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The purpose of this project is to develop methods for verifying properties of programs by applying
techniques of term rewriting and tree automata. The results are methods for verifying automotive
LAN protocols and proving program equivalence, and automated generation of loop invariants of
imperative programs. In addition, we have obtained several results which are basic to program
verification: methods for proving termination of term rewriting systems, efficient SAT solvers for

propositional logic and SMT solvers for equational logic.

SRR ERA

Kt

(AL : )

B EiES %= &
2008 4F 3,500,000 1,050,000 4,550,000
2009 4F 2,500,000 750,000 3,250,000
2010 4FE 1,900,000 570,000 2,470,000
2011 4 1,800,000 540,000 2,340,000
woEk 9,700,000 2,910,000 12,610,000

eS0T a5
BUFEDSRL - f#E : BRY -V 7bh0x7
F—7— R ERREO - AEERRRGE



1. WFZEREa M ¥l DT 5

HEER ORI E LT, BFDZ A LTS
ns.

(1) 5570 N 2OV RWMGE : K55 70
N VO E BB IR R RN Z
ETHY, TOMBEZIHFEIHZ RO
EAREMERMEICRE TS ANER T
T\ =,

(2) BfEERICHE DO ATV Y Mmooy

7 L DL RVEMGE : K2R OEY) 52X
fbick D), 78075 LS ERIFMAR
WZ & & BUHEER O TR THREES 2 FIEN
FFEINTOW D, ZetkogA Lok
e U T O NS IETF BN EAN A
BIRPSIFRTEL L WS BFEN D o /-

(3) HEFIHZRPARA — MY bV OfENTEL
% 7075 AGEEDTE 4 OREIZ G
T DMMENEARY DDH > 7.

2. WFgeD HIY

AFFEOHMIE, HEHRZRP AL —FY b
VOREEZIGHL, @ETO N3V EBRD
LT3V NT—IV T NI T #ELAUTT
075 A—fDEEMEIZONT, ghRlHh-DHE
F#EIFH DL RGER L A2 NI T2 & & 1T,
REY AT A EEYE, FHiTHI L THS.

3. WHEED STk

—fiz, Tar 7 sroMEIFGwRERE LTE
AMexh, TOMBEOMGEE, fwHEAoEEME
ERTZEREINDS., mEAOEENZR
TUTIE, EHEBGEEHE T IVREDY —ILad
ERATHD. AFETIE, RO 2DDHEDS
EERALZ.

(1) BRI 2 BT R U Coe B E BhaE e
HBENEFREAFENEHIED D DY — )
EHWTCHREXS.

(2) LA BRI 78 W Bt HIE DY — b
DHAFE, ARZ1T.

BRI B EERRE DR 2 7o 725 e LT
ROBR 27

(1) €Y b7 —EhE FCTOHMRER LAN
70 s 2I)VOBEMRT BT S5 @
BETEY NI —BRELGED T
Ok INVOIRSDEHVE T T IVREY =)
% W CTHEFEIIZIRNT 3 2 FHEZ B 5 2
U7z, ZORRIE, Frit AR LAN 7
ONINPRLZRIIRDEDS Z LREET 2
7ZODIEL B FERTHS.

(2) FAREHEE LAN 70 b 2)Vo R UGRY
B 2055 : ZDMZETIE, FREATREVEH]
Y =V EFAWCTH IR HERK LAN 710 b
VDT T R 2 0 ki S EfE
HLEOYY NI —2ENTT 2 FIEE
MIZ U7z, EROR, FEHIZITEE
LTV o Bk LR BFIET 2 2
ENRINT.

EEo (1) L (2) OFFEOFESIE, Hill
REH LAN 710 N I)VOHERFHZT 4 — RNy
73N, 70N IVOFEFRY) ORREITIEHX
nr.

EM BRI & ORI EEDY —)b
WIZBIL T, KDL DS BHR %7,

(3) HESMARZISHUZFH M TS
T LBGEEIZBE S 298 : 700 T L & Al
BHR D HEN % T IR STHERZ RIS
B, 95N HRM SHERZ RO
MEOHAEEZ AL TTO 7 LD
MEEBEET S FIEEFRL, FEL A,
/0, AFEICBOCHEERAE 2R/
I Z IO 72 8D 0 B Al A R T
R 7=,

(4) HEXMIwZ Lk L 42 TR MEHIE LD
RELFRYE . T0r 7 ABGEEOREIZ, 5
ZoNERNEHDO FTOMERDOF L
AREMEREICIRE I ND 2 2R Z 0. K
5T, 52 6N 72E M5 & Gnil
12X U C, Knuth-Bendix FHtXI12& Y H
FEIZ 7 DRI G D P E Tt X = 4K
U, EXAMimeike 7o5mBEADR L
HEMEZHE T 2 PHAZIREL, TDHE
% FHli= 7> 72, F£72, Knuth-Bendix



FHIICE 5T, RO AFBATTHE S
B EGOERICTHER U 2 & EEE T
NI) ZANZFAFL . BEDWEREE
&Y, ErEmaiETeY 7 7Y
A LY AFERENE 2 ZE U /2.

(5) 775 LDN—TRERAHFKATE
DOFAFE BB U R & 00T AT
LT, RSN (BB EIES &)
DD —TREREFHKRT D FiEERH
FU, EEITEYFEEL 2. BBk
&, UIRUIE, M HmE L THEX60
2ZeMOEMERLZEDTHD. fitk
DN —TAREXNEBERD FIETIZHE A
Bhol-707 020835280
TX3. AREIE, V—TFRLEREH4E
O 7= BRI & RETDEDEH
AbNd.

(6) F /R FTREMEFIE TR DRI SEB « AR
i fiDHE S 5 45 % R D 75 1 g
PEHEIZY 7 7 IVEERSLE 2 B AN TE)
AU A e REY — NV E BT,
ZTOEMEEFML /2. SAT YV ILN—D
MEREM EIXEHE E UL, BIENRMEIC
ICHAINBEOTNEN, £ZFE7, M
DREPBETH D . AR, FHA
FREfi &S 8% RIS D DI U 72 i
MEEAERZ D L DITSAT VIV —% K
B3 2iAATHY, SAT VILN—D5h%E
WEIZESTHB I THRL, MEOH
B LTOa—T+1 VT2 BHIZT5.
BB, REREZIY) F LD/ CENET
MEWEEE2OmE, A¥YRY 7 U
THA TV AMERREMEEZEL 7~

(7) HESIMRAREAA— MY N VHEERORE
B RS X ORIEAREME O T T I
DWT, TNAREARETH S HE I
ARDITIAT, TNETIZHP2TW
505 ALVIENI T AERFRA U, %
DO, KA— b~ bUWERHT2EED
EAGMEDWZE, HIRIAT S HEFHZ ROM
BOHEREAICE T 2 e % 5 7.

5. ERFEKME

(e, SR HE R OEEERF 284 (21
)

[MEskam] (GF 28 )
(1) AR —, S phl, W EZ, FOAE—H,
P FHERS : BB OHE U 2 R5D 710 75 ADIERR
BV —TREXD BEIER, & EREEFS
V7 N7 YA TV AL, 2012, SS2011-
46, pp.39-44, EE
(2) PR, WHEE, SERRB, PHHER, &
N E—H] : FEME % BREXE S OFEME I
HARERENESD Y T 22OV T, BER
WEFRY T M7 YA TV AMKR, 2012,
SS2011-47, pp.45-49, il

(3) SAKATA Tsubasa, NISHIDA Naoki,
SAKABE Toshiki : On Proving Termination of
Constrained Term Rewriting Systems by Elim-

inating Edges from Dependency Graphs, Pro-
ceedings of the 20th International Workshop
on Functional and (Constraint) Logic Pro-
gramming (WFLP 2011), LNCS, 2011, 6816,
pp.138-155, At

(4) FZ—th, PUHIERS, WHIEE, Sk, &
M= — B < RIS S IHEHR 2 RIZE 1T D ARUER AL
B O 7 BIBEEMERRGE, HAY 7 v o
T RIS 28 k4, 2011, 7B-1, pp.1-12,
A e

(5) Yoshiharu Kojima, Masahiko Sakai, Naoki
Nishida, Keiichirou Kusakari, Toshiki Sakabe :
Decidability of Reachability for Right-shallow

Context-sensitive Term Rewriting Systems,

IPSJ Transactions on Programming, 2011, 4,
pp.12-35, faiA

(6) HEFEAE, WA IEE, BB E@E, X E—8,
PHEERS : 2 ) 7 ZIVEERIETHEE I N7z SAT
Y IVISAN D FEAR S FRE LB RE DA AIA A,
FHHREEERY 7 N7 YA TV AMRR,
2011, SS2011-38, pp.67-72, el

(7) NAGASHIMA Masanori, SAKAT Masahiko,
SAKABE Toshiki : Determinization of Condi-
tional Term Rewriting Systems for Program
Generation, 5 83 [IIFWMLIE Y4 - T 0T Z
VUM% S EAER, 2011,, pp.l-16, &
i3

(8) AE v, WiHEZ, PUHIER, bk, &
ME—B : HJRIESARA— b~ b 2DHE
M, BErEREEFRY 7NV TYI VA
fiff9e4x, 2011, SS2010-63, pp.61-66, 7qefE
(9) HARELE, VO AR, BN E— B, BGER




THIEE « HIRIAS S TEE B 2R D FHH R IR
BT EERDOBEEKE, 2vEa—4
V7 Rz, 2011, 28, pp.173-189, #iHi
(10) Mgk, W EE, PUHER, SX]E—H,
PR : E G0 —o > JI2 D < G
A v 0 —IHER 2 ROIFE MR IZOWT,
BAHERBEERY 7 N7 A T AW
£, 2011, SS2010-44, pp.31-36, #HE

(11) E¥Et, I, vhmER, Sh4—
B, WREE - G2 kL 9% DPLL E#
RIZOWT, ErEREEFEFRY 7 T Y
1 TV AW, 2010, SS2010-36, pp.49-54,
(12) RBIE®R, WIFEE, JEBEE, v6HERS,
EONE—H : R EEROEHIIIE S T
77 NER, BTEBEEYRY 7 N 2T
A1 TV A4, 2010, SS2009-41, pp.37-42,
(13) Keita  Uchiyam, Masahiko Sakai,
Toshiki Sakabe : Decidability of Termination

and Innermost Termination for Term Rewrit-

ing S ystems with Right-Shallow Dependency
Pairs, IEICE Trans. on Information and Sys-
tems, 2010, E93-D, pp.953-962, it

(14) BEFEE, W EE, THHEERS, SRR,
U 2 — B BEAS BB LD < Hi2 £ D CNF
F O R AR E, B RS
XEED, 2010, J93-D, pp.1-9, FHaeh

(15) KPR ERH LAN 70~ 2)UZs
1% Rk UERY Ofift, 44 B RZERZEEE R
g gERHE L3S, 2010,, pp.1-30, il
(16) NISHIDA Naoki, SAKAT Masahiko:Com-

pletion after Program Inversion of Injective

Functions, Postproceedings of the 8th Inter-
national Workshop on Reduction Strategies in
Rewriting and Programming (WRS’08), Elec-
tronic Notes in Theoretical Computer Science,
2009, 237, pp.39-56, it

(17) KOJIMA Yoshiharu, SAKAT Masahiko,
NISHIDA Naoki, KUSAKARI Keiichirou,
SAKABE Toshiki : Context-Sensitive
Decidable for Lin-
ear Right-Shallow Term Rewriting Systems,

Inner-

most Reachability is

IPSJ Transactions on Programming, 2009, 2,
pp.20-32, it
(18) REIER, WHEE, IR, v E,

BN A S E R0 E Ko Tn s
7 LR, ETERAEYERY 7T YA
TV AR, A5 HER SS2009-41, 2009, 109-
343, pp.37-42, T

(19) 71 2505, W E 2, SEBEE, SO0 E—8,
PEHERS : ARG Y vy O —RIEHE MR RICE
1F % SUIRHAFAS (P D P mTREME I DWW T, &
TEREETFRY 7 MU 7 YA TV AR,
fE540 SS2009-41, 2009, 109, pp.31-36, &
ErRiL

(20) $RAEM, FEAIE—FA, SRR, R,
Vo RS : E S 2 R IZB 2518 % L
e FEGBR, BrERBEYRY 7 U T
YA TV AR, 5 SS2009-41, 2009,
109, pp.25-30, ErHfE

(21) AARIEZE, P8 EH RS, SON 3= — 8, SRR,
WFHIEE - SRR S HE 2 R O F 2 RHhE
B 2SO HEERE, HAY 7 by
T B 26 [FIR2EEEECE, 2009, 7B-2,
pp.14-14, il

(22) M 3, PHHER, B, WEHEEE,
FONE—BR : HIRA STHBRZ RICE 1T 2 FHH
ZVRARE, BB R GE T O VI IV,
2009, 2, pp.80-96, FaiH

(23) UCHIYAMA Keita, SAKATI Masahiko,
SAKABE Toshiki, KUSAKARI Keiichirou,
ISHIDA Naoki : Decidability of Termination

Properties for Term Rewriting Systems Con-

sisting of Shallow Dependency Pairs, Tech.
Rep.  of IEICE (SS2008-45), 2008, 108,
pp.37-42, il

(24) BEFPEE, WHIEE, VEHER, BEERE,
X — B« FEACTRRBIE E AN U 72 CNF GwB
ADF TR E, ErEmRafEsaY 7 b
DT YA TV AR (SS2008-44) , 2008,
108, pp.31-36, P

(25) diTithRs, PHHER, EHEZ, BEXE—
BH, RSB IR S EERZ RO BRI
FEEMBAUAZFHRSMTO TS ARGEDORA,
PRI EE 71 75 2 V7, 2008, 1,
pp.100-121, #Hi

(26) FREAGRIE, BBE, SHLE, g,
BHIEE, FNE—#, EHER: By oo —
BEHIZB D A —F 7))V CAN OEERRET,
BTGB E 7 2Bt S (SS2008-37),
2008, 108, pp.61-66, T



(27) PHEHER, HHE, PEIHEEZ, EXE—8, | 6. FFFUH
S PR < R & T R R SR DB H BRERA I
B 2EXDSH AN T D70 DRI, By | (1) BrefRs

T HomAE 2 BAN IR S (SS2008-20), 2008, S 2R (SAKABE TOSHIKI)

108, pp.43-48, Al HEBRY - REGEHREV AR - 2%
(28) JxHIZ, PHEHER, WIFIEE, FNE—H, fFEEFS £ 60111829

SRR TV A TN AU EB A RIS | (2) i

1} % B ZIFREIZONT, EFEREERS WH: EE (SAKAI MASAHIKO)
Bt s (SS2008-1), 2008, 108, pp.1-6, HHERY - RGBT 5ER - 2u%

R ¥ % 5 @ 50215597



