RBTS0 5 G M
SUETFESHMERAT (HRInEF SIS S84, $taqsEEnl{EHE
PEHMEESEEHSEE, WEHTESEEFBHMERAY (HINEBEEER
BiLHEE), MEHEAUE, RFNHHBTEEERFPINES T AEEEA
7, MERFAEMNE X EESHMNIBE SR, BRESPME FMEBEEHT T
TESEMETE, B, BE, GHMRE, B, AT{RIERFIR, ATEBRE
FRITIERYE, dATHAPEEXMEEELE REEAMAER, ATHEH
HENFHERSAMEHPEELAEEREERTRF, MiEtatsHfaE
EHMBGETHESRE RIS ETHR, 3faRAXKERY G asER
F, EBEGTE, 05, OEH. T#F, BRIEIAES FEMER, 202
EHEFRITITHEE R SR FEEMNEANES—, EE BT Star tT8(H, &
Balzer, Cheatharn & Green # AT “FadE™ i, MEZLMESEHESEMA, *
Fie g Zsr A HEA SRR T,

EAAEIRE IR ET BT Ada P “Package”™ B EHEMBHEE RS,
1 R SR Barma R e A EET A RETRL A, aXE
SRR ESEBRT TN SE YR FAY, BT T E AT AT LARE S it
HdF g EREEFEENHA, 3L L, BREZE T dESihE 8N Hik
MERTERE, FLMHESEHPESHEINT &,

EFIEEE LA R MRS S0 Meta TV,

EF RS Y AR S S0 08), Larch,

BFRE A EHEE S0 ALANDIN,

BFUTFF EATE R S S 0 Terpura, XYZ/E,

B F—BriBiENEE A9 S S E 10 Prolog,

BEFREESEMEEHEREEIZ SETL,

B F i AT S HE 00 Clear,

EF lambda FEERTHE AN M AN SEERTLE SR 2— & #HE
EA60 ML, FP, SASL,

PHMMEHPEESFEET—HER, BHEELRIG IEFEMNTIHR, ¥
iR EE—MEir M S AT ARER SRR BT R, ITE
XYZ/E SV FEE i SR, BT XYZ 0088 fRIBE R o, BESIAR
PR R TSR RS XYZ/D5PY BEN, N FEEEERTRETIRT
FiEPFEEA A BE N, ikl #80F Larch Y77 FoR 16 0] L S A AT 1ERT
BN, MBAFASESER, 23X, BEREITEELEGOSEZRAERT
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BIE AR, I MetalV FIESERFRTE Y FEET R, Popecra B
G tp MR FAEEE Y 18R Y SR EREAS S AIHE,

TS WRREZS, BNEERRE N HaE M, B {48 #—
FhorE:, EAMTHEYAEN TEERRE— O EN AR AATaEE, &
HERFERREE, BEHE, FAHUT Lk, ™

(a) B4 HISERE—FEDFE, TERSHEE HFERRETE R
TR R, INREE Tk ¥ Baver ANE PRI HIAT CIP B &L, £+ EEESN
LU, BT EFEENANAFER (mEST), BiTRET okl AisEfiE
BEHREEERFMNTE, BE—HENT, ESIRY aaRn s EHEN,
BEEZ—SUEEMNEEEL F R a0ER, S, Hwdva A (o ovu
BT Scherlis) XS E AR RBIE L, Schedis FRE TN “HERFEETT,

(b) B&#&4 HRAFZEIEHAMNERASEAMSHFERRAERERFN T
e, 0 Marna 5 Wallinger FTIFH1AT Dedalus BS S, {BTHIEF FHREIEE T I35 R
FRENT —LERRFFR ARt N, NS TR E R RETE N, TE,
LA ES M EimT Y ER,

(¢] A®ELTH HREFAMNESIH—F, Mativ-lof BFERERIBEM
HEEHE VS EMERESR, B0 CExA(x)”, HRiIMERE S “HFEN
e, TEE A(e)”, 2F “ExA(x)” #9—PEEE, h3ME—HE (c, 4,
Ak ENZETF Ale) BI—MERH, MM e, FX L, FEZTLAFEHN, B0E
FE B C (R, & “ETF ExAlx) BIIEEE” HTETH (ZceCIP(A
(¢)), b PlA(e)) FBRFETF A(c) AEIMES, DEASHNEN ZERBHEEH
i, YT FSEEEHTERs T —MERE, % H Constable A1 AT H B
IE B AL e B S R AR AR AR R, M B SR AU R R R AT B AT iR E
T, i, EEAEERREEPEEEEA ST, B, RHMHFEIEHFE
FESRA, Fid, E-HEEMBROLSETREERER, SEEMN—SE, TRE
fiTaFEIT RIS S1E HiE HATRH, NEMANMEEERFM SN TEEs
rE, ZERE—TAFESEAEEE, B, TLEE s, 2568
R EER S, FETHE FAMERT RS AR EHEREIE, fERE
ANEERFERAAGERNETLMERT AR O EMRERE 7 X2 —THBF
EHITFE, T AYZ PERATSFEH S SR P HetEF 8 L2 3| H#13 |,
EATEMEARIES ( Where Part) FLLE S, ¥ “ExAl(x, v)” 9/H Skolem
RS, ENTTREARE “A(f(y), v)7 fAkk4h “flv)” XEH@E, MEHEMATFER
B B E a7 ™,

(d) ATRaEsFE FE2EIEYMERMSEEELHE SN T, 850
TEEESRAEREFER HITREM, Fckas 7 Baleer EFHRHAFLRSHES
BIF LS EENATR I " TR B B AR ST AT R A E AN
PTEEREE, Z—ESRENES, Bifai i HesR@ iiER, S TERt A
B O LA {5 i s 13 2R,

(&) FTXoMfdE FHETEHERMENLT, EZE0REM—FF

- F3G -



BraffR=+E

e, HERFAETTE T TSR R T, @ t—E WA S iR TE
BMT—EiRAE S, InA TEEREI o B2 RAT hisrarchical planming'*', {EA5T
{FIEEfP TR IERNE, NESIaEEETRIE, MhEEH#ITHS FEE 2—
TEWPITHIRRE, E— X FEF SRR EER Sk d TE T Frik 8158
A, 3%, TEREAEMERET, 2RrEdg s, mTEARSR#EE,
TEEFp M T ERLETT, EMEESINOMN RN FEAFERE B EE
HEASTAER, S-MEEE L R Balzer B SAFE E 9FT 5 B B RLAY i
FE (Specification Acquisidon) [E8 7, X FEFE RB—RPIn{E M JER FA0F
RS R SR R i R EM T EMET TE, BITE X2
EahRHT —f5 POL 2 A XYZ/S0L ( Specification Design language) 18 2%
FREMDE, FLU—AAREZRET FEMEEHFMREBESHRRE 2R
FH, BEX L, UERHFIHEFEAEM, ®ULES FENLAFEAELEHER,
FETELRPTE SR EITENMEDMERE bk FE, MAETHEIR
th, ReFHET AT RO B AR PR SRS A T AE |, Ao RhE
S HR T E R m R B ENEE T, tRAEE I, Bk, BF
B ShF Rt A HRTAT A AT A e RRE i — & T, EifF— S EfF +a
F, AffSEERRaR P nefEEER,

S kIR R B R EI TR TR AR, ®ERERERE (Rapid
Prototyping ) o B O] A BUARIS B EHT, SETER TR UETANETH BT FE
HATIEY, BT ERSITEMETIREHITESESEE, ATHEIR—4,
HEEmgHnE RS FELH— R, REHTREY, BEEENSHAHNTE
R, FEHEETERETANSTT, B, SHEMNERSHER BERa, TTEs
WiTirEHAT A AE RN BERTH ZEM TE 6, BE SHSHRTE, ¥
FERE R AR E #4017, BRRMITHE, Prolog TR iR FIR 2T fE
EEGHMAHEEYN, vUEE®wET L ESATE hER, MATL 77, Fd, B
BREESGERRR TR EFAMNER, NAF I E TR AMERREF, Bf
AR, B15 Proley THAFHNEREETEZSSTEE2MELS, BITE XYZ BS
HUTE—F ST O LM B — &, BITE—2 &4 T XYZ EEMHE S #RTES
Prolog FEFEF T, HTTERBERAERNM, RO S8 EEITE Fr &R
i, SEEIERMEE, TEMENT, S, EREEEANMERE
ERFZFEMAEFEERLEET,

(3) BFESBNSEEENTEESSE— WHEE, & THEHBFTaHERE
FER—EPaEREYMBREE, MFEEFEE, Polg, BHIEE MLE,
EATERELE N H I AR EMmS A8 REE AT LS, AmFaimy
FFEMESR, L, EHEMaS BT s SN AR EERTEEN, &
FEREFEMFEEM, EITE2AR L FEARFHEE ( Programming Para-
digms) '™ M Fortran B, B E TS HGAR &, B Fortran B Ada HFR 5w
SRBEEEEA—REFEER, B, TRFMEN, A5, BE8FH
BRESTEEEAHNSBELNLG, HAS—MSEEITE T, BRTTHAE
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#, FBX b, S BEE S8 —T8E EARE, EEATEZ von Neumarm &
TEANEEMFEMR, BT von Neumarm M SHEZEBLIE—EH S SEHE, Had
ARG E AN — S T RF BRI +4F, BFBEFRTHEER HH
FBERRZE, ATHRZ TR REISE SR AV SR E R =L T i, A2
TEEMAE EN S (LIEFLTEINEE, FUEFNEE) TE, WERES T I X H#H
B, E von Neumarm BHSHEE— S X T 85 E G2 S8, TiHEVE RS
B BT A Ra R,

EHTREACGES, BHEMNELEZET TR E T RS £ AT
PEfEREL L H AT/ B, Bl&, LR X O1 e Wh—Fb AT 8% {4 2 O Bl B A4 884
E, 8L, I @E ARtk B IR WA A B AT, BEAeS
F18 E X von Meurmann BLA 50045 - BEFETE, IEJHZ, ﬁﬂﬁﬂﬂ%ﬂé, FHEEHS
VS EFFNEEFT&E,

B R B EHE BRI S A B R S8 48 X AU TE, oL Proleg R
AIFIEFE L Ade BTRMERSTELHPRER URTFEFHE—T Y BH PR
E17, B, 1R 8= E I L i B 2 & — R AR A A 3 2,

MiEsEsE—EEER, 25T REsPERNEmE—EaEH, ~
+EMARFE, BFE Foran, Algsl 60, Cobel B SIHEEEG —£ %, RN
PL/1 & Algel 68, £ FHEARFEE, BT Pascal, Simula ZEHEEESF—RE,
B Ada 5 Chill, BFUE —H5 —HE S, BIfE— XEEE (Ommibus
Language) S —ANE E/THFE FREFE EZP, St 2T LIS 2 M B
FEFEEHEASABEES, BFEEMEMAEA, LT RS R EF
FerFLiE—4k, Fa, hETE—TEEAM, B 2AE EHEE A, HPiE
B, E—ai i T AP E Ee s — b o R B T ERE R T,

BETE ey — g LT L,

(a) MEER L, FHME L, BEd T E R AR T LA E i @isiT il
T, SEER|T 3 Locps, W RF BIAT Smalltalk FATSIBEHEET Ligp BENTE
TEE, REET message passing B9 I HITIEE FE AEB SR, MHEA LR,
B AT HarhE, BREEEEERERNE— 0,

(b) ¥ FAFEEFRHEZ ETEEREE, HiTCFREIT &2 Prolog AR
Ea, BE—-HEAESE, EITE Proleg B8 b MATERISFEE ST BRME,
Tk S B EE S A EALE,

(¢) BTFR_LHSHENSE—FAEYEM, FERSEREET LM
R E EABTRE, XYZ 5 U.T. Austin B Chandy 5 Misra FET1HAT UNITY £
FHE—ER, XYZMHEE R E XYZ/E FAEEEEE, M UNTY B s
Ewd, BEBIEET T TRERN— 28, TEFE—EEHERHMESE
EMEEEEMNER, REHEYEMERSE M FAFLERNLINR,

Skan, BATFVESHEEMNSE— AT ANRE, BERE—AMEXEER
ESMYSAECEE, AERECEBERTESRE von Neumann BIHEE, oLl
FTRHRENSHFEFEEN S, S g aidsf, FX A0 HEE—fh
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HEEG. EROTER{EA, MUHERAAMTE, RES TR NGRS ERRA
—ESE N, IR ERTIMBEE —HEAME R LSRR RER PR, B XYz
B SR {HAYES TG B RN, B R T 182 S IR 8K B ATEE, BT XYZ/E
HEETREEWNAEES, BOLIEE F PR 318 8 —f ek LRE E1E A A
WE, BEAYZ EHATRAMEMEEREE, IR T PR PERESHEES
EIfENEE, AHEMHAPFEH. EHMAY R 2 TLLE SRR ST N
EM, TEXYZE BA P RmAEERE, BRI 20 XYZ RS, EE2—ThF
B, BEUERRRITEERE, ERARE, 48, FEEsATTEBRRE
-E_-J—|TJ| o

(4) BFEADEMIESERRS WEHEKE, £ HERERTIFERN
1857 B REA R, ATEALR, REEZ X ERT EERESHE R
%,

(a) TEBRIBREGNER, WI—MrERTEfErramis s 17 S 20 A9 (5] BEIS A Tr SR I Ar 4kt
HMBTEHEITITE, REMAMEITEERRME, X2 8 iEasns 29 ma
B, —MEEZERER FEERT EE, IR ErER R R EE, &
BEEEHEEF ERERIEE ECRFER (N2, BHES) MiEsas
Ei, FITAPTRBATER T ME TRy, 75— e 28BE R8T g7
5], A8 R SRAE MR SR R R e TR i, ARSIR e e
i NFAERE ™,

(b) #iBE, AIBREEFEE=1THEEAEENRE 4B, AEX
FURERERT MEFIEIRE T AR E,

(o) W EFMEREEYIRGZEMARL 268, 2 RARFLETREL
LAREFEEREEmE ™,

FFREASMEMTEERRA T EE, i Ay aEEa s
SWE—FRE, TIMER - ERATIT i,

§4 —TSfll. XYZ R

AYZ BSE— 4t TR, EEMY—EE8EE XYZ/E, HiF ey
FRBT A 2, A BB A X B0 S AN AR PR 7 20 A B9 7 B 1 h T o B R
®,

XYZ/E B ERbReE et B A i B G A — R T S, TR RREE
Ehd T RREIEE, BT SR A S AR A, (B A76Y,
HEH, REEMERREN), FTNERERMEEE REG, STIEEMN
G iERREINTHR,

0 (A, ==: A Jwhere B, A AB, [T]

WAb CO FRFANZ, Y7 BRSE, Alizl, -, n) A—REH A
1 MEAEEBALT, 851, -, k) AHBRARTERARME RLR,
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HEESBFPEMATSEmE, SIHES, Zfd where 3| 8T8 185 4
“whete part”, ©EEFFAIN IR, TTHRRERF, B4R E, T ERE—
Ao FIESEEM AT EIIRE EAERE,

FF B EA I T AIH &

b=y AP=@( AL =2) [T]

gk b 2—PEERERTE, TEER—ES (I [T] Py, z), BT
FFT =7 EHA "SR PAGSHAENESES (M [T] vy, “ =~
LA b AT PAESFHAREES (0 [T] R2), 2SR 0EAR
WEA, @7 TN 07 (8 B to” (F—HTHD, AEFEEFRET, P,
(O ATE RS, PEA S, oA “ahE", BF p, QBIMRFFRE, wTT
VEREEMEREE, WTERESEME, M PHETEEE EPAEMEM, O
FA—HINT B SRS RS B S Yov mewp”, [(Mdbe AT—BTHET, v H—HF
TE, e A—FEL, HRFTERT—HAET, sHSIFAEESS), aff
AT—HTHET, NAEEES, IHEMEATIEEERER, EHEEERMNE
13 (B P, OFZ LRRED, MEEFERERER, S TE—RBFSHE, 85—
HRH, AXF——FE, BRF—EZ—RBFH, EEEESHEMNEG RS
B EAUIESE T T (18E),

I—RAEPAE S TME YIS S RE IS A, ME&saEr (1]
Eardsd, MB—=E P HEE Hon 75, [ 1] B 5— Proleg BIF2FE,

ATHRARFREEEFESE, BiTE [T] AW THEES,

lb=yAP=@ ([} Al =2) AR AT, =2)) [, ]
1b=}rﬂ]:"=>@|:(;}|ﬂ1bl =3|j-""l@[(}1"l‘l'-1h1=31:| [ml]
h=vAP=@ (), Ak, =z )W @[, Alh, =2 [ 0]
b=y AP=@ ([} Alb, =2, ) V'@ (AL, =z [, ]

a7 BRI RARE, ATF R R, AE R T A BT EE T
=2, #irEEEiTb,
EHE KYZ EHMBMIBEE XYZ/E, NER LB EMFREHTEESE, By
TLEYE—RREARE S, B XYZ/SE BEFRigHl XYZ/'E,
if-then -else TEFIFE 5, .
b=yAP=@ (0 Alb=z) |@,(0 Alb=2z,) [T¥]
case B AR A,
b =yAP =@, [ Alk=z) [V]
| Py =@, (), Alh=z,)

|Pp=@, (Al =g
ik P TSR -7, BREMER,
while 1B/ 2.8
* b=y AP {1BHH} ]
ity 2T E AR IGES, PR, NEIEMEETF M ERES, P
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B, NFEET, EENEEaFsIEE, FX LEmE—&4m, BN b =lep
end=o lb=y", TE XYZ/SE FIRERFTPREFSH IFEER, HENE P
HEEIET R SR R ENE, AR E 2R T il 2 S A4
BIFSRART, hit, S—BFRAFET—AD (IMRFEFESE tant) . —H
O (40 stop BE rewrn ), FERE—MFT,
1 o BN
i |9 AR R & 1l O] R A
O b = facterial Arm=0=C(F =ml Alb =fuop) ]
where O =1AY=((x+1)] =(=x+1] =x])
HEERFUERH
Ol b = facterial =ef = 1 Agj =1 Aelb=1;
w[b=1, Aj=m+l, of=F*jfiej=j+1]]
FHER Prolog BIFE R, MTHET A,
O 1k =factorial =2cFACT(Q, 1] Aok =factoral ;
b =facterial A FACT(x, 20 A w=[x+1) *z
=oFACT (% + 11, wl Aclk =factorial |

HF FACT R EBSETEIR:, MEATaAM T—HaEFoEE,

1% [E A T LA where $EAATEEUAE X T W Prolog B2, T LAEENEEIR BB
TR HFE P RNESR, SEHEHRE, BITAIE SHR (Y2 DSPY BE5H
Rt EIRE R, BEREE A

Ol b = factorial Ar=0=C(F=7 w, FACT(m, w) Alk =fsap)
where FACT(O, 1)
FACT(%, 20 Aw=[x+1) #2=FACT[ (x + 1), w)

LA FEETFEEEE & KYZ/E B XYZ/SE M9 218, T XYZ BRPLUEHE
i, B EMSREARITRN (A MWE, TATEITEMN ",

(1) BHRESRFENHE HPQF/LAAITHE, inE A POL BHTTH,
AN FIHRIBPENES, REIERES, TETHEREFENESR XYZ/ 005,

T XYZ/COSS PLIEME TSR RSN, EHERFH#ITEETEEEEE
StrdE, EETEERFRGS—MEEENES (ISR EEHEPEEERE),
MERADEEL RS, AELFRETE ERFRARANRA XYZERF, &
BEFRA—REEERE, EF LABETES, WASERFE PENGE F5—
w8, sHEEmting, ElaB%E X —FHTS, LA ETEEE L M—HiF
5, InFRBEFT

b=y« |[X]]|zelh=2z
FERFEE [X] &, -y Rdb-z7ABREAQNREOLEE, ZAENF
RO EEAAE, EREREDAMEE EAMBNEN, OFFEN TR,
THEHS “FHEET, “EEET HEEATEERE Y TR,
{eondiion § . =if{ ceup) then{ Staternent ) Iels.e{ Staterment ) 2
[LAB.{conditien §) ]«
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b = LABA [ { cexp) ] =elb = LABIL,
Ik =LABL < |[ { Staternent} | ] | =olb = LAB3;
b =LABA [ - {ceap) | =clb = LABZ,
lb =LABZ < |[ { Staterment),] | »olb = LAB3;
Ik = LAB3=rolk = NEXT

{wloop ) o = whiled cewp) D¢ Staternent )

[LAB, {wleep)]—
b =LABA [ {cexp) ] =olb = LABIL,
Ik = LABL < |[ { Staternent) ] | = elb = LAB:
b =LABA[ - {ceap) | =olb = NEXT

(1) WSk REFETHE HELSBRUHINTEERET

4

£
AR
T ®
1./_ j .IJ:
i | i
[Fae
B e | L] \F

FFHI | o

iy

TEF 2 REERL, 2, 4 =5,
w2 & ii!
A
O b = Sumstart Ak =0 =0 (§ =_‘i i1 Alb = Sstop) )

where 01 =1 A¥x((x+1)] =[:+1j *xl)

nz (i) =f(0)

M«fn[i i) =2 FL) +F(n+1))

HERTERINT R,
Ok =Surnstart Ak =0=C(s =7 1y
SMk, o, p) Mg =7 v FACT( k, v) Alh = sstep) ) ]
where FACT(O, 1]
FACT =, z) Aw =[x+ 1) #z=FACT(x +1, w)
SM(D, h, ul AG(D, h)
EMT, n, u) ACID, I ACH +1, v) Aw =n+v=28M07 +1, v, w)
HE—SnEEeRES
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Ol lb = Sumstart =ai =0 Mo =0 Aclb =1,

s [h=1, Aisk+1,
=1, Ai=0=C (F=il Alb=1,),
lh=1,=0ce=c+fhei=i+1]]

whete O = 1AYx((x+1)] =(x+1)=x!)

OURET B b1, FENHME—SSTME— R, SNEEF
ARES—FHE, HENT REEFARFEFESEER MM SHETE SN
AhB—E, INRA, HTSHANMERBFERIIA, gAkaHSHRIT,
4, T PEAUEF, HHEERGSEFHTHEEERFE ASREY
AR, MEBRAERRRF,

EE, F2d, TAERERED HEEHRFE, ERITHLEFTHER
WA RME, habek, ATHEMEREE, MEFIFEE TSR T —EIMRE
FF, NESARERERE, ElrERH ST Proleg B FF R EEIEEMN
17, E—8sa “BF, BXLERTE-MEFPAMEE, Bk, Db E s
TR RS S AaiH A S e,

| BC|
| BF |
| BKP |
| BMS|
[C]

| F1]

| FL|
| FN|

| W

| P5

[T

| T2 |

| T3]

% % LK

Backua, . “FEFHIEEMASD - SHRSIHHHEFET BRI FEG @HIEFETE
HREFEAHET (P HEMRE, 1984, NI

Barr, A and E. A& Feigenbavm ed. §The Handbook of Arificial Intelligence. ¥ Chapt. X.
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A Unified Formal Basis for the
CASE Tools System

(Journal of Systems Integration,1993)

Abstract. XYZ system is a CASE tools system based on a temporal logic language XYZ/E which can represent
every essential feature of conventional HLLs (sequential or concurrent), specifications of different levels, pro-
duction rules, operational semantics of graphic languages in a uniform framework. With this formal language
as the common basis, all the CASE tools including various kinds of graphic tools for distributed process, concur-
rent programs with phased memory and sequential programs, tools for verification, rapid-prototyping, language
transformation, and module management can be connected freely to form more sophisticated and integrated systems.

Key Words: Temporal logic language, CASE tools, specification, verification, rapid prototyping, graphic languages,
software engineering, formal language.

1. Introduction

For the past two decades, some progress has been made in the research of software engineer-

ing. Various kinds of methods, paradigms, and techniques have been invented. But the ma-

jor goal of this research, to promote the productivity of software by an order of magnitude,
seems still far beyond reach in the foreseeable future. I believe it is the right time for us
to consider the problem of what we ought to do in the future.

1. A practical approach is to find an appropriate way to unify those significant methods,
paradigms, and techniques into one coherent system in which each can play its appropriate
role and avoid its shortcomings.

Experiences have shown that most of these technical inventions only have merits in
some aspects. But software development and maintenance is a very complicated proc-
ess. It consists of various aspects and stages, and the ways to connect them into one
process are also divergent and very problem-dependent. All those invented methods,
paradigms, and teehniques can only be advantageous in some aspects and stages or good
to solve some problems. However, most of them could be subject to combination, and
their roles played in the whole process could be mutually complementary. According
to Chinese traditional view of historical development, long-time unity gives rise to splitting
and long-time separation leads to unification again. It is evident that after almost two
decades of concentrated attention paid to higher-level languages and compilation tech-
niques in the 1960s and 1970s, there is a period of the past 10 years for separate researches
of various kinds of paradigms, methods, and techniques in computer science and
technology. Of course, most innovative inventions in these aspects are significant. But
it seems to be evident that this period has come to an end. In order to make further



progress in computing, I think what we need to do at the next step is to find an ap-

propriate way to select, tailor, and organize; in short, to unify these inventions into one

uniform, coherent, and practical system. In fact, quite a few distinguished experts have
reached more or less the same conclusion, The following quotations are only a few
examples.

In [3], Chandy and Misra said: ““Today, programming appears to be fragmented into
increasingly esoteric subdisciplines, each with its priests, acolytes and incantations. We
believe there is a unity underlying all programming.” More recently, the Software
Development and Maintenance Session of the IFIP Congress 1992 has made the follow-
ing announcement: “The technology supporting the development and maintenance of
software is steadily improving along a broad front. Since it is evident that no single method
or technique will increase our ability to create and extend software systems by an order
of magnitude, there is considerable merit in trying to integrate various ideas and apply
them jointly to both the software development process and the software product.”

. Such a unified system must be a harmonious combination of a simple and expressive

formal language as its unified basis with a group of computer-aided software design

(CASE) tools to support the related methodologies.

It is natural to reduce the unification problem to the design of a language. But as
Winograd pointed out in 1979 [40], a programming language alone is not enough. In
order to support the whole programming development process, there is still something
“beyond programming languages,” i.e., CASE tools. What we want to emphasize here
is the other side of the problem, to serve as the unified basis of these CASE tools, a
language is also needed, which must satisfy some special requirements:

a. In general, each of these tools can only support one method or technique. For exam-
ple, there are tools to support stepwise refinement, rapid prototyping, verification,
structured design of data flow diagram, knowledge-based programming, object-
oriented programming, etc. Each single tool can only support one of these methods.
A complete and practical process of program development is, in fact, the result of
combining many of these methods and techniques. In general, the ways of combina-
tion are various and dependent very much on its application domain. Consequently,
these CASE tools must be able to be freely connected together to form more
sophisticated tools. In order to facilitate this kind of free connection, the precise seman-
tics of their interfaces must be representable by a language which ought to be for-
mal, simple, and expressive. In other words, not only programming languages need
CASE tools, but also CASE tools need a unified formal language to describe their
interfaces.

b. To design such a unified language, the traditional way of designing PL/1 (Algol 68)
and Ada is no longer desirable. Not only would such an omnibus language be too
big, but also the unified language we need is substantially different from PL/1 and
Ada, it must be a formal language which could represent the operational semantics
underlying all those different paradigms with which it is to unify. As a result, this
unified language ought not to be too big, but must be very expressive in representing
formal semantics.

. A desirable formal language as the unified paradigm must be the result of combination

of those existing methods of formal semantics, but in which, a kind of temporal logic

language called XYZ/E might be a better choice to play the central role.



As is well known, there are various kinds of methods of formal semantics, each of
them has its strong side as well as its weakness. For example, the algebraic approach
is a good means to represent the nonlogical axioms of the data structures, but it is in-
competent to represent the operational semantics, in particular, to represent the liveliness
properties of concurrent process. The attribute grammar is good to represent the static
semantics of higher-level languages in compiler construction, but it is weak in representing
the dynamic aspect of computation. The first-order logic and recursive functions are
suitable to represent the abstract specifications, but if used as an executable language,
they are very inefficient. Even in representing specification, the suitable application
areas of these two kinds of formal techniques are different. For example, the declarative
logic assertions are appropriate to specify the pre-post conditions of those problems
as ged, but the recursive function is a better means of representing the specification
of such kinds of problems as factorial. Consequently, in order to be able to represent
both kinds of problems, these two techniques had better be combined into one specifica-
tion language. However, the simple-minded combination of the first-order logic with
the recursive function is still not strong enough to deal with the operational semantics
of many problems in conventional programming, such as loops, pointers, dynamic bind-
ing, etc. In addition, representing concurrent properties is also beyond their capability.
In order to enhance the expressiveness of this unified language, I believe temporal logic
is a better choice. Lamport [12] has discussed this problem very persuasively. What
I hope to add is that XYZ/E is the result of embedding state-transition mechanism into
temporal logic. It has some merits which other temporal logic language systems are
in lack of:

a. It has a unified program framework in which efficiently executable procedural pro-
grams of conventional programming style, specification of different abstract levels,
production rules, and even the operational semantics of conventional language and
graphic languages (such as DFD, Petri nets, PAD, etc.) can be represented uniformly.
Consequently, the transition in stepwise refinement from the specification of different
abstract levels to the efficiently executable code can be described and validated in
a smooth way; the gaps between the knowledge and the algorithmic programs, the
graphic programs, and its textual codes can all be filled up naturally.

b. Furthermore, many difficult problems, such as those concerning dynamic binding,
which are very hard to deal with by means of Hoare logic or other formal techniques,
are no longer an insurmountable barrier in this framework.

c. This language is sufficiently formal and precisely defined, but does not require so
much mathematical training as to be beyond the reach of common programmers.

. A desirable approach for CASE system is to form it into a kind of two-layered structure:

The lower level is a group of CASE tools to support those generally applicable methods,

and the upper level is those highly integrated CASE environments for various specific

application domains.

The reason to structure the CASE system in two layers is based on the consideration
of the contradictory situation of integration versus flexibility. Once an environment is
integrated, the steps of program development and maintenance are rigorously fixed. It
loses flexibility to suit the specific interests of different users. In fact, in many applica-
tions, even though their programs are developed according to very similar methods,



there are still some minor divergences for the needs of special domains. An integrated
environment is often unable to satisfy these domain-specific needs of different users.
In order to solve this dilemma, we divide the CASE system into two layers. The basic
layer consists of all those CASE tools or those sophisticated tools constructed from the
more basic CASE tools. These tools are loosely coupled with each other. They support
all those generally applicable methods. But in the upper layer, there are domain-specific
CASE environments. They are designed to meet the requirements of their special ap-
plication domains. These environments are highly integrated according to the habit of
the users of that special domain. They consist of CASE tools chosen from the lower
layer, but maybe, having some modifications and additions in order to suit their special
needs. In them, the domain knowledge and domain-dependent reusable programs could
be accumulated in the base structured in the most friendly way to the specific users.
All these kinds of flexibility are unavailable in an integrated general-purpose CASE en-
vironment. I believe, to form the CASE system into this kind of two-layered structure
is a way to solve the dilemma of integration versus flexibility. It would make CASE
systems more acceptable to the industry.

XYZ (Xilichua Yuyan Zu) is a CASE tools system designed according to the above
considerations. A decade of efforts in this project has shown that in order to achieve
our goals, some kind of new philosophy, departing from those influential in past decade,
is needed because there are so many contradictions involved in the design decisions
(e.g., formal rigidity vs. techmical practicability, simplicity vs. variety, innovation vs.
inheritance, etc.) and also other concrete contradictions in the development process [44].
Running to the extreme of either direction only leads to one-sidedness and obsolescence;
what we need is to find some kind of balance. Neither pure rationalism nor pure
pragmatism, neither radical revolutionary approach nor radical evolutionary approach
could help us. We find that the doctrine of golden means proposed by Confucius could
serve our purpose, because this philosophical methodology lays emphasis on ap-
propriateness and balance in unification. This is just the way of thinking desired in soft-
ware engineering in the future.

In short, the XYZ. system consists of two dimensions: a temporal logic language, XYZ/E
as its basis and a group of CASE tools to support various kinds of methodologies. In this
article we would introduce this language first. As for the tools, because there are too many
tools to be introduced in one article, we would only select one group of them explained
with an example, i.e., the graphic tools for structured analysis and design.

2, The Temporal Logic Language

2.1. The Logic System

The TLL XYZ/E is based on the linear time temporal logic system proposed by Manna
and Pnueli [20, 21]. One of the special characteristics of this logic language is its ability

to represent every basic feature of conventional higher-level languages with their proper
forms in this logic framework.



Variables are divided into global and temporal, they are typed as Pascal. The basic types
include: integer (T), character (C), octagonal number (O), floating point number (F), boolean
(B), stack (S(X)) or S), their semantics are defined with nonlogical axioms. This set of
basic types is extensible. A variable v declared with type X is represented as v:X, which
is synonymous with X(v). The structured vector and record types are considered as ab-
breviations: v; A(n,X) and v: R(ml:X1, .. .mk:Xk) represent v(1):X T Av(n):X and
v_ml: X1 ... v_mk:Xk, respectively. It is interesting to point out that pointers can be
represented nicely in this logic language. We would discuss this problem later. Constants
are represented as in Pascal. Labels and names can be treated as constants assigned to
the variables of type NM.

Well-formed formulas (WFF) are defined in the regular way. In addition to the connec-
tives and quanitifiers in classical first-order logic (FOL) (~(negation),A (conjunction), $V(dis-
junction), — >(implication), ==(equivalence), $A(univ. quantifier), $E(exist.quantifier),
$T(true), and $F(false)), there are future-tense temporal operators: [ ](always),
< > (eventually, $O(nexttime), $U(until), and $W (unless). Only in the special sublanguage
XYZ/PPE are the past-tense temporal operators allowed to occur in the condition part of
a production rule.

On the basis of this temporal logic system, TLL XYZ/E is characterized with the following

special features:
In temporal formulas, there is one kind called state transition equations and it has the form:

$Ov=exp M

here v is a temporal variable and exp is an expression of similar type as v containing no
temporal operator. It plays the role of the assignment statement in conventional languages.
In particular, if the variable on the left side of equation (1) is Ib (which is a special system
variable of the type NM called the control variable and always used to indicate the current
label of the program) and if the right-side expression is replaced by a label, say y, then
(1) becomes:

$0lb=y (2

This equation in fact means “‘goto y,” here y is called the forward label. Coupling with
(2), an equation of the form:

b=y 3

means “the definitional occurrence of y, here y is called a definitional label. Both (2) and
(3) are called control equations. An equation of following form

30(v1,.. . vk)=(el,. .. ek) (4a)
is an abbreviation of the conjunction

$Ovli=el ... $Ovk=ck (4b)



With these equations, almost all those state-transition concepts in conventional program-
ming can be defined.

2.2. Conditional Elements and Units
An implication formula of one of following forms is called a conditional element (CE):

1b=yi P=>30(v1,...,vk)=(el,...,ek) $Olb=yj (5)
lb=yi P=>@(Q 1b=y)) (6)

here = > is a new notation to represent implication; P and Q are FOL WFF’s called con-
dition part and action part of a CE respectively; @ in (6) represents $O, < >, and sometimes
in special cases also [ ]. These are two basic CEs in XYZ/E. (5) is used in representing
executable algorithms and (6) serves to represent abstract specification. In fact, these two
kinds of CEs are sufficient to represent every kind of sequential programs for our pur-
poses. But in order to be more expressive in representing ““interrupts,” a kind of structure

based on temporal operator $U (until) or $W (unless) are introduced as follows:
(M)SUN~ $01b=2) @)

here U can be replaced with W. In classical TL, “‘until’” and “unless” are represented with
the form (M)$UN) and (M)$W(N), respectively. But in XYZ/E we always need a more
complicated form: (M)$UN)  N— >3$0lb=z, which is abbreviated as (M)$UN $01b=z).
In fact, (M)$U(N) is only a special case of this more general form, i.e.,
(MSUN " $01b=STOP). In XYZ/E, this special form of “until” is always used to repre-
sent “‘interrupt,” in which the M in (7) represents a unit as the scope where the interrupt
may occur and the N and the forward label equation are used to represent the condition
and the action of the interrupt, respectively.
A WFF is called a unit if it is of the following form:

[ llcel;. . .;cem] (8a)
Where cons (8b)

here *;” is another notation for conjuction; cel, 1=1,. . .,m are CEs of the forms (5) and
(6); and “cons” is a WFF which is a conjunction of constraints and definitions with (8a)
as its scope, this part is called “Where-part” of the unit and can be empty.

In a unit there are some special labels: The execution of a unit always begins with the
label “START” possibly preceded or followed with the name of the unit and halts with
the label “STOP.” In fact, it is not necessary to halt in the ordinary sense, since there is
always an assumed CE of the form

1b=Stop= > $01b =Stop;



at the end of each unit but omitted. There are other special labels such as “RETURN,”
“NEXT,” “EXIT,” etc. Their meanings are similar to those used in conventional languages.
Each unit can only have one unique occurrence of “START" as its starting point of execu-
tion, which we call the entry of the unit.

Example 1. Factorial f/=m! can be represented in different ways in XYZ/E as follows.
1. As an executable program:

[ J[lb=fact_START m> =0=>&0z=1"$0j=1"$0Ib=11;
Ib=11_j<m+1=>$0z=2% $0j=j+1 $OIb=11;
Ib=11"j>=m+1=>$0f=z" $0lb=STOP]

2. As an abstract specification:

[ I[lb=fact_START m>=0=> < >(Ib=STOP f=m!)]
Where m! < — if m=0 then 1 else m*(m—1)!

3. As a production rule system:

[ 1[1b=fact_START=>$On=0 “$0Ib= fact;
Ib= fact n=0 n<m+1—>$O(FT(O 1) “z=1"Ib=fact);
Ib=fact n/=0 n<m+1 FT(n—-1,y) z=y*n
=>$0(FT(n,z) Ib=fact);
lb=fact n=m+1=>$0f=z $Olb=STOP]

There are different sublanguages in XYZ/E corresponding to the above different repre-
sentations:

XYZ/BE or basic XYZ/E corresponding to (1) is a sublanguage of XYZ/E that represents
sequential executable programs. All CEs contained in a unit of this sublanguage are of
the forms (5) in which the condition P cannot contain quantifiers without bound. In this
kind of unit, no recursive functions are allowed to occur in the CEs or to be defined in
their “Where-parts.”” Of course, in the program of this sublanguage, (7) is also used to
represent “interrupt.”

XYZ/AE or abstract XYZ/E corresponding to (2) is a sublanguage of XYZ/E that repre-
sents abstract specifications. The CEs contained in this kind of unit are of the form (6)
and sometimes followed with (7). Recursive functions are allowed to be used as a part
of specification.

XYZ/E or XYZ/E in production rule form, as shown in (3), is a sublanguage of XYZ/E
that represents rule systems. It is one in which all definitional and forward labels are iden-
tical except for the special labels as “START,” “STOP,” “RETURN,” etc., or labels which
are the entries of other units. In this kind of unit, the control equations with identical labels
can be omitted. As a consequence, the general temporal logic rule systems (i.e., those without
occurrences of 1b control equations) can be considered this kind of unit. According to the
methodologies supported by the CASE tools of XYZ system, the process of program design
can start with temporal logic specifications without control equations.

The CEs of XYZ/BE and XYZ/AE can be mixed in one unit when it is needed.



Example 2. Summation of factorials, s= SUM(i=0. .k) (i)
1. In executable form:

[ ] [b=s_START=>$0i=0 $0r=0 $Olb=I1;
Ib=11"i=k+1=>$0s=r $Olb=STOP;
Ib=11"i/=k+1=>$O0Ib=12;
Ib=12=>$0f=1"$0j+1 $0Ib=13;
Ib=13"j=i+1=>$0Ib=14;
b=13"j/=i+1=>$0f=f*j $0j=j+1 $0lb=I3;
Ib=14=>$0r=r+f $0i=i+1 $OIb=11]

2. In specification form:

[ ] [b=s_START k>=0=> < >(Ib=STOP s=SUM(i=0..k)(i!)
Where $Ai(01=1" i+ 1)!=it*{i+1)"
$An(SUM(i=0..0)i)=0!"
(SUM(i=0. .0+ 1)@ =SUM(i=0. .n)(i)+({+ 1)}

3. In mixed form:

[ ] Ib=s_START=>3$0i=0"$0i=0"$0r=0"Olb=I11;
Ib=11"i=k+1=>$O0s=r $0lb=STOP;
Ib=11"i/=k+1=>$0lb=12;
b=12=> < >(b=I4 f=il);

Ib=14=>$0r=r+f $0i=i+1" $0lb=11]
Where $Ai(0!=1"(i+ D! =il*{+1))

To be able to represent these three forms in one program framework makes the transi-
tion from specification to an efficiently executable program a smooth procedure.

The above two examples may have given rise to a misunderstanding that specifications
in XYZ/E must be represented by means of recursive functions. In fact, sometimes logic
assertions are more suitable, see the following simple example:

Example 3. The specification of “z=gcd(a,b),” where a,b are positive integers.

[ lib=ged_START a>0 b>0 _
=><>(b=STOP z|/a z|b $AX(x|b—>x|z))
Where m| n==$Er(n=m%*r)

The production rules cannot be mixed with others in one unit. This kind of unit is called
a rule unit which can be combined with other rule units to form a rule system and com-
municates with other kinds of units as processes by message passing.

It is easy to see that not every sequence of CEs connected with ““;” must constitute a mean-
ingful program unit. In order to guarantee its validity, some basic assumptions must hold:



1. Frame assumption of the temporal variables—A state transition equation with one
identical temporal variable on both sides is called redundant, for example, $Ov=v. A
redundant equation is always assumed to be equivalent to $T in XYZ/E. As a result,
we can always assume that every temporal variable in a program is assigned once (but
its value is not necessarily changed) in each CE and those with redundant equation are
omitted by default.

2. Regularity assumption of the labels—The definitional and forward labels in a unit must
be mutually matched except for those special labels “START,” “STOP,” etc., and those
forward labels corresponding to the entries of other units. This assumption eliminates
the gaps and redundant CEs from a unit.

3. Completeness and consistency assumption of the conditions—In a unit, all those CEs
with identical definitional labels are called related. The disjunction of the conditional
part of all those related CEs must be equivalent to $T (completeness) and the conjunc-
tion of any two related CEs is equivalent to $F (consistency). The former guarantees
no gap and the latter no ambiguity (as for nondeterminancy, it could be represented
in other more logical ways shown later).

There is another assumption of fairness shown later.

2.5. The Structured Higher-Level Form

CEs of the form (5) and (6) are not well structured in the sense that there are different
exits corresponding to truth and falsehood of its condition. This form has its advantages
for conveniently representing the semantics of graphic programs and also its shortcoming
for inconvenience in correctness proof. In order to keep the merits of the former aspect
and avoid the weakness of the latter, we start with this more elementary unstructured form
as its basic form (i.e., Basic XYZ/E or XYZ/BE) and to define a sublanguage of the higher-
level structured form statements on the same basis; it is called XYZ/SE [41]. In this
sublanguage, there are four forms of statement.
The most important one is the loop statement which is of the following form:

*[lb=yi P=>(lb=w! $Olb=EXIT); (9a)

Ib=w{| R} }$0lb=yi] (9b)

here Ib=w{! R| }$0lb=yi means that {| R} } is a group of CEs (with one entry and one

exit) representing R and the entry and the exit of {| R} } are replaced with /b=w and
30Ib=yi, respectively.

The major difference between XYZ/SE and XYZ/BE is in the case statement, it is of
following form:

Nb=y Pl=>$0lb=z1
' p2=>30lb=72

= > $0Ib=zk;



Ib=z1{| Q1| }$OIb=EXIT,
b=22{' Q2! }$0Ib=EXIT;

lb=zk{. l‘ QK | }80Ib=EXIT) (10)
Succession is represented by the following statement:
Ib=y=>30(Q" Ib=NEXT) (11)
Conditional statement has two kinds of form:

Ib=y P=>$0(Q1 Ib=NEXT' Q2" Ib=NEXT) (12a)
Ib=y P=>30(Q" Ib=NEXT) (12b)

They correspond to ““if-then-else” and “if-then,” respectively.

Example 4. Represent z=gcd(a,b) for positive integers a and b with both XYZ/BE and
XYZ/SE.

1. In XYZ/BE form:

[ Jlb=gcd_START=>$0x=a $Oy=b $OIb=lI1;
Ib=11"x=y=>$0lb=13;
Ib=11"x/=y=>$0lb=12;
b=12"x>y= >$Ox=x—y:$01b=11;
b=12"x<y=>$0y=y—x $0lb=I1;
Ib=13=>$0z=x $0lb=STOP]

2. In XYZ/SE form:

[ 1[Ib=gcd__START = > $0(x,y)=(a,b) $0lb=NEXT;
#[Ib=11" x/=y=> (Ib=12| $0lb=EXIT);
Ib=12"x>y=>$0x=x—y $Olb=NEXT
' $0y=y—x $0Ib=NEXT;
Ib=13=>$0lb=11];
lb=14=>$0z=x $0lb=STOP]

In (4), a proof system for XYZ/BE was introduced. Since it is not well structured, the
proof system for XYZ/BE looks rather complicated. In this aspect, XYZ/SE seems superior.
The proof rules for the loop and the case statements are as follows:

NA! —[ l[lb=w{ R }30ib=y] lb=w" INV=>@(lb=y=>INV)
NA' —[ 1[lb=y{! X!}$0Ib=EXIT] b=y INV P=>@(b=EXIT P)

(13)



NA| [ l[lb=21{} Q1! }$OIb=EXIT Ib=z1  PRE"P1=>@(lb=EXIT POS)

NA! —[ llb=zk{ QK| }$OIb=EXIT lb=zk PRE PK=>@(lb=EXIT POS)
NA! —[ llb=y{! X | }$OIb=EXIT" b=y PRE=>@(lb=EXIT POS)

(14)

here NA represents the nonlogical axioms of the system; PER, POS and INV represent the
pre- and postconditions and the invariant, respectively; X represents the whole program;
@ represents either $O or < >. See [41] for more details.

The proof rules for assignments and succession are quite straightforward. The former
needs only substitution and the latter only modus ponens.

These proof rules look like the proof rules in Hoare logic, but these are rules within
one logic language instead of being related to both logic and nonlogic languages. As a con-
sequence, the soundness and (relative) completeness of these rules can be proved straightfor-
wardly within the framework of first-order TL. In comparing this with the complicated
procedure of justification for Hoare logic, the advantage is obvious. In [41], the detailed
proofs of the following theorems are given:

Theorem 1. The proof rules for case, loop, assignments, and conditional and succession
statements are all derivable in the first-order temporal logic (TL).

Theorem 1 has only given justification for soundness of these proof rules. As for com-
pleteness, since first-order TL is not complete, only relative completeness can be proved
for XYZ/E. See [41] Theorem 4. The following theorem is one which concerns the rela-
tionship between programs of XYZ/E and XYZ/SE [7].

Theorem 2. There is a CASE tool called XYZ/E__SE based on an interactive method that
transforms a given XYZ/E program into its structured higher-level form represented by
XYZ/SE.

2.4. Declarations and Programs

It is easy to find that a unit is still not sufficient to constitute a program, because all the
variables used in it are not declared. For this purpose, declaration for input, output, and
input-output parameters, as well as local variables, are declared with brackets around them:

%inp[al:X1;. . .;ak:XK]
%outp{bl:Y1;...;bj:Yjl
%iop[cl:Z1;. . .;cm:Zm]|
%var[d1:W1;...;dn:Wn]

The declarations of parameters and variables are grouped together by conjunction and
appear either as conjuncts in the ‘“Where-part” or in front of a program separated with
“;.”” For example, Examples 1 and 4 can have



%inp[m:I] Jooutp[f:1] B %ovar[z:1;j:1]
%inpla:L;b:I] %outp[x:I] %var[z:L;y:I]

as the conjunct of their “Where-parts,” respectively.

There are declarations other than those indicated above. In an XYZ/E program, there
are declarations of channels, procedures, processes, production rule units, macros, and
packages. They are enclosed with similar brackets headed with different signals such as
“%chn,” “%proc,” “pros,” “%prod,” “%mac,” “%pack,” etc., respectively. These declara-
tions are put in front of a program separated with *;” and followed by the main algorithmic
part of the program, which is enclosed by a pair of brackets with “%alg” as its signal.

A program has the following form:

P(par)y==[ l[declarations,
%algl. ..1]
Where B as)

Similarly, a recursive procedure can be defined as follows:

P(n;par)= =[ ][declarations;
%alg[lb=P__START=> . . .;
b=01"n=0=>...;
b=11"n/=0=>...;

lb=li=>P(n—1;par);
b=li+1=>...;

Ib=1k=>RETURN]
Where B (16)

here P is the name of this procedure; “par” represents the parameters of this procedure
represented as those in conventional languages; “RETURN’’ is a special label which is
an abbreviation of “POP(rst)‘; and rst is a recursive stack which stores return labels. A
call of this procedure is represented as:

Ib=1lj= > P(r; par); (17a)
This is in fact an abbreviation (i.e., macro) of the following two CEs.

Ib=1j=">$0( finps) =(ainps) " $O(rst)=""li+1"" $0lb ==P—START;
Ib=1j+1= > $O(aoutps) = foutps)  $OIb=NEXT, (17b)

here “finps,” and “foutp” represent formal inputs and outputs, respectively, and “ainps,”
“aoutps” are actual inputs and outputs. The following example shows how to represent
recursive procedures of factorial in XYZ/E.



Example 5. Recursive procedure of factorial:

fact(n; %iop/a:l)==
([ %var[w:I];
%alg[lb="fact__START=>$0Olb=11;
Ib=11 n=0=>$0a=1" $0lb=13;
Ib=11"n/=0=> fact(n—1;w/a);
Ib=12=>$0a=n*w $0Ib=I3;
Ib=13=> $0lb=RETURN]]

2.5. Concurrency and Nondeterminacy

Convenience in representing concurrent programs, distributed or with shared memory,
and their properties (in particular, safety and liveness properties) is one of the basic con-
cerns of the design of XYZ/E. In order to achieve this goal, some conventions are adopted.

1. Each process, say Pri, has its own control variable Ibi.
2. In order to represent nondeterminacy and concurrency, there are other extended CE
forms:

Ib=yi P=>@((Qjl Wjl=z1)" ... (Qjk Ibjk=zjk) (18)
Ib=yi P=>@(Qj1 Wbjl=z1) ... @Qjk Ibjk=zjk) (19)
Ib=yi P=>@(Qjl lbjl=z1)$V. .. SV@Qjk Ibjk=zjk) (20)
Ib=yi P=>@(Qjl Ibjl=zD$V". . . V'@(Qjk Ibjk=2zjk) 1)

Let Prm represent the instantiation of the process prm declared in the front of the pro-
gram, (18)-(21) can also be represented as

Ib=yi P=>@(Prjl ... Prjk) (22)
Ib=yi P=>@(Prjl) ... @(Prjk) (23)
Ib=yi P=>@Prj1)$V. ..$V@(Prik) (24)
Ib=yi P=>@Prik)$V’. . . 3V'@Prjk) (25)

here @ is $O0 or < >; V'’ is exclusive disjunction. The difference between (18-21) and
(22)-(25) is that the former represent concurrency or nondeterminacy for steps, but the
latter do that for processes. It is easily seen that to represent parallelism for one step by
(18) is quite suitable, but to represent parallelism for a group of processes by (22) would
violate the semantics of concurrent processes which involve nondeterminacy in the execution



of steps. (19) and (23) both represent fairness (note that in these two cases, @ can only
be < >). (20) and (24) both represent nondeterminism, in which the components can oc-
cur sequentially or concurrently. (20) is the exact model of the nondeterministic concur-
rency involved in the steps of the concurrent processes, but to represent the nondeterministic
concurrency of processes by (24) is too weak because according to this model some proc-
esses may never be executed and it does not represent the nondeterminism involved in the
steps. In contrast to them, (21) and (25) represent only sequential nondeterminacy as guarded
commands which are represented in XYZ/E with a special form called *‘select statement™:

Ib=yi P=>!l[Conl| >ExeActl,. . .,Conk! > ExeActk] (26)
which is synonymous to
Ib=yi P=>$0[Conl ExeAct1$V"’ . $V’Conk  ExeActk] 27
here we assume all the forward labels in ExeActi are “EXIT.”
In order to represent concurrency in XYZ/E corresponding to the realistic concept of
concurrency used in conventional programming, a statement called parallel statement is
introduced. It has two different forms:

lb=yi P=>[Prjl,... Prik] (28a)

For the sake of representing the nondeterminacy involved in the steps of the concurrent
processes in (28a), to specify its semantics with the following CE is suitable:

Ib=yi P=>[|(Prjl$V...$VPrjk) (28b)

But it has one flaw that in (28b) some Prjq may never be executed. In order to remedy
this flaw, we always make an assumption of the form (23) on (28b). It is as follows:

2.5.1. Fairness Assumption for Parallel Statements. For parallel statement of the form
(28a), the following property of fairness is assumed:

Ib=yi P=><>Prjl_ ...  <>Prjk (29)
Although (28b) is a good specification for (28a). It is not executable. If we desire to
represent the semantics of (28a) in an executable form, its semantics had better be represented

in the following way:

Ib=yi P=>$0lb1=h1"... $OIbk=hk;
Ib1=h1{| Prj1’! }$OIb1=EXIT;

Ibk=hk{! Prjk’! }$Olbk=EXIT (30a)



here Prjq’ for g=1, . . . ,k are the result of replacing every CE in Prjq by its corresponding
nondeterministic form, i.e., to replace

1bq=lquM= >@(anlbq=lqe)
with
Ibg=lgd " M=>!![$T! T! >@(Rg Ibq=Ige), $T| > $Olbq =1qd]

Note that in order to simplify the notations, in subsequent discussion we often represent
CEs in ordinary form and assume the user understands how to change them into nondeter-
ministic form.

Although the semantics of this group of CEs is very close to the meaning of parallel
statement in conventional programming, there is still an ambiguity. For in (30), the execu-
tion control would leave this unit as soon as the earliest EXIT of some Prjr occurs, i.e.,
the execution would not stay to wait for the EXITs of other Prjgs for ¢/=r. In order to
represent the fact that all EXITS of Prijg’s must await each other until they leave the state-
ment simultaneously, the parallel statement (28a) should be represented as the following:

Ib=yi P=>$0Ibl=hl ... $OIbk=hk;
Ib1=h1{| Prj1I’| }$0Ibl =z1;

Ibk=hk{| Prjk’} } $0ibk =zk;
Ib1=z1= > $0bb1=1t $0lb=yi’;

Ibk=zk = > $Obbk=1t" $0Ib=yi";

Ib=yi’" (bbl=n ... bbk=tr)
=>($0lb=yi’ A
' $Obbl=ff ... $Obbk=[f $0Ib=EXIT) (30b)

In order to represent specification of functionality, the nondeterminacy of steps represented
by (28b) is negligible and the details of the executable code of each Prjg can be replaced
with its pre-post conditions. Thus each Prjq can be represented as

prejg— > < > (postqulbq=zq) 30D

In accordance with (23), the specification of the parallel statement (30b) can be represented
as

Ib=yi P=> (< >(prejl—> < >(postjl_Ibl=zl)) ...
< >(prejk— > < >(postjk 1bk=1zk)))
Ibl=z1l=>... $Olb=yi’;

Ibk=zk=> ... $Olb=yi’;
Ib=yi’...=>...$0lb=EXIT]



or to move the operator < > outside the parentheses (. . .) into it, the formula becomes

Ib=yi= >A[[ Iprejl — > < > < > (postjl :1b1 =zl))n -
([ Iprejk— > < > < >(postjk lbk=2zk))

Ib=yi’...=>...$0Ib=EXIT]
which is equivalent to

Ib=yi=>[(prejl —> < > (postjl_Ib1=z1))" ...
(prejk— > < > (postik Ibk=zk))

Ib=yi’...=>...30lb=EXIT] (32)

because prejq’s are FOL formulas. In order to simplify the abbreviation form, we assume
(32) is abbreviated as follows:

Ib=yi=>[(prejl— > < >(postjl)A;. . ~
prejk— > < >(postjk)) $O(Wair Ib=EXIT] (33)

Here (33) can be considered an axiomatic system representing the specification of (28a),
which is the conjunction of the specification of its components (33) also implies the
following:

Ib=yi (prejl ... prejk) i
=> < >(postjl ... postik Ib=EXIT) 34

provided there are no shared variables which can give rise to contradictions in
“postjl ... postjk.”
The proof rules for parallel statement are:

NA, Prjl | — prejl— > < > (postjl $Olb=EXIT)

NA, Prjk | — prejk— > < > (postik  $0Ib=EXIT) and
NA, [w]l| — [x”] NA, [wll | — [x7]

Similarly

The proof rule for select statement can be formulated similarly. As for the real-time com-
puting, XYZ/E contains a sublanguage for that purpose. To discuss that problem in this
paper would make it too long. With this in mind, the proof rules for the parallel statement
and the select statement can be formulated straightforwardly [42].

2.6. Communication

Messages are transmitted from one process to another through channels which can be
declared dynamically in XYZ/E. As CSP, there are two commands related to channels
for communication of messages between processes, i.e., the output command and input
command of the following forms:



Ibr=r—ST=>Ch?x $0lbr=r—EX (35a)
Ibs=5—ST=> Chly $0lbs=s—EX (35b)

here Ch is the name of a channel from the output process to the input process; y is the
output variable of the former; and x is the input variable of the latter. Note that in (35a)
and (35b) the part Ch’x and Chly can be extended to Chzxl” ... Chm?xm and
Chlix1 ... Chm!m, respectively. Corresponding to commands (35a) and (35b) there are
also input and output requests of the following form:

Ibr'=r’'—ST Ch?x=>$0lbr’=r'—EX (35¢)
Ibs’=s’—ST Chly=>$0Ibs’=s'—EX (35d)

These formulas (35a)-(35d) are, in fact, abbreviations (i.e., preestablished macro-patterns)
which represent the corresponding logic semantics in detail for synchronization communica-
tion. In order to do that, a record to store the information and to represent the conditions
is needed. It can be defined as follows:

C( IPros, OPros): R( buf: MessageType;
rreq, sreq: B;
otheritem: Type ) (35e)

(35a) and (35b) are, in fact, the abbreviation of the following two units, respectively.

[lbr=r—ST=>$0Ch—rreq=1t_ $0lbr=I1;
Ibr=I1 Ch-sreq=1t=>($O0lbr=12| $Olbr=11);
Ibr=02=>30x=Ch—buf $OCh—rreq=ff
$0lbr=r—EX] (350

[lbs=s5—ST=>$OCH—sreq=tt  $OCH—buf=y $0lb=m];
Ibs=ml Ch—rreq=tt=>(30lbs=m2| $Olbs=m1);
Ibs =m2=>30Ch—sreq=ff $0lbs=s5s—EX] (35g)

(35¢) and (35d) can be represented in more detailed concrete semantics similarly. These
details are masked on specification level to the users. The users only need to write these
CEs in accordance with the macro-patterns modified by the replacement of the correspond-
ing actual parameters. Of course, these macros can also be realized as procedure call or
process call. It depends on the taste of the users. (Thanks to Professor A. Pnueli for his
elegant alternative to represent the executable semantics represented by those equations
on pp. 116-119.)

As is well known, there are two types of communication. Beside the communication
of the synchronization type represented by (35a)-(35d) shown above, there is communica-
tion of the asynchronization type. It can be represented similarly to (35a)-(35d) on the
specification level. But their semantics are different. In its implementation, a queue is used
to store the messages. Waiting for continuation of execution in input and output commands
happens according to “being full” or “being empty” of the queue. Consequently, the record
defined for the channel and the details in (35a)-(35d) must be changed accordingly. In



XYZ/E, channels as well as processes can be instantiated dynamically by passing actual
parameters to it, this is a feature to facilitate dynamic binding. See [42] for the proof rules
of these communication commands.

Example 6. A parallel statement to evaluate the maximum value of two integers m and n.
Ib=max=>| [P1, P2]
here

Pl==[Ibl =Pl —START =>$0Ibl =11;
Ibl=11=>C?x $0Ibl=12;
Ibl=12=>!{[m> =x| >$0Ibl =13, m= <x| >$0lbl=14,
$T} >$0Ibl =12];
Ibl1=13=>D!m $OIbl =STOP;
Ib1=14=>D!x $0Ib1 =STOP]

P2==[Ib2=P2 —START = >$0Ib2 =kI;
1b2=k1=>>C!n" $0Ib2 =k2;
b2=k2=>>D? " $OIb2=STOP]

Not only the distributed system, but also the concurrent processes with shared memory
can be represented in XY Z/E very similarly to that in conventional programming languages.

2.7. Pointers and the Dynamic Binding Problem

Dynamic binding is a feature required by the users but very difficult to deal within a for-
mal system. The most convenient mechanism of conventional languages to represent dynamic
binding is the pointers. As is well known, to represent and verify a formal formula with
pointers occurring in it is notoriously hard. In XYZ/E, since no concept of “address” can
be allowed in a logic language, we consider a pointer, say f, of type P(X) being a ““variable”
which can ‘“‘represent” any variable of type X dynamically. The fact that f represents v
is represented by a formula of the following form:

$0f=":v (36a)

It is assumed that after execution of (36a), manipulation on the pointer fin the program
is synonymous to manipulation on that variable v, unless a new pointer-representation to
change a new represented variable to that pointer - Obviously, this is just the role a pointer
plays in conventional programming. The problem is to give a sound justification for such
kind of “pointer-representation” from a logical point of view. In fact, the pointer in XYZ/E
can be considered a notation to represent the so-called ‘“‘fixed-point function” with the
parameter part omitted, e.g., the above f is the function

[ lambda x:X .x (36b)
or

f&x)y=x (36¢)



Thus, so-called pointer-representation (36a) is, in fact, to pass an actual parameter to
the unique formal parameter of the function, i.e.

[ lambdax.x\v = v (36¢)
or
fvixy=v (36d)

As for the proof rule for pointers in this sense, it is very similar to that of assignment.
To define pointers in this way not only can preserve all nice properties they ought to have,
but also can avoid all those difficulties in verification which are inevitable in conventional
programming. To make use of pointers in this sense, the dynamic binding problems can
be treated in XYZ/E as naturally as in conventional programming languages. But notice
now the pointer becomes a mechanism which has sound logical basis and can be subject
to logical reasoning.

2.8 Packages

In XYZ/E, encapsulated modules are represented as packages. In order to enhance flex-
ibility and extensibility, packages are separated from the main block of the program. All
packages can only communicate with each other and with the main block by means of
import-export mechanism. All concurrent processes can only be declared and used in the
main block of the program. Hence, the main structure looks like this:

Program ::= %PRO ProgName==MainBlock; Package; . . .;Packages.

MainBlock ::= [ ][ ImportDeclarationPart;
ExportDeclarationPart;
TypeDeclarationPart;
GVariableDeclarationPart;
SharedVariableDeclarationPa;
ChDeclarationPact;
ProDeclarationPart;
ProgramBody ]

‘WherePart

Package ::= %pack[ PackageName:
ImportDeclarationPart;
ExportDeclarationPart;
TypeDeclarationPart;
GvariableDeclarationPart;
Shared VariableDeclarationPart;
OperationDeclarationPart ]

In XYZ system, there is a base of reusable programs. One kind is reusable packages
among which are all those used to define the basic types.



2.9, Models and Implementation

2.91. Kripke Model. As usual, a model (I, alpha, delta) contains a global interpretation
I, a global assignment alpha, and a state sequence delta. I gives the global interpretation
for all the constants, functions and predicates. Assignment alpha assigns values for every
global variable. A sequence delta = S0, Sl, . . . (for future-tense TL) is an infinite sequence
where each state Si assigns values to local variables and local propositional variables, etc.
In short, at each state, FOL holds. This is the model on which XYZ/E is based.

2.9.2. Lucid Model. The Lucid model can be considered a geometrical image of the Kripki
model. In the Lucid model [1], each temporal variable is considered a vector infinitely
extensible with time. At each time i, the value space of all temporal variables constitutes
a plane which correspond to the state Si in the Kripki model. Different layers of these
planes correspond to the transition of states. One of the compilers of XYZ/BE (the ex-
ecutable sublanguage of sequential XYZ/E) is exactly implemented according to this
geometrical pattern. As we have shown, all CEs of XYZ/E programs are always executed
according to the pattern of transition from present time to next time and at each time only
the values of a few temporal variables are changed. Consequently, at each step of transi-
tion, in order to remember the history, we need only to store those values of the changed
variables into the external file which is divided into time sections to facilitate retrieval.
This constitutes the basic model of the implementation of XYZ/BE. Indeed, the process
is time-consuming, but if remembering history is needed in a program, spending so much
time seems inevitable.

2.9.3. Von Neumann Model. If retrieving history is not necessary in a computation, then
the time-consuming process of storing the values of the changed variables into the external
file at each step can be avoided. This is just what the Von Neumann architecture has modeled.
The future-tense TLL exactly reflects the need for this model. In XYZ/E, all sublanguages
except XYZ/PPE fit this requirement. This is the reason why all those executable
sublanguages of XYZ/E, such as XYZ/BE and XYZ/DE can be implemented as efficiently
as conventional languages [8].
The following theorem shows the extent of expressiveness of XYZ/E.

Theorem 3. There is an effective method to transform a TL WFF into an XYZ/E program.

3. The CASE Tools
The CASE tools in XYZ system can be divided into five groups:

1. The graphic tools for structured design:

® XYZ/DFD, a tool for structured design of (enhanced) DFD (data-flow diagram)
e XYZ/CFC, a tool for structured design of XYZ chart
* XYZ/PAD, a tool for structured design of (enhanced) PAD



Here the so-called enhanced DFD is a kind of data-flow diagram combined with syn-
chronization or asynchronization mechanism; XY Z chart is the graphic representation
of XYZ/E CE, combined with the transition of Petri nets to represent the synchroniza-
tion or asynchronization mechanism; enhanced PAD is PAD (a kind of structured
flowchart directly corresponding to XYZ/SE statements), combined with Petri nets tran-
sition in the above sense. All these graphic tools can be used to generate the XYZ/E
program automatically from the graphs designed at each step.

2. The tools to support the method for stepwise refinement according to decisions

It includes a tool to transform the informal description of the decision into formal
specification (XYZ/SDL), a tool to record and to retrieve the history of design deci-
sions (XYZ/SPEC), a tool to check the consistency of semantics of specifications of
consecutive steps (see below), and a base of reusable programs (XYZ/REUSE), etc.
The methodology supported by this system is more powerful than the structured design
method supported by XYZ/DFD and XYZ/PAD. It can be used to design so-called
“wicked problems.”

3. The tools for validation and consistency-checking:

¢ XYZ/VERI, a tool to verify the validity of XYZ/E programs and to check the seman-
tic consistency of XYZ/E formulas

* XYZ/PROT, a tool to execute the XYZ/E specifications with a Prolog system. It is
used as a rapid-prototyping system in XYZ system

¢ XYZ/RULE, an enhanced XYZ/PROT, which can be used as a rapid-prototyping
system for designing XYZ/E concurrent programs

4. The tools for languages transformation:

* XYZ/CCSS, atool to transform the conventional languages into XY Z/E. The opera-
tional semantics of the source program are represented by means of a formal
metalanguage XYZ/ML, the result of execution of the replacement rule represented
by XYZ/ML is the target program represented by XYZ/E. The static semantics is
represented by attribute grammar.

* XYZ/E-SE, a tool to transform any unstructured XYZ/E program into a structured
XYZ/SE program

e XYZ/TL-E, a tool to transform any linear time temporal logic WFF into an XYZ/E
program

* XYZ/E-X, the compilers to transform the X YZ/E programs into other conventional
languages, e.g., XYZ/E-C

5. The tool for configuration management and version control of XYZ systems
It also serves as the integration base and the main entrance of the XYZ system.

Obviously, such a big system cannot be introduced in one paper. We choose XYZ/DFD
as an example of the CASE to be illustrated here. In order to explain the background of
this tool, it might be necessary to give some explanation of the methodology it is supposed
to support. Of course, the DFD graph designed by this tool can play a role similar to a



data-flow diagram used in the so-called structured design. But there is something more
than an ordinary data-flow diagram. In XYZ/DFD, the connecting line (i.e., the edge) be-
tween two nodes can serve to represent the channel between two communicating processes
which are represented by the nodes on both sides of the line. In order to let the DFD graph
play the role of a graphic representation of communicating processes, a kind of synchroniza-
tion or asynchronization mechanism is implicitly inserted on both sides of the connecting
line. We suppose the topmost layer of the software system to be designed by XYZ system
is such a kind of distributed system. In the process of designing such a software system,
generally speaking, XYZ/DFD is used to decompose the nodes step by step into sub-DFD
graphs until a stage is reached on which all the nodes in it are no longer in need of being
represented as distributed processes again. After this step, the graphic tools XYZ/CFC
or XYZ/PAD can be used to decompose the nodes further into a graph to represent the
routines consisting of sequential procedures and/or concurrent processes with shared
memory. I hope this brief illustration can leave the users an impression of the pattern of
the software systems these three graphic tools are supposed to design.

Example 7. To solve a*x*x+b*x+c=0 with a/=0 and b*b—4*a*c> =0
Step 1. Draw diagram with XYZ/DFD as Figure 1.
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Step 2. Give the semantics (pre-post conditions) of PO.

PREO: a/=0 b*b—4%a%c> =0,
POSTO.1: x1=(—b+sqgr(b*b—4*a*c))/2%a,
POSTO0.2: x2=(—b—sqr(b*b—4%a*c))/2*a

Step 3. Generate of the XYZ/E specification from Figure 1.
Here sp0 is the formal process declared at the beginning of the program and
aspO0 is its instantiation.

spO(%inp/m,n,k: I; %outp/rl,r2: F;
%chn/il(Env,P0), i2(Env,P0), i3(Env,P0), ol(PO,Env),
02(PO,Env):SYN)==_ ~
[I[1b0=PO—ST=>il?m i2?n " i37%k $OIb0=II;
1b0=11" ~PREO=>>($01b0=P0—ST! < >(POSTO Ib0=12));
1b0=12= >ol!rl 02!r2 $01b0=P0—ST]

asp0==sp0(%inp/ a/m,b/n,c’k; %outp/ xl/rl,x2/r2;
%chn/ j1/il,j2/i2,j3/i3,ql/01,g2/02)

Step 4. Decompose the process node of Figure 1 into subgraph in which the node
PO is decomposed into P00, P01, PO2 and P03 as shown in Figure 2.

-

Figure 2.



Step 5. Give the semantics of P00, P01, P02, P03.

PREQO: a/=0,

POSTO0: y=—b/2%a;

PREOL: a/=0,

POSTOL: z=sqr(b*b—4*a*c)/2*a;
PREO2: T,

POSTO2: xl=y+z;

PREO03: $T,

POSTO03: x2=y—z.

Step 6. Generate the XYZ/E specifications for P00, P01, P02, and P03 as sp00, sp0l,
sp02, and sp03 and their corresponding instantiations asp00, aspOl, asp02, and asp03. Here
only sp00 is given as an example:

sp00(%inp/ m,n: I; %outp/ y: F;
%chn/ i’(P0,P00),i2’(P0,P00) u(PO0,Env):SYN) ==
[1b00=ST—P00=>il iI"’m i2—i2"n" Ibr=100;
1600=101" PREOO = > ($01b00=ST—
P00! < >(POSTO0 1b00=102));
1600=102=>uly " $01b00=ST—P00]

asp001==sp00( %inp/ a/m,b/n; %outp/ y/y;
%ch/ jl—jl1I'(Env,PO01)/il—il’,
j2—j20'(Env,P0O01)/12—12’, ul(POO,P3)/u)

asp002 ==similar to asp00l except to replace
ul(P00,P3) with u2(P00,P4) and to replace
J1-11I’(Env,P001), j2—j21'(Env,PO01) with
j1=j12°(Env,P002), j2—j22’(Env,P002)
respectively.

sp0l, sp02, and sp03 are similar. The whole decomposed program is structured as:
asp0’= =[][1b0’=ST—P0’ => || [asp00,asp0l,asp02,asp03]]
Where < >asp00 < > aspOlA <> aspOZA < >asp03

In fact, the “Where-part” could be omitted because of the fairness assumption.

As we have pointed out, this process of decomposition could be carried on until every
node can be represented with a sequential procedure or a group of concurrent processes
with shared memory. To design these two kinds of program in a structured way, XYZ/CFC
or XYZ/PAD are better graphic tools. As for this example, because asp00, . . . ,asp03 are
too simple, it is not necessary to use tools as powerful as XYZ/CFC and XYZ/PAD [8].
However, these tools are useful in such a situation.



There is another problem left to consider. In what sense could we guarantee the con-
sistency of semantics between two consecutive steps of decomposition? If the semantics
of a node can be represented with pre-post condition with the form (6) shown above, the
consistency can be easily validated by showing that from the XYZ/E program generated
from the DFD graph after decomposition, the pre-post condition before decomposition
can be deduced. In XYZ system, there are two kinds of tools provided for this purpose,
one is to validate the semantic consistency by verification with the tool XYZ/VERI, another
kind of tool is used to execute these two formulas with some Prolog-like systems called
XYZ/PROT and XYZ/RULE and to compare the results of the execution to check their
semantic consistency. The latter way of validation is called ‘‘rapid-prototyping” in XYZ
system. Unfortunately, according to our experience, generally speaking, it is rather dif-
ficult to find one pre-post condition to represent the specification of a distributed system.
But on the other hand, to represent the specification of such a system with a group of pre-
post conditions connected with conjunction seems quite natural. It is very close to specify
a system with a Prolog-like program. As a consequence, to decompose the system means
to partition the specification (i.e., a conjunction of pre-post conditions) mto conjunctlon
of subconjunctions (of pre-post conditions). For example, to decompose (C1™ ... Ck)into
Cl ... Cim) (Cim+1 ... Cim+D ... “(Cin~ ... Cim+nr here Cil,. .. Cim+rand
Cl,...,Ck are identical up to associativity and commutivity. Obviously the semantic con-
sistency of decomposition in this sense is trivially preserved.

Now we give a brief introduction to XYZ/CFC or XYZ/PAD [8].

The basic graphic items in XYZ/CFC are following:

p Q
) >(z) corresponding to (5) and (6) for @=3%0,
i i
Figure 3(a).
p Q
2] | ————— >(z)  corresponding to (6) for @=< >,
i i
Figure 3(b).
Qjl
———=>(zj1)
P i .
) corresponding to (20),
Qj2
——>(z2)
j2

Figure 3(c).



In the concurrent cases, if in some process there are variables in the shared memory
occurring in its conditions, it is possible that the truth of that condition depends upon the
result of execution of other processes. When this situation happens, the process must keep
waiting until the execution of its partner process changes the values of those variables. In
order to represent such a situation, some notation similar to the transition of Petri nets
is used in XYZ/CFC as follows:

P: Q
» < > H @
i i
Figure 3(d).
In case any side does not wait for its partner, then change the waiting atrow <___ >
into the transition arrow ____ > passing through the transition bar ||, which can serve to

represent asynchronized concurrency.

XYZ/PAD is the graphic editor corresponding to XYZ/SE as XYZ/CFC to XYZ/BE.
Similar to the Japanese PAD, its basic forms which correspond to loop statement, case
statement, and if-then statements are shown in Figure 4(a), (b), and (c) respectively; Figure
4(d) corresponds to Figure 3(d).

()_>| cond Hi>| act |

Figure 4(a).

/ >
. ‘ act ‘
— \
O) >‘ cond ‘—> v
- \ >‘ act
Figure 4(b).
/ |
_— \ act ‘
O) >‘ cond ‘—>
>
Figure 4(c).
) >‘ cond ’< > >‘ act ‘

Figure 4(d).



Here the action box can be replaced not only with a PAD subgraph, but also with a
specification.

These graphic tools are indeed very elegant and akin to most widely used programmer’s
tools. But unfortunately, they have a limitation: A basic condition of decomposibility is
the so-called “‘well-structured property” in the so-called structured design, i.e., replacing
any node of the graph with a subgraph cannot be allowed to have any side effects on any
other part of the original graph. This requirement implies that in any step of decomposi-
tion, the architecture of the original graph must be preserved. Unfortunately, software
development is a complicated process. A lot of software is too sophisticated to satisfy this
condition. As [43, 44] pointed out, there are quite a few software problems that are intrin-
sically “wicked,” i.e., even their specifications cannot be well-defined precisely at the very
beginning and need refinement in the process of development. This fact means that in
general, the process of software design is a sequence of decision making. XYZ system
provides another group of tools to support a methodology for this purpose. They are
XYZ/SPEC, XYZ/SDL, and XYZ/REUSE. It is beyond the bounds of this paper to in-
troduce all these tools.

4. Related Work

The design of TLL XYZ/E started in the winter of 1979 when I was invited to visit Stan-
ford. My host, Prof. J. McCarthy’s tense logic language Elephant [22] was the first one
of this kind I had ever encountered, and it influenced my thoughts. Both Elephant (its first
version) and XYZ borrow from Lucid the idea of considering a variable as a vector that
is extensible with time. The difference between XYZ/E and the first version of Elephant
(its original version) is not only due to the fact that the former is based on TL and the
latter on FOL, but also due to our divergence in orientation. In my understanding, Elephant
is designed for programming with the remembrance of history while XYZ/E is designed
for facilitating the representation of the methodology of software engineering. As for Lucid
[1] its influence on XYZ/E is apparent in forming its semantic model and its use of next-
time operator is also an important invention. In spite of all these, Lucid is still not a language
based on logic and tense concept.

Moszkowski’s Tempura [24] is indeed one of the earliest executable TLLs that has a
close relationship with XYZ/E. Both are influenced by Manna and Pnueli’s theory of TL.
The difference between these two TLLs is also obvious:

1. They are based on different TL theories; Tempura is based on interval TL while XYZ/E
on linear time.

2. Tempura is more oriented toward the semantic aspect of HLL, while XYZ/E is more
oriented toward its relation with software engineering [29, 31]. Temporal Prolog [39]
is another earlier TLL with some similarity to XYZ/E. Although XYZ/E also contains
the rule form sublanguages, its efficient execution still depends upon its algorithmic
sublanguages XYZ/BE and XYZ/DE. I think, this is a weakness in Temporal Prolog.
Gabbay’s PCFA [5], similar to Temporal Prolog, has quite a good theoretical basis and
expressiveness in specification, but how to represent the sequential and communicating



processes which can be executed efficiently on a conventional machine is still a hard
problem. By the way, allowing a past-tense operator to occur in the condition, although
able to enhance readability, can make the execution very inefficient.

Chandy and Misra’s Unity is another language sharing many common characteristics
with XYZ/E. Both have the similar design goal of unifying programming: “Today, pro-
gramming appears to be fragmented into increasingly esoteric subdisciplines, each with
its priests, acolytes, and incantations. We believe that there is a unity underlying all pro-
gramming; we hope to contribute to its appreciation” [3]. Furthermore, both Unity and
XYZ/E choose unnested temporal operators to represent program properties, which can
make the langnage more accessible to common users. But there are many major differences
between these two languages:

1. I believe, as does Lamport [13], representing program and properties with one language
is better than with different languages.

2. The stepwise refinement using union and superposition as a method seems too restric-
tive, especially if the small kernel language of Unity is brought into consideration.

There are a lot of graphic tools for program development [10], but in my understanding,
very few can generate from the graph designed at each step both the specification and the
executable programs of the same formal language, using a means where the semantic con-
sistency can be checked either by verification or by rapid prototyping as naturally as
XYZ/DFD, XYZ/CFC, and XYZ/PAD.

With regard to the methodology of stepwise refinement, according to design decisions
made in XYZ/SPEC, Ergos [14] seems to contain some similar thoughts, but the formal
basis is quite different. To the best of my knowledge, that system may still be far from
finishing its design and implementation, so it is too early to compare these two systems.

As for the language transformation based on formal semantics, XYZ/CCSS is character-
ized by making a semantic-directed translator close to conventional compilers. In this aspect,
most probably, there is still no other system of a similar nature.

As for the specialty of XYZ as a CASE tools system based on TLL and unifying various
ways of programming [29, 31], I believe, XYZ might not only be the earliest one designed,
but also until now, the only one implemented. As I pointed out at the beginning of this
paper, this system is the result of an effort to keep some realistically good balance between
rationalism and pragmatism, although it might not be very satisfactory to those who are
used to either of these philosophical thoughts.

Although an experimental system of XYZ is available, this project is still not finished.
Not only are a number of domain-specific CASE environments based on XYZ under in-
vestigation, but also the system itself is still subject to refinement and extension. The pres-
ent system is implemented on SUNs and the total system in its present state includes 120,000
lines of C code.
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XYZ System and It’s
Philosophical Background

(1556

1 TPhilosephical Background

1.1 Three slages of koowledge

“Thirty vears ago, before | bepan to do Zen Meditation training, 1 saw the mountains as
mountains and the Mvers as rivers. After a period of Zen Meditation divected by some ex-
pert, | found the moumntains were no longer mourtains and the rivers no longer Hvers. Final-
lv, when it reached the last stage of the training, 1 became mature , the mountains appear to
be mountains, the rivers to be rivers again |7
fhng Yuan Wei Xin, a Zen Buddist Monk

1. First stage.

Empirical or techrical knewledge, i. & knowledge of phenomena.

[ Prograrmmmitg as a technology ]

2. Second stage.

Conceptual or formal-theoretic lmowledge, 1. . knowledge of noumena.

[ Pregrarmmming with specification |

3. Third stage .

Realistic knowledge, 1. & knowledge as the result of synthesis of ahove two sides

[ Programming from the viewpoint of the whele process of developrmert |

1.2 Empirical Koowledge vs. Cooceplual Koowledge

Let us make some epistemclogical aralysis of both the empirical side and the conceptual
side of knowledge. Evmpirical item of knowledge can be analyzed into three kinds,

(1) sense data from sensation

(1] percepts from perception

[{i1) ewperiences from practice [including scientific esperiments)

Sense data 1s the pure material received from cowide in the process of sensation. It
might he the concrete impressions of color, sound, ete. In fact, they are the result of anal-

veis ihstead of real impression. Mo pure sense data without mizwre of conception can he

- g -



¥Z Byslem and Il's Philosophical Background

found in human mental activity except, maybe, in the mind of a new bom haby., What em-
pirical knowledge can be found in adult’s mind are percepts in perception , which are in fact
a kind of data petting from sensation threugh the conceptual categerization. As for human
ewperiences, they are formed through repeated practices which are complicated processes
consisting of both the conceptual activities [ such as conceptual analysis or synthesis, ab-
stracton, deductive mference and induction ] and the actions in dealing with or even mak-
ing change of the external ohiects.

As for the conceptual Ttems of knowledge, there are also two different views. Une is
the purely static view. They consider the concept to be formed by static ahstraction of the
common esseritial attibutes of the set of ohjects. Ancther 1s the evoludenary view. Although
they could agree that static abstraction plays an important rele in formation of concepts, they
think , factually, real formation of concepts 1s a process in which the static abetraction plays
only a partial role. The reason s that: owing to the limitation of human cognition akdlity at
any concrete time and the infinitude of changing status of the external world, to know the
essence of a set of ohjects either by any individual or by the whele wociety of human being is
a process. Concept formation canmot be dene all of a sudden or statically. To be the result
of a process, any concept can only be imperfect and evoluienary at any step. From this
point view , concepts are not only abstract but also concrete. They have abundant contents
and can evolve step by step toward the truth. 1 believe, the concepts in the mind of the sai-
entiste are of thie kind. Philosophically epealing, this viewpeint of concept s anti-platonic
but more realistic and scientifie.

To surmmerize; on the one hand, phenomenclogical [ empivical or technical ) knowl-
edpe ix the basic and impertant foundation of scientfic truth. But it is meaningful only when
it 1s the correct and appropriate reflection of the essence [noumena) of the objects. There
are alzo illusive , incorrect or irrelevant phenomena occurring in the process of knowing ; on
the cther hand, noumenalegical or concepmal knowledge i the moest important jtem mn for-
matism of the knowledge of the essence of the chject But abstraction, as the basic means to
form concepts, could alse be wrong, incomplete or misleading. Consedquently, some con-
cepts may be fncomect, irmperfect or twisted fmages of the objects. As the result, n order 1o
enhanece the reliability and preductivity of prograrmming, following two peints must be taken
into consideration: (1] Programming develepment must be viswed as a process of succes-
sive correctness-checking and refinement not only of its technical side bt also of its concep-
tiohal side. [ii] In order to camy on this process more smoothly, the technical side [ or
dynamic semantice | and the concepwal side [or staic semantcs) of a program had heter
ke unified in an uriform formal framewerk, Owr experience has showm this kind of unifica-

tioh could facilitate selution of many difficult problems.
1.3 Pragmaligm, Ralwoalism or Conlucianizm

Wea find, thiz problem is deeply related to the radigonal culture and philesephy, the tadi-
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ticrnal cultural and philesophical backgreund (1. &. Pragmatiem [ Empiriciesm ] and Ratonal-
igm] could push the researcher o constructer of either side in programming w its radical
extremmity. This kind of ere-sidedness could lead to the dead end of the road and make the
problem concerning erhancement of productivity and reliability more difficult to solve, be-
cause obvicusly as we have analyzed in 1. 2 no matter how great is the difference and cont-
radition between the characteristics of empirical knowledge and those of conceptual knowl-
edpe, these two sides can not be separated absclutely from each other and to neglect either
side can only make owr knowledge far fram truth. For this reason, 1 believe, software R&D
has reached a stage in need of finding a new philosophical basis to divect its way of think-
ing. This new approach could he characterized by following aspects,

(1] We must adopt a realistic [ nstead of an idealistic) attitude toward this problem.
In erder to syrthesize the technical side and the conceptual side nte an uniform formal
frarmework | the radical atitude of either side must be aveided. 1 believe, Confucivs’s
" Doctrine of Golden Means™ and Aristotle’s thoughts on " appropriateness” or " the interme-
diate™ are suitable philosophical methodology | for this purpose.

[i1) Because the technical wavs of programming [ based on von Meumann Computer
has heen widely adopted and used for almost 40 years. This conventional style of program-
mitg could not be replaced or neglected in the foresecable fiture. In order to make the new
approach acceptable to the industry, this conventional programming strle must be ke in
the fiture software. As well known, the most basic characteristic of conventional style of
programming based on Yon MNeurrarm compuater e state-transiton. Consequertly, to repre-
sent this characteristic in the same formal framework with specification must be the most es-
sential step. Omly in such a program framework |, the wide vsers could find “mountains and
rivers appear to he molmtains and nivers again® .

[111) Conventonal programming is a mivtual of logical ways of thinking and pragmati-
cal conventions. We find, the theoreticians neglect too much the legical mechanisms exst-
ing in corvertiohal pregramming and also the pragmatical conventions include some unnec-
essary illogical elements which cught to be eliminated. 1f these two sides have been treated
more appropriately, | believe the gap between the theoreticians and the engineers might be
much mere narmowed. In order to explain this approach, in more wechnical details, swme

major concepts of the XYZ System s owtlined in following section.

2 XYZ System

2.1 Bask Commamd Form of XYZ/BE

LB=vyAR=F0O(vl, ..., vkl =(el, ..., ek) A FOLB=z (1

LB=yAR=C(QALB=2z) (27
here, Eq 1, Eq 2 represent the dynamic [evecutable) semantice and the static [ specifi-
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cation] semantics of a program respectively: * FOwi =&i™, R, ), represent assignment,

pre and post conditions respectively.
LB=y=0 EW([R/A FOLB =z) (3)

here, " F®" [or FU) represents “unless™ [or “undl™) is a suitable command form

to refresent interrupt, or exception. Parallel statement is of following form

LB=yAR= || [Prl(parl), ..., Prk(park]] (4]

here, Pri [pari) is the call of a process or an agent instance, we also have selsct state-
ment o represent non determimancy and the commands for communication which s of the
form Eq. 1 by replacing “ 500+, ... , k) =(el, ... , ek]”™ with "ch7«" or “chly".
ObjectOrientedPragram 0 = % O0PROC ProgramMame ==
O [[SharedvarDeclParts; |
[ TypeDeclPart; |
[ RigidvarDeclPart; |
[ LibraryDeclPart; |
[ ProcDecl Part; |
[ ProsDeclPart; |
[ AgentDeclPart; |
ProBody ]
[ WherePart |

PrecDecl 11 = % PROC ProcMame [n, par] ==
| [LSha‘r&dvarDedParts;l

[ ProcDeclPart; |

ProBody]
[ WherePart |

ProBody ! = % ALG [ee_1. ... : ce_wm]

here ce 1 represents a Basic Command, ;7 1s a notaion to represent " conjunction”™ in

corrnand level.

%% PROC P(n, par) == [ Declarations

% ALC [LB = START_P= ...,
LB=1lAn=0=_..;
LB=MN1An=0=._.;

LB=li=Pin-1, parl.
LB=l+1=...;

*

- 207 -



MEBETIRE

LB=lk= F0LB = HE.TUHN]
[Where]:‘art]

here "RETURN™ represents “ POP[ RST)™ .

Procedure call
LB =li=Plr, parl;
This is an abbreviated form of follewing two commands,

LB =1j= $O0(finps) = (ainps) A FOPUSH( RST, 1 +1) A FOLB =START_P;
LB =1j +1= F0( acutps ) = [ foutps) A FOLB = NEXT,

Process mstanti atich
FOPi == Prj|i|

In order to represent autenomecus object in OOP, we define a new concept of agent as

a pair [process, package ], here the package part is a data module as class, which repre-

sehts the static semantics of encapsulation, but the process part called the manager of an a-

gent, je vsed o represent the dynamic semantice of communication. The relationship be-

tween these two parts is realized by exporting all the operations and variables defimed in the

package part mto the process part as its local procedures and local varables, and this con-

nection s implemented in compilation time. Besides, we have made analysis of the parallel

staternent and found a way to gurantee the decomposability of the semantics of a parallel

staternant Thie temporal logic language can aleo be used o represent real time prograrmming

and disributed programming

2.2 SE Toolz & Applicaiions

1.

Basic Tools: five groups

[a)] Yerification, conssterncy checking and autematic generation.
i. AYZ/YER]: Hoare lopic verfier.
. KYZ/RTC ;. Realtime program generator.
7. XKYZSDLF ., Deadleck free condition.
(k) Specification and rapid-prototyping.
. KYZ/SPEC: a tool to support stepwise refinement programming.
1. KYZ/PROT; a tool for rapid prototyping.
[c) Craphic tool.
1. Craphic tools to support distributed programmming.
A. RYZ/DPD. a graphic tool for decompositional design of &istributed pro-
grarm diagrarm.
B. XXYZ/CFC, a graphic tool for decorpositional design of XYZ/BE pro-

grarmtning.
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i1. Craphic tools to support information sy sterm design.
A RYZ/DFD: a graphic editor of Data Flow Diagram.
B.XYZ/DDA ; a graphic editor and analyser of Data Dictionary.
C. XYZ/'PAD . a graphic tool to support the stepwise design of XYZ/5E pro-
gram diagram.
(d) Language transformation tool.
i. AYZ/MCAE.: a wol to evaluate the static semantcs [ representad by atibute
grammar ) of the source language.
. XYZ-CC55, a tool to transform the source language inte XAYZSE in a formal
way.
1. XYZ/BESE. a teol to transforn XYZA/BE inte XYZ/SE.
¥, AYZ'E-C.: atool o ransform XYZ/E into CC ++ [concurrert Gplus medi-
fled C++ 3.
(&) XYZ/0OMMN . modolar management and integration tool.
2. Some Application Ezperiments

[a) Domain-eriented application.
& Transfermaton of Domain specific languages into XYZ/E
By means of a tool XYZ/CCS5, we have transformed International Stan-
dand languages 50L, ¥ HDOL and a major pan of Estelle inte XYZ/E in a
formal way.

& Some special applications; Animation system design.

(k) For OOFP [or DP).

We define an ntermediate language OO ++ [or Java) between C and XYZ/E.
[c) Reactive and control system [CIMS).

[in research)
[d) Seftware Development Process and reenginesring.

[in ressarch)
2.3 Exzamples

Example 1. Represent £ = ged (a,b) for positive integer a and b with XYZ/AE, XYZA
BE and XYZ/SE.

(i1 in XY Z/AE specification form

[] [LB =START ged Aa=0Ahb =0
= (LB =STOPAzlafzlbA FA x(xlafxlbh—xlz) 1]
WHERE FAm, n(min==FE r(n=m=r])

[i1) in XYZ/BE command form

O [LB=5TART gedAa>0Ab=0=
F0x = aft 0y =bA FOLB =11,
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LB =11 Ax=y= F0OLB =13,

LB =11 Ax=y= FOLB =12,
LB=12Ax>y=F0x=x -y A FOLB =11;
LB=R Axcy=F0y=y-x/ FOLB =11,
LB=13= §0z=x/\ FOLB = 5TOP]

(111 in XYZ/SE structured staternent form

O [LB=5TART_ged = 50(x, v) =(a, ) A FOLB = NEXT;
# [LB =11 Axzy=F0OLB =121 FOLB=EXIT;
WB=RAx>y=F0x=x-vA FOLB =11
| By =y -xA FOLB=11],
LB =1d= F0z =%/ FOLB = STOP].

Ezample 2. Recirsive procedure of factorial.

fact (% INPn ., INT;%10F a, INT) ==

O [%¥AR [w. INT];

% ALC [LB = START_fact= FOLB =11,
LB=11An=0=F0a=1A FOLB =13,
LB =1l An=0=fact(n -1, wl a);
LB=12=§0a =n+w/ FOLB =13,
LB =13= $0LB = RETURN] ]

Ezample 3. Producer-Consumer Problem.

% PROC producer == [
%YAR [i: INT].
% PROS [
woducer [ % INP j: INT;% CHN ch [ =
% LOC [, prodme: INT];
% STM [ LB = START= FOLB = NEXT;
LB=10= F0i =0 A FOprodme =12 4 FOLB = NEXT,
+[LB =101 A (i <m) =( EOLB = NEXT| $0OLB = EXIT)
7 [LB =11 A (i <sm) = FOLB=1111"= FOLB =11;
LB =ll= 50 =i+1 A §FOprodme =prodme +1+2 A
FOSWRITE(j1 A $0LB = NEXT;
LB =112= FORWRITELN( " Producer produce™ 1, prodme] A
§Och | prodme /A FOLB = EXIT;
LB =11 A [i=amn ) = Flprodme = — 1A F0chlprodme A FOLB = EXIT] ]
LB = 11001 = FOLB = STOP]

con: MM % INP sum: INT) ==

¥

l:

consurner( %2 CHN chl (pro, NN, =), ch2(prel. MM, = 10==]

¥
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% LOC [j: INT],
% STW [ LB = START= F0OLB = NEXT;

l:

LB = W= FOchl7j;

7[LB=1A[j>0) = FOLB=1111
|(j<0) = FOLB=1121
|" = FOLB =EXIT,

LB =1111 = FOWRITELN( * Consumer teceive fram 17, 31 A
FOLB = EXIT,

1B =1121 = $0ck27j A FOLB = NEXT,

7[LB =121 (j =01 = FOLB = 11211
|(j <0) = FOLB =121
|- = F0OLB = EXIT,

LB =11211= FOWRITELN( " Consurmer receive fram 27, j1 A
FOLB = EXIT]] ]

LB = 1101 = F0OLB = 5TOF]

% $TM [ LB = START= §(§ =5A FOLB =10;

LB =10= §0al == producer| 1] A
FOa? == producer| 2| A
FOad == producer | 3| A
FOad == producer| 4| A
FOL2 == consumer| 1] A
FObL == conesumer| 2| A
FOLB =NEXT,

LB=1= || [al({®%INP1I];

BOHM el =, bl) | ch( =, con)
MIMNP | sum)

2(%INP 2
TOHMN 2+, bl) | ch( *, con)
TINP | sum)

S3(%INP 3
T OHMN 3 +=, B2) | ch( *, con)

TIMNP | sum)
A BINP 4] j,
B CHMN o4 =, b2) | ch[ =, cen) .
P IMP | sum]
BlL{%CHM cl{al, =1 | chl{po, =],
BOHN 2(a2, =1 | ch2(pol, =1);
B2 (% CHNM ¢3(a3, =1 | chl{pe, =],
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TOHN ed(ad, =) | chi2(prel, =117
LB =12= F0OLB =5TOP] ].
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