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Development of formally verifiable framework for program
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FFgER R OMEEL (3532) : We have developed a method, which is an extension of the stepwise
refinement method, for correctness-preserving transformation of programs that make use
of advanced features such as pointer manipulations and exceptions. We have shown that
each feature has a corresponding logical system, namely, separation logic for pointer
manipulations and four-valued logic for exceptions. It has been shown that the correctness
of programs is formally guaranteed by developing formal proofs on computers, based on
each particular logical system.

AEA IR E AR
(BEHHAL - )
B B LIEESES ¢ & &t
2008 £ 1, 300, 000 390, 000 1,690, 000
2009 £ 700, 000 210, 000 910, 000
2010 £ 700, 000 210, 000 910, 000
2011 4E 700, 000 210, 000 910, 000
ik 3, 400, 000 1,020, 000 4,420, 000

MR B« KA ik
BB OSF - B - W - R
F—=U—F:7ur7r#im, Tus T LK BRE

1. WFFEBRAE S WO 5

7a T AEBIIE S PO TE T
WHT—<ThDHN, TNETRESNTE
T 2 DB FIENARYIZIE L WD E D
ST LHHSTIERY, ELEBRLTL
BIRFAEENARNE WD Z LT, Fu ST A%
BT D e P Nl A o e G =074 AN N
FLEMN L oTLED AIRMERH S &

WO ZETHY ., THUELEERZEMEDE R
ENDHHTHICBNTEHFINRZNIETH
Do
T Ay H %5 (formal methods) 4y B TH:kE
Mo 7u T LB T LD T L—4
7 —27 & L7 refinement calculus ®FiE%
Ta s g AEROBRIZBWCHEHAT S Z
LICE- T, Tul T AEHBOIE L & Z335E



TEX DD TRV EE X, IBXHIET
X, 70T AOMEENLIRD T, ZHICEE
HMEORAIZ YK LEHAT S Z ick -
THN a7 7 2 %8HT508, 20X 57k
EYPEAO SRR L DR CTHLA B R P s A
RTHL7r T ATHRY, LEN-T, E
ROFHRE 2AELL TR T T T A
MBIEDDHZ LIZL ST, TOTa T T A
NLUTCELESEZBRIELANS T 0 7T A%
HaziTH Z ENTE D,

Z O X 9 7ML B4R & T A0 E BRI R
DLETERTAILICEST, 0l F40
ELEEZELTCLE> 2D LW 1
VA ENGY s T i) A DN s Nl =/
T LDOBEICHET EINE D MRFET D =
LI E o TEBDOE L &2 FBICHIET S
ZEMTXB,

2. WHEOHEH

(1) 7al T AEBEBPELWE L 2RIET D
7= D FIEDOHEST

BT a5 AOMER, P ul T Lk
BLOFTH TEN LW & 2 RIET 570
ORI Z LT 5, FFIC, BRA X
e otk 7a 75 AEWTIXEL X
OIRFENFE U o727 0 VT A H Fik
BT 5,

(2) u s 7 A EBRTEROBRIIRIED =D
D7 L—AhU—7 DL
FRERICESWET 0 ST A A
FEBRE R ECHEBIT 5, T2k - T,
7a 7T AR VRO AEEOE L
S RNTHRAEFTREZR b D & T 5,

3. WO HIE

fE3k D Refinement calculus 235 &4 25D
1L T AN H RS OM A S bE TF
N7 a s 7 ARBESNTWDS, ZhE
B A I AL e B W R A=A i X
WratelH 7 v /I AMIHLHEATE S
L OTIERET D, FRIZ, RA o ZBAESOHIS
WO Z G ie 7 v 7T MOV THEMA
HINCHEIR Z A D,

A 2 ZBECHISNLEL 72 & OHE A TR
WA 24 9 121%. refinement calculus Dk
it & 70 5 AP IR R O PR NS ARE N M BT
b5, TNENOFHEREICE L2 imBic R
DIEEEMET L. 245 % refinement
calculus DIER EFET D,

PR SN RRE AR LA ST
refinement calculus ® 7 L — LU —7 kT,
ELEOBIEENT-7 0 VT LS A HE
ThdZLaBRWGFEIRO ET, EERICT
7 7T NSO BRI E 2 i R0 T
)L LS TCZDOFREOFEIEE AT,

(1)

(2)

AP S

WA 2 ZBAEL & — 7 HE I O fife PR <0 B
kG T T AIET LT ST
LA A T A2 3 AT RE 7 Mk A &
refinement calculus O¥LIELE L TEHX

o ZOYERTIE, TERD W HEHEIZA
2T, e—=7AEVICHT L2 EHERE
B[RE7R separation logic ZAWVWT 1
7T NERGEE L L TE LT, 2O
FIEIZED, e —=TRRA o ZIZETD
ERVEDY . separation logic DOimFRIEE +
WK T D AR 72 R FE A W1 DO A
AOEICHRTEH L EH LML
77o TNHIERMIGRFEEBRIZ, E—
T Ok E BT A D THY |
INBEEROWTHORA 2 %3
BTEZHEIT TR, TNHENEBAWC
HHHELOLYMEBEEFF-> I L ERLT,
ZD XD I EARN I REERE &2 W
TRINET a7 T L, WL ODPOE
BRI A K LEHT 2 ik,
E—TRRA B BRIEE G L O T
0y S ADTa ST ANERNEOEL
SERE L CHB AR THDL Z L
oLz,

Z OfE R % ERESE Mathematics of
Program Consruction (MPC’' 08)iZ3\ T
REL, BRWLTRLE, Turs 7
DI % FH L o RYEE R T A
ERENEHT A 6138 — 2= (TS
M) o X Ty ra— RA[EETH D,

BIF DAL BIS ORI ZHT L O 7
A =R VNI = R Rl = B/ AV % ¥
AR ATRE R A2 & LT, 41E
mERIZ E-5< refinement calculus #%&
22 _7-, Refinement calculus |%. 7l
mEAEZORBELLTEBY 2T A
NIEFIZKTTH0E 900 XBLH
T&E7RW, EBEOT 10 7T AT, F7
By —Wx P el S)ick-
THRITEREKQRTSIEY, BEkT%
ffi & U CIER EATICE IR T M A0
HEINTWDI N, b idEko
Refinement Calculus TIEHh 5> Z LA T
X hote, SEEOWIE T, il
B TAfmEETHWD Z LTk
S TIEFKT &R T2 XA L TH
HZEEHAEE L, ZNIZE o T LD
O RFTRZ T - T — 6D
8 1 R Rl A=/ N (L AN G =
7T 5O B MER IR AL 2 TR I E
M2 ERAREL 2o 7,
oK, EEREYCORY T A
Logic—Based Program Synthesis and
Transformation (LOPSTR 2009) & [EWNHF
HERIBWTHRER L, HEEYRY



(3)

TATHELEAFEZ S VAT T LD
selected paper & L CTEE ILHIK S
iz,

FROBIFERENLRBLIZNAE L L
T, BFES ORI E F TV e
STRHFEMELE G )T e /T A

FEHAZH RO FIENEHATEX5 L9

T D72 ORI T & LT &

D X5 ARG BT,

O & SE XML 2BV T, SeEdIT
B35 —% % XML oG+ 2
FHRF) 220 & BIAR THRET 72 ®
DIEARER) 72 S35 T D XPath IZEH L
T, & OZAVEE B HERR T 5
oD TL—bU—TEEHz WL
DD A B TR W& E T
AR LER LT, (MHEBEKREK &
DHL[FERFSE) XPath OAHKTEY 727 &
BIRIC K D Y5%T — % OMERIL.
XML N FRTA#EE L CTOREEITH
Tl ADORETHDIEEZLD
N, ZOEMEEZRELZ TR
TILEBOIELZIZHm DL L&
272 5720, XPath DX EF DA
HE oMo 2ERfR E L TR
L. 872 % 5750 XPath 2D %A
M % BRI O FH B 0 AL & BAR 2 oR
LIk TrRLEE, (ZZTH
ZOAERBRIZ T a2 T AOHM
fbE&ksd5, ) £7. XPath TX
SHOwbeND, FHECEDT—50
Y iAFr | W7 55T 2 THES
RICE S TRBLTLHZENTED
ZEHRLTE, 2T Lo T, XPath
DOEMMER K OGEM{E 2 BIfRIZEY
THV0EOREHNZEHT 5 2
LlZE Y ERIZREHT % 2 & A3F]
BE & 7o 7o, FEBIZRER L7 Sk
ik Tcicmshtnizs o
T BEMEICL DT —F Dk
VAR EESI LDRELEEND,

ZORRE, T s T NI
9 5 [E R R £ < ACM SIGPLAN
2011 Workshop on Partial
Evaluation and Program
Manipulation (PEPM 11) (Z3&NTH
FLT.

@ WITEtE w070 s 5 A
BT, WATEHEICAEIICNET
HEMEI DD, BRI T T 5D
FNED LT o L NEERRETH
5. WEED R RIIWATHE T 0 7
L DY I BT L D KR AN
HHEEZ, T TTIVITEFED
BRET L E BRSO EMICS

ZABTENTEDE L TOHEME
DAL TETNDEHF—LEBWRHIC
HoLK AL ERA R, ZORKD
7=, a3 TEFEAlgol |2
HEOWIWATERBEREL, 207
— LNEWRE 5 2T, 7 — DB
T, el T ADFETUVAT AL
T T LD 2HETRAEIZTE
S—FEDOF— 5 FEOXRE LTE
KT D08, WiT 7 e 7o Lk —
LAEMGH CTERMLT 2B, BHEICHE
Yo7 s T A0FETEREAD
% (interleave) & Eab D 2 FH M
RHAIWIZFEITOE W FHENFN
TLEHI ZENMEE D, 2D/
A, 70 7T AN —REEIC o
ITEITESNTWDE T B T T AIE
ITHEZGED | SUTHENMIE SRR
BT, LWOEEEZRTITHF
FEATAHZ LIV L-, =
D X ) AU WA T EATICRE T
LEEMBETNEEZ D LT
bbb 2oOo0WTT 0 7T LAD%
flitE2s, o7 a7 Z M
T 5 A RER T L TR (IS O
EMMEICIRETE DI EER LT,
(D HA K & o L[FRFE) E£7-.
bbb —EOFMEEWmIT T 0T T
LT HOWTIE R 5 B 23 1IE
SETEIN, Zhck-o T
07T AOEMENHETE D
LERIRLIZ, ZOREIL, Wit n
TITLDERIRT al T NEHRD
EYYEDO R M TOE
B2 FRDTICRb EEZLND,
ZORERE | FHE T T e s
Z LAFFEE (PRO) IZRBWTHE LT,

5. FrpRERLE
(BFgEfFE . WFIE o3 K ONEEEAF TR 1
=)

CMERE

@

I Gr2f)

Susumu Nishimura, “Refining Exception

s in Four-Valued Logic”, 19th Internatio
nal Symposium, LOPSTR 2009, Revised
Selected Papers, pp. 113-127, LNCS 60
37, 2010.
http://dx.doi.org/10.1007/978-3-642-1
2592-8_9

Shin-ya Katsumata, Susumu Nishimura,
“Algebraic Fusion of Functions with an
Accumulating Parameter and Its Impro
vement”, Journal of Functional Program
ming, vol. 18(5-6), pp. 781-819, 2008
http://dx.doi.org/10.1017/S0956796808006

93X




(=

@

¥Rl Gteff)

Keisuke Watanabe, Susumu Nishimura,
“May&Must-Equivalence of Shared Vari
able Parallel Programs in Game Semant
ics”, BHRUILFER T 0 /T I v TS (
PRO2011-5)

Yuta Tkdeda, Susumu Nishimura,
Calculating Tree Navigation with Sy
mmetric Relational Zipper”, 5138~
nyI7IVIBLNTe STV TERE
—7 a3 v 7’PPL2011

Yuta Ikdeda, Susumu Nishimura,
“Calculating Tree Navigation with
Symmetric Relational Zipper”, The
20th ACM SIGPLAN 2011 Workshop
on Partial Evaluation and Program
Manipulation (PEPM'11), 2011
http://dx.doi.org/10.1145/1929501.1929
521

Susumu Nishimura, “Refining
Exceptions in Four-Valued Logic”, ft
B, W, BWEEBRBFHRES
(ALGI20), 2009

Susumu Nishimura, “Refining

13

Exceptions in Four-Valued Logic”,
19th International Symposium,
(LOPSTR 2009)

Susumu Nishimura, “Safe

Modification of Pointer Programs in
Refinement Calculus”, 9th
International Conference on
Mathematics of Program Construction,
MPC 2008, pp.284-304, LNCS 5133,
2009.
http://dx.doi.org/10.1007/978-3-540-70
594-9 16

(X&) (Er o)

(PEZE R EEME)
Ok (G0 )

OfsikdL Gt o)

(& D]

F—

)

JRREL
MPC 2008 Z&Zim CIZBT 5. B RIRE

Hox o oa—R
http://www. math. kyoto—u. ac. jp/ susumu/m
pc08pvs/index. html

6. HWFZCHEAE
(1) BFgefses
PEAT ¥ (NISHIMURA SUSUMU)

g 25 « 10283681



