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Erratum

Proving Properties of Pascal Programs in MIZAR 2

Piotr Rudnicki and Wiodzimierz Drabent

Acta Informatica 22, 311-331 (1985

Due to an unforfunate error, Figs. 1-6 and Appendices | and 2 were omitted:

&, A bit of Dessert

The list reversing program is very often used by programmers, which included
the authors. It is usually understood that the source list is a nil ending list; the
program reverses it as proven. The work on proving the program has given us
a4 new motive to prove programs at all. This is: while proving a program
property we have a chance to observe what the program can actually do.

While proving the list reversing program we have realized that it processes
also cyclic lists, terminates and results in changing their orientation; but that is
not proven vet. So we have:

1. For a linear list

sr

—

Fig. |

we obtain

=_

r
43
4

= Fig. 2.



700 P. Rudnicki and W, Drabes

2. For a cyclic hist
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3 For a cychic list with a “stem”
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the program also terminates, and in this case we obtain
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Fig. 6.

Of the programmers known to us and using that program none was conscious
of this fact.

Comment on Appendices

The first {marked with dashes) part of a MIZAR 2 text is called an environment and containg
definitions and axioms. The lines Tollowing the heading *Program description’ are presumed 1o be
generated by a describer. The lines following the heading “Description technology’ are prepared
once and by hand, and later on are appended {possibly in parts) to a particular problem. Th
fragments of environments pertinent to a particular domain, i our case to arithmetic and list
theory, are to be prepared by hand (and may be used in many proofs) The actual proof follows the

commentary. The linal THANKS O.K. is the checker signal conflirming correciuess of the proof.
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Appendiz 1

The proof for the factorial computing program in MIZAR 2
ENVIRON

== DEBCRIPTION TECHHNOLDOGY seessrsesssss

TYPE HISTORY#
LET HeH*® DENOTE HISTORYS
GIVEN FH BEING HISTORYS
FOR H CONSIDER NH BEING HISTORYS
COMSIDER FINISH BEING NATURALS
FOR H CONSIDER CP BEING NATURALS
FOR M BEING NATURAL RECOMSIDER +M AS ELEMENT OF INTEGERSY
LET Kr Ly N DENOTE ELEMENT OF INTEGERSH
FOR Ke L RECONSIDER K+l K®l AS ELEMENT UOF INTEGERSS
FOR Kel PRED K (= L§
FOR A BEING NONEMPTY CONSIDER PTR BEING NONEMPTYS
DEFINITION LET A BE NONEMPTY. U BE (ELEMENT OF PTR(AY)»
H BE HISTORY, L BE ELEMENT OF A
PRED C = Val (V,H) ENDS

= B R T T H M E T 1 08 s mom mmemss e oo mm s 50 55 i i 56 06 0w e

SCHEME INDUCTIONS  PRED P35
FOR M 8T +0 (= N HOLDS FOND

SINCE

CONDY: PL+033

CONDZ2: FOR N 8T +0 (= N & PONI HOLDS PLN+(+1)] END?
FOR K CONSIDER FACTORIAL BEING ELEMENT OF INTEGERSS
ARl: FACTORIAL(+0) = +1 3
ARZE FOR Ky N ST N+(+1) (= K HOLDE (N (= K & N (> K)§
AaR3E FOR N HOLDE  NO=N §
aR4s FOR N 8T +0 <= N

HOLDS FACTORIAL (M) % (N+ (+ 1) ) =FACTORIAL (H+ (+1)} ¥

== P R OOGRAM DE S LCRIFTIOHN ===ceoscesonnRms

LET ¥ DENOTE ELEMENT OF FPTR(INTEGERS) S

== YAR Xy Ys Z: INTEGER?
CONSIDER X»Y.Z BEIHG ELEMENT OF PTR(OINTEGERS)
BEGIN (% START: %) Y 3= 1%

i

6O e

AA0L: CP(NHFHY)Y =
AXDZS VAL (o NHAIFHDY )
AXOE: VAL (ZNHIFH))

ot

+13
VAL (ZFH) 5

(% 18 #) Z om0
AXLLs CP(NHNHFHY )Y = 23§
AXLI2E VAL ATy NH(NHFH) } ) = +0F
AXIE: VALY o NH(NHIFHI Y)Y = +1F

= (% 23 o®y WHILE Z (3 X DO REGIN
AX2ls FOR M 8T CP(H) = 2 HOLDS
(AL (T HY 3y Uab (., IMPLIES CPRNHD Y = 33 &

i

-

(VAL C(ZHY = VAL (XoH) IHPLIES CP(NHGH)) = FINISH)
axX22: FOR HeV BT CRH) = 2 HOLDS VAL (Ve NHHY) = VAL (VsH) §
== % Fu o ow) o osm= Fal§

ax3iz FOR H ST CROH =3 HOLDS CFINHH) =43

AX3I2: FOR H 8T CP (=3 HOLDS VAL (ZsNHH) ) =VAL{Z,H) + (213 )

AXZEr FOR HeV ST CPO =3 & V(37 HOLDS VAL (Ve NHH) I =VAL (UsHD §
= (% 42 %) Y¥oim Y#Z END

AX4l: FOR H BT CP(H)=4 HOLDE CPFINH ) ) =25

AX4Z: FOR H ST CP(HI=4 HOLDE VAL (s NH(HD ) VAL (Y o HI wUAL (2o HI
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AX43: FOR HeV 8T CR(M)=4 & V(OY HOLDE VAL (VeNHH) Y =yal (VeH
= (¢ FINTSHz ®) END.

AYZ: Y%

axvalL: FOR H HOLDS VAL (X HD = UAL (XsFH) 5

mw PR OO P E BT T B 5 o moes e o s0m s me 55 o 55 50 5 5 6w % 5 56 6 6 s e
BEOIN

FIRSTOONDITION:
NOY
ASEBUME  +0 (= UnaL(XsFH) 7§
VALY o NHAINH(FH) 3 = FACTORIAL (+0) BY ARL,AX1ES
HEMNCE EX H 8T CP O = 2 & VAL(ZeH) = +0 &
VAL (Y s HY = FACTORIAL(+0Y BY AX1L1.AM12
ENDF

SECONDCONDITION:
MOW LET N BE ELEMENT OF INTEGERS SUCH THAT
AQ2 +0 (= N aND
ALt N (= Ual (XFH) IMPLIES
(B M 8T CPHY = 2 &
VAL {ZsH) = N & VAL (Y, = FACTORIAL(NIDG
ABBUME AZ: N+ (+#1) (= UaL L FHI S
THUS EX H 8T CPMHY=2 & VAL {Z«H) = N+ (+l) &
VaL (YsH) = FACUTORIAL (N« CvL) )
FROOF
N (= Ual (XyFH) BY ARZ,AZJ
THEMN CONSIDER H SUCH THAT
AZ: CPOD =2 & VAL{Z»H) =M & VAL (Y H)=FACTORIAL (M) BY ALS
N OF VALK FHY BY ARZ,AZS
THEN VAL (Z-H) () val (X BY aXualeaJs
THEN CP1:z CPMNHOD ) = 3 BY aX2i.a3¢
THEN CP3: CPONHNHMIY = 4 BY AX3L13
THEN CP3: CPONHINHNHGD ) 3 = 2 BY AX4L17F
Ziz VAL (ZsNHAD Y = Ual (ZHHY RBY AXZZ,A% .= N BY ALl
225 VAL (ZsNHINHHI XY = VAL NHH) 3+ {413 BY AX3Z2,CF1
- HE(+Lly BY Z1%
232 VAL (ZsNHNHINH(HI D)) = VAl (Z«NH(NH(H} ) )
BY AXAZ.CP2rAYZ
«® Nelrl) BY 223
Y1 VALY NHINHUHD ) = VALY NH(H)} BY aX33,CPLlrAYZ
o= VAL (YrH) BY AX22:.A3
«= FAUTORIAL (M) BY AZS
VAL (Y o NH CNH ONH CHY 3 ) 3 s=VAL CY oy NH GMH CHD 3 ) #VAL (2o NH ANH (H) ) )
BY AXAZS0CP2
.= FACTORIAL (RO ® (N4 {+1)) BY Z2,Y1
.= FACTORIAL (N+(+13) BY AR4G:ACF
HENCE EX H? 8T CP{H?) = 2 & VAL(Z»H?) = N+ (+1) &
VaL (YeHT) = FACTORIAL(N+{+1)) BY CP3,Z3
END
ENDF == SECONISTEF

LEMMAEL
FOR N ST +0 (= N HOLDS N (= VAL OGFHY IMFLIES
(EX H 87 CPHI=2 & VAL (Z.-Hi=N & VAL (Y »H)=FACTORIAL (N}
FROM INDUCTION(FIRSTCONDITION, SECONDCONDITION) §

FACTPROGPROFERTY: .
+0 (= VAL (XFH) IMPLIES -
{(EX H 8T CR{HI)=FINISH & VALY H)=FACTORIAL (VAL (XyFH) )
PROOF
ASSUME al: +0 (= VAL (XFiH)}§
VaL (X FH)Y (= yal (XFH) BY ARZS
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THEN CONSIDER H SUCH THAT
AaZs CRdHY = 2 AND
A3 VAL (ZeH) = UAL (XFH) aND
Ads VALIYsHY = FACTORIAL (VAL (X-FH) 3 BY ALl,LEMMAF
TAKE H? = HNHHD)§
Zis WAL {Z.H) = VAL QGFH) BY A3 .= Ual OGHY BY AXUALR

MENCE CP(HY) = CR(NH(HY)Y .= FINISH BY AXD21,A2,Z1F
Yal (Yo NH MY = VAL (Y.H) BY AX22,827
HEMCE VALY H?) = FACTORIAL (VAL IX-FHYY BY a4
BN
END
THANRS 0, K
Appendix 2

The proof for the list reversing program in MIZAR 2

ENVIRON

m= D ESCRIPTION TECHHNOLOGY s=eountoensss
TYPE HIBTORYF LET HeHTH"Y DENOTE HISTORYJ
GIVEN FH BEING HISTORYS
FOR H CONSIDER NH BEING HISTORYS
FOR H CONSIDER CP BEING NATURALY
CONSIDER FINISH BEING NATURALF
LET & DENOTE NOMEMPTYS
FOR 6 CONSBIDER FTR BEIND NONEMPTYS
FOR A CONSIDER NIL BEING ELEMENT OF PTR{AM}
DEFIMITION LET A BE NONEMPTY, V BE(ELEMENT OF PTR(A))»
H BE HISTORY, C BE ELEMENT OF AS
FRED C=VAL (VsH) ENDS .
DEFINITION LET A-B BE NONEMPTY: U BE (ELEMENT OF PTR{A}»
Y BE (ELEMENT OF PTROB))» M BE NATURALY
FPRED Y=FIELL{A,VsN,B) END}

mw 1 8 T T H E O B Y oo mem s oo m o o i i i 5w o 5w T 5 5050 e i 08 5 At s
TYPE LIST OF A BEING NONEMPTYS
FOR A CONSIDER NILL BEING LISYT OF A
FOR & BEING NOMNEMFTY» E DEING (ELEMENWNT OF A)s
L BEING LIST OF A
RECONSIDER E.L AS LISY OF AS
LISTi: FOR A& BEING NUNEMPTY, E BEING (ELEMENT OF Ay
L BEING LIST OF A
HOLDS  E.L(NILL (A
SCHEME LISTIMDS CONST A BEING NONEMPTYS PRED P3
FOR L BEING LIST OF A WOLLE PLLD
SINCE
CONDIs PINILL(AY TS
CONDZ: FOR E BEING (ELEMENT OF Ad, L BEING LISYT OF a
ST FLLT HOLDS PFLE.LD ENDF
FOR & PEING NOMNEMPTY, L.L* BEING LIST OF &
RECONSIDER L+L* a5 LIST OF ajf
CONCL: FOR A BEING MONEMETY. L BEING LISY OF A
HOLDS NILL{A)+L=L & L+NILL (A)=L7F
DEFINITION LET A BE NONEMPTYe» LeL7? RBE LISY OF AS
PRED LP=REVM (LY ENDF
REVL: FOR A BEING MNONEMFTY HOLDS REV(NILL(AYI=NILL(ADY
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REMLEMMAE
FOR A BEING NONEHMPIY» £ BEING (ELEMENT OF A)s
Leb® BEING LIST OF &
HOLTS REVIE.L) +LP=REVILI+(ELLY )5
DEFINITION LET A BE NONEHF1Y» E BE (ELEMENT OF Ads
LLE LISY OF A3
PRED E I8 MEMRER OF L ENDGE
FOR A BEING NONERPTY, LyL? BEING LISY OF A
PRED L MISEES L7 DENOTVES WNOT (EX X BEING ELEMENT OF A 5T
X IS5 MEMEBER OF L & X I8 MEMBER OF L33
AXILT: FOR A& BEING NONEMPTY: Le.L* BEING LIST OF A
87 NILL(AY=L HOLDS L’ MISSES L §

== P RODGR &M DE S CRIPTION:=ssoronsmoneSmEmas
==m=TYFE LREC=RECORD NEXT: ~LRECF CONT: INTEGER ENDS
GIVEN LREC BEING NONEMFTYS
FOR V BEING ELEMENT OF FTRALRED
TARE NEXT=FIELDLREC»Vs1sFTIR{LRECY) »
CONT=FIELD(LREC »U» 2 INTEGERS) §

w= { 1 8§ 7 FEPRESERNTATIQCH seoocossDmmmemnsmsz
DEFINITION LET V BE (ELEMENT OF . PTR(PTRI{LRECY ) s
L. BE (LIST OF PTR(LRECY) s M BE HISTORYS
PRED L=LIST(UsH) END?

LET ¥ DENOTE ELEMENT OF PTR(PTRILREC)) S
LET E DENOTE ELEMENT OF PTR{LREC)S
LEY Le L* DENOTE LIST OF PTR{LREC)
REPSL: FOR HsV HOLDS

NILL(FTROLREC) Y =LIBT(V,H) IFF Val (VsHI=NIL (LREC)?}
REFPS2: FOR E» Ly Hy ¥ HOLDS E.L=LISTWVeH) IFF

(E=VAL (Ve HY & L=LISTNEXT (VAL (UsHY Y sH) 2 8

REFPS53: FOR HyW ST VAL (VU»H) (ONIL(LREDS

HOLDS VAL (VeH) I8 MEMRBER OF LIST(VUsH)?¥
AXILR: FOR HeW HOLDS

NOT VAL (UeH) IS5 MEMBER OF LISBT(NEXT (VAL (WsHI ) vHIF
THILR: FOR Ly LPy E 8T E.L MISSES L7 HOLDES L MISHES E.L7F

== F ROOGRAM DESCRIPTION CONTINUED swmsows
====UAR LAUX, SRy TRE “LRECS
CONSIDER LAUX.SRTR BEING ELEMENT OF FTRIOPTRILREDY Y
AXLle LaUXM{r8RE aXDr LAUXCOITRE AX3: SROTRS
AXas FOR Hy V HOLLS SRONEXT(VALVHY) &
TROMNEXT (VAL (Y HD) Y & LAUXCONEXY (VAL (U H)Y D 8
z====REGIN (#CF  START*) TR s=NILS
AXOL: CPANMFHY 3 =17
AXOZ: VAL (TRyNHFH) ) =NIL{LREC)§
AXOZ: FOR VY 8T VOITR HOLDES VAL (VNH(FH) I =UAL (Vs FHI §
AXO4T FOR U ST VOITR HOLDE LIST(VNHFH) ) =LIBT(NsFH)
==ms (#0P 1x) WHILE SR{OOXNIL DO BEGIN
AXlies FOR H ST CP{H)=1 HOLDS
(WAL (BRyH) ( yNIL(LRELY IMPLIES DPINH(H))=2) &
(WAL (SR HY =NIL(LREC) IMPLIES CP (NH{HY)=FINISH)
AX1Z: FOR A BEING NONEHPIYe U BEING (ELEMENY OF PTR(AI)» H
ST CP =1 HOLDS VaL (Ve NHIH) y=UAL (VeH) §
aX13: FOR HeV 8T CR(H) =1 HOLDE LISTW-HHH I =LISBT(UH) §
==mw (ROF 2% LAUX t=BR7TLNEXTS
AXZ1l: FOR H ST CP M) =2 HOLDE .CPNHOD ) =33
AX22: FOR H 8T CP(H)=2
HOLDS Val (LAUKGNHGHY Y =val (NEXT (VAL (SReHI ) s H) §
AX23Z: FOR & BEING NONEMPIY. U BEING (ELEMENT OF PTR{AY)» H
8T CPHI=2 & VrLAUX HOLDS VAL (VyNHGD ) =VAL{(V,H) §
AXZ41 FOR VeH 8T CRUI=2 & V(LAUX
HOLDS LISYT (WeNHHI I=LIBY (U, H§
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AXNZSs FOR M 8T DR {My»2
HOLDS LISTALAUN NHAH ) = TST(HEXT (VAL (SReHY s#D) §
mmetm ROE . B8y BRN HEXT $=TRS
AXE1E FOR B 8T CRPOL=3 HOLDS CF (NM(H) 1 =43
AX3Ze FORCH. ST CRHY=Z
HOLDES VAaL (HEXT (VAL (B8R H) J s NH D ) =UAL (TRsH2 B
AX3EL FOR & BEING NONEMPYY, VU BEING (ELEMENT OF PTRGAYYs H
ST . CPHY=3 & VOONEXT (VAL (BReH) )
HOLUE VAL (Ve NH(HI I =VAL (VeH) §
AXZ4r FOR H
ST CPIHI=Z & NOT VAL{BR.H) IS MEMBER 0OF LISY(TR+H}
HOLDES LIST(NEXT (VAL (SR+HY ) »NH{H) ) =LIST{TRsH) §
AXES: FOR H.Y
8T CPHY=3 & NOT VAL (SR.H) I8 MEMEER OF LIST(U:H)
HOLDS LIST(VeNHGD ) =LIST (VM) F
wmws (ROF - 4%) TR :=BR}
AX4l: FOR H 8T CP(H)=4 HOLDS CP(NH(HY) =5}
AX42: FOR H 87 CP ) =4 HOLDS VAL (TRHH{M I =VAL {(SRyH) ¥
AXAZ: FOR A BEING NONEMPTYy U BEING (ELEMENT OF PTRAY) s H
ET CP{HI=4 & V(TR HOLDS VAL (Vo NHHI I =VAL (VsHI §
ax44r FOR H 87 CPHY=4 HOLDE LIST(TR+NH{D I=LIST(SRH)}
AX4T: FOR VsH 8T CP (=4 & UOITR
HOLDS LIST(VeNHGD I=LIST (VM) F
mmzs (HCF S8 SR =L AUX
AXS1E FOR H BT CR{H)=S HOLDS CPNHD I=17F
AXE2E FOR M BT CPH) =S HOLDE VAL (SReNH D ) =UAL (LAUX HY §
AXS53: FOR A REIMNG NONEMFTY» V BEING (ELEMENT OF PTRAYYs H
ST CF) =5 & VOXGR HOLDS VAL (Ve NH(H) Y =UAL (Ve HY §
aX%4c FOR W BT CP (M=% HOLDS LISTU(SR:NHD Y=L IS8T (LAUXHY ¥
AXDE: FOR VeH 8T TP D=8 & V(ISR
HOLDES LIST (Venb (M) ) =LI8T (Ve $
T END (=CF FINIGBH®D
BEGIN
FIRSTCONDR
NOW LET H BE MISTORY SUCH THAT
Als CPOD =1 & NILL(PTRILREC) ) =LIST(SRsH) &
NILLPTROLRED) Y MISEES LIST(TRH) ¥
i VALBRyHY=NIL(LREC) ®Y Al.REFS1Y
LIST(TRyH) =NILL (PTR{OREC »+LISTOIRyH) BY CONCIH
SEREVINILL(FTRALREC) D3 +LIST(TR«H} RBY REYL?
HENCE EX H” BT CP(H")=1 & VAL (SRH")=NIL(LREC) &
LIBTOTRyH I =REVNILL(PTROLRECY ) IHLIBT(TR» M)
BY 41,81
ENDF ==FIRSTCOND
SECONDUOND:
NidW LET € BE (ELEMENT OF PTRORELI ) »
L OBE LIST OF PTROLRECY SUCH THaT
Al: FOR H BEING HISTORY
&7 CPHY=1 & L=LISTI{(SR:H) & L MISBES LIST(TRsH)
EX HY 87 CP{H =1 & VAL (BRH7)=NIL{LREC) &
LISTOIRsH Y =REV(LI+LIST{(TRyH} §
LET H BE HISTORY SUCH THAT
AZ: CFMI=l & E.L=LIBT(SR«H) & E.L MISSES LIST(TRH)J§
THUS EX HY? 8T CPH" ) =1 & VAL (SR H?7)=NILLREC) &
LISTATRYH? 7 =REV{E.LY+LISTI{TRH)
PROOF
ELLOMILLPTRLREC) Y BY LISTLS
THEM LIST(SR+H) (INILLPTR{LRECYY BY A2%
THEN S1: VALCSRyHI(INIL (LREC) RY REPS1S
THEN CP22 2Z=CPNH{HY Y BY axX1i1,42%
THEN CP3¢ Z=0P (MHONHOH)Y 3 Y BY axX21s
TAHKE He=NH(NH{NH(HY 33 ¢
CP41 A=CPINMNH(NHHY Y)Y BY AX31+CPZ . =CP(H4)$
THEM CPS: S=CP(NH(H4)) BY AXA4LF
THEMN CP&: 1=CP(NHNH(H4Y Y RY axBis



706 P. Rudnicki and W. Drabent

828 VAL (SRyNH{H) ) =VAL(SRyH)} BY AXIZ.4Z7%
G3: VAL (SR« NH(NHH) 3 ) =VAL (SRyNH(H) 3 BY AXZ3.AX1.CP2
Ls=VAL (SR HY RBY 823
BRONEXTVAL (SR« NH(NH(HY 3 ) BY AX4F THEN
G431 VAL (BRNH INH(H) ) ) =VAL (BRoNH(NHNH(HY )3 ) BY AXE3.CP3
«=MAL (BSR4 5
65: LIST(SR,HY=LIBT(SRyNH(H))Y BY aAX13.AL
LELIST (SR NH(NHHY )3 BY aX24,CP2.aX1F
Tiet LISTTRyHI=LIGT (TR NHHYY BY AX1Z.A2
LELIBT TRy NHANHOHY 3 BY AXZ24.CP2,AX25
Liz LIST(LAUXSNHINH{HI
=LIBTNEXT VAL (SReNH(HI Y ) s NH(HY Y BY AX25.CF2
SELIBTNEXT VAL (SR HY 3y NHIH) Y BY 82
=L IBTANEXT (VAL (BRHHI Y s HY BY AX13,A20
HOT VAL (BR-H) I8 MEMBER OF LISTNEXTVAL(SBRHI Y #H)
Y AXILRY THER
Miz NOT VAL (SRyNHINH(H) )
I5 MEMBER OF LISTULAUX NHINH(H))Y BY L1,83%
G&: LIST(BRyNHINHHS) ) ) =LIBT (LAUX-NH{H4) ) BY AXGACPS
~=LIST (LAUXHAY BY AXASAXZ,LFP4
«SLIST (LAUX NH(NH (NH (HY ) ) )
L IST (LAUX e NHINH(HY Y ) BY AXES,CP3-H1
SLISTNEXT WAL (BRHI 9 H) BY L1
ml BY REFSZAZF
LIST(ERyNHINH D
MISSES LISTI(TRsNHNH(HI}) BY S5,T1sAZF THEN
M2s NOT (EX X BEING ELEMENT OF PTR(LREC) BT
X IS HMEMEBER OF LIST(SRyNH(NHHYI) &
¥ I8 MEMBER OF LIST(TReNH(NH{HIII}?
VAl SRy NHONH (H) 2 (ONIL(LRECY) BY 81,837 THEN
VAL (SR NH(NH(H) )
IS5 HMEMBER OF LIST(SRyNHI(NH{H))} RBY REFPS3E THEN
M3z NOT VAL (BR.NH(NH(H) )
IS MEMBER OF LIST{TRyNH(MH(H))} BY MZF
§7: LISTHEXT (VAL (SR,H4) ) sHA)
=LISTINEXT (VAL (SReHHNH (H) 30 s NH (NH(NH(H) 23 ) BY S4
LIBTITRy NHINHHI ) BY AX34,M3,0P3
LISGT(TRSHY BY T1i¥
G8c E=UaAL (8R,H) BY AZ.REPS2Z .= VAL {(SRsH4) BY 54,833
T2e LIST{TRsNH{NH{HA4Y )
=L IST(TRNHI{H42 ) BY AXSS»AXI.CPS
ALIBT(ERsHA) BY AX44.CP4
«2ELLIST(TR,H} BY REPSZ:57,587
L MISSES E.LIST(TRsH} BY THILR.AZ2}
THEN L HIGSES LIST(TRyNH(NH{H4)) ) BY T27 THEN
CONSIDER H'" BEING HISTORY SUCH THaT
AZs CPHP?Pi=l & VAL(BR.H' PI=NILRED) &
LISTATRyH? "y =REV LI +LIBT TRy HH (NH(H43 3 )
BY AL CP&: 84T
REVILY+LISTOTRNHM(NHMA) 23 =REV L)+ (ELLIST (TReHI ) BY T2
LAREV(E.LY+ LIST(TRHY BY REVLEMMAS
HENCE CP{H?7)=1 & VAL (BR,HYP)=NIL(LREC) &

LISTATR M Py =REVIE.L) +LIST{TRHY BY A3J
END

END3==8ECONDUOND

LOOF
FOR L BEING(LISET OF FTR(LRECY)» H
8T CP{H)=1 & L=LIBT(BR,M) & L HMISBES LIST(TR,H
EX H?* 8T CP(H’)=1 & VAL(SFH)=NIL(LREC) &
LISTUTR A H? FaREV LI +LISTAATR M
FROM LIBTINI(FIRSTCONDBECONDCONI §
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TLE NILL (PIRCLRECY =LIBT (TR« NH(FH)} BY AXOZ.REPSLS
S1: LIST (SR NH(FH)S HISBES LIST{TRsNH(FH)) BY T1lsAXNILTF
LISTASRNH(FHI I =L IST(EBRNH(FH) Y | ==4ACHILLES® HEEL
THEN CONSIDER M7 BEING HISTORY SUCH THAT
Ala CFH Y a1 & UAL (SR H7 Y sNIL(LREC) &
LIBTATRyH " y=REV(LIST (SR NH(FHI Y +LIST(IRsMH(FH) )
BY LOOP»AXO1.815%
CLE CEINHH Y I=FINIGH BY AX11.A13
COs REVLIST(BRsFHI ) =REV(LIST (SR NH(FH) 3} RY AX04saX3
SREVILIST(SRNH(FHI ) ) +NILL(FTR(LRECY ) BY CONCI
SREVLIST (SR NHFHI D I HLIST(TRsNH(FHY ) BHY T
SELIBT TRy HH(HT )Y BY AXIZALF

LISTPROGPROPERTY:
EX H 87 CPHI=FINISH & LIST(TR.H)=REV{LIST(ER:FH)}}
BY C1.C2
END

THANKS« 0L.K




