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Automatic Verification of Abstract Sequential Machine Style
Programs Written in Algebraic Language

SUMIO MORIOKA,t JUNJI KITAMICHI,t TERUO HIGASHINO!
and KENICHI TANIGUCHIt

In this paper, we propose a proof method to prove semi-automatically the correctness of
implementation of sequential machine style programs written in our algebraic language. We
have restricted the description style of specifications and programs so that we can prove using
the new proof method. In the restricted style, for example, to represent that a property holds
for any element of an array, we use a predicate whose argument is the array. In our new
proof method, we use a noetherian induction technique. We make some expressions which
correspond to each induction step, and then determine the truth of each expression using a
decision procedure for the prenex normal form Presburger sentences which are bounded only
by universal quantifiers. The truth of such Presburger sentences can be determined quickly,
even if they are rather large. At the proof using our verification support system, which is
based on the new proof method, we have only to give the system some invariant assertions
and some theorems for primitive functions/predicates. Using the system, we have carried out
the proof of the correctness of a sorting program. The CPU time for the proof, including
trial and error, was several hundreds seconds. The system has determined the truth of each
Presburger sentence within a few seconds where the maximum length of the sentences exceeds
1300 symbols.
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@ Ordered(ary,p1,p2)
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WATVZ &SR E %5 ik
@ SameSet(aryl,pl,p2,ary2,p3,p4)
fic¥) aryl ® pl~p2 (pl €p2) OF—% L,
fil%l ary2 @ p3~p4 (p3 < pd) OF — 5
BEELL LTELWE I L & 5ibdE.
define 'sort BI24&H4
:= ArrayBottom = LowerBound(s)
= UpperBound(s) < ArrayTop’;
%% SORT1:
(* LowerBound ~ UpperBound 2"#%]&h 3 *)
sort BijtR4MH
imply Ordered(ARY (sort(s)),LowerBound(s),
UpperBound(s)) == TRUE;
%2 SORT2:
(* LowerBound ~ UpperBound £ EEEL L TRE *)
sort A% H
imply | [ LowerBound(s) = LowerBound(sort(s))
and UpperBound(s) = UpperBound(sort(s)) ]
imply SameSet(ARY(s), LowerBound(s),
UpperBound(s),
ARY(sort(s)), LowerBound(s),
UpperBound(s)) |
== TRUE;
H1 LNVl OB sort [IxPy b ERME
Fig. 1 Requirement description for the transition ’sort’
in level 1.
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R ERCCRERLTH, HBHEAS IR ey
T252L%7RT (4BTHRRDG) 2012, —@EOE
WAL TIEE AL ONESERL 7.
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DIEDDIR, & DEB~OHFINLEED (%
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BA L EAGRGE - B
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By ary @ p T/REN 5 HEHT OME % 58§ K.
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Rk KBROBENL *x*
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bound(initAll(s)) == UpperBound(s);
maxpnt(initMax(s)) == LowerBound(s);
arypnt(initMax(s)) == LowerBound(s) + 1;
maxpnt(setMax(s)) == arypnt(s);
arypnt(setMax(s) == arypnt(s) + 1;
arypnt(unsetMax(s)) == arypnt(s) + 1;

(** &% nop DETTIE, TRTOKRERDHIARE **)

(** B# exchange DEITEFIZ )
EI7%, maxpntg) DT EFOF — ¥ L bound(s) DT
BROT— 5 XKW EN B **)

define ’exchange Rif4f =
’ArrayBottom < maxpnt(s) = ArrayTop
and ArrayBottom =< bound(s) = ArrayTop’;

bound(exchange(s)) == bound(s) - 1;

HH exgl:
(* bound(s) NPT HEFTIC
maxpnt(s) DT EHHFOT— F HAZ *)
exchange B2 4/t
imply iget(ARY (exchange(s)),bound(s)
= iget(ARY(s),maxpnt(s)) == TRUE;

M exg?2:

(* maxpnt(s) DT EHTIC
bound(s) PIETEHFOT —F 2 AB *)
oy THet( AT (exchange(s)) maxpnt(s)
i iget exchange(s)),ma t
ey g: iget(AR{(K(s),ggund(sT) i;: TSRUE;

HH exgs:
(* bound(s),maxpnt(s) DT EHUND T — ¥ IIARE *)
exchange Hifg
imply
[ maxpnt(s) £ bound(s)
imply ( ( ArrayTop < maxpnt(s)-1
imply SameArray(ARY(s),ArrayBottom,
maxpnt(s)-1,
ARY (exchange(s)},ArrayBottom,
maxpnt(s)-1
and ( maxpnt(s)+1 < bound(s)-1
imply SameArray(ARY(s),maxpnt(s)+1,
bound(s)-1,
ARY (exchange(s)),maxpnt(s)+1,
bound(s)-1) )
and ( bound(s)+1 =< ArrayTo

P
imply SameArray(ARY(s),bound(s)+1,

ArrayTo
ARY(exchangeé ),bound(s)+1,
ArrayTop) )

and [ bound(s) < maxpnt(s)
] imply (E® maxpnt & bound 7S#I2 % - 725%)
| == TRUE;
2 VNV 2 DBBBOBENR
Fig. 2 Contents of transitions in level 2.
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sort(s) == SI(initAll(s));
Si(s) == if LowerBound(sZ < bound(s)
then S2(initMax(s))
else nop(s);
S2(s) == if arypnt(s) = bound(s)
then if 1get(ARY(s) maxpnt(s))
1get(ARY(s) arypnt(s))
then S2(setMax(s))
else S2(unsetMax(s));
else S1(exchange(s));

3 L2 0BBOETHE
Fig. 3 Execution order of transitions in level 2.
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oM ASL 32 84St ) ARE ATV,

** RBER D DS ED L 2\ 2 L DFLBRIZERE **)
* BH exchange OBIERNE *)
bound(exchange(s)) == bound(s)-1;
ARY (exchange(s)) ==
iput( 1put( ARY(S) maxpnt(s) iget(ARY s) bound(s)) ),
bound(s) 1gef,(ARY s), maxpnt(s))

H4 L3 0OBBOBEAR
Fig. 4 Contents of transitions in level 3.
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- imkﬁbfﬁkﬁbio(tﬁbﬂ%)igw
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WA, O (X)) OB TELD, FORBAY A
IV ICHIRR L 722 v,
3.3 IEF#WET O S L% OIIRAFIE
UF, EMLNVOBB T %, THLRVOER
B L CRELALETS. 22T, BB T 0FiE
AEL L TEPN—2ORAE (£R)

Pre(s) imply Post(s,T(s)) == TRUE
(CAERE, BELEROVWTFNTEIATVTY, L
DEHB—RIETERED) o5, TMLRVDOFF AT
LCEREL A EREHETEOD, SEERL
EHFEEHET 5.

3.3.1 EFEHETOJS LN TRTEIEL

SERICAHVBAFiE

TR L, (a) T OERBICHWA TR
VOBBRY L OETHTORERESME (#1513
WBEE Pre Tz T LIRET ) &, ETHRTOIRE
BaE (D LEEA%D) LD, BEE Post TH
SNBSS NS 2 (BBTIESM) &, (b)
L OEFBORERSOENEE LI E (ELE) T
59, 35 (b) KoV TiE, MFOZo%Reidk
WV i(b-1) L IZEBRBORNBLEGVIHNE, F0FE
ﬁﬁﬂf&??%’t(b@L@%E%@ﬁﬁmﬁ
RETEBORLBTHV SN TV L - WEH, £
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2370 (Z0OBBOKFIBROMEL, ERBNICHB)
ZE.
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(a) DIEBRIE, L "—ICHE (BROKEELE
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(REEBEBOIAT 4 V7 DES) CHET#E
BYIRRED 2 BV TAT ).
HBENRMIEIC X 2O FEICOWT, HEIR
N5, £Y, L Lo@EY %, (Boh0) KE s axt L
TAERHE Inv(S0,s) 52 5. AEEHEZEZ BI1K
RBIX, NERPLF/ L VIRERZ T 285 BB»HFE
L AL ICER, T, L OFEFHERT L2
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HO(IREE) IS AERBEE SR, FNUT Post(s, T(s))
23§ AR Post(S0,s) &5 5.

TITC, S0 LICEAEREBOLIEMOMR
REXRTHINLZEHTH ) (FOBETORERS
F, ofE% F(S0) TEBEBRT3), AERPHIE, 20
HBIREE s TOREBESE (Fi(s) TBHRT ) &
Fi(S0) L opkREE<.

AT, (1) SO 2o, EED L LoBEBRF] (M
F/RLIES) RETLT, PERELFOREICH
ELZEE, (i) AERBLEOREPSEED/SR
RETLC, AERBEEFORBICEELLHE, B
LU (ii) SO & B VIIAERAZ G 2 - HGIRED S
BEONAREFTLT, L OEFFRTLEBED
FNERIZDOVT, [ FDADRETORERED,
Pre(S0), NADIERTORERE (b)), L 0%
BROEERNS - ETHIHEONRE, BLUEREK -
BEECETA2MEOD L THY D] S RIEIHT 5.

(b-1) 122 TiE, ko (i) D/NADEFTOEICK
DL, POETHEFAOEE LB L)% (BEEID)
BEEX fierminate(S0,8) Z RO, #0OZ & #IET
39,

(b-2) 22V TIZ, BIZITLAITF D X S % TR
TEBH, R TIRBICERL 2w [ FEAEE -
WMEEDTIH CRERS R E) OEN, FOBBOER
BAKHL] Ze2RTEMRE, () THYIER
BT 2 RERBEIC AR, 2o, HAEEK - RED
BHEOWREAGICIANSL, 0L TIE, L
DEFRIF RO EFBEOEEBINOEE L HE,
(a) DEWMTERL %D,

(a), (b) DFEWHDT R THEIY T I, RITEIEA
L 7= BA% - AFEICET A HELTE LV L v ) aiR
Db & T, Pre(s) imply Post(s,T(s)) == TRUE
PEBE LTHEY U2 LERTS.

3.3.2 SEEXL -FEAFIE

3.3.1HIIBIT 3, (a) TOWMBIIRREDK/SAD
FEHH, BEU(b-1) T, 1@ D/SADET THEIME
PRI L, POEFPEIRBOMESOLETHL L
DFEHIE, VTRBE—DOFIETHEHTE S,

A, FNOOFEBHET ) FIEEEE L. UT, (a)
BB b, -ty ODFHZENC, BELLEHF
IEEZHEAT S, 22T, £EBIIFETEY condy, (s),
o, condy, (s) BFL, NADIEE TORELRED
Inv1(S0, s), 7SADEFTHORERED Inv2 (S0, s)
ThHhETh.

Step (a): X P~ 2
[ Pre(S0) A Invi(S0,S)

RBBWEFE TR L MROEFBEE 7 07 5 A OREHRFED B8 2415

Acondy, (SY A ... A condy, (- (£a(S))-++) ]
D Inva(S0,te(- - (2a(S)) - +))
ZES.

AU, [V XA DELTRINC, Pre(S0), Invi(S0,5S),
BILUSADETEBIHY Lok 5, NADET
#HIZ, Inva(S0,t(- - (ta(S))--+)) BBY LD Z &
ERIATHL, 22T, S IHENRWETHYS
HRREOEHTH 5.

%5, (b-1) DFEHET, BIZIENNADEFICLY
fterminate DEBIT 5 Z & 2T HE41T, &
P2
[ Pre(S0) A fierminate(S0,8) >0

A conds, (S) A ... A conde, (- (£a(S)) -+ ) ]
D fterminate(S0,.5)

> fterminate (SO, t(- - (ta(S)) - - +))
LT Ewv,

WEhOBES, 212 HE 3.2 HoHBED
BETE, PP BEBEO WK ELR S, 20HH
i3, AERHE Inv(S0,s), Pre(S0), Post(S0,s),
fterminate (S0, s), BBDETEM cond(s) D Th
b s UHOEKEFELT, 20, FORE s ICEE
B S $72032 S0 s AT H0LTH 5.

Step (b) ! XA LDOEEBROBHENBTOLHED )
L, RABROBE LSRRI OWT, ZOAEO
AVART VA (ISA gy e tp_ytp -ty LOBE 4, O
BBIZDWTCIEE, 20 ==% = TEXHE2, £ s
B the1(- - (ta(S)) ) ZRALTH LN L)
* P ORIRET DD, 7213, FONEELENS
HA~NOFEWIBBEARLT P 2FEXHZ 5
(EEXBRZOFM). VT, BERROBE L&
REDA YAy v A2 (RABROBE L I, ==
T =ICEERR, s ILEK S,t.(9), - #RALT
BonsR) v HFEWIBOROBRICTS. ML
IhBEonNt: P, LT5.

22T, 212 HOKIBROD LTI, BoNLRA P,
BEEEZRZZVWRERDL. 0B, UTo=o
Tha () HEFSBRAETOE, FE3W22A P &
BEERFIZVWRTHY, 2oBERIRWOR (&
Bs ZIThHa) Ly, FEERIBORDIEE®HF
HRVWRIZELSZ ., () ROFRICT 2 AED A ¥
AZ VAR, bEDOREN s ENOBEHER w0
T, BEEFI VWA THL I &,

RABROEONHEZ, HBEHIHHAL LTHV2
PRIRE T 523, BEEVEHBICREL TRV, &
HHTHFRARITRA L. EEIRIETHIBEAR, R
P DB Y, SEREREE . SEORMERLD
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%TTEds, KE, HEXBEZPED L) b
AHEFELE)ZT, HEPOEBE~NORAEL R
ZELRTNER SRV T, KABEOERICRHL
b, FiEE LTHWAEA, Hic, KB -
WEOHBEIIE LB E 220, LAEOERIIL
BNESHTH 5.

Step (c) : HEARBE - BEOHEDO A VAF VA
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S2EDORBRDD LTI, P BEBO VR L%
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U R) D, WEPOTRTOBE~NEHERALT
Bons, BEEPELZZVREDPSLTH A,
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FNTVETRTOESEY, FNUEREBEER - HE
HMOEMICEEXHRZ L. 2770, TFHE LTHUR
SEIECERIC, B0 HIIELLIERICEE
W2 D, BONLRE P LT5.

BIZIE, Py %
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D (rli(S)>0V---)

TR, r1(S), r2(S), r1(S) x r2(S), pred(r1(S))
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FEREEROR L 2D,

B0, Ps i, BEFSBEEAEFIGHEET, HE
B =, >=, -0 BT OMRER, Thbb7T LA
TIH =& s, EAIFRETETH 2.

T A ERAEE F(H(s)) == F(s) %9 P, % [-] D
Func(F(t(S))) = func(F(8)) Tholifhiy, HELR
ZETNE Py ik [--] D func(F(S)) = func(F(S)) &
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HRELOT, EBERRETERTH 5.
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Fig. 5 Display of our verification support system.
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BERIOARABELRINT 2L, RFERE, BRSNK
RAELHEORX,S, HETAI VAY Y ADRA %R
BET 2. BLOBE, ZOREE, RIEEVFEEL
RAEE, BREO—2kE LTIRRTE 3.

T/, AXBRATR, BONERBE - REICH
TEHEHEDOA VY AY VA%, TRTCO/INADFHIZH
BWIZHWS (3.3.2THD Step (c) T P, DEHRICT )
kb, FONRAOEHETHERT S P2 RILET 1 ~
AF VAT EIHRET AL HTESL, WThO Kk
T LB, BEEEVRET H. WEOFY, ZBR
DENEP D% L TT L. FOWE, HAD/SXAOFEH
THERDEA VA VAPHVORBI EILRY, E
BEHNETAT VAT VT = Ps PKREL KRB,
FNTOBRFEI TS EFETIHEBETE S (Eflr4&E
TRY). ‘

BEE3 . BdR T VAT VY — O BN EEE.

3.32 HD Step (f) TTLAT VT —XDESMS
FHETHY, AXBRTE, HETLIH V o
Vg Py, z2,---) O (TRXRTCOEED V THE
BINATHEEEE) 2 LTWwAIZe2FHL, B
HEN—F Y ICBHEIOTRE LT3,

AXBRAOHEN-F T, X 3513 z2---
P (21,2, ) FOEEE—DOFTOWE (HETLE
Br o btlT, 2 28T 20EMEERICER) LT
W EWVIHHET AT AL HNTWEDYS, BE

REBEE TR L HRBIITERE T 07 7 A ORI BEML 2417

LD, BEOEEIEL ) FRETS (KXo
TAROBIGENER > SEFT 5% L) MBEEZENL
Tw3?,

4. BEAIXBEROHERR EER

4.1 Ty IRV —TOY T LORIER

3.3.2 HTHRARZFEHFIRIC & W EROFIEDEH
PIFZBHEI B, ERCEOBREOFEE» D25 H
EXARLILHPEETHE. 2T, 2.3HTHRNR
RRYVAV—=FTUTSLD, LARV1IRE 2D
HHMEDELEE, LNV 225 3 DEMEDEL
Sk, FNENIAHTHERIBEZBREZ AV
BEL 7.

Y, LUk 1-2 BoOESESYE (HE SORTL,
SORT2 T I N/ MRS, FRENTRL ANV TE
DIDZ L) BIUEEEOTEHIIBWT, BnizR
EREPERBPEOME, BLU, EHII»»-72F
Bz~ 5,

AT S MOIERICH N AL RECEARBEY - b
FEICHTAMEY, M6, T ICEFRFRT.

RERHE, BRICHV:BRZT EOBR (K3
TON—TEE ST, S2 CHNT2) DEE_2Ics
Z 7z, & SORT1 ®FEHH & SORT2 DI TIE, #
NENRLE ZAERBPL AV, S ORERHIC
i, £S1, S2CBWVTES] ARY O DG —
FEARZRoTWEDR, T2, K81 V¥ OFEBRG
WEDE IR oTHE DR EFEIPATVES (RE
FKPDELBRD 72 DI HAREFE isMazPos ZEA LT
wa. 6 BHE). '

BA LKA - AFECHETAHEIL, EXSR
3E Ordered X isMazPos DHBIRHNEZRD—I =,
FNO DR (B MTHY LoBREETH 5B,
SORT1 DI T 40, SORT2 Tit 10 EREE &,
Y EL DERBYOFEDA VA5 v Ak fEH
L7,

HEOEHA~ORAMEIL, F21E, K7 D prim 2
DEF al 123+ L TiE ARY (exchange(S)), il 1L
Tid bound(S) + 1, 2 123t L Cit Upper Bound(S)
EL (oD ANERXBRICES 2B L X, 345
THRRIAAEANZBEREZHAVE), ZoffAR
IhBoNnA A% v R, SORT1 DIEEHT, S2
P SLICELNNADEFHRIL, BHIFOY —FFH
DEFYP—DILDD T L ZRT 2OV,

U bEDAgRER, AR - mEECHT2H5E B
L UHEOERA~DRAE 2 AR ERIIEZ B2
ET, BOELMOEHEEIIEEE I ENTE.
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AL 7o EARRRE
@ isMaxPos(array,pointerl,pointer2,pointer3)

ointerl = pointer2 T, #2, E¥l array ® pointer3 T
SN B EFR DS, pointerl~pointer2 HOT — ¥ DA
HBEor %, HE % 5bEE.

<< SORT1 DFEH THW AL EKED> >

RES1 ¥ 2K
ArrayBottom = LowerBound(Sog = LowerBound(s)
= bound(s) < UpperBound(50) = UpperBound(s)
= ArrayTop
and ( bound(s) < UpperBound(s
imply ( Ordered(ARY(s),bound(s)+1,UpperBound(S0))
and isMaxPos(ARY (s),
LowerBound(S0),
bound(s)+1,bound(s)+1) ) )

R S2 12343 2 59 |
ArrayBottom = LowerBound(S0) = LowerBound(s)

< bound(s) = UpperBound(S0) = UpperBound(s)
= ArrayTop

and LowerBound(s) = maxpnt(s) = bound(s)

and LowerBound(s) < arypnt(s) = bound(s)+1

and isMaxPos(ARY(s),LowerBound(S0),

arypnt(s)-1,maxpnt(s))
and S bound(s) < UpperBound(sg
imply ( Ordered(ARY(s),bound(s)+1,UpperBound(S0))
and isMaxPos(ARY(s),LowerBound(S0),
bound(s)+1,bound(s)+1) ) )

<< SORT2 DFEH THWAALRE> >

ARHE S1 12389 5 REKH
ArrayBottom = LowerBound(S0) = LowerBound(s)
= bound(s) = UpperBound(S0) = UpperBound(s)
= ArrayTop
and SameSet{ARY(S0),LowerBound(S0),
UpperBound(S0),
ARY(s), LowerBound(S0),
UpperBound(S0))
R S2 1039 5 ALK
ArrayBottom = LowerBound(S0) = LowerBound(s)
= maxpnt(s) = bound(s) < UpperBound(S0
= UpperBound(s) < ArrayTop
and LowerBound(S0) < arypnt(s) = bound(s)+1
and LowerBound(S0) = bound(s
and SameSet( ARY (S 0),LowerBounngO),
UpperBound(S0),
ARY(s), LowerBound(S0),
UpperBound(S0))

e LAN1-2 BOFEE TR LR EEHE

Fig. 6 Invariant assertions for the proof between level 1

and level 2.

EROIFFEEETIE, YD LI R ARERPRLEAREY
B BEEICHET AEE, BXUBEOTE~OMRAME
FHOTERZTI 0%, T3 9 BRBREE»T CEN
WEREL, HVTEBRICRRIEZERE AV CEEH2
ol TDLE, BIICERLIALREROLMS
DRV, FABEE - MFEICHETAA VR VY ADRE,
BIURABEOREY 2 L BN A OB 6
MVEL, AR S F T3 EBREE
7o, EEERBONRE 1 IRT.

T8, REEEIIIDPBLERE, Tusssogst
HEREEENE U0 E ) 2 (BhE, RIEZH T 0
75 AR BT 5 OICLERBEL, £ hr5),
WRIEE ORER, BLUHHEERORO TR LI, bk

TEHLER 2 SRR
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priml:

(* EFAH 1 HOFEMIZ Ordered *)
ArrayBottom = il = i2 < ArrayTop
imply Ordered(al,il,i2) == TRUE;

prim2:
(* Ordered ZHELEN 1 DIKT 2 *)

( ArrayBottom = il < i2 < ArrayTop

and Ordered(al,il+1,i2)

and iget(al,il) = iget{al,il+1) )
imply Ordered(al,i1,i2) == TRU

t]

prim3:

(* BEPLELS, FRIdEAME *)
ArrayBottom =il = i2 = i3 < ArrayTop
imply isMaxPos(al,il,i2,i3) == TRUE;

prim4:
(* isMaxPos DFBEH N1 DIKT S *)

( ArrayBottom < i1 < i2 < ArrayTop
and ArrayBottom = i3 < ArrayTop
and isMaxPos(al,i1,i2-1,i3)
and iget(al,i2) < iget(al,i3) )

imply isMaxPos(al,il,i2,i13) == TRUE;

primb:
(* BREL 0BBE S LIZF— AL % 5 SameSet *)
( ArrayBottom =< il < ArrayTop
and ArrayBottom < i2 < ArrayTop
and iget(al,il) = iget(a2,i2) )
imply SameSet(al,il,il,a2,i2,i2) == TRUE;

priméa:
(* Zo0OMIBA SameSet %2 5, BHFROHIC
ZNRENFE LT — 5 43R L TH SameSet *)
( ArrayBottom < il < i2 < ArrayTop
and ArrayBottom = i3 < i4 < ArrayTop
and SameSet(al,il,i2,a2,i3,id)
and iget(al,il-1) = iget(a2,id+1) )
ifmgly SameSet(al,11-1,i2,a2,i3,i44-1) == TRUE;
W b

prim7a; (* #3%a L b, c & d P, FL#FN SameSet %5,
alckv—Y LMY, bldEv—Y LIRS
SameSet ¥*)
( ArrayBottom =il <i2 < i3 = ArrayTop
and ArrayBottom = i4 <i5 = i6 < ArrayTop
and SameSet(al,il,i2-1,a2,i4,i5-1)
and SameSet(al,i2,i3,a2,i5,i6) )
ifmgly SameSet(al,il,i3,a2,i4,i6) == TRUE;
2

prima8:
(* SameArray 7% 5 SameSet *)

( ArrayBottom =< il <i2 < ArrayTop

and SameArray(al,il,i2,a2,i1,i2) )

imply SameSet(al,11,i2,a2,i1,i2) == TRUE;
5
7T VAN 12 MORETHV 7 EREEK - REOHE (—5)
Fig. 7 Theorems for primitives functions/predicates used

at the proof between level 1 and level 2.

NIRGET 5.
COEBRTIHBREIELRIEZIIA L TH 525, KIE
BOREERIL, BECATBREHVTHEN S HH
BRIEORIES LS e H b, LWIRETHS.
oz lE, 4ENIE ORKREE - BEOMEL
BHTHWRTRIER S kol bhs, E0XI3 %
EARBE - BFROMELEA L CGEH 24T 22 Fa
ZEETZON, PR VBRSSP L)RERY
BALKGEE CHNE, F1ITRLAL D DEVER
T, EHOBHOEREZITZ DL BbNA.
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®1 VALV 1-2 HOBEDNFEM (SONY NEWS-5000 #H)
Table 1 Working load for the proof between level 1
and level 2.

#H SORT1

W SORT2 | #1LH

FEBHO ¥R (v
> ARERHERH
M, BXUHED
BEBA~OILALH)
DEFOEE

# TR Miskl | Hso

FEBA SR o> ] 24 9 [l 4 [g] =L

HEHE SRR OB R
e L OB
DEEE

#5 2 K #1 B L

TERBAI 2 E
NIRRT R
P L7 ReR (REBH
REHEET)

#1207 #1049 | #54

BRORE S8R AR
L7z CPU B
) (GIEBE s &
i)

510 B 1148 | 048

/2, AEOERTE, RIEEVRIRTESES b,
FDEELWEEDIL FEEHVWTORIENITZ S
LR 20, 3.3.2THD Step (b) THEBSHZ 247
IT LWL, ZORD, RREROMEOELAD
RABEOERIZD, LREEIDID 7.

L, NERAPHELR LA ATIT A0 KETE
EVRTER LB LRE, BXURTBRIGEH
(3.3.2 H®D Step (a)~(f) DFEFT) IKEL/Z CPUK
B, BB EEDCH, TREFAHI0S, B
1W0G53EbTITHo7z.

I, 34ETHERA L DI, AFEBRTIIGUI
% ETAERFOBIEREAREH - dEEORE OB,
BLUHEOEHADRAPBERICTEL L) h -
TEBY, 2, KFTERDP T VATV —X0EHE
BRICHETEL7:0TH L. $5I12, 3.3.23HD Step
(c) T, AL - BFEEOWEND A VA ¥ A (SORT1
DFERATIZAET 40 BRE) £ T XTO/NATHEIZ
AWbZEilLAnT, ERETHELLET VATV
H—=RXORES (HETFRERE COBBEEE)
1300 #2E (SORT1 D4, SORT2 Tid 500 F25)
EBDKREL Rz, LML, FRNTHEATEY
BECTHRICEBHELITA /2. #2112, SORTL D
PRI L ED, BT LVATVT—XOES L
(ETHbZLo) HIERE%ZRKT (SONY NEWS-
5000 8/, 100MIPS, 64MB *EY). %3, FFBHIC
EHLAEEE, WTFRONRZIZDOVWTS 0.01~0.1

MREBWEFE TR L -HMENEEEEE T 07 5 LA ORRIED BEL 2419

&2 SORT1 DAHTTLAT AT —XDEBHBIC Dok
CPU K (SONY NEWS-5000 f#/, 100MIPS, 64MB
AEY)

Table 2 Length of Presburger sentences at the proof of

’SORT1’ and CPU time needed to determine the
truth of the sentences.

28R z;;égﬁ CPU KM ()
S0 —S1 1255 0.83
S1—+852 1302 1.81
$2—(setMax) — S2 1328 7.93
52— (unsetMax) —> S2 1329 12.28
S2—S1 1433 5.60
S1—S3 1256 2.06

3 LA 2-3 HOKRIEOFH (SONY NEWS-5000 )
Table 3 Working load for the proof between level 2

and level 3.
FERA O ERE DHERT DO E R # 30 4
FEHEMOBRAE L EHOEHOHFEE | $H3045
SRR E R LR #1045
BREX R HE R L7z CPU i 138

PREET (BThsllt) HETAZ LA TEL.
72, SORT2 DI TIZ 0.1 BRETETL AT
H—XHBETHLILEHETHIENTER
BEEICOWTIE, SEIZRYELEFIFZEI
AARLTVBEDT, UTFOZO%RTI LI
(i) S2 & Y B setMax ¥ 7213 7B# unsetMax % EFT
LTS2 KRBV —TIZ20 Tk, B bound(s) -
arypnt(s) OMEAS, (i) ST £ ) B initMax, BB
exchange ZH T S1 ICR 2 V=71 ZoWTid, B
bound(s) — LowerBound(s) — 1 OfE#, #h¥Fh
N—TEFRIZOUET, oV —7% 1 HEFT
BRI TEI L., SNOOFRICEL-FMIL, &
FITHEABREL, I hTrThot (E1BH).
LAV 23 FOMREE T, WMITFZ: E8 ICRT X
D e BB - BEECHT AWETEA L. BRI
BRI VD, REEHIIS 2 20E
Bhahorz (FIEESRICERL TWARW). 208
b, AFXBREFEY, LA 1-2 B FAEOFIR
THERAZAT ) S LD TE . REEEEIC DD o7 F
% R/3ITRT.

4.2 # =

ZITHE, 41 HIORFEEROBERICEDSE, AR
THAR7ALERELR - FER ORI S L BIEE IOV T
EaR o
AFHEOFEL LTIE, (1) EHOFHEEEL %
(THEwz ek, (2) ~HOEHORITE, FRIEX
BEFIEALHETII) Z L, B) AXBASEH
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(* BHDD2EFRICT— 5 B H VLK,
OBFHEHL L ILOT —F D p/(,b% *)

( ArrayBottom = il < ArrayTop
and ArrayBottom =< i2 = ArrayTop

and not il =i2 )
imply iget(iput(al,11,i3),i2) = iget(al,i2) == TRUE;

(* BHODZEPIT — 8 & FBW o,
FCBHEEL L, HVoF—s 3% 5 *)

( ArrayBottom =< il = i2 = ArrayTop )
imply iget(iput(al,il,i3),i2) = i3 == TRUE;

(* iput L7885 DISMEIRZE *)
( ArrayBottom S il £ i2 < ArrayTop
and ArrayBottom i3 = i4 < i5 =< ArrayTop
and SameArray(al,il,i2,a2,i3,i4) )
imply SameArray(y ,i1, i2 1put(a2 i5,16),13,i4) == TRUE;
&
E8 Lb2-3 MOREETH - HARME - BIEICET A HE
(—#B)
Fig. 8 Theorems for primitives functions/predicates used
at the proof between level 2 and level 3.
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