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STRATEGIC PROGRAM
Software technologies for adapting requirement changes of information systems

Executive Summary

Today information systems are the basis of almost all of the infrastructure of our
society. Any failure in the information systems will cause tremendous impact on our
society. Society requires information systems which are safe, secure and stable. It
1s widely recognized that the major cause of the information system failures is in
software, which is steadily growing larger and getting more complex.

Research and development on software technology for safe, secure and stable
information systems has been carried out for many years, and software development
tools and methodologies have been developed to improve productivity and reliability.
Although it seems as if software technology is approaching a maturity level, software
in information systems based on open networks still have problems. For example, it
is difficult to adapt to 1) unpredictable needs of unspecified users, and 2) the inevitable
environment changes such as aging degradation of the information system itself or
user’ s specification changes. The issue of how software technology could cope with
such changes in information systems is no longer solvable only by the patient efforts of
individual vendor. In order to deal with the software issues which are getting massive
and complicated, the major Japanese vendors recently established Dependable
Software Forum (DSF)'. In academia, various methodologies and tools were developed
as the result of basic research. However, the results were not widely applied in
industry. Each methodology and tool alone, on which the academia has been working,
can not cover the overall life cycle of information systems (design, development,
operation, maintenance). Thus, the applied research to integrate multiple research
results is of great significance. In order to achieve the goal of stable operation of the
information systems which support the infrastructure of various industries, we should
strongly pursue the industry-academia collaboration in basic research and applied
research.

In this strategic program, we propose basic research on specific subjects, and strong
industry-academia collaboration for applied research to integrate the results of basic
research.

In the life cycle of an information system, which is its design, development,
operation and maintenance, conventional researches have been mainly focusing
on the design and development phases, especially on improving the productivity
and reliability of the software. However, in the future, software technology will be
required capable of realizing a sustainable information system which can respond

to the various environment changes including the changes in specifications during

1 http://www.nttdata.co.jp/release/2009/122200.html
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Software technologies for adapting requirement changes of information systems

operation. Not just design and development phases, but research on holistic approach

towards the entire life cycle should be pursued.

For the purpose of covering the entire life cycle, we propose basic research
subjects such as extraction and analysis of the changing specifications, description
of changes in models, program inspection, monitoring etc. Furthermore, in order to
apply the results of such basic researches to real systems, we propose promotion of
applied researches integrating multiple research results through industry-academia

collaboration.

If all of this goes well, the expected outcome will be as follows: we can contribute to
the world by showing methodologies and tools for implementing information systems
that can cope with various changes and operate sustainably and stably. We will also be
able to nurture researchers and engineers who have system thinking capability.

CRDS-FY2009-SP-12 Center for Research and Development Strategy, Japan Science and Technology Agency



BI04

B AT LISKH T DERABRDEACISHIST DY 7 b T 7HIM

I7€971479<)—
Executive Summary
1. REORE - -
MAKRETIEE - -
BN MARHERE
MFEFRFEDOHESE
PEEEM_ EDRR
HE - BFFIZIR
FEfEE EDER
RETDIEE
BRSO

© © N o o & @ N

18 FEFIRFERA

............................... 1

CRDS-FY2009-SP-12

MIATBORARIL MR RS MRSt 42—



Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b7 T 7HIM

1. REOAE

M AT LT 2 Y 7 by =T 138, ERMbO—@E2ZE>TnD, 1FHY
AT EPEDOA 7T L TNDEE BIZBWT, EFESIEORE v AT AOFHC, &
BB TOFTRIV AT LADEINCED T TR Y, ZOEMITIFFICRE BB L4
B EIET, FMORRNRY 7 87 2T OAREETHLIFER LR LTI\, [HFR AT
LD, BETLEINIULNLRHEIICZE L TR TE S Z 020 L LTRE W,

EHR AT LEWHEEST D00V 7 v o = 7T HEMICBET 2H2EB 8 1%, &< D FEhi S
o, AEPEVER EOEREM A BRI E LY 7 MY = TR R Y — LRI O S ER S
iz s T/,

2O LT, —EOREZID OO, BN Lo leNIRZ Y 7 =7
B chHr»n, A —7 0 32y NU—7 2R ETHER AT ATBWUIED
2\, SBETETEELRDI KB TA—T 0%y MU — 7 ZRHRE LEEE®R 2T
LTI FHEGEZRET D2 ENTE RV, —EAHE L Bvagn REE, Bk &
[ESNRELHNEZRT L LR, S5, BEEZF-TIRE | $52L532dH
Do ZDE D IRBRIRFHC TR TE RS TEFHEZE ORD FNCEROE(LIZH LT, A
TLANEDEHIITRDEY b TPHITE 2L, FAZEEROLENZHENTDTHITS
TELARARETH D, IDIT, HHRVAT LAHEORESLLC, BEAIR LI DER
VAT ADME E VS TS BREOEN R ELEER LT IR B, oF D IEFHT R
T DKT D BERAEDOZALIZ O DICKHIE T 20 E W EEL Y 7 b U = Tl & LT
P L2 B0,

NG OEIL, HITPCENA L F — KA E B OHE 7B Y fHA T G TE R 2o
TETEY  KFXF—%41%.DSF (Dependable Software Forum) *% #%37 L, KEI#E-
BHET 2 Y 7 U =7 OFFEBEICED A aD T, L L, EOBEEME B 2 UL, E
ERT T TRARFOMAELELEDO T, BARKOFMEZREE L TRV HLREThH D,
FRITIX AV E THEEBZE & LT, Bfix REGmSeY — VBN ThIL T E 723, BEMIT
DOEAICNWTZ DR E LT+ EIEE AR WRTh -T2, FRN N ETHRVMEAT
MO FERRY —VIET THERY AT LD T A4 7 A 7 2K GREF. BIF. .
TREF) B N—F 52 LI TET, W ONDOIZEREE AT 2 AN IEF ICEE
Lo TL B,

AHENE 7 0 7T NTIE, ZEREFIE O BRI R OB 24258 U, JLEEIFIE O R &
AT 2% DSF 72 E O X LML LPEFEEEIZ L DR DICHE LIED B Z L AR
T 5,

INETHERY AT AF, RO OGNSR T CREL - BAREZIME L, EARFICH 2L
~OXISE, EICHRG - BB EWIHIETIThh CE 1z, 4%k, EARICRIT 5 ER
DEAZIZ LD LT HIERT AT LAY &< Hlx LB OZARIT KR LR 7o i # >
AT LEEBRTHEODY 7 N7 = TEMRRD LD,

T AT LOFKEE, B, EA, R LWV T4 T A 7 BN T, IEROIFZEIL,

2 http://www.nttdata.co.jp/release/2009/122200.html

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

S S Mt I



2

Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

RETB L OHBOHZICESRNHLTHN, Y7 N7 THELTY 7 MU =T OEFEN
B b, BEECICBET 2R L iThbnT&E T, LirL, BB, e
T, EmH, BFETHLEL T A T A 2 ARKICR LT, BIET e —F O
e Fri lTHE LEED 72 1T LT B 720,

BRI OH & LT, A4 7H A I NADEKE I NN—F 52 L2 A, BT
LEROMN - oW, ET BT AEOFER, Tr s T ARE, E=X VT L 0o
T RHERF SR AR R T D, FCKTIX, B b~0iIs & WO BN D M T 7 e —
FRNLTHBENT 70 —F b O S FEEI N TWDHA, TR - faElicik-o5<
FiERPLE LR ZHEEL TS, S5, 29 LI EEEZE o R R 4 B chm i1
1202, WL OO R EFET DI EHEET S & &bz, IERETHD
VN ETCELLETEZLDOANCHALTHELWT 4 — KRN I 2G5O, T —T
V—=ADaAI =7 4 1E bLHEET D,

R 2T DEREDOT- DY — L LTDY 7 b7 =TI T DHFERAENTSICH 5
FTIX, UTFO7=2—X03H 5,

O LT = —X

@ PEERO=—XEE ANEBE R EZHET DI T = —X

@ EiEERT =—X

@ FEERDBFLE o TERERT IS 2—X

A 7' 1 77 A TREL TV DHENT I REIFRABEEORNR T = — XL LTI,
QL@ THD, LML, HERVAT AL, H2OEZES 7T THY, @IZBWNT
(X, ke e EE s, DICBI L TH | MFIERR Ch 5 Y — VORI %2 ARFREEAE & 3
H7E, HELTHELERAT LA RDLNS,

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—



Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

01> L 1 SHMRRSAT LD

TIZTWIHIERI AT AT, ROX I REMER SV AT L EMEE LTS, QLA Y—{ban-8
MeZR o 2T N, QANBOBIEIC LA TREFEE LG AT A, @y NU—27 THO L ZAT AL BANT-
VAT L, QFNEND VAT LARY T VAT LAOFMBPRLRDBLDODEREKE L TOVRAT A, @FEK
REREOEICHIE L, EELETRTNE ROV AT A, ZOXIRERV AT LOH L LTI,
KERM AT L, W CH— RV AT A FITATMY 2T A, JEEFRIY AT b, FEERGI S 2T A
BIHEEVAT A, BIERBI VAT LARERD D,

THH AT L, UTOREES %o,
i/ FEORFER S, VAT LAFERFMRO R S

gk, (LR, RE. HEE TR MR, TR PEEOREES

R ERZ ORI AER S (M. B, 77 v 7Ry 7 2Me, v —a— RofIH 72 E)
PRI RHERE S, AT L DOFE T O R # &

ZOREIH - LULoZb, FESN DI

Xy NI =2 %0 L TCOMREROE(, BES DB

Fow T =7 E LT 0 B O B e T

B AT DMIRGTERS EAEESITHRRT 2 RRICHEE L 20 5 5E R BIHCREEFER) ZEm
W2 TBY ., ZDBEMEELTZEO Y AT A~OEE L2~ 32— L C EERTS L < IZBEE LR ICE
NI L, B E R/ T2 L9510 FIAERIIFRFT 254 TEHRY | ZaITHOMEAICIREE L
RITF TR B0,

DEOS7mrY=zZ ks (CREST IFEREBH LIMARL AT LHT 4 XU F TN e X —T ¢
VIV AT N) RS ELY

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—

S S Mt I







Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b7 T 7HIM

2. MRRATHIER

(1) 2D A 77 THDHERY AT LOLEIL

EROREME, SEFESHOLME, EFOHRBETHIBERI AT LT, HEOEE A 7
TThbH, TOREN - FEMEZHER L. ASHBROTEENMEILT 50— R LRIkt
TOHEREMRIEL., HREES DR L EHEE FHRNICRET S VAT LT 5 2 L1
Lo T, HRESOREN EFROBEPHERIND, REIKE T 1 7T LA RET HIF5E
TaY el FOERETHDHERY AT IMERO FiEmY — v EZFH LT, HFHRV AT A
EEETDHZLIZLY R AT LORE LFHEZ RIS 5 Z ENAlREE 72 D,
BRI AT DI, FRZAILDIE A T T2 b D E5IHOWTIE, E ORI
BRUETHY | £ 2 TORFITIREA~DREBIZWINI LD,

(2) EESHS 05k

FRTHRRZE I, HEA T TEL TV DERY AT L. YRE O F TR
AT HRFEICE > TOEMBTH Y, TOLEMNMR LTIE, FFEEDOFRRITHILL W,

Z OO AT, BINAEITL TR, EER~OREANPK SN TND (9.2 Hi
ZH).,

AT 0 7T ANRBET DT 0V =7 FOKETH DIERY AT DEED T 1ER
RV B, ISR T T E LTERY AT ANER &S E 2 ~OtE 23 6l
B CThD, HRORHETHHIEFIZEER L AT MEREN /2 E1X, 2o ryay =
FVENE T RN OLERE CELEERNT 7o —FORREEHANDL Z L TEHITEX
W0 5351720 9 5,

(3) e MWl atin %R

TEIMS AT Dt L BEICBE L TR Y FHEI & & bITHa il & S &,
B, 7o 2R/ nETHDL, T LIEEBRHEE T AT LOT =% 7 7 F x0T A |
EERERT L0V s NEERT S LT 5 LV HERAES T R
L. AMBROT 7w N7 4+ —L%MSLT 2880 H 5,

(4) AMHEHRK

TR B AARITHER AP EHI B L TIIBF N D 508, AT LHZRER 355 & DFF
MbdH, KEIET v 7T ANREET LT =7 FE2E LT, VAT LEBZEDOTE
DNMEBRT DI ERAREL 2D,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

S Ov ok RS S I






Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b7 T 7HIM

3. RFMLWHARMRERE

PERDIGEH S AT LT 7 vt 2%, &GEF - - 7 2 MEJEIATY, VU —2 (K
~DOBIEL) THFETH XYY THY, ZOHOEHIZEBWTH TS 2EFHERIZHOWN
Tl INEREFEROITHRTHEE L LTI OREEITV, REREFELRLIEHRFANLR
VELTHVAT LACEESHBZDONEETHo7T-, LL, [HERY AT AR KR
F =Tt (MDIERS AT L L AT A RSN TWD) B 7T L5
LA, ZOX BT e R IRETH S L FEIND, Fiux, ELE L TROHE
HiZk %,

o FIAAE OERCEABREIZFICE(LT I, VAT ANRKFE R0 - V) —2

DY A 7 IVISEALIZIBUD IR,
o BUMEMHEMAZERINAN, A—TF U I AT LAERERIICT A T HDITEE LU,

B ZIEA~— TV v REEZTHRDLE, CO,HIBIZET DIEHRIEOEFEL, HrLw
e BEHEROBGITVOEZ 206 Lt nn, b LIS E CRICA DRV 9
BRREBRERPMIN o7 LTH, A~v— Uy RURT AREKEEYETICIES
< DRFHIN DT, FEWHFOBEAA~DKIEHHICE DR, £7o, FEFIFEICZAT A
RBERF AT DB SN GA. VAT AMOMBEERETEDTET A NEITHID
ITHELWL, ENDDUVATAIEERH L=, SN TVDTRTDY AT LD
TARNERVETOIX, 2 A FOmE CTERENTITR,

ZOX O RBES AL, [EHR AT AOEFEMEEA R O OEHRICRIE ST A0
Wik, BREF - BELER - R E MU LI R R T e AN D & TPRE
nsd (K1), #&FiHIhgn e s vtz ATy, ERPICH T 2EROB(LIT,
ETFTNAOEVELTIERLS, ETLVOZLE L GENMMWICERTE D L )19 5, ET /v
DELT AL, FREEETO T 0 /T AMIKMESESH 2 LI L > T, EROEL~D%F
IERTET T 5, ZOWRETIE, 27T D ERA I « o079 2 TR T FE, T LD
BAbxaELL 7 vl T MIK L, @VEEEZER]T RN FIERFEDND,

LITF THIRT DAFFEBRERRED 5 6, (1) — (4) 134 FHTHRALEMEIIEE L TH
i g 2B THD, ZNUTMAT (5) THRND X HIT, BEFEM &8 L TiEimseYy —
NEfEE L, B TORMEMREDT 4 — RNy 7 250 TRMBMHEIC KBRS 5 8 S
HAAT L TEMT 5,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

B3 o TR S F i I



BE®I7OJ5L4

8 R AT LIS T BBERERORAICHIET DY 7 b 1 7Hil

RIE FAE
iﬁfj:é;*@#mﬁj-ﬁ*ﬁ HRRE
Y BRI

it
EROEE
=

- b 0] bl ffﬁi‘d‘?{{t—d-é
i RETD 'iiﬁéj
THEHR AT L
fR<F
% TO+R

1 RIS RET DIEHR AT LOBET vt A

(1) Z4b3 2 EROHH - 2047

BRI, BT 3 — 2 — 7 3 — AR CIIBR ORY DO CIRE SN D& L
DTHoTM, ITFEEH SN TWARERBIOT Vv A VB IZEB T, RO
THRXICRESN TV DO THD (27628, ST, FHEMEBARER VAT
LEEHTHIIE, VAT AN Y —RAESNTCEATTH - THERMLEENZIL L T
ZEEAHRICE R T IR D7,

Bl 21E, R oORE E &Iz, BAIFRE SN TR R FIECMO A7 Ak
DBHEIR ERNNBEZ 725 2 LB DN, FOERABEIT T A FBE I TR FEICS
WTOERMEER EEAMER D D EIXR S, LR > T, FETLHERE G ER
WL, ZNERRT D720 DOEERERZDO FIENRD LD,

BHEDOBRE 7ot A THELXIC L CTRBHFICERNELTHZERHD . ZUTHHGT
DIZHBRTLFETIEY 7 N AT LA X ER, 2 vy NERTR, TV A NVBREF
ER EBNE ST 5,

ZDX ) REHIT T TIZE L OFRESLEERN I TONTWDEN, T 777 K AZ
H—= R LD Lo RBHRENTEL TR, 72, T84 —T v R
T A L7zl 7e . 2O L RGETOREDELH LN TIEZRW, LERn-T,
HOLBREORED L AT ATEREZITV, TOHMRIESOCTHEEFETEOLESH LWT
LB A BHa TR 21T 9,

(2) BT MZBTHEIOFER

RAFEEIC Lo TT R 7 7 AOBEEREVIREND &, RPIOKFHD LIEWICTEREL
T, FHET ST ADRELRES 720 . EEOFROBARA S ORE L7
BRENENTL 5, $72, ZORBIZBW TR, TV 2= VEEROARTZ LD L LWE
Va— VEMBANTRFOE Y 2 — )V OBRIZ L > THRENE Z VT W2 L3 ER S
NTW5, ZOL5MEEIZE, MREOEWET VICL > TERELZEHL, 211

CRDS-FY2009-SP-12 WIATBORARIL MR RS MRSt 42—



¥r70J5 4
B AT LISKH T DBERABRDEACISHIST DY 7 b T 7HM

70T AIELSKMEEDZEDRAEITHD EEbiLs,

TTBREIBRICB W T, T AL a7 T AEAERT D Z ERNtThbhTng
M, ETNVOERLZERT L LV OTENLLOMEIEHE D STV,
FURARRDOEAIES TET AN ED L HICERIND ) E WD 2505 2 HRIICELR T
XD LI RETNRBRSHE BEFSHEOIE, 23S 2% T 5, £,
ETNVOEERNELL 707 AOEFIIKMENTWENEEH - B CXH L9722
Y — VOB EIT I,

(3) Fu /'t

ETNVEHE - R TEEZ O CRBR T A2FAIE, Tu 7 ABET I LTEL
WINEIDERFECE D2 EThHD, 7272 L., BERFEHIRE L =), BTV
s b L7 FEIC X A2 EEZITO G HE,

FHoICRBT 5 AT ATIHHEBICET ANERE S, T T u s 7 A8 %
HENnNs, 2O, EFAVOERLTa 7T AOEENELLSHIG L TWNDENE I nE
BT LE, VAT LAOEENEEZMRT 272DICBO TEETH LN, ARNTXTT
A RNEFTD EIEFWICARA SRDND, FHIA—T AT AT, SNV AT A

WHENKSEOT, NNTOT A MUIBRBRARSH Y | (1] 5 0ORE Y — /L OFIHB Kt
AR

ZOSEONGEE. MEE. BT AMA. T A MHBERR EZIKIChIEoTEBY, &%
SFERMFIERENHTWDE R, EERTOIGHIZE 50 WL OO HFIH H 7= Beps ¢
b5, LTemoT, ERHICHEWHREOERZENQL Z L8y, EAMkIcBIT 2REER &
TWHDHMEIFRAL, TNERBITH-OOEMEERET D, £72. Kl =tT
JVTET 5 25 OFPRAIGLRIZ IS LT, LIRTOMRGERERE 2 BAIH L TR X < MEEE
AT D ZERRREOHEIN e R T 5,

(4) ==42V 27

FITH DL AT AOEBEFET HTFEL LT, ERE=F I I BH 5D, T, M
RECEHENEZR E O BELRDNE T2 SV TW D DR T 2720, IHFIRIUEDEB A H Lo
AT MM AIAALTEL ZETH D,

FHORICHET 5 VAT JMZBWTIE, AR Z YR L, EOMERNHIVTEREHT
TA— RNy I FTHZEN, EROVATAIHE L CEECHS, LrL, E=F Y
TWZEoTNEEIND T — % % NHPREHEER L0 nid e 620 oldaHln K&y, #
D=, FFFTHWOLNIZET AR EXISEST bR L5, WESN-T—F & %R
RET O LYV TR L C AR T 2 5 2 98B 5,

(5) =ML LB m kR

BFOME7rtx L Bi (1) — (4) BRIz L, &kGh - 258 - B - &k
P& — Kb L 7ol R e B 7 m 2 SO W TIFERR T 5, ZAUZITET LW FiEim o
Ke. FRCMR DY —VORUERGEND,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

B3 o TR S F i I



10

Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

@15 L2 VT hUITREDFER

V7 M U THEOTR Y2 N ED XD R TRRTIT I T, BEOBRBBSGICE W CIEFICEE
ETHY ., WANWARFIERPREIN TN D

RbE<»odby, BETHIA <ﬁbhfw5@ﬂ7¢~&—7ﬁ—wﬂﬁ&éo:hﬁxﬁmlﬁ%
EZB->TELTWHLDOTHD,

1. ERER
FEEE (BEERRG L MR ST D e H D)

F4k
T Ak
. ARST

%ﬂ%ﬂ@I&#mTf%ifiﬁ@I& IFALRWL, FAIE LTI LRIZE S Z & b7z,
W%iﬁ#mﬂ@%éio IETREEEATHLS, LnL, %W@%%Ti%@ibt@ﬁ%&@ﬁ’
L2 LHFEAERL, REDOBEBETHEROFENLADON o720, T A NOEBETHRIHDORHEE RO o
7203 207T, ﬁiﬂmm74—kﬂ/7%%ﬁﬁé EIFARAIRTH D,

T —H =T F—VENCHT AR E LT, FHEBHEDPADBEOEREMLRND T, RYIE
KREBMET D2OFTBENTRNVWZ LB H D, ZOBRHTEILONR Iy NP M AT ThDH, Z
i, AR ORNICHE R 70 MY A T2EY TR EBERERBEEDPRFT D2 LIk ZRE
BORHOTNEZELLZS> LWV HDOTH D,

Ty R a b AT OB FTEILICMLEDD L, KER (bDWIEASAL TR 12725,
BANE. BMET 2 DICRIRBR ML E 22 CE R AR 2T 21EY, Thve 7 b2 A4 7L LTEE

DRRETL, AN EREZ CICHORGF L FELITHI AR VIET, DFV, Ur—F—T 4 —
NEDE TRERKE LB ORBICKRE RV AT LEES> TV HETH D,

T ANBICBWTHOREMO FERREON TS, TV AN LT, BRBRB IR TO
FiEmTIEARL, BELHBEAOMBRZBROELTY 7 Y =2THE T 0O 27 hORE A V2% RE
ZOEVIRETHDID, EBEORBEFEL LT, MEZLEI L, EFICEVEIR GBYITBoERMERE)
ZHALE Lo ER ORI %217 9,

FEERLT A NOTRE TE LT HENDSHBIRIZITV, AR IAZWOES % 5 &3 25008 BAFiE
Thbd, BAFEZOLOE, BAFHESEHIEAZAA Lo ekafE L, HBOFERICHEREDO L
DTV, BROFERICBT IR TEL L TCIBERNINGEE, =5 onbora s T sAEgk, 7
07T AOIESHEOFERA R ERH D,

Ul o

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—



Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

4. MARREDHESE

TS AT IMEEDT-DDY — )L LTHOY 7 b7 =TI T A RN T Ic 5
FTIX, UTDOT7=2—XnH 5,

O AEHEIET = — X

© FEERO=—XZIO ANEBENZERR 2 /ST 2ICAE 7 = —X
©® SRrFEBR T = —X

@ PEERDFLE o THELERT L2157 = —X

AL 7 1 77 A TREZEL TV AENT O NEIEHABEREORNR 7 = —X L LTI,
DLOQDETH D,

ek, RFZETOIEBHEORIEN, FEXERATHEH IR 7o K& 2 B & LTk, #F
TR TH DR HiEMmE, ERICEZD Y 7 b7 & LTE RT3 TOREN
NFEILBINTELT, XLV ATAHBEIIRY — L E LTIRELRNI ERH D,
BEAF DO H e O FEREMFZE R ORI 2 B3 & WY el G b 2R A5 QD)%
R 7 = — XOMRPBEERERHERT-T, oT, OLQOZWITSHT Ty T 14
TUEMTHIENNELRD,

T2, @ODFEIER T = — ATl QL QDR NFEBROBIREIIE Tl flFEN E 9 7>
ZRAET 5 72 OIS KIMAR FERE SRR 21T 5, Z OFE, REMFTEE . KRFEOWIRENAD A
Fy FTLWIREZ RO OORBEMRIC L ED WV o7c 7 4 — Ry 7 b EE LD,

ZZTlE, ORI T = — XL QIS T = — XDARHNZ DN TR 5,

JERERFIE 7 = — XTIk, 3 W Tl ARAFFERREIC K LT, HiEmoY — D7 A 7T
DONTIE, ADOHAMNES & Y HAN TOHER S AIRETH D28, YV — NV ZERIMLZ DD
ELTIEY B, V= &fta T DISMIEIRT — L TR 5 2 L1275, BINHAEE
XNAHEEE LI, V7 M7 O TC, BERT %, BERTFIE, =7y
OWFE . S BICESRAI « SHTCBIE LT, ¥ 2 L—3 3 VT, 742~
=V T OWREE IR EOZENEE I ND,

ISR 7 = — XIZB L Cid, FiEmCR B oIt E L O Ok o Bl H 2 ¥ T
BIRo TWDOEENIEE L OEENIEFICEHE L 2D, [HFRIATLOT A T7HA 7
IERRIZDTZ > T, 1 ODFERSY — /)L THN—=TEX5H5DTIERLS, WANARY —
NEFEETHRGNEEL S, F1-. TORECHEREZ Y 7 MU = THEERCY AT A
B GEHOBGICRHIAT DI, X2V — L ELTOY 7 MU =T BRUELERD,
ZDOY—=VDOEND HRRERIESN, HEWOBETFO LN DO TRIFIUL, W ER
FEATIES LWL TH-TH, B TlfEbN 2D L5, Y—ILOIERIT, 1
HTHUTEBTAIXBRBANHHDT, A—F VY —A L LTRARAL, Y7 7T %
TELRETZLDOANHALTEDLW, T4 — KRN 72 B570b0aia=7141E0 b

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—

Bif SRR O R I



BE®I7OJ5L4

1o _ R AT LICHT DBRABRORAILICHIET B 7 b 1 78l

*‘E@jﬂéo

CRDS-FY2009-SP-12 WIATBORARIL MR RS MRSt 42—



¥r70J5 4
B AT LISKH T DBERABRDEACISHIST DY 7 b T 7HM

5. HERWLEOHR

(1) Y7 v ox=T LEOHFER7arT 47

INETY 7 MU =T L%, V7 MU 2T O - BARICESEZH T, AEEDM E
0, fEHEMEO M FICHERY A TE -,

VT NT 2T DTA 7Y A7 NERIZE D DB OMFRAEIC LV BR TR
T—X%T7 7 F v, HRAFERREL, INETORYT 4 v I RETADOEATFTI v
IRET IVASOEERNMEE L 70 ) | BT /e mENIF X 5,

TA THA 7 I D NEBLE 7R & OFESHEANIIELE D B O BRSHT-0 TR AT 72 &
EDOFAELEWVOIBEND LY T FU 2T TEA~ORBENPFFTE 5,

(2) FEHRALSEMOAIH

B A7 MMIfES L EBACEE L TR Y R & & SIS HENT & S EBEE
i, 708 2AR’nETHDL, 29 LEEBRHEE T AT LAOT =7 7 F x0T A1 2,
FELZFETH TV e s bEERT DI LT, BRI &S EIFOBMAER TH 55
LWVEERR B MEHRAL SN SDEEL, AEZEDTHERVATLOHY I, ft2V AT
LT YA LT HHRTOBER AT LOTHA Vo TefZEnERT L & &b, AM
BRDOT T v N7+ —LEMNLT DIRDD 5,

FEEFAT OB TRV M EN T D ABOITENC RO 24580, a3 2=/ —3 30
WFZe7p & THEREIN L OB L > TEL R BRENIEHETE 5,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

S SRt I






¥r70J5 4
R AT LIS T BBERERORAICHIET DY 7 b 1 7Hil

6. #E - EAHIR

(1) #2477 L LTOERY AT 2OLELL

ARG 7 10 7T AN RET DT 0V =7 FORETH DERY AT DEED T iER
XY=LV EFH LT, FRVATLAEBET L LICL Y, EFOEE, CERE O,
EIEOEETHHIERT AT LOREEEHEZFHAICRET 22 E R L 2D, 5
DHEEA 7T DM - ML fMHR L, AOHBROTEEI KL 5 — B R L FHIC
KT DEHERIEL, EHRESORE L EEEFHMNICRET D VAT AL TH 2 L
2o T, RS ORENEFERORBEEPHERSND, FHRAT LD, FrloAdt
DILEA T TP LEZITON T, EOBBIERENLETHY | £ 2 TORMRE
IZRBEA~OREMICW IS,

(2) PFEEHFT

fHEA T T L TV DIEHRT AT ML, BRED L TREEHNEZITOMREICL >TO
EMERTHY, ZTORERR LTE, FHEEEORKEIIHNV, 95 LIEBAID,
Z D5 OH Y FHAEL BRI EAT L TR Y EER~DORBVFEMAIZK 51TV 5 (9.2
iz,

KRG 7 10 7T ABRET HHE T 0V =7 FORETH HIER T AT L2REZE D J7 15
RV B, ISR T T E LTERY AT ANER SN D E 2 ~OlE 23wl
BECTHD, HROFER THDIEFICEER L AT MEREN 281X, ZoME7Tay ey
FVENE T DR NOLERE CELEERNT 7o —FORREEHANE Z L TEHITEX
I F3Eig 1720 95 5,

Flo, EBIERG R AT DLV RERIHTHED) VAT LHAE R ELRGITRD | 5
DFHPER T A F I AL EWREED,

(3) BH A kDO
M2 DNFZNTTEB IR > TOTERSFEESHRB~OM R OEHIC LY . A
FEHET 22 EMafREL 720, BHHE X FOHIBTE 5,

(4) AMHEHRK

kDB BRI AP EHI B L T3 F N D3 D 508, AT LHZRER D 355 & DFF
MbdH ., KEIET v 7T ANREET LM T =7 hE2E LT, VAT LEEZEDOTE
DNMEBRT DI ENAREL 2D,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

AIZ TR - HORE I






¥r70J5 4
B AT LISKH T DBERABRDEACISHIST DY 7 b T 7HM

FFEEICEAT5ER

FAZEOMIEHEE HIETHIRARZN, V7 MU= 7 O RS THHICH 5 £ Tlaix
UTDOT7 =2—XNH 5,

O BEHEIET = — X

© PEER=— A0 ANEEIZERCR 2T DISHE 7 = — X
@ FEiEFEHRT = —X

@ PEERDFLE o THELERT L2157 = —X

E& LTI Y= NaEETHITHIEY, V—0 v ay 7yl a@in# i L.
FEREFSCRE OB EL OIS PR E L O 72 D DIRFIIC DWW Tikmm 2 RO . BENFRAE =5
teaa=7 4BV &ETH, 29 LEM¥EHEE LTl ~2FREL2BET 5,

— AN Y 7 b T = TR — VISR B D 6 HRERIZIA S O HRICED LS £ T
1 0OFEREPNDZLEHMEL, OLQTHERBEE oY 27 FaELOE DD
RORXEY &5, e 7 = — X8 L OIGHIFGE T = — X & WATIZ 5 4R E FhE L,
D%, FAFER T = — X% SEMREFET 5,

DLODM, @L@DH, =bIZIZ@ONEO~DT 4 — KXy I7H A7 vEFEbL, b
FED RGN — T R T D,

BAEENZIZ T r Y =7 b ORERE GHBLEZ Y & LTZRCK & OB T B2 8
Eﬁ%®y7bﬁm7%%$%®?77&bk%ﬁ@\E%ﬁ«@@%\ﬁﬁ\%&k@
AL TW<,

Fo, BROZDOBERKE LT, LFOX ) BT b BB L2259,
o V7 by x THHEIZIT DT AR T L RCIR O HEME
— BEHAREE T T\ 5 RFP (Request for proposal) =Ci#EREIZNNN
é§*$@%%ﬁ7%ﬁ%TWTﬁﬁb\ﬂﬁfﬁ%T%@%®k?éo%@
T2ODTA BT A AMNEERANIEFHETORME LT AR EOR Y A ZIT D,
o TR AT A AR T 2T MBS~ T % Ehfe

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

—n ™

I

hiRT






BE®I/OJ5L4

B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

8. HIEnEiE

LI 005 2 i BB OB THRE R ZTH R 2 - 72,

o PrRIE TR

— Y =—C S LHF%T

o AfHE— Zd%

e DA S S
o RIFIME Hdx

— BRURTF KRR
o IARE—RR Zd%

- AWERE

o KIEWE Hdx

G E (AW

PERCREACED i E R ==

- BERT ERERr Y —R

o [EHIfE R Hidw

— BERBKRT R
o AEJFM

- NEC XEA
o HEE i

—  [ENEE e

CRDS-FY2009-SP-12

MIATBORARL MR RS MRSt 42—

RO I






Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

9. EIRADIKR
9. 1 EAOKR

VTN 2T OEAASOXINZBET A8 E LTt 1997 FFE0 5 34ERIZh Tz - T
FIF 2 BRI - FRETEIATZE L L it TRIBEEZ G272V 7 b U = 7 ORI
HoMZE] D, FELMEREIT (DREEEZHZ Y 7 by =7 O, (2) Y
TR T REOTLDOEAREME, B)RBEFREY 7 MU =T OE S LR, 4) Y 7 b
VT HREFA, G)EBEFEY 7 MU =T OHEISHIEETH D, T OMENRICIZE - T 1998
75 International Workshop on Principles of Software Evolution & 9 .IK”‘/K\;%
MAERPILD L D2 o, HMWNTAARTEREESIL, 2MEDOKRENBRANTE T2,
FlTa—nm v /R TORMENR L,

V7 by =7 OFFEMNR BV O BREICRE L, RERHA - L LTRO LD 2
DHBH 5,

o CHRBMEAE T, 2003 006 5 WAEFHHET le-Society #% Y 7 b U = 7 ORABHFE |
ELT, TEEEMIAAY 7 MU = THEEN) < (777 LABMITICES S
B 7 U =7 VAT AOEEEIN] BXO #2720 A7 ARREFER X OERE
HH OS L S 78] DPIRSE % i L=,

o FEXEHARAMITEATIE 2004 2025 6 FRIOFHE TV A7 ARIEMIZEE o & — 2% (E
L7z, 2009 i3k se Bl S5 i R B k5, ESE 2o, — 2R, B
PEES), A« XU— .« X7 A XL F[FETMCBOK2008 (V7 v = 7 BIFD
2O DET VREHGMASR) ZFFE Lz, £72, 2010 4F 4 A2 O IXE#ERGERGRR [ S
DX | TCZOHFMDOMHENRFIToHND TETH D,

e CRDS Ol 7 10 7' T & [HUAR Y AT LT 4 XX TN 0SPEDOEDDE 5
7 & LT CREST IEfbzE Hfs LTEMIAA T AT LT 4 X X710 0S] (DEOS
a7 b)) BN 2007 FREIZAX— K LT,

¢ IPA-SEC(Y 7 by =T = v=T V) T ¥—)1.2007 FEEFEHEY 7 U =
7 THFEBEILAICEBW T TRGEEY 7 b = THEEENICBET 28R 2177,

e NTT 7 —%., NEC, & Lil, H ., RZEREN2010F 1 HIZT 4 XU TV
TR T T F—TLEHFN LI, X, YT b T oOEEERER ESE ST
DITTERTFER E ORRGHHEN ML L, PEER~OEREEEFEZKDL 2 HIEE L
TW5,

ZDE T, TTIZE L OEMOIMEN 2SN TNDEN, EER~DOIHIZHE VA
T%@%®#ﬁhfkéo%®ﬁlkbf I, ROBFESN TR WTIEEE Y AT A
OFFICHEATHZEDY A7 HTLOWFEEZERAT21-DIIEIAMER L EDOa X R
RKENWZE, A= R =T OMREIZLDHICY 7 F T =T « — VOB AR 72 &N
HFohbd, LrL, HER AT LORBBYL - M LA E T 38R LR, EER

WCBWTH RO FIELE T TIELIRATHED EWVIFRFNIAE > TETWD, fil 2L,

3 CRDS-FY2005-SP-05

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—

SISO ERHE I



22

¥r70J5 4
B AT LISKH T DBERABRDEACISHIST DY 7 b T 7HM

TANRSETN VT R T2T » T =T AOBRIZALND L O1T, RFETIEH AR A%
PHUNZ 72 - T FERMEZ S EWZHIEO IR Y Ml 20 TV D DITIER T & Th
D

9. 2 EANIKR

(1) EFf=

B AT L OZALITIET 2 8E, —RICEISR S 2T A EEEIN D, ZHICIE,
HEN R H B BLOREZ i 2. AMIAMEETICAFMICHEICT 2 b0 b EEND
D, E TR EREMEO L DR L, FHICKH LT, AR Y 7 hY =7 #EE S
HZLICEVMINSEDLY T MU =T TP FEIL K0 EANSEW LV ORFFER L,

PR L5048 T3 IEEE International Requirements Engineering Conference, 7
A FED STl International Symposium on Formal Methods &5, Z#1uF415 H
MICE D 2N HERE SN TR Y | IERITHENTOI TS,

ZAIZx L CHBIBIC R T DT S A7 AZOW T, RO K9 i@ ai i s h
TWnd,

e I[EEE International Conference on Self-Adaptive and Self-Organizing Systems |3
2007 FFICRHE T 5 4 5DV —7 va v T E G LTSI, b EERN
TWa,

e ICSE Workshop on Software Engineering for Adaptive and Self-Managing Systems
1% 2006 FEN LB SN TEY . EOIEEE OSFEICHERATOREBHMB Y 7 v =T
T DFEERNEL,

(2) EU ® FP7

WIEM L 2T KT 57 r Y= e LT, BIZIFRO IS REOBHET HN D,

* Security engineering for lifelong evolvable systems (2009-2012) : EHifEv il
DYAT b (FARANVEREMBERMER) OeFa VT4, TTAN— T4~
YEEVT A ERT DI EEENE T D, VT MY =T LENRFE Y — LD
FINHLTH D,

* Dynamic variability in complex, adaptive systems (2008-2011) : Z D A[HEME %
HONLOER TRE, FETRICHNHEMNRKT 28I OMES BIETH 5, Aspect
oriented software design & Model driven engineering 23H.0>Th 5,

A FIEICE L Tld, FP6 RODIN @ # fk & L T 2008 4 7> & 4 4 f#] @ &+ ] T
DEPLOY u Y =7 bR T Tnb, I, BAULEESHE Event-B LU 7 7 A > A
YRETUTIZOWNWTHIE L, TNEEEFICERTLIE2HME LTINS,

ZOSBEORYMATIEEA - KEID L EUNKITL TS, o, FBEATFEICEL
THEER~OREICHEZEBNTCVWDIDIZERTRETH D, SBDOVBETI OO
MBREIL IR o T E . WO R Z BT D720 TIIAMERS / 7T OEFEFEIC
FWEEER N> TLE I DT, S0 LIEFHEIZ L D2MEREZED T LERDH D
DO TIE WV Ebils,

CRDS-FY2009-SP-12 WIATBORARIL MR RS MRSt 42—



¥r70J5 4
R AT LIS T BBERERORAICHIET DY 7 b 1 7Hil

(3) kHE

NSF (National Science Foundation) @ FY 2009 Budget Request to Congress @+
\Z Adaptive System Technology & W HOHERH D, ZHidba—~ v U F—
72— AEAERY FAAFICEDE CHBMICELT AV AT AEMEL LD &
HHDTHD, NSFAH LT 2010 207 7 7 4 7 @OF —~I|Z Building Engineered
Complex Systems 2385, ZAUIEHRT AT LR L T AT a2 kR E LT D05,
HEHOEATFEEZ WD Z L EESI N TS, NSF @ Cyber Physical Systems (2B
H7uYxr NOHRTEEEES AT AR FIEOMENMTON T WD, £, ~A 7
v Y 7 MRS 7 a7 AN B ERAE RN OMFE A FEmAYIC T o TS T EREHR S
5o

(4) [EFEE

TS AT AR BEBEIREBA 7 T LR DI - T, BERMEIZET 2 ZRkA L <
o TG, B0 ERET S TEE LT, BATECX2BENER STy
%, TR - BrEEORZ 2R TH S ISO/NEC61508 Tik, Safety Integrity Level 2 LA
ECEAFEAHRE LTS, Fio, ITREOEX =) 7 ¢ ICBT 5 EEEEYE ISO/IEC
15408 TlX. Evaluation Assurance Level 5 DL ETHEREAXHFRH, Level 7 TIHEAXIFK
BN VEE > TN 5,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

SHSEOERHE I






¥r70J5 4
R AT LIS T BBERERORAICHIET DY 7 b 1 7Hil

f138 WrIMEDA

7V ¥ A VR TFE

TV ANV FE LT, BE L HABEORBBIFEES, D CHEBOBRBIEEDO#EV KL
R R E T HEBOTEEAG DY TR FERTH D, BRMmHIZEA L TiE, M3
KIFELT D) BLO TREZMNA SFIL, 22 oRMEORBIIM A IEFImE T
U, BREFE X MIE L2V EWHRERIZHEDWTE YD | BENFIET — LIS
LCHESMOBREE L 2—%20 i+ Z Lick v, BRI ERkiit ™ irbn s,

F—T =R

F—=T V=2 LF, VT MU =T OEFEFEOHERNEZSTO R E Y —Aa—R (Fers 7
L) BABTAZLERREETATA LA (V7 MY =7 OFEHZTHESE) 2R THA
Thbd, ZHOBRABENANFEINTZ Y —Aa—REFIHATEHEZ L TEL DT 41— FKXv 7
NELN, Y7 MU= T OREMIEINS Z EAMEsRD,

B Fik
BHERE TR R S RCRE 2 M L. B ICIE L & Z0RGES D THEDRFL,

S L FERTA

—fx DI TV N LERIE R E D B AEPEE TOEM D U CRIRFIEITRICEZE 21T,
BB OERES. B IBEMNLD 7 4 — RA_Aw 7128 ax MEE WEm L2 BETLO
Thb, ZOEZFEZERTHICERY ANNTE-ONRa L H Ly NERTHT, BERON & 3%
FHa AT L TIT 9,

257 Bi%E

VAT LERET AL X, URNCHE LY AT L2 _X—2C LT, BARAE5721T %6
9D F1E,

fHERELR = 58
R T NV ZBIRIC R B RN K D ICEE LT 2O, BRI ME 2 b
Dz A AR 555 & 5,

VT N AT AR R

HERBHMIZER SN TWARWRBIZBW L, (252 a2 ilkd X&) L) b
ZADBBE LT IIER SR, VT R AT AR FERIT, BRER ORI OE NS
M L, RIRICIT CORBEIFRT 2 TIETH D,

CRDS-FY2009-SP-12 MIATBORARIL MR RS MRSt 42—

FE Sk I



26

Wr7O0J5 4
B AT LISKH T DERABRDEACISHIET DY 7 b T 7HM

S A%

— I, BEE R 2 HABEOIATRELZLOTHS, Y7 b= 7R3
BFAET I, 7077550 bHGHR L)L TY 7 "2 T2RKBLEZLDOTHY
UML, Z, VDM 72 ECRtiR S 415 Z E N EL,

T T VBRI
FPREEIRCH G EET EL, ZTOET AV EBERINICT 0 T ML TN 2 &
I & 0 RIEEAT O Tk

HRTE

VAT MERIZBT DB OUERZ . BEERIIERT D TIESE A O, BRI A
W72 D &IV TEREN B DINE WS T BR A F L, Tha v AT AITIELLS
S5 FERREZNRET D,

ZRELRR
WRTDVAT DT HBEEOEREZTER LI b O, W ITERMH & 2RI & -
b5,

FR A
BASCEIZ DGR D, T H AT IR L TED L 9 72RO MERED RO H 31T
WHDOMMNEHLMNZTHZ &,

EE i

i S N7 ZR O BRI SEIRML 2 A M5 2 &,

UMUL (Unified Modeling Language)
OMG (Object Management Group) 73 1997 4247 ¥ =7 MEMBIFE O 7= OIEUER)
IR SRR & LTIRE LI b 0, MRIT L 2 RANFFETH 2,

VDM (Vienna Development Method)
Bora g L LR, 7 u T ADOIESEERGET D 70O FET, BATEOOE D,
I BMDO Y 4 — WFEFTT1 9 6 005 7 OFRITHT TR S,

Z
AR ZFEOO LD, NENESHRE 7 A X HE, —BERERE Tl b 2 EE%ER
TR BUFRRIEIZHEE SN TN D, 1977 HIZ Jean-Raymond Abrial 23B8% L 7=,

CRDS-FY2009-SP-12 MIATBORARL MR RS MRSt 42—



WEEE 7 OR—YILER X > /N —

BLSEARS 70— BTBHEEL=Y M)
WipEs  7IO— BTBHEEL=Y M)
MEEEA  7IO— (REEITL= 1)

mA % 710 BTBHEEL=Y M)
APME  EE7Io-— (BFHHBELI=Y M)

XBBOVADLEFEFTRIZY FETHEROLET.

CRZO 2
TBER S AT LIS T BERMEFROELICKIGT S
ANy EWE T

STRATEGIC PROGRAM
Software technologies for adapting requirement changes of

information systems

ER22F 3 March 2010

MNATEBOE AR AR RIS 2RI > 2 — ErEHEE1=y b
Center for Research and Development Strategy

Japan Science and Technology Agency

T 102-0084 HR#IBTHRAX_FH] 3 FHith
B &5 03-5214-7484
Jr7wv A 03-5214-7385
http://crds.jst.go.jp/
© 2010 JST/CRDS

FOE<ES BRI EEFREUFT.

SIAZITORIE. M HHEZERENE T

No part of this publication may be reproduced, copied, transmitted or translated without written permission.
Application should be sent to crds@jst.go.jp. Any quotations must be appropriately acknowledged.







