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WEEFTEVS CLFRELARLTH I LROOE
435, symbolic execution DFFFEELEL THTHdD
Thd. BEALRAUBRKLTRIES M (symbolic
evaluation) WO ZEEEEIADS S, BTT
BHE—L CERSRTEVIFLRV 5.

7ol LADRMBLIVTFRA DI DOFEREL
T, BEEFEVIEEBSHE - BREIhBEDOR
XPFPEHNC ETIEN L, 190 ERRIITH B, BE
EFEVIEEMNBEL-TBICR, FELT220
RTTEER BB -7, 12370/ 5 20EEKED
RIERTHD, 5123707607 R FEHT
Th3. FIERL 60 FMRKL S T0FRICEAICHIZ
h, BELRBEREZATVS. BEORSETVR
FaD5b, King bick? IBM Hifty £—0
EFFIGY &, Boyer Sick32X4 Y 7+~ FHR%ER
(SRI) © SELECT i1, W¥hdEhllalcfeshic
Fus s ARIEY R T a%, [ASHOBEKRTREEL
TW3.

—FDF R b EE, Tur5 iy SOBEREED
KHBED-TEY. RRPSOT X FFERE, ER
fy - FERNICARBLT, Lo REMTERECH
WF R FERARIIL & &0 KER, P b 1960
ERKDH S 1970 ERiCHTTHE - 7. TOHT,
&S v s 5 LDETER (execution path) D5
WFEE TRbBETTHIEROKZ B, £E8
DEFEERT IANT —2OEMHDOEE, SOWR
NTTEH BN OREEETAMT BT — 4
%, BENNCHERT 2LV I HEOERICETREL
7.

LN ORI CETREST TR « F—2 4%
BREMicB T, BERTRThOKISAIh 3EHE

t Symbolic Execution Systems by Tetsuo TAMAI and
Koichi FUKUNAGA (Mitsubishi Research Institute, Inc.).
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n = Jan. 1082
A S
B/ kx X M

B UTREBL T a2, PUTENEEOEEN
RERABT 05 AOBESTICRILDC LRI E
N, BPAUL 7y —NELTORBEETY AT LUK
SHBREINZICE -7, TOmEBIL, ChSDRES
EFV AT LOBNEFLET 2, LBERTEES
MRy, EEZONASTEELTOREEZD
DFRL F—2ERBIOS 0SS AREHENIC
b, BILOOHEALEINTVE. T 2HTIHSET
EREARFETH 0%, AZET THET 5.
3 EHETY, COREETERELEESAL LEBET
YRFAMCDONT, BNT B 4 ETFRAb « F7—4
HER%RE, b ETT 07 ARERE, ThThEs
EfFEDOBEEICHB T, BT B, 6 BT, Lk
5.

2. BEETER
EEETEREENcEDX S BLFELDY, A%
AOTHAL &S

B-1o7ar74R, 5o POFHR
#3Rw 5 FORTRAN o FUNCTION T#% % (FOR-

a

FUNCTION SQROOT (P, E)

D=10

X=0.0

C =2.0%P

IF (D. LE. E) THEN
SQROOT=X
RETURN

ELSE

D=D/2.0

TT=C~(2.0%X+D)

IF (TT. GE. 0.0) THEN
C=2.0%xTT
X=X+D

ELSE
C=2.0%C

ENDIF

GOTO 10

ENDIF
END
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TRAN 77 2H). E IBELRET 3 ERETH
3. Thbb, ZOBMOETE SQROOT i3,

VP—ELSQROOTLVP 2.1)
=i d. 72170, 0P, 0KE<L] Thidhidts
R A4AN

—RUL7EZA2078 75 ABELLEHES
», HRELBOWTHAS. REDFIX TR, PR
E i BRI, & XX P=0.5 E=0.1%%5
ATTSus 7 LA2EFLTHS. COBEBEDOSnSS
LD, EEICHBEBIC L, TEFLTANR LTS,
FTHEBETTICEIZXD, #ENEBSh 33
5. 40EA, SOEANHEORER, BELLT
0.6875 nBoh 3. ChdERER T LR, 2.1)
RICRALTHELDH R L ENTES. LL, P=0.5
E=0.1 t0HIBERBEDADATICHL, coFo
75 ANESVIEEET IhicDNTI], ThiXY
TRAIEBNZ,

EEEFTIE, P E WS AhEMEILTTR
5, BESHEELTERZS. cORSHE, pedtl
&5, Thbb, HIfELT P=p, E=e #53%
T, 705 sk “Eff” T5.

TADETHRD-1AT, &7 05 25812
RDEIBELEEEHD

P=p, E=¢, D=1,X=0 (2.2)
150 IF Witk »T, £ 2oicspiks 5. ¥
REBEFTOERR, co&BoicHild sri—&ic
EE B, TEHEOBAR, ThoEz3 LML
V. L7cdio THRERTUESBICE 2B, BAS
BELT, B4OEBRALEBNENSS. E, C
o IF X®» ELSE Br¥is®iIhizEL &>, chs
BINBZRMH (D. LE. E) 0FRE) #iLEMlcET

&,

e<1 2.3)
&2 3. ZDXINRNEE, BEEME (path condi-
tion) L3,

KiZfT 10 OFRTaKb - B ET, &7 v/ 54
EMOREMELBE, ROLDiC 5,

D=0.5C=2p, TT=2p-0.5,X=0 (2.4)
2wk, PL EiR, zoral5s2BLTHEBED
S5 (EhTh pe) DT, ZhPUBWD B bR
V. WigfT11T, T IF XBET 3. &8
i3 THEN B#EARBREL LS. CoRM, (TT.
GE. 0.0) 2b b,

2p—0.520 (2.5)

EEETFYRF & 19

TH5. BIOKRHE (23) tab¥ 3L,

e<IN2p—0.5>0 (2.6)
3
e<INPp>0.25 @17

ZCT AR, RERELSTHS. Wic, T 13 8%
b3E, FulILORER,
D=0.5,C=4p—1,X=0.5TT=2p—0.5
(2.8)
L3, HBOTEML, 7170 GOTO kb,
BUFSO IF Jicd L 3.

ZZ7T, 35— ELSE BEsiE ohas L & 9.
TR, #iEBEsicEdds, 7 11 0 IF XTI, B/
BlE R ELSE E#ENELNZELTAS. 716
DHET, 7us 7 L0ORER,

D=0.25,C=8p~2,X=0.5TT=4p—2.25

(2.9

B, El, COXIURENEONDIERER, &
Uit RECTbDELT,

e<0.5A0.25< p <0. 5625 (2.10)
EhFE. BUMTI0Icd & iz, %13 THEN
BEMETEIN, VM—FEBHTEELELS. 0%
#i2, (D. LE. E) ¥13b b, 0.25<e THEhb,
PRSI (2.10) & A b,

0.25<e<0.5A0. 25< p <0, 5625 (2.11)
ZORR, a7 aikTRICE, (2.9) OBFICH
%, SQROOT=0.5 BROIUDT EHBNZ 5.

PEDORESHFTT, ROLSBWTENF T2, TD
a7 54 SQROOT %, @QAN)REFITEI1I
pe EZhZNW P,EC5EZTEFT 3 &, BEHEE
LTOsEoNh3. 20K, Fal I Lr0RTER
i, TEST

1—5,8—13, 16, 17,5,8——11,14—17,5

—7
EWVWIEHENL B, L OBFIZ, TOMOTE
L TETT 2 LARYT. COBEOETREE
Boh UDIEELT, BEETEHEALLLOLRKE
T, CORKERRTIEENS @ I1)oKTE
ZoNtcc it b, COEZFIZLBHFALF—
SHBICHEE LSS, Tibb, 2 1) EFHTR
HF—4%, 122 e=0.3p=0.5 %, TZOBKD
T AP UERL TPNIZ X0,

ESETOKEESOINIHNOMER, WEORATR
7eEF 0.5 EVIEHTH - 7oh8, —BTBATIZ
hicnSEratRNoREE 5. COTSHAMEE, |




20 &

Z OB & 5z FUNCTION b 5EXh 354K
59, COMMON Z /5 x -2 ~HHsh 28
Alich, ARICHES I EMNTE S,

LOBH S, BEETORKBML, ROEIIZEED
5h3.

(1) Fus7a~0ANELT, E5EE2EX
3. CCTRHREMER BHEERERT A2ESTH S
(Fu75 b EROBHNFLERL VK S, EX
T EMENS B). AL, & ZIX FORTRAN 72
5, /%5 x— 2% COMMONZEH¥, % 3. iz READ
Nick-ThEhdd» o, choicHlcl CEEHE%E
Bihigdn (Coiddic, ¥ 7—-FrFUCHLIC
ISUTREEAEL ZLERSH2HELH B, L
TRHEELZEET). 0k, TRTOANEZESMHICT
IMERIATL B, BEEZBELSETO L. A
DORTIE, 72E A E iz 01205 & 5 0 BE
#5X, P igid 2 LVHEEHEEELZENVH5D
b, KOHETHS.

(i) BEEFTOKER, EATIEKICL-TR
83, Lich->CESETLHERT I, 35H0
HEREEET D, SBICELEBASUELT, 8
BYICTHESEREEBXS5ILT RN EDFES,
ESRFRIT ST

(I) 1>0oRBIcHl CEEETEERT L,
STHFOHHMEREILTEONS. 1213, ETK
THOZEF o/ 5 LAEROESHGSE (Ah3hiL
SHESURHER) ThHY, 5121, BIshik
BRERBET 2ANLE ANEhI-ESHELETHE
HRX) Th 3.

(iv) HEEETOEETHERINZREALHER
ITxdl, MEbT ABEENE 2T EMBE LI

(v) (f)ichTi-EBoRRiclEL, BESET
WIF XOLS3 R HHEIC LI BIEL 7ok
iz, ZOBATRILTWA S nl 3 20RBE LD
BEELHD, 20 IF £ESEL B, H20IRE
ZOUREEN S 2 0ICDNT, BET & SR
HHTEMBFELL.

&T, ZOKIBEEETICE-T, F’uss40
BB, EDEEHLENVIZTHS 5. HOH
T, HROFR TR P=0.5E=0.1&>L5
1 EDANCHL THELDONI-Z &2, 0.26<P<L
0.5625,0.25<E<0.5 &5 k570 Kific L THe
hohicc s, 1D20KRENHEBTEAD. ET
BEBOEELVAVANZBZEILED, TOATID

# £ =B

Jan. 1982

WEEXSIKETACENTES, L, COFE
TREEVSELVWZEE2BELDONIRLTS, B¥E
LB DDV TREEREBI2008EL . D/
HiciE, FulFLABELWCE (ERE—BL T
Zrk) ZMALT, COMBORLEYELERT D
2, 120k HRENVZES. COEHICEL T
, BSETERMHTICLENTES.
EAETERAO O ORERT

PIET, TS5UTONV—FRREBL LS. V—FD
T, TTREVWTTOEMTH 3. £DIEHDE
¥ X,D,C0BKEI- 2D EH LS. DD,
P=p,E=e¢,X=x,D=d,C=c LL T, fT5»58
BEfFfeibn 3. 780 ELSE, ff11® THEN %
BEBRL, BUTSIKbE-72ELT, TOBKEEH
2,

e<dNc=22x+d[2 (2.12)
ThHo, 7ur7 sL0RER,

P_s Feoe D=d2 X=x14d/2 C=92c¢

i Pri=e L=Gja, A= T4[a, C=4C

—(2z+d[2)) (2.13)

L1 ®. £, f78 ELSE, 714 @ ELSE #28iR
L, BUTSiIcb EntctThid, TOBKEHR,

e<dNc<2z+d[2 (2. 14)
THD, 7nr 5 L0RMER,

P=p,E=¢, D=d[2, X=x,C=2c (2.15)
B, chhd, X & D OFKRIIBOIICKA
5. X g, BRETAEHFBRERLUL TOSEHRTS
3. DR, v—FTLicllEN1/2icisB, EDEKT
3. V—FCclic, X kit Dmidhsdd, »
ZWidzoERicFins, $abb, X BB
KU, 2#ED/NEOWEEE, 1HT25F3K<T, H
HIOEETHSAML THB S L. HARELS,

VP—-E<SQROOT<VP
THBH, 75T,

VP-DLXLVP (2.16)
DRILTHBSLWL. dLEITHNE, 710 0
IF BHEOM, D<E MRILT 255, HARGEHHHE
reIN3B.

MR, COlRTHS. CEDL I REKRIT
SNESEHALMICTBICHE, COTNVTY XADR
Miextd AREAMNNE. ROBFELERRT 3iCiE,
FLOFHEET S,

C=2(P-X?|D 217
zhds, 750 IF OEETHICKIL TS, TO
LSk ~ZicBL THEIRRIZLL TH 38R %E, RE
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@Ebéﬁ?sinﬁ??ctﬁ?éé BT 5
KETNE- L, C=2p,P=p,X=0,D=1Th
AMOELW. &L, 75T C=c¢,X=z,D=d &
U, c=2(p—=z3/d BRIUL T3 LT 3. BEET
DO#ER, 5—8—13,16,17,5 &\ HZFKETIL, (2.18)
&y, 2170

ED=2(c~(2x+d/2))

FEA=2(p—(z+d[2»)/(d[2)
iR, c=2p—2%)/d 2ERT S LBHELHEDK
B Ap—(z+df2P))d REBESIhFLOV Ldtbh
3. L& E, BERE,NS, C20TH3. fT110D
IF XT ELSE #& 35 —XTd, fTSIKdE-tcE
@R INMBRILT S LR, BEITRES. oL
b, C>0THB zoEdD, (216)D5 b,

X<vP
DOREH D RET. Rkkic, vVP—-D<X 2L,
P(X+Dy oREREDR UFETRES. Lok
T, a7 LBELWVT E8bh 3.

CDOEMEORIEIC BT 2EBETOIEACASN
2k5ic, BEETGRLTLS vl 5 20%kHELD
HROITHERBTIHLERNLL, BOMCEFTLIHD
BiTTDT EMH B.

DEo#T, DEETORK ZhMFX b« 7F—
EERP TR ST ARIECEDI I IEDN 3 icD
WT, BEEShMNA I EERS. 2L, COf
REBEIZITREL, EBBERTICL-THADVLD
DL >TWB. D 1HD0EHIZ, BFEESTLL
TETHB. DL, ulIan8d4BLELTHED
BERTHD, FROERL, ROMARAELSLUX
MEFRICET 3 X Hon b DTHRL LD, B
ZHBELLLTHVBEVZL XS,

3. KRMLEBSRITYRT A

TR, REMUESERYXFA4LLT
EFFIGY'», SELECTYV, DISSECT®®D 32% &b %
FTEMATS. choid, IZEURC, ok
EEZFUH0 IS - RfEdhie, 1
INSDOYRTFLDRLNVY, HEFA b - F—424
ReF s 5 ARENDISALED S URIZEBLHS
b, BLERSEFOFRF « v—VELTOHEEN
BISHAIRBLENI AT, XBLTHEE0Z3.
RETEHI0 5 L0RERIR, WFhbict A
FORTRAN O & 5 BUEREN X OFH * ML EE

THY, ERBEL
E%%%ﬁfié T, &% 0#Ee i~k

EFFIGY

EFFIGY i3, J.C. King #%fuiyz IBM Thomas
Watson BFRFTCEER XN, NFEEEIX PL/I oy
Ty b, 3&b, PLI BoEEtb-Ifcdb
OCBEL 2S5 25BTHD. MRETEF—%
RREHROAT, 1RTEADFEIN S XEL
T, RAX, IF x, DOX, DO WHILE ¥, GOTO
X, READ X, WRITE Xix&#bb, REUTH
WRERERINDH 3. Tk, AXEREOERETFU
HUDHHETDH 3.

EFFIGY o ##i3, &EHILBELBEHEINATHS
Bick b, 7L Zid, ROKSEBENS 5.

(i) FVr—2@EE FBRBOEKICED, LEX
TO\EL, BEANCOPVWTEOXES, V-2
X, HERBRELEEARRTICLT, BobikTs.

(i) SEThirRE FAZEsHOhLDS S5
Atz b S B R TESETEGRL, FAZK
Hmac g, RAZR, Fu/5L0REE2AT, b
BROEMICEARETINELT, ETEHEHTS
TEMNTED.

(i) REFEDIEBE EROBKENLEASE
TR, EEEFORPORELREEFELDREIEL
70T BHREEDS, SEBLILB.

LD &5 BEDL S, EFFIGYZ DY 55d5EH) 7%
o HDO~RELBTCELTES. BROT /Ny HH
BEOHEANT X ZDIcxiL, EFFIGY i225MEd
ANTEBHBREINITF v THBEEI LT X
V. EBOt v Y arfis, XERWViCH 5.

WEFus5 LEE0HK, ASSUME,PROVE,

ASSERT LW 5 Xtk b, chEANTT S 54
OHBPEIASTETES. chicky, EFFIGY

RiZ7 75 A0RIEBESHBNBRHEI AT
TV 3. AoM#eHRieE, King sLATIcBR
Lic7a/5 aRER (75U, RERTRESET
DEZIFIFEDLDATHEN) 0—F, MAIHATHL
3.

2ERELTR, NESESBMLCL DD, EBRN
RYRAFLLVSBENRD. EBRAOHED, SE-
LECT © DISSECT @V #— b EH~RTHI. L
L, YATLELTDEEEVREXEDT, k&
ZAXBNIcH B kS, 7l 5 LRIEENKOKE

VRAFABELLTH, RitiLoEBbh s,



22 -

SELECT

R.S. Boyer, B. Elspas, K. N, Levitt &, SRIDOA
HEick > TR XN SELECT 12, ZhitHfTLT
Ful 5 ARIEY AT LAOERNS - 1A T, EFFI-
GY Eit@sNd 3. CCTHROME - HRBE
it SRIOFus 7 sRIERVPOBELTAL T3S,

SELECT oxigE&ER, LISP 0474y FTH
5. 3V oTh, TOHTEy MNZAENTWAEE
BRI,

(i) R&A (SETQ BXIUEN~DRA SETA)

(i) ##fEE%% (PLUS, TIMES, DIFFERENCE,
QUOTIENT, MINUS, ABS)

(i) #/8\X (GO, FOR, WHILE, UNTIL, CO-

ND)
LS, Fheay, EEMZLOT, LISP oL &
%bh T3, SRI 0F v/ 5 2REHRLE OEET,
ANEEH LISP ORIt > TS BERTH %
ZEN COXINBROEETHAHD.

SELECT 120D K & Ix ¥#i3, BEIFX+b -
F— A ERBEBICESREBNTNWRECARES. T
ithb, 1 2OEEFELETRRICYT 2REET
DR, 70 J 5 AEROTSHNHELE, TOREEE
BT 3REREE BS54, SELECT ik,
CORBERMEEZBILTANELZOROIBELL-T
W3, Zokedicii—ic, IR RERBOETT
BRERD D &) BEBLETHY, &5 SELE-
CT OB F—2RBETH 205, BHETE
PhZR s e S Hbmb 5. BERGXED
141z - T, Gomory % Benders O EEIHL
7oLV, BEEVSFIRETELEIVS (Th
oL B, ThdFEOHEDS MREKE LB
hah). 22T, BKMic3tB@EsEsgAL:
DT LETHS. BEHHNELSRBLIHMIEDH
iz, £ bhsE.

SELECT T& EFFIGY &[#fkic, FIFEH S n
75 AMCRAABATACENTES. TOEKRR,
ENEZLERTOBBETIMEL 720, ETEREZHIY
L, HREN BT« F—40lRERET 5D
iz, Avsn s,

SELECT i£2W\WTid, W{D2HDAINENSD
»ABREEBNL o s 5 AcEBL 2B, #BE
TNTN3S. chic20Tid, X#l) 28Rxhik
W 72T UTRRTIE, YR T ADRBKIILA A= Uht
EFFIGY, iz X BHREic S h TR LS.

n 1 Jan. 1982

DISSECT

DISSECT i3, W.E. Howdend %) 7z V=TK
EHrF 4 zTONRICK - THRBIN .. ORI
&1 ZHFFRBERIE, Howden =2 £R N « £ 5 R
#Hoaryay pZo7ckic, L. Stucki & &D
KfF->TWH3.

EFFIGY % SELECT & H.~7T, DISSECT (3%
A EQICERLTWVWE L9 TH S, EAINE
EEicL TS, ANSI FORTRAN %#ZD ¥ FHFEK
LT 3.

DISSECT <Ti3, £FHABREHIATHLL.
ARZ2EEO 7 r A Mic &k B, 1 OBREERTON
BENBTUTITLADT s ANTHY, &5 12H3
2R 724 NTEHB. 27y Fiti3, ABELT
B2 25 EPBEOCEE, HIRBDEE, BLU
EEETEAEATEEROEELEMS 5. KA
h3boici, BEETORRELLZES0 ST A
EHROLENLE BLUBBERGNS 3. BEEHE
i, BEELAURERNORAT, BsRECE
hTW3, Coflifsisiaici, SRI BRIEROMmHIFED
ER2hTHY, cO/icBL Tid SELECT L3t
TH 5.

DISSECT i3, SEEEicW A5 7us 5 AlcER
XN, TOMREMSHLHREHICEEINTHNSLL
AL, RKEsdHb. TORKELEL T, & X Kerni-
ghan & Plauger © [7u /5 a8t b0 “k<db
ZEOEEGALRABE 22 icl, LERTELEES =
75 LDOBIBIT R, (7:& 21X DAVE®) 0ffia+
T, 1TIZO&BONRATEL, chicwl, #Ek
DFAMEETIE 11 ULROBRBRRATELL- T,
EWo oSk 5.

DISSECT %, Z0/ENF 05 AREY X7 A
TRIELT AP « V=N THotelEnd, Furss

£-1 3DO0EBRTYRFLORK
PEE N —
\ SELECT EFFIGY DISSECT
H H
M on & SRI King & ~ Howden 5
B R £ 1975 1975 1977
LISP PL/I
BREE| phrest 0474:»/ p | FORTRAN
F MR ?;‘%ngmb g)’;ﬂﬂ!w —_—
& BE M| Ramicrrm | LR L
- 7T AP e Vit
zomonn | 31 RT 7 | mumcns | LLtoxnk
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LOBIFEEEIT & QIcAAT W TIINI Y

=% +-
alPRadia O LI RAL CTav g V. K7D,

TAP T2 ERBELHELI TV, Hie, B8
ETE2ZOLTHENICT R MCRIAL LS L5
ATHELHETHBZO8, Biclk->TH 3.

723, DISSECT ofisiEEid, UCI-LISP T3
3.
B®IC, CO3DDYRFADOHEE, 21 TR
7

4 FR b F-SERRDIER

2 BETHBRc X IiL, BEETFTEFXbF - F7—2
HERICISAT 32 E08TE%. 2084, $TR8E
TETOERERELRERL, RicZOEREEE W
TANF—2DEERD B, EVHSFIENESN B,
CODESFRCHEINEFRL - F— 2 ERFRIC
13, 8 ETHS SELECT gz, #Y 7 x0=
7T K% =2 vV 4D Ramamoorthy &2BERL -
CASEGEN™, zm 35 KAz Iz Clarke HSBEZRL
Ty RF LY ipEMH B, CASEGEN & Clarke @
YRAF LDORNREEIL, &bic ANSI FORTRAN ©
»5.

A#ETid, CASEGEN ZthlNg, 7R b » F— 2%
HERFZENOEEETOISAR BE B, Kkic Clarke
DY A5 u% SELECT L OH#AT 3.

FRBM s F=SERFOME

Ful sk T EIDICR, BROCELH
LFRAb o F—EBNNETHB. LA BEOS
v/ 5 L08A FELANT—40MAEIERIC
(BrnRThicANIEE) Y, 20T Ticxtd
B7FRAMEFHICER, EEBEERAETH 3. £C
T, BRLTFA LA HDFR L « F—2DBR
HENNELENE, COXEORENL O DOEL
T, 7’077 L0BERES FENH 3. Thid,
7 a/ 7 AthOTRER RITREO R CHEO&RMEEE
THOERFNBL, ERBEELIANT 22147
DREEVIBDTHB. LEIVRT LR, WTh
b ZOREEZFNTS

COFRCKBFR « F— 2 ERROHERIZ, —
iz B2 0kdickhsd NBoRBREROH 2
12, ROEBOHTH 5.

(i) BRBIRH

BEWS v 5 625s, £0hdh5FX &S
- ERERCHT.

(i) WHORHERSR

BERTYRT A 23

o
R¥7aysua — EK®ERR

T B

HRIRERR

BRZ LofMat

KRR

1

FAbeF—%

B-2 7R} F— 2 ERROMEK

BEINERECEiL, TORBBETINB2DIC
ATT — 2Dl RS EERT 5.

(i) HIRRERER

ERINIREER CTANT—20HEERD 3.
CORY, BIoNIBEBEETTIILHDDOFAL »
F—aLIL5.

CASEGEN ois#%

CASEGEN o#miRb, KBEN-2icH -0
T35, CASEGEN m##it i »3d L, RO X
S 5.

o “FRTCOJEEEDEED IBEIETL, &
V=13 k ERTTE” IIUTFRP «F—20D%
AR (b DEIFIRAELEZONBXDICN -
T3.)

o Hl#HRHEEERT Z2ORBERFAFAT 3.
(CEETORREBO BRI NEN ToTLHK
Shicis 3.)

o HMRHEZEL DI, ATHEEALEFEEAL
5.
FTRTOFBEDIE ES 1ERETENB LK
FRMTREVIEER, FcERNTBNS 5D
TRV, bk EbhT3. chid, &
EBERCOBEDT X FMILETHD, Lhd, chll
LIS T A P EL KD & T3 ERRICFRBHEA
THENHIHBEOIBRNHI205TEHS .

N—FOETEEBEL 12012, BEETEHR
KT B3DTHD. V—FOEFEEMBHRE - TS
VWEARR, V-7HOBRAGPRSHEO—EE
ROBLENHTL 34, TOMNBIIIERICELL,
4DE T ARANRBIMIIBERIN TN,

CASEGEN O HMR T A b + F~2ERIZTTH
A0, EEETEMATILN-TSH, 2 EOHOD
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I
J

2%I-1
F (I. LT. 5) GO TO 40

40 CONTINUE

B-3 ETAEERON

IR EERTETILE R V. & X
i3, RPREEZRPTOERCELRT 2H4EZ 0.
Fitc ez, B3 0 IF Xo®kod GO TO X~fF
(BBIIETRETH 2, COBRE (BRESEFT
ErToOHE) &, ESETRKICTREL, 72
b oo F—SERE (FRRERKBR) KT5b0LL
T, GOTO Xt 2L SETELTLE-Thh
FDhBV. Lo T, NEROHRALELEDOER
DFHEOBRBDI-bic, BL2OBEELRATIC &N
T3,

CASEGEN oO#-7-EE0 ) bT—BHENL O
12, BENERORYBOETH 5.

Fa /5 shicBNERCYTIEBMNED, £0
BFEOEBANT -2 ICRET 3 B AT, TOW
DBEOICERNCERSSLELL S, LA R4 ()
OFuss st IF XOHETR, I & J B8%L
DWHTEDIC LD, ETRRSRIS.

ZHhiZ DN TO 1 DDRERER, I=J & IxJ D
ENZhOBAKDPVWTEERTTZLETH 3. ¢
b, MECE3ENSBROE A TRENREN
2O 20ieadbhsELTHKS b DT, SELECT

(RT3 4] (RESRTRORE)
READ I, J I=i, J=j
A(d)=2 AyN=2
A(l)=0 Aqli)=0
A(D)=A(N+1 A()=As)+1
IF(A(J). EQ. 3) IF(As(j). EQ. 3

(a) (b)

(F2 b« F—gERRIC § & J KENELSNI-ROMHN]
b U i=i, j=jo TihXi 85 L i=j D j=j 55

I=d,, J=js I=j,, J=Jjs
A(fo)=2 Ajo)=2
Aq(ig)=0 Aq(fo)=0
As(jo)=Asljo+1 As(j)=Asjo)+1
1F(As(js). EQ. 3) IF(A(70). EQ. 3)
£hwi IF oo A oflliz Ehwx IF othpAD
RD LD WIIROESiICL3
’ As(jo)=As(jo)+1 Ay(jo)=Ax(jo)+1
=AGi)+1 =0+1
=2+1 =1

. =3
() (d)

R-4 EFIEXOBROBDHI

Jan. 1982

NZOHRER->TVE. COFRRIMHTIRE 3
B8, OB BBEOBIIFRCEL D, HRBE
o

Z 31t CASEGEN 72 AR % F-RIRIEER
L ALICAT )y WiAvina "

DHEINT X WIBAICE, EORURHFLOEFEE
b, HFLOENETH»SH S5 EDRFRETRL T
BLEWSHEEESE. ELT, 7R+ F—2HER
BRCEROBINEZTY. cEAE, BE-4) O'H A
i, ﬂE(M@JhA&Aa®ﬁ§Q53O®EW&
LTHbNB. LT, 7R b« F—2HREC, |

@L@)owfnmmﬁ&r,AhAwamgim
EDEHEEH 3.

COFER, FRbF—2OEEED I, EH
BRI OFFOHEOF 2 LIckD B Licky, BB
EFHOENERICET IHALREKCT S, &0
It DTHS. LhrL, EFNERCHT ZRAN
BZ 37:0REHEL OEFIEES Ridl & TEERs»
FBEVLSIBEADD 3.

FARbP s F—F0OERTEDLD, HKREDRKKIC
BL T2, 3 ETHMN7ck Sic SELECT i33LR1F
#HEAEB TS, Clarke DY X7 ATIE, HiKR
ERESORBREL, REHERERALTH?

®-2 FREF-F—FERROHB

FAL: 7=
w CASEGEN Clarke
J:d 32

% # ® | FORTRAN | FORTRAN | LISP

SELECT

4T b
FORTRAN
I A B | FORTRAN | T+v75 Lisp
Altran
FEE LIV
LTORGE | pys e s (atbgga)
AT
gzﬁﬁ’*@ﬂ Fbiw Fbizn T 3
FIREEBRD | FAL +F—F | FAP e F—F | pagop

il 2 ] SR Bk

’“ﬁﬁ%ﬁg ERPTE% | emmbu | BREANTS

(1423
FAb o Fe ﬁma&#w@_
Z2L77 | momms |ocscosy|| smmans
A b eF—24
ERT 3
DIEL
bARENaE §§i$a:§ L
2 Kk W {E]| bROFRIY | TLOBEDOL - AR
—n. Hi2 | EnTEBE /171—
-4 ZRLAZ &I
B#iH 3
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o & idxBAaYic CASEGEN Cig, #X b »
F— 2 2EBEACTRTHRENCAERT . $hb
B, ERE-NCHETHH S ECEBRERAVTREE
B’HTHNL. i RHOEY v DEEHRDEE, n,
vz v CBART A FRR BT RTE I B0 TL
2R, T vie ORBIRE S, 7
IhignBsiciz, v OEEZEDET. —EEHRD
E vi OEBREICRKLUICEBAR Ny 759270 T
Vi-1 %&bﬁ_f

0K, SELECT So¥MBHETELBW:H
TiIcHANT, EXAFNBETH B4, P30 HHEER
bidh 3. EEsic CASEGEN ORfFEE2HEL T
ABE, ZTORMOKEAE, F—FEROED/
PS50 F/ICBPINTVRENITETH 5.

Btkic, ¥-2ic, CASEGEN, Clarke ¥ X5 4,
SELECT oE#ERET EHTH L.

FRM - F-SERROENS

LHEDOISDYXFATCERENZ TR - F—4
i, WEFo /7 L0BEERRLUICDDICE-TH
B. €01, 7l 5 A0BEZDOLDICET 5
DEBRHTELVIBANS 2% Lol, Zok5%i
RO RBERGEZRANEIDLNS. Thabb, BEET
ICEDEREINIBEEEDN, Fas 5200805
RTHESA R OM T EREThII IV, OB
EICAKL LV, BROBRENS 5h, £HH
BICROBH BT ERCILBDT, T2 BET L
&Lt d. THLEROSTHETIED 2]
BROKETERYRAFACEBFA L « F— SER%E
TV, FSRENLDF—RKEBTFR M 2EKT S
EWVWS 08, BULFIRTHA .

5. 703 ALABRERADIGR

EERTE 70/ 7 ARERFAT 2 L O FIE
i3, RIEERSDLLDPTRZENIKICHS. B
FEORRNCRIERSD 10193, RIER(E S0/ 5
LADEFTOWN & BRI X icED 5720, £DBEEH
BRELICL L, 7u/5aB0Nb-128 3, %
OEANEEIEDIT WEWS NS 3. chicst
L, ESETEAVCEAKR, EBOS S5 40
ETE L ALK LB ELOT, RPTHISIES
T2 LERBTI08EETHS. 1215, oKXk

*LDOBRDOFAL - F—2RIREMOXBNLIMRIC DT
i3, Goodenough® 2RI hiir. i, oS s a0lBIT
EINVF R PTRETELVERD OREKNZ FlI2, Howden®
KbRoh3.

RERTYRT & 25

G EMEHE (goal-oriented) Tz icwd, BRIEE
REZEATOERELTLhTLU IV, BESKMIC
ALV RS & 3.

BERTE 05 AORIMCIERT2HBA0ES
L Z0BER, 2 BETHRALALLEBOTHS. 22T
B, 87075 L1EROENENS DANTSHEER
WTEBRIhTW3E, BROREANOBAL O
RBEHEL 075 2EREOBERLRDPTY, &
VWHRELFIAEh TV 2L, 2 EoFTIL,
ZOBHERIICHRAT 588BICI3, AMOREH
AEL TV, DEETEISHAL - BBNLRIERY
fERT 28B4k, CORBMCHEYTIESE, A
ShDHETERBILL KOS,

BRI Ic> T—EMBEICIL20D1}, RD2AT
» 3.

o EBEEFEVDOS a7 s0RBEEDLSIK
ERT D0,

o FuSILDEOWAEILERETL, TOKR
ZHEIREDL D THERET 0.

#EL, FORKELERTIOMLV IRV
MEATHEN. Fud5 AORIETI, B|E, BHED
ANF =2 EPEBREEL LV S 200 E
&S, LEH-T, 7ul 7 h0RTRT v 7E%EH
S UPHEROMTHITELZEPANF— 208
B ABROFEMTHRI LT BT ERVEANE
V. ZOXHRBAIZ, BRESETEEAL L
TR, REFHEIKRTLRL. Thi@RL, &
ROFHTRIEVKT CE B LOICT D, 1A
ENNBICILZDTH 5.

2UFTi, BSRTEHBLARIEROAELT,
REKX T v 7 R % Deutsch DBEFRL 7= PIVOT®,
T YN KEI W Topor OBARL 7-RIERS,
HHOHBERL Iz VFPL-VS® 0 32%& 0 LiF,
LHOGEEDL S MEL TV B, BBUCHAYT
5.

PIVOT

PIVOT @7 u/ 7 2R, EEFOLEEER
MMUIET -2 -2 L BREHERAL H7—2
R=ZD2DOTCEREh 3.

PIVOT O3B, RMRNKIEETS 3.
zhiz, 2 OO (2.16)P 2 1) D Xk 5 L REXRH
2RHL, ThEFATIENIHFETEH 3.

PIVOT ox&EEicit, EFFIGY tRU LSk
ASSERT X&W3 b0Hbb, chzAVT, RA
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100 ASSERT Y=8>=0
X « 0

LooP
125 WHILE Y'OA: BEGIN
+

150 X« X

160 Y+¥Y -1

170 ASSERT X=A*(B-Y) AND Y>=0
190 END

200 ASSERT X=A°S
(@ HETar7s

PATH #1: 170-190-120-125(Y#0)-150...170
PATH #2: 170-190-120-125(Y=0)-200

PATH #3: 100...125(Y#0)-150...170

PATH #4: 100...125(Y=0)-200

(b) FET w5 858K
E-5 ASSERT X5 ASSERT XAE 3 IAHEEEY

EnTu S5 AR AMNERB LN —FORESR
B2 AT ALK -TWW3, PIVOT 3, Z0#k
B3xoFo/s/522BKLT, FusJsdiog
ASSERT X5 Bld ASSERT XicEbh, »DEFD
fizizh® ASSERT XAESTHLWIES BB 278
T3, 1c&ZE, B5()oFursshdit, AR
(b) OEAEBOEANBOLNE. £LT, ¢hdD
AR i, £OBHD ASSERT o
BHETHBEEZRELTREETETD. 35k,
BEOKDDICGEL & ¥z, B#OD ASSERT X
hDRER out BWILT B3 0TL (BEEL: pc b
SHEINZHED) AP ERREOBRIEETTS.

(EEIERY, pcDout ZHATE 2 0L 5 AN
3.)

COFBREREMMETH 55, BBRHSEEIN
i, o5 L08KIKE-TORELBELN
BWOENIEELND B,

VFPL-VS

VFPL-VS LB REEE AL 545, PIVOT o
LI IBEBELBRTIC, Ful T s RkERRLL
TREETETS. thid, VFPL-VSo 7w 3 A
REOERRELBbL > T3,

VFPL-VS ¢i3, BROEBSEFTLRIRLE-T, &
SHEEVOIWEREFEERT, 7ol 520812, Fo
77 ABBHORGRE BERGH SR 5 RERNTRE
Eha ZLT, EXOEKZ, 7977 2RE0E
BHRAOLATERSL S, EHHANI, Hoare 0FE
BERVT, ROLS>icELN B,

P{StQ
Zhix, “X S ORTHEAMKRER P MBRILLTH
i, S OFETE, BERX QBRIUTE” LS
EEEKET 3.
LSETR, chooRA%E S 75 AOETHEIC

Jan, 1981

BHALTHOCZ LK ERTEN B, £L T, X
H& o A3, then Hik else % bicETF
LY ThoDEFROSoS S5 ARBOGEN %,
if XORTRRELTS

N—FiCBBL TR, 356hLORERHANEION
T34, V7% 1 EREETL, REHRH
MRILL T B L 2RO B LT, V=7t &K
DXDEFTICHESZ. FERPAKEL LA THORNEA
iZit, The2BHLES&ELT, V—72AELES
K775 ThTHRETERVEAR, FAZICH
WaebE 5. zo®kil, FERBENEI SO TWIE
BLRUFETOEZED 5.

COKFER, 7005 A0&ETRILT 2 BHEHER
2, BRICEELBVWERATRHONEDT, oy
7 ADHHHBERL 2T .

Topor MRMER

Topor DRIEFZRDIEEETOEDHb VFPL-VS
EREBETHS. 25L, Aol LREOEEBIU
XDEKRDEFICRIENERR (operational seman-
tics) 2TV AAE, #BIRAE (continuation
induction) Z{EHAL TV 3 SR - T 3B,

BIEMEWRRIZ, NEEBFTHINLT v 7 0%
KT 3 MFBMAEBEL, EREOEXOEKREZOD
BROREOZEHRBALEFHOTERTSLVIHOT
»%. Toper DRMIEFRDOXFEFE POP-2 D &k 51580
57 -2 2B BEOBRAII, SBOETVATA
(BRRSE) O»rZ0OWAEETDOE TMEBKEL
THATECENTEEDT, ChiIERBCSIETVE
BETH3. Lbol, BHEF—2E2ZKS5EBOHAIC
3, COHEIBRATERLVOT, KA FEER
DDOEEN,

BeEiRMETIR, Fus/5 20BERES 0SS
L¥L L TEZ, Eru/56tBLE&tTIOER
BETL, £700 5 A0ETRHERE—BIT 20E0
ERANBEICEOREATTS. 1L, EFv S5
LAPORN—-FDEED ST a S 5 LOKRODETD
25, BIULERERICHL TR, Thehdist
RS0y L2BEL TELETNIER SV,
(Zhiz, BMNERECV-7ORERRESLL
ghidtiz o tiefiSL TV 3). 2L T, £

* then AT 2 WAL U XORKUNKTH S LRETS.
else WOBEIL, €OB.
U RSuSSALRUBRTEONET S5 4TREZN, V—
TOEMFUHLIIEIhT, €0Rb hicHBERAOERIL
. vedlid XQPFixE TN
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*®-3 RIEZROHEX

REETYRT L 27

\\\:ff
PIVOT VEPL-VS Topor
HEE
A VFPL POP-2
e 8 a0l sm(ran B B
ERXREBH LISP LISP POP-2
5 £
awss| mam. |BETEBEr
Y WER Z 7 J
BRH Bod s
B oW k| BMNEEE | AMREDE | RENE
5 b
5 b )
W8 M (EHCRS SR EERECRT) LA
WERD ZHBERD % »
Coma
/)‘C@&&gﬁﬂm
[Ficsig %0 D
5 v |mmsEwak | e
e | TniewnT) | The, KBS citi AR
iR HRILESHT E&@Hﬁ%
Bric BRICTA | \EBLTV S
Q&UICLTQ‘

77 AT —7PERBEM AT T 2B EETY
2Lxid, 2EEXSRICHLTRIES ST L0
FEETT 5.
CORMER, BRAN 0SS sl TREE
Bk RS0t hEEL, V—70H5Sul 74
T, BMHEREE—RLEL D DL > TS,
PED X Sic, BEETES 07 AOKILCIEA
T2ENSTH, WANAREENRSD, ThEh—
E—Ehs 5. Lrl, ehd0Eid, LEETZED
BDENS LY BEFRICEZ ZRIECHTEELFD
ZiEETZH0LOT, zTRIhY EEhEY
zrict s, 1273, TROORERDEREDT T
», BEERFARALLE—OEALLT, Z0dbD
DRTIFEE ST EEDIMATEL.
*-3ic, 3OORTEROHBRRLEEHTHL.

6. FLHLRE

HEEFTY X7 LAOHEEARIL, 1975 FEaTkicHE
WTiFbhiohs, FhLIBOG s BIFRERIT e
Lz (FHELTR, ~—s¥—FK¥E®D Cheatham
SMBRL IV R T AP 11 &).

FTIREINIVRATF AR, PRIVHLETTER
BIRLbDEVDLT BRI, 121, ZTOEZLHICIR
ZNETREVERASHNESD. THhbb, LERT
LS ERR, 120ERN (formal) LFHEEIVD
ZEMNTE, LbAMMBS 0l T LB ERT

ZEBIGENO DAL > TNEDT, ZOERich
b FTARKE LAHEPTVENSS LI XD,

LiaLWhThict k, BEEFEVIFE 550
BEERFYRAT &R, ThBHTHERAZLDH
OTRIY. BEEFTRALPTV S v/ 54048
OFEEE, 25 TRVHOERENEAHS. Licdis
T, BHOVIFY2T - vy—NEDHARELTE
ATORBHEESENESEIL, ThZ0MEE
2T kT 2HMIC, FLERNDSDTIREVES
S .
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