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Abstract

stability, which is proven as an NP-complete problem, plays an important role in clustering analysis. To precisely calcu-

Stable concepts usually represent strong correlation with real world entities and the calculation of concept

late concept stability, concept lattice was used as the analysis model. At first, the definition of kernel object set as well
as the way to find the kernel object set of a concept was proposed, and then concept stability was calculated based on
kernel object set. Meanwhile, the method of calculating kernel attribute set of a given concept was derived directly based

on the principle of duality of concept lattice, At last,an example was given to illustrate the application of concept stability.

Keywords Formal concept analysis, Concept lattice, Clustering stability, Kernel object set

1 3|8

BERARBBAIT ST PHEERAR, B7E 20 4
80 AEBE AT E M AN . BRI, 7T
HEILRIRFE A\ — B AR B R , IR LR X s S 3t
ARt A B BN, IR RIS X —BEYHR T AN
R, AL FRHEM L TSI . BESTa et g T 25t
TSN/ DS R IFAE TR, FH—MESNRE
PHEARER, MR AP E X R BAE BB RBMED , B
REHCSESLRYELMELFERNASY, FEL
I EE — MRS EE R — NP-complete M, 7
A SRS E R B AR RS R IR TSR e
I,

MR EZAPEEXT R RE T EHFAE GFRERNRER
KO EPERRAESW P REANNEF XSS
WEE, CHYETENMTBRMEXT EEZM., ERIIEEE
ZIE IS EBRRER, FEL B NSRRI
.

EHXE a o FPAERERHa=(a1,a,1a,) 0=
(b5l s, 6,) s M S FETRBE B M AT R

(Dd(a,b)=|a1—b |+ |az—bs | +++]a,—b,]

(2)d(a 0y =w a1 —b | Fuzlaz—by |+ +Fu, la,— b, 1,

FIR H$9:2013-12-22 B{& HHH.2014-03-24

u tuy+retu,=1

SMRPIEENE—FMERXLERE BT IBEHXR,
BENMBEAXRBREEREMAR. ERTERNE _MER
ZRTHBWNE,BENTENEREY. 2B
EEHERED SAFRREREN BESEBEARR BRI S
BEER, RSB EN T ERE S T,

BRMERAZEBNIBZEINXR, WLk &0 B
BERARTAMLHN, 2 BZAFEEREN—X— &
Z3—METXRREM . BWAH a b0, BNEFRERSS
B, MARZENETRATLIFRR N

a—>b,c>d,

ac—>b,acd—>e,

HTPRASRUEREAERBTBZANEATRR,
W E LSRR

B 1. %8 bk 3 MY ARAEEEK P . BED
B VOB s iR BR AR AR P E /K o R AR TR A ik . BRIE
B ELA B B s A R A2 V5 e Rl BB IZ 30 . A I ik ELAE
eshy., XEEANEERERNE,. 1P “EYS
KPERERRET R 013], R RE A B EE MR IY
38

EHERASWEER X583 (&, ) =4, 1), X
EAMBIIME RS S (BT K TN

AU ZERHRBHEHES (60975033) , B H T K18+ 34 (B2011-102) ¥EBh .

Wk (1981—), B, 18 1, BT, EEBFF 7 1 K MEEAE T R F R FIHE# , E-mail : zhihuilai@126. com,

* 244 -



FEE .

RRENKF BEE 30 H MR A 76 e Rl 5 RE M 2L
XEREFRNREAMIN, MEFEERTRR, LI T
EfI—F0 39«

WA WAL, W —E 2 & BRiE 3 5

ISR BB A IE T Al BB AR TR FE K P W — B B AR TR

INHRLE A RIS BB ST R A KR e, B
HEBE MR — AR S TR REIE S, FETE N
TEBENE RSN . TE R0 T R R HIR R AR MW
o, 5 FRAELHFZHFRZAL . BN O BIES SR
xRS A RS Z B R REHR , h T EE THRSH MK
ZRE, RREEMHEX LECSETR T MM AR
%5&[13&4] R

BMEHESTXRZE LU RBEZ AR ER™ 48
BRI KGRI, & T ER% R, A0 F S
BAENERIEE URRERBE RSN TR, B HHERSRE
TR PR T o FF EE T HE SR ADE X R 5 K451

2 BERHERER

EAERESEAMSEEB ST MG, TH
BE-HHEXEESTHESAEES, SLREHEAT
Ganter R 35 /E “Formal Concept Analysis”™,{HZRER
HEARL.

EX1T —ANERERE-IZTH K=G,M,D,G
M BERNES, ISCGXMB—PJ0RER, BITH G KT
ERAFTE M BTERNEYE, [ ZRIZMBEEZ AR
R.glm B(g,m) €I AWK g HERMm,

EX 2 HEBERES K=(G,M,DH,ACG,ELf(A={m
EMlglm,V g€ A} (A RILFBENES) MR H, B
CM,EX g(BY={g€Glglm, YmEB} (BLHF BHHFAR
R RHES) .

EX 3 EEAHE K=G,M,DH,ACG,BCM, 0
RBA fAA=B,g(B)=A, MKt C=(A,B)R—TH#
A BHEE C HMNE, B BAES C WA, HC K 2
A B,

EX 4 EERER K=G,M,D¥, 85 C = (A,
B),C:=(A;,B))EBK), EBX CG<KC, oA, CA, B D
B o FFFR G B C IS, C B G W&, <HAEE
WEWF , BK) A #E S I X F P R R SR BES
#¥&,184E L(G,M, D,

EX5 —MERXERG,M, DG, I REE
AR (@) =f(WMTTE g, h€GHE g=h, i B EH#
FEFHMHELE gm)=g)MTTE mnEMEE m=n,

EXN6 —MHULHBERE R (G M DRA4ALR, IR
HERMEE—NTTE g€ GEHARFE ASCHER Nieaf (@ =
£ BLSL, T BB B IHE R — IR meE M EAHFE
BSG 1#78 Nveng (0) =g (m) B3L.

RBACERNBERMOEXTH, R 1IFTHERXFRFRR
i EAE R HIEE g@=g@M g@dNg® Ngld)
=gle), R2PHWERTRE BT R,

1 A AERER
a b c d e

* * * *

* * *

*

O N e

* * *

2 —ANEUERETR
a b c d

* *

* *

* * *

W

* * *

EXT7 AW LG,M, DR, R~ MESEAER
(g(f(g), f(gNH g€G,MFR(g(f(g)), f(gNR—NIHE
BEAL FHEFR(g(f (), f(g) BXE g RIEMME; H ACG
MFR(g(fA s FAAND BITRE A FITERBS, FNAFEH
FENIR(g(fA), fLAANRE A FITEMES.

— AR SHET AR 2 PHERE R . FE 4
B 1,4}, {a,d)) , XM SR — X R, B MK
AR N (g(F(D), £,

3 ETHERHBRRQEEIN

EEEs P, BT EEENN T -2, FFAE
B2, R Z R ETBRERR, KR EEEAR. AER
LB MRERPERE-ARETINRE EXTERERR
A, WX AR E AT 8008 2, XA MRS 8 AR X
5. Mg —85%, TUSAMSBREENEREAR, LE
X8, FERBBEISH ,—MAA MBI GLEA XA PR
fE, Z M8 &, BATE L T —MRESHBLLIRE, WEX 9,

EX 8 WTHEEH LGM, D — S C=
(A,B), Bz tR s(O)=|{DZA| f(D)=B} | /24,

EXNI WTFAETHESAB, IRENEESRELE
FR=B, B FEEM R CRA fF(RODFER),MFHR &
& A, YW O RE,

O BRERX SIS EF L BRI — MR, B
BEAEXMESHEMBHAFE. 5S4 EEEENR . 5F8
REMBHEAFEL, —MESHBEONRER—ERYE—
B, TREEEE T MO RE,

EE 1 EgEAERP . HEEERELBARTY
J6, AR AT RS R TS

W e EAAE TR EEE—ER LH
RATATT, ARG IEH LBRARTHIT—E R~ RS,

(DIERAUER BRI RS- LHALTY
Jt. RiFE, BN SEE A, B)RE LH# AR 4T, Bxf
SESFEBHTEANU AT, EPAEATIEBioE
(A Bt HtRtRE, € T, T (A, B) RIS ME, AL
TR g AR F(g) =B, REMGEHESEHE, F B=
NBGET), XARX fF(AY)=B GET),ME flg)=
NFA) GeED Bk ¢ BRI K, HaifkIERE R IRT#E
FIE s BE AL .

(DIEAALERE B AR LT —E R RAE
. REE,AHEA, B E—1 LBRALRT AT, R (A,
BYARREM S, WX FHBESIEP TR 815825

o 245



g ANEFLE— 1,2, |AIBIHED p1, p2,--, p | A 75
Fgn)2f(gp) 22 f(goia YL, X BHEZLPFHEFH A
M g g 8 f(g)2Df (g A f(g)2Df(g) AL, M
WE f(gd N flg)=FA B, XEKREA,BELFH N
TS, KPS ERE T g0 55— TSRS E
TEE g XERTFERAFRTATRE N TESTE,
e B RLNT

HBREFEENRE E-MEXRERARAMERXER T4
MRS R T AT SRR R, it Rtk
WREER—ER LHAATHIT,

FE2 HENMER XN EEE, WHEEOIRE
XS IRENR.

EE3 HEMIEAR—AXNEEE, W EH—
DX REFEBEFDS TSRO RERIE.

.4 P=A,B NSRS, PHEFHES P =
(A),B),P;=(Az,B:),+, P,=(A,,B,) , iIX¥b F L& W 1%
OXMBRERHH CLCoy o GO BARBH SN EA EH

A A=A X fA =) F(C, % i) Bt £(CONFC)

2 fA)=fA), RAEERNF B ML, (RIEH) Bk
“DYRISE, A B'= f(CONFC)  BRATEHE— M (g(B)
BOY#1B(A,B)>(g(B),BY>P,;(i=1,2,,n), X 5 (A,
BYRP.(i=1,2, )T E. FTLIH Y i) 6, f
(CONSCH=f(A), P —PLMRER C UG G y1,
FEL 2, ) EHAL .

HEH 3 M, HE—TENEMEFET FEE, @4t
ERENFHEKONRHIET UEE ML RE.

BERAI RO SR ERBIFITE AR,

(DFE—-MEEEIT RS, MHZ LM R E XS
IR B 5

(OFE—-MEEREW RS, MHE L RERTE
FANFESB LS RERNIE,

RS L, AR B/ PILEF BERR T8 —
A TER P AR & B IR B (o A st 9 A SRR FT LAAE B BT A
BB OIRE,

EE4 FEH—1H CHMMESNAB) R B A,
BYME—MB DT R4, M2 CIRRE R s (O =27,

LR R BH& (A, BYRBOXRE, BLX TAEEN R
DR, &% f(R)=B, R BUEHEEE[R,A], 7EX X A
B 2AT R AR RE S RIBER AR R E XL,
S(C)=2\A|—\R| /2"‘” =2—|R1 v%ﬂﬁﬁl\io

EES H-HRCHMMEZRH(A,B),HHA,B
AP BONRE, 4 AH R GR, R C B EN

sO= (X 28Rl — 3 glAIRURT
i=1 1<i<<n

2|A\*|RiURjURkI +"__+_(___1)n2\A\—1R1 URZU"'URnl )/Z\A\ R

HEBA Ry sR: » >+, R, L& (A, B IR LT R &, IR 4%t
FEEM ADR, DR, #4 f(R))=B BHMEXE[R ,AJHH
TR At . XEREXMER UR; , Al 21471k UR;|
MHBRES, EX B[R UR UR: , Al A 2/417 KU URI A3
S8, ZEXE[R UR U+ UR,,A]H A 247 IRURU-UR | A3

o 246 -

1< j<kn

R4 BB A HER RO R T, — 36 D2 —
D 2lAI—IR;UR; | + D 2lAI-IRUR UR I | ... (—
1<i<j<n 1< <bln
D2l A= IR UR U-UR A X B8R & D, i1 DZA, f(D)=B,
BRI E R E AT M E BN .
‘i1 HF-NECHUMBENAB,(A,BHK

MELITRE R M R, , M2 CHRREM: s (O =24 1RI+

9lAI=IRy| _gIAI=IRIUR2| ) /olAl

4 ETHIHHAREITH

— AR XN RFTERSN N ERE. AP
BHHARREARMN, B AAAEES LR, BT
BB, FTLAST X TOAHAT A .

RIEMESHE B RE, 7T LB R TFE CMEHE, X &
HRE#TIES.

EX 10 - THEEP MR- EEFEK
(glm), f(gm)) B me M, MR (glm), fF(gmdNR—1B

EX 11 HTATHRSAB,. WRBRESRER
gR)=A, B FHEEH R CREA g(R)Dg(R),MFR R 2
R A, B HZ.LRESE.

EFE6 AARERERS. BHEEMSETHALATY
TG, FHAARTT A n—ERB R,

ERBT7 ZEMESE-REES WO B EE
XM ERHE,

EE 8 HFENMMERE—-ITBHES MEN—1%
LEBEAECEFN S LREENIFE.

5 HESHEXGITR

FESCERL5]H s Kuznetsov S. O 84 T —/MTE SR E
WS, HEBEREE X TN AERE A, B, Wik
HIZEHRN 0, 8B WDBIRIKIRER A MBTA F& X (XS
A FHFTHM, (XD =B, Mm-S B e, &0
BRERT-ITE.

5, Kuznetsov S. O 3£ 3% 8 H BB 538 47 T 4047, 18
WX FRRAER(G,M, DHHEEA, B, &4 [{DZA|
FDY=B} =k, MEENERESR OUGI IM|E),

XA RBET SRR, AN AT EEREEL
B RSB E, Sergei O. Kuznetsov 1 Sergei
Obiedkov HFF T 10 M EAA R RIS HEE L, 15
HWERE N T—MERXRER(G,M, D, FHRAHEAMNRE
T RE S, KR ERER O(/GI* IM|L), L /i
SR PEANKEDY, BN ROM R, 7
FENXMEHFESHITREARE, SHRAWFTE T
S, BARG/NTHREE. 3T HEEE TR — 4
2, BREFHENEE/NT L, B SGHE T R &
EHR OGIEIMILY,

EXFERGMDIBAEE L AUFMG.MAR, M
HAZR IR XML RS, BT LR A SR 7 ik
4. BEHLAE R E &, B BB E N 20 1~ W28
PERIFEEE R RIHER K 0.2,0.25,0. 33, B 14HTHAR



BRSNS BB AT S R 4R (L1 X R AR 0. 2,
L2 YR BIREZE N 0. 25, L3 X %S K 0. 33).,

1600
1400 A

)
rd
/ A | =0=L1
1 =12
ki e L3

10 20 30 40 50 60 70 80 80 100

LS

LT3
858888

B 1 RRREER T AR AR B AR fh 2%

MELBEERTTLAE W RS B BASE [ 25 % 52 A9 388 o i
BRLY | GIBRANEEBEERE, LE/NTF 29, hLisgs
RAEE, B — SN ERAE 100 MR, B
Kuznetsov 8. O i MITE B RN FER 21" A%
F 1. 2676506e+30), T A FIME &4, B RBHEFER
REMEERA 0. 33 B, I RSB ETE 1500 NER ; ¥ H
BHEREEXRENBE TR 0. 2 i, BENESHE TR
F 400 MESL . B AU FIES/NTHEER, EBES
WHEHE,

Bl 2. R AR — R E R YRR, 77 8 F
Yy, S RRITE (1D (2) B3 (4 KB G B E
(6) F(D EXK®), FF, XAMHERFAT 9 FMEYRNE,
BN a(fBEAK) bFEARFAE) . c(ERHA ) JdEHEE) .
eCRLF I LTI (g(BBE 3 h(H IUED GOHHRL) . XLk
AR R TR LE 3, S A 2,

3 “EYIKEATR

a b c d e { g h i
1 * * *
2 * * * *
3 * * * * *
4 * * * * *
5 * * * *
[ * * * * *
7 * * * *
8 * * * *

({},abcdefghi)

B2 YRR EAE RS

HE-NHBEE-PEONB RN REEREHS
P —AEEAN. 76 2 &, BEMEER 1K A (BB
HETRTERGHE , BBIE 3, B DY B AE YD AT B— 12K A,
(BEATETEK P BRiZ3) A URL YD) . RN BT, F
HERT -1, MFESATEL A 12K A, BRREE:

2% A FFTENE SR (34,acgh) ,s(A; ) =5((34,acgh)) =0, 25;

% A, FrAEdE& R (23,abgh) ,s(A;) =5((23,abgh)) =0, 5,

BRI E S, B AKX — KRR EEER MK
SN £ N A S — 2, TR R s A 5 o — 28

REBSHRIRA 5 BRI RN SRR, LE 3. BN
HREE A TR, BRI 4R S FIX D RIRAE

B3 “HEMRKERE RPN R IER

B, BRGRSRBZREN, AR & EYEPSUFFE
R

BRiE BEEHRBUEN RAEE A L B TR A A
JEZ b AR SR P RR A AR AR o BE B X R A1 BE LA R 2R 43 B
TR, AXREZENTEREL THEONRNEE, LEL
X ZONERBRE T HHESSRER NI s R G, RIEEESH
RO B B T R HTH R Tk

2% SCHIBI BT SRR A BB B R A B4 (B 7E KB L
AEFERBRHFHEE (R O, BT —BHRP KA
W AR SCRY B B PR B S M SR » T8 S T 1) S A 8 O RS AG
B, RS R REENRRERE T .

#4 EAERK

A (0] T \%
3l ersep a,b [t1,t2]  [62,73]
g2 €1s¢€3 d,e t [30,73]
g3 € a,c tg [20,35]
g4 €24 a [t1,tz]  [40,50]
8 % X W

[1] Jain A K,Dubes R C. Algorithms for Clustering Data[ M]. Pren-
tice Hall, 1988

[2] Melo C,Le-Grand B, Aufaure M A, et al. Extracting and visuali-
sing tree-like structures from concept lattices[ C]// 15th Inter-
national Conference on Information Visualisation. London, Uni-
ted Kingdom, [IEEE Computer Society,2011.261-266

[3] Brito P,Polaillon G. Homogeneity and stability in conceptual a-
nalysis{ C] // Amedeo Napoli, Vilem Vychodil, eds. CLA, 2011,
251-263

[4] Kuznetsov S, Obiedkov S, Roth C. Reducing the representation
complexity of lattice-based taxonomies[ J]. Conceptual Struc-
tures; Knowledge Architectures for Smart Applications Lecture
Notes in Computer Science,2007,4604:241-254

[5] Kuznetsov S O. On stability of a formal concept [J]. Annals of
Mathematics and Artificial Intelligence,2007,49(1-4):101-115

[6] Gan G,Wu J. Subspace clustering for high dimensional categori-
cal data[J]. ACM SIGKDD Explorations Newsletters, 2004, 6
(2).87-94

[7] Zaki M,Peters M, Assent I, et al. CLICK: an effective algorithm
for mining subspace clusters in categorical datasets{J]. Data and
Knowledge Engineering, 2007(60) :51-70

[8] Tang Cheng-long, Wang Shi-gang, Xu Wei, New fuzzy c-means
clustering model based on the data weighted approach[J]. Data

o 247 o



& Knowledge Engineering,2010,69(9) ; 881-900

[9] Bai Liang,Liang Ji-ye,Dang Chuang-yin, et al. A novel attribute
weighting algorithm for clustering high-dimensional categorical
data [J]. Pattern Recognition, 2011,44(12);2843-2861

[10] Ji Jin-chao,Pang Wei,Zhou Chun-guang, et al. A fuzzy k-proto-
type clustering algorithm for mixed numeric and categorical data
[T]. Knowledge-Based Systems,2012,30:129-135

{11] Wu Xin-dong, Zhang Cheng-qi, Zhang Shi-chao, Efficient mining
of both positive and negative association rules[J]. ACM Tran-
sactions on Information Systems, 2004,22(3):381-405

{12] Rosch E. Human categorization[ C] // Warren N, ed, Studies in
Cross-Cultural Psychology. Academic press, New York,1977:1-
49

[13] Ganter B, Wille R. Formal Concept Analysis; mathematical foun-
dation [M]. New York: Springer-Verlag, 1999

[14] Scaife M, Rogers Y. External cognition: how do graphical repre-
sentations work[ J]. International Journal of Human Computer
Studies, 1996,45:185-213

[15] #EES, XS H. MBS RBRANRAL ] HEIHARSE
J&,2000,37(12) ;1415-1421

[16] Kuznetsov S O. Stability as an estimate of the degree of substan-
tiation of hypotheses derived on the basis of operational similari-
ty[J]. Nauchn., Tekh. Inf. , Ser. 2 ( Automat, Document, Math.
Linguist. ),1990,12.21-29

[17] Kuznetsov S O, Obiedkov S, Comparing Performance of Algo-
rithms for Generating Concept Lattices[]J]. Journal of Experi-
mental and Theoretical Artificial Intelligence, 2002 (14): 189-
216

[18] Adams E N. Consensus techniques and the comparison of taxo-
nomic trees[ J]. Systematic Zoology,1972,21,390-397

(E#8% 224 7
HERRMEE T RS B A ERATE BREN TR
B, AT R AT A R Z B 3 AR B AR EK

R ERATRA LUES ZEEEED — N ERSEEN
WIRPENEE) , LI FFATHATRIT N, 1 FIATIITEOAT A
Z RN RLZA B AR B B R, TARE AT #E X,
REHETHRBZEELFSXER, KPABESIFITH
Fre9fT e, B, 42 A B AR UG A Aok 45 R A BR  RATTAT 1A
XRE A BRSPS NABRESNIT ST
HEBRRBE. HTHN A ETH A BRAGEHDELEL,
TFR Ay F0 A, REIERKBIN . B AT R BT R R K
Bk RAE ] LIS BIAR AR 7 BRI R R 97T, IR BP
AT LT PHATIIAT A .

PAkREL 3 FAEDeE AR 00, BRI T AR S E
F B AR IR EE ok 55 R b BOFAS 1845, R T ER AR TG
AR R RREARITVEENOT NS .

BRIF AR T ET RN ERRNLS RE
BEHER RE BART N0 B R R U R ARG T AR,
H iR 5 BT A B AR BL Bk % Wi A B, KB &
R R BME R R 12 EUE B IR MR A Bt T e
B4R ST 3R BE , 76 0 AP AT B AR-TRR B BR VT AT A 4R i D R
8% BT, A SCR R B HIT T A A st A A Bk %5
TR BextAE T B BARK TR BE, 380 T F P 3ok &5 T AR At
BN 4.

EHTASCBF, @R N T —EERKTETFEERA
TITRIEE tan . BAR-1T 5 B R R PR TeE B AR — 2k
2 REATTA B SRR BEAE , T R H
A AR %5 B L % R A B TR IEAT AR B
FREGSTRAEE B ShHERE O 55 AR i B AR B AR TR S
%, RINERROFRTHETEBEFRRELSHERRTH
BRESEARASE S MATE G ABEHSE, SRR
IR

2 X x #

[1] Kueng P,Bichler P,Kawalek P, et al. How to compose an object-
oriented business process model? [C] // Brinkkemper S, et al. ,
eds. Method Engineering: Principles of Method Construction and
Tool Support, Proceedings of the IFIP WG8, 1/WGS. 2 Working

s 248 -

Conference, Atlanta, Chapman & Hall, London, August 1996
94-110

[2] Scherer E, Zslch M. Design of activities in shopfloor manage-
ment:a holistic approach to organization at operational business
levels in bpr projects[ C] // Browne J, O’ Sullivan D. eds. Re-en-
gineering the Enterprise, Proceedings of the IFIP TC5/WG5. 7
Working Conference, 1995;261-272

[3] Jr]B,Persson A,Stima J. User guide of the knowledge manage-
ment approach using enterprise knowledge patterns[R]. KTH,
Sweden, 2001

[4] Markovic I, Kowalkiewicz M. Linking Business Goals to Process
Models in Semantic Business Process Modeling [ C] // Procee-
dings of the 12th IEEE International EDOC Conference. Mu-
nich, Germany, September 2008

[5] Yu E S K, Mylopoulos J. Understanding “why” in software
process modeling, analysis, and design[ C] // Proceedings of the
16th International Conference on Software Engineering. IEEE
Computer Society Press, May 1994 :159-168

[6] Soffer P, Wand Y. On the notion of soft-goals in business
process modeling [ J]. Business Process Management Journal,
2005,11(6) :663-679

[7] Markovic I,Pereira A C. Towards a Formal Framework for Re-
use in Business Process Modeling[ C1 / Workshop on Advances
in Semantics for Web services (semanticsdws), in conjunction
with BPM ’07. Brisbane, Australia, September 2007

{8] Kueng P,Kawalek P. Goal-based business process models: crea-
tion and evaluation [JJ. Business Process Management Journal,
1997,3(1).17- 38

[9] Hammer M,Champy J. Reengineering the Corporation; A Mani-
festo for Business Revolution[ M]. New York: Harper Business,
1993

[10] Ali R, Dalpiaz F, Giorgini P. A goal-based framework for con-
textual requirements modeling and analysis [ J]. Requirements
Engineering, 2010,15:439-458

[11] Ould M. Business Processes; Modelling and Analysis for Re-en-
gineering and Improvement [ M. Chichester: John Wiley &
Sons, 1995

[12] Cardoso E, Almeida ] P A, Guizzardi R S S, et al. A method for
eliciting goals for business process models based on non-func-
tional requirements catalogues [J7. International Journal of In-
formation System Modeling and Design (IJISMD),2011,2(2).
1-18



