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Abstract: The dynamic description logic DDL (dynamic description logic) provides a kind of action theory based
on description logics. It is a useful representation of the dynamic application domains in the environment of the
Semantic Web. In order to bring the representation capability of the branching temporal logic into the dynamic
description logic, this paper treats the time slices of temporal logics as the executions of atomic actions, so that the
temporal dimension and the dynamic dimension can be unified. Based on this idea, constructed over the description
logic ALCQIO, a temporal dynamic description logic, named TDrcqro, is presented. Tableau decision algorithm is
provided for TDarcqio. Both the termination and the correctness of this algorithm have been proved. The logic
TDarcqio not only inherits the representation capability provided by the dynamic description logic constructed over
ALCQIO (attributive language with complements, qualified number restrictions, inverse roles and nominals), but it
also has the ability to describe and reason about some temporal features such as the reachability property and the
safety property of the whole dynamic application domains. Therefore, TDarcqio provides further support for
knowledge representation and reasoning in the environment of the Semantic Web.

Key words:  dynamic description logic; branching temporal logic; knowledge representation and reasoning;

action theory; Tableau decision algorithm
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KR S APRIE 5 A A el R T A3 S A 248 Tableau F) T Bk
HEE S ES: TP18] ERFRIZED: A

IR BRI L Web H4 388 S 1,028 W3C HEFE Y Web A/KTE T OWL(Web ontology language) ()&
B RL AL 3R 8 R 1) 2 TR A TR AR T i RUE R I Tk LR 2 1 R 7, R IR SCORUE TR DG HE SR i) 2 v A
B, I HLEAG A R0 ) 8 SR AL R SR Web B (1 - Fls AiE A0 FH 75 3K 90 25 48 HH i b
BT 5 b R T 2, AT A 1 SC Web $2 it 55 O 78 43 1R 22 48 SCRF A9 300, BT % Web SRS (R JT IS0 4R T Al S 3k
AR 2 A0 R 2 AL Web SN o i S A B PR AN S A5 SRR T AR 4 I 3 RR I A A

0] 3 12 I B AL B S B TR S B, SCRIR [5 1K 3 2532 48 0 20 i 1 3 SN Bk a8 4 b gt 17—
Tz & #iA 2 48 DDL(dynamic description logic). 3C#k [6]% X $% ik & # ALCO(attributive language with
complements and nominals),ALCQO(attributive language with complements, qualified number restrictions and
nominals)fl ALCQIO(attributive language with complements, qualified number restrictions, inverse roles and
nominals)fK K45 H T A0 N 1K) 8 A iR 18 4 2R 48 S I Tableau | 5@ 5572 SCHR[7]7E DDL A 5] N T 6t shfE 47 ik
FEBEAT Z) 0 A0 4 BE A WL 6. DDL S48t 7 — SR8 12 45 (K Bl 4F FHLig, 24 78 L Web JIR 45 1) A ASEF0 4 B0 DL A B
2] s I R S il g L =

532518 AR X N, I P AT ST Eh A R 5 A R L H AR B R G VAT 2 N, ) 3 @
LR T A SER N S A5 200 5 AT BOR AR, M0 I 32 48 I SV T 484N 3l & R e i R Lt Sk ey inf
P RRAE. TR U, 77 X0 R 22 A R AT ) A9 R LGl b SRk — 28 5N IN e 22 4 1K) Z0 8 4, DU K Ay 50 285 A 1)
SR VR Z0) 1 A PR R 1L B A (K 38 R SRR ARAE AR (M BRI R B AR O AR R AR Al ESIANT — A 3)
DY T R YRR 8 R G W R T IN— AN P4, U AT B 15 B R A = YRR 1) 4R R 4, A
A3 = YERFE 1B 50 R G MR A T s 1P

B i 1) A S T B A 2k I R 2 5 DLTL(dynamic linear time temporal logic) X Hsf 1] fity Ab B 5
MOt T I £ 0 R A IR S5 AT Bl (R AT, N T A B 2 o b5 W e 4k B — ke ok /R LBl b AR SO B A AR 8
A rp g LN 53 SN 38 A 1) 20 1 K K 0 A R AT I R e 2 1 & R I YOG AR A o B AR 1 R N S T 20 i L
KB A AR IR Z . ALCQIO HYJEA LA T — M FE) S HIAZH TDarcquo, I A HF2 A T AN
Tableau i & 8%,

1 BIFaS#IARIZLE TDalcoo

TDaLcoio WHEARTF S A & 2 AR ES New A OLLINES Ney RS A BUNES N, L
St R F AR £ BB Na A IXBETF 5 H R, R DU I 5 i 36 4738 B A e €. R A sURB k.

EX 1. R Z TDarcoio THIAE Y HALY ReNgU{ R |RieNg}.

TE X 2. TDarcqio RS it 77 A2 XA il

C,D::=C;|{u}|-~C|CUD|VR.C|<nR.C,

HoH,CieNe,ueN,R M th,n 5350 Uk Ab, 5 48 2 ALCQIO A [R], if LS| A4 CnD,3R.C,=nR.C, T LA
Ko LEIAE A, 50 A A —(=CU=D),~(¥R.—C),—~(<(n-1)R.C),CLI-C FlI—(CLU-C)I 455 .

4 Cy A& 4,D A&, AR Ci=D Rt & e a5+ i s O MT — 7 IR S T B 4541k
maEEAE TP E U AL I 1 R 74 TBox.

FHXTFHA TBox TUIRIEANMEEZ CHILAE 7 F kS 8 XM 2210, IBK Ci b 3l 8 U 4, 75 AR
LA TR B 44

TE X 3. TDarcqo F HIA i R 7= A4 50 AR ik

@Y =C(W)R(UV) () p| E(p2d ") | A(p2t ") | = plvip,
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HrfuveN,C A& R MG, 2 BME AN, 53 SRR ZH D-ALCQIOYAH A, 1] LL 5 N W[ 2] ,0n1),
p—>1,true LK false 1A 2,73 4E A~ m)— o, —(—ov—1)),— v, ov—pFl —(ov—p) I HE S .
Y5 5E A TBox TUIR C b faj HME S 4 ,u,ve N, R O A €4, WP TE 4 C(u),—~C(u),R(u,v) L B —R(u,v) I 2 20T
TE X 4. TD sy cquo BN AE Bt T 7= A AR
7=l | mA| 7
Horf aeNy, o A5

I T HA TBox THG T 1 o=(P,E) 121 0B A Ji 1 24 i L, 3L (1) aeNa R BT s SR R 1 21
(2) P& o U AT BRAE 2 B 25T S AR I TR 4 A5 (3) B 2 b ] P 20 sCEH 1 1 A7 BRAE 25 R 4 1% S5 1
R PAT R

X1 T B VR s ORI — A BREE S A W R R T IE 2 I 2 AF Ac ThFA e XU 22 i B
1 &R,UFR Ac 4 ActBox.

X T-HA ActBox Ac IR R T E)E et BLAE Ac A 18 U 2210, IR e AR T Ac e S G
AN o BT TR TS VEH AN T Ac Bl U, IFR 28 2K o MR T e e .

TDarcqio MITE 45K N EE A AT Ay £h 22 /> PT R A S A4 B 1) 2 T 75 L v 1 A A 1T it 50T 68 23 k) 4R
A SR AT IR RS AN BN A B AR Dy £l O T T e tHE S0 3 B2 R 1 B A AR I T Bl AT I AR
HRAT 8B B T AT B A R

TE X 5. TDyLcoio G585 — A = J04l M=(Z, 4y, 1), H 5

(1) SRR e=(W, ")FHESL /EiZHE S oW i ] Rl I 2 B 0 AE 28 4 & bR T8 N i R AN S 7 3

VE£ o WU 5 W B IR 2O R of cWxW;
(2)  Aw 2 AR SRS BB M R 1% 45 H R
(3)  ERE X W R REAN AT AR wO T ANMRE L(w)=(Ay," ™), 2L 1 R R R A DL 41
(i) K Ne h A% ClR A A HEA T4 /™Y cay;
(i) Kf N HEREAS A (04 R IR N Ay B IEAS IR R R'™ cAyxAy;
(i) H5 N, HIREAAMEL i RN Ay TREAS TR pl ™ edw,  F HOF T W AT —al et 5w
pl ™ = p! ™ BT py IR AT RE TS TE 56, IR T o p! ™ e

TEX 6. 458 HALEH] M=(x, A, 1) LA B HZ 54 v (07 Bt S0 BT AT— 3 1 (W W, ... ), 01 SRS 4 — %
A BB T wi B i (LR 1= DIBAAAEREA e Na HEFF (Wi Wi ) € of , IFRIZIT 512 M il 4 B0k 6 F4T— %
5 7,53 W | F0 o i) 7 off) B DA K o I 56 1 AN AT R HE L

TEX T, A Ty, T S th Az 4B WA A e AT TR A AR T T, s SO R

TxTy={(n[1],a[2),....allall.2l2]..... sl aDlaeT,neT,n MKEAIRIF Hallal=o[11},
RIS T3 R B TR T, I8 X0 o, o, W R o K BRIE Hoy G — Dl et R S o (56 1 AN rlRE
H SR [, UL K 9 4 328 s Kb o I HL 2 s rp A2 1 vl R S o[ 1]

EX 8. & M=(z,4u,D) % TDaLcqio %*@,/ﬂ;*,‘zz(w,j)]‘]‘ TDaLcqio IR L ORI B AR 1 E SR g e X
WR G 2,5 T WP AT — nl RE T woRAT — A 8 R R A LA — 036 R R W KAT — & C fithe
Ay BIREAS T4 C'W g5 U R

(M R ™M={y0ly)eR™};

() {u}'™=gu"y, M ueN;

(3)  (—C)Wi=AW\C'™ JLr e\ g A 2B 5

(4)  (CUD)'™:=C'™UD!™ Hru o Ky HE A IHIE 5

(5)  (YR.C)'™:={x|% T yeAn: WA (xy)eR™ N8R F yeC'™};
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(6) (<nR.C)'™:={xf{y|(x,y)eR"™If H yeC'" <n} Hoh 4 £ m S L ENHL

H T WA AT — AT REHE S w, H (M w)E o 7 24 2 ofE 458 M IR R REHE S w T Bz KA ooty 54 )
ghse CIF:

(7 (Mw)EC(u) iff u'eC'™;

®) (MwERU,) iff (u'v)eR'™;

©9) (MwWE—p iff (Mw)Eg;

(10) (MWEgvy iff  (MWw)E@E#E (MW)E

(1) MW iff  {74E M R K AT BRI o615 re 7', 7 [1]=w RI(M, 2 [|d])E;

(12) (MW)EE(pzf™p) iff  A74E M P [ 540 B35 cLh Je FEAN TE 3850 kA 15 re 2, o 1]=w, 1 <K <<| ], (M, 7[K])

Fu, I HA AL 1<i<k #H M, di]))F e,

(13) (MW)EA(pZ/™p) iff T M AR 80 7 1 re 27 I L o 1]=w, Il 2 R 77 76 54 1E $%0 k {75

1<k<|d,(M, KDy LA TAER 1<<i<k #A (M, di])Fe.

e Ja AR B K EmR S i MR (R B 2 R I AN 7 AR A SR VA b s LR

(14) (o) ={(W.W)I(MW)=gp};

15) (o) =rur";

(16) (ma) =a xz T x>l % Tl 4L & (IR G B 5

A7) (D)= oYU .S (D)= {(waw)we W, IE B TAEE i1 #58 (A) =70

FRHEA TDarcqio 41 M=(Z, 4, ,e=(W,- 1) £ HA TBox T B KR K MET HAL SR FAF—
C=De THE— weW %45 C'™ =D'™),

FRFAS TDrcqio 41 M=(Z, A, AL, &=(W, ) EHA ActBox Ac BR8N ME A HAX 4% T4
—a=(P,E)e Ac #H o' ={(WwW)eWxW|D X} TAE—peP #HHMWEW@ W TAE—HEM&4L C #H C'W=
(C'UU'|C(W) eENVU-CWeEL; LK@ Xt TAE—f a4 R #4 RW=R™U{uv)Ruv)eEN{(U' V)~
R(u,v)eE}}.

28 TR AT A P ) A0 TD AL cqio 7 353 AR P B i A0, 5 SL T

EX 9. % TAc 57314 TBox Fl ActBox,phy 2 2, R % F 7RI Ac &l i &2 1,4 HAUCHFEE AN 4504
M=(=, A, 1) A S ZZ5 1 v (A T] BEtHE 5L w (73 METMEAc FT(M,w)E .

2 TDavcqio BIEIR FNHEIE AE

Wb T A AR EIE. TBox L ActBox [ A1 X X AT BLF 1, TD coio He%E T HIEEE
HRHE ALCQIO b I3 A 24 D-ALCQION [y ik g 1.
SEAR, 1T TDavcoro TSI T AN E o2t )R Alpad ") A3 B 25 AT 1 93 SCIN P I AR 2
7 UK BT 7T LA 5N B 0 3] ELA B 2555 X, Z4Hai B 1 EX o Ep2ap) 1 A(p2dp) I 25, 5
FEAE LN TDaLcqio T EH A N4 5 % 2RI
EX o2 (V..U
E(p2d) 2 E(p2t "> y)
A(p2t) 2 Ap 2t % )
At S N TTITHT (0S50 B4 A B30 45 5 A A5 S 8 2, T LA B0 T 05 SRR
(1) (MWEEXg iff A{ERA B T2 aeNy FUEA T AEHER weW f 4 ww)e o 3 H(Mw)=y;
() (MW)FE(p2d)) iff  FE(E M P IEE S B2 e MR TEREH kAT A o 1]=w, 1 <K<S|of (M, oK])F B
BT AR 1< i<k #41(M, di)E g
() (M)A I AT M AT 50 i e o1 o A T2 56 B K (6 1K<
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(M, dkDEY BLEXN TAEE 1<<i<k #A M, di])Fe.

AT DL I TP T EX o, E(p2dp) Rl A(p2dp) 1 TD arcqro KU SR 1575 CTL rh ()18 SR AL X
T+ CTL ¥ 45 v Jg BRA RPIR 25 7 41 78 3 B B s 5 B AR Bl A AH O (10 3k A 3K 6 iy 35 1 B il b, AT 34 vy
PLiE— B 5 NS H T F.G 1% HIE W EF o, AF 0,EG ¢,AG ofll AX oI 5 W1 =, 4> I A E(true &7 ¢),A(true
2 ), ~AF (=), ~EF(—p) LA L—EX (@) 45 .

T A TR 5E TDarcqio MY 20 FIHEER 68 07 AR WA Web JI4s R G0 w) BLEH il i 5 R A
25 I P 15 R CD,FRATTI A TDarcouo XoF 26 Z1 i A4 22 4l F

WG MIZ ARG DY MWL 5

o M4 44 Ne={person,creditCard,cd,book,customer,VIPCustomer,instore};

o e 4ES Ne={has,bought};

o N, & hi/MA4 Tom,Jack,Visa,HarryPotter,BackStreetBoys 25 4H &% {1 7 FR4E 7

o Np ZHETEEYS buyBookrom Har,BUYBOOKack Har,PUYCDrom Bacs DUYCD jack BacsOTder ar,0rderss. 25 20 Jif

HIRES.
TR SRR b RT LUK 2 28 G0 Hh AH O IR 5 28 AU TR 220 I Dk 2 1 A g X
customer=personrihas.creditCard,
VIPCustomer=customerr1=3 bought.(cdLibook).

XL e SO B SO A 2 A AR R N 52 VIP B JE I3 T 43/ 3 A CD sl iz
H Tonop 71 HHIX LEA g U4 i) TBox.

] IR, 7T AR 12 22 6 et 1) JiL T Web IR 45 2 2y BLF B 3 4 i S

buyBo0kom nar=( {customer(Tom),book(HarryPotter),instore(HarryPotter)},
{—instore(HarryPotter),bought(Tom,HarryPotter)}),
buyCD jack ac=({customer(Jack),cd(BackStreetBoys),instore(BackStreetBoys)},
{—instore(BackStreetBoys),bought(Jack,BackStreetBoys)}),
ordery,=({(booklicd)(HarryPotter),—instore(HarryPotter),(—3bought™.person)(HarryPotter)},

{instore(HarryPotter)}).

X 3 AR PRSI ER 7N i % Tom 32 45 HarryPotter, i % Jack 3% CD BackStreetBoys, LA M 1 5 £
FEAF A K E CD HarryPotter M5 &l N EAT HE B8 2o h 56T ordery,, MR T 30 1E 8 X AR IR: i
HarryPotter J&— 4 & 418k CD, %471 13 HarryPotter, 3+ H. HarryPotter %43 8 AT A A I 76, WU AH R (1) i 7 il 4
AT LLAT, I BAE AT 2 J5 7225 BB S 4845 HarryPotter 4778 T FE A7 HA AN 5 7 304 i G B
ORI EAZS AR 75 3.

AU, X i1 51 1 buyBoOKack Har,0UYCDrom gac,0rdersac 55t AT LAREATAH . 1) 5E S, 53 70 32 7= i1 %5 Jack i 3K
45 HarryPotter,Jiii % Tom I3 CD BackStreetBoys, LA A& 15 ZX % BackStreetBoys 471 5. FH Acpop 7t A
JRFah 1 2 LA R ActBox.

EJRFEE E X MFERE LR o] OB e . . 3. IEAREERIE X Web 4540 &5 ikt
7 Z .5 0, 1% Web JIR%5 REEnTHERN VIP B 42 (5 AY Web IR 45 2414 5 28, F R ARAIE VIP % g 15 S 21 4 A7
PR BT T L He b BB % Tom A48 HarryPotter, i) BUERAH R 14145 77 % VIPOUYom par Z1 1 4

VIPCustomer(Tom)?;((instore(HarryPotter)?;buyBookrom nar)\W(—instore(HarryPotter)?;order,r;buyBookrom Har))-

AL A T7 515 GBSk VIPCustomer(Tom) sl 37 4% T K, 4 4R instore(HarryPotter) i 37, U 5 #2148 H Web k5%
buyBoOKrom Har; 17 M, 5 1 I Web il %5 orderyia, 25 J5 751 FH buyBookyom war. 1128 15 2J) 254 3 3 48 AH [7] (¥ 77 30, Web
M55 B & T 2w H 2 Sequence,Choice,Any-Order,If-Then-Else,Iterate,Repeat-While,Repeat-Until 25 il
L Hy HE T LASE TDapcqio 15 3021 ).

© HEBEERAET hipd/ www, jos. org. cn



T E TR RN R B AR A 45 1529

B Ja, il LUE LR 5 s 1R 1A 500 Web JIRjR25 R G810 2 iR A8 HEAT 20 w6, 51 2,
VIPCustomer(Tom),person(Jack),creditCard(Visa),has(Jack,Visa),
book(HarryPotter),cd(BackStreetBoys),—instore(HarryPotter),instore(BackStreetBoys).

XN HIE T LTS B Tom & — 44 VIP i %, Jack & — 4 #74 Visa {5 1R i\ &, HarryPotter /& — 4%
TEEEAF ¥ ] 35, BacksStreetBoys /& — 5K 7R EEAF T I CD. A Agpop H78 HIX L8 AR A

T 220 1 PR 243 S AR R R T AN E TR i ALCQIO (3 1R B S BL T X B ATT T %2 Web
MR 25 2 G0 (MR AL 2 1 S, FRATT AT LA 5ol AN 254 HE RIS P AR A0E 5 A U TV R R e IR PR AT % 4%

— 75 BB W ) oF [ ] @B BIAEWT 5, 0T DO A R m] AT PR 1) . 358 il KKl (] A0 55 06 AT 220 i
TE A b, 55 SCR[ 12028480, T DA By 24 38110 T 5 AL A2k i) 0 i IR e 3K 6 i o 22

1511201, 23 3VIPBUY o parytrue (1B SUIE“BhAE VIPOUYTom par 1T AR B Zh Mg AT 20 3 1% 28 2X AT DL % 8 S
BRL12100 77 20 b T A4 3 1) Bl A B HE 3 H ok, TR BH BV VIPbUYtom par 75 Web I 55 28 48 B M TR S T A2 7T A
BEAATI.

P41, 2> 3¢ [VIPbUYrom Harlbought(Tom,HarryPotter) [¥) B A 75 32« L Z)1E VIPbUYrompar AT &5 3, 24 3
bought(Tom,HarryPotter)st— & e 377, [RI A, a5 12 2 AT DU b 1R AR IE 1 2 4F ZEE #E 5 H ok, U3 B Web IR
RO HCRAE T B A 58 .

B, AR T A 2 3 20 00 P SRR J A, TR BH B AE VIPDUYTom ar 22 Web 55 R GTE DR T 52
I H #5220 bought(Tom,HarryPotter) (1) — AN Bl AL A 1)LLK IE, 51 4 “orderyay; buyBookrom par tH 2 76 24 i
RS T 528 H A5 23X bought(Tom,HarryPotter) (i — AN 1%

i (G R ENE TS E(p2d ), A(pld "Y) UL K AE LAl B8 LI EF o,E(p2d)),AG o535 I F I,
AT LAXT Web IR 25 5 4 1 7 3 R 22 4 Mk AT 200 e R4 2.

Al Ik AR i R G AEASAT I FE AT DR FEAS IR A B B i 0.

#il4n: 20 EF bought(Tom,HarryPotter)# 7~ Web JI 45 R 417 £E FFlh AT 75 X A4 Tom £ F| HarryPotter;
A E((—3bought .person)(HarryPotter) Z7 bought(Tom,HarryPotter))# /x££ 75 SR AT 75 A4S Tom L
HarryPotter, H.7E it 2 1 HarryPotter &4 8% AF 4 A\ 31t A X AG(EF(3bought™.customer)(HarryPotter)) & 7~
Web IR 55 22 40 5 v] LAIE Bl ik HarryPotter 48 il % K (115 D0 e A0 A5 Bl IR PR S AE T 5 E(p2d ™), 38 v) BLAET 3 A
FR BN 2ok 2 S H I 1 1] 3k 2490 4, A . E(—instore(HarryPotter) 27"+ instore(HarryPotter)) % 7 7
TEBIE VIPDUYom mar IFEFT AT 77 30, A AFAE AT I B v 25 R BLE A7 1 HarryPotter (915 i, 3¢ HAE M2 A i)
AT R — B HarryPotter.

T A Bl 2 2R A R S BT T IE A L FRAT T T BTN AN AT R A N TR ARIE Web 4 R4
oI %A DR IR 95 A BB 4 PR 1S B0 R B 1 L A AT R AR B0 T T ) Y Web S R4, 4
a0 7 TBOX Ty T115E LIIEANE T B 1E, 4 Conj( P, )RS IS T B0 E o MITTH 41 P, T A e A UG
73 3 ¥ 75 BB 2 AH R K T4 2 50 28 [(en V... U an) 1((Conj( P, )—(ap)true)a...A(Conj( P, )—{ap)true)). 7 Ik
A b 0 FATAT — A2 F 0l A M A 3R ook 3, Web It 45 2 48 HAG AN (0 ] ik PR AE S AU U A R—( 2>
(Conj(Ashop)—> @NAHXS T- TBOX Tipop F1 ActBox Acshop A AN I AT (RN FI AR SCF — 4545 H 1 06 T A Kl il 2 1k 1
A58 B, W] LU UE AR SO 52 1) Web RS R BAA AT A28 00 3 AN AT IE PERFAE.

TRV RIRTE R RISAT ISR P I LL AR R DK IE A 2 KA.

140 A &, AG—(bought(Jack,HarryPotter)Abought(Tom,HarryPotter)) % 7= £E AT 4] I {5 <] 45 HarryPotter #AS
£:BE#% Jack WS T Mgk Tom 32 T ;430 AG((3bought™.customer)(BackStreetBoys)vinstore(BackStreetBoys)) i
FRIREAL A ] i%,CD BackStreetBoys 4 il & W % T, B A IS AE PEAT .

Hof 2z 4 1) 4 2R WA TT LA B TDarcqio M2 2 IR T3 A P i) 780 ke SI 3. B A4 SR 1 6 T AR A — AN 6 T2 4
PRI A 3K 1, Web I 45 22 48 B A AH N K 22 A HERFAE 24 HAL 24 2 K —(Conj(Aghop) > W) AN T TBox Topop FH! ActBox
Aghop A2 AN P A 1R AR SO — 1 45 H 10 0 B30k, T UG UE I L 1K) Web IR 25 R G0 AT LT 41 28 (1 P A 22 4
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PERFIE. SR, B A B AT Web IR 45 b 1 JR T3 ordery,, 2805 24 i g
orderpa=({(booklcd)(HarryPotter),—instore(HarryPotter)}, {instore(HarryPotter)}),
WAT LG AR, IR ) Web BR 45 R0 A B A AG —(bought(Jack,HarryPotter)Abought(Tom,HarryPotter))
20V (1 22 4 1 .
BB T BA )RR 2 4 b X B 75 U0 AT 2 i R HE R 1K B8 07 2 86, TDarcqio 3E W A AT AT, 224
5 AR SR ) 78 AU (1) 2 AR AR I R AT 20 T R A X TR S Web IR 5% J0EAT AR IR BE Al b3 126 20 R HE B i
¥l Web JR45 1R B ALA5 LA SR 245 7 8 00 360 0 S5 B2 (AT 280 11 S 45 ).

3 TDaLcoio B9 Tableau 3| E &%

4 T, Ac 554 TBox F ActBox, it A AR T ¢ # 52 SLIIAT— A AT 5 TDarcqio ) Tableau J i 5
12068 @i AR T A A B ATl A PEREAT
F) 7 S I AR St b SCRL6, 71AR [ 17 23R 181 48, 15 SCHR[ 7140 [, B AT BT SE S INTF S nfad i) FH R R
TN inie T IR A8 UM 44 DA S AN e SR P SRR TR0 e v i) s SCAEAT B 3 5 43 2101
O FOTTKE @i T8 R BN 70 _Ac AHR 015 B RAD 2] nfead @ini) T5 T FA1 2K TBox THI ActBox Ac
LA ARAEAEAE IR s S, DR T 3 o 3o Ao 2 T AR b R L 0 T e 7R o A SR — S EJ B
NG {9 B o KR 5 A R o SN 1 7 31 A X 5 6 FAE—MA % u BT — & CBIATE
W@,C M HH L5 S5 SR ot FAT— TDarcqio Gt M=(Z,4m,1) LA B o (AT — a] Bt w, o i1
u'eC'™ Il (@,C)' ™W=2y; 75 ] (@,C) W=2.
R S O AW I PAS Wi @ I
EX 10. A% o.eit BhE oL B 06 TS A s AR & o4 i) — JG 40, 91 BLi A2 2 1 7= A= xC R )
ce = (3,0)D | o(P,E).(AE)UE,
Horr (PE) & R i — e 4L E I I 1 B 1, oy (PLE) =& BT AL BRI U B AR (AET)UE 27 A e 1) H 7 0 28 220 A
A ALK (D,9). D N WIIRTTELTE T LR IR N 0. &.
% 0. e AT, @ A AR 0.6 o2h 3 ISR 11 2 3.
FE B A48 2 15 D-ALCQIO A EDDL(ALCQO) ) ) 5 i i) FE At 1+, AR SC AL (¥ 58 24 TDarcoro
TE 1 E(ped "), —E(p2d ), A(pld ") FI=A(p2s ") 23 AT 4 B3 fU7E T 1 28 24 b B VR Ay 047 I A2k
AT M43 Al o, TR I 26 0 300 b 3 T4 95 A s LI R s T XL
W 56,5 AT — 304 7,4 22 th R ILAE 20 BT A TR 1 S R FI IR ) 7 4 19 1T BRAE & AF ML LRl b4 2,
PR TR BE AT L&l LU HUN e S 745 53 A i) e A R ook I3 7 3 1
BRI E, N L(a)={a};@® L(zun)=L(nuL(7);® L(mz)={LleL(n)JfE LeL(z)}::® L(x)=L(x %o
L(z Yyol(z ... e, L(2 % 3 8, 0F HA TAER i=1 84 L(z')=L(z"";2). B8, L(0) 5 755 85 40 IS
R T B ¥ — R AT 15 O 53— J7 T B0 AE A% A AT 1 LA G HE 1E L(o) .
RTAE—FFF e L(n) A NE %77 8 BB IR S i A7 BT BLAESS | M E L
JEF B SR B R ). A B X S 45 55 AT LUK s X 8 HH I B A T (9 e s o AR B
(12") (MW)EE(p2t ™) iff  AFAEREANERR leL(mM H I3 4B DL K A IE 35 K A 75| A=l +1,%)
TR <IN (i, i+ 1D el[i], A 1]=w, I <K<|7,(M, [KDEY LLEXHFAER 1<j<k &1
M, di])Fe;
(13") (MW)EA(pZ/ 7Py iff X FAT—F4F 8 leL(DF M H AT — 08 o UR 4=)1[+1,  1]=w LA 4T
B OI<I|ESA (o], di+1]) e I[i] 7,00 26 R 1770 S IEAE L k 575 1<k<<|d,(M, KDEY LR FAT
1<j<k #H M, djDEe.
AR, B3R o3 e S 8(12)F5E 3L 8(13) 5, DX 5l 45 T3 HL G H 17 5 [l bR 25 2 e 14 i1 0 4 AR 3K
.
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FLUR B 3B 5 10 F B 76 , TD aLcqio WS Sl KT8 10 s S A T 20 5 podd 1 B 0 5 K R AT — B 1
AR RER 3 R IE A AR K L) U 20 10 1 A DRt 3 T 08 3038 5 5 E S LB 8 (T —
EAE 28T LUAR R R 1 — A 2 A 75 BB A=(Q, 27, 6,00.F), 4% A ZINLEEZ 1E 5 (H LIAR )R LF
A L(m)eH,Q AT 99 IRAEE, I AL A N TR 8, 5:Qx 320 N H B B HL,q,eQ MHIUHIRAFSQ N
REIR A G 1 I FE AT LAAE 22 35 I 1) P9 58 5, O H A ZhHL A R IR SN SIS B4 At K 22k vk e 204

B0, 0 R SE 24 o3 (9?3 V o) L T oy, Fles N SR T B4R, AL 35 5 79 20 1 H B HLA A=(Q, 2, 500,

)AL 1,.Q={d0. 01,02}, 2= o, 1, 00,07} F={01 ) I HLA Ao, 01)=001, 801, 07) =0, A, 22) =01 A1 60, 05)=0)s-
W TAT—3AEH & 6 75 B 3L A=(Q, 2, 6,00,F) LA L FL A AT — R & qe QA U A(@)E ¥ A HIIR IR AR
A q ZJE A3 BIARENL R A@)=(Q,2,6,0,F).
R OR,IATGINTE W E(p2d MOV FT A(p2d MOy s ESIBL A 3 IF BAERE X8 HISERE FR e AT 1iE X
& SN LR
(1)  (MWEE(p2d DY) iff FEEEAN TS TeL(A@)~ M H RSB LUK A IF 350 K A4
ld=[I+F 10 FAR R 1< (<], di+1]D) elli], d11=w, 1 <k<|d,(M, kDY LLEH FAER 1<j<k
WA M, diDFg;

(2 (MWEA(@Z/ Yy iff  XFAT—F R TeL(A@) AL M o AT 802 ol R d=1 [+ 1, o 1]=w JF H.
Xt FATE V<A (i, di+10) e I[i]7, 005 SR A7 7 B IE 385 K A7 1<k<<|d,(M, o{K])F LL Bt
TR 1<j<k #AH M, d{jDFe.

B Ja, M LA SO SCRT DA B 1 2 73 3 LA R R

R LT s E AT —JE6 e 55 B 3hHl A(@)=(Q,Z,8,0,F), R L(2)=LA@)), A E(pz ™h)F
Aozt ™) 53 5 A R E(p2dMOP) Rl A2l "V )Z iR

MR 2. W TAE— 3B E A 55 B 3HL A@)=(Q,%,6,0,F), fE7E R 3 4106 T2 K B 2540 5 &

(A1) A(p2 "DV (A aesq e 0.0 A=A "V D)));

(A2) W5 qeF, U E(p2d V)= v (oA e siq caq.al DE (02X P)));

(A3) W qeF, N E(p2 " VY)=(AE(trueZs Ptrue) V (9A(V e sqresaal OE(p2d M),

FEHG 0, I 2 AT A X E(p2M VY)Y B 5 T qeF Rl qeF BIRMESL AL, qe F I R 24
JkiS TAR ¢ CGlor, MR R A X E(trueds " Ptrue) th /57, H IR ARIE E(p2s M) SCE S 77 76 5
AN FFFE e LA@)H M R 4050088 o543 =1+ 3F B0 TAR & 1<i<<||EBF (i), i+ 1] el[i]™.

55 3CHR[6, 7140 7], TD arcqio "1 Tableau ] 52 5V (1 FE A B A5 A2 N 4™ i BEIUDAT 73 A 3200 HEAT 4 8. R I SE 45
HH X oA B A AR T ) 5 3L

ENX 1L AT 4 @ EHLLE 4 KO R4 RA RES (1) WRTERKARXQ) B X=(7 ) offs ol fig M bx
0L I o AR ENAE 27 0 A 2R R BRI BN VE T 35X A5 855(3) TR u=v 6 TAMA 4 g2 0, Ho,
uveN;4) JEU urv [T AMA A AN 20 T uveN,.

SHFAT— 4 B Bg Fon i B T TAME L 1T AT 45 AR S AR 4 & 7E IR At 1,5 SR 7141
[, FH By 7R Brog I T E R =" FXFFR 5 R o 1) AL A 5 FAT—MA % u H [ulos R u 7 8 6T
S S R M M [U]ai= {viu=ve B}

XEFAT— 38 BN H LR 1~38 5 B FR AN ) (70 3 43, D0 ) AR B % R A B . @ HP N
MR AR KT RS K AL A%,

EX 12, W 1~38 5 h A R NFAGEXNT @ FEATY R, FR 8 A A,

EX 13, W TAE— o.eE(p2d "VP)e BT A@)=(Q,2,5,0,F)), W B A7 A FT 4R 01.61,09.8 LUK EHBIHL
A AR 75 6=60,’ €F, 01.6:E(p2d ") e B Fl 0. 6:0 € BT 0. 6:E(p2d " V) 1E B figl SLBL T 515
W FK 0. £:E (@2t M V) M {E @ AR SEELR S 1 S AFAE VR B 1 I
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T AT REVEARIE X=(2) o, MR TFAETE AR 0.6l 0.6 15 &=, 0.6XeB Lh M o.&:—ped, WK
X7 )t B TSI T 575 LK X=() oFR A AE B P R SEEL A AT B AR .

T HA AU 53 5% B, W1 F B AETE AR WL ST ] R PR bR B8 R A SCIL R AF B S LN AR PRI
BNAEWT S AR 4 B J2 n] ZBE 1.

FEX 14, WRDH B 5 KLU T 3RO FR 6 7R 4E w28 15 WLFR @ A Lo m:(1) FAEFEANAAR
QLA B AN B 0. el o . i fte=e 0.6 peBHI 0. :—peB;(2) MFAERAMS COHEANMASL u DLEIEFEANTT
Bocflo.e fEftee,0eCU)eB M. .&:(-C)U)eB,(3) FFIEMNAEL u 13 uzue 3,

Fa BL e B R4 AR 1~3R 50X Sy At ) L B B MR T T TDarcoio H 918 SE XL
WA 1 AESCRR[71R S TR A (0 J 0 398 0 T R R0 ke o A £ 38 s BT AT AR B R 2~3K 4
B R 5 SCBR[ 7] &1 %5 EDDL(ALCQO) AR (4 e MUMIAH [F] .32 5 45t T X T WP /eI &5 1
FE AT EE ) AR B A B T R L AZERI—AZAR I REL T PR3 2 W IR (ATL),EZ4-FI—EZ4- R ARBL T 14
2 IKI(A2),EZ4-FI—EZ4-FUMIARBL T P 5T 2 1KI(A3).

55 ] LA H TDaLcqio Y Tableau )58 5%,

BIE 1 LT B BRANRT 23 X i FHXT T TH Ac 275 7T AL -

(1) M B Binie:={ 00-&0:Nfzad @ini0)};

(2)  LMERIGFN R 1~3 5 3 BANT B BT R

(3)  WRM LY RS A 15 B R AR 1 20 B 8,91 H. B 2 TEvh 58 B FNAS AT 200 (18, 0 3R [0 8 SR gy A X

T AN Ac TS 7T 3R B G5 R i AHXT T~ TR Ac S AN Rl AL 11

Table 1 Tableau expansion rules on TDcqio roles and concepts

R 1 TDacqo TR MEABEIT AN

Name Rule

—r-rule If o.6:=R™(X,y)e Band o.&:=R(Y,X) ¢ B, then set B:=BU{c.&:—R(Y,X)}.

r-rule If o.e:R7(X,y)eB and o.&:R(Y,X) & B, then set B:=BU{c.&:R(Y,X)}.
——c-rule If 0.6:(—(=C))(X)e B and o.5:C(X)¢ B, then set B:=BU{0.6:C(X)}.

{}-rule If o.&: {u}(X)e B and X=Ug Byq , then set B:= BU{X=U}.
—{}-rule If o.e:(—{u})(x)eBand x2U ¢ @, ,, then set B:=BU{x=u}.

@-rule If o.&:(@,C)(X)e B and o.£:C(u)¢ B, then set B:=BU{o.&:C(U)}.
—(@-rule If o.&:(—=@uC)(X)e B and o.£:(—=C)(U) ¢ B, then set B:=BU{c.&(=C)(U)}.

Ll-rule If 0.6:(CLIC)(X) e B, 0.6:C1(X) B and 0.£:Cx(X) & B, then set B:=BU{0c.£:C(X)} for some Ce {C,,C,}.

—U-rule If 0.6:(—(CiLICy))(X)e B, and o.£(—C})(X)& B or 0.&(—C,)(X) & B, then set B:=BU{0.£:(—C))(X),0.£(—C2)(X)}.

V-rule If 0p.£0:(VR.C)(X) € B, 0p.60:R(X,y)eB and 0y.£:C(y)¢ B, then set B:=BU{0y.£:C(Y)}.
If 0y.0:(—(VR.C))(X) € B, and no individual name y exists with both cy.6:R(X,y)e® and oy.&:(—C)(Y)e B,

then introduce a new individual name Y, and set B:=BU{0y.&:R(X,Y),00.5:(—C)(Y)}.
If 0p.6:(<nR.C)(X)e B, and there are n+1 individual names yj,...,yn1 such that O [yi]-s#[Yj]-s for every
<-rule 1<i<j<n+1 and @ both cy.£:R(X,yx)€ B and cy.£:C(yx) € B for every 1 <k<n+1,

then select any two individual names y;, yj and set B:=BU{yi=Y;}.
If 0p.&:(—(<nR.C))(X)€®, and there are not n+1 individual names y,...,yn+1 with O [yi]-s#[yj]-s for every
1<i<j<n+1 and @ both cy.£:R(X,yk)€ B and cy.&:C(yx) € B for every 1 <k<n+1,
then introduce n+1 new individual names y,...,yn+; and
set B=BU{0p.&:RXY)|IISKksn+1}U{gy.5:C(y)|l Sks=n+1}U{yzy|l<i<jssn+1}.

—V-rule

—=<-rule

Table 2 Tableau expansion rules on TDarcqio formulas except action assertions and temporal action assertions

R 2 TDarcqio "TERBIAEET = AN P A1 W Z A0 6 T2 s e d

Name Rule

—¢-rule If 0.6:-(C(X)) e B and o.6:(—C)(X) & B, then set B:=BU{0c.&:(—~C)(X)}.
——s-rule If o.e:=(—@)e B and o.¢:p¢ B, then set B:=BU{0.5:¢}.

v-rule If c.e.pvyeB, o.c:pe Band o.6: e B, then set B:=BU{o.s:¢} for some ge {p,y}.
—v-rule If o.e:—=(pvy)eB, and o.&:—p¢ B or o.&:— e B, then set B:=BU{0.6:—~p,0.6-Y}.
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Table 3 Tableau expansion rules on action assertions of TDarcqio

& 3 TDarcqio PR TEIMEWT S 19 AN

Name Rule
;o-rule If o.6:{m;m)pe B and o.&{m){m)p¢ B, then set B:=BU{o.&{m)Xm)p}.
—;-rule If o.ee—(m;m)pe B and o.6:—~(m){m)p¢z B, then set B:=BU{o.&:—(m ) m)p}.
? y-rule If o.e(y?)peB, and c.c:ye B or o.&:p¢ B, then set B=BU{o0.& y,0.8 ¢}.
—?¢-rule If o.e—~(y?)pe B, 0.6~ weg B and o.&:—p¢g B, then set B:=BU{0.c:—y} or B=BU{0.&—¢}.
Uy-rule If o.e(mVUm)pe®B, o.e{m)pezB and o.&{m)p¢ B, then set B:=BU{o.e(m)p} or B=BU{o.e(m)p}.
—Uy-rule If o.e~(mVUm)pe B, and o.6—~(m)pe B or o.6:—~(m)p¢ B, then set B:=BU{o.&:—(m)p,0.6—(m) p}.
N If aa:(/f)rpe @, and there is no flag XE<7Z'*>¢ with c.&:Xe B,
orule then introduce a new string X and set B:=BU{X=(7)¢,0.€X}.
Xorule If there is some flag XE(/f}(p with 0.&:Xe®, o.e:p¢ B and o.e{m)X& B,
then set B=BU{o.€:¢} or B=BU{0.c—p,0.6{mX}.
ﬁ*<,—rule If 0.6:—(7 Ype B, and 0.6~ g B or o:sﬁ(/r)(/r*}(pez @, then set @:Z%’u{o:gzﬁ(p,ots:ﬁvr)(zr*)(p}.
If 0.&:((P.E)) pe B, and {o.&:yjyeP}z® or no prefix o'.& exists with both €=(£\E7)UE and ¢'.&": pe B, then:
(Step 1) if {o.6:ylweP} a3, then set B:=Bu{o.& ylyeP}; and
atomy)-rule (Step 2) if there is no prefix o’.¢ with both &=(&\E”)UE and o¢’.&": pe B, then: if no prefix o'.¢ exists with
&=(€\ET)UE, then introduce a prefix o'.¢":=c;(P,E).(&E7)UE and set B:=BU{d’.&": ¢}, else set
B:=BU{c’.£ ¢} for some prefix ¢'.& which is occurring in B with &=(£\E")UE.
—atomy-rule If 0.6—((P,E))pe B, {0.6—~ylyeP}NB=J, and there is some prefix o’.¢ with &=(£\E")UE and ¢’.&:—p¢ B,

then set B:=BU{d’.£:— @}, or set B:=BU{o.:—y} for some yeP.

Name

Table 4 Tableau expansion rules on effects of TD 4y cqio actions

R 4 TDarcqio TR TENMERBCRIIY LI

Rule
Bi-rule

If o.6: pe B, @ is of the form R(u,v) or —R(u,v) for some role R, p¢ ¢ and oy.&): p¢ B, then set B:=BU{0y.&: @} .

If o.&:0e B, @ is of the form D(u) for some concept D, and oy.&
B,-rule

:DRegress(as)(u)e@
then set B:=BU{oy.&:DREII(y)}.

Name

Table 5 Tableau expansion rules on temporal action assertions of TDay cqio
%5 TDarcqio PR T INFBIAEIT 5 (4™ i KLU
Rule

A-rule

Alfrule

If o.e:ye B, yis of the form —E(pZ/™y), =A(pZL"y), E(pZd " y) or A(pZ{"y), and no automaton
A=(Q,2,5,9,F) exists with both L(7)=L(A(q)) and o.&: wae B (here, be corresponding to the form of v,
wa denotes a formula of the form —E(p2/"® ), ~A(p2/™® ), E(p2d™ P y) or A(p2d™ @ y) respectively),
then construct an automaton A=(Q,2,6,q,F) with L(A(Q))=L(7), and set B:==BU{0c.&: ya}.

If o‘.s‘.A(go&/A(q) ) e B for some automaton A(Q)=(Q,2,q,F), o.&: we B, and either o.&: & B or

o-.g.ﬁ(vadqre,g(q,a)(ooﬁA((pllA(q')gy))g%, then set B=BU{o.& y} or B=BU{o.& (p,aa—.(vaigqregq,a)(ooﬁA((pZ/A(q')gy))}.

—AZfrule

If 0.6—A(p2/"¥ y) e B for some automaton A(q)=(Q,2,,5,,F),
and either o.&:—~ e 3 or both o.&:—pg B and cr.,s“.vae;qvE(;(q,axa)ﬂA((pZ/A(q/) V)& B,
then set B=BU{G.&W,0.60} Of B=BU{ 0.6 ,0.6V e 5q e sa.af A=A p)}.

EZ4-rule

If o‘.gE(goZ{A(q)y/)e@ for some automaton A(q)=(Q,2,,5,0,F), qeF, o.&: ¢ B,
and either 0.6:9¢ B or 6.6V ae siqeqa.al QE(@2*V y)e B,

then set B:=BU{o.& y} or set B=BU{0.&: go,U.&vag;q'e&q,a)(a)E((pl{A“")y/)}.

—EZ4-rule

If aaﬁE((pl{A(q)y/)e@ for some automaton A(q)=(Q,2,,5,0,F), qeF, and either c.&:—we B or both
c.£-peB and 0.6V aerqeaqa QE(p2"Vp) e B,
then set B:=BU{o.&—y,0.6—p} or B:=BU{0.&— y/,o‘.g:ﬂ(vaegqre(gq,a)(a)E(go&/A(q') w)}.

EZ#s-rule

If 0.6E(p2/™? y)e B for some automaton A(0)=(Q,2,50,F), qeF, and @ o.&:ye B or
o.sE(trueZ/ Vtrue)e B, and @ 6.69eB or 6.6V gesgcsqal QE(9 "V y) e 3,
then set B:=BU{c.& y,0.£E(trueld “@ true)} or B:=BU{0.60,0.6V ae sqcsa.al DE(@Z "V y)}.

—EZ4s-rule

If 0.6—E(p2¢"® y)e B for some automaton A(Q)=(Q,2,5,0,F), geF, and either O both o.&:—we B and

o.&—E(trueZ*Vtrue)g 8, or @ both o.6—pg B and .6:—(Vaesq cag.of HDE(92d™ ™ y)) ¢ B, then set
B=BU{o.ch,0.6¢)} for some ¢ e {—y,—E(trueZ*Ptrue)} and some ¢ e {=0,~(Vaesgesaaf E(p2 M )y
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4 FIEBEZMER

AT AIE B ) 5 S P T 2% b A R I A

EIE L HVE 1 RN,

B S T I N LA EEAR ST 55 0 T 08 B 2% R A K gini, - size(@ini) Bn N ac @inie) S FE (R
TDarcoio T HIZEARTT S TE nfrad gini) T B THH LK 0, FH AtomAct( gini) F 7 HHIRTE nfzad g T I H O£
RA AR KITE RFaE AR %A AR MR T Eff( g Bn S U E, .4 e:=HEf(ginit),

(R,Ej)e AtomAct(ginit )
4R e 5 size(gni) 2R R,

PR SE 1 T MR LU 48

(1) BNH—KE 1~3R 5 D3R BN Z 5,08 8 FITCEA SR8 1,

(2) MG atomy-FUL X @ H BT — 1T 2% 0.6, 80 ecE, It HAT T @ o H BT 28 AN BT 26 0. o1
o'.& i exe TN M, B VB AT S £ 0 251,

(3) TN FEERF wer ™Y, N H ARG SIATEAD B3P0 A=(Q,2,6,0.F), 3t A FPIRESH R 5
AR (R TR IR B0 L R sh 4 3 reu, < f<™ 78 2op Bt LR R B0 2 4 6 &7
BEIERE b E 2 N 2 5 P A R 2 5 B SNyt ANy (et M) (g eQ)
AR A PRPRSEE R R MIND v &7 Yoo 6™ Y N @i T HBLIR T AT I 53
VEWE S, 7z, 75 B BE Z R SR N T size(gini). LG, N 26 5 0 & 4647 R RN 2 )5 BT g 5 LN BT
AR I A REE S size(gni) &M KR,

(4) R 1~ 4 PP RN SCERL7TH B R RN AR AL 55 SCAR (7] F B AR B, B I e JE L 2 f5
ARESI NI T W AT AR, e T AME A 102 30 LL K e TAMA 4 I AN 25 A2 PRI O

AT UEWISVE LI IE A BT S 5N 43 S-SR S K 3 S Hh b SO T 88 e S ) 45 ) v T e S 7R
FEA b5 1N 1 R A e, G 2 3 i R R K

EX 15, & Zerix & HHILTE 8 I AR LS ,M=(2,4u,1) 8 TDarcqio 41455 H AN R L6
Zoretixc=>W R4 A @ Fl M (153 32 - 25 RS, 4 B0 T Zprerix HIAT B AN BT 8 0.6, 07 &/ KB 1 RAFAE ST B
(P, E)ii 13 o'=0;(P,E) & =(AE ) UE, I A SR A :

(1) X FHBE 8 T AT — R & 4 C #ify C A= Dy (u'|C(u)eE})\{u'|-C(u)eE};

) MFHIE 8 FIIE— G4 R G RATD=RADU (U V)RV eENU' V) -R(UV)€E}.

EX 16. 4 B NAE—73,M=(Z,4m,1) 8 TDrcqio 85149,50 N @ Bl M 153 3-S5 K R FRE5 K M FILS &
Wi 8RN H M8, 4 HALYK:O XF 8 FAT—H AT AN oepfHM,N0.e)Fe:@ X+ 8 F{E—
FF ML R u=v, 8 U=V G KT @ AT K FAMA L A usv, # u'2v'

Xt 43 3 BN RAFAEHEALE R M LU KAH R[] 43 S - 45 K ST ST 75 M, S @, U BR @ 2 mT 3 A2 1175 ), B 8
ANTT G 2.

FT ke SCATRAE AL 1 B U PR

S8 1. N TS 8 N AR —44 RN FE2k U, 8 723 2 B A2 T2 (124 HACY /T RLfEY
Ji JE A9 S5 T 43 3K

SI38 2. WSS @ RMAE) . Jorh S B I Ho AN nl 200 1, ) B — 5 2 ml ¥ A2 1.

5138 3. WS ARSI B — & & AT 2 1.

S8 4. W REE 1 MIERPIE D Binic=1{00.80:Nfrad @inic) } FT FT T AL Y, I 7E 2 FH 7 e 0 U] ) 45 3 i BT s
PRLARR ) I LT 9l A2 1) 43 S i SR A7 AR A 93 SR AN T W8 11,

Hrp W R 1~ 5 9 R UBEAT IH0IE 5 & 2 13 2151 B 1,55 TDapcqio 2 2 IR 25 48 A 99 0E B )G 45 5
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