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^ (1) SPECIAL ASSERTIONS FOR SNOBOL SIMULATION ROUTINES

1.1) (I..J)

(I..J) is the set (1,1+1,1+2, ... ,J)
k

1.2) ADDR(I.L)
This function indicates the address(index of SPACE

array) of the I—th element of list L.
ELT(I,L) = SPACE(ALLRCI,L)).AND.(1.LE.1,1.LE.LBNGTH(L))

1.3) ALL(F(X).X.I.J)
This function implies that F(X) is true for all X

in the set (I..J).
ALL(F(X),X,I,J) .IM. (F(X),X.IN.(I..j))

kP 1.4) OAR(L)
CAR(L) is the first element of list L.

CAR(L) = ELT(1,L)

1.5) CDR(L)
CDR(L) is the list of all elements in list L with

the first one removed.

CI)R(L) = A1L(ELT(X,L),X,2,1ENG!CH(I.))
k

1.6) OBaHd.L)

CDRJ!J(0,L) = L .AND. CDRN(I,l) = CDR(CDRW(I-1 iD)

1.7) COMP(L2.L3)
This function is the composition of List L3 to list L2.
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O L = C0MP(L2,L3).IM. (aLL(ELT(K,L)=ELT(K,L2),K,1, •
^ LENGTH(L2)) .OR.ALL(ELT(K,1)=E1T(K-L"i5NGTH(12) ,13),

K,LEHGTH(12) +1,IEiiGTH(l)), LEl'IGTH(l)=LEireTH(L2)+
lEiIGTH(L3))

1 .8) ElT(I.l)
This is the I-th element of list L.

1.9) ERRORCsubnrogram name)
This function indicates error condition.

1.10) EXISTS(P(X).X.I.J)
This function indicates that there exists an integer

X in the range "between I and J such that EjX) is true.
EXISTS(P(X),X,I,J) .IM. (P(X),X.LE.J,I.LE.X)

1.11) EXP(N.I)

This is the exponential function with

EX®(N,I) = N**I

1.12) lENGTH(l)

This function is the length of list L.

LENGTH(L) = (if L=NIL then 0 else LENGTH(CI>R(L)+1 ))

1.13) LIST.PIR(PTR.L)
PTR is list pointer in the range defined by list L.

LIST.PIR(PTR,L) .IM. EXISTS(K=Ai)DR(I,L) ,1,1,LENGTH(L))

1.14) LV(LP.L)

This function defines the list value of list pointer

LP is list L.
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O I.V(LP,L) = {EF{K,(1 ..N)),((1 .LE.K(I),K(I)-LE.5000,
'•> SPACE(2«K(I)-1)=L(I),SPACE(2*K(I))=2*K(I+1)-1),

I.m. (1 . .N)),LP=2*K(I)-1)
•• * •

1.15) TYPE(L.NO)
This function indicates different type primitives of

list L with different values of NO.

TYPi;(L,NO) = real , N0=1

integer. N0=2

string. N0=3

1.16) SIJBLIST(J.K.L)

This function indicates suhlist of list L with SPACE(J)

as first element and element "before SPACE(K) as last element.

SUBEIST(J,K,L)=SL .ST. (if J=K then SL=NIL else

(CAR(SL)=SPACE(J).AND.CDR(SL)=SUBLIST(SPACE(J+1),K,L)))



(1.17) PROPERTIES OP ASSERTIONS

P

1.17.1) Certain ambiguity of the defined functions are

consideration as .TRUiS. For example*

AIil(P(X),X,I,J).ANI).(X-IN.(.NOT.(l..J))) = .TRUE.
EXISTS(P(X),X,I,J).AND.(.NOT.(l.LE.X,X.IiE.J) =.TRUE.

1 .17.2) length(SUBlIST(l,SPACE(J+1) ,L))=LENGTH(SUBI)IST(
I,J,L))+1, for list.PIR(J,L).AND.LIST.PIR(I,L).AND.
(SPACE(J+1).NE.0)

1.17.3) ALL(P(X),X,I,J).AND.F(J+1) .IM. aLL(P(X),X,I,J+1)
and

EXISTS(P(X),X,I,J).AND.P(J+1) .IM. EXISTS(P(X),X,I,J+1)'

1.17.4) To define SUBLIST FUNCTION, LIST.PIR function Is
needed most of the time.
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C'Ti?

>•

(((0 .FO. ANC) .OR. ((0 .cQ. 1-ANC»
.AND. (0 .^0. SLOCAN-SPDI .AND.
( LIST.Pi:USPtLl)) .AND.
(Ll5T.P!>»(PP,L2n .AND. (ALKALKO
• Nf-.

-FLTII,L1l>ELT(J,L2)t J.l»LCNGTH(L2)»#
I tltLBMGTH(SU3LIST(SL0CANtSP#Linn
.AND. (ALL(0 .MF.
?LT(J,L2)-SPACE(SP)f J.X#LENGT>i<SUBLIS
TCPLDCANf PPtL2)n J .AND.
f 1 VIPt nCAN.I ?n .AND. IQ ,NE.

-SPACE (PPJ ♦•SPfCElSPU .AND. CO .NE.
-SPACPClfPPI)>

.IPPLI-S.
C (LIST.PlPCSPtLlH .AND.

(LIST.PIR(SPACECl+PPItL2)I .AND.
n v(oi r.c*K.i ?M ./^Nn. (allco .me.—
=LTlJ,L2)-SPAfE(SP),J,l,LEN6TH(SUBLIS
T(PU3CAN,SPACE<l+PPIfL2))I» .AND.
CALLCALLtO .Nr.
-FLTCI,Ll)+ELTCJtL2lt J#l»LCNGTH(L2)lf
I fltLFNG"'HCSURLIST(SLOCAN,SP,Ll» ))»

l-AMC) .AND. (0 .FO. SLOCAN-SP))))

•5
CQwp . = ?. 0) .OR. mam: .fo. d .and.
r V- 1 n .AMP. 1 i':T.3Tt^CPP,L2)

(SP .EO. SLOGAN))) .AND.
.Aon. AlLfAl I T(I.Ll) .NF.

-I r , f,l.,L-i;V^^Ml2M,I a»lF.NG-^H(SU3LIST(SL0CAN,SP,Ll)) I .AND.
(V'".'( ••''I .N~. CLT(J,L2)»*tJf lfLEMG"'H(SUaLIST(PLnCANfPPtL2) n .AND.

I V(~i •'">•1,1 ?)

( f'-jf lCO)->PAC"(PP) .CO. 01
r> : (rr *•! )

.•-r. C'n .r-. 01 ^^

C -IM-

C

2

3

it .G'. 01

7 FMI =1
r » ^ s •*1

CW ='IL = l ((AK .Tj. OiALLCALLCELTCItLl) .NE.
•"vl'D '"l T(J ,1 2) I ffNilTHf r f I»If L=NGTH(Ll) ) ) .OR. (SLOGAN .EQ. 0) .OP. (ANC

.'.T. :i T(J.I l.LFNGTH(L21Hl

/o

iC(0 .EO. A>4r) .OR. ((0 .tO. l-ANCI
.AND. (0 .EO. SLOCAN-SP))» .AND.
( LIST.Pn(SPfLlH .AND.
( LlS'.PIP(PPtL2n .AND. (ALKALKO
. MC .
-FL7C T4.|.L2(. J.l.LFNGTH(L2))f
I ♦l,LENGTH(Sl»RLl ST (SLOG ANfSP, LI) ) H
.AND. (ALL(0 .H-.
ELT(J,L2)-SPACE(SP)tJtlfLENGTH(SUBLIS
T(PLnCANtPP.L2))I I .AND.
(LV(P10CAN,L2)) .AND. (0 .NE.
-SPACE1PPI»SPACEtSPI) .AND. (0 .EO.

-SPACEd^PP) ) .AND. (0 .LT. ANC))



C
r -'v>

C

C
r

*(Ar!C -n. 01 .C^. t(AN|C .'0. 1) -fiAiO. (SP -tO. SLOCANin -AND.
t T<T.PTM':c>.i 11 i t«:t-p tp iqj.i ? t .akh. AH ( AI 1 trl.T* Tit H »NE.

r.-»-n ' LT(J,I 2) ,J,1 .LrM"TH(L2) ).I,l.LPNr,TH< «;U8LIS-^{ SLOGAN fSPtLlM I -AND.
f->Mn /It ((SPAfTM SP) .N=. :lT( J,L2n ,Jf lfL=MGTH(SU8LlSTCPLCCANfPPtL2l) » -AND.
c i.v (PL:r.\NfL?.)
2 -VT. ( I ??|-SPArr.|pp) .pq. 01
3 PP=CD*C-

.i -.T- ( pr

.r,

CLrSPssS^

(SP .'il. Jl
r ? = F

M r .M .

0)

.n. n .AMn. I CP .-n. sior.ANin -ano-

I r.cj-icsra I) .-Vf. LlST.»»IR(opfl 2 » -ANO. ALL( ALL (PLT( I ,L11 »NF-
' l*T(J,L2l ,JtlfLF'^GTH{L2) ), I , I, LfNGTH ( SU9L TST (SLOCiN ♦$? fLI) I ) -AND.
?LLM . TLK JfL2) I fJt l»LCNJGTH(SU9LIST(PLCCANfP?»L2M ) -AND,
I VI PI CCA 1,1? I

> •

•IMPLIES.
(((0 .EO. -&Nr+OtALL*ALL(0 .NF.
-clT{ I ,LlH-FI.T<J,L2lt Jtlf LFNGTHCL2»»f
T »lfL=NGTH<Lini -OR. (0 . FO.
SLOCANM -OR. 10 -cO. -\NC-HtALL*0
.N5.
-C| Tl 1.1 ll»?l Tll.l 2K J.1.LFK'GTHCL2)II

(((0 -EO- ANCI -OF. <*0 -FO. l-ANCI
.AND. <0 ."O. SLOCAN-SPin .AN'O.
(LIST.PIR(SP,Lin .AND.
(LIST.PIR(PP,L2n .AMD. (AlL(ALL(0
.N=.
-cLT( T,Lm=LT(J,L2l, J,l,LENGTH(L?I) ,
! ,l,LrfJGTH(SiJRL! ST(SLnCAN,SP,LI» I I I
.AND. (ALL 10

LT(J,L2)-'^^ACr( SPI ,J»I.LSKGTH(5UBLIS
TCPLOCAM.Po.LPn n .AND.
(LV(PL0CAN,L2n ./"O., (0 .NE.
-s^Acecppn-SPACiCSpn .and. io .eg.
-SOAC=(l+PP)) .AND. (0 .LE. -ANC)

.I^'PLTeS.
( (LIST,PIP (SPACE(l+SP),Lin .AND.
(LlST.PIR(PLr;CAN,L2n .AND.
(LV(PLQCAN,L2n .Af.'D. (ALL(0 .ME.
ELTIJ ,L2 )-SPACfc (SPACE (l+SPn,J,l,LFNG
tHI«JRLIST(PLOCAN.PLOCAN,L2n n

k • .AND. (ALLl^LLtO .MF.
-ELT( I, Ll)+ELT(J, L2),J,1» LENGTH* L2n,
1 ,l,LFNGTH*SURLIST*SL0CAN,SPACF*l4-SP)
,Linn .AND. **0 .ro. ANC) .OR. *«p
.EQ. l-ANC) .AND. *0 .EG. •

. SLOCAN-SPACEd+SPinn

•

•

n

' ' • ' • • • • •



O

3-

fl-.;;-*

h:\?

CC"-";

C ^ y ^

<(Afr .

•• ~<J,L
.'LLC (r'>
I vt »i ' r

••). U» .'TJ. ((ANC I) .AMO. (SP .50. SLOGAN))) .AND.
MFf-iLl) I. IST.otq (po,L2) .AND. ALL (ALL (SLTCI tL I) .NE.
') ,J,l,Lr?ii>M(L2) ) ,I,l,LnNrTH{SUnLIST(SLOCAN.SPtLl) I ) .^ND.
,r-(cr) . fLT<J,L2)) iJ.ltLeNGTH(SUfJLIST(PL0CANtP9»L2)) ) .AND.
t i.i

2 .'"7. CS"-per*'(Op) .FO. 0)
3 PP = crAr5 (Pt**))

(Pr ,^-r, 0)

,':f T. C.'f.r .7-T. «))

5 :i.P'P=S'>
tp ='-pA''^|gp-t-l >

crc .^':. 0),r"r,

P/.!L=l
pr r.i ,vs

=>IL=1

'^L'' C.I iL
..» II« , i I

CC^SMP 0,AlL(ALLC5LT(I»L1) .N?.
?) ,.l,l,Lr>.3TMCLP) ),If l.LflGTHCLl) ) ) .HP. (SLOGAN .EQ. 0) .OP. CANC
'• I t IM T{ I.I 1 > .'JF. -ITt.l.l 1.1 FNGT*<IL2IH)

J-2-

>

((CO .FO. AMCI .OP. (CO .50. 1-ANC)
.ANC. (0 .50. SLOCAN-SP))) .AND.
CLlST.PIRCSOfLU) .AND. .
(LIST.PIPCPP»L2)) .AND. (ALL(ALL(0
.N5.
-•^LTC I.LI U-LT(.I.L?)..1.1. LFNGTH(L2)).

I tltLFNGTHCSUOLl ST CSC. OCANt SP. L II ) ) )
.AMD. CALLO .N=.
FLT( J ,L? )-SPilC? CSP) f J. IfLFNGTHCSUBLIS
TCPL3C/>NtPPtL2)) ) ) .AND.
CLVC^inCAN.LZ I ) .AND. CO .NF.
-<;p«r.r cpp) ♦sPArrc.sP)) .and, co .eq.
-SO/r.M H-PP) ) .AND. (0 .L5. -ANC)
.AND. CO .EO. -SPACEIl^SP) ) )

. I^•PLI^S.

CCCO .50. -ANC«-0.ALLCALL(0 .NF.
-flic!,Ll)*FLTCJfL2).J.l,LFNGTH(L2l)t
T.1.LFMCTHCLI))) .PP. CO .SO.
SLOGAN)) .OR. CO .50. -ANC+lfALL(0
. \'5. »
-ELTCItLl )frELTCJ,L2),Jfl.LEKGTH{L2)))
)



2.1) / yyj ST A/^.'T, AT-jn)

This si-.trOv-.tine v;orhs like the V'TY function of
ST^OWj. ' •
STOrAF=suh.iect strinr
?J'OCAN='^a.ttern stri^^
BEGAIT =pd)inter to s-icessfully na.tched character,
ANC =0 or 1 for imanchored or anchored T^ode,

VFRIEJCA"^JOH:

Path 1: Since St'0C.ih=0, the conclusion holds.

Path 2: Since STJBIISTCPIOCAn.PKCA^T.IS) and.
SUBIIST(SIOCAli,£LOCAN,Ii1), SI.1=nil and SIi2=nil.
Hence the assertion holds.

Path 3: Since SPACE(SP)=.SPACE(PP) and LTST.PIR(PP,12),
hence EXISTS(SPACS(SP)=SLT(K,L2) ,K,1 ,LSN&TH(I.2) ).

Path 4: SUTCE AILCSP4CE(SP)5^ELT( J,I-2) ,J,1 ,LEWCrTH(
SlTBI.IST(PiOCAN,PP,T,2))) and SPACS(SP)?^SPACE(PP)
and lIST.PIR(PP,I-2), therefore
ALL(SPACE(SF)i^5l-T(J,I.2),J,1 ,IEMGEH(SUBI.IST(
PE0CAF,SPACE(PP+I),r'2))). .

Path 5: Since ALL(SPACE(SP)f^EIT(J,l2),J,1 ,I.ERCtTH(SUBLIST
(PL0CAW,PP,r2))) and. SPACE(SP)»^S?ACE(PP) and
SPACE(PP+1)=0, hence
AIiI.( SPACE( SP) (J,1.2),J, 1, JjEi^tC'TH(Ii2)) .
For AWC=1, AII..(EI'i'(l,L1);^:iIT(J,T.2),J,1,T,EHC-TH(l2)) .
is tri.ie.

Path 6; For AHC=0, .ATT,(AII.(ET.T(I ,L1 )^EIT(J,t..2) ,J,1 .lEFGraClP))
1,1,LFFGEF(SUBI-IST(SI.CCAT!,SP,LI))) AFD
ALT. CSPA CE!SP) :^ELT(J.L2), J, 1, IFFrrTTH ( STTBLIS'h (PLOCAN,
PP,i2))) and S?AOS(SP)^SPAOE(PP) and
PPA0E(P?+'')=0

j-p.) ,J,1 ,l!EHCrTH(l2)} ,
1,1 ,LF '̂ISTH(SITBT.TST(SL00AI!,.S?ACE(SP+1) ,L1 ))).

Path 7s Similar to path 5 and with SPA.CE(SP+1 )=0 ' ,
hence for .-AhOssO,
ALlC AIL.( ET.E (J. " '̂1) jiEI'T(J, I ?), ,T, 1, JEWSEK( L2) ) ,
1,1 ,LE?rrLH(L1)).

A3



3
uurpur

Cr LV(LPiL»=CIF L='^IL THFN LP=0# ELSE LP IS.ODD AND
CC SPACE(LPI=CAP.IL| , LVlSPACrlLP^lIf CDRILH.
cr XNC = 0 .CP. I

CCND LVISLUCB.LII
SUBROUTIN£ BALI(SLOCBt 3EGBt ENOBf ANC)
CavN-lN/niPCK/SPACE (lOQOQI.FAIL.IPQQ

2

COf.'O

1NTSG£« 5LCCP,B£GB,uNDB,ANCtFAlLtSPACEtS.FPtBPfOLDBP
COM;-'ON/ALPHNU/0(63)
TN'T^GrP Q
IRL=Ql41)
IPP=0(42I

XLPPP = SLQCB
5=0

FP=5L0CB

IFlPirCBI
PP=FP .

IF(SPACr(BPI-IRLI3t5f3 *
5PAC:(BP) .NE. CI4n.rRR=QI42I.IRL=QI411

3 IF(SPACj:(BPI-IPO )4,7f4
CHNO SPACFIBPI .NE. Q(41l, SPACE(BP) .NE. Q(42»f
COMO IPL=Q(4l)#IRR=0(42)

4 Tr(S) 6,12,6
CGNO SPACE(BPI=0f4ll,IRL=0(4I},IRR=Q(42>

5 ' =
6 CLOBP'BP

PP = SP.aCFIPP-i-l)

IF(BP) 2,9,2
COND SPACE(BP)=0(42),IRL=Q(4l),IRR=Q(42)

7 S=S-l

IF(S) 8,12.6
a CLD3P = BP

S= 0

9 IF(ANC) 10,10,11
COMO A'!C .Lt. 0, IRL=0(41),IRR=Q(42)

10 FP = SPACc(FP-H)

TF(FP) 1.11.1
11

cr-No

12

CCNO

FA!L=1

R:r.6 = SL0CB
r'.D6 = 0LDBP

FA(L=l

P'TUPN

fail=o
B :G3=FP

LNDB=BP

FilL=0,S=0
Kf TURN

END



PPGGI^'AM TO 9£ VERIFIFO EFFECTIVE RANGE EFFECTIVE DOMAIN

CCMD LV(SL0CB,L1I
SUOPGUTIKfc 3ALI(SLQCBt3EGBfENDBfANCI
COMMCN/PLCCK/SPACF(10000)»FAIL»IFQO
UiTEGtP SLr.CP,B =GBtENDB,ANCfFAIL#SPACEf S#FPfBP,O.LOBP
ccmmon/alphmu/qcbsi
I.NTEG'=P 0 • •
IRL=0(4II (IRL 1 (01

IR.R = Q(42) (IRRl (01

CL"&P=SLrCB (OLDBPl (SLQCBl

S = 0 (SI (1

FP=SLOCB IFPl (SLOCBl

TFiSLOCP .EC. 0)G0 TO 11
1 PP = FP (BPl (FPl

2 IF(SOAC£(BP|-IRL .eO- 0»G0 TO 5
CONH SPACt.(3P) .Nc. •)(41) .AND. TRR«0(42» .AND. IRL-0(4l)
3 If(SPACf(R?)-!RR .ro. 0)G0 TO 7 "
COMO SP4r.:(BP) .Nr. Q(4l) .AND. SPACE(BP) .NE. Q(42l .AND. IRL»Q(41I .

.AND. IRk=0(42)

4 I=(S .NC. 0»Gr TP 6
GO TG 12

CUNC* SPtrr(PP)=0(4l) .AND. IRL=Q(4ll .AND. IRR3Q(42)
5 S = S<-1 (S) (SI

6 OLDBPsBP (OLDBPl (BPl

PP=SPACF(RP*1J (BPl (SPACEfBPl
IF(9P .N?. OIGO TO 2
G" T'l 9

CQNO SPAC:"(FP)=0(42) .AND. IRL=Q(4ll .AND. IRR=Q(42I
7 5=3-1 • (SI (SI

TF(S .iO. OIGO TP 12
If ( r> .07. OIGP d

8 r'Lnt<p=RP (OLDBPl (BPl

£=0 (SI ( 1

9 IFIAfJC .GT. 0)00 TO 11 •

CCNn Af.C .L£. 0 .AND. IRL =Q(41) .AND. IRR=Q(42)
10 FP=SPACE(FP+1) (FPl (SPACE,FPl

IFIFP .N". 0)G0 TO 1 .

FAIL?1 (FAILl (1

PfGB=SLCCB (BFGBl (SLOCBl

cNOBsCLDEP (ENDBl (OLDBPl

CQNO FATl=l
FFTURN

12 FAIL=0 (FAILI (1

P.rGB = FP 4 ( 3(GB 1 (FPi:

FNDB=BP (ENDBl (BPl .

CONO FAIL=0 .AND. S=0

PET UP. N .. ' . • • • 1

END
• i



PATH-

. >

PATH

CPND LVCSLOCl.LU

SUBRrUTlNc BALIISLOCBtBEGBfENPByANCI
COMMrN/BLOCK/SPACE!10000)fFAILfIFQQ
INTtG^R SLOCB»BEGBfENDBfANCtFAILtSPACE»SfFPfBPtOLOBP
r3MMPM/4LPHNU/0(63)

INTtG'R Q
iQL=Q(4i) :

_LL

IPP»0t42)

PL!?RP=SLCCB

s=o

FP=SL0C3

(SL.:CB .to, 0)
-EA1L=JL
P«^G0=SL3CD

INCBsnLOBP

CONC F/IL=l

CONO LV(SLPCa,Lll
SUBFCU'^INE BALI (SLOCB.BfGBi ENDBf ANC)
r'^MMOrj/SLnrK/SPAC':! lOOOO) tFAIL# IFOQ
I.N""=G'k SLOCBf 8E0B»F.N0B,ANC,FAILf SPACEf S»FPfBP»OLDBP
r. nVk.-'N / ALPHNU/Q (6 31
IMFCiF'J Q
!PL=0(AI»

IPP=g(A2)
rirBP=SLPC8

s=o

FP=SLnC'3
.KIT. (SLfCD .EQ. 0)

1 3P=FP

2 (SPACc(3P)-IRL
CGNP SFACc lBP)=q(Al)

.£Q. 0)
•AND. IRL=Q(4I) •AND. IRR»Q(42)

_LVJ^L_GCjL,lJ.l
SU3K JTU= 6ALI(SLnCR,BEGB#ENDBtANC)
C0MV.G^'/3LGtK/$PAC'f ( lOOOO) f FAI Lt I FQO
IMTiGr-R SLOCB,BtGOf fcNDB,ANC♦FAIL,SPACE, S»FP,BP,OLDBP
CCiy.MnN/ALPHNU/0<63)
INTLCrR 0
IPL=Q(4l )
IRR=QCA2)

STATEMENTS REMAINING TC BE VEFIFIEO

NONE

< (LVISLGCB.LIU .AND. (0 .NS. SLOCB)
.AND. (0 .EQ. -Q(Al)*SPACc ISLCCB)) )

.IMPLIES.

((0 .EQ. 0(AI)-SPACE(SL0C6)))



%

1

> > . > > . >
•)

> > > > >

• •

1

2

Qt pRP«SLQCB .
S ="0 .
FP=SLnCB

.NOT. (SLOCB .EO. 0)
BP=FP

.NOT. (SPACf(BP)-IBL .EO. 0)
.AWn. IRIaOI4l)

• LUT.VJ f ^17 fc f——i-ii:—» ' —•—( ( LV( SLULB f L 1 i 1 .ttlNU. lU .rc.

.AND. (0 .N£. -0(41)*SPACE(SLCCB)))
.IMPLIES.

((0 .NE. 0(4I)-SPACE(SL0CB))l

4

CCNP
3

CHND

SPACE (BP) .NF. 0(41) .AND. IRR=0(42)
(SPACE (BP)-IPR ''Q' 0)

SPACr. (BP) =0 (42) .AND. IRL=Q(4I) .AND

.AND. IRL«Q(4l)

. 1RR=Q(42) ((0 .NE. 0(41)-SPACE(BP)) .AND. (0
.EO. -IRR+QI421) .AND. (0 .EO.

• • 1 KL^VJ If 1 f f -AAT'IJ® tu

-IRR*SPACF(BP)))
•IMPLIES.

((0 .to. 01<»2)-SPACe(DP))»

CCND SPACl(9PI .NL. 0(^1) .AND. lRP=Qt42l .AND. IRL=Q(41)

CDNP SPk'mBpI^ME^^QIAi! .AND. SPACc(BP) .NE. 0(42) .AND. IRL=0(4l) .AND.
CONO IPF=Q(42)

CuND £P:»CE(B«>) .Nc. 0(41) .AND. SPAC£(BP) .NE. 0(42) .AND. IRL=Q(4l) .AND.
Cf^ND IPF.=0(42)
A (S .Nr. 0) —
6 (LPPP=B3

CP=5PACt(BP*I)
(BP .N2. 0)

2 (SPAC.'OPI-IRL .EQ. 0)
CCNC SPACr(BP)=0(41) .AND. IRL=0(4l) .AND. IRR«0(42)

'7

((0 .Nr. QI411~SPACE(BP)) .AND. (0
• EQ. -IRP. +Q(42)» .AND. (0 .EO.
-IRL^OiAD) .AND. (0 .NE.
-IRR+SPACE(BP)))

.IMPLIES.

((0 .Nr. 0(42)-SPACE(BP)) .AND. (0
.N=. Q(4I)-SPAC=:(DP) ) )

((0 .NE. 0141l-£PACE(BP)) .AND. (0
.NE. 0(42)-SPACt(tiP)) .AND. (O.fcO.
-IRL«-Q(41)) .fN*). (0 .EO.
-IRR*-0(42)) .AND. (0 .NE. -S) .AND.
(0 .NE. -SPACi; (l +BP)) .AND. (0 .EO.
-IRL*SPACE(SPACE(1+BP))))

.IMPLIES..
((0 .£0. 0(4l)-SPACE(SPACc(l+BP))))



A(L

. >

CONO SPAC5i(BP> .N£- Q(41) .AND. SPACE(BPI .NE. 0(42) .AND. IRL»Q(41) .AND.
COND IFR=0(42)
4 (S .NFi 0)
L rLDep==^o : : ;

BP=SPAC:(BP4-1)

(BP .N£. 0)
2 .rCiT. (SPACf(BP)-IRL .EQ. 01
COND SPACE(BP) .NE. 0(41) .AND. IRRbQ(42) .AND. IRL=Q(41)

COND SPACr(8P) .Nt. 0(41) .AND. SPACE(BP) .N5. 0(42) .AND. IRL»Q(4l) .AND.
CCND IPP.=Q(42)
4 (S .NE. 0)

9

LI

CLD3P=BP

eo = £PAC= (BP + I)
.NOT. (BP .Nr. 0)

(ANC .G'^.-O)

FAIL=1
F'GP'SLOCB

INDB=rL3BP

CONO FA1L=1

C6NC SPAC:(HP) .KI . 0('*I) .AND. SPACE(BP) .NS. 0(42) .AND. IRL=0(41) .AND.
CONO IPr; = 0(42)

4 (S .N"^. 0)

6 CL0BP=8P

RD=SFAC=(BP+l)
.NOT. (BP .NE. 0) .

9 .NOT. (ANC .GT. 0)
CCNO ANC .LF. 0 .AND. !RL=0(4I) .AND. IRP.=0(4"2)

CCND SPACi (BP) .NE. 0(41) .AND.^SPACE(BP) .NE. 0(42) .AND. IRL«0(41) .AND.
CONO IfR=Q(42)
4 .NOT. (S .NE. 0)

12 FAItaO
BFGB=FP

INCRgBP •
COND FAIL=0 .AND. S=0

/(?

((0 .NE. Q(41)>SPACE(QP)) .AND. (0
.Nc. 0(42)-SPAC-(BP)) .AND. (0 .50.

-IRL4^0(41)) .AND. (0 .EO.
-nR«-0(42)) .AND. (0 .NF. -S) .AND.
(0 .NF. -SPAC5(1+BP)) .AND. (0 .NE.
-IRL+SPACE(SPACE(l+BP))))

.IMPLIES.
( (0 .NE. 0(4I)~SPAC£(SP.*CE(l»BP) )))

NONE

NONE

> .
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>

-LL
COMO $PACl(ePI=0(41l .AND. IFL=QI41) .AND# IRR=Q(^2>

.5 .

6 OLO0Ps3P^
BP=SPACi(BP*ll

.NOT. (BP .Nc. 01
• • n • »inT 1 Awr .nr. n\ — ••

• . * COND ANC .IF. D .ANO.' IRL^Qt^l) .AND. 1RR=Q(42)
NONE

is
r Tun SPAC^ (RPl s'Q(^21 .AND. IRL°0(41I .AND. IRR30(42I

•

1

12

S = S-1
(S .:-Q. D)
FAIL=0

PrGB=FP * .
'•NOa=BP

FAIL = 0 - AND- S=0

•

NONE

16

CONO
7

SPACE(BPI=0(42I .AND. IRL=Q(4ll .AND. IRR3Q(42l
<*5-1

6

7

.r;cT. (s .EQ. 0)
(S .GT. 0)
ri.DHP = BO

HP=SPAC=(BP*1)
(BP .NC-. 01
(<PACF(BPI-IRL .cQ. D)

COND SPACE (0P).=0(41» .AND. IRL=0(4ll .AND. IRR»Q(42I
((0 .20. 0(42)-SPACt(PPM .AND. (0
.EQt -IRL*0{41)) .AMD. (0 .FO.
-IRP*-0(42I) .AND. (D .Nr. -l+S)
.AND. (0 .LT.-l+SI .AND. (0 -Nr.
-SPAC2(l+BD** -AVn. (0 -FO.

— — -IRL«-SPACc(SPACcll«-BP»lll
.IMPmES.

( (0 .fiQ. Q(<»1)-SPACt (SPACt (l+BP) I ) )

XL
CONC SPACE(6P»=0(^2)
7 S=S-l

.rOT. (S .FO.
(S .GT. 01

i ' PLPBPsOP
• npsSPAC: (PP»1>

(BP .Ni. 0)
2 .NOT. (SPACE(BP)-IRL .EQ.
CONO SPAC6(BPI .Nf. Q(All .AND.

.AND. IPL«0(4l) .AND. IRR»0C42I

0}

01

IRR"0(42) .AND. IRL^Ot^l)
((0 .FQ. C)(^2}-SPACE(BP)l) .AND. (0
•FO. -IRL>0(A1|) .AND. (0 .EO.
"IRR»Q(42)) .ARM). (0 .NE. -US I
.AND. (0 .LT. -l>5» .AND. 10 .Nz.



19

21

5 = S-l

.NOT. (S .EQ. 0)
(S .GT. 0)
CLD3P=BP
RP=<;PAC^ (BP»l)

.NOT. (BP .NC. 0)
9 (ANC .GT. 0)
U FML'l

3:GR = SnCR
rNOB=OLDBP

rnND F:IL°l

CONC SP^C:(BP»=0(42) .AND. IRL=Q(41) .AND. IRR=Q(42I
7 S=S-l

.NOT. (S .rC. 0)
(S .GT. 01

6 rLO':.r=BP
eip=spfic: (BP+u

.NOT. (pp .n:-. 0)
g .NiiT. (ANC .GT. 0)
TonFTnc'.IT. 0 ./NO. IRL=Q(Vn .AND. IRR«Q(42I

S = S-1
.NOT. (s .ro. o»
.NCT. (S .GT. 0)

(.L0BP = BP

c=0
(ANC .GT. 01

II PML = l
«tCB=SLOCR
i NrP=0L9RP

COND FAIL=l

COND SPAC-: (BP) =0(^2) .AND. IRL»Q(41) .AND. lRRaQ(42l
7 S=S-l

.NOT. (S .EO. 0)

.NOT. (S .GT. .0)
8 rLOBP*BP

3

2t

-SPAC^(l»HP>l •AND* (0
-1 RL«- SPAC = (SP ACc. ( 1+BP M ) )

.IMPLIES.

((0 .NE. 0(<H)-SPACEISPACf(l+BP»in

NONE

NONE
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?. 2) PAT.-1 (C^'P,PPO""', r'0)

"his sr^pT'outj.ne fln^^s the first "^alpnced ex^^resslon
in the sn.hieet s"''rir'~,
^TOpP, — 3MhT?ch ^-^-r-i-TT

"RpiSP = "^st c?''?r?rt^r of the hrle.hced.
expression.

EhDB = no inter to the last chars-cter of the balanced
exnre c g i on f ounrl.

VERIPIOA'"IOT-T:

Path 1: proved.

Path 2; obvious.

Path 3: obvious.

Path 4: SinEe SPACE(BP)=IPa and IRR=Q(42), hence
SPACE(B?)=Q(42).

Path 5: can be verified using the same sxibstiition in
the above path.

Path 6: Since SPACE(SPACE(BP+1))=1R1 and IRI=Q(41),
therefore SPACE(SPACE(BP+1))=Q(41).

Path 7: same as path 6.

Path 8: proved.

Path 9: proved.

Path 10: obviotis.

Path 11: same as path 6.

Path 12: sam.e as path 11.

Path 13:proved

Path 14t proved.

Path 15' proved.

Path 16: same as pathS.

Path 17,: same as path 16.

Path 18:^proved.

^3



Path 19: proved.

Path 20: proved.

Path 21:proved.

Path 22: same as path 6,

Path 23: same as path 22

Path 24: proved.

<?A



18,'^.38 0B/21/^:3 CUFPUIJcurPU. j , j

TC v|UMB{ X.L)=SUM(IIF ELT(!«L)=X THEN I ELSE 0) «1 tl t LENGTH* L)l
CC OIFLR CBPlfXt L)= NUMB ( Qf 41 It SUBLIST( BPI, X#L) > - NUMB(0(42)t
CC SUBLl STtBPltXtLII
C

CONO LVlBPliLIt LIST .PIP *BP2tL)
SUBo-'UTirE. PyiLZIBPliBPZI..
CrMMOK'/BL^CK/S^ACEI lOOOO I.FAlLt IFOO
II4TE5EP PPl,BP2fSfFPf SPACE# FAIL
CCIMMDN/A LPHNL /Q ( 631

IMTEGEB 0

IRL =0t4ll

IRR=Q(42I ^ !
S=0

FP=BPl

IF(BPl-BP2l l»9,l

4

•3

41

OMD ILI ST.PIF(BP2tLIfLVlBPltL)»|BPl.NE.BP2lItIPL=Q(41)#IRR*0(42)t^ ^
COND LIST.P'P IFP# SliBLIST(BPl,BP2#L)) #MS»0lFLR(8PltFP#Ll 11 (S.GE.OI)

_l I F(SPftCE(fe.)rIRLI2f3i2
IF(SPiC6(FPI-IPR)4,6,4

3 S=S+1

4 FP = SPAfECFP^II

!F<FP-BP2) 5t7,5
5 IFIFPI 1,9,1

_6-.$=S-l
IF(SI 8,4,4

7 IF(S) 8.9,8
B FAIL«1

CONO FAU=l, LIST. PIP (BR2, L), ( (BPl= BP2I .OR .( (OIFLR (BP I, BP2, LI. NE. 0) .OR.
CCNO ((0:FLO(ePl,FP,L).LT.0)tLIST.PIR(FP,S0BLISTIBPl,BP2fLn)t «

_roF;o CBP1.MF.PP2))) '
RETUi^N

9 FAIL = 0 4

COND FAIL=0, LIST .FIR(8P2#L I, ( (01FL R ( BP I, BP2# L )»0I, ( BP l.NE .BP2) I
RETURN

EN D «

i

4

• 4

4

' • • ' *'

4

• *



...
»ir r ni t Tr»t •»_

P^-;GFftH TO BE VEPlFiEO

COND LV(RPltL) .AND. LIST .PIP ( BP2,L >
SUBPrUTUE BAL2(BPl,eP2)
COMMON/ BLOCK/SPACE (10000 >t FAI Lr IFQO
INTEGE' tPlfBP2,S,FP»SPACE,FAIL

. COMMON/ALPHNU/0(63»

INTEGER Q :
HL=0(4ll

IRP.=Q(<»2I
S=0

FP^BPl

. IF(BPl-BF2 .EG, 01 GO TO B
_^OND (LIST.PTP(BP2f L)f LV(^liL)f (BPl .NE. BP2 i) .AND. lRLaQ(4I) ,AND.
COND 1pR =Q(42) ./no. LIST.PIF. (FPtSUBL IST(BPl,BP2fL)) .AND. IIS .EQ.
:CND DIFLP(BPl,FP,LJ»»(S .GE. Oil

IF (SPftf EIFP »-IRL .EO. 0IG3 TP 3
IF(SPACE<FP)-IRR .NE. 0)G0 TO 4

G!) T3 6

S = S*l

fp=spa:e(fp+ii

!F(FP-BP2 .EQ. 0)G3 TP 7
IF(FP ,NE. 01 go to I

GP TP 9

S = S-l

IF ( S .LT. OIGG TP 8
GO TP ^

IF (S .EQ. OIGP TO 9
F& 1L = 1

COrtD FML=l .A^D. L 1ST .PI P ( BP2, L ) .AND. ((BPl .EO . BP2) .OR.
CnrO ({0IFL?(BP1,BP2,L) .NE. 01 .OR. ((DIFLR(BP1,FP,LI .LT.
CPND 01, L ! S T . PIR („FPj SilBL I ST (BP 1. BP2 .L111 . ( BP I .NE. BP2111

PETIJPN

9 FflIL=0

rPMD FAIL=D .AND. L 1ST .P IR ( BP2, L 1 .AND. ( ( 01 FLR( BP1,BP2,L1 .EQ. 0),(BPI
rr-^^O .me. BP211

5ETUPN

END : •

EFFECTIVE RANGE

i

IIRL 1
tlRRl
(SI
(FPl

(SJL
IFP 1

(SI

(FAIL!

(FAILl

EFFECTIVE DOMAIN

(01
(Ql

( 1
( BPl 1

.(SJ_
(SPACE,FPl

(SI

( ]

n



PATH

NUMBER

PATH

CPND LVCRPl,U_.A.!4DLISTjrZlRlMZiJJ
SUBROUTINE BAL2 ( BPlt BP2 )
Cr.MMCN/BLOCK/SPACE (10000) tFAILtlFQQ
INTEGER BPl,BP2, S,FP,SPACE|FAIL
CrMHrN/ALPHNU/0(63)
INTEGER 0

^IRU=Qt^ll
IRP=Q(42)
S=0

FP=RP1

(BPI-BP2 .EO. 0) •
a FAIL=l

COND_FA!L = l L1 ST. PI R( BP2 . L) .AND. ((BPl .EQ. eP2 ) .0R> C( 01 FLR( BP 1« BP2« L )
CONO .n'E. 0) .?P. ( (OIFLR(BPIfFPiL) .LT,
CONO 0),LIST. PIi:(FPtSUBLIST(BPItBP2ffL)))t (BPl .NE. BP2)))

CONO LV(BPl.L) .AND. L 1ST .P IR (8P2i L )
SUBROUTINE BAL2(BPltBP2I
COMMON/BLDCK/SPACE(lOOOO)tFAILtlFOO
INTEGER BPliBP2»StFPtSPACE,FAIL

£0MMnN/ALP^NU/Qlj63|
IMTEGFP 0

IRL=0('»l)
IP=' = Q(^2)
S = 0

FP=BPl
.MOT. (PPI-BP2 .EQ. 0)

CONO (LlST.pi R(BP2tL)tLV(BPlf L)t (BPl .nE. BP2)) .AND. IRL^
CONO .^ND. LIST.PIP(FP,SUBLIST(BPl,BP2fL)) .AND. ((S .EO.
CONO .GE. 01)

>0(41) .AND. IRR«0(42)
0IFLR(BP1,FP,L) )♦ (S

STATFMENTS REMAINING TO BE VERIFIED

((LV(BP1,L)) .AND. (LIST«P1R(BP2tL))
•AND. (0 .EQ. BPI-BP2))

•IMPLIES.
( (LIST.PIK( BP2.L) ) aANO._((i) _tEja..
-BPl<-BP2) .OR. 1(0 .NE.
-0IFLR(BP1,BP2.L)) .OR. (0 .LT.
-OIFLR(BPI,BPl,L»,LIST.PIR(8Pl,SUBLIS
T(BPi,BP2,L)) ,0 .NE. -BPH-BP2))))

((LV(BP1,L)) .AND. (LIST.PIR(BP2»L))
•AND. (0 .NE. BP1-BP2))

•IMPLIES.

((LIST.PIP(BPli SUBLIST(BPlfBP2tL)))
•AND. (0 .EO. OIFLRfBPltBPltL )t
•TRUE. ) .AND.
(LIST.P!R(BP2tL)fLV(eiPltL)tO .NE.
-BPH-BP2) )



COND (LIST.PIRtBP2#L)fLV(BPl»L)t(BPl .NE. BP2)» .AND. IRL*Qt4ll .AND. IRRaQ(42)
CQNO .AND. LIST.PIFCFP,SUBLISTlBPlfBP2iL>) .AND. ((S .EQ. DIFLRfBP1,FP,L» I.(S
CONO .GE. 0))
I (SPACEiFP)-IRL .EQ. 0)
3 $=$♦!

ji F.P=S PAC E-tFP tll-
(FP-RP2 .EQ. 01

7 IS .FQ. 01
9 FA!L=0

COMD FeiLaQ.AMD. LIST.PIRIBP2»LI .AND. UDIFLRIBPl#BP2#LI .EQ. OlflBPl .NE.
COND BP2))

CPNO CL*ST.P!!»CBP2fLlfLVIBPliL)iCBPl .NE. BP2n .AND. IRLaQC<*l) .AND. IRRaQC42l
COND ./NO. LIST.PIPCFPtSUBLlSTCBPl»BP2iLn .AND. CCS .EQ. OlFLRCBPl»FP,Ln, CS
COND .GE. 0)1
I CSPACEIFPI-IPL .EQ. 01

_3 S= S+ 1 —
4 FP= SPACPCFP+II

(FP-RP2 .EO. 0)

7 .^PT. CS .EO. 01
8 FATL=1
COSD FAIL =1 .AMD. L1ST . PI R( BP2» LI .AND. CCBPl .EQ. BP2I .OR. CCD1 FLR CBP 11BP 2f LI
CONO_."E. Ol'.lR. ( t3IFLRCBPliFP,l.I_jLLl. ——
COND Olt LIST .PIP (FftSUBL ISTCBPIf BP2f L) I )» (BP 1 .NE. BP2))I

<ILl S T.Pl Rl aP21 LI ILV(BPl 1 L) »0 . . NE^
-BP1+BP2) .AND. CO .EQ. -IRL4-Q(A1))
.AND. CO .EQ. -IRP*0(42»I .AND.
(LIST.PIR(FP,StBLlST(BPltBP2t LI I I
.AND. CO .EQ. DIFLPIBPlfFP,LI-StO
.LE. S) .AND. (0 .EQ.

_rIRL+SPACE(.Fp 1.) _.ANO. (Q ..EQ.
-BP24-SPACE(l+FPn .AND. (0 .EQ. l+S I I
.implies.

C(LIST.PIRCBP2fL)I .AND. CO .EQ.
0IFlRCBPltBP2»LI »0 .NE. -BPH-8P2I>

CCLIST.PIRCBP2fL)fLVCBPlfL)fO .NE.
-BP14-BP2) .AND. CO .EQ. -IRL<-Q(4l)l
.AND. CO .EQ. -IPR<-0C421) .AND.
CLIST.PIRIFP,SUBLIST(BPlfBP2fL)lI
.AND , _ (Q_ , EQf... 01F LF CBPI , F P, LI -5.1.0 _
.LE. SI .AND. CO .EQ.
-IRL+SPACECFP)I .AND. CO .EQ.
-8P2+SPAC EC UFPI I .AND. CO .NE. 1*S))

•IMPLIES.
CCLIST,PIR(BP2fL)I .AND. CCD .EQ.

jlB_P I<-6? 2 I Q.R ,..C.I.P._.NE,
-DIFLPIBPltBP2iLll .OR. CO.LT.
-DIFLP(BPl,SPACECl+FPJ,LI,LIST-PIRCSP
ACEC UFPI,SUBLISTCBP1,BP2,L 11 ,0 -NE.
-BPl+eP2llll



CONO 111ST. P! q <BPI^L ) t LV (BPl.LWIBPl .NE . JBP 21) .AND. 1RL=Q(4I) .AND. lRRgQ(42)
CONO ./"no. L!Sf.PIP(FP,SUBLIST(BPl,BP2tL» ) .AND. ((S .EQ. OIFLRI BP It FP, L) ) t ( S

.GE. on
(SPACE(FP)-IRL .EQ. 0)

$=$♦1

FP=SPaCE(FP»l)
_..NaT. <FP-flP2„.»jQ.._JU ^

(FP

CONO

I

3

4

.NE. 01

CONO (L!ST.P!q(BP2tL)fLV(BPl,L)f(BPl .NE. BP2)» .ANO.
CONO .aNO. LI ST.PIi-(FP,SUBL!ST(BPltBP2f D) .ANO. ((S
CONO .GE. on

IRL-Q(41) .ANO. IRR»0(42I
EQ. OlFLRiBPltFPvLUf (S

CHN 0„ll 15 T. P7 ' („B o 2, L ) .LV(BP l.H .(BPl .NE. BPZ)) .ANO. IRL°Q(41I .AND. !RR«Q(42I
CDND .AND. L»ST.PIF (FP,SUBLIST(BPl,BP2,LM ,ANO. ((S .EQ. OIFLR (BP L,FP, L) ),( S
CONO .GE. on
I (SPACE( FP)-IPL .EQ. 0)

3 S=S+l

4 FP=SPACE(FP>n

.NOT. (FP-.BP2 ._EQ.,_(2.).
5 .NOT. (FP .^•E. 0)

9 FATL^O

COND FAIL=0 .Arm. LIST.PIR(BP2tL) .AND. ( (01 FLP. ( BP I, BP 2, L I .EQ. 01,(BPl .NE.
CONO BP2))

((LI ST.PIR(BP2fLI tLV(BPl( DtO •NE.
-BP1»BP2( .ANO. (0. .EQ. tIRL^QL4JJJL
.AND. (0 .EQ. -IRR«Q(42n .ANO.
ILIST.PIO(FP,S JBLIST(BPlfBP2.L» >I
.ANO. (0 .EQ. 0IFLP(BPI,FP,L»-S,0
.LE. S) .ANO. (O .EQ.
-IRL<-SPACE(FPn .ANO. (0 .NE.
BP2♦SPACE(IJ-FP11_- ANJji _10_j.NE.

-SPACE(l+FP)) I

.IMPLIES.

((LIST.PIR(SPACE(I+FP),SUBLIST(BFl,BP
2,L) } ) .ANO. (0 .EQ.
-l*DIFLR(BPl,SPACfc(l+FP),LI-S,0 .LE.

_lt.S) .and,
(LIST.PIR(BP2,L),LV(BPl,L1,0 .NE.
-BPI+BP2I»

((LIST.PIR(BP2,L1,LV(BPL,L),0 .NE.
-BPn-6P2l .ANO. (0 .EQ. -IRL-»-Q(4in
.ANO. (0 .EQ. -IPR«^Q(42)) .AND. •
(LIST.PIR(FP,SUBLIST(BP1,6P2,L)))
.ANO. (0 .EQ. OIFLP(BPl,FP,LI-S,0
.LE. S) .ANO. (0 .EQ.
-IRL+SPACE(FPn .and. (0 .NE.
-8P2*-SPACE(UFPn .ANO. (0 .EQ.

-SPACE(l«^FPn »
.IMPLIES.

((LfST.PIR(BP2,L)) .ANO. (0 .EQ.
0IFLR(BPI,BP2,L),0 .NE. -BP1^BP2})



CPMO (I IST.P!R(BP2, L)t I.V (BPl, U,„(BPl_.NJ. RP2)|. ^ANO. IRL=0C4l» .AND. IRR?J}<42)
CCVp .ivi). LIST.PIMFPtSI BLlST(8Pl,BP2f L) i .ANp. ((S .EQ. DIFLR(BPlf FP»L Ht CS
COND .G£. DM
I. .NOT. (SPACE(FP»-IRL .EQ. 01
2 (SPACE! FP)-IPP .ME. 0»
4 FP=SPACE(FP+1)

(FP-BP2 .EQ. 01 :
7 (S .FO. 0)
9 FATLsQ
CnvJD FAIL=0 .AND. L IST.P TR( BP2i LI .AND. ( (DI FLRl BPl ,BP2 tL I .EQ. 0),IBPI
C?ND BP2I)

>NE.

CO^'O (LIST.P!R(BP2,L) ,LV(BPl,LIt(BPl .NE. BP2n .AND. IRL«Q(41I .AND. IRR=Q(42I
CCNO .AFO. LIST.PIF(FP,SUBLIST(BPl,BP2.LI) .AND. ((S .EQ. DIFLRfBPltFP.LlIt(S
COND .GE. CM

1 .NOT. (SPACE(FP)-IPL .EQ. 0)
2 (SParc-I FP)-IFR .NE. 0 )
4 FP=Srft:6IFP*I»

(FP-BP2 .EO. 0)
7 .NOT. (S .EO. 0)
a FAIL^I
COND FAIL =l .AND. L IS T .P IR ( BP2, L I .AND. ( (BP I .EO. BP2 I .OR. ( (DI FLR( BPl,BP2f L)
CnvO .^E. 0) ..0R,_( (0IFLFLE.&Lif£4JJ_aj:,
COND 0I,LlST.PIR(FP,SUBLIST(8Pl,RP2fLin,(BPl .NE. BP2))I

•

((LIST.PIR(BP2.LI,LV(BP1,LI ,0 .NE.
_-BPl+BP2) .AND. (0 .EQ. rlRL^-Q(41JI
.AND. (0 .EQ. -IRR+0(42I) .AND.
(LIST.PIR(FP, SUBLIST(BPl,BP2,Lin •
.AND. (0 .CO. OIFLR(BPl,FP,LI-S»0
.LE. SI .AND. (0 .NE.
-IRL+SPACE(FP|) .AND. (0 ,KE.
IPP-SPACE(FP| I .AND. (0. .EQ.._
-BP2+SPACE(l+FPI) .AND. (0 ,EQ. SI)

•IMPLIES.

((LIST.PIR(BP2,L)I .AND. (0 .EQ.
DI FLR (BPItBP2tLItO .NE. -ePl«^BP2II

((LI S7.PIR(BP2,L),LV(BPl,L),0 .NE.
-BP1+BP2I .AND. (0 .EQ. -IRLtQ(41M
.and. (0 .CO. -IPR +0(42n .AND.
(LIST .PIR(FP, SUBLI ST(BPI,BP2t LID

_».ANO,__(0. .»EQ,„PIFLR (BPiif.P,J.l-jS, 0
.LE. SI .AND. (0 .NE.
-IRL ♦SPACE! FP )) .AND. (0 .NE.
IRR-SPACE(FP)) .AND. (0 .EQ.
-BP2 +SPACE( DFP D .AND. (0 .NE. SD

. IMPLIES.
±1_LI ST, PI R( BP2, LI) .AND. ((0 ,EQ^
-BPI+BP2) .OR. 1(0 .NE.
-DIFLRIBPI, BR2,LD .OR. <0 .LT.
-DIFLR(BPI, SPACE! l+FP) tD tLI ST.PIRISP
ACE(1*FP),SUBLISTIBP1,BP2,LD,0 .NE.
-BPI+BP2)nI



J9_

JJ9_

3 5

).

COND (LIST.PIDfBP2,L)tLV(BPl,L)«(BPl .NE. BP2)I .AND. IRL»Q(41} .AND. 1RR»Q(42)
CPNO .AMD. LI ST.Ptf (FP,SUDLIST(BP1 tBP2tL) ) .AND. ((S .EQ. 01 FLR< BPli FP« L) It (S
COND .GE. 0)1

1 .NOT. (SPACEIFP)-IRL .EO. 0)

2 (SPACE! FP )-IFP .NE. 0)
A _££= SPAC 6( FP+1)

.NOT. (FP-BF2 .EQ. 01

5 (FP .NF. 0)
COND (LIST.P1 R(BP2tL) f LVIBPltDt (BPl .NE. BP2)) .AND. IRLsQ(41) .ANO. IRRaQ(42)
CONO .AND. LI ST.PIP(FP,SUBLIST(BPltBP2tL) ) .AND. ((S • EQ. 01 FLRlBPlt FPt L I It (S
COND .GE. 0))

COND (LlST.PIR(BP2tL)tLV(BPl,L)t(BPl .NE. 8P2)). .AND. IRLaQ(41) .AND. IRR»Q(42)
COND .AND.. LIST. PIP (FP,SU6LlST(BPltBP2t L) ) .AND. ( (S • EQ. DI FLR (BPlt FP tL ) )t ( S
COND .GE. 0))

1 .NOT. (SPACE(FP)-!PL .EO. 0)
2 (SPACE(F.P)-UR .NE. 0)

A FP = SPACE( Fo ♦! ) .
.NOT. (FP-BF2 .EQ. 0)

5 .NOT. (Fo .r E. 0)
9 FAIL=0
COND FfiIL =0 LIST.PTP(BP2tL) .AND. ( (DI FLR( BPlt BP2iL ) .EQ. 0)t'( BP I .NE.
CQND BP2))

KLIST.PIRC BP^tUjLY! BP I, LI lO
>BP14BP2) .AND. (0 .EQ. -IRL4-Q(41II
.AND. (0 .EQ. -1PP«Q(42)I .AND.
(LIST.PIRIFPt SUBLIST(BPltBP2tL)))
.AND. (0 .EQ. DlFLRCBPl, FP,L)-StO
.LE. S) .AND. (0 .NE.

_MRLJ-SPACE( FP.) )..AND.. (0 ..NE,
IRR-SPACE(FP)) .AND. (0 .NE.

-BP2*SPACE( 1-fFP) ) .AND. (O.NE.

-SPACE(UFP) ) )

.IMPLIES.
( (LIST.PIR(SPACE(l^FP),SUBLIST( BPI tBP

_2tL))) .AND. (0 .EO.
DIFLR(BPI,Sp'aCE(1+FP) tL)-StO .LE. S)
.AND. (LIST.PIH(BP2tL)tLV(BPl,L)tO
.NE. -BP1*BP2))

_LI LLST.PIR(BP2»L| tlVlBPl, L) tQ. .NEt,
-BPl^BP2) .AND. (0 .EQ. -tRL«^Q(4I)}
• AND. (0 .EQ. -IRR4^Q(42)) .AND.
(LIST.PIRIFPt SUBLIST(bPl,BP2tL)))
.AND. (0 .EQ. DIFLR(BPltFPtL)-StO
.LE. S) .AND. (0 .NE.

_r.IPLj-SPACE( FP) ) .and. (0 .NE.
IRR-SPACE(FP)) .AND. (0 .NE.

-BP2+SPACE(l+FP)) .AND. (0 .EQ.
-SPACE(l+FP)))

.IMPLIES.
((LIST.PIRIBP2tL} ) .AND. (0 .EQ.

_piFLR(BPltBP2tL) fO .NE. -BPH-BP2I)

) i



11

12

aiST.i>ip(BP2,L)tLV(BPltL )f(BPl -NE. BP2)) .AND,
.A«D. LIST.PIF (FP,SUBLIST(BPl,BP2.L)) .AND. US
.GE. 0))

.NOT, (SPACE (FP.)-IRL .60. 01

S=S-l
IS .LT,

FAIL=l
FAIL»1 .AND.
•KE. 0) .OR.

0)

IRL»Q(4L1 .AND. IRR«0(42I
EQ. DIFLR(BP1,FP,L) )» (S

COND
CONJD

CCMO

1

.2
6

8

CQMD

COND
LTST.PIR(BP2*L) .AND. UBPl
CCDIFLP(BPUFP,L) .LT.

>EQ. fiP21 .OR. U0IFLR(BPltBP2tL)

c gy0_5.b.L IS T..Plb (£g^-SUBLlST(BPl.BP2.Lm.lBPl .NF. BP?m

RlBP2tLb.LylBg_l»Xb(BPI .NE. BP2n .AND. lRL =Q(4n .AND. TRR«Qi42l—^^ ..mm m., » ^ ~ -*——w. —nw w ^ — w m -y m. y m a rs r\ R

COND .AMD. LTST.PIP IFP,SUflLIST(BPl,BP2,LM .AND. US .EO. DIFLRIBP I, FP.L 1I. I S
COND .GE. on
1 .NOT. (SPACF(FP)-IRL .EO. 01
2 .NOT. ISPACE(FP)-IRR .NE. 01
6 S=S-1

-.JIOT. (S .LT...QJ
4 FP= SPACEI FP+l)

(FP-BP2 .EQ. 01
7 IS .EQ. 0)
9 FA!L=0

COND FAIL=0 .AND. L1ST. PIRI BP2, L1 .AND. I IDIFLRI BP It BP 2f L1 .EQ. OltlBPl .NE.
_CQ^._aF„2l 1 ^

SZ

( I LI ST. PI R| BP2.L1 f LV( 8Pl . LI tO .NE.
-BP1+BP2) .AND. (0 .EQ. -IRL4-Q(41I)
• AND. (0 .EQ. -IRR«^Q(42n .AND,
(LlST.PIR(FP,SUBLIST(BPltBP2tL)I)
.AND. (0 .EQ. 0!FLR(BP1,FP«LI-S,0

-.iJt.. .S) . AND. .(0. .NE.^
-IRL+SPACEIFPI) .AND. (0 .60.
IRR-SPACE(FPI1 .AND, (0 .LT, l-S11
.implies.

((LISr.PIR(BP2»L)) .AND. ((0 .EO.
-BPUBP21 .OR. UO .NE.

-rDJLFLP 10P l,.BP.2t L1J. .OR ,_.L0 ..L T^
-DIFLRIBPl# FPtLI* LIST.PIRIFPt SUBLISTI
BP liBP2iL)l ,0 .NE. -BPUBP2nil .

11 LI ST.PIR(BP2tLItLVIBPlt
-BPI+BP21 .AND. 10 .EQ. -
.AND. 10 .EQ. -IRR4^QI4211
ILIST.PIRIFP,SUBLISTIBPl,
•AND. 10 .EQ. DIFLBIBPltF

_S 1. IQ_. NE^

LItO .NE,
IRL4-0I41 11

•AND,

BP2tLll}
PtLl-StO

-IRL«^SPACEIFPll .AND. 10
IPR-SPACEIFPl1 .AND, ID .
.AND. 10 .EO. -BP2+SPACEI
.AND. 10 .EQ. -USIl

.IMPLIES.

JLilIS T. PI PLBP2, LIJ ..t.AND^KL., EQa__
DIFLRIBPl,BP2iL It 0 .NE. -BP1'*-BP211

.EO,

LE, -USl
1*FP11



13

_14..

2-

CONO
CONO

CONO

il
2
6

4

7
8

CnND

CONO

CnNO

> .

(LIST.P^RIB'ZfLltLV(8PltL)fCBPl .NE* BP2)I .AND. 1PL=0(41) .AND. IPRaQI42)
•AND. L!ST.PlP(PPfSUBLIST«BPltBP2iL>I .ANO. CCS .EQ. DIFLRtSPliFPtL))♦IS
•GF. 0»I

NOT . JSPAJCF IIEPJrlRL .EQ* OJ
•NOT. (SPACEIFPI-IRR .NE. 01

S=S-l .
•NOT. (S .LT. 0>

FP = SPACEIFP + n
IFD-BP2 .FO. 01
.NOT,_ Xa_>^Q. .0J_- ^ —

FflIL=l

FAIL=1 .AND. LIST.P1R<BP2»L» .ANO. CIBPl .EQ. BP2I .OR. IC01FIRIBPltBP2tH
.NE. 01 .OR. IlOIFLRlBPltFPtLI .LT.
OlfLIST.Pt^lFPtSUBLISTIBPlfBP2»Lmi IBPl .NE. BP2I))

CONO (LIST.PIRCBP2,L)tLV(BPl»L)t(BPl .NE. BP2I) .AND. IRL
CONO .^NiO. LTST,PIF(FP,SUBLIST(BPlfBP2f LI) .AND. (IS .EQ.
COMO .OF. 0)1

'Q(4l) .ANO. IRRaO(42)
DIFLRIBPltFPtL) It (S

1 .MOT.
2 .NOT.
6 5 = 5-1

.^0T. (S .LT.
4 FP=SPA'*E(FP+1)

.NOT. (FP-BF2

(FP .NE. 0)5
CONO

(SPACE(FPI-IRL
(SPtCE(FPI-IRR

0)

.EQ.

.NF.

EQ. 0)

01
0)

(LIST.P!R(BP2fL)fLVIBPlfLit(BPl .NE. BP2)I
C'OMQ ^VO..-L:.SI..EI£lEJ?j.SilBI, 1ST(BPl tflP?! L) I #AND.
COMO .GE. 0)1

.ANO. .IPL>Q(4l) .ANO. IRB»QI42)
.FQ. niFLRIBPl.FP.Hl.tS

'

ULI ST,PIRIBP2.L) .LVIBPlt L» fO .NE.
_r.BPUBP2i-.AM0.._ 1.0. .EQi.._r.I.PLtQlAiJX
.ANO. CO ,E0. -IPR +0I42H .AND.
I LIST.PIRIFP,S08LIST(BPl»BP2»LI)I
.AND. (0 .EQ. OIFLRIBPl|FPfL)-Si0
.LE. S) .ANO. (0 .NE.
-IRL-i-SPACEl FP)» .AND. 10 .EQ.

_I RP-S PACEIFP) )._ . AND...C0_-.L£._-l±Si_
.AND. (0 .EQ. -BP2+SPACEC1+FP)I
.AND. (0 .NE. -l^Sn

•IMPLIES.
l(LIST.PIR(BP2fL)) .AND. 1(0 .EQ.
-BPl^8P2) .OR. 1(0 .NE.

_=J1IF.LP-(BP I, BP2t L) l_..Qa._i-0_.LJ-.
-DIFLP IBPlf SPACE! l*FP )»L IfLlST.PlRl SP
ACE(l + FPI fSUBLIST(BPl»BP2fLnt0 .NE.
-BP1«BP2I)))

((LIST.PlR(BP2tL)fLV(BPl,L)tO .NE.
-BPl«BP2) .ANO. (0 .EQ. -IRL«^Q(41))
.AND. (0 .EQ. -IRR*Q(42)I .AND.
(LiST.PIRIFPf SUBLIST(BPlfBP2tL)))
.AND. (0 .EQ. DIFLP (BPltpPjP-StO
.LE. SI .AND. (0 .NE.



15
CONO (LIST.PlR(6P2tL)fLVIBPlfDfflBPl .NE. BP2)I .AND. IRL
CONO .AMD. L!ST.PlPIFPtSUBLlST(BPl,BP2fLM .AND. ((S .EO.
CONG .GE. on ,
1 .NOT. (SPflCE(FPI-IRL .EQ. 0)
2 .M.T .. ( 5 P/ CECF P lTjRP._:tN Ea_OJ

S=S-l

.NOT. (S .LT.

FP=SOACE(FP-i-l )
.NOT. (FP-BF2 .EQ.
.NOT. CFP .NE. 01

_EAJL=QL
FAIL=O.AND. LIST.PIRIB»2tL)
BP2n

0)

0)

:Q(41) .AND. IRR»Q(421
DIFLRtBPlfFPtL} ), <S

5
_q

COMD

CONO

.AND. (fDIFLR(BPltBP2tL) .EQ. OlflBPl .NE.

34

j=lRLtSPACE(FPJl...ANO. (0 .EQ.
IRR-SPACE(FPn .AMD. (0 .LE.
• AND. (0 .NF. -BP2»SPACEt l*FPn
• AND. (0 .NE. -SPACEd+FPn I

•IMPLIES.
(<LIST.PIR(SPACE{l*FP »,SUBLIST<BPl#BP

^.LH) .ANl>..-IO .EQ.
l+OIFLR(8PItSPACE(l+FP»,Ll-StO .LE.
-l+Sl .AND.
(LIST.P1R(BP2,L)»LV(BPl*L)iO .NE.
-BPl^BP2))

I ( LI ST.PIPI BP2.LI ,LV(BPl, L» fO .NE.
-8PH-BP2) .and. (0 .EQ. -IKL+QIADl
.AND. (0 .EQ. -IPR-t-OI^an .AND.

_LLlSI-.PI5.lFPt-SL'BLISTtBPUBP2iLn 1
.AND. (0 .EO. DIFLP (BPl, FP#L »-S» 0
.LE. S) .AND. (0 .NE.
-1 PL+SP4CE( FP ) ) .AND. 10 .EQ.

IRP-SPACE (FPU .AND. (0 .LE. -!♦$)

.AND. 10 .NE. -BP2+SPACE( l+FPI)
^AND._ (0 .EQ._-SPACEll+FP.U.l

.IMPLIES.

((LIST.PIRlBP2tL)» .AND. (0 .EQ.
DIFLR(BPlfBP2»L»tO .NE. -BPl*BP2)l

1



'v.
fpviip bT'0''."''i'l'^'!^ c''^0C^''^s whe'thsT' the extiTresnior.

"bet'^een the nointers pnh n-n to hut n'^t incliibinp* BP2
IS Balanced or not.

VT-:rt-7ica'?TijF:

Path. 1: B?1=B?2 has not "been changed.

Pafh. 2: 'T^he conclusion holds by de-finitmon.

Path Since PIPLP("'̂ >"'̂ 1 l)=S S=-1 . SPA^f'-('^''^}=IRP,
lbr=0(4lK STAO'Ct'P+I )=BP2, hence
D1FLR(BP1,3?2,L)=0,

Path 4: SIMII'/R 1^0 THB ABOVP hath,
DIP1.R(BP1 ,SPACE(PP+1) ,T.) .I-T. 0.

Path 5: Simliar to the above nath,
DIPL.R(BP1 ,SP..^C.P(PP+1 )^,L)-S~1=0.

Path 6: Similar to path 3-

Path 7: Similar to path 6.

Path 8: Similar to path a.

Path 9: Similar to nath R,

Path 10: Similar to path 3.

Path 11: Since SPACP(PP) and'sP'\CE(t?P)=TRR=0(42) ,
'BP1 ,BP2,J.)?^0 and

0DiPLR(BP1 pp Td T.m

Path 12: Similar to path 3.

Path 13: Similar to path 11

Path 1A; Similar to path 5.

Path 15: Simila-^ to nath S,

^5^



^ U31.07 Ufa/2y73 OUTPUT

CC LV(LPfL) = {IF La^IL "^HCN LP=Of ELSF LP IS ODD ANH
CO SPAC£(LP)=CARfL» , LV ( SPAC? ( LP+l J ♦ CDRIDI.
C'C SUPLIST(JfK,LI=SL .ST, (IF J=K THcN SL=NIL ELSF (CAR( SL I sSPACE (J J
CC .AND. CCf (SL» = S JPL 1ST (SPACE (J*l)fK»Ln)
CC LFNGTH(L» = (IF L=ML "HEN 0 cLSE (L cNGTH( L) =LENGTH(CDR (L ) Kl) .
CC rnuMf i.l)«cdp(c-)pn(t~i,l),i. ^
CC CDCfMOtLlsL.
CC :LTlI,Ll=CAn(CORN(.I-l,L)l.
CC /LL(F(X),X»I,J) .IM. (F(XI, X.IN.(I..jn
CC OALLd ,Llt (A,X)f Jf L2t(B,Yn=ALL(ALL(ELT( I,Lll .NE. ELT(JtL2)r
CC JtRtY),1,A,X).
CCNO LV( ST{.irG.LH.LV(gCHARS.L2)

SURROUTIM break (STMNGfBCHARS,PATTER)
CCMMON/BUnCK/SPiCE(10000)tFAlLtlFQQ
INTrGvE 5 PACE t FA IL , FATT ER ♦ S TP. ING, SCHAP i BCHAR , BC HARS , BAODR

THIS SUrt'^UUTINE rXAMlNliS TH" CHARACTERS IN THE LIST STRING FOR A
MATCH WITH ANY OF THu ChARACTTRS IN THE LIST BCHAPS. 'lF A MATCH
nrCURS. PATTrpf. pgiNTS TO THE LOCATION IN STRING WHERE THr FIRST

C HA"^CH OCCUPr AND FAIL IS SET TO 0. IF NO MATCH IS FOUNOt FAIL IS SET
C T.n 1 argo PATTcPN IS ASSIGNEO ThE NULL STRING. (THE PARAMETERS STRING
C AND PCHAFS APE NOT CHANGED.)

FAIL=0

C IF string is MILLf THE STATEMENT FAILS AND PATTERN IS THE NULL STRING
IP(ST0 1^:G) 7t5t7 ^^

/ CATTrP=0

IPTP=STPIMG

FULL CN= CH.'FACTtR CUT CF STRING
I SCH\'? = SP/Cc (IPTR)

BADDP. = «CHAPS

PULL ON" rM/.KACfrR ruT GF THE LIST OF BREAKING CHARACTERS

2 ''CH/R = SC-CI (DADJh )
C SAVf the last CH.^.PAfTFR ADDRESS OF STRING

C T-ST FOR A ^-'TCh
IF ( ^CHAh-SCHAP I 3t6t3

COND FAIL =OfLIST.PIR(IPTP,LI),LI ST.PIRIBAODR,L2)»LV(BCHARSiL2),
i LL16 LJ- ( " LUJ X I) .r-. -LT(JtL2).J«ltL£NGTH(L2)).Itl.

CCNO l:M".TH (rU3L I ST( STRING, lOTF ,LI) )), SCHAR=SPACE (1 PTR),
rUNf ALL! (ro» C.S( IPTP I .NC. CL T(J ,L2 )) , J , I,
CCND LF-^'OTHliUPLISTIPCHAPS, SPAC r (BACDR+1),L2)) )
C GET TH Ac'33.:SS CF THE TEXT BREAKING CHARACTER

3 v.AmRsSPACC (BAODP.+ l)
IFl'^- QO) 2,4,2

A PiT"-P=IOTK

GET IH"; ^rnP^SS C«= THE NEXT CHARACTER IN STRING
IPT= sSFAfE(IPTRfl)

TcST FCP TH-. PND OF THE LIST STRING
IF(IPTR) 1,5,1

5 rA!L=l_
PATT-'PsO

CCND FAIL'l,
CQMD 6LLULL(tLT(I ,LI) .NE. ELT (J ,L2 ), J, I ,LENGTHI L2 ) I , I, It L ENGTHI LI) )

k*-'^URN

6 COUTINUF

COND FML'OtALL (ALLICLTd.LI) .NE. ELT (J .L2). J,l, ^
COND length(L2)),I,l,LLMGTHISUBLIST(STRING,IPTRtLl))),
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p*th

NUMBER

3

P4TH

fQNn LVi STRING.LI) .AND.' LV (BCHARS . L2 )
SUPROUTIME BREAK IS TPINGtBCHARS#PATTER)
CGMMON/BLOCK/SPACEI10000)tFAIL#IFQQ
INTEGER SPACtfFAIL, PATTF.R,STRING#SCHARtBCHAR.BCHARS.BAODR
FAIL=0

(STRING .EQ. 0)

FA1L =I !
FATTrR=0

COMD FAIL = l .AND. ALL(ALL(ELT11 #L I) .Nt.
COND ELT(J,L2) ,J,I.LENGTHlL2)).I♦I#LENGTHIL1))

COND LVISTRINO.LII .ANO. LVCBCHARS#L2I
SUBOCU'"INE PFEAK ( S TRING# BCHARS #PATTER)
CQVM'jN/BLOCK/SP &C1; (10000) , FA IL» IFOQ
INTEGER SPACE.FA!L»PATTER.STRING»SCHAR.BCHAR#BCHARS»BAOOR
FA IL=0 1_

.AOT. (STRING .= 0. 0)
RATTE"=0

I PTR = string

SCHAR=SPACr(IPTR)
BADDF =5CHA AS

= ACT ( OAnO'-' )

(aCHA^-SCHAK .cO. 0)

t CCNTiriUi

COND F£U = 0 .Arn. ALL(£LL(£LT(I.L1) .NE.
COND PLT(J,L2).J.1.L =%GTH(L2)).1.1»LcNGTH(SUBLIST(STRING.IPTR.LI))) .AND.
COND LI^T.PIRCIPTR,L1) .AND. EXISTS((SPACE(IPTR ) .EQ. CLT(J.L2)).J.1.LENGTHIL2))

STATEMENTS REMAINING TO BE VERIFIED

((LV(STRTMG.Ll)) .AND.
(LV(8CHARS,L2) ) .AND. (O .F.O.
STRING) )

.IMPLIES.
((ALL(ALL(0 .NF.
-ELT(I,L1)+FLT(J.L2).JfX#LENGTH(L2))«
Ifl.LBNGTHILl))>)

( (LV( STRING.LD) .AND.
(LV(BCHARS,L2)) .AND. (0 .HE.
STRING) .AND. (0 .EO.
SPACiI BE HAPS)-SPACE(STRING)))

.IMPLIES.
((LIST.PIRISTRING.LI)) .AND.
(EXISTSIO .cQ.
ELT(J .r2)-SPACfc(STRiriG).J. l.L£NGTH(L2
))) .AND. (ALL(ALL(0 .NF.
-rLT( I .LI )*-ELT(J.L2). J.l.LENGTH(L2)).
I.1.LFNGTH(SUBLIST(STRING.STRING.L1))
) ))

3 '



CONP tV(<TMNG,Ll» .AND. L V( RCHARSt L2»
SUBROUTIKf: BRt AK (STRINGtBCHARS, PATTE.R) *
COMMdN/BLnCK/SPACcdOOOOl fFA IL» IFQO

INTiCrR SPACL,FAILtPATTEPtSTRING,SCHARfBCHARfBCHARS,BAODR
FAIL=0
• .K'QT. (STRING .;:q. 0) ^

7 . FATTi «=0
IPTF = STRIN'G

1 SCHAR=5PACr<IPTRI

PACn^^BIHAPS

2 BCMAP = S£>ACl(BADOR)
tnCH/P-^CHAR .EQ.

>

Jil
CONC F/TL=0 .AND. LI ST.PIR(IPTP,L11 .AND. L1ST.PIR(BADORtL2I .AND.
CONO LV(BCHAPStL2) .AND. ALL I ALL (F.LT ( I tLl ) .NT.
COMD ELT(J,L21fJ,lfL=VGTH(L2))»IfIfLENGTH(SUBL1ST(STRING»IPTR,LI))) .AND.
C"!NO SCHARsSPACT TPTP. ) .AND. ALL dSPACEI IPTR) .NF.
C:..ND FLT (JfL2) ), J r It LP'GTHI SUBLI ST I BCHARS t SPACc IBADDR +1) »L2 ) ) )

CONO

T •/•jn

CONO

C INn

C OMU

3

FAIL=0 .AND. LIST.PI P.(IPTR,L1) .AND. L 1ST .PI R (BADDR t L2 ) .AND.
t V(P CH^^RStL2) .AND. A LL ( A LL (F LT (I , L 1) .N-.

Fl"(J,L2),J,1,LENGTH{L2)),I,l,LFNGm(SUBLIST(STRING,IPTP,LI))) .AND.
SCHAR=-bP.\rV ( IPTR ) .AND. ALL { ( SPA C£ { IPTR I .NE.
HI (J,L2) ) ,J, 1, LLNGTHI SUBL I ST (BCHARS, SPACE (BAODR + U ,L2 )) )

KftnOh=$PArr(RA?ORfl)

(bA'JOP .NC. 0)
PCHAK=SPACr (PADOJ.)
(fcCHAP-SCHAR .fO. 0)

6 fOMTINJ-:
CDNP FAIL = 0 .AND. ALL (ALL(ELT(I,LI) .NE.
COVC FLT(J,L2),J,l,LENGTH(L2)),I,I,LENGTH(SUBLI ST(STRINGtIPTR,LI))) .AND.
CDNO IIST.PIR( IPTP,Ll ) .AND. EX ISTS((SPACE( IP TP ) .EQ. ELT(J,L21),J,1,LENGTH(L2)»

((LV(STRINGfLl)) .AND.

(LV(BCHAR.S,L2) ) .AND. (0 .NE.
STRHG) .AND. 10 .N. .

SPACL- (BCHARS )-SP AC E (STR ING ).))
.IMPLIES.

nLTST.PIPISTRINGfLl) ) .AND.
( LIST .PIP.CBCHApg ,L2> ) .AND.
(lvibchaoc.lz) ) .AMD. (aliio.n:-.
ELT(J,L2)-SPACF(STPING)tJfItLFNGTHlSU

BLIST(BCHARS,SPACE tH-BCHAPS),L2))})
.AND. (ALL(A.LL(0 .NE.

-ELTiI,Ll)+FLT(J,L2),J,l,LFNGTH(L2)),
I .I.LF.NGTH(SLnLIST(STpING,STRING,Ll) )
) )>

((0 .FO. FAIL) .AND.
(LIST.PIR(IPTi,Ll)) .AND.
(LIST.PIO(BAODR,L2)) .AND.
(LV(HCHARS,L2n .AND. (ALL(ALL(0
.NF.

-ELT(ItLl)+FLT(J,L2)»J,1.LENGTH(L2)).
1.i,LENGTH(SUBLIST(STRING,IPTP,Ll)n)

•AND. (0 .EO. -SCHAR♦SPACE(IPTR))



CONO

CONO

CGND

C"NO

C OfiD

3

>

FAIL=0 .^KD. LIST.PIP(IPTPfLl) .AND. L1ST.PIR(BAODRtL2I .AND.
LV(BCHAKS.L2) .AND. ALL(ALL(ELT1 11L11 .N-.

>

f:LTtJ,L2) ,J,lfLcNr.TH(L2) ) , I , 1, LENGTH! SUQLI ST( STR ING t IPTR,Ll) D .AND.
SCHAR= SPAC?. ! TPTR ) .AMD. ALL ! ! SPACE! IPTR) .NE.
?lT(J,L2Df J» If LONGTH(SUBLIST(BCHARSfSPACE(3AOOR+i)fL2D )

f. AOD? = SPACc!PADn=' *1 )

(3A0uP .NE. 0)
prHA';=SPAC"(BAnD^)

.NOT. (PCH/P-SCHAP .EQ. 01
C3MD F^U =0 .ANO. LI ST. o] R(IPTRf LI) .AND. L1ST .PI R! BADDR f L2 ) .AND.
COND LV(SCHi'lS fL2) .AMD. ALL! ALL (ELT! I fL 1J .NT.
C3NfJ fcLT (JfL2) fjf If LENGTH! 12) ) f I f I, LENGTH! SUBL 1ST! STR ING f IPTR f Ll) D .AND.
CCMO SCHAR=SP\Ci (IPTR ) .AND. ALL!(SPACE!IPTR) .NE.
r.-)tn ci T(J.L2I DJ.l.L':rvGTH(SU9LIST(BCHAPStSPACE!BADDR*I) .L2D1

,AND> (ALHQ .N:«>
ELTIJfLZI-SPACKIPTR)#J.l»LENGTH(SUBL
I S'"C3CHARS,SPACi; (l+RAOOP ) , LZU M
.AND. 10 .Nc. -spAced^eAorp) I .and.
(0 .EO.
-SCHAR<-SPACc CSPACE (1 + BADCP ) M )

.IMPLIES. ^
( (LIST.PlRdPTP,LID .AND. (EXISTStO
.E4.
cLT(J,L2)-SPAC:(IPTRI,J.1,LENGTH!L2))
) .AND. (ALL(ALL(0 .Nc.
-LLT(IfLl»*ELT(J,L2)»Jf If LENGTH! L2n t
I.I.LFNGTH!SUBL!ST!STR!NG.IPTP.L1MD

)

( !0 .FQ. FAIL) .AND.
(LIST .PIR( IPTP.LID .AND.
!LIST.PIR(BADCPfL2D .AND.
!LV!BCHARSfL2)) .AND. !ALL!ALL!0
.M=.

-LLT( I f LI>» rLriJfL2)f Jf If LF NQ-^H! L2 >) f
I f I,LENGTH! SUBLI ST(STRING f IP"!? ,LI»)))

.AND. (0 .FO. -SCHAR-i-EPACe (ItT:^) )
.AND. (ALL!0 .NL.
ELT!J ♦L2)-SPACt( IPTP ) , J, I, L «^NGTH( SUBL
ISTOCHARSf SPAC: (l+EADOP ) f L2D D
.AND. (0 .NE. -^FACE! l*-BADrR) ) .AND.
!0 .NF.
-SCHfiR+SPACc!SPACE(l^BAODR ) )))

.IMPLIES.
! (LIST.PIP (IPTPfLlD .AND.
!LIST.PIR(SPACEII+BACDR)fL2)) .AND.
!LV!BCHARFfL2D .AND. (ALLj0_.Nv
FLT(J,L2 )-SPACr!!PTR)fJfi;LENGTH(SUBL
IST!BCHARSfSPACc!DSOACE!l+BAOORDVL2
)))) .AND. (ALL!ALL!0 .NE.
-ELT!IfLl)*ELT(JfL2)fJfIf LENGTH!L2))t
IflfLrNGTH!SUBLIST!STPINGfIPTKfLI))))
) . • -



3 .

rONO FMt =0 L1ST.FIB<IPTP.,L1) .4N0. LIST.PIRCBADOR ,L2» .AND.
CCND IV(BCHA»StL2) .AND. ALL(ALL(tLT(ItLI) .Nr.
CON? FLT{J»L2» fJi liLENr7TH(L2) ) tit lfLENGTH(SU8LIST(STR INGtlPTRtLl) ) I .AND.
CCND SCHA?=SPiCFiIFTR) .AND. ALL((SPACE(IPTRJ .NE.
C3N0 fLTlJ.L?) )tJ.l.LE? GTH(SUBLI ST(BCHARS.SPACE(BADOR♦!).L21M

6

r CHO

c:^o^

P^CDR=SPACl(PAODR+lI
.NOT. (BADDP .N-. 01

f ATTCP = IPTp.

IPTp=SPACr CIPTR + ll

(IPTP .NT. 0)
SCHAr = SPACt^ C IPTRl

6/r)nK = .-i»CHA?s

PCH3r = PPACi;(BADDR »
(BCH/7-SCHAR ..5Q. 01
CONTINUE

F; IL=0 .AND. ALL(ALL (FLKIiLlJ .NE.
rLT(J,L2> .Jtl.LPN0TH(L2M.It l.LE><GTH(SUBLlST(STRING.lPTR,Li) ) > .AND.

CuNP LIST.PI«UPTP,L1I .AND. EXISTS (( SPACE ( IPTR ), .FO. ELT U t L2)) »Jt 11 LENGTH(L 21)

CDrsD

C ONO
_r

CLND

C ONO

3

F/IL = 0 .AND. I rST.PI F.( IPTR,Ll) .AND. L 1ST .PI R (BADDP , L2 ) .AND.
LV(PChARS,L2) .AMD. ALL(ALL(fcLT(I,L1I .NE.
f IT (J , L2 L»J ^ l.L 5NGTH(L2Mt It l.LENGTH(SURL 1ST (STRING, IPTR. Lin > .AND.
SrHAF = SPAC:( IPTR ) .AND. ALL((SPACE(IPTR» .KE.
» LT(J,L2) », J,1,L'NGTH( SUBLI ST (BCHARS, SPACE (BADDP ♦nfL2n »

&AnDF=SPACr(PAOOf! H )
.NOT. (PADDP .N.-. 01

FATTrp=IPTP

!PT^ = SPACF. (1PTR»11 ^
(IPTP .NE. 01

3

<(0 .50. FAIL) .AND.
(LIST.PJOI IPTft,Ln ) .AND.
( LIST. Pn (BADDP, L2)) .AND.
(LV(BCHARS,L^) ) .ANC. (ALLIALKO
.N=.

-FLT( I , L1 ) + 5LT (J , L2), J, 1, LEAX-T H( L2 1) ,
I ,l,LrNGTH(SUrjLIST(STRING,IPTr- ,Ll) )»)

.AfO. (0 .cO. -SrHA0^SPAC5(IPTR»I

.AND. (ALL(0 .N£ .
rLT(J,L2)-$PACr(IPTP) ,J,l,LE.NGTH(SUBL
1 $T(?CHAPStSPftCE(I*?/OOP)iLJJ)JJ
.and. (0 .EO. -SPACrU+BADDR) ) ./.NO.
10 .NP. -SPAC5(I+IPTP n .AND. (0

.£0.

SF4C- (BCHAPS)-SPACE (SPACE (l+IPTRH )l
. IMPLICS.

( (L li T t.P 1 P (SPACE (l»IPTR),LX)) . -UID.
(£:XI2TS(b .FO.
r.LT(J,V2J-SPACT (SPAC' (1 + IP"^R)) ,J-,1,L5
NGTH(L2))J .AND. (ALL(ALL(0 .NE.
-ElT( I,Ln+ELT(J,L2»f J,l,LENGTH(L2)) t
I,1,LENGTH(SURLIST(STRING,SPACE(I^IPT
RltLl)))))



-L 5;cHft«; = SPAr: i iptr)

BAOOFsnCHARf.
2 PCHAP = SPACi:(RADOR I

.NOT, (BCHAR-SCHAR .FQ. 01

CONO F£IL=0 .AND. L!ST.PIP(IPTR,LI) .AND. LIST.PIR(BAODRiL2» .AND.
CCMD IV<BCHA^S,L2» ./MO. ALL(ALL(ELT(IiLlI .NT.
r.nNO PLT(J»L2>»J.I tl^NGTHCL?) 11T«11LENGTH (SUBLI ST (SIR INGtIPTRtLl) ))—sATiD.
CGMO SCHAP=SPACt(IPTP) .AND. ALL((SPAC=(IPTRI .NE.
CGMO !-LT(JtL2ntJt ltLEMGTH(SUBLIST(BCMARStSPACfc(BADDR-»-ll ,L2J ) I

COND F£IL=0 .AND. LI ST.PIR11PTR,LI) .AND. LIST.PIR(BAOOR.L2» .AND.
COND l.V(BCHARS.L2) .ANl. ALLI AL L IELTI I . L11 .NT.
CiND CLT IJ .L2) .J ♦ 1 »LFf!GTri| L2) ) 11»1»LENGTH ISUBL I STI STR ING.IPTP.LI) ) ) .ANC
CIND SCHAR =SPACfIIPTR) .AND. ALL I I SPACE(I PIP) .NE.
CONJ FLTIJ.L2) I.J.I.LlNGTHISUBLlSTIBCHARS.SPACr (BADOR «-l I ,L2 1) I
3 e AD"t? =5?£C=^ I PAODR+Vl

.NOT. I PS DDR .Nr". 0)
FA''tFF. = I PTR
IPTR'SPAC" (IPTR*^! I

.MOT. (IPTR .ME. 0)

FAIL=l

PATT?P='J

COND FAIL=l .AND. ALL(ALL IELT(*»LI) .NF.
COMD r.LT(J.L2) . J. 1 ,LS NTTH ( L2) I . I . I» LENGTHI LII I

43>

((0 .EQ. FAIL) .AND.
(list.pir(iptr,lij) .and.
(LlST.PIR(6AD0RtL2)) .AND.
I LVfBCHAR$tL2n .AND. (ALL(ALL(0
.M--.N:.

-ELT{ I,L1 >*i7LT|J,L2»t Jf l»t?N'GTH(L2)»t
ItltLENGTH(SUBLlST(STRING,iPTF,Ll)I))

• AND. (0 .50. -Sf.HAF<-SPACE (IPT.M)
AND. (ALLIO .N;

.AND. (0

.AND. (ALLIO .N;.
FLTiJ«L2>-SPAcr( :pTRLtJf liLLMGThisupl
ISTOCHARStSPACr (I+'BAODF »,L2) ) )t
.AiiD. (0 .^-0. -SPACr (USACCP)) .AND.
(0 .Nc. -SPAC-. (l+IPTF n .Af-D. (0
.N=.

SPACE (BCHARS)-SP»C5(SPACF (1«-IPTR )) 1)
.IMPLIES. ^. IMPt lES. ,

I (LIST .PIF (SPAf( l + IF TP I ,L n ) .AND.
(LIST.PIR(PCHAFStL2)» .AND,
(LV(BCH£RStL2M .AND. (ALLIO .NE.
FLTIJ ,L2 )-SPACF(SPAC!: (1+IPTR) I tJt ItLC
NGTHI SUBLISTIBCH/ PS#SPACE(l+BCHARS»»L
2nn .AND. (ALLIALLIO .Nf.
-£LT| I,LiK£LT(J,L2i» Jt 1iLcNGTH(L2») t
I , l.LfNGTHlSUAl I ST I ST PING. SPACE I H-IP'
R)tLin)))

((0 .EO. FAIL I .AND.
(LIST.PIRCIPTR.Lin .AND.
(LIS"^.PlR(IiAnDK.L2M .AND. .
(LV(BCHARS.L2n .AND. (ALLfALI. (^
.NE.



y :

-£LT( Jjkii LT (J, L2) t J f UJLc N'GTH{.L2)» t
I,i,length(sublististfiNG,iPTKtLi)in

.AND. (0 .lO. -SCHAR^SPACElIPT^n

.AND. (ALL(0 .N£.

'LT(J,L2J-SPACKIPTR),J,1,LFNGTH(SUBL
IJ5T(3CHARS,SP-*C! DOR ) * L 2) ) M
.AND. (0 .PQ. -^PACrcn-BAODPn .AND.

<0 .f0. -SPAC-(l*IPTP)))
.IMPLIES.

(CALL(ALL(0 .Nt.

-ELTUtLI)*ELT(J,L2)» Jtl.LENGTHtL2n t
I tl»LENGTH(Linn



2.4) '' '• 2S , "• * •' 1}

qmyTir;. _ o-'Tn'^C?'t S'tT.lT'^

= o-^T'in'- of n"p0'^l- oV*^ "TPo-hOTP
•DArnrr.vj « -nnint-S to c vc oto"^ in V'";''e7?0

Sl;<^'='pnfT'X TPP-f-'̂ T-i to OTP O"^ 22)6 b^PP^C
ohpppo+ST's I'/p P TT]r*.p0,

T^is ^'rn-rV.s V-^.e f^-'Tction of .

erpnrjle: ST'^jy.^- ="V0'12L?"
resiAlt ; FAIL is set to 0 and PAT't^LR rioin-^s to the

"0" in

VERIFICATION;

Path 1: Since STRINa=0, hence X1 is nil and the conclusion
is true "by definition.

Path 2: LV(STRINCt,L1 ) •imulies IIST."PIR(STRIN<"-,I.1 ).
Since S''̂ '\CE(BOHARS)=SPACE(STRINCr) and IV(BCHARS,L2)
iFinlies SPACE(BCHARS) is sone •EJ..T( J-,1.2), J, 1 ,
LF^T^T^u (1,2), hence SPA CP(RJ.NO) =:PT;T (T,12),J, 1,
IENCTR(L2). Since SUBLIST(STRINO,STRING,L1) is
nil, the rest is true by definition.

Path 3: By usin"* the same arTii'Tf'ents 8p above this path
can be verified to be trii.e,

Path 4: IIS^',?JR^'T!^TR,I'1) is tn^e throi'^h out the vrbole
•na th! ATSTS (FIT (1,12) ispACF(IPTR) ,J, 1,IF"G''̂ "T(t.p) )
is true since A.IT.(FJ.T(T, 12) A.0F(IPTR).T, 1 ,
T.pNGT^ (SNBLI ST (BCFARS. SPA CP ( BAPPR+1 ) ,12)) ) i s tTuae.
IMnallv, ALI<AJ;lC'̂ lT(i ,11 )7^F1T( J ,12) ,J, 1,LFI-:CtTR(L2) )
1,1, IFNGTH( STJBLI ST (ST BIFF, T '̂TR, 1-1)) remains true
throiTrhout the ^•r'^^ole na"h.

Path S; Since ttst.pip(pabpr,J2), hence IIST.PIR(S?ACF
(BAPPP+'l) ,12). A11(All (FIT(T,T.1 ) i^FLT (J ,TP ) ,J, 1,
j.en'̂ th'̂ 1?) ) ,1,1 ,len<^tVi( F.ublist( STRIA"'̂ G,IPTR,11 ) ) )
has not been chan'red in this "^ath.,
All(Tin (,T. 1-2) ?^SPACF( IP'TR) ,1,1, IF '̂B TF( BTTPTT (
BCHA.RS, SPACF( BAPPR+I) ,1:2))) and SPA hp( IP'~"'R) =
SCRAP p.n.d snPAR3^3?'^'^P(SFA^!P(P^pnn +1)) in-^lies
AIl(FIT(1,12 VsPACP( TPTR), J, 1. SNPLIST(
BCHARS, SrATv( su£nv(p/\ppp+i) +1 ,12)) ) .



f:;. SIrce ?v?.^CF(TP^"'?.+1)) =SPAf^P("PCHAR?) and
• ' ' ' (PC"n/1C,P2j en<"9 ""'ICC?PCP(S0E(X?'^R+1)) =

ALT..( AH( >TT( i ,H )?^PI'"('J,1 ,T(J.R) ) ,1,1 , 'T/M'Fr.n'H qTT-^T.i";r r S'̂ '̂ ^Tvn ^ ) ) ) pxA
AT.J '(VT.T At T9) CP( JP'̂ P) P1 ,PSPBI-IST(
•ppij/ipq^^_j)r.o ,1:2)/) ?n.d C2fl(PAPPR+I) =0
imnlies
all(at.l(pit(i ,1-1 )s^plp(p,Tj2) , j, 1, jHTrrwCP?)) ,i, 1,
j.Ti]ATflmTT(ST^p.i.jgf^r.TpniTTO-,SPACE(IPTR+1) ,Ij1 )) ) .

7: nath is similar to the above one except
that S?ACE(S?ACE(I?T?.+1 ))?^SPA.C''XP''HHS) .

Path 8! 'Ahis rath is also sinii3.ar to the a.bove two paths.
Since' SPACE(BAPPR+1)=0 and S?ACE(IPTR+1)=0, all
elements in L1 have been checked ac^ainst all
elements in T>2- hence AIJjCAI'J-(ei,t(i )5^E1T( J,L2) ,
J, 1,LENGTH(L2)) »1 ) ) •
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c

cc

C.C

C

c
r-

u

C

C
r»

C

c

ittuiru!' IV"''

'̂ rjS .0:J-U-l—^ i-'-V-*- ^y^-~ f 2"'̂ '.'Yt ) ) ' = 2" f\ I1+i) -1) fs^,-.u-ii-^(;)-ii - uii)^ uT- u

t:YYtu;u'-:':n;.L3V.K:.E.N.rH(u.,ut-;cnHaL.), lenotml.=
L u.^i+,r.i: ."LkiL:<

oUoKJUT!^= ... .. ^Mar.- i,:>f.^^.a'

) .Lu.;>oj JjL

DJ-.^^vJ . * I - -•• *• • " - . ... ^ . r ^ 1 I T

.pCINTE,FAIL.

T3 ^VlvuiJi- "i a!-.lfcj:iNI —....

'.., o I

1HI S SoL> K>-• u 1 i ••^
•RESULT Ir. ST?. 1.

1. eTc o T -. s t r -̂JV. STk3 a-\d "puts the—-rnrr-.AiEb srsu:u ST^2 T. '̂ixsMPLES,
( StsE ».« SI-3 AK'.: V.jT Crt-v^cU-^^ CGNC'.TEC Y.A, bl
i ' ^ ^ C^LL CGN.CATEl t|A,B)
A == A B CALL CO\-C ATc I AfA»A.)

CALL r.£NC ATG ( Bt A> B)^ = A

a s A.

A

y s A C
CALL CU iCL.Tc CYiA »5)
CALL C0«4CATc( Y»Y »C)

30 0-

Tt>':Pl=L

IE (SIR I) 6'JCi'>')u,«2 00
I MSTP ?1

r.-Nu

cci" ST.i=SrK3. STP2.0
KETtKU

200 CjNT!.<OE h ),' L.L 1), tyl&ILZl.' ?l fl V STy3tL3l

C COPY oTrliNO ilfv^ i.xtu :»« -
CALL COFVdE- i'i.ST^ i.O) ,^ l1 ), LV (STk2,L2) ,LV( STR3,L3» ,
((bT- L.\L.vj)•• •«.';*^rMfLvCuM)

L:.) ,T^:^Pi==OTr-?

c.

IF STkl='>TR^» iKlf NcXl
IMSTf

PAPT

CJfY 3Tki;:G Sll.a ' p" ,iTKl, LU, LV (ST A2, L2),LV ( SIR 3.L'O) ,
5g5'«f5;fenc5!S;iU$te!rs!Sity.s«e. •

-r. • ic T^c 7Frr OF STRING STPl
P:.,0 THEr AOLKtSS Th;T CU.TAx IS TriE ZEFX .CI..T...

IF(STRL) ^ f6»2
o STf. I cT-i-ST''3f bT'*2=0

KH LV (ST 1i,LLLt-,Lvi^l3l--Ll-L^It^ *
r»t TLF



^ 2 r I f L
^ Ci'i-.J LVl bl-.lfL) L/:»f LVITL: P1 ,l.3)",Lv(SlKj,L3)f

Cui VC :> 1 Ki- o 1 f t * i L •>' i= i 1 r. o t L I b T• f I .• (i• I i •JI '1 f u J
_ 3 ^ I N f I- —».K i\C t i r i "UdN )

IFtr'ul.ML)

^ fit.LU .:-PC I \Jl-hL

O

JiV_ Tl

C CHm n^t; T fth KLii'lLl i''i fht E'-L^ wH SlHl'.'S oT - 1 T C Ti.t: i'rCjlMArt l.F
C bT r1\G S i n3

5 Sr-ACE(FIM.=:i\) = TFMol
CwNG LVCblriyLlSljt L i3T = CU ••? ( L 2tL 3)

kETU/'I
^ ^ ^T* ^ ^ ^ , ^

uJU'J FLr.^'*•T ( /IXjUhKi^rCn i\ .j*\G Tl- CJ-^CMr

C0«'»0 Ekt.wf*«iCwl'CAT)f S1Fl«LT«0 STrijd•LT»g •O's* oTrs3«LT«0 •
KcTUrN

fcNC

-^f



o 3

O
3

*irj fit VKRIHtU EFFECTIVE RANGE EFFECTIVE OONAIN

COf.C LV(STk1,L1) .a ;l). LV(STr2,l2» .AMD. LV(STR3,L3)
SUfiRouriKE LCNC/.T (STki, ST«<2,STR3I
CuMMuH/PLuCK/jFaLEIiUOOO),FA1L,1F00

•

•

r.TLOLR SPiCtiSlAl, SIR?,STR3,TEMPI,FINOEN,POiNTE,FAIL
TLMH1«0
IKSIk'i .LI. 0»UJ TO 600

. (TEMPIJ (1

r IF(STRl .01, JIuO Tu 200
uoo IFIiTNi .Ll. OlGU Tf oOO

I P ( ST R? . 0 r. 0) 0- T0 20 J
Ci.r.D

CCNC

jTll^O .Aft}. sr.»2 =0 .And, LV(STPi,HI .AND. LV(STR2,L2) .AND.
Lt/(SThJtL3}

• 4 05- lALL CrpvisTf1,STk3.0)
•-.o'f D Li/( S Ir, 1, L ) .Mfii. LV(STk^rL3l .A'ju. STP.l»STF3 .AND. STR2«0

2 JC

C Ci. J

CJf.U

Tcn
Clt >

ccNi'

, C vJvl'— - - - —.
1 '(.mLL Ltifv ( S 1, SlKc f 0)
ClNJ SI%i=l.Tr.2 LV'(Slrl»L) .AhO. LV(SrR3,L3) .AND. LV(STP.2|LI'
^CN'J .I'.U.. L* (T ti Pl, Lj ) ./f.u. 1 CF'.Pl = i,TR3

It i Ulrtl .M . 0) .'f. TO 2
SJPl=Tk.'fl

5lil Itl) LV( STP3tl.il

K £ T oF .1

2

CO\D

CCi»U

3

CuMlNUE

((Sfsl „.i.. lil ...i . (SIK<J .NE. J)) .AND. LVlSTOltLl) .AND.
L(/( Sli-?# l.^ ) ./r.fi. LV(brf-3tL3>
.CIJ.l^LLLlJLimLUy
UbWI .M. U) .vK. (STF.2 .NF. OM .AND. CV(SIRlfLl) .AND
LVi if

IP <ST= 2 .c<;. UlGlj Ifi ^
((>1^1 .r-t. iM .b<. (bTK2 .NE
LVlilr2fLc) •>..«>. LV(STP3,l3) .AND. LV(tEHPl,L3l .AND.

isiri .kp.

LV(SIP3|L3I .an;;. LV(fLMPl,L3) .AND. TFMPUSTRJ

JM .AND. LVISTPitLU .AND.
1EMP1«STR3

:.0C. STKlsSTRT .AND. STR2«0

j

C I. NO

!i O w G

Fi NOti\=STF 1 i-T
LvTSTi^lfLI LV(STK4:»L2I .AND. LVITEMPI, Ld) .AND. LV<i»TR3fL3)

iTKl^^aT-.*: .A\0. TtMti»STP3 .AMD. LI ST. FIR (FI NOEH-l , LI
PJli.TL=S»'Af tiM.ibLN)
iPlHt lMTL .cU'. 0>GU TO b
H Nut!.-Pi I :.T P H ~
lil) To J

SP/.CKFif ucI.J= ftrO'l ^
LV( STKliLiSn LlsT=C0pPIL2iL3l

KtTGhU

F'-<I ;l 60ou
r..-v;.T I

EP.N&F (vl.N'CAT >

rcruNN

End

/iX3CHfRH': k IN "arc tu concate
.ADD. STkl .LT. 0 .OP. STR2 .LT. 0 .OR. STR3 .LT. 0

ISTRIJ

(FINDENI

IPOI NTE J

CFINOENl

(SPACE)

r TEMPI I

(STRll

I SPACE,FINDENI

(POINT El ,

(SPACE,FINOEN,TEMPI I



%

IH

NUXbEf?

>:

PATH

COf.U LV(STH.t.n .^NP. LVCSTr2,L2l .AMD. LV(STR3«L31
Sl.tiKi Uf InE CCNtAT (STP I, STR;?f STF.3 »
tCNMch/biaCK/SPACL(lOUOO)iFAlLtlFCQ
IM ELc!t SPACT,SThl,STK2i 5TR3,TEMPlf FINOEN.POINTE ,FAIL
itypi=o

(SIC 1 .Li. 0)
OU0( Pk IM :>QOt)
oOOO F<_»iT AI ( /IXiOHtRROk IN ARC Fc COMCAT E
CGND EFkC:'. tCiM CAT J .^ND. SlFl ,LT. 0 -C'R, STP2 .LT, 0 .GR. STR3 .LT. 0

O

CCNU LV(j(M,Ll» .AND. LV(S1P.2,L2) .AND. LV(STR3tL3}
S..irkrUTHL AU STkI, STR2 ♦STR3)

Cr.M It ?1/ HL DC K/ / Lt ( 1OU00) IF A IL 11 FOQ
IMLOEa SFACt,Srr^l,ST^•2tSTR3|TtMPlf FINOENtPOIMTEtFAIL
fEMPlaj

.r.Cl. (STKL .LT. 0)
(bTRl , .T. 0)

200 CL.iTlfijF
tU<u ((STKI ..Ih. u) ..Js.

CuMO .AND. LV(STf3fL3)
(STA2 .i:e. 0)1 .AflD. LV(STRl,Ll» .AND. LV(STR2tL2»

COND LV(SUI,L1» ./ND. LV(S1K2tL2) .AMD. LV(STR3tL3)
SOOKLUUNt CrNLAI ISTf It STK2f ST A3 »
Cr:^5.MC N/OLOCK/SPACE (lOuOC) tFA 1 Lt I FQO

^ PACLtSThUST ^ 2tSTK3»TF MP11 FI \CiEN f ROI KTt, FAIL
TfcMPl=b . .

.! Jl . ( STK 1 .L T. 0)

.NCT. ISTKl .GT. 0)
(Sll<2 .lT. 0),

PUKl oOOO

/IX3UHLRRGR IN ARG TC tCNCATE

bOU.
uUU

_b'JOo
Co.Tu fcFKi.R (CjfiCAT J .^NU. SIkl .LT. 0 ,CR. STR2 .LT. 0 .OR. STR3 .LT. 0

o

STAT6«4ENTS REMAINING TO BE VERIFIED

( (LVfSTRLtLl I I .AND. (LV(STR2,L2n
.AflO. (LVCSTR 3f L3) ) .AND. (0 .LT.
-STRDI

implies.
( ( ( (FReOR (CONC.U) I ".AND. (0 .LT.
-STP.in .OR. (0 .LT. -STR2II .OR. (0
.LT. -STR3) I

( (LVCSTPltLin .AND. (LV CSTR2f L 2) )
_ijaND._(LV(S„T3 3,L3l) .AND. 10 .LE.
STKl) .AND. (0 ,LT. STR m

.IMPLIES.
( (LV( STRltL in .AND. (LV(STR2tL2n
.AND. (LV(STR3tL3I) .AND. (tO .NE.
-STR I I .OP. (0 .NE. -STR2)».>



o D

CCflD LfCSHU.Ll) .AND. LVCSTR2fL2) .AND. LVC STR3fL3)
Sim»• CUT! i«C cl AT CS f Klf STR21 STR3 )
Cl.N.-ti jC-.^CL ClUcJCJ »EAIL# lEOQ
CMI totVJ SPAtC»Sl Kl.STR^t SlK3f TEMPlfEINOeNfPOlNTfctFAIL
TL^Pl-'.) . •

.Kwl . Cilii 1 -L r. 0)

.fr-T. (STf 1 .GT . 0 )
SCO »'4^T. 1^11*2 .L^. C)

(Sir.: .01. o»

^00 CcNllNUt _
CjliU (CSfril .^•t. 0) .Jt<. CS1P2 .NE. O)} .AND. LVCSTRl_»Ll) .AND. LV(STR2»L2I
CLf.n .Af.u. LV(Sll'i»L3l

CONU LVCSTKLttl) ./^D. LV(ST'.2iL2) .AND. LVlSTHifL3)
SuBt.L JT lA t CCMCaT ( STfilt SI R2f STP.3I
V.L V-C ./I'LCC K/Sf-ACL ( IOCJC) .FAILt I f 00

SQO

IM t Lt bfr LLIS1 RI, SI R2f STR J , 11. MP I, Fif :UE Nt POI NTE , FA I L
ltKPl=0

.iul.CSI^Ji.LT.G)

.UCT. CSIhl .GT. 0)

.NM. (Sr?2 .LT. 0)
.N'Jl. CbT'2 .GT. 0)

"toNO SlRl=o ..o-.D. SrF2-o .AND. LVCSTKLtLL) .AfJD. LVCSrR2tL2> .AND. LVCSTfOtLB)

CuNJ Sllii'l) .AtsU. STK2-0 .AND. LV(STRl,Lil .AND. LVCSTP2,L2I .AND. LVCSTR3,L3I

,o

J ( LV( ST» l,L 1) ) .AND. (LV{ STR2f L2
.'and. (LV(STR3#L3n .AND. (0 .LE.
STRl) .AND. CO .LE. -STRll .AND. CO
.LT. -ST02) >

. I^'PLIES.
CCCCEPRORCCPNCATII .AND. CO .LT.

» »_• OR . LT_. jiST R2) I ..C?R.. (0
~.LT. -STRBli

(CLVCSTRltLUJ .AND.
_i_ANO^. CLV CSTR3tL3 I I
STPl ) '.AND. CO .LE.
.LE. STP2) .AND. CO
.IMPLIES.

( (LVC SIR IfL I) ) .AND.
• AND. (LVCSTR3fL3n
-STPU .OP. CO .NE.

CLVC STR2tL2lI
.AND. CO .LF.
•STRli .AND. CO
,LT. STR2)»

CLVC STP2tL2))
.AND. (CO .NE.

-STR2»)I

CCLVC STR 1>L n ) .AND. CLVC SrR2.L2J I
.AND. CLV(STR3fL3)) .AND. (0 .LE.
STRl) .AND. CO .LE. -STRlI .AND. (0
.LE. STP2) .AND. CO .LE. -STR2II

•IMPLIES.
(CLVC STRl,L II ) .AND. CLVC STR2,, L2I 1
.AND. CLVCSTR3fL3t I .AND. (0 .EO.
STR2I .AND. (0 .EQ. STRLII
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CCf;) l^SIFl .nE. J) .OK. .HE. OM .eNU. LV(STRi,LH .AND. IVISTR2.L2)
fJKO .AI^U. LV(SKJtL3) .AND. LV( TEMPI,L3I .ANO. rEKPl«STK3 «ANU. (STRi .NE.
CCNO SIh2l
i call CoPY(STKl,SI«2,OI
CJi.O STRl=b1r;2 .AiJl). LV(S1P1,L) .AND. LV(SrR3,LJ) .AND. LV($TR2,L) .AND.
t'JNO LVI TiiMpl,L3l .AND. Tr.MPl = 5TR3

C" lO .M\U. LVISTPl,LI. .AND. LV(STR3,L3) .AND. LV(SrR2,L) .AND.
Ou.U LVI ft ,L 1) .AND. Tl£KPi = 5TR3

I b 1 H I . ;4(: . 0 >

2 r i i'»0L s f I*. 1 I
L340 Lv(sr" l,i.) . -tHn. LV(STR2,L2I .AND. LVI TEMP I ,L3) .AND. LV(STR3,L3I .AND.
CL'iL Sir.L =iT»:2 .AND. rbMPUif-.i .A.NO. t 1ST.P IRIM^OtN-I,lI

C>..\0 STi.USTr.2 .AND. LV(Siri,L) .AND. LV(STKi,L3) .AND. LV(STR2,L) .AND.
C'JND LVI TEMPI ,L3 J .AND. TEHPl=STR3

.MoT. ISTRl .NE. 01

u S1R1 = TL.VI

C );<iU LV(SIP1,L) .AND. LV(SrK>,LA) .AND. STR1=STR3 .AND. STR2aO

s-s

o

<LV( STI»3,L3» I.
• AND. aV(rt3Pl»L3l ) .ANU. (0 .EO.
STR3-TEMPl» .AND. (0 .NE. ST«»l-STR2n

• IMPLIES.

CCLV( STRl.Lin .AMO. (LVI STR2 t L2 ) I
•and. (LV(STR3tLi)} .ANO.
(LV(TEMPl.L3lt .AND. 10 .NE.
-STPlfSTR2l .AND. 1(0 .NE. -STRII
.flR. (0 .NE. -ST«>2n)-

(I (0 .NE. -STRll .PR. (0 .N6._ _
-Srh2> ) .AND. (IviSTRifLi )) .AND.
(LVI STP2,L2) I .AND. ( LV( ST03, L3) )
.and. (LV(TEMPI,L3) ) .AND. IO .EO
STP3-TEMPU .AND. (0 .NE.
-STRi^STR2) I

. IMPLIES.
((LVISTRl,L)) .AND. (LV(STR3,L3))
.Af4D. (LV(STR2,LM .AND.
(LVI TEMPI,L3M .AND. (0 . EO.
-SThl^STR2))

1(0 .EO. -STRH-STR2I .AND.
(LV(STPl,L)) .and. (LVISTk3,L3))
•AND. (LV(STR2,L)I .AND.
(LV(TEMPl,L3l ) .AND. (0 .EO.
STP3-TnMPn_.JiND. 10 .NE. -STRllJl^

' .'implies.
((LV(STR1,LI) .AND. (LV(STR2,L2I I
.AND. (LV(TEMP1,L3)) .AND.
(LV(SrP3,L3M .AND.
(LTST,PIR(STRI,LI I I



IJ

U

o
3 . O 3

CCNO LVlSlkltLI .AND. LV(SrF^!fL2) .AND. LV(TEMPlfL3) .AND. LV(STft3fL31 .AND.
CLNO STKI»STk2 .AND. TEMPI»ST?.3 .AND. L IST.P IK FINDbN-Itt)
J pPINTC-sSPACE IFI NfJtNI

«rCf\Th .FQ. 0) ^
S SPAttlf =TE.MPl

"CONU LVl SIHliLlSri .AND. L1 ST=CUMP ( L2 t L31

ClNO LViSTr.LtL) ,A/4D. LV«STR2,L2) .AND. LVIT CMP l,L 31 .AND. LV(STR3,L3I .AND.
CJ.iJ Sir i = .ST^^ ./ND. TL'iPl = Srci .AND. LI S.T.P Ik( F INUEN-l , L I
3 PI m E=St>Af:&< FiNDtN >

..\UT. I PCI NT E .to. 01
4 1,1 It+ 1

CCWU L>/(STP.l,Li .At.O. LV(STR2,L?I .AND, LV(TEMPl,L3l .AND. LV(STR3,L3I .AND.
C'-h.D STPl = bI<^ .iiNO. TtP.Pl = STk3 .AND. LIST.P lK(FINDEN-l ,L 1

3

' lO
.AND, <tV(STR2f U_»_-'^NP.s.
(LV(TEMP1»L3)) .«M0. (0 .EQ.
STR3-T6MPII .AND. 10 .EO. -STRIM

•IMPLIES.

((LV(TEHPItL» I .AND. (LV(STP3,L3)1
.AND. (0 .EQ. STPZM

KLVISTRltLM .AND. ILV (STR2* L2 ) )
.AMD. aV( TEMPI,L3) ) .AND.
(LVJSTR3,L3»I .A^4D. (0 .EO.
-STP I«-ST02) .AND. (0 .FQ.
STP3-TFMPI) .AMD.

(LlST.PIP(-l*-FTNi)EN,Ln .AND. (0
.EO. SPACEIFINOEN)))

.implies.

( (LVlSTRLtLISn I .AND. (0 . EQ.
C0MP<L2,L3»-LIST» I

((LV(STR1,L1> .AND. (LV(SrR2tL211
.AMD. (LVtJEMK,L31) .AMD.
( LVCStp"3,'L 3T) . and. "( 6 . EQ.
-STPI*STR21 .AND. (0 .EO.

STP3-TEMPU .AND.
(L1ST.PIkC-1*F!NDEN,L I 1 .AND. (0
.N6. SPACEIFINDENin

. IMPLIES.

niVISTRl.LII .AND, (LV (S TR2t L2 1)
.AND. (LV(TEMPI,L3)1 .AND.
(LV(STP3,L311 .AND.
(LIST.PlR(SPACE(FINDENl,L)n



c

2.5) C0NCAT(STR1.STR2.STR3)

This subrou'tine creabes a new siring and sets STR1 "to
point to it. This new string is the concatenation of the two
strings STR1 and STR2.

example; STR2 = "BIRD" STR3 = "DOG"
result ; STR1 = "3IRDD0G"

If the original value of STRi is not equal to STR2 and STR3,
the string that STR1 was pointing to is first deleted i.e.
returned to the string of available space.

The verification of CONOAT is as follows:

Path 1-5

Path 6&7

Path 8

Path 9

Path 10

Path 11

Path 12

Path 13

Path 14

The verification conditions are obvious.

To verify the correctness of these two paths
is to verify the correctness of return value
of subroutine C0PY(I,J,0).

The hypothesis LV(STR1•ARD.LV(STR2,L2).AND.
STR1=STR2 implies LV(STR1,1»)-AND. LIST.PIR(STR1 ,L)
because L, LI and L2 are equal as implied by
hypothesis.

The verification condition is obvious.
Verification condition is same as Paths 6^7-
Verification condition is same as Path 8.

Verfication condition is obvious.

The hypothesis LIST-PiR(-1+PINDEN,L)-AND.(0-EQ.
SPACE(PINDEN) ) .AND.LV(TEIVIP1 ,L3) implies
SPACE(PINDEN-1) is last element of list L. Setting
SPACE(EINDEN)=TEMP1 gives the specified ^
conclusion.

The verification condition is LIST.PIR(-1+EINDEN,L)
.AND-(O.NE.SPACE(FINDEN)) implies LIST-PIR{
SPACE(PINDEN),L)-

^5-
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CC lV(LPfL) = CTF L='41L THEN LP=0, CLSE LP IS ODD AND
CC SPaC£fLP»=CAK(LI , LV(SP/4CEiLP<-l»f CDRRII.
CC SU'*LIST(J,K,LI=SL .ST. (IF J=K THEN SL=NIL ELSE (CARCSL )»SPAC£( Jl
CC .and. CPMSDsSJoi. i«;T(SP. CE(J+l)tK,L))|
CrND LV(MAMr,Ln,SU3LIST(BEGIN,SFACh(END*1),L2J

SJiE^RCllT!^^. rrPY( N6ME.B-GIN. - NOI "
CHMNON/HI JCK/SOAC^ (10000» ,FAIL,IFQQ
INTIGcP space,BEGIN,end,tempi,TEMPZ,char,pOINTE,fail

C

C THIS SUBftOUTIKf ClPI^S A STRING CR PORTION OF A STRING FROM THE

.C L0CATI 3N eiOIN UP TP AND INCLUDING THE LOCATION EEJD INTO A NEW STRING

Ju CALL--.D NAMf. IP B.T1N=0 OP. IT ASSIGNS TH£ NULL STRING TO NAME.
c (The papaM:TERS 3 O'lr. and i:JO ARE NOT CHANGED.)
C AN AOCiTlCMAL FEATURE IS THAT A COMPLETE STRING CAN BE COPIED
C BY SIMPLY putting A *0* IN PLACE OF THE PARAMETER END. AN EXAMPLE IS,
C TO SIMJLATE THC SNOBOL STATEMENT STRINGl » STR1NG2
C USf THE FORTRAN CALL COPY(STRINGl,STRING2,0)
r

CHLCK BEGIN FGP. NULL

CALL OtL*T3(NAM:)
LV(NiMr,LI),Ll=NIL

IE(BEGIN) 3,1,3
I fiAM-sO

LV(NA•'! ,LI) .L1 = ML

:no

CCND

Rt-TURN

C EINC A NEW CELL AND HAVL TH? NEW STRING POINT TO IT
CPNO LV(NAMt ,L l),Ll = ML

3 NAY~ = rr:Wf' L(0)

CCND SPACEINAMr-JaCARlL) ,LV(F:?'^.:,CDR(L) )
C SAyr o AR AMfT.-RS

-TiMPZsr-f-IN

C PULL OUT A CHAPACT-.f FPCM TH' PCRTIQN OF THE STRING THAT IS TO BE
r CnPliO At 0 FLAG? !T IN THE N;-W STRING

A CHARrSPAf.L (TEMO;? )
SPACE (Tt HPl 1=1:HA£

cr\0 «:UBLI ST (fAMr^SPACf. (TEMPl^i »,L I), SUBL 1ST (BEGIN, SPACE (TE MP2 + 1) ,L2) ,
SLl=?L2

C DeT^RNIN^ IF ALL THt PCSIRcD CHARACTERS HAVE BEEN COPIED
IF(1ND-Ti mp2) i,7,b

r GET ^h: rtxr cha^actir to bf copied
B t-mp2 = SFAC-C^'=VP2»1)

C

EXIT IF THr Z; kG P )IHTEF HAS BEEN FOUND

IFdfP?) 6,7,6
PIND A NEW CFLL

t PCI NT-=" • WCCLO)

HAVt P 'IGTr- uF PP-VIOUS CELL POINT TO THIS NEW CELL

SPa.::(T = NPl*l)=PCINIc
RtPLST WHCLi COPY PPOCi-SS USING THIS NEW CELL

Tt-MP1=PC;INTF
GO TO 4

C INSERT l^Pn POINTER AND RETUPfl
7 «:PACE(TEFPH-ll=0

CON'D (LV (NAM, LI) ,RUBLI ST (BEGIN, SPACE (END-i-l) .L2),L1«SL2)

CONC •CA. (LV(NAMt,Ll)tLV(BEGIN,L2),L1»L2)

i^C

>
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CC lV{LPfL)=(TF L=^IL THEN LP=Of ELSE LP IS ODD AND
CC SPftCEaP)=CAK<L» , LVCSPACEiLP^ll, CORILI).
CC SU'»UIST(J»K,L) = SL .ST. (IF J=K THEN SL=NIL ELSE (CARfSL )sSPACc (J)
CC .ANO. CPMSL) = S'Joi.IST(SP.CEtJ + l),K,LI))
CrND LV(KflM!-,Ll)tSU-iLIST(8eGlNtSFACfc(END«-llrL2»

SIJ8RnUTT^_ rrPY(NfcMF.B-GIN. • MOI '
COMMCN/HIJCK/SoAC^ (10000» fFAlLflFOQ
INT ;GcP SPACitdlGIN,END,TEMPI,TEMP2,CHARfPOINTE fFAIL

THIS SUBROUTIKP CO^I^S A STRING CR PORTION OF A STRING FROM THE

LOCATION eiGIK UP Tp \t:[) including the location end into a NcW STRING
CALL:-to;AMf. IP B-OIN=U OR IT ASSIGNS TH£ NULL STRING TO NAME.
(THb PAC»N;Tcps 3 .G-H- AND ziiO ARe NOT CHANGED.)

AN ADC-ITICNAL FTATURE IS THAT A COMPLETE STRING CAN BE COPIED
3Y SIMPLY putting ^ *0* IN PLACE OF THE PARAMETER END. AN EXAMPLE IS,

TO SIAULATi" THC SNJROL STATEMENT STRINGl a STRING2

USt THif FORT'>AN CALL COP Y (STR INGl, STRING2, 0)

C CHbCK RFOIM rCR ?f'JLL

CALL ObL'TB(NAM.: )
CCNO LV(NAMr,Ll),LI=NIL

IFOhGIM) 3,1,3
I fiAV -=0

CCND LVCiA,Ll) tLl = ML

Rt-TU'<N

C FIND * NcW C:LL AfiO MAVL TH? NEW STRING POINT TO IT
CPNH LVtNA.M. ,L I) ,L l = ^.IL

3 f.A'-'iisrr. xr' L(0)
CCNO SP^C-lf.AV -)=CAR(L) ,LV(F-'^:,CDR(LI I
C SAV" PAP&MfT ^(<5

Tt =

t; M02 = r"(-i.M

C PULL il.JT A CHAPACt f FPCM Th' PCRTION OF THE STRING THAT I S TO OH
r C"?p:;.o at ^ alac? !T in the n:-w string

4 CHA^sSt'ACi. (TL I
<p CP (Tf L) =CH^P

CPNO <:U'3LI ST(,' jS^JCLtTEMPH-l ),Ll),SUBLIST(BE6IN, SPACc(TEMP2 + l),L2),
C'^\c; SLl = SL2

C DETLpnI.J: !f- all THt PESIRLI) CHARACTERS HAVE BEEN COPIED
IF( INL-Ti MP2) b, 7,3

r GET th: rcXT CHA-^aCT; = TO B' COPIED
S -MP2 = Sr.'C ~ (Tt^ M3 2*l)

r.

exit if THF liwr, PJlHTrF HAS BEEN FOUND

TF(T?*'P2) 6,7,6
cpiD A New CrLL

i PCI NTl=f'. wc:L( 3)
HAVi. P 'P.TPs i;F PP-VIOUS CELL POINT TO THIS NEW CELL

__SP5CCJLll^PA*I )=PCIN'^>-
RE PL ST WHCL* COPY pP'.'CrSS USING THIS NEW CELL

T'-MPi=pr;iNTi.-

GO TO ^

C INSERT Z^pn POINTER AND RETUPtJ
7 «PACEITLFP1+1)=0

CO\'P (LVlNAM-,tn ,SU'3LIST(BEGIN,SPACE(END»1) .L2) ,Ll«SL2)

CONC .CR. (LVCNAMcLl) ,l.V(Bi:;GIN,L2),Ll«L2l

y
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PFOGFAM TO BE VEPIFIFO

COND LV(.N\MF,Ll) .AND, SUBII STI EFGINt SPACE f END^-l 11L2)
SURO'lUTINr Cr.PY<NAKE,PEG!N,ENO>
CGMV0N/PL0CK/SPi\CT (lOOOOl tFAILf IFOO
IMTUQ .p 5PACF,P^CIN,FND,T£:MPl,TEMP2fCHARfP01NTE.»FAIL

TALL DcL TBINAMEI
CPMH'LVINAMF.LI I .AND. L1»NIL

1
CTNC

CTNO

3

IFlRcGIN ,N;-. OIGO TO 3

f;A>*-=0

LV(NAM^,Ll» .AND. Ll=NR
P'TU?N

LV(\4:ii,Ll) .AND, LlcNIL

-fj NiyCLLLt-qj
CCNO sr.TC )=CAF (LI .AND. LV( FREE tCDR (L ) I

T' 'IPls'JAME

^-MD2=3:riN

4 fH«^ = SP;Ct.(TtMP2l
EPACf- (TF.MP1I=CHAP

CCNO SL'»LIi.T (f AMc. SHACKTEMP1»H. LI I
CPNC SU-^LISTtPi GlMf £ 3\Cr (T?MP2H),L2)

!F{FNr-TIMP2 .:Q. OIGP TP 7

5 T-MP2 = ?PAC-.(Tr'l?2«-I)
. IF(TrMP2 .FQ. 01 GO TO 7

6 PPTNIr =fl» KCELIO)

SPACJ(TLPP1»I>=PCINTF
tcf»pi=po:nte

GC T0 4

7 FFAC'(TCMPl*l|cO

CCND (LVCNAM-,LllfSUBLIST(etGIN»SPACE(ENO*llfL2ItLl
CLNO (LV(NAM : ,i II ,LV('3LGIN,L2lfLl .EQ. L21

LLlU^l
END

• AND.

•AND. SL1»SL2

EQ. SL2) .OR.

EFFECTIVE RANGE

CNAME I

fNAME!

ITCMPIJ
ITEMP2I
ICHARI
(SPACE)

ITEMP21

CPniNTE)
fSPACE 1

(TEMPIJ

(SPACE)

EFFECTIVE DOMAIN

( )

(NEWCbLl

(NAM=1

(BEGIN)
(SPACE,TLMP21
(SPACE,TEMt>l,CHARl

(SPACE,TEMP2I

(NfWCELI
(SPACE.TEMPI.PCINTEl

(FOINTE1

(SPACE,TFMPll

1



PATH

NUMB5R

. > . 3

rnMn tVINAMi-.LH .A^n. SliRLISTIRcGIN.SPACFIFND*I>.L2)
SUBPOUTUE COPYCMAM&.BEOINtENO
COV**DN/SLCCK/SPA:E(10000)tFAIL#IFOQ
lEJTEGcR SPACEtBrGIN ,£NO#T£MPl,T6MP2tCHARtPOINT= fFAIL
CALL 0£LETB(NAM3)

CONO LV(NAV!E,Ll) .AND. Ll=N!L

CONO LV(NAMc,Lll .AND. L1=NIL
(Bt'GIN .NE. 01

CONO lv(nam=,lij .and. L1=NIL

CONO LV(NAME.LI)

I
CONO

.NOT.

rvAM?=0

lv(n;me,li)

AND. L1=NIL

(BEGIN .n:. 0)

•AND. LI^NIL

CONO LV(NAMt,Ll) .AND. LL<=NIL
3 NAMr =r"^WCf L(0)

COND SPACE (NAME) =CAP ( L) .AND. LV( FREE, CDR (L))

COND SPACE(NAM5)sCAR(L) .AND. LV(FREE,CDR(L))
TEMP I»NAM?
T£MP2=3rGIN
CHACsSPAC: (TEMP2)

STATEMENTS REMAINING TO BC VFFIFIr.O

I ILVINAMg.Lin .AND.

t 5UBL 1ST (BEGIN,SPACE (lTEND)tL2n )
.IMPLIES.

C(LVC^AMi,Ll)»
-LITNILI»

•AND. (0 .CO.

((LV(NAMH,Ll)) .AND.
-li»v!l> .and. 10 .k:

(0 .EO.
. -BEGIN)I

•IMPLIES.

( (LVlNAKEtLl)))

((LV(NAMr,Ll))
-LITNIL) .AND.

.IMPLIES.

•AND. (0 .EO.
(0 .EQ. -BEGIN))

((LV(0,L1I))

( (LV(K'AM:,LL)) .AND. (0 .EQ.
-Ll+NIL))

.IMPLIFS.
((LV(FREE,COR(L))) .AND. (0
CAR(L)-SPACE(NEWCFL(0))) )

.HQ.



SP/'Cr-(T«:HOl)a'CHAg

COMP SU9LI STC'nAMc #SPACw (TEMPl^-lltLl I .ANO. SUBLISTCBEGlNfSPAC£ITEMP2*l)tL2l
CGM'D .ANO. SLl«SL2

CONO SU0LIST!-JAME,SPACc ITtMPl«-l),Lll .AND. SUBLI ST(BEGIN#SPACe!TEMP2-»-ll t L2I
CONC .AND. SL1>:SL2

(_ND-TT'1P2 .EO. 01
7 SPACt (T3MPl«-l)=0
CQND ILV(N&Mr,Ll),SUBL!ST(eE6INtSPACE(eN0*l»fL2lfLl .EQ. SL2I .OR.
CONP CLVINAMF .Ll) .LV! 3.'GINtL2)«Li .EQ. L2) :

rn.vjn SU"LIST(NAMFtSPACi (TcMPl +lI»Ll I .AND. SUBLI ST!B!rGIN»SPACe(TEMP2<-l I »L2I
CCrP .fNH, .SLl=RL2

.fOT. (LN0-TfMP2 .EQ. 01
5 T:.F'P2 = S0AG: (TT MP2<-I)

(T!.MP2 .ro. 0)
7 fP/Ci: (TIMPl + l) =0
rCND- (LVINAM-.tLUf SUBL' ST (BEG IN, SPACE (END+1 ># L2I , LI
CCNP (LV(NA'^6,Lll ,LV(B."GIN,L2»,LI .60. L2I

.EQ. SL2) .OR.

r IND Simi! STCNAMttSPACE (TEMP1*1 ItLII .AND. SUBLl ST(8b" GIN, SPACMTE MP2»l) ,L 21
CONU .AMD. SLl»SL2

^ o

C(0 .EC. CARlLl-SPACrlNAMEl I .AND.
(LV(FFdc,COR(L))))

.IMPLIES.
tCSUBLlSTCNAMc.SPACE!I^NAKEI.LIM
• AND.
(SUBLlST(BE6IN«SPACE(l«^d£GIN)tL2n
.AND. (0 .EQ. •SLl4^SL2n

((SUBLlSTCNAMrfSPACE!l*TEMPll,Llll
.AND.

i SU8LI ST (BEGINt SPACE !l+T£PP2l,L2n
.AND. (0 .cO. -SL14-SL21 .AND. (0
.EO. EN0-TEMP2)I

IMPLIES.
((0 .EO.
-LV(NAMc,Ll) ♦SUBLISKBEGINfSPACE(l*"EN
n)fL2)tLl«SL2l .OR. (0 .EO.
L2-LV(NAME,L1)tLV(BEGlN,L2)tLl))

( (SU3LIST(N4HF,SPACE( l^TEMPllai))
.AND.
{ SJBLlSKBcGlM, SPACE (l»TEMP2I, 12))
.AND. (0 .LO. -SL1+SL2I .AND. (0
.NE. tNP-TEMP2» .AND. (0 .cO.
SPAC£ (l^-TdMPZDI

.IMPLIES.

!(0 .:q.
-LV!NAM£,LH tSUBLI ST(BEGIN,SPACE!l»EN
0),L?>,L1^SL2I .OP. (0 .EQ.
L2>LV(NAMF,LI),LV(BEGIN,L2I,L1I)
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?.6) C0?^(,^f]))

This sThroiAtlr>e crestes 9. n6''v st,Tri.nc' 't/Tv-tp v/hose
chprp.cters P.ro co^nieo "pointer B^n-l]f to f^e •noi.nter

?vT: , T^e str*inp ori'finally"
pointer to is first deleter,

VJDRIPICAT'IOIT:

Psth 1: Since si.T"bron.tine ''̂ ?L~''T3(rAT''n>?i! is called, I-1=nil,

Path 2: ohvious.

Path 3* Since L1=nil, hence T'V(0,1-10).

Path 4: Since suhrontine calls vrere not implemented in
the verifier,* the call statement has not been
considered. Here Nj;v/GEL(0) creates a srace for
CAR(L).

Path 5: insufficient assertion.

Path 6; insxifficient assertion.

Path 7: insnffieent assertion.

Path 8: insufficient assertion.
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T'J OH VEHirifcl)

CO'IO LVCFREHfLl) .AiV). SJJLI S T{ J, Kt L? )
, b'JHVmiT INC C 1->PY( I,.J,K)

r.nMM(iM/oL;)C</bt'Acr (looaol »fail»frec
iNTr.irrt SRfcCCtHAILtF'-EF

1=0

IF(J .HJ. KI'VJ TT fl

Cl NO

A

C'Mi)

rjjND

L JNt)

JJ=J

K.K = F-'Ft

<;m I ST( J,k,L2) .ANii. (SilOLISr(FREEfKKtLl) tSUBLI STIO t J JtL2) t (SLl
.A'i'l. LV(F»rr.,j i)

(<K|='5=»'\C^(JJI
! h ( StV\.^i: <J J ♦ I» .KJ. K)GU .TO 3
jj'=sjV.r rjj*')"

m ,ho. ujgd to 2

K'<=S:'AC.h (KK* U

,10. TO 5

G'i TJ

I=K«HF
FlHj-sSPACTtKX. + l)

|K<«-1) = J

Sn »L ISr( I ,F».r-::,Ll) .All). SUrtL I ST (J , K, L2 I .AND. SPACE (KK) »SPACE(JJ)
..V-J!). SI. l = SI2 .ANi), LVtttlll .AND. Ll=SL2

l'. = T-l IN

ilVtFFL«)» OF SPACE IN COPPY I

:w £ NF L'JW (C .IP P Y J

sro"

5 I T!-(A,7I

7 r H'.l fp IN PAPA-'FTERS TO COPPY I = NULL AND RETURN
C IS-) C K i• •I; ((.• 1Pj»_Y1

f. .-TOPm'
CjN!) 1 = 0 .XNO. .J = K
A fFT'HN

t'JiJ

EFFECTIVE RANGE

in

I JJ)
(KKI

(SPACE!

( JJl

(KKI

(T 1
I FREE 1

(SPACE 1

EFFECTIVE OtHAlN

I 1

IJ 1

IFREEl

[SPACEtKK,JJl

ISPACEtJJl

ISPACEtKKI

(FPHEI
(SPACEtKKl
(SPACE,KK)



O \n
N'IMOFR

I '

PATH

Ci:^lP' tv({; wtP2LT ) . AND. SUBL 1ST(JtKtL2 I
S JH^JUTMf C. 'PPYCIf J.K)
t')*M-.NABLOCK/SPACt ( lOOOO) *FAILf FREE
I nC^^rR* SPACCfFAIL.FREE
T=U

(J .EJ. K)
cnNj:i !=o .AfJij. J=K •

cr tVCFN:F#Ll) .ANJ. SOHLISK J,K,L2>
S'lMR iuri^E ct PPY( t,JfK)

. >

C'J'l 1 N/ ALUCK / S P ACF U 0 J JO I f F A I L» FRfc &
•l Aiia.;FM SPACl tFAlLf FRFF
1=0

• MOT. (J .E'J. K)

JJ = J

KK = Fi'.£E
t n 4rr S.JiiLI^MJiK,L2) .amp. lSUBLIST(FREE,KK,Ll)fSUBLIST(Jf JJfL2l t (SLl .EO*
Ct-00 SL2n •ANO. LVtFREEfLll

CC-11) SUHl IST( J,K,L2J .ANt). (SURL I STCFREEi KK ,L U ♦ SUBLIST(J t J J»L2) t <SLI .EQ.
CCN") .ANO, LV'IFKEFtLl)
A SP-CMKKJsSOAf.f.IJJ)

CSPACl .HQ. K»
J 1=I-A£»:

Fr1?^ =SPACC(KK»1 )
SPACr(i<K+l) = J .

ClNO S'JBL 1SI CI f FREC tL I) .ANP. SUBLI ST(J tKt L2| .AND. SPACE (KKI=SPACE IJ JI .AND.
CflND SLI = SL2 .AND. LVIItLl) .AND. L1=SL2

STATtM"ENTS' KEMAiwiNfV TO BE VEft lFItO'

•NONE

C(IVlFREEtLn ) .A'40.
(SUBLlST(JtK,L2)) .ANO« (0 .NE.
-JfRH

•IMPLIES.

( (SUBLISn Jt<tL2M .AND.
ILVIFREFtLin .ANJ.
(SUBL ISKFREEtFREEtLlItSUBLISriJ* JtL2
1,0 .EQ. -SL14SL2II

((SURLIST(J»KtL2)I .AND.
(SUHL1ST(FREEtKKtLI)*SUBLISTCJtJJfL2)

T3~.E0. -STl*Sr2T .ATNET;
(LV(FREE,Ln) .AND. (0 .EQ.
K-spACE(i*jj)n

.IMPLIES.
( |SUbLlST(FKEE«SPACEIl«>KK)fLlll
.AND. (SUBLlSTIJtKtLZM .AND.

TCVIFREETL1M .ANO. 10 .fc3."-Lmi2)



T

Ci:«4J S'J3LIST(J,K,L2) .ANU. ( SUbL I S T( FKEE t KK ,L 111 SUtiL I ST { J t J J t L2 ) t CSLl .FO,
Cf ^lO SL2>) .AKJ. L*/(FkeE,LU
A__SP AC (KK) = S •> ACE <J J)

.Njr. cSMAcrcjj+ij .eg. ki

JJ = S^»ACE( JJ + l)

CSPACtCKK+lI .bO. 0»
2 Wf-I IE (6,61

6 F(iA44T(}dH iiVCkFLOW OF SPACE IN COPPY
C C Ni) 0Vb f' F L»JV ( Ctj P •>V)

Cil^n SilRLlSrC JtK.L2) .AKO. (Sn3LIST(FREE,KK,Ll) ,SUeLIST(J.JJ,L2) , (SLl .EO.
CLCn SL?)) .AN*). LV(FHbE,LU

A Si»=4CF(<K)=SPAC£ (JJ)
.^4JT. I SPAChC J J«^l) .b'). K»

JJ = SPACE(JJ4-1)

.'•nr. (SPACEUK+u .eq. oi
Kj<=SPACE(KK4-1I

5 HR|Tb(S,71
7 . FOK-fAfCbOH si KOR IN PAkA.MEIERS TO CUPPV I=NULL ANU RETURN
CCNi.i FS«uR (C:iPPY»

CONO SvlrtLl STIJ,K,L2) .AND. ( SUfiL1ST (FREE , KK.,L 11 , SUbLI ST IJ , J J , 12 I , CSLl .EQ.
CCNI) SL2n .ANiJ. LV(FREr:,LlI >
A S<>4CK<K) = S >ACF( JJ)

.NIT. (S^'ACiUJ + n .tj. K»
JJ=S<'.\Ct (JJ HI

.N'lr. (SPACfCkK+n .b.). 01

KK = SPACF(KK«-1 )

. J )T. ( JJ .f K 0)
ClJND SUBLC-.TVjVk", L2) .AM)': ( i JHL 1SF( FR6E, KK,LI»t'SUBLiTTlJTl J fL2 J , <SlI ."E"07

a

.AND. CO .EO. -SLl*SL2n

((SUBLISI(J,K,L2n .ANO.
(SUBLISrCFREF,KK,LU,SiJRLlSTCJ,JJ,L2»
,0 .cO. -SLl*SL2) .ANJ,
(LVCFREFfLlII .ANT. (0 .NE.
K-SPACE(1«-JJ) ) .AND. (0 .EO.
SPACF(l^KKl) I

•IMPLIES.
( (iJVCKFLnW(CnPPY) I »

((S03LIST( J,K,L?n .AN3.
CSUdLlST(FRFE,KK,Ll).S'J3LISTCJ.JJ.L2>
,0 .F ). -SL1<-SL2)" .an:).' '
(LVIFKEF.Lin- .An). (U .N6.
K-SPACE(UJJ)) .ANJ. (0 .NE.
SPAC£(1+KK)) .ANiJ. (0 .cU.
SPACFIl+JJin

.IMPLIES.

"( (E'R« OH (C 0P Py'j i •) ~~—



C(NO SI. 2 )_l 1 Ly>. "Jif •:
((SUULISI(JtKfL2I) .AND.
(SJBLISTIFRFEtKK.Ll)t SUHLIST(JrJJtL2)
,0 .EO. -SL1+SL2I .ANO.
(LVCFREE,Ll>l .ANO. (0 .NE.
K-SPACE(IfJJ)) .ANO. (0 .NE.

SPACE(l+KK J » .AND. (0 .NE.
SP~A(;F(1+Jjr»i"

.IMPLIES.

((SUBLlSnJtKfLZ)I .ANO.
(LVIFKEEtLin .ANO.
ISU8LIST(FREE#SPACEII+K<I,LI),SUBLIST
{ J*SPACE(l«-JJ) tL2} tO .Eg. -StlFSLZn



2.'^)

This is the serr^e as f^OPY except it co'iies to
Tmt not ircl.-'inin'^ the secoynl -nointer, T*^.en ">0, the^
strin^^ is copieo all the v;ay to the end. ^Tr^iihe OnPY,
ho'-fever, the stnin'^ that I oni^'irally "noints to is not
deleted.

VPITYICATION:

Path .1: proved.

Path 2: obvious.

Path 3; insiifficient assertion.

Path 4: Since output statement has not been implemented
into the verifier, assertions are not enouah to
verifv this rath.

Path 5: same as path 4#

Path 6: insufficient assertion.
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((?e*-i)*I)'(oc=j){nf,*L'<:*1'(IHni+/j;-=-JrG))nsix-)cr^oo.

(iftAll-NVl3\'ZiOuiciiifct,i»c'ifjfen'-HCV*X11)i.^irtdGd8•

(y*9)5iIaM„S
tOiG9

(vTf;'ujO.J==0u3i0Z

z*£*z{in'ji-a)di
fT+iinT'I)3•j=iflai«il

(n*lZ'V*{Ci.\03
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:=-01030

•iOi09

901Ci-19?•"•?•I):ii

T-fri=1

*7jj.D9((i)nHdi:;i*p:*dAiii)di9

(9€*3TI)GKOO

*((ifiaM)BrvdS^d.r..1)*((T-I)VJLK*P'f(P)do-^i'r-vMaridNi)-.oyjs))n:

*i({5;;slsj.3=lf.ciM)•Cjf:VU=i's-))•nG'{:.G-.jj-M'*^rii\n3id*i2n
.Lc^L

u.O.O

(ir.d:^I)-j:dS=di^jiI1

e:'?iiciS=indMMiuoc,
o=3apD3a

;.i)did*:.3nmi«o.\ixis)Ai
9f;4.jlS=indNi

0K03

d?.1.iNl'li\iVOli.Il.Jl-l--;.;:jJMjiiDOfJdSIH1.0

0!^13.13*'tZi-"av-.:7diJ
(f9j•.nr.nU/i.GHdl7/\Jk/.^GJ

CCMl*Ti;dMr?{'-niJ:c^/xor-Td/Kni-^Arj.^

(9\'13ii)zr»Jj.i»-J

(IM)JAiM•^^^^•r.i:)A]C=03'

iX-{X)>>z=c1M(h'M)I
D

300>

MI-(T4I)>»3=((:)/V?):J-c3MM!=(I-(:)>iv2).OraiOO
*COr,?*J-|MI)N*(I)xvn'I))M(M)*/)3)=(I*ctl)/MJO

1ij:J1:;;J-11"•A11.f1r;v•.CiMDAiJ

OM*M(*1M)03...•-.:•("j*>»)>ic*i:nGO

(fT/.t:MX)-.)•(1•:VnMv)z)":..jJ
**Ji\iti13*=(r*'1)-CA1*».,O.J.J1)"A*vlV.>-=(1♦•j)JAJ.-/J

>

((r'•!)•I'XMx)n):•(P*i*XMX)r)11;•o
GhI=(01)•t':)i.hjlVl:j

MrlT=(V£.)?hd1I^OhTrCc?);LoO:;♦jci);"..riM-M=(If.)i.H'jl*rijOc
«C~./:Mh|-.(1);-r.T.1M-il^(2./)rh'jHiuJ
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t P'̂ OGC.Am' TC* n*^ VtMFl:" ' , EFFECT!V5 RANGE

•

EFFECTIVE DOMAIN

CCNO lVfSTfcU'r.,L» ..WJO, TYFIifL.ll
lU-"--rj}t- r').NC~T V' 0rcrOf (^ IP I^!G) •

r <a\/P'. jr K/ S o vr • (lOOuO). f a IL11FO3
- CLV!MON//l I'Mf.U/liLPhNI i3) .

inTtO*^ ,rr.4c:iirMLtSTRING . •

IVP'jTsCf'-T W • CINPUTI rSTRING!
CCKO, l.V('^PI>r.fLI LIST.P!!^( INPUT,L» .AMI. IMPUT = STRIMG

. r.-CT0.;=O . fOECOOuI (1
1 IT. Mf-sSP^C-1 INPUT) IITFNPl fSPACE,INPUT|

1=27 (II f 1
. CMO LisT.Pi:<nf.pir.L) .\r-!n. (c^o .ffj. r-iCGcr) .op. iroo .ro. o) .AND.

C"'n (ir-ojT .';g. STP i JO) )) .AMH. 7LL( (SPACni >IPUT) .f; .
C< Vr* ItLPUNU) )f J.27f! I-l» ) .AMU. (IT'MP .FO. SPACC 1i MPUT 11* , ^Nb . u

.L". 34)
6 .ro. in-u-iNd)lou to 4 ,

T= I+l Ml Ml
in I .LP. 36 )rjr. T" t ^
r-G in 5 .

4 r; = 1-27+n. con* [ DEC ODE1 MtbECOOEl
cm Lisr.Pi.: (ir;pur,L» .^KD. (ntrnof. .fo. -27»-no«-n .67-'D.
C r : ") -xisT^f is-*r.r (ivpuT) ,::0. ialphn(j) )t Jt27»36)

'?.R'jT=sPAcr (iMrijTf n I INPUT 1 ISPACEiINPUT!
!PlIf »UT .-Q. 0)r- TP 3 .

2 cuD:=r' cou. ♦li) rDECODE! C DCCOOS1

• 5"
'U 1 • •

V.'IT£(6,r,)

3 POPMATI laXfAOHJ )<• input-ING IS lOT A NUMPl'P Ul)»)
c m |-XiiTS((f.:c( Dc .; n. -27P00+!)tIf27t36n .OR. nUuCOTP .50. ooltfi

.GT. 341) .

3 P"TJRN

t un

i

f
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3"

CIfP 1 >ST.P!" t ir Pt)TtL > .'AKO, C("''} »^Q« OECOD"! *0^. HOO «i:Q» 0) •ANO« flNPUT
"CiJ-M ••0. ST3I;v"-» ) ) ..VJO. .'LLC (•%*''ACF ( INPUT» lALPHMI JD t Jt27t ( 1-1»I .AND.
ClNf. (iT-,.iP .-U. SPAC'dfPMITI) .ANO. (I .Lr. 361
6 .VOT. I rr'T .cU. laPHMUl

f!, .Lt. 361
c HI .Pi"(»*irt.'T>L) .Ar.o. (n"3 .ro. DcCqhc > .nx. ctro .£q. o> .and, iinput
CtPiU .'0. ST7ir.0)l) .AVO. ALL((S."»ACJ:nNPUTI .r;?. IALPHNIJ111J »27t (1-1 M .AND.
CO'P^ ('.•';mp ,-g, SPACitlNPUTM .ArO. (I .L". 36)

ton

cro
6

IT';T.«>W( !\FI»T,L) (([J .ro. DlCir.;) .OA. ((DO .FO. 0) .AND. (INPUT
. O. ST'll'.M) .4'JO. ^LL ( (l-^ACtl INCUT) ."F. ! Al PHM J I ) , J-, 27, (I-1) ) .AND.
(I' *•? . c. spac:(rs'pM"') I .*.' o. (i .i-. 36)

.'MT, (V MP l.MPh'M!))
! =!-M • ^ :

.'OT. (I ,1.1. 36»

5 t»f (Tc (t,p.)
a PrF^'AT(lOX,AOHUU^ INPUT ?Tx:nG IS NOT A
cc'5) (*xisTS((r:c"cr . o. -2^^•(;tJ^:),If27,^6))
C''^:•T 3t))

NUM Jt? UU^")
.cr. ((DSCnOE .60.

7^

DO),(I .GT.

3

' p
.gQ.
I ALPHN( JI-SPAiCc(INPUT»,J,2Tt3t n
• Af40. (0 .EQ. UO-OECCOcl)

( (L1ST.PTP.(INPUT,L)I .and. 1(0 .EO.
-03+0rCn3c) .CP. ((0 .cQ. CU) .AND.
10 .?0. -IMPUT^STPINO))» .AND.
(ALKO
I ALPMN (J ) -SPAC C( I>*rO' i , j , 2 7 »-1 Ml I
.AND. (0 .FO. -ITM-'P^SPACe (INPUT) ) .
.AND. (0 .L^. 36-1) .AND. (0 .NE.
lALPHN(n-ITFNP) .AND. (0 .Lc. 35-1))
.ivpLirs.

( (LIST.PIC ( INPIJT.L) ) .AND. (AlKO _
~.'n r." I aL ^hN(.1)-S PAC : ("i».PUTTV j*» 27't I ) ) "

.AND. ((0 .FO. -D0<-0'.C00t) .OP. ((0

.10. ro) .AND. (0 .FD.
-INPUT + STP.ING) )) I

( (L IST.P.IC (INou^.l) )_.AND. ((0 .FO.^
—liOTt iiTljOi; I .06, ( FD .rO. DO) .ANC.
(0 .:0. -Us'PUT*STR INrt))) .AND.
(ALLIO .Mii.
IALPHN(J)-SPACF(INPUT|,J,27,-1*I))
.AND. (0 .GO. -I Tt.MP* SPACE (INPUT) )
.AN". (0 .L:. 36-1) ./riD. (0 .NE.

"ttlphF; (n -TTt'NP rrsFju. ((I vcrr
-35+» ) )

•IMPLIFS.

((cXISTSIO .CO.
-26+i)0-0LC0Dc ♦I,l*I»27,36)) (0
.EQ. D0-0ECQ06,0 .LT. -35*1))



CO'J? t I'Sr.PUl IN«^UT,L I .AKT. (fi'-CCOr- •6Q. -27+C.O-HI .and. PXISTSHSPACE (INPUT)
civD !M.!'l>'^lJll»J«27f36)

»Mp.jr=C3'r;. I ifipuT+1)
UMMJf .'rO. 0) .

C"!"* <• XtS'^S M f;. Crc.r .'Q. -ZT^-'̂ O*-1 111»27» 36)) .DP. (lO-Cr.Dc .f.Q. DOlitl .GT.
c3t n .

rriNJ LIST.PIf-I iNOUTf LI .A'v'O. (0."r.'jDe .FO. -27>P0*I) .AND. EXISTSI (SPACEdNPUT)
CTO .0. IM.PMM.int J»2n36)

U4PUT«SP/i* :( INPUT^U
.?'DT. 01

z r rcn'-g'^' M C..*10 — —
!T •yps'.p;':: 1 iuout")I
1=27

c-i.r3 LirT.pr-( r p-.'T,L 1 .anc.. ((cm .ro. o'.coo:; i ( cdo .:o. oi .and. iinput
c".-n '^v^iMiin .vjo. all((ipacfunputi .nv. ialphmijn#Jt27.(i-in .and.
rnM ,-Q, -inNPUT)) ..and. 11 .IF. A6)

i'i

'9

C(LIST.PIR(INPUT,L)» .AND. (0 .?0.
-ar+DO-DFCODt + I) .AND. (5^XISTS(0
• SQ.
lALPHNI Jl-SPAf.:(INPUT),J,27»3t »l
.a:4D. (0 .=0. space 11*1 NPUTin

.IKPLIQJ.
(lEXlSTSlU .FO.
-27+00-D=CnDE*It I t27t36n .CP. 10
.6Q. 00-0fcC0D£,0 .LT. -36<-in

f (LIST.PIRCINPUT,Ln .AND. <0 .iO^
-27*D0-DiC0DL-* I» JaMH. '( £XIS*£TO
.EQ.

IALPHMIJI-SParninputItJ«27t36))
.AND. 10 .MF:. rPACEd + IUPUT )) I

.IMPLKS.
i ILIST.PlKtSPACF d^lrPUT ) ,1 11_ .ANDj;;
(ALL(6 .Nr".
I ALPHNIJI-SPAC^iSPAC; Cl + IfJPUT) )tJt27«
26)1 .AMO. dO .FO. -DO<-lO*OFr.nOEI
.CP. 1(0 .ro. roi .amd. id .cc.
-SPACE(1+INPUT)♦STRINGnn



2.^5) DECODE(STRING)
im, •

STRING is a string of numerals and DECODE returns the
numerical value that STRING represents,

example: STRING = "732"

result: DECODE(STRING) = 732

The verification of this function subprogram requires

setting DO as initial value of DECODE in the initial assertion
^ of each path. The verification conditjlons of DECODE routine

are as follows:

Path 1 The verification condition is obvious.

Path 2 Since ALI(0.NE.IA1PHN(J)-SPA0E(INPUT),J,27,26)=
.TRUE., the resulting simplified form of conclusion
is ((IiXST.PXR(lNPUT,I.)).AND.((O.EQ.DO).OR.((O.EQ.DO)
.AND.(O.EQ.-INPUT+STRXMG)))), and the verification

is obviousis obvious.

^ Path 3 There are two verification conditions of this path;

(i) ((DO.EQ.DECODE).OR.{(DO.EQ.O).AND.(INPUT.EQQ
STRING))) implies (0.EQ.DO-DECODE);

(ii) the remaining statements of the hypothesis
and conclusion not listed in (i).

Path 4 In short, the property that (ALL(P(X),X,I,J).AND.
E(X+1)) implies ALL(P(X),X,I,J+1)) is needed in
the verification of this path. The verification

condition is. then

(AL1(0.NE.XAXJ?HN(J)-SPACE(XNPUT),J,27,-X+1).AND.
(0. BQ. - XTEMP+SPACE(INPUT)) -AND. (0. IE. 36-X) . AND .•
(O.NE.XAIPHN(X)-XTEMP))

implies

ALL(O.NE.XAXiPHN(J)-SPACE(XNPUT), J, 27,X) .
Path 5' The verification conditions of this path can be



o shown in two seperate steps:
A (i) ((O.LE.36-I).aND.(O.LT.-35+I)) implies 1=36.

Therefore, EXISTS{O.EQ.-26+DO-i)ECOI)Ji+I,I+1,

27,36)=.TRUE.;

(ii) the remaining verification condition is
((0-EQ.-EO+DECODE)-OR.((O.EQ.DO).ANE.(O.EQ.

-INPUT+STRIlIG) )) .AND.{0.1T.-35+I)
implies

(O.EQ.DO-DECODE, O.IiT.-35+I) •

Path 6 The verification condition of this path is

(O.EQ.-27+DO-DECODB+l)
implies
(EXISTS(0.EQ.-27+DO-DECODE+1,1,27,36).OR.(0.EQ.

DO-DECODE, O.LT.-36+I)).
Path 7 Since AIi1(0.NE-IA1PHN(J)-SPACB{SPACE(1+INPUT)),J,

27,26)=.TRUB., the verification condition is
simplified to

(LIST.PIR(INPUT,L) . AND. (O.NE.SPACE( 1+INPUT) )
implies

(LI.ST.PIR(SPACE(1+INPUT) ,L) .AND. (0.EQ.-D0+10*DEC0DE) )
The value of DO is reset in the conclusion and do

^ not require further verification.



••.^.'••/•.'••'I

CCLVCLPfL»=«IFL=NILTHEf.LP=0»ELSELPISOOO'AND-
CC.SP/\CEiLP)=C&«<L),LVfSPACEaPniffCORfLI).

.CCCOi^NiOtL)«L.''
COCDRNUfL)=CO«(c'D!^N(I-lfLl».
CC.ELT(I,L»=CA«(CDRN(!-l,LJJ.
CDND.LV(ST^UCfLl»»tLEM.GF.0♦

SUHP'^UTTN'EDELETE(STPirG,ELEMI~
CCSPACE(Nl

rnMM(-:fj/BLCCK/SPACF(lOOOU)tF,FREE
CCSPACE(N)

INrEGERSP\CF,r,FPFEfSTRINGtELEMiTEMP
CWALKTHPULISTTPELEM-la.EMENT

INDEX=STRING•
'IF(FLEM-II2'?0t200i200
200KsflEM-I

J=l

CONDSOACFdKDEXl.NE.ELT(ELEMfH)tSPACE!INDEXI«ELT(JtLIIt
CCNDK=bLEM-l,J.LE,K

270imdex=spacf(iNnEX«-i)•""""
J=J*l

IFIJ.LE.K|GOTO270
CONOSPACE!TVDFXI=hLT(FLFM,Lll
CDELETFCELL
280TEMP=SFACEdNOEX*I)

SPACtdNOFX^ll=SPiCFiTFMPfn""
CADOCELLTOFPFELIST

SPACE(TEMp4-lI=FPEE

•FREE=TEKP

CONDSPACttFPEEI=FLT(ELEM+l,Ll|
RETURN

~t~DELETEFIPSTELCMtNTnpASTPTNG^
2P0SToiwg=SOACFIINDEX♦1)

SPACE(INDEX♦I)=FPEF

FRFE=(•'DFX

chndspAceirteei=elt(elek.*i,lii
3ETURN

END"""•••"--

•%



PROOr^M70BEVEFIFTEO

CdNDLVtSTRfisr^LU.^ND.ElEM.GE.0
SU3S0UTINEOtLETAISTPIKGtELEM)
COP'^'IN/HLOCK/SPACEi10000)tF,FREE
r<TEGE»SPArE»F,FREF»STaiNGtELEM,TEMP
TNOfcX=STPING
IF(ELC1-l.LT.0)G0TO290__
IF<ELFM-l,e0.0)G0TO280"'"""~''

200KsELEM-l

J=l
COMDSOACEUMOFXI.MF.ELT(ElELl).AND*SPACE!INOEXIaELT(JvLI).AND,
CrUOK=ELFv.-l.AM),J.LE,K

270IMOEX=SPACE(IM.JEX*-!)

J=J*l

IF!J.LE.TH270

CONDSRACE(INnLX)=ELT(RLEM,Ll)
230TEMP=SOACE(I^•DeX♦U

SPACE(IMDFX+l)-SPACE(TEMP*I)
SP'.CtdEvpfI)sFRtE
FREE=TFVP•"

CPKOSPACC(FPEF)=ELT(FLEM«-l,Ll)
RETURN'

290.STR!Nr,--SPAC6!!Nnrx+l)
SPACE!!WEX+1)=FREF
FPEF.aI'^OtX

CCNDSPAr6(H'Ffc)=FLT(ELEMl-l,Ll)
96TUP.N

END

EFFECTIVERANGE

IINDEX1

(K1

IJl

(INDEX)
IJ1

(TEMPI

(SPACE)
(SPACE)
TFREE)

(STRING)
(SPACE)
(FREE)

EFFECTIVEDOMAIN

(STRING)

(ELEM)

()

(SPACEfINDEX)
[J1

(SPACEtlNDEX)
(SPACEfINDEX,TEMP)
ISPACE,TEMP,FREEJ_
(TEMPI

(SPACE,INDEX)
[SPACE,INDEX,FREE)
IINDEX)



PATH

number

I '

PATH

CONO LV(STRIMGiLl) .AVO. ELEM .GE. 0
~ SUBRrUT INf DtLCTA(STP ING. ELEM I

CCMMON/BLOCK/SPACE(lOOOO)tFfFREE
INTEGRA SPACE,F.FREEf STP I NG, ELEM, TEMP
irOEX^STRING
lELEM-l .LT, 0)

290 STPING=SPACEUNDEX4-1)
" SP ACECINOEX+l )=FP.EE

FPEE=IV0CX

COMO SPACE<FKEE»=ELT(ELEM>l,Ll)

COND LV(STPI>1G,LI) .AMD. ELEM .GE. 0SU BR'OUT IME DELET A( STR IN G, EL EM )

COMMON/OLnCK/SPACE(10000),F,FREE
IMTEGE= SPACF.F,FREE,STRING,ELEM,TEMP
INDEX=STRlMr,

.NOT. (ELEM-l .LT. 0)
(ELEM-I .FO. 0)

'CONO~~SPAC;e (INDEX) =FLT(ELEM,L1 )

3 .

COMD LV(STPING,LI) .AMD. ELEM .GE. 0
SUBRCUTINE OFLETA(STPING,ELEM)
C^MVOM/BLr.r. K/SPACE (lOOOO) ,F,FR.EE _ j

- IMTEGE" SPACE, F, FR'EE, SIR ING, ELEM, temp
INI)EX=STPir>!G

.MOT. (ELFM-l .LT. 0)

.NCI. (ELEM-I .EO. 0)
200 K=ELEM-l

SRACE (INnfcX) . NE. ELT(ELEM|L1 )" .AN"0; SPACE( INDEX )aEL t(J ,L11
.AND. J .LE. K

C OND
CGND

•AND. k«ELEM-l

STATEMENTS REMAINING TO BE VERIFIED

((LVI STKINGfLD) .AND. (0 .LE. ELEM)
.AND. (0 •LT. l-ELEM))

.IMPLIES* _
1(0 .EO.
ELT(l+ELEM,LI)-SPACE(STRING))I

((LV(STRING,L1)) .AND. (0 .LE. ELEM)
.AND. (0 .LE. -l»ELEM) .AND. (0 .EQ.
-I+ELEM))

.IMPLIES.
((0 .EQ. £LT(ELeM,Ll)-SPACE(STRING)))__„

((LV(STRING,Ll)) .AND. (0 .LE. ELEM)
.AND. (0 .LE. -UELEM) .AND. (0. .NE.^
-I♦ELEM))

.IMPLIES.
((0 .LE. -2+ELE.M) .AND. (0 .EO.

4

€

«

«

i

i

i



ff—

COMD SPACECMOFX) .NE. ELT(ELEHtLl) .AND. SPACEf INDEX l«El.T(J,L 1) .AND. K^ELEM-l
oin .;ko. j .le. k

270 INOEXsSPACEtiNDEX*-!) — - - -
J = J+l
(J .LE. K)

CCND SPACEilNOFX) .NE. FLTIELEM,Ll) .AND. SPACE(INDEX) = ELTUtL II .AND. K»ELEMrl
COND .AKO. J .LE. K

CCJNO SPACF(IhDEX| .NE. ELT(ELEMvLll .AND. SPACE!INDEX)»ELT(JtLl) .AND. RaELEM-l
COND ./NO. J .LE. K
270 INnEX=SPACE(INDEX+l)

J = J + l

.NOT. (J .LE. K)

C?ND SPACE(INOEX> = FLl{ELEM,Li)

COMD sr ACF( r;OFX) =F LT(6LEM,Ll)
2dO TE^'P^SPACE I IF DEX+II

SPALL (I NDEX + l )= SPACE! TEMP4-11

SPj'CEl )=FREE
FRFF=TFMP

COMD srKE(FPCE)=ElT(ELEM+ItLl)

ELT( l,Ln-SPACE(STRING)) .AND. (0
•NE. ELTtELEMvLD-SPACEfSTftlNG) 1)

t-

((0 .NE. ELTIELEMfLII^SPACEIINDEXII
.AND. (0 .EO.

ELT< JiLll-SPACEUNDEX) I .AND. (0
.EQ. >I^ELEM-K1 .and. to .LE.
.AND. (0 .LE. -l-J*K)| .

.IMPLIES.

1(0 .EQ.
ELT( i^jf L1)-SPACE (SPACEi 1«^1NDEXI 11
.AND. (0 .NE.

EL T( ELEM , L1) - SP ACE ( SP ACE (!♦ INOE X111)

C(0 .NE. ELT(ELEM,Ll)-SPACE(INDEX)|
.AND. (0 .EO.
ELT(J,LII-SPACE(INDEX)I .AND. (0
.EO. -UELEM-KI .AND. (0 .LE. -J+k;
.AND. (0 .LT.

.IMPLIES. _
((0 .EQ.
ELKELEM, LI I-SPACE (SPACE! L-i-INCEX;^

I

((0 .EO. ELT!ELEM,L1)-SPACE(INCEX)li
.IMPLIES.

((0 .EQ.
ELT! l^ELEM, LI )-SPACE(SPACE(l>INOEX'l M
I



?,9) A(Pr,)

oe3.etef3 froTTi the etrin'* S'^RINfr, the ('^I-"^N+1)
element retM.rns to the str.lnf^ of available spa.ce, •

eYPnrnle; ss "PA.'T'A"
res"«Ji3.t : STRJrfr = •ra-ta" ptk? the length of the strinpr

of available space is increased b3'' 1,

VERIFICATION:

PATH 1: Since EI.EF=:0, SPiiOE(STP.INCr)=ELT( 1,11).

PATH 2: Since ELFM=i , SPACE(STRINCt)=ELT( 1 ,L1),

P..^TH 3: Since ELEM .G-E. 2, SPA0E(STRING)9^ELT(ELEM,L1 ).

PATH 4: Since EIT(J,LI)=SPACE(INDEX), hence
ELT(J+1,L1)=S?ACE(SPACE(INDEX+1)),
Since ELEM^J+1, hence
ELT ( ELEM, 1-1)j^SPACE( SPACE(INDEX+1) ) .

PATH 5t Since-ET.EM=fT+1 in this oath, hence
ELT(ELEM,L1)=SPACE(SPACE(lNDEX+1)).

PATH 6: Obvioxis.
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,13.15.14 06 ^2/73 CUTPUT

cc •

cc

cc
CO

cc

SSL.
CCMD

• >

LV(LPfL).= tIF LaMIL THEN LP«Ot ELSE LP IS ODD AND .
SPACE(LP)>CARa) t LV(SPAC£(LP4ll« CDRID).
LENGTH«L»s(IF L=NIL then 0 ELSE ILENGTHILl-LENGTHCCDR«LIl+U.

CDRNCI,LI=CDR(CDRNn-lfL»).
CORN(O.L»=L.
tlLTf!.LI=C&R(CORNCI~l.L n, ^

LVCLINr.,Lll
SUBROUTINE DCLETBILINE)
COMMON/BLOCK/SPACEIlODOOl,FAIL,FREE
INTEGER SPACEtFAILyFPEE
IF(LINE)6,2f1

L«LIME ^
5 IF(SPAC1(I41»)3,4,3
CGND SPACEd) .NE. ELT(LENGTHIL1 )tL 1)
3 I=SPACSCI*II

GO TO 5

COND SPACFf n=ELT(LeNGTHai»tLll
A S.PACE (dlUFPEE

FR?E=LINt.

LlfJP'O

COND LV{L!Nr,Ll)fLl=NrL
2 RETURN

6 PPINTfcfc

KAPAN=SPACg<IZ03P>
66 FORMAT(/1X30HERR0R

COND FRP.OP(D£LHTB)
RFTURN

END

IN ARG TO DELETB
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? PATH
, NUMBER

PATH STATEMENTS REMAINING TC BE VERIFIED

» 1
COND LVlLINPfLl)

*

p • 6

CUBRrUTINE DELETBCLINE)
r.OMMON/BLOCK/SPACEC 10000) # FA ILt FREE
INTEGER SPACEtFAILfFREE
CLINE .LT. 0)

PPINT66
KAPAUsSPACF CIZOQP)

66

p COND
F0RNATC/IX30HERR0R IN ARG TO DELETB

ERRORCDELET8)

)

CCLVCLlNFtLl)) .AND. CO .LT. -LINO)
.IMPLIES.

(CERRORCOELcTB)))

» 2
COND LVCLINEtLl)

SUBROUTINE DELETBCLINE)
COMMON/aLOCK/SPACEClOOOOlfFAILtFREE
TMTFf.fR SPACE.FAT L . FREE

^ COND

.NOT. CLINF .LT. 0)
CLINF. .EO. 0)

LVCLINEtLl) .AND. Ll^NIL
CCLVCLINEtLl)) .AND. CO .L^ • LINO .AND. CO
.EQ. LINE))

.IMPLIES.

CCLVCLINEtLD) .AND. CO .cO. -Ll^NILl)

3

» COND lvcline;li)

COMMON/BLOCK/SPACEC10000)tFAlLtFREE
INTEGER SPACEtFAILtFREE I

.NOT. CtlNE .LT. 01

.NOT. tLINt .HQ. 01
I=LINP

JLJSiEAC-t:.!
CONO SPACH (n = ELTCLtNGTH(Ll»tLl)

COND LVCLINEtLl)
SUBRCUTINr DELEXBCLINE)
C0MM0N/BL0CK/SPAC5C 10000) »FAILt)^RE6

SPAC^tFAIUf FRgg
.MOT. CLIN5 .LT. 0)

FS

( (LVCLINEtLl I) .AND. (0 .L(-. LINO .^NO. CO
.NE. LINE) .AND. CO .FO. SPACECI>L INt)I)

.IMPLIES.

CCD .EO. cLTCLeNGTHCLl),Ll)-SPACtCLiNtI)l



P*TH

NUMBER

PATH

CQND LVILUiExLU
SUBRCUTINt DELETBILINEI
r. ?MM0N/3L0CK/SPAC£U0000» .FA ILf FREE
INTEGER SPACE,FAIL#FREE
(LINE .LT. 0)

6 PRINT66

ltA.PAfJ.=S£ACJ:UiQflP-l
66 FORMAT!/1X30H&RR0R
COND ERPORIOELETBI

IN ARC TO DELETB

CONO LV(LINE,L1)
SUBROUTINE 0ELET8(LINE»
C0MM0N/3L0CK/SPACF.( IGOOOItFAILiFRSE
iNTFGrR SPACE.FAIL.FREE

.NOT. (LINF .LT. 0}
(LINE .=0. 0)

COND LV(LINEfLl) .AND. LI^NIL

COND lv(line;li)
C|

COMMON/BLOCK/SPACE(lOOOO)tFAlLtFREE
INTEGER SPACE,FAILf FREE

.NOT. (LINE .LT. 0)

.NOT. (LINE .EQ. 0)
I=LINP

AC-E.(!♦!) tRQt 0)
COND SPACE (n = ELT(LENGTH(Ll),LI)

COND LV(LINE,L1)
SUBRCUTINr OELET.B (LINE)
COMMON/BLOCK/SPACE(10000),FAIL,Free
INTEGER SPACE, FAIL, FREE

.NOT. (LINE .LT. 0)

9h

STATEMENTS RfMAINING TC BE VERIFIED

((LV(LlNFtLin .AND. (0 ,11. -LINEII
.IMPLIES.

((ERRORiOELETBll)

( (LVILINEtLin .AND. (0 .L^ . LINtI .AND. (0
.EQ. LINE))

implies.

((LV(LINEfLl)) .AND. (0 .cO. -Ll^NID)

( (LV(LINE,L1 ) ) .AND. (0 .LF. LINO .AND. (0
.NE. LINE) .AND. (0 .FQ. SPACE(l*L INE)) )

.IMPLIES.

((0 .EO. cLT(LtNGTH(Ll),Ll)-SPACt(LINE)))



.MOT. tLTNF .FQ. 01

1 INLINE

5 .NOT. (SPACE(m) .EQ. 0}
COND SPACEd) .NE. £LT(LENGTH(Ll)tLl)

CONO SPACECn .NE. ELT(LENGTHCLl)fLl)
3 I'SPACELLtli
5 (SPACECI^l) .EQ. 0)
CONO SPACE (n = ELT(LENGTHCLl),LI)

COND SPACEII) .NE. ELTCLENGTHCLl)tLl)
_3 L°SPACE(I»1)

5 .NOT. (SPACECI4-1) .EQ. 0)
COND SPACECI) .NT. ELTCLENGTH(L1),LI)

COND

A

SPACE(I)=ELT(LeNGTH(LI),Ll)
SPACE(!t.n=PRFF
FREE=LINE

LINF=0

COND LV(L1N',L1) .AND. Ll°NIL

t(LV{LIME,Lin .AND. (0 .Lt. LIN£) .AND. (0
• NE. LINE) .AND. CO SPACE (INl )))
• .IHPLIFS. ^
f(0 .NE. ELTCLENGTHCLDtLD-SPACf CLIKl) ))

CCD .NE. ELTCLENGTHCLl)iLl)-SPACc(I)) .AND.
(0 .EO. SPACEClf-SPACECl^D)) )

•IMPLIES.

C CO t-EQji
ELTCLENGTHCLl),Ll)-SPACC(SPACEC1+1))) )

(10 .NE. ELTCLENGTHCLDtLD-SPACbCI)) .AND.
(0 .NE. SPACECl^SPACECl^D)) )

.IMPLIES.
tCQ .NE. u
E Lie LENGTH (LI), LI )-SPACi (SPACE (1«^I) )) )

((0 .EQ. ELr(LENGTH(LI),Ll)-SPACt(I)))
.IMPLIES.

(ILVIQ.LD) .AND. (0 .EQ. -lUNID)



•2.10) !?.••?)

c'.eletes the entire strin<? LITTE and returns
it to the strin": of available space,

eram-nle: = "T'TOTKi^"^r?pti
result : ttth = 0 and the string of available space is

nine cells lon?"er.

VERIFICATION:

Path 1: insufficient assertion or verification conditions.

Path 2: Since LINE=0 hence L1=nil,

Path 3; Since SBACE(tro+1 )=0 and ), hence
SPACE(liNE)=EL!r(l®IGTH(L1 ) ,L1).

Path 4: SPACE(I,niE+1 )(<0, therefore SPACE(LIEE))^
EET(LEIIGTH(I.1),L1).

Path 5: Similar to path 3*

Path 6: Similar to path 4.

Path 7: insufficient verification conditions.



^13.05.40 08^2/73 CUTPU""^ ^ ^ ^

CC LV(LP»L) = (IF L=:4IL THIiN LP=Ot tLSt LP IS ODD AND '
CC SPACedPlsCAMLI» LVISPAC£ILP*1)# CDRILII. •
CC SUBLISTIJ,K,L»=SL .ST. (IF J=K THfiN SL=NIL ELSC (CAR(SL) = SPAC£(Jl
CC .AND. CDK(SL»=SUBLIST(SPACr(JFlitKtLin
CC ' LIST.P!F(P,L) = cXISTS(P = AD'JR(KtL)fKtlfLENGTH(L)).

X£ LiLNGI = tI£_JL5 ML THhN Q FLSF IL t-'NGTHn >^LFMRTHimR ( L 1) »1 I .
CC CLTd ,LI=CAK(CD.1NII-l,Ln .
CC COPN(.Of LJ = L.
CC COPNdf L» = CDR(CORK(I-l,L)l.
CC LISTDIHF.R(LV(XX,Ll)fSUBLIST(YY,SPACC(ZZn)tLIIV(XX,L1)t
CC (IF SPACt(n=YY THLN SPAC. (II=SPACc (ZZ+II ,FREc-=YY)

XC .DP-. I!F XX=YY. THd- XX^SOACgl Z7»l I . FR-F=YYI
CC .OR. (IF ZZ=0» IF SPACi(I)=YY, THEN SPACc(I)>Of FRES=YYl
CCNO LV(XXrLII

SUBRCUTir^L DFL3T5(XX,YYfZZ)
CC.v.'ION/BLOCK/SPACt (ibOOOJ ,FAIL»FRtl
IKT^GCR XX,YY,ZZfTEPP,SPACE,FAiLfFRhF,POINTe,ZZZ

C SUBROUTINE WILL DXETE STRING XX FROM YY TO ZZ INCLUSIVELY* «
C BESIDES IT will DO THt FOLLCHINGs ♦

C (II IF ZZ=0, THEN IT WILL DELETE FROM YY TO THE END OF THE STRING.- *

C (21 IF YY=22, ONE SLcMENT IS DELETED. «
C (31 IF YY=ZZ=0, NOTHING HAPPENS. ♦

X ^ I^1...I!:„YY=Q_e.UT_NOJLZz. th^n error HASSAG"- is PPINTSD. ».
Q 4> <1 Ik« 41« ft 9 V A t >r.«««If.««V(« <t« # « * «If « <t* 4c« « 41« 4t« Kc ^ iCc <1 4(It«« :Ci « ^ «|tf|<;

IF (XX.EG.01 GO TO 21

.9 IF (YY. 0.01 GO TO 20

PO!MTL=XX

IF (XX.cO.YYI GO TO 15

Ifl_JF_..(SPACl. (ECINTitlXftEfl.YYI GQ TQ 17
POINTE = SPACE(PGINTE«-1I

COND PCINTt .NE. YY,XX .NE. YY, LIST.PIR(POINTE,Lll
GO TO 18

17 IF (ZZ.fO.OI GO TO 14
KK » YY

SJ>AC£L°C!INTL*1I = SPACE (ZZ-»-II
16 SPACL(ZZ*II = FRcE

FP£.>^ = KK

COND LV(XX,LII,Ll=LISTDIFFCR(LV(XX,Lll,SUBLIST(YY,SPACE(ZZ>1l,LIII
F.: TURN

CCND XX=YY, LIST.PIR(POINT£,Lll

l5_lfL_UL.. 1Q...QI GQ TQ 10
C !N CASJ XX=YY, THE ORIGINAL VALUE OF YY NEEDS TO BE ORESERVtD.
C HENCE LET KKa

KK = YY

XX = SPACF(ZZ-HI

GO TO 16

XUND ZZ r Or XX=YY. L t ST. PI R ( PQ! NT E . Lll
10 XX = 0

Tr.MP = FREE
FREE = PLINTE
GC TO II

COND ZZ«0,XX .NE. YY, LI ST. PI R( POINTE ,Ll I ,SPACt (POI NTE»1I»Y Y
14 t:.mp = FPFi ^ :

FREE e SPACE(POINTE+II



•^ACf fPtlTNTt-tU =_(L
POINTE « FRtE

11 IF (SPACE(PdlNT5*in 12.13.12
CCND SPACF(POINTE) .Nt. LLT(L5NGTH(LI),Li)tLV(XXtLI)
CC?NO Ll=LISTOIFFEP(LV(XX,Ll) tSUBLI ST (YY, SPACE (ZZ«-l),Ll) )

12 POINTE =S?AC»:(PJINTE + 1)

Gl2_tQ_Li
Cr.ND SPACE (PCINTF)=E LT (LENGTH (LI) tLDtLV (XX, LI) t
CONO Ll = LISTOIFFER(LV(XX,Ll) , SUB LI ST (YY, SPAC £( ZZ-t-1), LI) I

13 SPACF.(PCINTfc+l) = T:-KP

COND (LV(XX,L1),L1=NIL) .OR. (LV(XX,L1),
CGND LI=LIST'JIFFFP(LV(XX,L1) ,SU&LI ST ( YY, SPACE (ZZ^l), LI) ) )

Z.L_PilXUfLN
20 IF (ZZ.EQ.O) GO TC21

WRITu(t,22)
22 FORMAT(IX,ASH CRFOP IN SECOND PARAMETER OF DELETE,

COND ERROR(DELETE)
STOP *
END



PROGPAH TO at VEPIFI-0

CCND LVCXXfLl)
SUBROUTINE OCLerpiXXtYYfZZ)
CGMMON/BLOCK/SPACt ClOOOOltFAIL,FRCT
INTrGER XXfYYtZZfTtMPtSPACcfFAXLiFREEfPOINTEfZZZ
IFIXX .SO. OIGO TO 21

O IFfYY .^Q, OXGO TO 20
FOINTE=XX
IF(XX .to. YYIGO TO 15

18 IFCSPACE (POINTE^-ll .EG. YYIGO TO 17
FOINT£=SPACc(POINTl+l)

CONO PClNTb .NF. YY .AND. XX YY •AND. LI ST.PIR (PO'lNTEf LI 1
GO-JO. .18. —

17 IFCZZ .EQ. 0)G0 TO 14
KK=YY
SPAC?XPOINTE+ll=SPACe(ZZ+l)

It SPAC£<ZZ+1»=FREE
FR».1=KK

rr.NP LVIXXt| I t .AND. 1 1=1 ISTniFFfP.ILVIXX.Ll).SUBLIST(YYtSPA&L<ZZ»l)tLlM
RETURN

CCND XX=YY .AND.
15 . IFCZZ .to.

KKsYY

XX=SPACE(ZZ*l»

LIST.PIR(P0XNTE,L11
0)00 TO 10 .

CCND

10

CONC

14

JJ-
CCND

C OND

12

13
CCND

CONC
21

20

ZZ=0 .ANP. XX=YY .and. LIST.PIRIPOINTEtLlI
XX=0

TtHP=FRtfc

FRlE'PQINTE

GO TO il

L= 0 _^A Kn. XX n:. YY .AN">. I IST.PlRtPOT NCTFtin .AND.
SPACE(PClNTr+ll=YY

Tc^P = Ff-r^

Ffi::c = SPACE(POINTf + l)
SPACSCPOINTt+l)=0
POiNTE=FFci
1F(<PAr^tPPTMT,-»n .to. QlGf TO 13

SPACE(PCINTF+l)=TtHP

(LVCXXtLl) tLl .L-0. NIL) .OP. (LV( XXf L1) t L 1 .EQ.
LISTOlFFlR(LV{XX,Ll).SUBLIST(YYfSPACt(ZZ+l)»Ll!lI

RETURN

TF(ZZ .LQ. 0)G0 TO 21
_l.RITt(6t22J-

SPACECPCU rc) .NE. ELT(LENGTH(Ll)fLl) .AND.
LV(XXfLl)LI=LISTOIFFfF(LV(XX,L1),SUBLI ST(YY,SPACF(ZZ*l!iL1))

PCI NT£ = SPACE (POINT E-fl)

GO TO 11

CONO SPiCEfPQlNTc) =*LT (LtNGTH(Ll)fLl) .AND. LVCXXfLl) .AND.
rPNP 1 l=L ISTDIFFIR lLVtXX.LJJ_«-SUJiLlSTCYYtSPACc CZZ*l) tLD!

22 FORMAT (IX,45H.....FRR0R IN SECOND PARAMETER OF DELETE".

cFFrCTIVF RANGE

IPOINTE)

CPOINTE)

(KKl
(SPACE!
(SPACE!
(FRLE!

(KK!
(XX!

(XXI
(TEMP!

(FREE!

(TEMP!
(FRtcl
(SPACE!
(POItSTE!

(PCINTE!

(SPACE!

EFFrCTIVe OCMAIN

(XX!

(SPACEtPOINTE!

(YY!
(SPACEfPOINTrtZZ!
(SPACE,ZZfFPEE!
(KK!

(YY!
(SPACE,ZZ!

( !
(FPiJ 1
(POINT:1

(.FREF 1
(SPAC£,P3INTt!
(SPACE,POINTk 1
(FREE!

(SPACt,POINTL' 1

(SPACE,POINT ",T. MPl
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PATH

NUMBER

PATH

SUBRCUTIM: DELET; (XXfYY,ZZ)
C0MMCN/3L0CK/SPACt(lOOOOlfFAILfFREE
INTEGER XXfYY.ZZfTEHPtSPACetFAILfFRfcEfPOINTEfZZZ
(XX .SQ. 0)

CONO (LVlXXtLUtOul .EQ. NlO» •OR. (LV(XX,LII»L1 .6Q.
rntan i T«;TnTFF?R(LVfXX.Lll .SUBt ISTfYY.SPAr.FI77»H«Lin 1

COND LV(XX,Ll)
SUBPfUTINfc DELfcT (XX,YY,ZZ)
CC 3N/3 LQCKZ5£^ LIQQQQ11 r A111 FRf:
INTf:GER XX t YY, ZZf TL MP fSPACE i FAX L »FREc tPCINTc fZZZ

•NOT. (XX .EQ. 0)
9 (YY .EQ. 01

20 (ZZ .cQ. 0) ,
COND (LV(XXtLl)((lI .EQ. NiO) .OR. (LV( XX i LI ) 1 .EQ*

X.QND -LISHH.F.fltL(l V(XX tLl) tSUBLlSTiYYt SPACE (ZZ»1) til))) )

COND LV(XX,Ll)
SAiBROUTWr PFI "TMXXiYYtZZI

9

20

CCMMON/SLOCK/SPACf;( I0000)f FAILf FRcE
INTEGER XXtYY,ZZtTEMP♦SPACEfFAIL*FREEfPOlNTEtZZZ

•NUT. (XX .EQ. 0)
(YY .HQ. 0)

•NOT. (ZZ .EQ. 0)
„PRUL16j2iL

22 F0RMaT(1X»A5H ERROR IN SECOND PARAMETER OF DELETE
CONO l;Pk0R(0::LcTc )

')

STATEMENTS Ri MAIMNG TO Bu VLFIFIEO

((LV(XXtLin .AND. (0 .^Q. XX))
•IMPLIES.

((OA.A€\a. -LV(XX,lI),1.1*ML| .CR. (0
• EQ.
LISTOIFF-P(LV(XXtLl)fSUBLlST(YYfSP#Ci
(l»ZZ)tLU)-LV(^X.a.I)tlI)»

((LV(XXtLl)) .AND. (0 .Nc. XX) .AND.
(0 .lO. YY) .AND. (0 .EQ. ZZ))

.IMPLIES.
((O'-sttQ-. -LV(XXf lD.L ITT^IL) .CR. (OLl
• EQ.
1 T<;7r>TPFrPn VIXX.I n . StlfiLIST<YY.5.PAC^

(l+ZZ)tLl) )^LV(XX,L1)<fi^) )
I

((LV(XXfLl)) .AND. (0 .NE. XX) .AND.
(0 .ilQ. YY) .AND. (0 .N.f. ZZ))

.IMPLIES.
i (r.R<iOR(Dr.L£Tc)))



COND LV(XX»L1)
SUBRCUTINE OELETr(XXtYY,ZZ»
COMKON/BLCCK/SPAC E(10000)t FA IL» FREE
INTEGER XXtYYtZZfTfcMP.SPACif FAIL.FREEfPOINTEtZZZ

.MfiT. I XX >FQ. n)
9 .NOT. (YY .to. 0)

POINTE=XX
(XX .iQ. YY)

COND XX=YY .AND. L1ST.PIR{POINTE,LI)

CQNO LV(XX.L1I

SUBROUTINE DrLETc(XX.YY.ZZ)

CC.1M0N/r3L0CK/SPACE( 100001. FA 1 L. FREE
integer XX.YY.ZZ,TEMP.space,FAIL.free.POINTcfZZZ

.NOT. (XX .EO. 0)

.NUT. (YY .EQ. 0)
pntNTr=xx

.NOT. (XX .fO. YY)
18 (SPACL(PCINTc*l) .EQ. YY)
17 (ZZ .to. 0)
COND ZZ = 0 .AND. XX .NE. YY .AND. LI ST.PIR(POINTE.LI) .AND. SPACE(POINTE^l)=YY

COND LV(XX.Ll)
SUBROUTINE OELETi(XX,YY.ZZ)
CCM^0N/8L0CK/SPAC=(10000).FAIL.FREE

TNTEGLR XX.YY.ZZ. TE MP.SPACE.FAIL.FREE.POINTH.ZZZ

18

.LL

.NOT. (XX .10. 0)

.NOT. (YY .to. 0)

POINTf.=XX

.NOT. (XX .to. YY)
(SPACE(PCINTL+1) .EO. YY)

.MOT. (ZZ .FQ. aJ
KK=:YY

SPACE(POINTf+1)=SPACE(ZZ+1)
16 SPACE(ZZ+l)=FReE

FP.cE«KK

CJND LV(XX.Ll) .AND. L1=L ISTDIFFCR (LV( XX. LI). SUBLI ST ( YY. SPAC'i (ZZ* 1) ,L i))

i/

((LV(XXfLI)) .AND. (0 .NE. XX) .AND.
fO .NF. YY) .AND. 10 .-Q. -XX^YYll

.IMPLIES.

C (LIET.PIkiXXfLD) )

( (LV( XX.LD)

(0 fN^t YY)

.AND. (0 .Nf

ULi

. XX) .AND.
~XX»YY) .

.AND. (0 .iO. -SPACi: ( 1+XX)+YY) .AND.
(0 .HQ. ZZ))

.IMPLIES.

( (LIST.PIR(XX.LI) ) .^ND.. (0 .Nt .
-XX+YY))

((LV(XX.Ll)) .AND. (0 .Nr. XX)' .AMD.

(0 .NE. YY) .AND. (0. fcNE. -^XX*YY)

-2



CGND IVIXXtLU
SUBRtiUTINi OELc T-(XX.YY , ZZ)
C0«MCN/BL0CK/SPAC-1lOOOOI»FA IL»FRtE
IliTEGrR XX.YY.ZZ.TFHP.SPACg.FATL.FREE.PniNTF.ZZZ

•NOT. (XX .EQ. 0)
•NOT. (YY .cQ. 0)

POINTt=XX
.NOT. (XX .EQ. YYI
.NOT. (SPACE(P0:NTF+1I .EQ. YYI

P01NT:=SPACF(P01NTb-»H

18

COND POINTF ..-(E. YY .A.\0. XX .Nt. YY .AND. LI ST.PiR(PQINTEt LI I

COND PriNTE .NE. YY .AND. XX .Nc. YY .AND. LTST.PIRIPDINTF.L1 I
18 (SPACeiPOINTfc+l) .cQ. YY)
17 (ZZ .EQ. 0)
C 3ND ZZ=0 .ANQ. XX .Nc. YY .AND. LI ST.PIR(POINTEtLl) .AND. SPACE(POINTE + 1I^YY

COND PCIMTL .NF. YY .AND. XX .NE. YY .AND. LIST.PIR(POINTEfLl)
18 (SPACEIPDINTI I-I) .no. YY)
17 .NOT. (ZZ .EQ. 0)

KK=YY

^ 2P.ACcA PQINTF»1)=SPACP(ZZ»1I
16 SPACE(ZZ+l)=FRcc

FR£E=KK

COND LV(XXtLl) .AND. L1=LISTDlFFER(LV{XXfLI)tSUBL1ST(YY,SPACE(ZZ^l)tL1))

. -Q. -£P AC> 1 1»XX)»YY» ./ND.
(0 .*4r. ii)i

•iM^LlcS,

((LV(XX»L1)) .AND. (C.FO.
-Ll+LlSTDIFFL?.(LV(XX.Ll)f SUBLIST(YY.F

LI

((LV(XXtLU) .;NP. (0 .Ni. XX) .AND.
(0 .Nr. YY) .'-ND. (0 .NfJ. .-XX*YY)
• AND. (0 .N5. -SPACE (l+XX)-fYY) )

.IMPLIES.

( (LIST.PIPISPAC: <1»XX).L1) ) .AND. (Q

.Nr. -XX + YY)

-SPACr (H-XX)*YY) )
(0 .NE.

((0 .NE. -POI NT. ♦YY) .AND. (0 .N' .
-XX+YY) .AND.- (Li ST.PIRIPOINTi fLl) )
.AND. (0 .-^a. -SPAj;• ( 1»PD1NT" l»YY)
.AND. (0 .cQ. ZZ))

.IMPLIES.

((LIST.PIR(PCINT.,LI))
-XX+YY))

.AND. (0 .NC.

( (D .NE. -PDINTf+YY) .AfJC. (0 .Nc.
-XXi-YY) .AND. (I 1 ST.PIR(POINTi.,Ll) )

.AND. (D .£Q. -SPACLIl*PCINTu)»YY)

.AND. (D .NL-. ZZ))



"3

.tmpi rrs.
((LV(XXtLl)) .AND. (0 .CO.
-L1^L1ST0IFFER(LV(XX,LI)tSUBLlSTCYYtF
REctLl))))

10
CQND

18

COND

POINTt .NE. YY .AND. XX .NE. YV .AND. LIST.PIRIPOINTE.Ll)
.NOT. (SPACE(P0INTE<-1) .EQ. YY)

P0INTC«SPACE(PGI.NTE +1)
POINTE .Nc. YY .AND. XX .NE. YY .AND. LIST.PIk(POINTE,Ll)

(CO .Nt. -POINTE♦YY) .AND. (0 .N£.

t

.AND. (0 .NE. -SPACK UPDINTE )*YY) )
.IMPLIES.

((LIST.PIkISPACl(1 +FOINTfc) ,Ll))
.AND. (0 .NE. -XX+YY) .AND. (0 .Nr.
-SPACE(1+P0INTE)+YY))

11

COND
15

COND

XX=YY .AND. LIST.PIRIPOINTEfLl)
<ZZ .to. 0)

ZZ=0 .AND. XX®YY .AND. L1ST.PIR(pQINTc,L1)
f in . fn _vv..\/vi A.ir.

' 1 1 W T ^ W f .1 f ♦**! LT •

(LISr.PIftlPOINTt,Llll .AND. (0 .EQ.
ZZ))

.IMPLIES.

( (LIST.PIPIPC'INT tLl)))

12

COND
15

If.

XX=YY .AND. LIST.PIR(P0INT£,L1)
.NOT. (ZZ .EO. 0)

KK=YY • '
XX=SPAC;(ZZ+1)
SPACf(27+1l=PP--

'

COND
FRct=KK

LV(XX,L1) .and. LI=LISTDIFFrR(LV(XX.Ll)tSUBLIST(YYfSPACfc CZZ^l)tLl) )
1(0 .10. -XX*YY) .AND.
(LIST.PIRIPOiMLtLl) ) .AND. (0 .NE.
ZZ))

-IMPIITS.

-L3_

COMD ZZ=0 .AND. XX=YY .AND. LI&T. PIRC POI NT»L 1)
10 xx=o

TcMPaFPiF
FRcc=PJINTr

11 (SPACTCPLIMt^l ) .EQ. 0)

rnt!2 il 1) .ANP., LVIXX.t n .ANn.CONO LI=LISTDIFFLP(LV(XX,L1),SUBLIST(YY,SPACc(ZZ+ll,Ll))

f3

-Ll+L 1ST DIFFt »<(LVCSPA C;
LIST(YY,FKuCfLI))))

(U .EQ.
.(l4-ZZ)«Ll)tSUB



3

14

15

16

C JNO

XQ
ZZ'^O .AND.

xx».0

XX«YY .AND. LIST,PIR{POINTEtLll

TEMP=F«2ff
FKtE- = POINTE

11 .NOT, CSPACEiPOINTF>l) .EQ. 0)
CCNO SPAC.'IPOINTcl .NE. ELKLENGTHI LI) tLl 1 .AND.
CONG LV(XX,LllLl=LISTOIFFFRtLVIXX,LI),SUBLISTCYYfSPACEUZ^ll,Ll))

CONG 11=0 .AND. XX .NE. YY .AND. LIST.PIRIPOINTE.LlI .AND. SPACE IPQIMTE+1)*YY
14 t.-mp«fr:c

FRciEsSPACr. (POINT. +1 )

S£zjc i (pjiME»ii=Q ;
PO!Nrt=FRE':

11 (SPACc(3CINTE+l) .FQ. 0)
CONG SPAC!: (POINTS )=fcLT(LHNGTH(Ll),LI) .*ANG. LV(XXfLl) .AND.
COND Ll=L!STOIFFhR(LV(XX«Ll)tSUBLlST(YYtSPACE(ZZ'M)tLl))

.£ CND_ZZ=0_.A.ND. XX .NE. YY .AND. LI ST . PI R( POI NTE. LI) .AND. SPACE (PQINTF + l) »YY
14

11

TtKP=FR3C

FPr;c = SPACE(PCINT-+l)
SPACE (PQINTF.+1)=0
POINTE^FPSc

.NOT. (SPACE(POlNTfc+1) .EQ. 0)
COND SPACE(POINTE) .NE. ELTILENGTHCLII.L11 .AND.
CONG LV(XX,Ll)Ll»LISTOIFFER(LV(XXtLl)tSUBLISTCYYrSPACE(ZZ+l)tLl))

jL10..^I.Q...ZZJ rn .t-o. -xx^vy)
.AND. (LIST.P!F(P?IK>Tr ,Li j I .£Nf). |0
.EQ. SPACE Cl*PuIMt )| I

.IMPLl'TS.^

( (LV(UtLl) ): ..*KD. (0 .EQ.
-Ll+LISTD1FFFF(LV(0,LI),SUBLIST(YY,SP

'ACr ni .U<n. fO
£LT«LENGTH(LI),Ll)-SrACE(FOINTE)))

=LT(LtNGTH(Ll)flI)-SPACc(POINTL)))
.IMPLIES.

(ILVIOtLD) .AND. (0 .EO.
-Ll*LlSTDlFFf RUVlOfLl),SUBLISTIYY,SP
ACE(L^ZZ)tLl))))

((0 .EQ. ZZ) .AKL. (0 .NE. -XX+YY)

-ilAM). (LJFJ.liDINrr.Liii .no. (o
.iQ. -SPACc(l+P£ 'NTE)4-Yy) .AND. (0
.tQ. S^ACtd +SPACCd +POINTi ))) )

.IMPLIES.

((LV(XX.Ll)) .AM). (0 .EQ.
-Ll+LISTDIFF-P(LV(XX,Ll),SUBLrST(YYfS

.AND. (0 .EO.
ELT(LENGTH(Ll),LI)-SPACE(SPACfc(I+POIN
TF) )) )



17

18

la.

• 3

COND SPACEIPOINTEI .NE. ELTaENGTHlLll.Ll) •AND. .
COND LV(XX,LI>LI=LIST0IFF.-R(LV(XX,L1»,SUBLIST(YY,SPACECZZ+1J ,Ll» 1
12 POIN"E=SPAC£IPQIN'TF»n
11 (SPAC:(PCINTfc*l I .EO. 01
CONO SPACEIPOINT;I=ELT(LENGTH(L1),L1) .AND. LVIXX.LD .AND.
COND I l=LISTDIFFERaV(XX,Ll)tSUBi.ISTI YY.SPACE (ZZ*1).L I) 1

COND SPACE(POINTE) .NT. ELTlLENGTHlLl),L1I .AND.
CONO LVlXXtL1)11=11STDIFFCR(LV(XX,L1).SUBLIST(YYtSPACE 1ZZ^i)tLI))
12 PCilNT:=SPACFlPOINTc + l)

COND SPACEIPCINTE) ,Nc. LLTILENGTHILI),L1) .AND.
COMO LV(XXfLl)Ll=LISTO!FF£R{LV(XX,Ll) ,SUBLIST(YY,SPACE(ZZ+l).tLl) )

COND SPACE1P0INTL)=FLT1LENGTH1LI),LI) .AND. LV1XX,L1) .AND,
COND Ll = LISTOIFr^f! lLVlXX,Ll)f SUBLlSTlYYfSPACF lZZ*l)fLl))
13 SPACE IPOINTc+1)=ViKP
CONO 1LV1XX,L1),L1 .EQ. NIL) .OP. 1LVlXXfL1),L1 .EQ.
CONO LISrOIFF-PlLVlXXfLl)fSUBLlSTlYYtSPACclZZ-nitLl)))

1 to .NL.
ELT(LEN6TH(Ll)fLl}-SP«C?(SPAC. (l+PCIN
TEIU) .

•IMPLIES.

((LV(XXtLl)) .AND. 10 .EQ.
-Ll+LISTDIFFEPlLVIXXtLllfSUBLIST(YY,S
PACE! n^zzi.Linn

IfLVlXX.Lin .AND. (0 .FQ.
-Ll+LlSTOIFFERlLVlXXtLl),SUBLIST1YY,S

SPACr (1*SPACE (1+PCIMi )) ))
.IMPLIES.

(ILVlXXfLD) .ANC. 10 .EO.
ELriLcNGTHlLD.Ll )-SPACC-15.PACt 11+POIN
Tb) n)

110 .NE.
=LTlL£NGTHlLl)tLl)-SPACcISPAC
Tc)}) )

.IMPLIES.

in-PCIN

llLVIXX.Lin .AND. 10 .EG.
-Ll+LISTOIFFEKILVlXXfLI)fSUBLISTIYY.S
PACEll+ZZ)tLl ))))

1(0 .EQ.
ELTlLhNGTHlLDtLD-SPACElPGIN"' ))
.AND. iLVlXXiLD) .AND. 10 .tO.
-LI^LISTOIFF.' PlLVlXX,Ll)»SUOL!STlYYfS
PACFl1+ZZ).L1))))

.IMPLIES.
HQ .EQ. -LV1XX.L1).L1»ML) .CP. 10

EQ.
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2,11 ) TvRT.-pqi J,] ( r/ , ? Z)

The ch??T8.ct'ers 8.*t bet^\''eeTi "the pointers and
?-7j are deleted fro^n the ,strin<"' XX,

V^RI'^IOATIOF;

Path 1: Since XX=0, L1=nil.

Path insufficient verification condition.

Path 3: Since statenent has not been inplemented
there is not enough verification conditi6n.

Path 4: Since I'V(XX,Ij1) therefore IiIST.PTR(XX,Ti1).

Path 5: XXj^YY is not changed in the path, .

Path 6: insufficient verification condition.

Path 7: SPACP(XX+1 )9^YY and XX?^YY are not changed.
Since 1V(XX,L1),•hence, LIST.PIR(SPACE(XX+1),L1).

Path 8: XXj^YY is not ohenged.

Path 9: insufficient assertion.

Path 10: XX^Tf and SPACE(POIFTE+1 )?<^YY are not changed.

Path 11: LIST.PIR(P0INTE,L1) is not ghan^-ed.

Path 12: insufficient assertion.

Path 13: insufficient assertion.

Path 14: insufficient assertion

Path 13; insufficient assertion;

Path 16: insufficient assertion.

Path 17: Since SPACE(SPACE(P0INTE+fl))+1 )=0, hence
SPACE(SP CE (POINTE+1 ) ) =ELT (T.EFr^TP(1.1 ) , L1 ) . •'

Path IS: insiTff1 cie-nt assertion

Path 19: insufficient a.ssertion.

9/



f
I

\
'I

I
!>

I'
l

c'
c"

L
y

(r
.'

,L
)^

("!
-•

L
^

ri
f

T
I^

'T
"i

>
=
0

,
F.

L
Sf

:
L

P
I

S
O

U
J

A
N

D
CC

SH
A

C
M

J>
»

=
(

A
M

L
>f

L
'M

S
P

\i
:i

.
(L

P
*

i)
f

C
nP

M
L

M
.

C
C

S
ii

^L
T

S
T

i
J
,a

,L
J

=
SL

.S
T

.
(I

F
J=

K
T

H
E

N
5L

=
M

L
E

L
SE

(C
A

R
iS

L
)a

S
P

A
C

6
(
J
)

C
C

.a
;v

!0
.

C
^

h
C

jI
)=

S
IJ

!»
L

l^
T

{
S

P
A

C
.t

(J
+
l)

f
K

,L
n

)
C

C
r.

n
?
JN

(
)
t
l

)
=

!
..

C
C

c
I
,L

)=
rn

'(
c
n

K
M

(
i
-
i
,
l
n

.
•

^
^

C
C

&
L

i
i

I
tL

I
=

C
A;

<
T

f.
OF

M
(

I-
1
i
l
)

».
C

O
I
J

L
V

(
I
.L

l)
S

H
o

W
.i

ij
ri

N
F

D
'J

P
d

tJ
f
K

)

C
O

M
lo

J
/'

»
L

')
C

X
/l

r-
^

'^
F

(
lO

U
O

O
)

»
F

A
IL

.
F

R
E

E

;•
T

r
ii

R
r
,\

I
L

,F
«

n
r

C
_T

M
|<

;
C

.lP
Ih

S
F

1
I'

l-
^n

x_
j_

hp
ro

b
u

t
n

u
t

in
c
h

io
in

g
in

o
x

k
in

to
th

e
s
tr

in
g

t
I'

-C
^

)
•

A
K

<
=

K

J
J

=
J

1
=

:;

N
=

)

1
.

I»
-I

JJ
-K

A
)
j.

?
f

H
_

C
rV

i)
V

v
(

I
tL

I
)
,S

U
'L

l
:>T

(J
,

jy
.L

ld
L

l"
=

S
L

l
tK

K
=

k
3

C
A

L
L

1
>

o
'"

n
r

<
I
,N

,
IF

k
E

I
(
J
J
I

)
C

'.^
:i

n
rL

T
(

l«
-l

,1
.

n
=

I
F

h
d

{
J
J
)

,C
A

f
(
L

ll
=

I
F

R
E

E
(

J»
tK

K
=

K
t

C
C

M
O

L
V

l
I
f
L

D
f
b

H
H

IS
T

(
J
t

I
F

if
c
t(

J
J
-
m

f
L

l)
,L

l=
S

L
l

j
j

=
J
J
*

l
)

-4
=

•)
+

I
'•••.

0
TO

i
5

I
=

J

C
L

N
D

(
L

V
(
I
,L

l
)
,(

L
l

=
O

U
.)

)
.'

^
R

.
f.

t'
|f^

(L
^

/{
If

L
U

,S
ir

;L
IS

T
(J

»
K

tL
l»

.{
L

l
=

S
L

l)
»

2
'

\

1
# *
'

'
•.

f/



P
K

n
.,

<
4

'-
n

K
tl

V
h

K
IF

lt
O

E
F

F
E

C
T

IV
E

R
A

N
G

E
E

F
F

F
C

T
IV

E
D

0.
«4

A
IN

c
a
n

L
V

(
i
.
L

i
)

S
il

H
k

li
.l

T
M

F

C
J-'

-'
''
..

s'
/'

JL
-C

k
./

I
f
'

r
r

I
l.

y
j

v
d

)
f

r"
A

11
.1

F
F

E
E

I
L

'^
if

<
'•

'i
I

L
t

I
t

•'
r

I
F

(
K

U
0

)
..

1
T

I
-i

A
K

<
=

<
(K

K
I

IK
l

7
r=

.j
"^

"
IJ

J
l

iJ
l

1
=

0
1

*
1

n
(
N

i
(1

N
—

.
I
=

v
;

1
j
j
-
^

^
.*

•
j
.

I)
'"

.;
r.

!
j

C
.'

.i
t

(
V

ll
tL

lI
V

S
'M

>
1
I
J
,

J
J

»
L

l)
.A

W
).

L
l^

S
L

I
.A

N
D

.
K

K
=

K
3 "c

o
n

r
\

L
rf

\V
i,

i.
i)

=
ir

<
.

r.
{

j.
i»

".
.v

;>
j.

'"
c'

A
T

'(
L

i)
=

iF
k

E
t(

j»
.A

'-
ro

.
k

k
-k

.a
n

d
.

C
^

%
)

L
v

'(
I
,L

l)
.A

'D
.

il
'M

l
i
U

J
,

lF
k

*
c
i;

(J
J
4

-l
)

iL
I
)

.A
N

D
.

L
l=

S
L

l
.J

J
=

Ir
R

te
(J

J«
-!

»
C

J
J
l

tI
F

R
c
E

fJ
J
l

u
=

:'
+

l
[N

l
IN

I
•
;
i

I

5_
1=

0
m

11
X

C
N

O
(L

V
li

V
ri

it
lL

l
.i

T
iJ

."
N

.r
L

))
.I

'R
.*

{L
V

(
I,

L
1

1
1

SI
JB

L
I

S
f'

lJ
,K

,
L

I)
rT

t
I

.E
J
.

c
p

>
n

S
L

i
n

2
p

c
y

iR
h

.
F

4U

9
;

—
3



P4T.< PA rn

n.vn L»/{lfLl) _ .
SUaKf*' TIMCi jnP(I,J,K)
CO.-«r. j/hLOCK/I FKEt (10000) f FAIL » FREE

iNirOEP fAlL,FRFF
(K 0)

[=•:>

Lf'.NJ.J (LV( I ,l 1 ) , (_L1 .HO, NIL)) .OR, I LV( I»LI) t SU8L l$T I J t Kt LL) i IL 1 .EQ, SLD)

CCV) LV(I,Ll)
SM,."- :fTr!t j'.p(i,j|K)
C. :.'/l>LJCK>/IE':-•=( lOOJO) fFAILt FHFF

!-.ML , KF.HH
' .• .i'. (K .Vi-i 0)

A -st = <

JJ - J

1= ^

0=0

1 .'"O. 0)
fiO-n (LV( i ,L I ), Tl I .H"). NIL)) .OR. IL V( I ,L 1) i SUBL I STIJ tK t LI) t (L I .EO. SLU)

f I'N') LVI I , I I )

ST-'.JTINC KiPd.JtK)

C- >•'' 1/JLOCK/tEi'LH < lOOOO) ,FA!Lf FREE
lAILtFREf

'r. (K .P ). 0)

•<K = K

JJ = J

1 = 0
.N = J

1 .iU. IJJ-KK .^0. 0)
C)NI1 LVII,Ll) .ANO. SJOLISTIJtJJtLL) .AND. Ll=SLl .AND. KK=K

/0O

STATEMENrS RFMI N3 " T() 86 VERlFIfcO

"I ( LV( I f L1) ) .A.NO, ( J .E J.~ K)'i
•IMPLIES.

(iLVIOtLDfO ,60. -Ll+NILI ,0R.
(LVIO.Ll)tSOBLISI(JfK,Ll)tO .60,
-Ll + SLD)

(ILVIItLD) .ANN. (0 .NE. K) .AND,
<0 .EO. J-K))

.l-MPLIfS.

IILVIOtLDfO .6.). -LUNIL) .OR.
(LVIO.LI).SOOLISTIJtK.LI),0_.E0,
-Ll*SLi))

((LVdtLD) ,ANN. CO .NE. K) .AND.
to .NF. J-K)I
.implies.

"t CLVfO♦ LI))" .And. rsuffl'lSTlTTJ'tlitt



:3.

run LVCI.in .A.M. S"'1LIST{J,JJ,LI) .AND. Ll = SLl .AND. KK=K
?. t;\LL I.JSI HT( I,N, IFP.EC( JJ) )
CV IJ ELT(_4«-1 ,L I )= I n-hf: ( JJ) .AMD. CA'̂ t L11=I EKE EI J > .AND. KK=K .AND. LVdtLU
Cu mD •. A\i)' I-! L f S r {J , TFrP E ( j J +1) f L I» .AND. LI = SI I

"c"^ ID "TT( sA-iVL I »=T'Jj'i .AND. CAi<(Lll = iFRfe'£( J) .AND. KK=K .ANO. LV(ItLl)
H.i.MO .AMU. (j, IFREdJJ + U.Ll} .AND. L1 = SL1

jI:EdJ«• I)
N = N ♦ I

1 lJJ-K< .'fJ. d

C-.'i) (LVdtL I I , (LI .ED. ML)) .OK. (L VH «L11 >SUBLI ST( J,K ,LU t ( LI .EQ. SLD)

Cl JD LLT(\tl,l.l) = lEKtu( JJ) .AND. CAR( Ll) = I FPEt ( J) .AND. KK=K .AND. LVd.Ll)
C».Mi> .AMD. » triLI Srt J, IFHECt .LI) .AND. Ll=SLI

jj=ir^EP(JJ«-l)
N = N*-I

I .'vJT, (jj-<K. .tJ. 0) ' :
Ct.M') LV(I.Ll) .AM). SlJ.iLISTtJ. )J,L1) .AND. L1 = SLI .AND. KK=K

/o/

.AND. (0 .EU. -Ll+SLll)

((LVd.Lin .AND. ( SUBLISTC J, JJtLin
;ANO. (0 .EQ. -LH-SLl) .AND. (0 .CO.
K-KK))

.IrtPlIts.

(iLVdtLl)) .AND.
"( S'irtl I S T( J , IF REE (I ♦ J J > , LI ri . AND . C0
.EJ. -CA^(Ll»+IFR6e(Jn .AND. (0
.EQ. -ELT( UNtLldlFKEEdJ) I)

( CO .EQ. -ELT ( iVnVlH ♦ IFREEI j j iT
.AND. (O.ED. -CAR(LII«-IFREEI J) I
.AND. to .EQ. K-K<) .AND. (LVIltLD)
.AND. (SO'il ISTIJ.IFREEt dJJJtLl) I
.AND. (0 .EQ. -LUSLII .AND. (0 .EQ.
I FRFEt dJJ»-KK) »

.INPLIPS".
dLVd.LDtO .ED. -LdNiL) .OR.
(LV( I .LI) tSDHLIST(J,iC,Ll) .0 .EQ.
-LlESLl))

do .fcO. -ELTtH-N.LD + IFREElJJ) )
.AND. (0 .EQ. -CARILD + IFREEi J) )
.AND. (0 .ED. K-KK) .AND. (LVd.LD)
.AND. (SOBLlSTtJ.IFRFEt UJJ).L1))
.AND. (0 .ED. -LIESLl) .AND. (0 .NE.
TFkll ( dJ3)-KK)) •

.IMPLIES.

ttLVII,Ll)) .AND.
(SJBLISTtJ,lFrtEE(l*JJ).Ll)))

-3



P.1?) jXTd.-T.r)

?his s^i"broTitine is the sa.^.e as OOPPY "but returns
1=0 i-f* F=0.

VP ^.T PIOA'^"TOP:

Path 1: insiifficient assertion,

Ps.-th 2; Since "vCO.ll) and SU3IIST(J,K,L1) and .J=K,
hence 7:1=SI1,

Path 3t oiipilar to path

Path 4: Since the call statement has not been taken into
account, assertions here are not sufficient to be
verified,

Path 5: obvious.



3 ' . 3
1

3

t
%

\

' CC

% cc

• c

cc

\ cc

cc

^ ' r

i c

rc
r*

U

\ CC
cc

CC

\ cc

cc
CC

i r

FX^CNfT J=
LENJGTHCL) = (IF NIL THEN 0 ELSE LENGTHICDR (LI )♦!»
LV(LPtLr mfams the list value of lp is L
LV(LPtL) = (EF(Ki <l ..N) r, ((UlE.Kd), K(I) .L E.SOOOt
SP^CE<2vk(I)-1) s L(I)i SPArE(2*Km) » 2«K(I+l) -1),
I .IN. (I ..f:) )• LP » 2*K( I) - II
CNTLcN(f:UMSe.P) - CPUNTTNG TMt LENGTH CNUMBER OF SIGNIFICANT
DIGITS) PF NJMBEp

CNTLEN'(N'JMBERI= (IF NUrHEP.LE.9 THEN I ELSE CNTL EN (NUMBER /10) ♦ I)
MSU(NUP9ER) - f'OST SIGNIFICANT DIGIT OF NUMBER

MSD(NU-'BEP.)= ( !F NJMBFP .LF.9 THEM NUMBER ELSE MSD( NUMBER/1 0) I
I ALPHN(27)=I HO, I ALPHfi(28 »=IHI, I ALP.HN (29 )» IH2, I ALPHN( 30 l« IH3,
IALPHM( 31 )=IHA, IALPHN( 32I = IH5, I AL'»HN( 331 »IH6," IALPHN (341 =IH7 ,
IALPHN(35I=IH8, IALPHN(36)=IH9
TYPfc(L,II =#?EAL», TVPF( L,2 ) = *IMTEGER*, TYPEC L ,31 »*STR ING*
CTypE(NU, <STP I' 0* I •= U LPHN(NO*27), 0. LE. NO, NG. LE. 9

r.iJND TYPE(MUMPE? ,21, NUMBFP =MO _ „ _ _
INTEGCP FUNCTION FNCr |)E (NUMBER ) ' * '
CHMmc.K'/ALPHNU/I ALPHN(63)
C0MMr'M/3LnCK/SPACE( lOOOOI , IFQ,IFQO
INTEGfP SPACE,TNU>*, MUMBEP, COUNT,TEMP,AUORES,NTEN

C THIS FUNiCTTd; CPNVEPTS A NUMBER INTO A STRING , LEAVING OFF LEADING
r ZEROS _

IFLAG =0 " • - - -- • -
IFIMUNBEr.GE.OIGO TO B

IFLAG'l

MUMBEP=-NUMBEK

e ENCn[)F = r:CKCeL(0)
ADDPES'ENCOnF

COMD MUMhCf .GE. 0, (IFLAG=0, NO.GE. 0) ,' (I FLAG=1 , NO.LT.O I j '
CriNC ADDPES= FF.CriOE=' AO

TWUN=MUMBFF

3 |.\U''=T*:jv

C COUMT THE ND^'REP OF SIGNIFICANT DIGITS IN NUMBER

CJUNT=l

rCNl) (CrOMr=l .I^'. IMUM^TMJMI .or". (C0UNT= CNtLEN(INUM)-CNTLEN(TNUM)*l)
1 IF(TrU"-9) 4,4,2
2 COU^T=C'Jl!^'T♦l

INUM=rKUM/10

GO TP I

4 SPACEIAODP ES )=r ALPHNI TNUH4-27) _
COND COUM= CNTLE^'(INUM), TNUM= HSO(INUM),"
CCMO SPACEC1)DPFSI= CTYPE( TNUM, ^STRINGA), ADDRES= AO

CnuMTsCf'UM-l

IFICf.UMTI 6,7,6
6 TEMP;:fDnPFS

A.JDPES = MtKCEL(0 )
SPACF(TE*'P+ll=AODPF S

COfD (SPACEI AO+l eOQOES, mUNT.NE.O)
NTEN=l

1 = 1

CONO NTEN = EXPdO, ( I-ll )
5 NTEN=NTEN<--10

I = I ♦ I • • ~ •• ~

/i>3
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TOBEVEPIFIEO

CONDTYPE(NUMREPi2I.AND.NUMBER=NO"
INTEGERFUtCTIONENCfUFCNU^»BERI
CG^•^'^.N/ALPHNU/IM.PHNI63I

/BLOCK/SPACE<100001#IFO>IFQQ
INTEGCPSPACE#TNUM,MlMBEP.,COUNT#TEMP#ADDRES»NTEN
iflag=o
IF<t\0*''6GR.OF.OIGOTO8

!FLAG=l
NU'^BERa-MJMBCP

9ENCf'06=NF«CEL(01*
AuORES=F^CGnfe

CONDNUMBER.OF.0.AND.(IFLAG.EQ.0#N0.GE.01.AND.
CONDi,NO.LT.0).AND.ADDRtS=ENCOOE»Ab•"""

TNUM=NUVefcR
3luU^aTNUM

CGUNT=l

:OvdCOUNT.EO.l.IM.TNUM.EO.TNUMl.OR.CCOUNT.EO.
CPNDOlTLPiC)-C^4TLE^4(TEUM)*l|

1lF(TNU(-«y.LF.OIGO"TO4
2crjuriT=cour,T-n

TNUM=TNIIM/ID.

50TOl-

4•SPACE(AUDPESI»IALPHN(TNUM+271
CONOCJUNr=r'iTL€N(INUMI.AND.TNUM*MSO(INUMI.AND.
CCNOSOACF('0DCESI=CTYt»E('TfUM,#ST^NG*)".AND.~ADDRES^O^

C(!UMTnr.OUNT-I

IF(COUNT.EO.OIGOTO7

6.TEMP=£i)i)CCS

AODRbS=NPWCEl(0»

SPACE(TF-'P+l)=ADOi>ES
C^ND(SPACE(AO+I).EO.AUDPES#COUNT.NE.0)'

NrEN=I

!=I
CONDNTEN=EXP(IO,(I-llI
5MreN=tNTFN»10

1=1+1

•'IF(I.LE.COUNTJGO^tC)5——
TNUM=I\UF-TNUN'»NTEN

COFDTNU«=Ir';UM-FSO(I'4UKI*NTEN.AND.NTEN=EXPC10#(COUNT-1)1
Gf!TO3

7SPACE(AnnFES+l)=0

chadLV(FNCnoE,Ll1.AND.FlT(LENGTH(Ll)«L1)=SPACE(AUDRESI.AND.<(IFLAG
CGND.E3.0,N0.GE.01.OR.(IFLAG.EG.1#N0.LT.0)1

IFdFLAC..eg.OIGOTO9

NU'^t<EP=-NUMBFR

CALL14SEPT(CNC0DE»0#IALPHN(38)1
rONDLV(FNCJnE#L).AMD.((L.EG.LI#IFLAG.EO.0).OR.(ELT(1#L).EG.
COMDH-#CO'UL).FO.LI#IfLAG.FO.ll).AND._TYPECL#31
9RETUPM'"•

IIFLAG.EO.

/<•r

EFFECTIVERANGE

CIFLAG]

CIFLAG)
(NUMBER)
CENCODE!
(ADORES)

(TNUM)

(INUMl
(COUKTI

ICOUNT)

(TNUM)

(SPACE!

(COUNT!

(TEMP)
(ADORES)
(SPAC^)

(NTEN!

(I)

(NTEN!
(I!

(TNUMl

(SPACE)

(NUMBER)

EFFECTIVEDOMAIN

t)

()
(NUMBER)
(NEWCEL)
(ENCODE)

(NUMBER)
(TNUM)
()

1

(COUNT)
(TNUM)

(SPACE#ADORES#IALPHN#TNUM)

(COUNT1

(ADORES)
(NEWCEL)
(SPACE#TEMP,ADORES)

(NTEN)

(.1)

[INUM#TNUM#NTEN)

(SPACE#ADORES)

(NUMBER)
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PATH

NUMBER.

I'

. >

PATH

.CONO' TYPEIMUIBERf 2) ^ANO. NUMBERaNO _ _ _ . . ..
IKTEGE-' FUKCTICN ENCODE (NUMBERI
COMMCN/ALPHNII/1ALPHN( 63I
COMMCN/RLnCK/SPACE(lOOOOJ fIFOtlFOQ
INTEGPi< SPACEfTNUM,NUMBERfCOUNTfTEMPfADORES»NTEN
!FLAG=0
iriUMOF.s .GE. 01 _ _ „ -

B ENCn|)E=NtHCEL(0»
ADORES=ENCODE

COND NUKBEf .GE. 0 .AND. UFLAG .EQ. OfNO .GE. 0) .AND. (IFLA6
COND 0» .ATiD. ADORES=ENCOOEaAO

COND .TYPEINUMHFP.t 21 .AND. NUMBERaNO
INTFCFt- FUNCTTON ENCODE I NUMBER )
COMM'M/rLPHNU/IALPHNl 63)
CPfMr.N/rtLCCK/SPACE (IGOOO)f IFOf IFQO
INTEGE'^ SPACFtTNUMf NUMBER tCOUNTtTEHP» ADORES. NTEN
TFLAG=0

• MOT. O.'UMBER .GE. 0) .
IFLAG=l
M)VBFK= -NUMBER

8 ErCCOE = NCHCEHOI
/nD»'ES-ENC?DE ; . .

CGNO MUMRER . GE i 0 .AND. TIFLAGTEQ. OfNO .GE. 0) .AND. (IFLAG
COND 0) .AND. ADORE S'ErJC ode SAG

>EQ. 1»N0 .LT.

.EQ. r.NO .LT.

COND NUMBEF .GE. 0 .AND. (IFLAG .EQ. OfNO .GE. 0) .AND. (IFLAG .EQ. ItNO .LT.
CGNO 0) ,Af D, AODRtS=ENCnDE«Aq^

TNUM=MJMBE»'
3 IN3UM=TNUM

COUNTal

COND (rOUNT .EQ. I.Im.INUM .EQ. TNUM) .OR. (COUNT .EQ.
COND CMLEN(IMUM)-CNTLEN4TNUMi+l)

/fl7

STATEMENTS REMAINING TO BE VERIFIED

((TYPE(NUMBERr2)) .AND. (0 .EQ.
NO>NUMBER) .AND. (0 .LE. NUMBER))

.IMPLIES.
((0 .EQ. AO-NEWCEL(O)) .AND. (0 .LT.
-0 .EQ. IfNO) .AND. (0 .LE. 0 .EQ.
0»N0))

((TYPE(NUMBERt2)) .AND. (0 .EQ.
NO-NUMBER) .AND. (0 .LT. -NUMBER))

.IMPLIES.

((0 .EQ. AO-NEWCEL(O) ) .AND. (0 .LT.
l-NO) .AND. (0 .LE. 0 .EQ. -l*0»NQ))

NONE



. >

COND (COUNT .60. l.IH.INUM .EQ.' TNUH) .OR.*(COUNT .EO.
CnNO ChTLE*'( INJM)-CMTLEN(TNUM)4-IJ
I (TNU*'-«i .LE. 0)

A SP^CE(£Of)RES)=IALPHN( TNUM+27)
CCNO Cru.\T =CMrLE'''( IWUM ) .AMD. TNUMaHSp( INUH) .AND.
CONO SPACE(AOO=F.SI=CTYPC(TNUM,*SrRlNG*) .AND. ADORES®AO"

CGND (COUNT .EQ. l.IM.INUM .EC. TNUM)
COND CNILEN( I NUV)-C NTLEN (TNUM) 4.11
1 .NOT. (TNlJM-9 .LE. 01
2 C(?UAT®njMT4.l

TNUMsTNUv/lO
COND (Cn»)NT .hO. l.IM.INUM .EO. TNUH).
COND Cr.TLeN(IN»JM)-rNTLEN(TMUM)4l)

.OR. (COUNT .EQ.

•OR. (COUNT .EQ.

COND

CONO

7

COND

COWD

CnUNT=CNTLEL(TNUM) .AND. TNUM=MSD(INUM) .AND.

spxce(aod-^es)=ctype(tnum,#string*) .and. A0DRES®A0
cr.uNT=cnuriT-i

(CCUNT .60. O)
SPACF(ftODRES4l)=0

LV(ENC.'JDEf LI ) .AND. EL T(LEMr*TH(L 1 )tL I)® SPACE( ADDP ES)
0,N0 .GE. O) .CP. (IFLA3 .EO. liNO .LT. 0))

.AND. ((IFLAG .EO.

/o^

(((0 .EQ. COUNT«^TNUN) .OR. (0 .EQ.
l^^CNTLENC 1NUM)*CNTLEN(TNUPI-CCUKT)1
•AND. (0 .LE. 9-rNUM)l

• IMPLIES.
((0 .EQ. AO-ADDRES) .AND. (0 .EO.
CTYPE (TNUH,* SIR ING»)-IALPHN(27«-TNUMl»

•AND. (0 .EO. MSO(INUM)-TNUH) .AND.
(0 .EO. CNTLEN(INUMI-CCUNTn

(((0 .EO. COUNT4TNUM) .OR. (0 .EO.
14CMTLEN(INUM)-CNTLENCTNUHI-CCUNT))
.AND. (0 .LT. -94-TNUM))
.IMPLIES.

((0 .EQi. 1-1H.INUM4.C0UNT4((TNUH))
.IMPLIES. ((10))) .OR. (0 .EO.
CNTLEN(!NUM)-CNTLEN(((TNUM))
.IMPLIES. ((10)))-COUNT))

((0 .EO. CNTLEN(INUH)-COUNT) .AND.
(0 .EQ. MSD(INUM)-TNUM) .AND. (0
.EO.

CTVPE(TNUMt«STRING#)-SPACE(ADORES))
• AND. (0 .EO. AO-AODRES) .AND. (0
.EQ, -14-COUNT))
.IMPLIES.

((LV(ENCQDEtLl)) .AND. ((O.LE. 0
.EO. -IFLAG4a,NOI .OR. (0 .LT.
IFLAG-NO)) .AND. (0 .EO.
-ELT (LENGTH(Ll)»L l)«^SPACE(ADORES) ))
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CHNO CbUNT=CNTLEN( I Nl'Ml .AK'0« TNUM«MSO(INUMI .ANO,
CONO SPACE (AOO'^ES )=CTYPE(TNUMt»STP ING*) .AND, AODRESsAO

CCUNT=COliNT-l
,NOT. fCDUMT .EQ. 01

6 TE'1P=A0DP.ES _
ADUPEScNtWCElCOl '
SP ACE(TE^P + lJaADOPES

COND f SPACE • EO. AUDFESt COUNT .NE, 01

conn ISP4CE(A0^l) .EO. AOOREStCOUNT .NE. 0)
AfTEN=l

I«l
CCNO NTEN=FXP (lOt n-l > I

COND MTE?: = EXO( 10, (I-in
5 MfcNsNTEN'SlO

I«I*l

(I .IE. COUNT)

CCNO NTEN=FXPI10,(T-ln

CONO NTEn=tXP(10,II-l»»
5 NTE\'=NTEM«10

UI^l
.MIT. 11 .LF. COUNTI

TMIMs INUM-TNIIM*NTEN

COND Tr;UM=INOM-MSD{ INUMJPNTEN .AMD. MTEN= EXP (LO, I COUNT -111

/®/

((0 .EO. CNTLENCINUM)-C0UNT1 .AND.
(0 .EQ. MSO( INUP)-TNUMI .AND. (0
• EO.
CTYPEITNUM, i^STR ING* )-SPACE( ADORES) )
.AND. (0 .EQ. AO-ADDRES) .AND. 10-
.NE. -1+CUUNT))

.IMPLIES.
((O.NE. 1-COUNTf SPACE (l^AOn )

((0 .NE. SPACEll^AOni
.IMPLIES.

1(0 .EQ. -L>EXP(LOtOn )

((0 .EQ. EXP( lO,-l+n-NTENJ _.AND. JO
.LE. -l + COUNT-in

.IMPLIES.
((0 .EO. EXP( LOf I HIOPNTEN))

(10 .EQ. EXP(lO,-i*iy-NtENJ .AND. iO
.LT. l-COUNT»in

.IMPLIES.

(10 .EQ. EXPdO,-1 ♦COUNT I-IOPNTENI
.AND. (0 .EO.
-IOPHSD(INUH)«NTEN^LOPNTEN))
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12

13

COMO TK'UMaI>iUM-MSOnNUM)*NTeN .AND. NTENsEXP I10» (CGUNT-l))
3 IKuMsT'IUM

CGUNT=1

CONO ICrUNT .FO. l.I'^.INUM .EQ. TNUH) .OR. CCOUNT .EO.
CCNO CKTLEMI NU*1)-CNTLEN{TNUM)*1) •

CONO LViENCOMEtLl ) .^NO. ELT(LENGTH(L 1)tL 1)= S.PACE(AOORESI .AND. ((IFLAG .EQ*
CDNO OiKO .OC. 0> .Oft. (IFLAG .EO. 'ifNO .LT. 01)

IIFL.'^G .EQ. 0 1 " " "• *
COrO LV(Ef>iCn)E*L) .4K0. ((L .EG. LI, IFLAG .EQ. 0} .OR. (ELT(ltL) .EG.
CONO IH-fCCfL) .EQ. LI, IFLAG .EG. 1)1 .AND. TYPE(L,3)

CONO LV(EMCGOF,Ll) .AND. ELT(LENGTH!LI),L1)=SPACE(ADORES) .AND. ((IFLAG .EG.
COHD 0,N0 .Gt. 0) .tjp". (IFLAG .EG. l,NO .LT. 0))

.NOT, (IFLAG .EQ. 0)
NUMBhP=-MUM8Fft —

CALL lNSCOT(ENC0D6,0,IALPHN(38))
CO^•D LV!EMC(?DE,L) .AND. ((L .EG. LI,IFLAG .EG. 0) .CR. (ELT(l,L) .EG.
COND •lh-,CDR(L) .EG. LI, IFLAG .EQ. D) .AND. TYPE(t,3)

HO

NONE

(<n . :
.IMPLIES.

C(LV(ENC0DE,L1)) .AND. (0 .EG.
-E LTI LENGTH! LI) tLD^SPACE (ADORES ))
.AND. ((0 .LE. 0 .EG. -IFLAG^O,NO)
•OR. (0 .LT. IFLAG-NOI) .AND. (0
^EG. IFLAG) .AND. ((LV(ENCOOE,L))
.DR. (0 .EG. 1-,CDR(L)^L-L1,IFLAG))
.AND. (rYPE(L,3)))

((8))SO OCONDLV!ENCOOE,L) .AND. ((L
.EG. LI, IFLAG .EG. 0) .OR. (ELT(1,L)
.EG. 1H-,CDR(L) .EG. LI,IFLAG .EC.-"
1) ) .AND. TYPE(L,3)0 OS))

.IMPLIES.
((LV!ENCODE»L1)) .AND. (TYPE!L,3))
.AND. (!LV(ENCOOE,L)) .OR. (0 .EG.
1-,CDR(LI*L-L1,IFLAG)) .AND. (0 .NE.
IFLAG) .AND. ((0 .LE. 0 .EG.
-IFLAG«-0,N0) .OR. (0 .LT. IFLAG-NO))
.and. (0 .EG.
-ELT (LENGTH(L1),L1)«-SPACE(AD0RES)))



2 A "5) )

TV<e ar<''"iir!ent to '̂ •TCop'̂ ^ is an ii^te'^er and the function
returns a strinfr re'oresntin'^ that niTmher.

eyam^le:
resu?-t : the strinf^ "-P'76" is retimed. •

T-mT^TO/'TION:

Path 1: insufficient verification condition, since PTJFCTION
C^LL has not been iranlenented into the verifier.

Path 2: Similar to path 1•

Path 3: proved.

Path 4: insufficient verification condition.

Path 5? insiifficient definition for assertion.

Path 6:insufficient verification condition, ;* • •

Path 7: insiifficient defintion for assertion.

Path 8: Similar to above path.

Path 9: Similar to path. 8,

Path 10: Similar to path 1,

Path 11: proved,

Path 12: insufficient verification conditions.

Path 13: Similar to nath 7.
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C THr*^ST^IMa. STf. rf'U - I'T'-'TiC-Lt THIS SU^rC-'J'IPIjiURN
C V-'LU? Or P'•-v P'-lL. (i^ 30Th r-Tr;IrG?. f:JLLf f-Rz
C PIPrr>-'-0 >) IP 5;T?TiJ^-S «'-'v I'a !"*l^TTCAL» PAIL IS
C i^ETUPN'PC-i s - ^1**

F^U=0
5.T^I=ST"!Ml
f:T^2=5TKTN'2

C CHC-CK TP sf-Tr-Gl -IP S'̂ INCZ Af'.c ^I'LL "P. '00- P-S SAV- LGCATtOM .
CC ':f • P' !L =0»I r T» r I ^(0T" 11) «L ' ?T,P^;- {! "2 »L 2) »«-LL (" ( ^(i< tL1) -. I'''IKfL2 )t
r' "j:*^ •K» 1 ♦ L»-TH ( £' •/L I r ~ ( 3 I" •i, S7'H »LI) ) ) ? «...
CC^ii• <LPN:GTH{SUe L: STCSTr-nUfS-^^ 1,L1) )FLF.-:GTH(SU3LIST(STRIMtSTR2f L2J ))

1 !F(rTF 1-':''F2> 7,t,7
7 TF( .7T'r i ) 2f 3,:^

2 IF(3Tw2) 3f^>f3
C s'' *LI •' CH/ ^ ' CT ' "' i'.t." TP F**''! AMO TIP/

; 3 = r: ( ; T^ 1)
CH*F2='"? 'C • (-7*^2) ' .

c TirST IP
F 'r 2 )

C GET NOXT CH/rtACTlR i'r^Jf-cSS
4 5TPi=?p;r ? (^' - i^i)

STP2 = SP.';f - (ST':';>>I)

GO TC 1.
5 p'IL=1 . ... t -

Cr nD (p'a !L-1» X1T I* (!< ♦ I 1) •*'L •PL"''(KfL2)fi* fltL '̂o >i(LI)))^«r'''*
Cr.X'O (<FiilL=0)*jfLL( -L*(K»Ll)=niT(K»L2)fKfltLr i'o.HCLl) )»CL zNG ; H(L1) =
CC?:0 L""'G'F (i 2 ) ) ) —
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2.14) IDENT(STRIMI.STRIN2)

This subroutine checks to see whether or not STRIN1 is

a string that is identical to the string STRIN2. If so, PAIL

is set to 0 and if not, PaIL is set to 1• 3TRIN1 and STRIN2

^ may or may not he pointers to the same string.
example: STRIN1 = "SAME" STRIN2 = "SAME"

result : PAIL = 0

^ The verification conditions of the paths are:

Path 1 With the properties that LENGTH(SUBLIST(J,J,L))=0

and ALL(P(X),X,1,0)=.TRUE., the verification

condition is simplified to (LV(STRIN1,L1).AND#
LV(STRIN2,L2)) implies (LIST.PIR(STRIN1,L1).AND.

LIST.PIR(STRIN2,L2)).

Path 2 The verification condition of this path is

(ALL(0.EQ.-ELT(K,L1)+ELT(K,L2>,K,1,LEN(JTH(SUBLIST(

STRIN1,STR1,L1).AND.(O.EQ.-LENGTH(SUBLIST(STRIN1,

STR1,L1))+LENGTH(SUBLIST(STRIN2,STR2,L2))).AND.

(0.EQ.STR1-STR2))

implies

(O.EQ.PAIL,ALL(O.EQ.-ELT(K,L1 )+ELT(K,L2) ,K, 1,

LENGTH(L1 )),(0.EQ.-LENGTH(L1)+LENGTH(L2)))

Path 4 The verification condition of this path is the

same as Path 3 except (0.EQ.STR1) in the hypothesis

is replaced hy (0.EQ.STR2).

Path 3 The verification condition of this path is

(LIST.PIR(STR1,L1).AND.LIST.PIR(STR2,L2).AND.(O.EQ.

-LENGTH(SUBLIST(STRIN1,STR1,L1))+LENGTH(SUSlIST(
STRIN2,STR2,L2))).AND.(0.NE.STR1-STR2).AND.(O.EQ.STR1))

^ implies

• (PAIL.EQ.1,EXISTS(ELT(K,L1).NE.ELT(K,L2),K,1,LENGTH(L1)).

//(f



^ path 5 The verification condtion of this path is
(the whole hypothesis of the path)
implies

(PAIL.EQ. 1, EXISTS(ELT(K,L1 ) .NE.ELT(K,L2y,K, 1,LErTGTH(L1) ) •
Path 6 The verification condition of the path is

^ (the whole hypothesis of the path)

implies

(the whole conclusian of the path)

The verification of this path depends on the

^ property that LENGTH(SUBLIST(STRIN1,SPACE(STR1+1),
L1))=LENGTH(SUBLIST(STRIN1,STR1 ,L1 ))+1, for
(SPACE(STR1+1)•NE.0).
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c> 2.16) INSER'JCSTRIP'S.ELEM.DaIA)

This inserts the character DATa into the (£L3i!+1)-th
position of STRING.

example; STRING = "INSERT" = 1 DATA = 1HN
result : STRING = "INSERT"

The

Path 1

Path 2

Path 3

Path 4

Path 5

Path 6

Path 7

verification of the paths are:

Verification condition is obvious.

Verification of this path is not clear. There

seems to be some insufficiency in the concluding
assertion.

By mathematical manipulation of the hypothesis, it
can easily be shown that ELEM=1. Thus the
verification condition is obvious.'

By mathematical manipulation of the hypothesis, it
can easily be shown that BLEM.GT.1. Thus the
verification condition is obvious.

It seems that the statement (ELEM.LT.LENGTH(L))
must be added to the initial and final assertions

of this path for the verification condition to
be sufficient.

With the hypothesis implying (J=ELEM), the
verification condition is obvious.

Some refinement of the mathematical function

CDRN(I,L) is needed before the verification condition
is sufficient.
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2.18) ipim-yj, J

JOTTi^pTj first; o"^'?A"tes r®*7 '=?t:'^'''r^ '•^"''••10''̂ Is tT'f5"t
00"^""' of ttnp "^' is Sit V-IT, 'vitb ^ ^is "the

a??<~uj!i9iit. The result of the caJ.l is that toVens t:o'^ certain
relational a.nh l ogical c^eretop-s• are rerlcoed v/j th strin,<''s
tha.t can he nore easil^r roro., f'he res''iltin"" strir.'^ ¥.. is
printed "by JOTTPPU, be'^ir.nin'^ at the "nositior. liSTART of the
line and yoiny to the next line after characters or
a,fter the first "blank he.'^ore th character if the
MLhllGQ)—th character is not a "blank.

VERIPICATION:

Most of the paths are readil^^- verifiable, except
paths 11,13,15,17,19,21,23,25,27 since these paths
involves output statements that are not implemented into
the verifier.
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2.19)

'j'bis sul^nroii'tin6 m6T6X7/' dsleiies "b^e last chs.ractsr
of the strir."" and returns that cell to the strin^^
of available space.

VFRIFIOATIOP:

^ath 1: Since ) and TS?Ar'"^(>pAT/rn)+i )^o, hence
) )="-L?(1,11). Since

IS?AC3(isPACK(NAr''rR+1 U1 )=0, therefore
ISPACE(lSP.ACP(WAAr:i+1) )=^I^'(l3Nn-Th(li1) ,L1 ) .

Path 2; Similar to the above rath, except that
IS?ACE(lS?AnE(iT.A>TT5+1 )+1 )?^0. Hence
IS?ACE(IS?A0E(NAME+1) )?^Elt(TEFGTH(l.1 ) ,L1 ) .

Path 32 insnfficient assertion.

Path 45 Similar to path 1 and 2,

Path 5: similar to path 4.

Path 6: obvious.
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2»?.0) I-EH (3IOOL, Wm, )

This subroutine works like the L^iT function of
Si^TOBOL, It sets ENDL to the th character of the strin®"
SliOOI.

e?:anple: SLOCL = "27TH" end HUM = 3
result : El-iri is a nointer to the thirr" character in

the string "27TK",

^/i:ri?ication:

PATH 1: Since I>HJK=0, the conclusion is true,

proved,

proved,

PATH 2

Path 3

PATH 4 Since I;njM=1, hence Ly(SLOCL,CDRN(-1+1^,L))
becomes LV(SLOCL,L) which is true.

PA7H 5: (0 ,LE, NUM) and (.HOT.(0=NUM)) imolies
(0 ,LE..-1+Nm4), Since CI)RH(0,1)=L* hen
LY(SL0CL,CDRN(0,L)) is true.

PATH 6: (0 ,LE. -H+NUm) and (0 .LE, T^T-NUM) implies
H=FUM, Therefore LV(0LLP,Cr)RIT(-1+NIIM,L))
becomes LY(OI;I)P,CDRH(—1+H,L)) which imolied
by the initial assertion,

PA.TH 7: proved,

PATH 8: Since P=SPACE(1+0LDP) and LY(0LDP,CDRF(-1+T'%L) ),
hence LV(P,CI)RIT(H,L) ), Since NUN=N+1, therefore
LV( P, CPHH(-1+NTTP1, L) ) .

PATH 9: (O ,LE, F-ITOO is false, hence (O ,GT,
which proves (0 .LE. -l-N+^TO^lO. LV(P,CDR.H(N,L))
is proved in the same vray es in •oath 8.
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2.31)

fwp/h'i, T^er^oves a cell rrom the of available

space and returns a "oointer to that cell. It also checks
for over.flov,'"s, vrhen the strin.^ of available space is
erpty.

V3RIPICATI0N:

PATH .I: Since L¥(?rffl5,I,), therefore SPACB(PREE)=CAR(Ii)
and 1T(SPACE(1+PRSS) ,roa(T,)) holds.

PATH 2; By the properties of LIST this path is true.
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This sv-hTOvtiris ir ov^qt "to ci?6c?.*t6 g.
^0w gt/i'ln-T '7ith "**-h9 c't^^rpcfcer ir" ii.

exG.Tn'ole: T.a = 1F*
result : STP.I!;''"- =

VEFIFI'^ATION:

PATH $: Assertion is insufficient. The function
NMC-'rr hes to be defined.

PATH Since SPACE(STRTHCt)=CAR(I-) , therefore STRIFG
is- the initial pointer of L. Hence LV(STRING-,L)
is ti"ie.
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2,23) '*0(':T-•.^.atth>

•poT T <5 sni; "to •'^oi'^-'t to !f7..'̂ ??"t
"^osi'tioTi in t/no s'^irin'^ '^j'T\ ''/heno no'no of "tho c^anacters
of "the "r~,0'"!"'n T-*p.to"7P'̂ , "^ov .ANC=1, onl'''' "ths firs't
ch?!r?.c"t6n ofoS^ '^•''F'\ i? chool'o^^.,

e'^arrnlo: SIO^NA ^ ai\tOs=o ^ PLOHIta _n
rosuit : pT'r-.i-TA poT^Tr-^ m!q iiQt'̂ first character of

SPOnPA.

VP.RIPICATIO";

Path 1: Since STj0CNA=0, L1 is nil and therefore by
definition the conclusion is tm.e.

Path 2: Since SLCsLOO!-a , SLOCNA,7.1) , SH is nil.
SPACE(3L0CFA-)?^S?AnHj(pi.0C7TA) and JV(PI0C?TA,L2)
implies ALL(SPACP(3I0CNA)^ELT(J,L2),J,1,LEFaTH
(SUBLIST(PL0C1TA,S?A0E(PL0CHA+1 ) ,1.2;) ) .

Path 3: Since SPA0E(PL0CNA)=SPACE(SI00MA), hence
ALL( EXISTS (J, 1,L2,1,1 , SL( SLOOM, SPACE (SL0C7TA+1 ) ,
il))).

Path 4: ALL(EXISTS{J, 1 ,L2,1,1 ,SLfS1.-0CFA,SPACE(SP+1),
L1) ) ) implies EXIS"^S(CAR (11 )=EIT (J,12), J, 1, LEFG-TH(L2 ) )

Path 5: ALL(EXISTS(J,1,12,1,1,SL(SIOCFA,SPACE(SP+0,11)))
has not chanc'ed. SP.AOE(PJ.OCFA)=rSPACE(S?ACE( SP+1; )
implies ALL(EI.TCJ,L2)=SPA0E(.SPACE(SP+1 ) j , J, 1,
LENGTH( SlTBLIST(?IOCFA, SPACE(PLOCFA +1) ,L2})).

Path 6: Since AIL(EXISTS(J, 1,1.2,1,1 .SL(SL00FA,SPACE(SP+1 ) ,
Li))) and SPACE(SPACE(SP+1)}=SPACE(PL0CFA),
hence ALL( EXISTS (-J, 1 ,L2,1,1,SL(SJ-0CFA, SPACE! SPACE
(SP+1)+1),L1))).

Path -7: Since ATjL(EXISTS(L, 1 L2,T , 1, SL(SL-OCFA,S?ACE(SP+1)
Li))) and SPACE(SP+'';=0, therefore
ALI'(EXISTS( J, 1 .E2,7,1,LI) ^ a.n'̂ ' ?^Tc;f^cCr!/p(T 1)=:
ELT (J, L2 ) , J, 1, LBNGTHC L2) ) .

Path 8; AIiP(PXlSTS(,1,1,1.2,1,1,SL(SLOCNA,SP,1.1))) is
not changed.
Since ALL(ELT(J,L2^:<^vSP4CE(SP) ,L, 1 ,LET"^G-^H(STTBLIST(
•^LOCFA.SPACE(PP+1 ) .7,2) )) p-n.c S'̂ AC:'(:SP)5f^.SPA0E(SPACE

. (PP+1)), hence ALL(ELT(J,I.2);^3PAC]'](SP) ,J, 1,I.EFG'nH
(SUBLIST(PLOCFA,space!SPACErpP+1 )+1),L7n).

r7i



•Dstv, O. ciirif.c. AT-.(-'rTC;.;.qr.T.1 ,T.2,I,1 ,?T(S1.00'i.A ,0?,L1)))
^ev.oe

Ai-,r..-/fs"'F(-T;i ,T--?-,T,i ,si,(giociiA,sPAG-;(s?+i),
1.1)}).

Path 10: sTTY,T.raS'i'S(.T,1 ,T.-2,r;i:,SI.(ST,0CiW.,SP,I.l)))'is
CP(S?) =^PIP(-J ,I--2) ,J, 1,T.a'OTH(SPBI-I;SP

(PT.0C!'A,S?.A.CP'(?P+1),I:2))) sriA
SPAC'^P+1)=0
TTTl'nliSS / \\
Ali*(SPACF(SP)^35I-T( ,J,1 ,LE1^^C-TH(L2)) .
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P^9/I ) I • T̂T'Tr.~"Y )

This frmction retiims a "oointer to the character
hefc^e ttie ott'-practer •pointeo to by I^TDf.-X in the striny
STXriICr.

V3RT?I0.'\ T :

Path 1: Since TFPTX=ST?.ITTrr, the conclusion is true,

ppth 2* TFnPY=^PAnrf'gfpRTTT(;+i) is not cha.nyed. In addition,
• since RVTSTS(^pt(TI+1,I.)-?/0P(IFP^X),TI+1,!,

LENGTHCI.)), therefore ^
EXISTS(?LT(II,L).=S?ACR(STRINrr) ,11,1 ,t,ENGTH(L) ).

Path 3; IFPEXj^SPAOECSTRING+I ) is unchano:ed in the path.
Since PYTSTS(ELT(II+1,L)=3?ACE(IFEEX),11+1,1,
I.ET>TCrTH(L)), hence EXISTS(ELT(II ,1)?^SPA0E(STRING) ,
II,1 ,LENGTH(X.)).

Path 4; This path is similar to path 2 with NPNTR
replaces STRING.

Path. 5: This path is similar to path 3.
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?, 25) 3P.A f•! ('^j I•OC S."R'Rrr^ , ANQ )

S''"-OCJ^=p\'''b"^eot ptrin«^
PLO-S=t^c ttern strin'^'

BFG-3 and "^"^-TDS i? set to the herinnin^ and end
res-nectively of t'-^e Tratched. snbstnin'^. If rratch is sncessfnl,

and K-irS are set and ^AIL is set to 0,other^'i3e,
is set to1.

Path 1; Since SL0CS=0, hence I1=nil.

Path 2: proved.

Path 3: Since SL(SL0CS,SL0CS,L1). SL1=nil.
SPACP(PTjOCS)=S"paCF(SIOCS) is not changed.

Path 4: Ap^ain SL1=nil. Since SPACF(SL0CS)^SI!?ACE(PL0CS) ,
thdrefore AJ.L(S?AOF(SIOCS)?^PLT(J,I.2) ,J.1.
J.MCtIECSUBLISICPLOCSjSPACPCPLOCS+I ) ,L2) )).

Path 5: SPACS(S?)=SPAOTi)(SPACEfPP4-1)) is not chan??:ed.
ALL(AJjI(J,1 ,1)2,1,1 ,SL(SL00S,SP,11))) is also preserved.

Path 6: Similar t o path 5#

Path 7: Since all conditions are nreserved, the conclusion
is true.

Path S: Since ALL(SPACE(SP)^ELT( J,T.2) , J, 1 ,LEMGTF(STJBT:IS'?
rPLOCSySPACFC^F+l) ,12))) and. SPACE(PP+1 ^=0
and. AI-I(AI;I-(J,1 ,L2,T,1 ,SI-(SLCCS,SP,I.1))) , hence
.AIP( ALI.( J, 1 ,L2,1,1, ST,( SLOCS, SPACE( SP+1), J-1 ) ) ) .

Path 9: Similar to path 8.

Path 10: AI:l(AlI:(J,1,I.2,I,1,SL(SI0CS,S?,hl))) is not
changed.

Path 11: SP.'*CP('^'JjOCS)=SPACE(S?/ICP(S?+1 )) is not changeci.^

Path 12: Similar to path 11.

Path I'?: Since ''PAnEf-PT.oosWtipAnECSPACE^SP+l)) hence
.ALI(SP.rt r!E( ST^A0i(SP+1) ) (J. I^P ), j , 1.

• (STJBX.IST(PI.OCS,SPACP(PiCOS-'-1) ,12))).



r>ith U: ATT (.il.T.(j,i ,12,1,1 ,f?T.(SI,OO.S.^P.M ))) has not been

Path 15: Sirpilar to r^ath 1A,
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STOCS'.'sfiV07f^cfc •'?'t??ir'^
P?i'OCSCO='^c.t.t0'^n

AA •t^i3 "np.'t'b©!?!: is r. siibsiTi"^."' of "the
friT'iTi^ i^02? ?. ^^"tch. is n^0.cQ,ir- i^n^inc^or^c' inods,
and BITBST is set resnectiTely poii^t to the be.^inninf;
and the endin.'^ oha.ra.cters of the leftrnost match in the
snhject strin.^:. If AFC=1, anchored mode then the matched
sii.bstrinp must "be an initial substrinf^ of the subject
strinf,

VERIFICATION:

Path 1: proved•

Path 2: Since IVCPLOOS^jia) and SPACE(SI.0CST)=SPAC5(PI0CSa'),
hence S?ACE(3I,0CS!D)=CAR(r.2).

Path 3' insufficient assertion.

Path 4: proved,

Path 3' same as path 2.

Path 6: Since 1I3T.PIR(I,L1) and IaST.PIR(J,L2) and
SPA.CE($PACE(K+1) MSPACE(PIOCST) ,
hence S?ACE(I);^SPACS(J) is tn.\e.

Path 7: proved.

Path 8: insufficient assertion

Path 9: insufficient assertion

Path 10: proved.

Path 11: insT7.fficient assertion

Path 12: Eince EIISTS(El'"(1,11 )=FI:T(I,X.-2\ 1,1 ,T,ENO^^rSTJBLIST(
Y,SIA0-'KKJ+I ) .II ) ) ,1,1 ;LENCr'"H( SUIIIST(PLOCST '
S?ACE(l-i-l),I2;)) and 0E( SP/^ C^( J.-?-1 ) )=S^A CM-^PACEC
KP+l)), hence
EXISTS(EI'^(I,Li )=ET,m(j^n?) ,1,1 ,T.-:?TirrrTH(SlTBI:IST(K,
SPACE(SPF0E(iO-'+1 )+1 ,11 )) ,J,1 JEN^^THCSUBUST
(PI0CS'^,SPACE(S"pACE(L+1 )+1) ,L2)).

J^o/



c

\

3-

c
\

•'€i

2-

.r

1

C

CC LEKGTH(L) = (IF ftTL TH-jrv 0 AS. LENGTH (Cu-^ (L) )+ 1)
cc ^LL(F(x»,x»:tL) .If. (r(x)t x.r).(i..jj)
CC EXISTS(F(X),X,I»J) .!N. (X),I.LE.XtX.Lr.J)
C CCVP(L?tL3) TS TH"- CIT tqn r.ir LToTS L2 AND L3
CC L=Cr'Nr(L2tL3) .1'. (A LL ( "L"^ (K , L ) = r LT ( K, L? ) t K, 1, L=V:;th( L2) ).00«
CC ALLC- LT(KtL)=rLT(K tl'3) t Kt L=-.!;GTH( L2 ) >L rNG'^H (LL) U LENQTHd ) =
CC tcf 0TH(L2) + L?: r'C"^H( L3) )
CCNO LV(!lfLl)» LV(I2»L2)f LV(r3,L3), LVd^tL'VIf LV(I5tL5)f
CC.O LV(I6,L6d LV(I7,L7), LVdStLS)

SUBPCUTIN-: Cj^ {! It 12♦ I 3 »14, I 5,16, ! 7118)
CALL CC5NCAT(Il,Il,r2)
CALL CG7Cd(!l,Ti,I3) ^ ;
CALL CCCCAK

CALL CCNCAT(Il,Ilf15)
IF (I6.cQ.O) GO "^0 1

CALL C0CTAT(!l,IltI6)
CALL CCNCAT(11,11,17)
CALL CCMCAT(I1,!1,I8)

CCNO LV(IltL) , L= CC.VP(CQr^P(CCMP(CCVP(C0-^P(C0.v|P(CCMP(LltL2)fL3>t
CCND L4)tL5)tL6),L7),L8)
X AFTUPN

ENO



o*
:

i
.

J

P
R

O
G

F
^M

T
O

fl
t

V
c
R

IF
I=

0

CO
N

D
L

V
d

lf
tl

l
.A

fJ
D

.
L

V
(I

2
»

L
2

I
.A

N
D

.
L

V
fI

3
tL

3
l

.A
N

D
*

L
V

(I
^

iL
4

l
.A

N
D

*
CO

N
O

L
V

fl
S

fL
3

}
.#

N
0

.
L

v
n

6
,L

6
l

.A
N

O
.

L
V

d
T

fL
n

.A
N

D
.

L
V

(l
8

tL
8

l
SU

nP
O

U
T

IN
t

C
C

N
I'

II
,
I2

iI
3

#
lA

,
I5

tl
6

#
1

7
tI

8
l

C
A

L
L

C
O

fJ
C

A
T

d
lt

l
1

,
1

2
)

•
C

A
L

L
C

O
V

C
A

T
C

1
1

,1
1

,1
3

)
C

A
L

L
C

rf
!C

A
T

M
l,

l
1

,
1

A
|

C
A

L
L

C
O

N
r
A

T
I
I
l,

r
i,

1
5

)
IF

I
16

.t
o

.
O

IG
O

T
C

I
c
a
ll

C
O

f
C

A
T

f
lU

ll
i

1
6

)
.

C
A

L
L

C
O

N
r.

A
T

tT
l,

n
,

1
7

)
C

A
L

L
C

C
N

C
A

T
n

i,
n

,I
8

)
C

C
N

P
L

V
tl

lt
L

)
.A

N
n

.
CC

ND
L

«C
JM

P
|C

0H
P

ai
}h

P
IC

U
M

P
(C

0M
P

IC
C

M
P

(C
C

iM
P

fL
l»

L
2)

,L
3)

,L
4K

L
S

i,.
L

6)
,L

7)
,L

8i
1

K
fT

U
R

N
•

'
iN

O
.

)
.

-
)
0

E
F

F
E

C
T

IV
E

R
A

N
G

E
C

F
F

E
C

T
IV

C
O

C
H

A
IN



P
A

T
H

N
U

V
M

cK

o
^

.
o

3

P
A

T
H

r!"
Nn

«^
ND

.
LV

CI
3.

LH
.A

ND
,

LV
I1

4.
L4

I
.A

ND
.

t,V
ll5

,L
SI

C'
-N

O
.A

N
D

.
L

V
(l

6
tL

6
)

.a
N

D
.

L
V

U
T

fL
T

)
.A

N
D

.
L

V
tl

B
tL

B
)

S
U

P
P

ru
T

IH
r

fO
N

fI
l,

I2
»

I3
,I

A
,1

5
fI

6
,I

7
»

I0
l

C
A

L
L

C
0?

4C
A

T
(
I
I
,

I
l,

I
2

J
C

A
L

L
C

O
?c

fA
T

I
1

1
,1

1
,1

3
)

C
A

L
L

•C
C

'I
C

/T
(I

I,
I1

,I
4

)
Cf

tL
L

C
»

3
N

fA
T

n
i.

II
.I

5
)

(
1

6
.C

O
.

0
)

C
IN

Q
L

V
d

it
L

)
.A

N
D

.
CO

ND
L=

C
C

K
PI

C
?M

F(
C

C
H

P(
C

nM
P(

C
0M

P(
C

0M
PI

C
0M

P(
Ll

,L
2)

,L
3)

,L
4)

,L
5)

,L
6l

,L
7)

.V
8)

CO
NO

L
V

(1
1,

L
1)

.A
N

D
.

L
V

(l
2f

L
2)

.A
N

D
.

L
V

(I
3,

L
3)

.A
N

D
.

L
V

(1
4,

L
4)

.A
N

D
.

L
V

(1
S,

L
5)

CO
ND

.A
ND

.
LV

II6
.L

6)
.A

ND
.

LV
II7

,L
7)

.A
ND

.
LV

(I8
,L

8)
'-V

IJ
S.

LJ
)

ty
?

£
X

y
IL

^
i_

C
C

.N
i_

11
J.

L
2

,I
3

*
lA

,I
5

fI
6

.I
7

.r
6

)
C

U
L

C
G

N
C

A
T

U
l,

1
1

.1
2

)
C

A
L

L
C

i/
N

r
A

T
(
ll

,I
l.

I
3

)
C

A
L

L
C

O
ri

C
/T

d
l,

1
1

,1
4

)
C

A
L

L
rO

N
C

A
T

d
l,

1
1

,1
5

)
.r

iO
T

.
(1

6
.f

O
.

0
)

c
a
ll

c
o

n
c
d

(I
u

j:
ij

j6
)

CA
LL

CO
JC

A
rn

"l
,l

i,
I7

)
c
a
ll

C
0

N
fA

T
d

l,
Il

,I
8

)
C

O
N

D
L

V
d

l,
L

)
.A

N
D

.
CO

ND
L«

C
G

M
P(

C
nP

P(
C

C
M

P(
C

Q
M

P(
C

O
M

P(
C

O
H

P|
C

O
M

P(
Ll

,L
2)

,L
3)

,L
A

I,L
5)

,L
B

»#
L7

),L
8)

s
ta

te
m

e
n

ts
R

F
M

A
IN

IN
G

to
B

C
V

S
K

IF
IC

O

((
L

V
(I

1
,L

1
))

.A
N

D
.

(L
V

(I
2

,.
L

2
))

.A
N

D
.

(L
V

(I
3

,L
3

))
(L

V
(I

4
,L

4
))

.A
N

D
.

(L
V

1
I5

,L
5

I)
.A

N
'O

.
(L

V
(I

6
,L

6
II

.A
N

D
.

(L
V

(1
7

,L
7

))
.A

N
D

.
(L

V
{

I8
,L

8
))

.A
N

D
.

(
0

.£
Q

.
1

6
)
)

•
I
K

P
L

R
S

.
(

(L
V

(
I
I
,D

)
.A

N
D

.
(0

.H
Q

.
C

O
M

P
IC

0M
P

(C
C

M
p{

:u
M

P
(C

0M
P

(C
G

H
P

fC
0M

O
C

L
l

,L
2

)
,L

3
)
,L

4
)
,L

5
)
.L

6
)
,L

7
)
,L

6
)
-
L

)
)

d
L

V
(
I
l,

L
l)

)
.A

N
D

.
(L

V
(I

2
,L

2
))

.A
N

D
.

(L
V

U
3

iL
3

)l
.A

N
D

.
(L

V
(l

4
fL

4
)l

.A
N

D
.

(L
V

(l
5

,L
b

))
.A

ff
O

.
IL

V
(i

6
,L

6
))

.A
N

D
.

•
(L

V
(I

7
,L

7
))

.A
N

i)
.

(L
V

(I
8

,L
8

))
.A

N
D

.
<

0
.N

H
.

1
6

)1
.I

M
P

L
I
F

S
.

(
(
L

V
(
I
I
,L

)
)

.A
N

D
.

(0
.c

O
.

C
n

'i
P

(C
U

M
P

(C
0

M
P

(*
P

M
p

(r
rr

^
9

(r
n

H
P

(r
n

M
P

(i
1

%

,L
2

),
L

3
),

L
4

I,
L

5
),

L
6

),
L

7
),

L
8

)-
L

).
)



2.27) C0N(I1.I2.I3.I4.I5.I6.I7.I8)

This subroutine has the effect of concatenating the

strings 12 to 18 and setting 11 as a pointer to the concatenated

string. A call to CON takes the place of 7 different calls

,1^ to CONCAT. This subroutine can be used to concatenate fewer

than 7 strings if desired by setting the extra arguments to

0 to indicate the concatenation of the null strings.

^ The verification conditions of the subroutine are:

Path 1 This path proves that strings 12 to 15 are

concatenated together. It is equivalent to

verifying the correctness of subroutine CONCAT(I,J,K)

in which CONCAT is called four consecutive

times in the path. The result of each call is

LI=COMP(LJ,LK) where LI,LJ,LK are list values
of lists pointed to by I, J, K respectively.

Path 2 The verification condition of this path is the same

as Path 1 except there are seven calls to CONCAT

instead of four.

O
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2.28) SUBSTCITUTE)

ITUTE is a string with tokens in it representing certain

"boolean and relational operators. SUBST replaces these tokens

"by appropriate strings to make the expression easier to read.

,AND."

.OR."

.NOT."

.IMPLIES."

.LE."

.GE."

.LT."

.GT."

,NE. "

.EQ."

.TRUE."

.FALSE."

**"

replaces
II

"A"
II yn

11-^11

ii.>ii

ii^ii

ii^i

ii<ii

ii^ii

11:^^1

II—II

iipTii

11^ II

The assertions written for these paths are slightly

insufficient. Some refinement must he made for the program
to he verifiable.
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SFECL\I ASn2HTI0:3 AlID 7U:;CTI0:B Fon LIST CDHIi'JSnCE

EX]STG(?(K), K, I, J)

EXS3T(?(S), 3, I, J)

nriiQca(F(K), k, i, j)

DIEET(F(S), S, I, J)

3;C?""C(7(G), G, I, J)

m^irjaCF(G), g, i, j)

EVAL(F, 10'•

* •r-i •»»--»-r-) ^ T r« \

is trua if there exists K in the
set (looJ) such that F(K) is
true, and false otherv/iseo

is true if there exists a set S,
ir'.r.ch is a subset of (I#.!), such
that F(S) is true, and false
otherv;iseo

The value of this function is"' • '
that unique inte^^r K in the
set (I«oJ) such tiiat F(K) Is
truoo U:rillE(?(K), It, I, J) ha.s
a value only if sucli a K exists
and is unique (th-at is« there
can be only one such K)«

The value of this function is
that unique set S, which is a
subset of such that F(5;i)
is true^ IT::32T(?<vS), 3, I, J)
has a value only if such a set
exists and is .uniqueo

is trire if there exists a func
tion G, whose dop.ain is the set
(I.oJ), such t]ia.t F(G) is true,

f^l^o othervriseo

The value of this function is
that unique function G, whose
domain is (looJ), such that F(G)
is truso u:f"ji:c(?(g3, G, I, J)
has a value only if such, a
function exists and is unique©

is P(IJ) (where F nay, for eyiam-
ple, be of the form feir.]C(G(H),
H, I. J))

±5 true if I is a nonhcr of the
set S, and false otherwise©



spscL-vL Ass:r.Tio;n Ais ?'x:ci'io:r: Fca let co^sf-2:3x3. (coimiimD)

LI3TL2::(3?AG3, K) is th'S I'̂ ngth of tho list (in the list
spaoG SPAG2) pointed to by r-.,

ADDK(S?AC2, I, K) = 2VAL(U FXrG ((K = 0(1),
-'i T. LTC'̂ Lj'TDPAGJI, K) - l)^

-• i))f^o); srirwA^KspAc^^
ADDR(S?AG2, I, K) is tho

list pointod to by K© ADDHCcPaoxj, 1, K.; ~ a©

ELT(SPACB, I, K) = 3PAClUADD?.(5PACE, I, Ij)
SLT(SPACE, I, K) is the I-th elenent of the list pointed

to by K©

C/JILIST(SPACE, K) - ELT(SPAC3, 1, K)
C/i?.LIST (SPACE, K) is the first elenent of tho list pointed

to by K©

CDELIST(SPACE, TC) —SPACE(ADDH(SPACE, 1, K) ~ 1)
•-) points to a list obtained by rcnoving thoCD..LEj^^:^ p'i.^^ent from the list to which Kpoints.

ISi-JLIGT (GPAC3, Z, Z) ~ 3:CEi3(ADI33(3PACE, I, K) = a, I, Ij •
LISTL3i:fePACS, K))

1-13Mil"T(SPAGE, 3C, K) is tri'.o if Xis an index of an element
in the liso pointed to 'by K«

SICI-X/iE-l-
TTV"^^:'-' (T' ' • \.( -Lui-..,—(X%. -XIV

"• EIITlEIEKli'IiAhl"Xfl -Xidlc.^n- iL.. XXprniixi-EXXl
..hi :: "ad:GJ.cG-t.-:vv..'ns.}X<:.-^'3LWTT. "•

3ICIIL(GPAC2, S) = 3:':piG((::3MI3T("P^^^
-A"! r---r-.r" r(" :"-.T:y (r-PACE., I, G), i:.. o;,

g'.E. YEg, 1, 10000))), i:, 1, 10000)
GICMC'.PACv;, 0.) i.-. if Cis ?. Got of InJ COS of Cjn-ront

. V,.-.,i-'_,P tt-..;;- con.n'on-c sr-nnc; ohnt i:.,
j! (Vd snr.co GPAG.3) is on one .-.:id crj.y

"one li't st-.rtir-:: r.t .-n clo:.!OP.t of S.

LiGT.coGiA.tX) -= .:::-;;g_((gix:lCgpag;:, g), ;'.3:3.3e(?-ax.3, g)), GjIjIX-oo)
TT-"? co7n'-''-''lAr V-'s th -t G.PAC2 is a cohoror.t list spr.cc

a-id th.t :: G. points 'oo its Ixrt Oi. av-.H-..'-'- ..t--.



o

SFr.cr.L a::3 7c?. liat ccirjr-ii.Acz (coirrr'iirjD)

LIoToCO.r(Sr>.C^nhoi^la bo trJio t}Tou[;hout tho oporation o-
the S'JOACL , oy.ccpt po.^r^ibly v;it:ila t?.o br.oic
list :::-:.nip-ilr.tio2i r:;2-ictio:i3 such as insortion, clelotion,
copying, jotting a r/jv/ coll, and so oho J'ovover, it
assiriod to bo true at tho bof^innin:^ oC each of these!
and, in turn, rnist be true at the endo

Jlote that \:e ^ refer to lists as abstract entities, A list
is donotod by the integer thr.t noints to its hoado Thus
there is no need for a "lint value'" (LY) fiinctioiu

Three more functions aroj

L23T.Pn(SFAC3, X, K) = EXISTS (ADJB(I, K) = X, I, 1, LISTISir(SPACS,X))
LISS»P!E (SPACE, X, K) is true if X is a pointer in range

of tine list pointed to by Ko

LIST.liS(SPACE, X, K) = CI;! roE(AD3(I, K) = X, I, 1, LISTLE::(3PACE,?;))

-'̂ 9 JO is the incon of X in the list T)0"'"'̂ t'̂ d
to/sy K. That is, if Lr-T.HTir;(SR\CE, .Z, K) = J, thin •
X is the J-th. oloi-.ent in that list

o

LET.IE IS(3PACE, la, IC2) - LET.I:D(£?.1CE, 12, ?a) - 1

LET.EU3(SPACE5 El, 12) is tho length of t?;o sublist (o^
scr.o ij.-n-;r.iod list) ctretcliing fro.-n ITL to K3 v/here
SPACE(?3-l) 12.

This last f'x-iction does some of the work that StSLIST did before.
There is no SUELIET function an'" riore.


