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Abstract: Domain knowledge acquisition is essential in the Al planning. Derived rule is a representation to the
domain knowledge based on logical reasoning. On the basis of the action model and derived rules analysis, this
paper proposes a strategy of extracting domain knowledge for STRIPS world based on derived predicates and the
algorithm GetDomainRule for the strategy. The domain rules extracted by the algorithm are used to reduce the
logical deduction of derived rules, enhancing the efficiency of the planning. For any domain, the mutex properties
of any domain can be obtained between predicates from the domain rules, applied in judging the inconsistent
planning state. Finally, the strategy proposed in this paper is embedded in the planner StepByStep and experiments
are conducted to extract domain rules. Experimental results show the feasibility and validity of the algorithm
GetDomainRule, and the domain rules extracted by the algorithm express the causal relations between predicates
directly, providing reliable domain knowledge for determining the true values of derived predicates and the
following planning.

Key words: Al planning; STRIPS; derived predicate; domain knowledge
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J ALK S HAT PR RS FRPT IR 69 ARSI R IR F 8- N B HLR] 25 StepByStep X HEAT T ARIRAHLIN FR IR 5%
I R4 RIGE T 4RIk 09 ST AT AR 20k, PTAR IR 69 AL A 95 A MLM A AR A R A R X & H R A
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1895 64 AAE H) W Ao 42 G LR R ALIAE T T 31 69 4Tk Jm iR,
KR AL STRIPS; Jk A 18 18] AR ik 4n iR
FE%ESES: TP181 XHERFRIRED: A

TEN L BEAIE 98 0tek, 48 B 0 K ) R (7 R 0 R 1) ) SEZ B o — 56 T 30 1 14D 4 38 Il 28, R A AN 5 )
BIPIEIRES R, T — A E P A 2 G 21k B AR IR A KR o 8 (45 KK 400880 R0 KK i) 7850 5 451 ) 3 2
K B AR A, AT )2 (R T 5 2 PDDL(planning domain definition language)™. £ 1] % &
FR K1) 1) 8P SR A 2R e, T AT LA AE AN [ AR SR A S S SR i e K1) 1) A ALt I 18 SR FH A o o At SR s, I H ) B
H T R SRR R A v SR AR RCR AT B T ¥ A SR AR R R OE AU A R, DT B e — LN K B))
A J80D T 5 2% 2 i) BT, A3 0 VR ) SR A R e R R A I B N A —

K 8 T L T 4 ] 2 e DA AR AR v SR AU 0, T TLPLANPURT TALplantI g iy 25 58 24332 48 0 0] o
DCIPSMIRIATR £ AR ML) . PDDL (1 23 BE 5 1) FIR 7 0 000 25 356 6 12 AR 4% T M AT SR At Rk v 20 22 3 R 1D A7 05K 1
TR, TIMBY R &3 . LPGI 8y 3y 44 ) T % 5 Z R 3] 1) T )% 55 3R - StepByStept™ ity 45 sk 18 1) 45,
12K 4R 2 ) s T AR A s P T B SR AU AR AL TLPLAN,TIM 5 LPG H A0 A R 2 5 & i) 7
S AH 5 0, AN R s BRI K1) A8k P 16— FBCORE A T8 FH P AN 9 DCIPS 1 A0 24 SRR D) 38 s T vk bR g &R 2%, v A
%) 2 ;PDDL ¥ 2 By FOYR A ) A — o 2 T 38 0 HEH 1) U AR R R V5, B35 T PDDL ¥ 4l 4 ik
6 0 ARLE LRI SR iAok A v 51 B HE 5 25 S A SR fif k%6 StepBy Step 1) 45K I A2 — B =J 5 A 28 1) 45U 1 1
RN J7 I, E I B U A B S VR Y, R RI) A0 8 A O, T R ) 1 A A8 T S 4] A A8 kb A A3 A
A R SR TR, B R SR AR R 1 — AN E AR ST Y ()

A FUIE T YR AL H 1] 1 STRIPS 4535k S TH 4 S 1, 12 S5 8 10 sk 0 10 K1) 80 33, 20 1 A 280 R JIR A= 08 01 1y 2
B 43 KT, B ARSI ), AT B O BT IR AR ) Xo) 43k e T PR 58 K B T, Sk A T AU R I 1) 5 R K 1 A S A
TR A P 2% S S 2 T 1740 400 0 ) 08 b, 9 28 7 9 Ko A0l 4 ks wh BT B B 1A S, T 0 R R Aok i
YRAEF R B R HE T, TR R R (1 8 N R T IA 2042 SR &R 1 H ).

AL i TR B A 8 R AR R U] 110 9 R T S 3 sk X IR A U 149 43 AT, U B R A I e 2 2 A5k S 1R i 1L
70 L FE Al B H DA 2 1A TR R A R ) e R B AT R U 1 vk AR A, D T e — 2 0 i R RIR S AT
F 2 ARG ¢ A AT R D) [ S A IR 7E StepByStep HLRI#S 45 T S, Ik B — e 2 i BRI A A JL R A2
R AR R AT S £ 40 BT, T AR T A0 3 U U b 2R TR T U ] 1] R SR DG R 3K A A R I e R A TR 1] 119
AHLFA VT 1 S5 252 PR R K SR A 4L 7 ) S 1 A8 e AR

1 IREN

PDDL J B Rl AR 1) 48 3R 8 5 70 JERRAS 2.1 Fp 388 n 77 I 25 FBU A R B Pt adk 1 g T BRAS 2.2 FE T (1
it 807 9R A BRI 1A s S A R e R A ] 3 AR R U A AR 2 B T K £
P IR A T ] 1R R ATUEORE T8 1 2 kg W A S AR TR RTR A 1 1A R AR 1A T R R s AR 1) BRIk A 1 1 )
7™ B A (1 T 482 255 R IR A R U] 3% 7 FRE AR 1 ) 5 R A TR A TR PR DR SR G R o B A A 3R AT S R 1 T k.

1.1 REMMHIEE
7F PDDL 2.2 1 Yk A 15 v 42 FH “if (X) then POX)” I JE 35 R, 338 k5 an R
(:derived P(X) #(X)),
b derived 2 IR A2 I (R0 AR PR g(X) A2 B 1 1 2 2, R 26 90 0 1) ik A 45 APF 5 P (X) A2 R A= 10 ) ) 32 8 45 18
RUIR A1 X 2 A AR EES.

A 75— AN U IR T, 0 SR R R YR A R ) 1 32 A 0 T e R R R A R IR A T 3, T T, D AR

VB T AR A= R 1) 58 XA B T BRI 25 1) Ab 22, PDDL 2.2 %R A= R0 A0 R A T8 R EAT T IR 2
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AW FRTFIRAIRE 09 STRIPS AR ke iR IR IR o N

AL M YR AL V81 IR A2 18 W A Y BLTE A 46 IR 28 FHAE AT A4 80 3 51 2 rh AR AT DL BPE 30 4 1 AT
&AM SO LR SO HARRE T

o EIEIA P(X) tH g(X)URAE AT, W gOX) HH B BT B AR 4R A2 POX) ) H AR &

o BT P(X) HH g(X) VR 2E 3T 15, 0 g(OX) 1 75 2 75 2 NNF(negation normal form) AN 5 AT-AA] YR A= 18 1] 1 75 12

.

7E K453, BWDP(blocks world-derived predicates)H, i i (above ?x 2y)& %40 (1 — AN IR A8 1, & Kow

TR Yo FERUAR B2y (1 EJ5 5 % R AR T8 1 AH DG IR A= 3000 5 S T
(:derived (above ?x ?y) /IP(X)
(or (on ?x ?y) (exists (?z) (and (on ?x ?z) (above ?z ?y))))) 11H(X)

TR AN 2 X2 (on 2x 2y)JR4: H (above 2x ?y),Bk3z((on ?x ?z)A(above 2z 2y))¥R 4 i (above ?x ?y).

FH UG D DR A= 0 U] A4l a1 DR ) — b B T 2, 6 S W T A 18 9] ) B — R B G R

FATTRR A5 R A 0 11 R0 K] SR04k g VIR A 0 Kl 493, FEAH B 1) 0 K1 e R g 9 A Kl ) R ST — AN IR AR R
Yl 4503, I HH K Bl A R R A A T 1T Ak, TR LB VR (AT Le U R A & HEE 'S e o2 IR A 00 D e 1 b 3 s 1 SR
). Bf 53 A 2 LRI 4TSk BWDP 1) 58 38 40U 3 i
1.2 REMMAEIE X

TE VR A BRI A0 by, L A 1 3] 19 B0 EH B0 1 10 PAAT 2850 SR SR 53, i S IR A T 1 1) 0 A 7 3 A A SR
TR R G IR AR R DA S A L BRI Y R AR BAT — AN B AE S 5 R P T AR A R A ] (R AR A R AR
RGN

FE A TR ] 11 S Bk k2 A 33 52 (basic fact), IR A2 18 17 1 55 1 Bk oA YR A2 55 52 (derived fact) ZEFLRIRES S T, H
5 B KRR R LR AR S s 4 IR 5 D R R EE AR S s 44 By b AR AR R T 75 21 (IR 2F s 4 B RIPIR A&
Si 1 ByuD; Sk Affi5E, B Si=B;UD;.

h TR FEAR RIS B AR FELES Dy 2 MR, RATH B2 f iR EE ARG SL 4R By R IR A M4
R T # b iz s 0

f(B)=n{S'BicS", v (P(x), 4(x)) €R: V¢, [c|=[x]:(S'|=#c)=P(c)) €S’} )
BBAE M APRES S R AT a Ja 13 BIRIKES i, 024 RIS Sivy AR ()T 15:
Si+1=f(((Si—Dely)wAdd.)-Dj) )

Horp Add, F1 Dely 7R ZNAE a 138G s R S AR RCR 46
B TR AR 18 1] B H S0 AN Y IRAE AR AT S AE (R 8UR 41U 2 b 3T B DimDel =@, DinAdd,=2.
1 $;=B;uD;,DinDel, =&, DinAdd, =& 1] 47 LA F S
((Si—Del,)UAdd,)-D;=((B;wD;-Del,)UAdd,)-D;=((Bi—Del,)Add,)uD;—D;=(B;—Del, ) UAdd,=Bi.; (3)
HAXE) AKX QR AN
Si+1=f(Bi+1) 4)
H A @) T AL IRES Sier DCHHZEAR LA By AURAZFINAE R KA T, & IE 1 S IR T 7 IR A2 0 K1) 80ttak o 4
AT KN BN A S5 RS AL A 14 AR 5T, B 2 B A = 512350 20 o 20 1 80 R T e 7 AR AR A YR AR 1 S 4 B R A R 02 4
A AT RIS PR RS A AE DL B 1 TR,
HEA AR TIRES Si T Al AT AT EESR AT A H G40 St
Si+1=f((Bi—UacaDela)U(UacaAddy)).
7t BWDP & b BB wiIR 2 S Wil 2 s,
Bi={(clear A),(on A B),(on B C),(ontable C),(handempty)},
D;={(above A B),(above A C),(above B C)}.
AT 3 1% unstack(A B) )G,
Bi.1={(clear B),(on B C),(ontable C)},
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Di.1={(above B C),(holding A)}.
HJFHEIREE Siv1=Bi+1UDjs1.
JHIUR A= T U] A3 B0y A 06 R 785 F 18] 42 56 0, A8 QTS 3R A A5 137335« W 17 SRR [A5THE W, 45 K5 IR 242 T8 ) DA A
Foli 3R A 2, WU S o, S S A o R el K 8 ) i B R A T L R A T ) R A e ) AN A
3 AR A A SR S ) AR AT B A R AR R A IR A 18 9] PR AR R SR HE S DR, A SR R A B
Ll R FH 50 1 A 2R R 3 A 1 B3 IOAH S5 AR 45083 60 U, DT 9 2> 7 ) SR At et R o R 24 08 D) ) 322 4 52, LA
A i v IR A R i) R ) SRR R

Derlveﬂ Derive H
‘, DI \) '\PHI 4 C
S; Sis1
Fig.1 Transition of state after applying action a Fig.2 Transition of state S; in BWDP
K1 ATaME a FPRESH R 2K K2 BWDP Gk eiRZs S O Hor B E

2 TRHEE K SUE Y 95 R TR R BN R g

AR SRR AR K 45 HR A — o Atk e TR R B G 12 SR W T 4 AT B0 A AR R RR A R U ) Rl B AR B
W 5 A IR A ) o (AR A T AR T 1 5 TR SR 28 A B VR 4 IR ) 1 R A AR AR S T e R T
IR A FH D) ST IR ) ) 2 H SR s
2.1 ENEAREELIR BYAY SR

SCHR[9,10] % STRIPS AR ATTIRARE H 1 AR S 1167 A48 A0 T B 0 54 s, - T ) 794 28 A0 R ) - 4 I R ) 0 8L
B RIOU) T Y B A5 A e S

H PC(a)fl E(a) 7 M ~sh1E a TR 4 B 1EBUR 4 H Act(Pd) 7= SE L E A Pd 13114 &,CPC
(PA)F! CE(PA)RRBNELRE Act(Pd)H BT A B AE (1 2 FL iR 4 h S5 AN A JL A R B 1A 4R & BI

CPC(Pd)=NvacacraPC(a), CE(Pd)=Nvacactpa)E().

EX 2.1, & Pd 1 Pd; 2315 80K 117,45 Pdje CE(PA)—{Pd}, A i8R FH A Act(Pd)H (18— /N30 1E,
72 S ] Pd (4 [F] B, Pd; R — 5 3 R B S BRI 1A] P 2 SEILIE ] Pd (M BB S5 R, 328 Pd ot pay—Pd;,
e {(not Pd)} Ay 207 & % 1 Bl I B ST (6 2% A

TEX 2.2, & Pd FI Pe 73 5l 2 ) VR R ] B VR 17 2 4 A1 1 3, Pce CPC(Pd)—{(not Pd)}, WA it R H
4 Act(Pd) FFIB— AN B A S LI ] Pd, #1875 ZE AT HE 44 Pe, BRI 1A Pe & SEBR I 7] Pd AU RTHE 45 1F, B0k 1R i (not
Pe) B L LS U 1A Pd 195230, 3K 24 (Not PC) (ot pay —\—>Pd, L 71, (not Pd) A * 517 2 12 BELAS LI /8 57 1 4% 1F

FEAN T RSV (01 050, VA i 2 ) R A i 0 D0 60 422 BELASE 900 U v 73k Pd—Pdl; Rl (not Pc) —\—Pd.

7EAE YR A4 %) 4%k BlocksWorld H Act((ontable ?x))={(put-down ?x)},511F put-down FJHik i :

(:action put-down

:parameters (?x)
:precondition  (holding ?x)
-effect (and (clear ?x) (handempty) (ontable ?x) (not (holding ?x))))

HE S 2.1 AT SR PR 3 AN B A Bt R
(ontable x)—(clear x), (ontable x)—(handempty), (ontable x)—(not (holding x)).

FEIRE LR 4 BlocksWorld 1, JL 241 put-down (14134 WL B 5% A€ 3L 2.1 BUnT S HCH i P> B A Bl
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AW FRTFIRAIRE 09 STRIPS AR ke iR IR IR o N

RN A RS B AR 3 AN EL AR B AL I, 1202 PR A IR 22 8 17 (holding 2x) B 75 52 % S #AS figs Hh B TE 2 4 280 4
.

X BWDP 45Uk, fEHAT B 1E put-down 2 J5 (RS T 45 2240 2 1817 (holding x) I B8, D) w0 201 4] Wr JH: Ak A 4%
f:*“(not (ontable ?x))A(not (exists (?y) (on ?x ?y)))”J& 15 15 23 2 . AR IXHE IR B B HE T 75 2245 — 2 AR

F P T AL, B AR IR A R O 2 e T A 3R B A ) A R AR A AT AR R I B R T T ) R R
PRI SN R, I BLIX L8R AR T 18] 1) A 30 77 Tl i @ 4 3 oR A 3.

2.2 TR TN 42 B Y (8] FEE S5 SR A

FE R RN U B4 O T4 2% 1 A0 RCR AR AR AT — R R 18 4 06 28 A x5 IR — 38 1l Bl 4 4R 1 2 L iy
PEA AT RN FERCR A 73 At A A B e A 00 D) (L 42 I R ) 0 2 LAV R D). A 9IR Z  l) ds m,  Z2 40 0)
V1) fi 2 25 At RN IIR A U 98] 2 [ A1 A7 70 2 3 B OC 2R T3S0 IR A 00 D) ok A 45 41 (1 322 68 e 80 1 3 A7 13 W] R BB 2 1)
PA eI H IR 2 & S WIIRTITER 3y € ST WIUNETE 2 &5 S WIS I ab R V86 SR ER Ll i R e R TR &2 W I NI RE IS o =R
RN JR R AR,

FEIRAE RN U b AT B — IR A if #(X) then P(X)”, H IR AL fih 2 41 @(X) 39 T 1L 15 52 755 W RS 1
7 A5 157 5 T A X ) e AX).

FRATAT LR % HX ) 55 1 s 45 A LR P A 5

¢ (X)=F1AFon... AFm& (X)nne (5)
#"'(X)=G1vGav...vGre #X)nne (6)
o Fi(i=1,...,m) A 47 T ] s 75 BTG, G (=1, n) S A5 TR ] 7 5 5
T ] BWDP A5 R AN IR AL AU A 5 B IR A R fid e 2% P PR B
(:derived (holding ?x) (and (not (ontable ?x)) (not (exists (?y) (on ?x ?y))))).
A5 _E IR YR AR v, A A 2 A1 OX) RO A7 5 S 3R e
#(X)=(not (ontable ?x))A(not (exists (?y) (on ?x ?y)))
=(not (ontable ?x))A(forall (?y) (not (on ?x ?y)))=F1AF,=#(X)nne=¢ (X) @)
Hrr Fi=(not (ontable ?x)),F,=(V?y (not (on ?2x ?y))).
TEX 2.3, BBATRIRE I “if ¢(X) then P(X)”, 2 g(X)nne 12547 23 300 ¢ (X) Rl g (X).
1) XFFTHI Fi(i=1,....m), 2 (not Fy)Jy“EL7 I FR(not P(X))Je:(not Fy) FAE BE 45 5. 24 1 3h 4 S 3L (not Fy)
IF R (not P(X)) 2 i8N 1 1T R, i (not Fy) e —>—>(not P(X)). e 1 3] Fy 24 B0 2 i ) H2 3801
T e ST 1 4 AT
(2) X X)HH G(i=1,...n), 1 G; A “EL IS FR P(X)s2 G; M FEB 45 R M S ESE L Gy I FR P(X) )& i%3)
TR A2 Gyoor > P <), 3L, T (ot Gy) 202 A TR AL WL 1) 46

TEA G R RE IO s pe>— T8 ——, B (not Fy)—>—>(not P(X))F1 Gj—>—P(X).

r BWDP 45 b 45 Ik 2E 11 i (holding 2x), i & 41k ¢ (X)=F1AF, 1 24 X (7) i,

th g X 2.3 W] U4 3 1] 42250 5 400 (ontable x)—>—>(not (holding x))#1(on x y)—>—>(not (holding x)), & X &,
7i:(not(ontable x))al(not(on x y)) 2 “ "IN, 25 H 3l 1 52 3L i i (ontable x)El(on x y), W7 (not (holding x)) iz . 7T
SRR IX P 4% ) B ORI 2 i, vl s He T 7 4 IR 2 18 157 (hol ding x) PR32 4 4 3.

Xof 38 AR A U 1], 0] T 2 AR U EAT 97 A3 B LA 1 1) R R,

TR AE IR A R AT b A7 AR IR AE U R CGF (X) then P(X)”, 35 ¢(X)=G1vGav ... VG, 3Gi(G=4(X)AP(Y)),
YeX 2R R Ay Y4 IR A= ).

EX 2.4 RVIBVTIRE R “if #X) then P(X)”, d(X)nne HIZEAN % 4 A 2B W ¢ (X)=G1vGov...vGp, #
Gi=PdAP(Y)(je{1.2,....n}),Fk P(Y)/& P(X) s AT $2. 24 B0 15 S0 Pd I8 PY) s, IRR P(X) & %3015 1 4%
PR IR 43R 12 Pd ot payapen—>—>P(X), He 1, (not PA)AP(Y) A 7 f2 12 4 A1 (A1 42 280 S8 0 U 7 1) 4% AP

BWDP 4t i, 243 1 IR 25 15 3 2 (above 2x 2y), JLH, ¢ (X)=(on ?x ?y)v(exists(?z)((on ?x ?z)A(above ?z ?y))).
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5 X 2.3 Al 2.4 ) 4597 T AR )
o TAERCRIMI (0N X Y)(not (on x yyy—>—>(@bove x y), K% 32, 7E(not (on x y)) oA “ I H$2 T SEBLIE i (on x
y) I, IR 18 17 (above X y) AT
o SAEIMEECRBIU(ON X 2)(mot (on x 2)@above 2 yy—>—>(@bove x ), HF S A7 AR AN 2,445 (not (on x Z))A
(above z y) *EL”, 24521 (on x 2) B, IR A 1 17 (above x y)tH AT

FH M AT L TR (A1) B 26 280 R0 T 4% A2 1 s (R I 000 1, P AR R 2 255 SR 90 00 ok ) 5 i 4ot v IR A2 18 3 1Y)
FLARLAF (F5 1) 1) 12 55 SR 0 2% A AN S S B, D e 700 R 2 208 SR 0 ) ) s 24 bR A o R A4 188 3w 19 B, T G 75 A
IR A T (0 Ak A 4%

2.3 iR F 0N R B A4 BELES S5 SR A0 )

Xof T LA U], AT LA S AF AR 28 e £ 380 S ) 0 S T AR A A R SRAE I e mT R P T Y T
SSRGS A AR TV AR T ], B A DR A D i A 4% A 1D 12 A 5 1 LA IR A 0 D) i 8 4% A 1) S B0 9 gk
Vi) 22 b BELAS 7 IR A 1 ) 4 S5 0 DR A R R T I Ak e 4 P R A 1 ] 2 ) ) B BT SR D% AR A 6 YR AR )
FVEASE LI 43 BT, B LA I HE AR T 1) R JR A= 18 i 2 170 190 1) 422 DR SR 06 28 0 K SR At i e o, AR 2% 1 42
BRI SR 56 3 SRAff 8 A ik Bl AF 4R

TN THIA ZA ) P R AR R0 DU 2y AR AR 2R S i ECS I A Tl £ A SR A B 4 1, I b b £ 8 B A 5 SRR ) ) 7 9.

EX 2.5, HBATEIGH Pd™,CPC(Pd)JLf#1f il Pd 3L 2% B AT $2 4 1F:

(1) # Pd hIFEATE#H,CPC(P) 23 1ESE Act(Pd)H T sh1E M A JLar$e 4 1H4E 5

(2) #% Pd R4 1H A, CPC(Pd) & 181 Pd 2 SL AT P4 1.

FEIR A LRI A Pd S SE AT i, CPC(Pd) T LA I B BB AU Sk 45 .2 Pd &Ik 42 15 1] ,CPC(Pd) U 75 18
Tk YR A 0 (1 ik A A% A 1 A s Y 2SR A

ENX 2.6, A IREINIE #X) then P(X)”,¢"(X)=GyvG,v...vGy, 1l P(X) I A L HT IR 41 CPC(P(X))=

(1) # Pdy=VxPd,(x,X), 1] CPC(Pd,)=ny,(CPC(Pd,(x,X))-{(not Pd,(x,X))});

(2) # Pdy=3xPdy(x,X), 1l CPC(Pd,)=yx(CPC(Pd,(x,X))—{(not Pd,(x,X))});

Forp Pdy S HBRAE ¢ (X) R
7F BWDP 43 ok H R 25 15 37] (holding 2x) ke ik, o fish 42 442 o (X)=F AR, 1128 3 (7) i s,
CPC((holding ?x))=(CPC(not (ontable ?x))—{(ontable ?x)})"(CPC(¥?y(not (on ?x ?y))))
={(clear ?x),(handempty)}~{(clear ?x),(handempty)}
={(clear ?x),(handempty)},
oA SO ZEYRAE H 1 6] (holding x), W) 42 251 2 56 4117 1] (clear x)FH (handempty) & 57
EX 2.7, BEATEIR A B ¢(X) then P(X)”, 4518 i Pce CPC(P(X)), A i FH W6 46 )y 41 S IR AE 40 ) 1)
fil R 2 A T AT S5 A Pe, FRiE A Pe A% 15 R POX)FIRTHE 45, BURR 1B 1A (not Pe) 10 H B A5 1 1A
PO IR, 1T (N0t PC) ot posg) —\—>P(X), F (Nt P(X)) Sy LA 12 BELRS 240 L MU0 o 1 45
FEAG DRI 5L R 4 pe\ > fd =\, B (not Pc) \>P(X).
KF e 2.7 MBI R:
(1) 4 PX) B, S AR T 7 Bl A S YR A R ) ) fi e 2% 1, 24 R AR gl AN A A T A 1 1 BELAS 18 37 P(X)
IR A

s ASCAL A TE T 3] 7T 3R AR 3 AE0 £ 30 1] 78 Al DR A 200, 3K AR 71— — L.
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(2) 24 POX) A B I, )5 B A 2 464 GGy, ... G #  “MB”. Y Pce CPC(P(X)), 1 & X 2.6 AT 41:
Pceniz1. .CPC(G)).
BRI IR SIS G; #875 BE U1 Pe 5" v LA BEURAE H P(X), )0 200 56 H B4 (BN 1 e 1) 4 1
W Pe i« 3 RIE I (not Pe) 2k “ L7 — 5 BEAT 1B i P(X) IR 2E.

PEANT L VR AR W42 T, AT U T 52 A0 R 00 D00 EL A 280 SR A0 DU 5 A6 Ay it 490 00 0 BEL A7 0 ), 3 48 ot 1 D) 5
SCHR[OTFT HR B AR ZE ik g S ).

7 BWDP 438,41, CPC((holding ?x))={(clear ?x),(handempty)}, 11 & X 2.7 B LA#5 3 1 BHAS 20 S 40 0

(not (clear x)) ~\—>(holding x) (not (handempty)) —\—(holding x).

X 4% BEAS R AU 1) 5 U2, 7R (not(holding x)) b “ B ET 42, 18137 (not (clear x))FlI(not (handempty))FH
5 7§34 (holding x) ¥ IR 4= 45 B YR 2k H1 18 17 (holding x), I 06 45 4 F ) A (R ) A 2 51)) i (clear x) A1 (handempty)
Dyl RIEAGEARA T x, A 5648 x b4 M AL T b 2.

7 2, 3RAT T ] A4S 21 BELAS 25 H 300 (not (holding x)) —\—(above x y), H& X2, 77 35k 4= 1 37 (above x ),
WIS FH B AE (B30 7R 7 41) i (holding x)  “FL™.

B O v AL, 7 R R SR AR e R e ELA R U0 R DA Ak 1 R ) SE IR T, O R A A i T R B A 1 R R =
L.
2.4 SR B X bk 4

B b7 R A0 R 46, SCRR[9, LOT PR AT i TR 4 R SRS 2 DA 5l A A4S 70 v i R A ) A S 118 80k 6 PR 2 B
S S ISR TR RTIIR AR R0 U e £ E SRkl n )

PEYR Az BRI AU, IE A 1) T 43 g AR S ) RR A 18 1 AR SR T T AT A TR PR ISR IS I, f 3 A 1 ] SR T
SCHRI9, 10T (R 77 v NI AR RS v i B ST AI T 5o 9 A T8 15, DR A2 90 T v i B 4 0 0

X YR A Rl 40T AN [ AR T P 2 A 3o L T

1) TA]EE SR A )R 2 A B U ) Bl AL

BB RN A3 AT ASR B TR 4 R AU Ry="“Pd—>—>Pd,”, ELHE A RERL ] Ry=“Pdi—Pd;”.

© BN LA IF]

FAE I Ry w] 1,78 AR SIS 3R Pdy Ji5, P BH)R A2 000 B B IR At 1B 1 P, R 20 “ 507, d gt m] UL, 38 35 Pd,
ST BNAE I TR SR X 2 4 RN Ry iy 44 o ) B2 2 R (¥ 2% e

H R R, w0, 7 F B A S B TE ] Pd; (¥ R B, 8 3] Po; B 5280 T

@ FUIUIN R AN [

L Ry AT %A, 7E ] B RS2 ELIE R Pd, 5,18 Pd, 22 181 Pd, FEE 3458 A8 5 S2RZ T A 208 Pd,
7,V ] Pyt — 58 A PR i, G AR T — e 2 33 1A P, R

B R Ry w260, 70 F 3 V6 S BRI 1A Pd; I, 1838 Pd; AR — & 75 RURI RS b ABTE 5 2R b 7 AN 2 35 6 Pd;
FUERINEOL T, U816 Pd; 3 ) B AR B 1 I . 818, JFG IR 2801 SRR T Rl o s

2) S T 2 2R AR 4% e R 0 T o

ABBE AT AR IS 45 P I B ORI Ry="Pd ot payap(ry>—=>P (X)”, 25 PHAE BRI Ro=" Pdig(01 g, ). pey =PI

@ BN LA TH]

RN Ry RTAR AT POY) A0 I AE I S AR S B ] Pd 5, T8 4R 25 1 1) POX) 24 507, 2 3l 1 1 1)
RO

@ BRI AL A
AU Ry 40,25 POY)N 20 46 S A S BLI P 5 I POX)JE POY)APG 248 4516 70 5 SRR,
PR S P(Y)APG B LA, 1) PO 5 B JEIM AP T L AE S50 4 P P(Y)APd I,
U Ry TR 25 P 0 ) SCHLIAL Py ] Py i LRI A 2 o A AN o
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A ] Pd; BRI B0 R0 3] Pd; 3 AT A sl A B, 26 I 2t AR TR
3) BELAS 2R ML IR 422 BELAS R0 1y e AL
@© FE AT
BELAG R (not Pe) —\—Pd” 348 ) e BLAE AT T IR A= R0 Ao fik A 2 A1 AT BELAS: 17 R 238 3] Pd O IRZE.
FLAEBLG B (not Pc) \—Pd”$ii ik (1952 ELAE BT T S BLIR I Pd (19T A3 24 AT BELAG 71515 Pd (¥ 52 BL.
@ FI I A )
FEAT B RRPIRZS 2 1] Pd i, (not Pe) it 2 BELASIH 1] Pd ¥ B SZ, T LA, I PR AN DU FR) I 280 P A 1)

3 GuEBIRRERE

TE R AR AR 450455 30 o X IR A A ) PR AT 5 v DA i B A ), 308 5 g A sl B ) £y 9 — 2 207, P DAAS L
AU ] 2 TR AR T BELRS 56 2R R 3 R T BELAS % 2R AT LA 1 2 A T — ISR A AR Il ) T g

TEN 3.1, BB IRA T R:if 4(X) then P(X)”, ¢ (X)=F1A...A(NOt F)A...A(NOt FjA... AF X FEAR I ] F; A1
Fj, 4% (not P(X)) \>F;,(not P(X)) \>F;j, F; & U, () E(@), F; & Uscna(r;) E(3) JURK R Fy 2 B A R %

7E BWDP Aiitds o BCJR A= U “if (not (ontable ?x))A(not (exists (2y) (on ?x ?y))) then (holding ?x)”, H:fil & 4¢
1 ¢ (X)=(not Fy)A(not F,),F,=(ontable ?x),F,=(on ?x ?y),f5 LA R 4544 1 57

(1) (not P(X)) ~\>Fy,(not P(X)) ~\>Fy;

(2 Re Yacact(F,) E(a).F, ¢ Yacact(R) E(a) .

5 X 3.1 Al %0,F, Al F, Bl (ontable 2x)Ai1(on 2x 2y)-& L BH iR i %t

B RHAR LR R 7 SO BN VE ST 1818 i, 84 78 S BB R Fy I — R B R 2 ARR.

PR 76 Bl A Se BLIE A Fi i, B2 3.1 AT AT F) € Uy pee ) E (@) RITCTR WA 045 @ S BLTE ] Fiy 72 S
W Ry AR [ I 4 2B, H P(X)— 2 AR

X A B R Fy, U0 055 A POX) kB

EHYRAE R R W] %0, (not F) L6250 0 “ 207 Bl S35 R B AEAE 1R 7] F; Jhfi”.

(P30 FH AN AR SBT3 By 084 78 FH 2 AR SE IS 3] Ry I SO I Ry i

IR 3.1 (BB AEIR A BRI AT b A7 AR IR AE N R:“if ¢(X) then P(X)”, ¢ (X)=F1A...A(not F)A...A(N0t Fj)A
e AF, Fi Ry 2 B BEIR R H AR &G FoR Fy, B R BGCF; 38 AR SR S8, I8 4 1% H bRIRES T2 5030

UE WA AR B HI BV SEIRIR ] B R Ry, b RIPRES PP 218 So(1nit), 1,55, Sq(Goal), H. i FjeS,.

XTRLRIARZS T 51 S0,91,92,-.., S W F AR 1 MIRES S, 145 FigS B Fje S, H. Fi,FjeSwa.

(1) ERBRAIT I S0,51,50,...,Sg TAAELEW B FIR KPR S, RIS THEECRE S,i=0,...,0,F;,FjeS;,
TR B 0y 7R3N R SRAR 1Rl R b — BAE AR, T 75 sl MR 523, 1 AR S TS 4 #F 18 1) 7y 8 Ry 75 3l
VB S AH T I ;

(2) TEMRPIREPH1 S0,51.S,,...,Sg T AFTEM AL EIR AT FRIIRES Se:

(2.1) FieS,FjeS,Fi,FjeSu

AYHREARE S T HATENE a5 Fi,FjeSu.

Hi“Fi A1 Fy 2 BT 0 T4, F) 2 Useanr) E(@) R £ Usena(r;) E(2) B EE a AR SEBLIE G F
Rl F
X5 “Fi,FieSu M .

(2.2) FiS, 5% F;S,,Fi,F;eSu

AYHERBE Fig S, FieSu fEIRE S FHATENE a, i3 FieSu.
tfEIRE S P AT BIME a7 vl 41,PC(a) =St

EH“F; 1R 2 B 3800 AT 50, P(X) e PCay), B P(X) €S;.
F“P(X) I fi & 4 £4F 1T 401, (not Fy) e Sy, (not Fj) €S, Bl FeS,.
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X5 FeSC A )E.

ZEE T OL Q)R T (2) AT 41, AR TE L RPIR S P41 S0,51.S0,....Sg R T AE TR A2 S AT HRARAS Sy, i 4T P 75
P & B, 2 E ArtR 2 B T BEL S SR GE, 5L BRI R 6 A A7 R T S AR S B A, 41 H AR AS TR E
S O

thoE 21 3.1 GF B I R I 2 1 00 0 R0 0, 5 W AR ARSI H AR AR AR AL 2 T BEL TR 3R] 0, HLRI A SR A i R AN i
T ELAE, Uk H A4S 2 TSI

7£ BWDP Atk 1, i 52 X 3.1 w] %0, (ontable ?x)#1(on ?x ?y) /2 H. FHIE A X

HHE B 3.0 Al 4, T AR LRI SR A ok B b 7 H 50 4 SE BT 3] (ontable 2x)Eli(on ?x ?y), 84 7E H bRk S
(ontable ?x)F(on ?x 2y) AN AT ¢ 7] I A7 7E.

TEN 3.2 BEATIRA R “If 4(X) then P(X)”, @ (X)=F1iA...AFiA . AFA. . AF ST EAIE ] F; 1 F,

F,.(notF)) ¢ Yaenat(F) E(a),F,(notF) ¢ Vacnct(s)) E(a).

FAEAEI I F AT (not F')-\—F;,(not F")-\—>F;,Fi—(not F'),Fj—(not F’),(not P(X)) \—>F' -4 Fxif i (not
F)A(not Fy) A T 18 14

# BWDP 4tk #7776 IR 22 B “if (not (ontable ?x))A(not (exists (?y) (on ?x ?y))) then (holding ?x)”, H: il %
%AF ¢ (X)=F1AF,,F1=(not (ontable ?x)),F,=(not (on ?x 2y)), K, (N0t Fy) € U, _xr,) E(2), . (N0t F,) € U, ) E(@)
HAFZLE F'=(handempty), 5 :

(1) (not F")-\>F,(not F")-\—>F;,,F;—(not F"),F,—~(not F’)

() (not P(X)) ~\>F’

15 X 3.2 A4, (not Fy) 1 (not F,) Bl (ontable ?x)#1(on ?x 2y)J2& H. )+ i i %7

VR AR ) SO B R DRI SRR R B IR A A O ARSI X

DR 45 5 IS A A 3R] Fy 507, IRE SC3.2 AT AL Fy € Upopry E(@)  BIE IR WA B 41 @ A1 3] Fi 24317,
TR ] Fy BB A S S, B POO)AT F— 52 .

XN B EAT Ry o, 2RS4 P o

A B B A ST P(X) A BT

FHYRAEFL I R W] 41, (X) R0 200k “ 507 B SR 18 3] Fy ™.

WIS T e — AN T4 A AR B O B 5%, R 06 T6 32 F 3l 1 S BB 1A .

SE X 3.2 RS S R RS OLT BRI Fy B AR IS A AR ER AN 18] 3 B .

bd. pg  Pdiis the concomitant [ F ]4[ Fi ] P> (not F')]
i P00 offect after achieving Pd;. ~
Pd, <t Pl Pd; is the precondition [ Fj\ ]1[ A% ]‘[ P(X) ]‘[ F ]<,[ Fi ]

forachievingPd. T~ -7
Fig.3 Loop chain of preconditions while achieving F;
3 SEHILIR W Ry AR SR A R R R R

[ B 5 P B VE ALy o 20, D048 T vk T Bl S B 1] .

TEIE 3.2, B BIR A R4 b A7 IR AE L R:“if @(X) then P(X)”, ¢ (X)=F1A...AFin...AFjA...AFp,(nOt ;)
H(not Fy) e B T )0, an R w5 S VR i) FoR Ry #0307 IS A ZEAT BOIRAS R B Ry — s ANBE AR A “f.

UE WA AR e T B AEAE T ] R AT R 38 0k 0 Horp FLRIPIRES S 4100 So(Init),S4,S5....,Sg(Goal), HAFTEARES S,
143 Fi,FjeS.

(1) Fi,FjeSun
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H1“(not F;) A1 (not FJ)%Eﬁi%ﬁXﬁ” A, Fie YacAct(R) E(a),F ¢ Yachc(F)) E(a) .

JITEL,— EAAFAEBIAE a AT a ST 1A Fi ARy [R)IN h “07 3K 5 “Fi Fie Spa " i

(2) Fiest+l EJZ‘ FjeSm

AWRAEIRGS S AT a (15 FieSuy,FjeSu.

TESEILIEIA Fi (15 00N, B B 3.1 (43 B vl 0 7R S 5 #AS 1T 8 B 7E SE 0 1E 3] ).

KRR ] R FoRT R B A T
JIT LA 25 7 R SR gt o op 75 F S AR AR 1 1A R 0 Ry O 30 R AE IR ES S 149 FiFe S, BN AR ROIRES
Fi R — & ANBE[R] I A (. O

7£ BWDP 47iek i, o2 X 3.2 1l 401, (ontable 2x) 1 (on 2x ?y)J2 H % 1 il %

HsE P 3.2 Ay %n, a0 S 245 698 349 (not (ontable ?x))FI(not (on ?x 2y))#l kT, A4 7E W 46 R & H (not
(on-table ?x))F1(not (on ?x 2y)ANBEHR A M8, B ZEHT 4 IR A5 v, (ontable 2x)F(on 2x 2y)ASBEHS L.

IS 3.1 BB IR A FLR ST P AR AR IR AE L R:if ¢(X) then P(X)”, ¢ (X)=Fin...AFiA...AFjA..AFp,
(not Fi) A (not ;)& B e 1B 1%, fr SREAE 0Kl sk figh Jo 8 o 35 A 38 30 POX) A “ B B A AR BOIRES 1 F MRy — & A
REAR b 1.

E B - bl R K SR i ae AR v J5 A 1 3R POX) R “ L FIIR AR RN R AT, T P #Oh“E " (k=1,2,...,m).

1 4% “(not F;) Al (not Fy) & B 18 )6 F 8 B 3.2 BT A1 AT B RS F R Fy— B A REAR A B |

EX 33, BWATEIREMN“E HX) then P(X)”, ¢ (X)=FiAFoA...AFn, W1 K IF e{F1,Fy,...,Fn}, VFe{Fy,
Fa,....Fm}—{Fu}, #BH (not Fy)Fl(not F)) & LR80TI FR Fy 24 1Z0R A2 3000 1) ReAE 18 17

EIE 3.3, BB IREMN R ¢(X) then P(X)”, @ (X)=FiaFon.. . AFm, 2 Fy 2% IR A2 0000 F 45 48 1 3], ) — 52
AR BRI Fy—>—P(X).

WU BEAEIR A Sy A FueS, Bl sl ks

HT“Fy 5 HE T R R E X 3.3 1T 41, VF e {F1,Fy,...,Fn}—{Fu}, #4 (not F,)Fl(not Fj) /& B 1 i 4

o B 3.2 FI“F,e S il 4, VF e {F1,Fs,....Fu}—{F .} #i 1T FjeS.

H13E 3.2 FAL (N0t F)) & Uy per,) E(@), FjeSuan BUSKBL Fy ISR AEA AT Fy {0,

HH“Fy€Ster, Fje Spa " PR AEFLI R ] 50,45 ] 422 280 R Fy——>P (X)L |

£ BWDP 5 77, IR 2E HLW“if (not (ontable 2x))A(not (exists (?y) (on ?x ?y))) then (holding ?x)”.

g X 3.3 AT 471, (not (ontable x)) A1 (not (on X y))#B & 1% IR A5 H ) 45 40 1 3R]

HHE 3 3.3 AT 459 A1 ] 4 R0 R K

(not (ontable x))—>—(holding x), (not (on x y))—>—(holding x).

FH S AT DR 3 3o T R A R0 00 A0 A ) (33— 25 23 A, mT DAR s B 3.1 SRAIWT H FRIRES T 7 2 Ak,

A P B 3.2 SR A G bR s 1 1 T i 2 A 3k G A e YRR 4 v K S AR AR A A R R R A .

4 TREE X SR BY U R SR BR K

RS 2 75 FediToe ST BEA T 1] 5 YR A= 18 1 22 [ (06 1) 22 A0 SRS 900 D0 R BEL S 280 SRR SR D, e A1 o i Y 2 10 0
PRI AR RI ), 5 3 3 20 A A 2R R B P A0Sl R ) — b e YA B T IR A R 1) AR 11 R A T Ao AN g 40 3
o S e B A R TR 10 % SR e LA Ak G DG Pk

YR AE MR 40088 EL T 1A AT 43 DA R A T R R R A T T A SO VAT e YRR A SR I 6T 3K 7 AN ]
VB AE AN ) P Ak 3L 2 A S 01 %o 2 AN 1 ) B A D (2 00 ) R 42 BEL A 0 00 ), IR 2 1 1) S B
N ESINI(EE 2 eSS RS S

R T 3R A3 1 T8 SR S ) i v JELARL, T AR ) 42 KX 4570 GetDomainRule #3441

i N\ IR AR LRI U A IR Dom;

B AEBERE U 4 SC(set of concomitant rules), BHAS AR £ SO(set of obstructive rules).
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GetDomainRule(Dom)
begin
SC«, SO«J;
foreach P in Dom do
if P is basic predict then

begin IHRES FEATE I P A 2 (AT 40 iR
Actp<«—{alacDom,PcE(a)};
CPCpe— M, e, PC(a);
CEpé Mycna, E(a);
SC<«~SCU{P (not py—>Pdi|Pdie CE,~{P}}; B EAE BRI
SO«SOU{(not P¢) ot py —\>P|Pce CPC,—{(not P)}}; /£ FH i3 KU
end

else begin HRE S IR A 1S 1R P AT 5% (KA 40
A X)nnpTransform_NNF(P);
# (X)«<Transform_CF(#(X)nnr); 1@ (X)=F1AFA...AFy,
#"(X)<Transform_DF(#(X)nnr); @' (X)=GvG,v...vG,
SC«SCU{ (not F) ., »>—>(not P)|Fie ¢ (X)}: TARB R 2 3 R B (G X 2.3)
SC«-SC A Gy, >—PIGjed (X)}:
CPCp<«GetCPC(¢"(X),Dom); IR P A T2 (8 X 2.6)
SO<«SOU{(not Pc)(net ) ~\>P|PceCPCp}; T HYCBE A 25 SR ) (S 2.7)
foreach F; in ¢/(X) do TR IR RO FN (2 X 3.3)

SC«-SC A F, 41,y >—PIF; is a characteristic predict};
end

end

AEFE N BRI StepByStep 2 1, E BTN T MK A% 14 40 B GE I H FI R — 8 28 e i) FR1 450,
BlocksWorld,Gripper FI Monlake S53EAT T A0 M B& S 56 552 56 56 T0F T 1238 M B0Vt i) mT A7 PR R0 R0k, T 3
B HE 4D A0TSR D) e % O b 2 3K U ] [R] [ DR SR G &R

of L KK 535 - A5 280 P ST ) A S S BB AT IR [A) LA 1, v BlocksWorld 4sk 11 L A4 St s B
YU AL SCRRTO, 101 RTER 5% B.

Table 1 Numbers of domain rules for classic domains and their derived domains
T 1 R A A LR AR R AR 110 AR K I A Hox B R

Action model Derived rule

Type Domain Concomitant | Obstructive Indirect Indirect cond- | Obstructive | Time (s)

rule rule effect rule effect rule effect rule
BlocksWorld 22 11 0.008 5
Normal Gripper 14 13 0.008 9
domain Monlake 10 35 0.0112
Ferry 14 13 0.008 6
BWDP 12 9 5 1 3 0.007 7
Derived GripperDP 6 9 2 0 2 0.008 1
domain MonlakeDP 10 29 4 0 0 0.009 9
FerryDP 6 9 2 0 1 0.007 5

(1) AT U K T i
57 AR IR AL R A b, A 532 MR A ) A8 1) 250 A A58 2R v i IR P A5 ORH D) A HAAAT  oik > 35 IR
N AR A TR AU 0 A A A 2 A A T OR B A AR R4 CR FH IR 2 R U A A I sl A1 AT P
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A5 B k.

(2) AESEIZAT I IR 5 T

L5 AR YR AR K AR L, AR B o R A BRI AT 1) AT B TR AT B AR ST A R AT A TR T A3
VI IR A2 R0 0] e 45 BOR R 1R 490358 S R R T B, R IR A R0 R0 AR08k 7 1 T i) 97 s i1 3 YR A 0 K 45358 £
B ), (L 52 o A7 290 1 2 A J 3 A% BT A IR A 10 U0 7 40, T Bl ABE 284 118 5 S, DTG A AN 3 1 A 28 4 B4 3 et R 4 2
V1Y IR T) AT T 98020 A0 AR A 00 Tt B 03 i R T, B AR 75 T2 %o L i A 4% A B AT 380 A A 4 L fh 5 55 AP 11 RIS
A A B384 i 484 0 £ Bk ) Sl 5 2 DR e T DAY A KK AR I ARk A6 TR T A B I I ) 25 4 BT T B

(1) f#{F3A55:Dell Latitude D630, Intel Core™ 2 Dou 2.20GHz, A 77 1.99G.

(2) #EHLIAEE:VMware Workstation 5.5, Red Hat Linux 7.32.

5 & &

AT LA IR AR 1K) STRIPS A0l 45T 0 BF 00T 52, 76 50 A7 Sl AR A5 R AR A K PR il B2t 17— Fk A 3)
B AR R TR KD B HXCHE R 2% SR T B B 6 5 o AU I 18 TR R TR AR SR AR e R R SR s
IRAAE RIS StepByStep 2 H, I — £85Ik A U (10 R Rl 0T HE AT 17 5 36 SI 360 T 453 110 A8 1 R % T 00
I R A 3 F T I ) AR R DR T 6 A e VR AT P g R SR A o R R R R (R R HE T e SRR
A ) R R AR 2R A AR ) 1 K gt il R o 3 T i 45 30 £ A0SR0 VROR 2 g R 288 4 K 2 BT T 88 ) B
TAE.
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Bk A. BWDP %) 9 B9 4 ik

(define (domain BlocksWorld-DerivedPredicates)

(:requirements :strips :derived-predicates)

(:predicates (on ?x ?y) (ontable ?x) (handempty) (clear ?x) /IBasic Predicates
(above ?x ?y) (holding ?x)) /IDerived Predicates

(:derived (above ?x ?y) (or (on ?x ?y) (exists (?z) (and (on ?x ?z) (above ?z ?y)))))

(:derived (holding ?x) (and (not (ontable ?x)) (not (exists (?y) (on ?x ?y)))))

(taction pick-up

:parameters (?x)

:precondition  (and (clear ?x) (ontable ?x) (handempty))

-effect (and (not (ontable ?x)) (not (clear ?x)) (not (handempty))))
(:action put-down

‘parameters (?x)

:precondition (holding ?x)

-effect (and (clear ?x) (handempty) (ontable ?x)))

(taction stack

:parameters (?x ?y)

:precondition  (and (holding ?x) (clear ?y))

-effect (and (not (clear ?y)) (clear ?x) (handempty) (on ?x ?y)))
(:action unstack

‘parameters (?x ?y)

:precondition (and (on ?x ?y) (clear ?x) (handempty))

-effect (and (clear ?y) (not(clear ?x)) (not (handempty)) (not (on ?x ?y)))))
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Hi3% B. BWDP # X <5 B s 2

I 450 0 SR 5 T A5 A
(1) 12 % 11 e BHL

(on x y)—(not (clear y)) (on x y)—(clear x)
(on x y)—(handempty) (not (on x y))—(clear y)
(not (on x y))—(not (clear x)) (not (on x y))—(not (handempty))
(ontable x)—(clear x) (ontable x)—(handempty)
(not (ontable x))—(not (clear x)) (not (ontable x))—(not (handempty))
(handempty)—(clear x) (not (handempty))—(not (clear x))

(2) 9 Z EARBHAS R
(not (holding x))-\—>(on x y) (not (clear y)) -\—>(on x y)
(not (clear x)) —~\—(not (on x y)) (not (handempty)) —\—(not (on x y))
(not (holding x)) —\—(ontable x) (not (clear x)) —\—>(not (ontable x))
(not (handempty)) —\—>(not (ontable x)) (not (holding x)) —-\—(handempty)

(not (clear x)) —\—(not (handempty))

(3) 5 e ) =R ALK )
(on x y)>—(not (holding x)) (ontable x)——(not (holding x))
(not (on x y))—>—(holding x) (not (ontable x))——(holding x)
(on x y)—>—(above x y)

(4) 1 2% AR IR 0 R A
(0N X Z)(not (on x 2))A(above 2 yy—>—>(@bove x y)

(5) 3 Z<BEAS R )
(not (clear x)) —\—>(holding x) (not (handempty)) —\—(holding x)
(not (holding x)) —\-—>(above x y)
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