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Extension abox requirements modeling method
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Abstract ; Assuring a complete and consistent requirement is the key to requirement modeling. This paper proposes
a requirement modeling method for inspecting consistency on the basis of knowledge base reasoning. An ontology is
added into the modeling process to improve the expression ability. In addition, the semantic establishment constraint
rule is used to build the knowledge base of requirement modeling. The requirement modeling process is taken as an
expansion process of the assertion knowledge base based on the consistency among the descriptive logic, descriptive
requirement and inspection requirement. The matter of requirement completeness is converted into requirement con-
sistency and attributed to the satisfiability under the constraint by rules. Tableau algorithm is utilized to realize the
inspection on requirement consistency, assuring the requirement to be consistent in the entire modeling process. In
the application practice, the self-programmed ROB semiautomatic modeling software was applied to requirement
modeling and analysis to verify the requirement consistency of the modeling method. In addition, the requirement
modeling process on detecting the consistency of an expanded asserted knowledge base was shown by cases.

Keywords : model ; consistency; completeness; multi-view; description logic; knowledge base; satisfiability; Tab-

leau; requirement engineering
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Fig.1 Tree-shaped diagram of ROB-model
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Fig.2 Concept categories of ROB ontology
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AJ& B )T 28 (subclass ) ; 2) hasRsc, i 8 #% 20 H
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B) 8 SR — DA RS A H—" 555
HE B SEFH ;5) hasTask , #iiA# 2 hasTask( A,B ) ,i&
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Fig.3 Associations in ROB ontology
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IR IB R AR A A [ 02 ] G A ) A T R
[*) AT Ak Sy T 3 (7] 8, Tableau 5832 J4) 22 AT
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3.2 ROB Z{&xNiZEE

ROB A 1 A $6 HE A5 45 A ( Concept ) , K
Z A4 (Association ) FIELNEE S ( Constraint )

1) i

ROB ZAR{RHEE TR, LA ML ERdType Fil
RscType & X %4 ERdType: : = { basic, compos-
ite| ,RscType: ; = { int, float, char, string, struct , enum,
* |, OptType:: = { create, insert, delete, update, se-

lect}

RO RN XL a1 5 A OGOk, A A&
E X EARIAF] TBox, U, Errand A J& M has-
Type JCHK ERdType 25, 11 H: 25 Basic 1YJ& 7% has-
Busi K Business, J& £ hasRsc JeHK Resource , J& £
hasOrg JCHK Organization, ROB 455 7Y 4% .00 HE A& AH 7
AR 1 R,
* 1 ROB I&&&

Table 1  Concept definition in ROB
Concept Super Definition
FErrand;: = T N JhasType. ER-
dType N JhasRsc. Resource N
(DErrand T 3 hasOrg. Organization N ( 3 has-
Busi. Busines U J hasBusi. Bus-
inesU J has a sk.Tasks).
Basic:: = Errand N 3 hasBusi.
@Basic Errand )
Busines
) Composite; ; = Errand N Jhas
@Composne Errand
Task. Tasks.
Business: : = 3 hasPro. Procedure

N (T U JhasCon. Precondit U
J hasInt.Input U 3 hasOut. Output
U T hasPost.Postcondi) .

(@®Business T

B Task T Task::=TMN JhasErd. Errand

Stage:: = T N 3 hasPremise. Pre-
@Stage Task °

task.

State:: = T N 3 hasRsc. Resource
DState T o

N 3 hasOrg. Organization
®Resource T Resource : : =Element U Attribute

Organization: : = Role U Depart-
©@O0rganization T 8 P

ment

) Attribute : : = Resource N 3 hasR-

(0Attribute Resource

scType.RscType

Role ; : = Organization N 3 hasOpt.
@Role Organization & P

Operator N 3 hasErand. Errand

Operator; ; =T N 3 hasAttr. Attrib-

@Operator T
ute N 3 hasOptTp.OptType.

Key:: = Element N Jhas Func-

BKe Element
Y dep.Member.
Leader; ;: = Department N 3 has-
Leader Department
Lead.Subject.
2) KA

ROB HITHEH A U AR 2 58 Z i 7 OC & anoe
%% hasBusi #ii#%: ( 3 has Busi.Business) C Basic,
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Basic € ( V hasBusi.Business) , %<7~ hasBusi & X3

4 Basic, M{EI A Business, 7 2 FH FE LR,
&2 ROBXZ&EAR
Table 2 Associations in ROB

Associat Super Mult Domain Range
@hasOrg T 1:1 Errand U State Organization
(DhasStat T 1.5 Business State

B3 hasPost hasStat 1.1 Business Postcondi
@hasCon hasStat 1.1 Business Precondit
(BhasInt hasStat 1.1 Business Input
(®hasPro hasStat 1:1 Business Procedure
(DhasOut hasStat 1:1 Business Output
®hasErd T 1.1 Task Errand
QhasTask T 1. N Composite Task
0has Funcdep hasMain 1. N Key Member
DhasPremise hasMain 1. N Stage Pretask
DhaslLead hasMain 1: N Leader Subject

ROB MR L& H] 1 TR KRR Z
BIFFIERR R AT AE] TBox 1, #fiR %
e 2R AR A 3 B A Composite € Errand,
hasPost C hasStat &5, 3 3 3| FHFIE LR,

#£3 ROBFEXZRES
Table 3 Included associations in ROB

Included assertion

(DComposite € Errand , Basic € Errand
@Stage C Task , Pretask C Task

(®Leader C Department , Subject € Department , Role € Organi-

zation , Department C Organization

@®Postcondi C State , Precondit € State, Input C State , Proce-
dure C State , Output C State

(®Key C Element, Member € Element , Attribute € Resource,

Element € Resource

(® hasPost C hasStat, hasCon C hasStat, hasInt C hasStat,
hasPro C hasStat , hasOut € hasStat

3) AR

ROB A 210G R 0 fE — 2L 23R, X 4k
PR T ORIE R R SE S A — e, $e 24 kR T
NI e R AL BIZ R,

(1) LB, BR 5 S 200 B0, TR TE A A
SERE U BT RAT 55 oA — AR — AN 414U

—ANINRESIINEE K 4 F) L FERML S AR,
%4 ROB #i&%%

Table 4 Numbers constraint on ROB concept

Numbers Constraint on Concept

Errand € = l1hasRsec N < 1hasRsc
Errand € = 1hasOrg N < 1hasOrg
Basic € = lhasBusi N < lhasBusi
Business © =0hasPost N < lhasPost
Business € =0hasInt N < lhasInt
Business © = lhasProN < lhasPro

Business € =0hasOut N < 1hasOut

® Q@ ©® @ & @ © e

Business € =0hasCon N < lhasCon
Composite © =2hasTask

Task € = lhasErd N < lhasErd

Leader € =0OhasLead N < NhasLead
Stage © = OhasPremise N < NhasPremise
State © = 1hasRsc N < lhasRsc

State © = 1hasOrg N < lhasOrg

® & @ ® & @ ©

Key € =0hasFuncdep N <N has Funcdep

(2) KRR, BEM SR Jw M, Fom &
W IFAFAE—SE OGN A T SR AT 55 %) B —ZH
Pt f I — S Ros D RE I B AR SE ;346 5 51
THEEXRAW,
&£ 5 ROB XZEZAR
Table 5 Relation constraints in ROB

Relation Constraint

Operator € V hasAttr( Attribute N 3 hasRscType )
Basic C YV hasBusi( Business N 3 hasPro)

Role € Y hasOpt( Operator N 3 hasOptTp)

Task C V hasErd (Errand N 3 hasType)

Task C V hasErd (Errand N 3 hasRsc)

Task € V hasErd ( Errand N 3 hasOrg)

Qe e e e e e

Business € V hasStat ( State N 3 hasRsc)

&)

Business C V hasStat ( State N 3 hasOrg)

(3) SEBIAYHR 30 5 IR 5 52 491 ) R %o 1 56 2R, A
UETE e —F0: AN AT 55 o SR ZHE b g
P5 o, T b X 4, d 5 ¢ AR RISL], 22 6 3]
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Table 6 Individual constraints in ROB

Individual Constraint
hasErand(? e ,?x ) AhasOrg(?x ,?z )—hasSubO(?e ,
z)

@ hasSubO(?x ,? o)—hasLead(?x ,? o)

RV

@

hasRsc(?x ,?y ) AhasBusi(? % ,?z) A hasState (? z ,
s) ANhasOrg(? s,? o) —hasRscR(?x ,? o)
hasOrg(? x ,? y ) A hasBusi(? x ,? z) A hasState (? z ,
s) ANhasOrg(? s,? o) —hasSubO(?x ,? o)

® hasTask(?x ,7y ) AhasErd(?y ,72)—>isA(?7x ,72)

0

0

© hasErd(?x ,7y ) AhasTask(?y ,72z ) —isA(?7x ,72z)

4) P

A 3 PR S0 ) O 2R ORI S, Sl ST T 4 S
U, AR N B 75 2R 1 5, U0 : hasSub 5 isA £F
FEHWVE BT ROB A& | 52401 7] ir A3 e Jo 6, 465 4% 32
4 ( Transitive ) XFFRPE (Symmetry ) | BREE R ( Func-
tion) A 5C & (inverse) | J& P4k 7K ( Property Inherit)
FI4E M 4% 7K ( Characteristics inherit) , £ 7 %1 H
ROB ST,

#£7 ROBM4RK

Table 7 Universal inference-rule in ROB

regular Associate

hasSubO, hasSubR, hasSub, isA, has-

Transitive )
Lead , has Funcdep ,hasPremise,

Symmetry differentFrom, sameAs

Function hasBusi , hasOrg, hasRsc , hasErd

(hasSub,isA), (hasErd,has

Property Inherit hasSub,isA , InstancOf
( hasLead, hasSubO ), ( hasFuncdep,
hasSubR ) , ( hasSubO, hasSub ) ,
(hasSubR , hasSub)

HRAE R M BT v A s th o 2R A, T
FRYGUE , LUK A8 FH 2 S 450 W 35 m Tl 2 e
3.3 RIE—HMFRERTE

ROB AR H1H PE AL 15 & 4R 5 ( Concept) | K
ZAES (Association) FIFEN 5 ( Constraint ) .

EX 1 ROB HIHZE, ROB HIHJE KB =
[ TBox, ABox | , H:rft TBox RiE/AHES{LE T ROB
ME(R D) KR (F2.3) AR(KLI~6) 0L
ABox J& ROB Wi 5 BRI A RS .

FEX 2 ROB Wi F B, ROB W & # g
ROB Wis A IR G, AW & MR Al 5,

Characteristics inherit

. —4~ ROB W5 #53k ( AssertionBlock ) ablock £ —
AW SIS Errand(7e ), FR e B— DK
{155 ; Business (7 b ), & b J=— 5 T16E; Or-
ganization(? 0 ), &/~ o JE— 1L, RAW T has-
SubO(?0 ,70,), FRHL o FALF BT /INGTH
o,

AL E L ROB AR &4 52 LS 295 PR T,
TER IR 2 S b S R DR R B R A R
A% ROB Wi 5 A 1 72 R A 32 e 44 2 i
Jri AT — B A A RE, H B2 A AR A —
FHm)

MR 1 SR, — ROB Wi & B85 1 2
A Ak 2 AR WU Ay EL A M A e B vk 5 2 BT A G
RO EAT G R S8 B 5 W 2 BT A S 2 R R B
L5 HEME . — ROB Wi A A 58 2 1 24
BACY (A BA A 8 58 B | O R 58 3 M RN S 491 5
B,

EX3 iz, XF—4> ROB FIHFE KB K,ROB
W 5 B T B W 5 2 ROB PR S A, 2 Bt
- R(a,b) A R(a,b) HIHEL, B ROB W7 & 5
Hewpge,

MR2 —FH, F—1 ROB W5 A
SEaE | BT ARE KB K ANFEFE o, W FR B —
otk

ROB 53K — 35 i E A 1ok 2 7 A AR 1 L P 2
fill BN R S AR A AR, T AT

S VRS RS R A . 1) B4 ROB Wr
T AR SR, AR SCHHEL ROB 77 2K X 4 &
PR Rx 2EXf 4 Mk 2238750 ROB Wi &, JE 8 ROB
Wi B 2) SE A A, A H AT e B A T4 3
A WIARE A A 45 SR I = LAY ROB W 5 45
Yo U RIGER AT 2 PR A 3) — Bk

AT A HAA B AT 4 28 AR o A 2
RS Wr H G HATH 2 Dbt 4) ¥ R S
HIH,

ROB W 5 U6 b — M EHIRE KB il R
(B ROB Wi S By — R M, M AT
T OHIRY” R E B E ABox A ; ROB W7 75 Bk
BA M, —1> ROB Wi 5 B 2 9 BOH, # 4
YE R W 5 IR N3] ABox

SR E R A B AR . ROB BE T 19 4y
fifg AR S S AR HURR 5K, BRURIE IGB ) ROB I 75 53
BT R — A M B A LI B — A BR AR
Gl M 1i=1,2,,n} [HPHNILE M, 2—I
BEARY AR M, XE N REE BT ABox A, , ATPE R
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B M, +1 1) ABox , 523 FITRE TBox T —iE A4 i,
M, +1 BY5EAE

ROB ##5 B AN Wi 1 22 ROB Wi &5 ik, 834
TEREME | — BRI 5 e A0 R W T R 0 ) 8
ARV B0 TAESL R SE M — B8RS, b
2 LR, — SO A e A ) R — B R
£ ROB HIH R LR - 3 PR ) R, w5516 Ry vl i 22
7] R, W] 3k ) AL B 6 UIE Tableau B89 55 1] 2 [
SCHR[17-20], 3P FEZE4E H ROB 7 2K — 3y A
771, Tableau LT & 52 2t AR AL SR e 4

4 FEB A7

TR — T K TR, Wl I Z . 3¢
TTETR IR B IE Y SR b G TR Y R 43 BT R
fF, 825 T ROB #2451 Ak 58 RE Ak 1, A5 L)
—NZ M /R ROB 77 KA FE . S M) . B et
KR REALE G VI HT- B 1K
4.1 ¥ RETEMIA

ROB HHHZEH 014 ABox A 25, Bl ABox A, =),

1) % ROB Wi & ik

(1) Hligke oKk . O H 258 B e fb2r & 504
V-5 QTR IAL  H2P A s @ B AR 55« LB
WS GAEM, @I H B 52 LI 0 i, 3
P LU HACE, (2) i ROB R 3 RAMK
ty T SN LB E R by B AELLE S 52
BB 00 FKL g BRI (3) 8142 ROB
Wi H R ablockO = { Task ( t,) , Basic( e,) , Business
( by), Organization ( o,), Resource ( r,), hasErand
(ty, ey) ,hasBusi( e,, b,),hasOrg( e,, o,) , hasRsc
(eq, o)}

2) SEREANERG A

i 77 ROB Wr S B i 5, N F Tableau 557
WA T SEHEMERG Ar 5 8 1k AT 2 Pk ) A 24 ol
T (1) BES TS BIE LA (2) LR FERMEL I (3)
S EREE LR

4N iy ROB W & 5k ablock0 FHMARTH
W 6 Xof AR A 24 SR8 R it AP, B TS A2 Business
C = 1hasPro N < lhasPro( % 4 A ®) , ablock0 A~
FA S, IS IR B Procedure ( p,) LAY @
ablock0, Bl ; ablockO = ablockO U { Procedure( p,) | ,%&
Je BT S B A

3) —H A

77 ROB Wi 5 M E v b 5, 1 FH Tableau 557
MR E T e (1) 488 TBox 7 A % ABox H1iH
% TBox; (2) ABox HWT & 4k b 5 IENJE ; (3)

ABox b1 Y AL B2 TCFT IR (4) HEAF
TEMERE, WL UL R 2 —1> ABox — 2, W 4h
ABox —3(,

4) 9 W iR

1 ROB W = 154 He b %) T A7 W = 2 204 i 3
ABox A0 H7,U1: A ;= A ,Uablock0;ablockO = { Task (
t, ), Basic ( e,) , Business ( b,) , Organization ( o,) ,
Resource ( r,) , Procedure ( p,) , hasErand ( ¢, e,),
hasBusi( e,, b,) ,hasOrg( e,, o,),hasRsc( e,, r,),
hasOrg( p,, 0,) ,hasRsc( p,, 1) |-
42 YT RESE

1) ROB 7K 51t

ROB B REREA Ty I 73 ik , 45— I AR R 17
—41 ROB Wris BBk . (1) 73158 i K #% 16 9 ROB
R W B (2) 70 A B T 46 ROB W 5 45
e, XHE—A> ROB Wi H B AT E 40 58 By i
Wi s AR (4.1) AT AR

140, % ROB S5HIXF 75 RAT 55 e 3R < 1, (5
BT S5 ) 5 1, (SENBF AT S5 ) 5 0, ( T2
P HEALS ). (1) 20 A58 1 5 K . @ Task
(1,);@Task ( 1,) ; @Task (15) o 735 IAT 5 B B4
PRI AR S R 5 23 R I A A B BT R
JF ;@ABOX A, ;@ABOX Ay (3 ABox Ao (2) NN
By e85 AR X ALY ROB W 5 #83 ablock ( de-
composed ) = ( KB - { Basic ( ¢,)}) U { Composite
(ey) | ; @EHEEMEK A, 15 ablock ( decomposed ) =
ablock ( decomposed ) U { hasTask ( e,, t,), hasTask
(ey, t,), hasTask (e,, t;)| U { hasPremise ( t,,
t,) | ;@ablock ( decomposed ) i — EPEAS A A1
W R, X5 T T RIERJZE ABox Adel

Gy OFF R ARG HEAT  ZAG IR BE H
BTN G @53 I 45 A E R e oK, 37 hy i
B AR AR AR R Y s @ T AL PR IE— B
B RN IT %, i id i 33X BUORXSPE A o0 ik it 72
iUy

2) VW

ROB A o A5 78 2 43 fiff Al AL 75 5K, AS I 7= A=
ROB WiF B, 5 — > ROB Wi & A Bk 28 08 — Bk
IR VR R R R R R TR 4R
FIRESER FIE B — B B9 ABox,  MASR W% iz 5t
LEHIRPE ABox = (), B 43 7 45 R AN i 72, T i —
MATFH) ABox £ FREER : ABox Aset={ABox 4, | i =
1,2, n |, Hrip A0 R & EE W5 AR
J, Aset T0s% T Wi s MR ER Y e #E  3R0R 177K
SIHTEYREAS AR O TR A S OR A ER AL Ty



88 - B O R

910 %

il 4N, 5 B 55 5K 0 it ok A X 2 — A~ A P ABox

FES WS FEY R R mE 4 s,

HERE I 1
Tr;ii: FE(KB) L SRR AL AT 4 R HIHEE(KB)
“ ROBW it MO * OX o porie oy (=p
ABox AO=M0 o BEEE R
l KR —BER (F2)

|
ST ()| o

FNHF IR ST 55

TR (£3)

SRR ER] |, EEEE (45)

o
e i R | ROBIFF S M3 PrsZin t3x
ROBT:THYE M1 || ROBITEiHH: M2 | [k KALH (%5)
_ | ! ' [ARKD) el (%6)
HHHFE(KB) _ HHAE(KB) ' |MBox ABox A=
TBox TBox ABox A3=A2UM3 RS
ABox AI=AOUMI ABox A2-A1UM2 i HIPIAKE)
_.-——- Box
SYR AL AR [
ROBW itk : M4

4 BRESHBROIEEY RiILE

Fig.4 Expansion process of ROB assertion knowledge

W 75 R R AR — 2 W R
SEHL, BT MR R 48 vE B A A — HohE G
A PIE 78— BOt A TR SR T

5 #HAKiE

ROB 7K A 4 ORGSR 3 BT 28 38, B i 41
Al 55, NIX 3 A0SR SRR S 0 T 28 7 fi
SRR, T A R NE BRI B A RS
(R SRR BE TIE Sy 52 B 75 SR A% . ROB AL A A A
e B SR IRIE R S SO R
AR ST T 2 SR B TR R A T
T SR BRNTR PR | AR08 1 SR 00 s = o
S T EEAR B I ROB 75 R A I FEAS I
SERTRY ST B 5 R A B A Ak S W R
FERZAY it . TR R e R ) e A /5
SK BRI R 755K — S0k 50 U5 45 4 0 2 51F iy AT
T2 [, A1) FH B WF 98 2R Tableau 57k S5 4G 56,
TRIUE T ROB AR — &bk

K4 —3 ROB f KRBT R % THA I
TR A AR R, BT E T — LR T HE R 55
UEFNZY S 5638 B 28 1 1 B R ) S B R5 oK
BRI —BER S , H AT RAFAE—2R 2. 1) &
BT D RE R K AT = D B oK A5 HAD S oK ) %
BRI 2) 2T T4 R BB 1 52 2 B
fife ke A R TR A R BT 3) T v T4
I A IR A rp 32 4 4 B )BT X ROB 75 2R 43 i
Tz AR T, AR T & XAE8;4) T
W75 SR — B 0] 4% Ak Sy AT 3 M ], T Tableau
SRR O Je e

P TAEEEA 1) Bt & B I 8, @it

SRS BT AVECE X, R B S BR T AT B AR
2) i i L ZH WM IE T, TS ROB TR 73k
PEFIPEAL G AR, LBk — 20 P w2 10 1 B A7
JE 53) 23#riz FIAE D RE R >R S5 A 75 oK A BT 52
HER , WIIRER R ARIIRER >R S5 Ji¢ ROB AL, P2
JRCASTAT G — B R T % 4) S0 B B 4 2 i o )
ATAR, 5T ROB 7R TR 4% B Be s AR I A9 T
5, U S B TR AR 2R PR s i T
TR0 A SR BRI KR

SEH

[ 1]SPANOUDAKIS G, ZISMAN A. Inconsistency management
in software engineering: survey and open research issues
[ M ]. Handbook of Software Engineering and Knowledge
Engineering. Singapore: World Scientific Publishing Co.,
2001 ; 329-380.

[2]SPANOUDAKIS G, FINKELSTEIN A, TILL D. Overlaps in
requirements engineering[ J]. Automated Software Engineer-
ing, 1999, 6(2): 171-198.

[3]NUSEIBEH B, EASTERBROOK S, RUSSO A. Leveraging
inconsistency in software development [ J ]. Computer,
2000, 33(4): 24-29.

[4]NUSEIBEH B, FINKELSTEIN A, KRAMER J. Viewpoints ;
meaningful relationships are difficult! [ C] // Proc of the
25th Int’ 1 Conf. on Software Engineering. Portland: IEEE
Computer Press, 2003 676-683.

[5] TR B R TR % — SR RE A SRS — 2L
PEANE BV 75 [ 0] A FALEAR, 2013, 36(1)
10-21.

WANG Zhixue, DONG Qingchao, ZHU Weixing. An ap-

proach for conceptual analysis on capability requirements



LR

SR S5 TS RS — B R R - 89 -

consistency and reasonability [ J].Chinese Journal of Com-
puters, 2013, 36(1) . 10-21.

[6]NECHES R, FIKES R E, FININ T, et al. Enabling tech-
nology for knowledge sharing[ J]. Al Magazine, 1991, 12
(3): 36-56.

[7JGRUBER T R. A translation approach to portable ontology
specifications[ J ]. Knowledge Acquisition, 1993, 5(3) :
199-220.

(8T Flii& sy, 2 WML T ) A A 5 5K 2087 [ 0] AR AR 241
2000,11(8) :1009-1017.

LU Rugian, JIN Zhi, CHEN Gang. Ontology-oriented re-
quirements analysis[ J]. Journal of Software, 2000, 11(8) :
1009-1017.

(9T BR/INEL, T, 42 2 T (] RHE 2R ) 0 SR A8 . — b AR f
WAL ] A4, 2011, 22(2) : 177-194.
CHEN Xiaohong, YIN Bin, JIN Zhi. Ontology—guided re-
quirements modeling based on problem frames approach[ ] ].
Journal of Software, 2011, 22(2) . 177-194.

[10]FRANZ B, DIEGO C, DEBORAH L, et al. The descrip-
tion logic handbook ; theory, implementation, and applica-
tions| M ]. New York ; Cambridge University Press, 2003
555-574.

[11]GRUBER T R. A translation approach to portable ontology
specifications| J ]. Knowledge Acquisition, 1993 , 5(2) .
199-220.

[12]FRANZ B, TIAN H, ULRIKE S. Description logics as on-
tology languages for the semantic web[ C]// Mechanizing
Mathematical Reasoning: Essays in Honor of JORG H
Siekmann on the Occasion of His 60th Birthday, 2005.
228-248.

[ 13]SCHMIDT S, SMOLKA G. Attributive concept descriptions
with complements [ J ]. Artificial Intelligence, 1991. 48
(1): 1-26.

(4] 5, B0, BRor R, 55— 2K R 1Y sh A5 4l iR 2 1
(I k254, 2010, 21(1) ¢ 1-13.

CHANG Liang, SHI Zhongzhi, CHEN Limin, et al. Fami-
ly of extended dynamic description logics [ J]. Journal of
Software, 2010, 21(1) . 1-13 .

(15852, S0 AR, oy KO, 46 0] B 1 B e 3l Al i 22
[J]. 8024, 2011, 22(7) : 1524-1537
CHANG Liang, SHI Zhongzhi, GU Tianlong, et al. Decid-
able Temporal Dynamic Description Logics[ J]. Journal of
Software, 2011, 22(7) . 1524-1537 .

[16] Pk 4, gt AR Bk, 4 5L T 1R 8 8 (0 FRAE TS S
B IAEL )] B S &%, 2013, 50(7) : 1501-

1512
SHEN Guohua, ZHANG Wei, HUANG Zhiqiu. Descrip-
tion-logic-based feature modeling and verification [ J ].
Journal of Computer Research and Development, 2013, 50
(7): 1501-1512.

(171004 RGBT BH 2. — 2 4 3R 1k 27 > #Y tableau #f
BT[] R BER G, 2008, 3(4) : 355-360.
LIU Quan, CUI Zhi-ming, GAO Yang, et al. Tableau rea-
soning method based on logical reinforcement learning[ J].
CAAI Transactions on Intelligent Systems, 2008, 3(4) .
355-360.

(18] M &, WK HE , X 3%, 55 5 T SHOIQ (D) A & —
HAERIL )] AL TR SR ,2009, 31(8) :7-10.
YE Yuxin, OUYANG Dantong, LIU Yao, et al. Consisten-
cy checking of the SHOIQ( D) -based ontology|[ J ] .Comput-
er Engineering & Science, 2009, 31(8) .7-10.

[19] 473, A0t St iR 2 B 25 ik [ ] I ALk, 2006, 33
(1):194-197.
SHI Lian, SUN Jigui. Description Logic Survey [ J].Com-
puter Science,2006, 33(1) :194-197.

[20] 74 0%, £, % =, 55 58 S A B U RF# € SHOIN
(D) AT AHEL ] HCPF241 2010, 21(8)  1863-1877.
GU Huamao, WANG Xun, LING Yun, et al. Determining
the SHOIN ( D) -satisfiability with a complete disjunctive
normal form group[ J]. Journal of Software,2010,21(8) .
1863-1877.

EEE T
ST, 95,1974 4R WL, F B

WFE 7 W Bk AR R RETT SH

it g, %5, 1953 4 A #Hobz, it
AW A, EEAF R oL
A5,

BYLAE, 40,1975 o4 B #H% T+
J& , BRSNS S PEE ,




