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In this research, we have established a new technology known as SOFL Agile
Formal Engineering Method that significantly improves the existing software development methods in
terms of offering a great capability of enhancing both software productivity and reliability.
Specifically, the technology includes the following aspects:
(1) a framework of the SOFL Agile Formal Engineering Method, (2) a new method for carrying out the
animation of hybrid specifications, (3) a new method and the related algorithms for automatically
generating test data for both specification animation and specification-based program testing, (4) a

method for combining theorem proving with model checking and a tool support for model checking

process animation, (5) prototypes of software tools to support the automatic test data generation
for both specification animation and specification-based program testing.



% X C—-19,. F—19—1,.Z—19, CK—19 (Gt
. WIS SO B

HEDERR L, B, TRITHE, (2 — x> b EHE L Sk x RBIR O SR £ &
EZLCHAT 0L, TOFTRAINEY 7 VU =T VAT ATBW TR 2N &
WEETHD, ol BRk - REMEERIZ, KIpEsIERIT, Y7 hU=THIEa X MK
THEREEROGNTWD, ZOMEICHIST 272012, 7 VERE), 72 % A L, JEXFIE,
R LFEFERENLOPOY 7 by = THRBFIEMERSNLTND

TTVEREBIBIRE FIETIE, TFAZER L ET, Y7 =T 0EREEZITH, AU v b
(T2 AT DOMRECIEE 72 & & +43 ICHfiR L7 ECHRIERITH Z & T, BRI M & 0
REEWI SR OEEVERT S Z ENFRETH D, TAY v hELTE, ETLEFEIN
ra—REDO—FMEEFHTOIL, ETNET— REHBIEETI2LERH D, ORI,
BRLSINDM LT NNRRELS > TLEI, TUXANVHBFETIE, ENRT 0 s 2 A
BT 7a—F AL, MK YT NV T VAT AEBELEN O DA LD a2
r—aramb, WA OEREIELEET S LT, VAT AERICELI S, #HYR
LE2—LEART A MIL > THERSNEZY 7 b =T ORGEEIT Y, ZOFEIE. TF L
L a— RO—EMEFLEEOLEN N, KL a X ME2HHTE 200 E S, KB
V7 by =7 OBERIZIE, 27— FOBEMRIZ TRALETFERN 05 mREMENE <, Fiea X
fak o A7 DMIEALLTVMEHA D & 5, TERFIETGRIE OB EHRICEES <SRG S h
ERRARER R EFE L HNT, V7 MU =T 3 27 L OMRERE & FERERER 221K 2 BRI &
# Lo L CUERBGEAIT VRN D IEL S A RFET 27 0 7 T hEERT 5 Z L3 TE 2,
BL, KHFEMMR Y 7 Ny = THBE~OEAIZRETH 5720, BERICHA I — AR
Wi, ZORMERERRT D01, BRTETEL VD BB RTINS0
7 Ny = T RBFENRE SN, BALFEFEL, 2000 0T WERAR A R AICIER L
T BT MARRICE S T 7T LOVERR, BERIRRE (f AXT va ) BIOHERR
TANEATD Z AWML TV D, OB R FHNL ARWFEF 235% 5 L 72 SOFL (Structured
Object-Oriented Formal Language) TR AIARFLINSREZ FIZR S 47z SOFL FiETH D, S
7 —%2 7w —K (CDFD) & &Y a— N aRMT 2720, AR ERITIERDTEAL AR X
VISR > TWDN, EBEFIZE o TEEANY THRE,

2. FEDOBEH)
AP TIL, EAEEMSE SEEEE HIERT LI EBAETH D [T Vv A B TLE

FE) E WOy 7 Ny = TR TIEOMNL 2 BIE T, BIRMICIE, RO BEEERT D,
(1) 7V ANVERLEZFEOERFEEZHNLT 5, (2) RO BEBUIEEE T =2 —
2 MR ERET D, (3) T = A~ a VAT A NT =X OHBAERTIEET LI X
LERFET D, (4) EHIAEAZL O NCET VREOEFT #EMT 2 R4 1%L T 5, (5) 7
=A== g Y OPTEIEDIR D BN OB RBLGIE L 7 A T —Z El 7 v & 2 D AlfibEL
MaBRRT 5, (6) Ak F = EBRE L, ¥ — I KV EREER DO 5 ik
ST D, (7)) T = A= a v 8T AN T — X OABERTFIEOIEY —LvOTa N2 AT
ZBHRT D,

3. MIROGIE

SOFL JEAMARFLIR 538 & REUTE S AR SR (REULARSEE) CafeOB] IZEED &, Ab
LA e L C& T,

TV ANERLETIEOERFEL AWML T 572012, BFEOT Vv A VFEO~=7 =



A MR INTZM >0 Y 7 b = 7 RFEOIEARRFRI & SOFL AT EFiEAMEICHAT D
T LERMREL TE R, BAUAROBAE LW REEZ BT 572012, GUL RS L O
KR ZE LTenAa 70 v FEROHT LWBEE LA A FEO ARG N oofiE, 0, 5&H,
BIOMERFEREE2RF L, £72, RO 2 — VBN L > TF 0 7T A& H4RIIC
MR LN, MEINTT 07T LTHERRELT A &7 LW /NS REFRYA 71
ERELUZ, RO EEE T = 2 —3 2 ABEHFICEE L CIX, SOFL ARk D S5 — %
7u—K CDFD IZ L > TRTOMRET T U A4 ABICHESM LT 20 LTl 42k
T = A= a VEITOEMEHI O Lz, —DORES T U A%, CDFD DA 6T
TO—DODT —HT7a—=N"AThbH, ZOXIREES T IVADT = A= a &) DI,
B9~ 2 AEEIC BRI 72 EZ RN L, #RES T U A E EN D EEO IR L - Tl
NEBOYFSNDMEERT D72 AEENCRBT L L THD, (T =A— a3
AT AT —2OBHERTFIELLIOT ALY XAEZBERT DD, BIEOFRIRM & Fk
FMEAENL T, RbEE, HAWRE, &7 — 2 RICER SN HEE 7235 £ 5 il iEim B
BT Ll Lo TCT A NT—FOAERFEET VT X LERFE LT,

EBRE 72 5 NS T VRAE DT A BT D HT 2R T 572012, MBS < Ak
S (R SEE) b N FIL S OALEER CafeOB] & Maude Z V5, CafeOBJ & Maude
(X, OBJ3 DEEZD%AMSEFETH D, Maude 1L, AARSFEOHLRLT, Y I7 by =T Y —1LDT
v hF A TR T 0 T v 7SRO S OFERFD, EIZ Maude ZAVNT, Y7 B
U =7 =L O3 e b NS FBIF R & AT o 72,

T = A= a X OPTEAEDIRD BN OFHUERISGIEL T A M T — 2R T nk AD ]
BULEAMN A BT D720, A& WA DT — 2 T H OWE &R, AT L A oxhGER, B
FORGERBER 22T T A N T2 OER T A% GUL LBl X - TRl b2 Rk L7z,
TR A FERE D I L O KRBT & WIBULOBROME TH 5, HEEZ— D
TEF LN — N K0 HARE R DL T 2 FIEICBI LTI, 73 Y XAICflibin 5 5K
HIZeE R, B, MR, Y — b BINEIR, 7 — 2 Olik7Zr £ 4 SOFL S35 CTRIELT D8k« 72
AR AR N — U B T — X RN T CER,. £O LT, A — U ZEHT 5 ek A0
FCHBERIREOERRZ ST, AT = A~ a v T A T —XOHBERTEO XE
Y= DTm N ZATHRET DI, ChE Java SeEL AT, SOFL fLERY = A —2 3 &
DRV —NBLORT A T =5 O BEVAERFIEO IR Y — VAR L &7z, T =
A= a Y OXAEY — /L TliX, CDFD  HARRES T VU A% HERICHIH L, BIR S N7-FERES
VADT =A—varryakwxzar ba—/, BEd 5 A SO E 2 @Y £S5 72
CHERER BT D, T = A= a v DD ERT A M T — X OHBERO IR Y — v
TIE, A H G/ EET X AICER SN HE T2 5 LR 7iRGE & EA R %
W=, FRCRBE AT 7T A M T — 2 OBBER T vt 2O AP EERBAEB L, T Ak
T — B DA KBNS E BB R TR S BT D,

UL EORREOFRICIL, FHIIED DIaD, BRI a2z, Z0 E TR REWHE
DFEFIRFTE & FEBREITV, IRE SIS E 7218 SN 7= HE i o S FME & 20 5 4 5T L 7=,

4. WrFEERR
AWPETIE, BEFOY 7 U = 7R FIEOET &2 KIEICUE LT, A & EiEME 2 3t

IR T A BT DY 7 Mo = TFEEME Lz [SOFL 7 ¥ ¥ A VIER T F1E] i L. IR
O BRI 72 R & 2R L 7=,



(1) SOFL 7Y% A MERTLEFIED T L—L U —T 2 LTZ, ZO7 L —AU—7 Ti,
NPT T =B ) TN 0T vong 7 U RHEEEERR L7 BT, figic kv 7'
7T BEWSHNCFEE LN S, BB EIEABNRRE L T 2 ML) =7 — 2Rt
LR T mERAEEBTE D, (2) SOFL fHkDT = A —v a UMEFREERE Lz, ZOFIE
THRDOT = A= a &2 OO~V TIT ), 7. FYa—/WIER S NICBRIEM DKL
BItRZ EFT D CDFD 2, B TCORRER VAT LEfES T U A2 ABICiii T 5, —2D v
AT LFERET T U A I, CDFD O AJ) 26 HiJ) & CRIEBED EITFFITH S, Wik, it &
TV AT AEEES TV A—D2T DI L TT = A= ar&{TH, 7T=A—a i, HIXLr
RNDT = A=y a EBERLALDOT = A= a T CHES D, (3) T = A —
Tarerm I LDTANHOT AN = ORBAERFIELT VT ALEHRBE LI, B
TEDFRTSAT & FHFMIC L > TR I NIRRT U AREA IR T = A —v a VT A
N =2 BLOEEINZT 0T LOTANAT A NT—% EHRITERT DI v DR
MWEFRSNT, ZOLET, WL T VAN OANEROALBNEENDT A N ERE L,
F DT A MRMEIRFIREE, R, MERICAE LT, 2N ENoRGERERICE > TT R
NTF—2%HBART 27T Y XA I NI, (4) EHEEA &7 URAEOREG i &
T =A—va MEFIEERE LTz, Maude S3EA VT CafeOB] FEHISCHE R % 51 CafeOBJ %
S L7z B, GEB A a7 0 DREISERSR ORI A 7 U 7 N & BEVAER Lz, Sy o AR
7u harR@EET e A ARATEEO L & CIERERN LTI EEETAREICEAT S Z &
THRAMEZER L, FHFREIT> TETz, (5) T =2 — a3 VORI TFIEEIRE
L7z ZIUIRDZDODL VDT = A — 3 O ERFIELZRE L, FH—I2. CDFD
DO SNV AT AEREL T VA DT = A= a Y ORUERB TH D, ZDOL~LDH
BULRBL T, BAEDO AT & M OBRAE AR O X 2 /bR B A BT 5, 5 I,
—ODHANED AT & N OHMISPERO AR TH D, HE=10, kxR oO AN &7 —
DAL ERBL TH 5, FRZ. BHOT —Z O AL TIX, SOFL §3E0kk4 707 — # BB LY
ZORZER SN HA T ODRORBULRB FIELEE L, £z, 7 —ZHH O LA
Ehi LR S, TOF—FEHAOWEICOWTHBIMICARSNZE SRR EH L, (6)
HERT = A= a VOIEY —NVET A NT—FOHBMARDO IR — VD7 v N2 A 7%
W LT, AT = A —2 g OIER Y — Tk, B4R D CDFD 726 2 A7 AfRES TV 4D
HEHE, —DOOEES TV A DT =4~ ary, BIOTFT—XHEOT =A—v 3 V72 Pk
REA FEBL LTz, Fio. BEOFERISRM L FRIMFONE & L OERIEDO A ) DL ER — ~ O
EEHBIZOHT L, 7=A—va VHOADNEWIIOT A ST —2 OBEEVERT VT Y XL
B LT, TOHBAERFEET VT ZALE, ARRICKVEELE T 7 507 A M
HHEHATE D, ZOET, fHRICESKEEINLT 0 77 L0 T X FOHIZ, T A b
27 V7 NOAEER. T A MEROBET R EOMREE SR Y — A icinx T,

5. ERERRRIE
EsEsnr) G 11 ) &CHEFE

@D Adrian Riesco, Kazuhiro Ogata, “Prove it! Inferring Formal Proof Scripts from

CafeOBdJ Proof Scores”, ACM Transactions on Software Engineering and Methodology
(ACM TOSEM), 27(2), 2018, pp. 6:1-6:32.

@ Yu Chen and Shaoying Liu, “DESIGN AND IMPLEMENTATION OF AUTOMATED
VISUALIZATION FOR INPUT / OUTPUT FOR PROCESSES IN SOFL FORMAL



®

@

®

SPECIFICATIONS”, International Journal of Software Engineering & Applications
(IJSEA), 9(4), 2018, pp. 139-157.
Kazuhiro Ogata, “Model Checking the iKP Electronic Payment Protocols”, Journal of

Information Security and Applications, No. 36, 2017, pp. 101-111.
Adrian Riesco, Kazuhiro Ogata, Kokichi Futatsugi, “A Maude Environment for

CafeOBJ”, Formal Aspects of Computing, Springer, 29(2), 2017, pp. 309-334.

Mo Li and Shaoying Liu, “Integrating Animation-Based Inspection into Formal Design
Specification Construction for Reliable Software Systems”, IEEE Transactions on

Reliability, 65(1), 2016, pp. 88-106.

(Fa%#) GE 50 ) 2CHEHA

)

Shaoying Liu, “Agile Formal Engineering Method for Software Productivity and
Reliability”, The 14th Central and Eastern European Software Engineering Conference
Russia (CEE-SECR 2018), ACM press, Moscow, 2018, pp. 64-69.

Ha Thi Thu Doan, Francois Bonnet, Kazuhiro Ogata, “Specifying a Distributed

Snapshot Algorithm as a Meta-program and Model Checking it at Meta-level”, 37th
IEEE International Conference on Distributed Computing Systems (37th ICDCS),
IEEE press, Atlanta, 2017, pp.1586-1596.

Tam Thi Thanh Nguyen, Kazuhiro Ogata, “Graphical Animations of State Machines”,

15th IEEE International Conference on Dependable, Autonomic and Secure Computing
(15th DASC), IEEE Press, Orlando, 2017, pp.604-611.

Xuan-Linh Ha, Kazuhiro Ogata, “Writing Concurrent Java Programs Based on

CafeOBJ Specifications”, 24th Asia-Pacific Software Engineering Conference (APSEC
2017), IEEE press, Nanjing, 2017, pp.618-623.

Shaoying Liu, “Testing-Based Formal Verification for Theorems and Its Application in
Software Specification Verification”, Proceedings of 10th International Conference on
Tests and Proofs (TAP 2016), Springer, Vienna, 2016, pp. 112-129.

Shaoying Liu, Xi Wang, and Weikai Miao, “Supporting Requirements Analysis Using
Pattern-Based Formal Specification Construction”, 17th International Conference on
Formal Engineering Methods ICFEM 2015), Springer, Paris, 2015, pp. 100-115.
Shaoying Liu, “Automatic Selection of System Functional Scenarios for Formal
Specification Animation”, 2274 Asia-Pacific Software Engineering Conference (APSEC

2015), IEEE CS Press, New Delhi, 2015, pp. 72-79.

(¥F) Gt 5 )

@

Kazuhiro Ogata, Mark Lawford, and Shaoying Liu (eds), “Formal Methods and

Software Engineering”, 18t International Conference on Formal Engineering Methods
(ICFEM 2016), LNCS 10009, Springer, Tokyo, Japan, Nov. 14-18, 2016, No. of Pages:
508.


http://scholar.google.co.jp/scholar?q=Integrating+Animation-Based+Inspection+into+Formal+Design+Specification+Construction+for+Reliable+Software+Systems&hl=ja&as_sdt=0&as_vis=1&oi=scholart&sa=X&ei=KGcrVYecDsbQmwWQ_4DYAw&ved=0CBoQgQMwAA
http://scholar.google.co.jp/scholar?q=Integrating+Animation-Based+Inspection+into+Formal+Design+Specification+Construction+for+Reliable+Software+Systems&hl=ja&as_sdt=0&as_vis=1&oi=scholart&sa=X&ei=KGcrVYecDsbQmwWQ_4DYAw&ved=0CBoQgQMwAA

(Frrgm) Gt 3 1)
@O Shaoying Liu, “Testing and Inspection for Software Quality Assurance”, 2015 IEEE

International Conference on Software Quality, Reliability & Security (QRS 2015),
Vancouver, Canada, 2015.

@ Shaoying Liu, “Testing-Based Formal Verification:' A New and Practical
Approach for Software Quality Assurance”, 19th International Conference on

Engineering of Complex Computer Systems (ICECCS 2014), Tianjin, China, 2014.

6. BFFEHRR

(1) WFgesfss

P HERL - BRE vEH

0 —<FK4 . (KODAMA, yasushi)
FTE M TeREE4 - TR R

R4 RRE SR

W4 - 22

WgeEF5 (8 H7) : 30266910
Fe s HE R4 - 5 fofl

b —<FK4 © (0GATA, kazuhiro)
FTEAFZERE B4 - ALRRJe R F R KB KT
BSR4 oA A e R

W4 - Has

Wroeg a5 (8 #7) : 30272991
e B R4 - AR R

o —<5K4 : (ARAKI, keijiro)
FTBAF e RE4 « REAS B 45 B P 224
wR4

W4 B

WroeE5 (8 H1) : 40117057

(2) WFoeh 117
WHE I F R4 - B
n—<TK4 © (TAMAL, tetsuo)

e NE RS - R JEE
n—~5 4« (FUTATSUGI, kokichi)

MEHIERSL e R
7 —vF K4 ;. (NAKAJIMA, shin)

MW HERAL - &% SOF
o —<FK4 . (KUMENO, fumihiro)

BIXOMD 2 24 0OWRE L KFrt
KR I X AWFEIE, IR OHR E BEICBWTERTH LD T, TD=H, FZEDE

B SoWFIERR R D AR FIZ OV TUE, EHOEFFEFIZHES S bDOTIE AR TOWERRIZET S
RAERRARIE, MHEEEACRE S ET,



