A 2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2013,24(7):1557-1570 [doi: 10.3724/SP.J.1001.2013.04289] http://www.jos.org.cn
O [E Rk Bt F AT 58 T RSB A7 Tel/Fax: +86-10-62562563

RS 2R 7AS B9 Conformant %175 3%
%”,MM%%“,E ¥

YEEMORZE IEURE SRR R K3 130012)
2SS AR TR OE R A (T MOR ), T K#E 130012)
TWAAEZ: BKEHPHE, E-mail: ouyd@jlu.edu.cn

# E: Conformant #LX| FIAEF AL A ARE TR AL L PR KRR S T @ E R ARE 6 Rtk

F AR B ALK R T ik, “é‘;’t BB BAE AR AR L Bk A A L BRETEATFHEREESKEY

Conformant #LX 7 % 3% 3+ 7 CFF-Lite L] & 4.2 L% B ey K id Az et morsgsmfe it 42 53 A T4 «fMa/z}
AFedd & B ARG AT E SR SR XAZE é’J 45 R, R féiu KA AEF M 2R VB NG BB B4 AR S A6 AT
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Abstract: Conformant planning is usually transformed into a search problem in the space of belief states. In this paper, a method which
can improve efficiency of planning by reducing the nondeterministic degree of belief states is proposed. An enforced hill-climbing
algorithm for reducing belief states is presented first. Then, the method of Conformant planning based on reducing belief states is
proposed. A planner named CFF-Lite implements this idea and is designed. The planner includes two phases of enforced hill-climbing
which are used to reduce belief states and search the goal respectively. Before the search phase, the initial belief state is reduced furthest
to an intermediate state which is much more deterministic. Next, the precision of heuristic information is improved and the heuristic
search phase is performed. Experimental results show that the CFF-Lite planner can decrease the difficulty of Conformant planning
problems by reducing belief states and with most of the test problems this method outperforms Conformant-FF in both planning efficiency
and planning quality.
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U JUAE SR, e 0 RIAIT 98 A A T K (0 S8, 70 SR A IR 5 SR AR R i B g m M Aohn 7
5 B R R G A B IF TN BB T 2 R SR AR 3k, 49 0 R 1 R R R O R B S s R
2 R 7 ATV [ Py AR 2B 5 R AR AT (B At A TS [ AR SR AR A g 1800 5 g g
AR i) 800 7 S 240 R (0 it T B st At ) %) 6 e i, BELAS T R4 i K)o S o o 1 B A 8 R )
(A b AN BRI I R R ) e S B SRR B RIS AT 0 BB S O gl Bh A R
ATV R, FA BV (R S s N P T . Conformant KR — AN 5 PRI, BE 5 BT 40 M 220 1 5 B A4 6T
TSI T SN AN 58 e B SRAE ) A IR AN 8 BB AR R AN 5 I AR U 4 fig 40T o T A 855 DI AT 4 00 00 i
DI HRIE R SR H R gt o £ T R 1 04 B VR R A B AR AR AT AT BE BRI G R BT IX — B AR R A1
fiE s 23k HARR &M,

Conformant FH kI il BE H 4 46 24 45 bR 2 25 )b (148 22 1n) 8L, 6 T A R 1K J3 k2K 55 s LA v S A 1k . 4%
R (1 T AN B AR R T FUR A TR s i I Al gt FUIR A 15 & R4S . Bonet 5 Geffner i 42 H
FEFAE AR M R BRI 7772, ch i AL R B R R 48 GPT w2 xRt 3 R A5 B0 IR A& S 28 T A7 T R 1)
TH R A, A5 75 28 B0 P R ™ 752 3] 1) S0 (1) PR 012 0k £ — R B R 7 95 8 % SR T BDDs 45 M %R 15 &Ik
A ) A — 1 R 46,{H BDDs 45 84 (RIS LA 52 2 h  45 B A 20 TRATI AR B A1 77 Kol 3R 4 1 SR At i
7718314 Hoffman 5 Brafman #% i1 1) Conformant Fast Forward il £ 4 (/i ¥k Conformant-FF)%H T 7 g ke =
15 IR LR J7 A5 S RS F R S VE AT )R F1 1K) CNF 28 3050 26 7% A7 i 2 1) 4 B B34 2 IR 25 1 1) i)
3% Conformant-FF Ji kIl 3 4 i 3775 3 44 1) ) U R MR R 4t Fast Forward (187 K FR)2E iz 1 A T FF R
Ze (R 1 SR LD B A BRI gt R ke RN T B B A BT R SR S AR O HE 2R A [ B BRI L 26 B R IS A
TS e,

#R1M,Conformant-FF R 40 7F — Sel 0 b A7 T Ly 002 b SRS v 4 AR M) 13 o, s i, 0 PR e A 2
REEE KR LSV Be AT BT N e & & Conformant-FF ¥R R4 ML e A — B R R e TS SR A A
Tt 58 {5 BT Ay B b K AR &R A& HEA T AN A B, AT 52 £ B L B2 5 5% R 45 O T B B VR 7 — 24 i)
AR R BT 01 DL A S SRS AN s M JC 1 T B, 5 30T WL S 4 4 0 VR OIS R B H btk A&,
ol e 0% J50 A 2 B I — R PR AR SR S B AR S R A AN Tk ORI g Y SR At dod R AL B N TR e e
3k 72, 233 FH T B AR B0IRAS AN 8 PE RIS R H FRRAS . E SE T IR A5 R0IRAS HEAT 405, ) P 3 s e Ll 0%
PR A5 SR AT 40 0 58 4 1 5 1 TH FUMR AR BN & M A 145 R AR 5 XA PR & I 4 1 5 B
Fr. FA 175 Conformant-FF #UKI R GE i 5EmE B SEIL 7% 7 v, 1 oF 7 s R0l CFF-Lite BRI R S, 5556 45 R W,
CFF-Lite UK 28 e 0 it PR SH 205 9ok A% &0 IR S (0 AN 5 Pk B A1 7 1) 0 D S Al ol 38, 70 K 22 0 il b SRR g 28 R sk
fif 5 f 55 Conformant-FF A1 He, 4845t 3 142 .

1 Conformant #1 %! B9+8 <&

A2 WU IR A A AN E 21 Conformant BEKI [l 81, 7o 8 sl AR 4 4% A RO 06 s VB RUR AN 2 PE )
AL PR Ty 0T DO I v A SRS R I % R AN i R AT R PR
1.1 Conformant#i % [a] &%

T X 111 Conformant #I i) B — A = JC41(AL,G), 2o A BT SR 88451 o CNF 243X, 7R 12 4)
SRR T TR L 411G O H bR &1

Conformant #i k1] il A $5 2 AT ] 2 AR 1t FUR S D WILRIRE TR BT —4 CNF 2K | 45 B RE T
T B A AT R — AL A U | R L AT RE WA RS ) 2' s BT T RE PO AR IR A 4 4 1
MU &R BI1E aeA Lh(pre(a),E(@)) T4 i pre(a) R " sl 1E a RIRTHE4& 15, E@) A BIME a BT 4134
BIES KM E ecE@) X K (con(e),add(e),del(e)), H: v con(e) b £ R e 1 & 4E 444 ,add(e) A1 del(e)
I3 ZATR e WIS IR R BR R R A A T B EE A s @ AT AT A, BT B 30 AE BRI I R — 1
FITHAT AR
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#rE FIR T4 REAIKE Conformant ALK 7 % 1559

EX 21 %tF Conformant LK) I(A1,G), Fk Act=(ay,....a) WEIEES A _ERSIERS I aeA,
ie{l,....n},i N ActeA™.

X 3L A IR S LLABIEIFS] Acte A gt Act fE A — M FURAS weS  EHETT AT, I FR 3) 1
JF 5 Act 7EA5 &R S R AT HAT.

Conformant J1J i) 5 10 i & — AN E IR 7 R A Bl $UAT (6 3 15 78 1), WAT 38 7T RE WIS IR S woe 2! THER
PATIX — SR 51, FBRES 9280 H F5 415 B T Conformant R RI 6 1 22 2 v i 3044 8 51, 24 s A AN o B AT
AT 2 TR0 A 14 88 (BN VE I 51 o e A 55 TR B AN 80 11 Sy 0 Rl g o 11 A A
1.2 BRESRKESRR

Conformant-FF #i I & Z8 7545 @R A 2 ) BT A7 10 38 22 SR 45 2 I RLRIAT 55 R T B XS SRR 7
L F—ASEF S Act Fl—A i P Wi AEAT = — Al BE IR 4R A EHATSWEIT 21 Act 2 Ja v il P & A5
—E AT, IR SRAR I AE P51 Act BT 215E FIA &R A A 56 L F:

TE X AT ¥ Conformant BE&I ) (A, 1L,G) 15 @0IRA S LUK BIKIZAS SOIRA BN 51 ActeA” 1 Sy
P AT R AT RE IR S woe2' HUAT Act J5 BT 13 1 FUIR A& B4R, 4l P& S 1 Known i & 41
Rl P AEMER T BEMAIUIRE woe2' LHUAT Act J5 TS TR EHSA L A P 2 S 1
Negatively Known fir 5.

FRRE S B Known i@l £ 7R &y A — SRR weS BERRAL, 2 S F o S B v i, id A
Known(S);Negatively Known iy 32 7R iZ i AE A — M SRS weS B#IANERAE, 2 S B e A R 1 A i, i 4
Negatively_Known(S). 7] Ji.,Known ¥ & 5 Negatively Known iy -5 %1 4R 25 1 AR 58 2L T6 ¢, o 18 B4 46
PR H R, AT ActJ5 Known(S) 5 Negatively _Known(S)4E & b 1l 76 A5 @0IRAS S b 1 I #8ff  Sh ZLAR0 R i
K F A8 PR PeKnown(S) H. PeNegatively_Known(S), 4 P {5 &k & S B Unknown iy 3.

ZE X 5L X} Conformant Bk A L(ALG) 5 &R A S LK BIIK %A% ARSI SR ¥ 31 Acte A”, I i
P AR RS R BRI MI AR S woe2' EHAT Act J5 T3 I FUIR A& B poT (AR IR VIHRAE wy e 2' 3T Act 5
Fr A FUIRES A AL, I 4 i P o2& S 1Y Unknown iy .

L Known fir @ F1 Negatively Known 7 A [, {5 &R A S ¥ Unknown i 8 55 B A& BB — AN I LR IR AT
G 0 AR W AR TR A (R AS 7], iy RBLAE 224 i B 220 B AT 56 o B0 AR 0T 8 A 1. R A & RS I A B B v R 3T
A X W A ELAE Y 8 715 &R S,12 24 Unknown(S).

P LA oy RBICME 09 8 SCRT A, E Conformant K i) B eb, iy AT A @R A R EL(E A4S True,False il
Unknown 3% 3 Ft, 23 5l %f % Known,Negatively Known F1 Unknown iy 5, 3 % iy 551 it BCAEL AT LA 1 6 2 o8 W) 46 15
RESFIZNVEFEFI CNF AR BEATHEPIAF B 3X 2 CNF A R (A WIERI LIRS A B, Act %A B E 9% 0
ORI R AR A BERTAE S 20 3, 20 2 D(AC) ZI i T ZEWT B 15 SRS EHAT B 1E T 41 Act 11978 L.

X 61 X} -F- Conformant HLKI ] B(A,1,G) 15 &R 2 S LK BIIA %45 &R A MK E 0 n 19EH1E T 41 Act,
BB P A5 ARA S B IK Known iy 24 H.AY 24 d(Act)=P(n), 2, P(n) R dir f8 P 7E4E n AN IR 35 (1 E0(A.

Conformant-FF Bl R 45 % FH 21 SAT (3R M 7 v 1 B4E R0R A& LI o A8 00 S04, oS0 At

o XFBIETHI Act LLRRE— AN P I FH— Ik SAT KA a4, J1 i 2 30 d(Act) A—P(n) i) ml s 2 o8, 24 0

45 AT 2 B, 3R B (Ac)=P(n) 2 T B I, IS A i P AR TS &R A B A 2L, & Known
i i

o [AIEE, I SAT KAF# N2 2 d(Act) AP(n) i ] 35 2 M 12847 ) € LB Negatively Known iy 8 G

PO HAS BT IR A R 4 Unknown iyl

th 1, Conformant-FF 2 ¢ K H 2 W14 RS A X G 3EF S CNF 2 30Kk B A 275 (5 SRS X T —
AN TE (RER 1) (AL G) AT 2 T RE IR 46 RS 1 th 2= BN VE P 41 Act=() B3k, BRIk, e x Act 44738 I CNF
AR O(AC) LA HAWILE &M A LI Bk SAT Pl FEH el 25 2000 4A 15 &0k A& L AITE Known iy

B, Negatively Known iy & A & Unknown iy @8, A 3C LA H Sy pric B SAT Jr vl 545 B AT 16 15 SR AS.
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2 EBETHBIEIRTSH Conformant X E %

R )R kX IB R ik A% Conformant 1K m) BT, J3 & A5 B T 226 Y A5 S R A& AT VRO X 2 5 Tl
eI SRS S B A F ARS8 T RUE R 0 B R B R R RI TR ER S R SRES
)T AN 8 A R, LA AR BT 453 A B3 T 24 w0 BT ] R T SR A4S . Conformant-FF 31k 2R 8% i)
PR JBCRA B S J A SR E JB0RA B R B HR 40 in X T Unkinown iy L2 . B T+ Unknown iy 8] DL 75 5 Rl B
AR, I AH i g BB A B, R G, B T #E Unknown i 80 (9 3 FE 4 T ARARIN )25 2 18] Unknown iy 8 (¥ 2 25 2
A PAT BN PERT, BT — 2 B RE—A Unknown i 83T I BLAELKE 52 0 R — 2 15548 Unknown i 8 B IUE. 3 1%
TR TR KRN TR, ] IR 0 Unknown i /P 28 75 56 28 AR 41 X 26 24 o 56 22 4 S W &8 Unknown iy Ra i AT 20 4
B4 72 2 Knowvin 16 838 B2 ETBOR F K2 gk st ] F [0 T80+ 0 R0) Pl 5 40 7 3 406 26 35 50 8 %7 H A 19 5 B0, 75 21011
TR R A8t B T 1 R B2 B /R Unknown i 82 S5 3028 & 08 RN B AE.

tRZ Conformant KK i) #4598 2 ok F5 b (5 SRS IR A AT BRI AT 8 T, 8 &5 B E 2R FE &R
A A E 5, K W B ARt Unknown il b4 @ 285 8 R 45 1. Conformant-FF 75 4k #
Unknown iy 2 18] [ 2 R RINAE T 3k — 25 IRIEA b B8, 24— AN ShAE IR 4 35 R P75 24 Unknown [H)k 4=
SR, AT E I — A Unknown 4% £, 4 AN X AN 45 44 i B S SEA I BCR 2 IR 28 75 6 &R ZAeg SE R 1)
Unknown 4k 4. bk, J8 2 QPP il Jed AR A9 31 T Tk AHR B SO BRI B i e B i s B S 2 IS B B R B R
5 B CEAERAN U S 50T = 0] RE At SRS S B AR Z AR b (AN o) 52 10 ) R A5 R RS Bh 3l 15 K
S SR AR RS LRI AR I, L2 1T BE T S0 R € L A R H AR RS2 FR 1L 7E1R 22 Conformant #iKI 1)
oA ROTR A AN R P SR AR HE 25 A IR B R AR B AN IS B S RIAT B R A R R R R AR
iff 2 T AT B BT i 8 110 SR AR i B v R AR R Al
2.1 FEERRSAEERLE X

AR 1 TSRS B R R 7 i, Hod Unknown i 88 200 1 45 20 DR 2 I ASH E 7E. 24 Unknown
A AL H 2 B A SR A AN e PR, T AR AT AR 1 SRS S H B2 Unknown i AN B8 D B T AR
F AT B SRS EL H /D24 Unknown iy S5 H 2 0 I, BT O A (AR — AN 2 1 AR, 15 IR A 53 1)
THFUR A0 R I, 1R % Conformant #K i) 75E Hh (145 &0 DR 25 1T LU I AT BRI 2 7 ek 2> 15 & tRA& H Unknown
i B, Unknown iy %% H PG IR, Known 55 Negatively Known iy 854S 5084 b 45 00k 2 v i 5 5 B R 0 28 K,
AN A R B4 Known i BLEL 5 BT H bR 4% A I8, 49 2203 TR i 2h Bk H FRIRE.

R 5 498 80T 1Ly 55925 010 o 205 e A R 1 R R P 498 8 T o e P 4 ek 1 o A 2 RS B D 45, I T 1 0 48 4 A
R E X

EX 7. M TAEERA S BLA Unknown(S), Bk num_U(S)=|Unknown(S)| 15 &R 7 S Y Unknown fir 1%L

EX 8. K TERRE S LA S ErfHATHIBIE TS Act, W RAE S EHAT Act J5 TS &R S E &
fF:num_U(S")<num_U(S), WIFRENVE T 51 Act 49 T 15 &IRE S.

B &R S 1% Unknown fir 845 H 19 FE i num_U(S)1E A PP B8 55 MW AA 15 SRS TF IR IC 1L i fE
R EAIE SR IR AL AE SRS 0 R o 2058 B AR & B 0, 78 55— OB B oo B bR 4
A R T, 2 70 B 5T L R 48 R 31 Unknown i @40 H TE /N RGO IRAS I, 0BT A i (5 SRS R R sl T
JTA Hbr 4 SR 4 v FR 46 24 A 2A 3 — H ARR A B Unknown i 88 3 G723k — 5 49, 4 L VE 1A —
AT Gk 1) RRES 3K R Inter_S.

ENX 9. X TE &IRE S, W BATELEATATENVE 51 Acte A A5 H0AT Act 5 T 1345 IR A S'IE num_U(S')<
num_U(S), FRAE SOIRFES S /AN 1T 4ii sk 1.

IR RSB SR IRCA TP IFPIR A Inter_S B3 55 € 1) 1L 72 4 F i

E3% 1. Ehc_to_Inter_S().

1. WIS BAPIGHE&RE S, W num_U(S);
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o F R T IRIEAIKA 4 Conformant A% 7 % 1561

2. REPITLE 2.1~05% 2.5 H F num_U(S)=0:
2.1 DA S MG s AT 98 BEL 5G4 28, T4 A2 num_U(S")<num_U(S) 15 &R 7% S
2.2, WURAAFAEW A AT BE SR, W 2D IR 3,
2.3, BN S E SIRE S 18K S A9y S HIEIEFF AR INE] Act 2 J;
2.4, HUBTUETAE SR, A S=S
2.5. %7 H#5r4 GeKnown(S),Found_plan=True, %% s 8% 3;
3. % Inter_S=S,i&[0].
S 1 g T A SR U SR A BB SR 1L B30, AR AR RS TT A6 30T, A ] Found_plan c S 7E 4 Jk
5 ORI G SR LS R R R DR BRI 4 R B3k H bRIR A 38 20 B 45 0, A TR AR SR AT 4l A= 2R TS
PR 2 W A5 RS S A BIRATAT B ARSI N S THR AT B LA 5 48 R, - 43 /2 num_U(S")<num_U(S)
S ERAS S A1 O RE o 4R Bl 2 4% A I AR IR AS I 2 W] 24 AR SR A To vk — 25 4 ok, 15 U, 14 5 1€ 1Ly
B 1A Unknown i@ 1K 5 H TN 5 &R S B A 3 2 R b NS 20IRE S BIE STk A% 2
AT 0B X B 73 A% L K BT AT )4 8 0 0 2 10 T SR AT A B AE P 51 2 AR 1 i T 1Ly S0k S AR, BT A A
ORES SN S BRIk AR R (4 R AR R MG SRS ST 4G FOB Y & Unknown i U H BE/NRAE OIRE.
ST X A, T 0 SR Ll R S H bR A EUEE S AN AT DR ZAS Inter S, AR I 494 20K
A5 P 1 90 € 1y I P 8 SR i R B AT A T R BR A T 8 4 252 SR A R 55 3l i 2 T 4 95 RS
Conformant X 75 v A AR S0 1 45 H Y Ehc_to_Inter_S()J/& MRS H T 408 &R & 10 1 1L 72, B
FFN¥) Found_plan F1 Act Z5Ehr 1R 2 M A4S J5 SR AR A2 b 32 0 1 45 R 248 & TR 8 BB A 26 2.2 R4
T T A R TR AR T B ) R R S 1 G SRS I AR
1 1:Block SR Kl 1) Ak 1) — 2R 4 R G 1K H A3 B A HREFI BB i i 80, 38 p 45 L 0 el T sl A
. (move-b-to-b ?bm ?bf ?bt): pre: (clear ?bm), (clear ?bt), (on ?bm ?bf);
el: con: &; add: (on ?bm ?bt), (clear ?bf); del: (clear ?bt), (on ?bm ?bf);

. (move-b-to-t ?bm ?bf): pre: &;
el: con: (on ?bm ?bf); add: (on-table ?bm), (clear ?bf); del: (on ?bm ?bf);
. (move-t-to-b ?bm ?bt): pre: (clear ?bm), (clear ?bt), (on-table ?bm);

el: con: J; add: (on ?bm ?bt); del: (clear ?bt), (on-table ?bm).

B S E A5 — AN S AR B0R o B/ (move-b-to-b 2bm 2bf ?bt)ZFR ¥ AUA B 2bm MAUA B 2bf 175 2]
FARY2bt |, (move-b-to-t 2bm 2bf) K 7R HGE AR L 20m MR LL20f 5% 2 5 T |, (move-t-to-b ?bm ?bt) 3 7~ K 1
APerbm MR BB RIBIAR Dt E.

145 A IR S 9] 45 B1,B2,B3 JX 3 AU — > 15 - Table, H A4 [) A1 A& 4

o WIIRARE &

I={(on-table B2),(on-table B3),(clear B1),(on B1 B2)v(on B1 B3),—(on B1 B2)v—(on B1 B3),
(on B1 B2)v(clear B2),—(on B1 B2)v—(clear B2),(on B1 B3)v(clear B3),—(on B1 B3)v—(clear B3)}.
o HirsA:G={(on B3 B2),(on B2 B1),(on-table B1)}.

B3
- - - | B3 |
1BLi  'BLi B2
B2 B3 Bl
Table Table
YA AR H bR

Fig.1 A planning problem from the Block domain
Bl 1 Block ALK i) &
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P B WIARARAS B A BUR DR Z50 A2 F 55 A8, 45 T A0 BRI 0 R BT 1) 5 DL RN e AR B 2 AT 24
R FR, H 1, B2 Fil B3 I B 2 4 o€ 1B Al G4 T B2 8¢ B3 |, Jf HA R P& e — AN oL nf BUE ik
B HYBIAA AL ], s A b 3 AR v 1 SE B B AL B A g 40 B BB T L AR5 TFEEAT B2 A1 B3 [W#
B NGB 1R AR 1 ARSI R R T AME SRS R T Known @5 Unknown iy &, I 42
A B P 8L 4 Negatively Known iy 8, 1T Negatively Known(S)# H it £, iX HLANF —— 51 24,

L SAT I J7 X I ah 2 A1 2n s Hh 20RO R BEAT 2 73 BIHI 465 RS

Si:Known(S,)={(on-table B2),(on-table B3),(clear B1)};
Unknown(S;)={(on B1 B2),(on B1 B3),(clear B2),(clear B3)}.

Sk 1 HSerE Unknown fir B AN S5 20 num_U(S)=4. WBIAA TS BRI G 0T 38 418 L 3 72, 400 46 1
Act=(). H15E 3C 3 A AL AE &R S Bl /AT S 0 BT AT B s B 5 T Known(S) ISR, 3™ REHT 46 15 & IR A I )
PAT 3 1E 4 (move-b-to-t B1 B2)F1(move-b-to-t B1 B3).{f 15 514 46 PFAd #1417 (move-b-to-t B1 B2) )55 2 AR 72 S,
T HT SAT K fig a5 v AN EROCR S BUPIRSH R B B3E SRE Sh

S":Known(S")={(on-table B2),(on-table B3),(clear B1),(clear B2)};
Unknown(S")={(on B1 B3),(clear B3),(on-table B1)}.

PATIXAFER BL A7 T B2 _ERA5 ML HERR num_U(S")=3,Unknown iy {4k A% L IN B 7 2 AN(E B2
A REAL T B3 Bl 1 L. B A5, (move-b-to-t B1 B2)ah 4k T W46 15 SR K FLB I 2 Act 2 )5 N4 5
AR &R S HF 4R H X — 1 A2, $2 U 3 /5 (move-b-to-t B1 B3),HEkk BL 7T B2 _LIH5 ol it — (5 &R &
i) Unknown iy U B 2 0.0 IR, 753 B AN W] 4 3k F HH TRDIRZS Inter_S.

Inter_S:Known(Inter_S)={(on-table B1),(clear B1),(on-table B2),(clear B2),(on-table B3),(clear B3)};
Unknown(Inter_S)=&.

FEPIEARAS Inter_S _L,B1,B2,B3 A FAL T4 1~ L, X & — M i (A FOIRAS, 4 yak ok T2 45 210 7T 1 i 3h 1
J¥51:

Act=((move-b-to-t B1 B2),(move-b-to-t B1 B3)).

AR RS A8 SR L STE 7E 0 MU T B A5 RS R T ik A3, B i R AR A1) RERS BRI
MHAE @RAS B Unknown i @E AN 75 TG AR SR 19 7155 2) G SR Lo R b SR F O AR R SR
DRI K, BE 08 PR UL 45 P A5 S RAS B 2 i 5 S0 IR A I 3) i Bh T SAT SRAMRE 1=y Rk, REAS PRk 45 H
B A AR SRS I BIE I 514) W RAEDT A5 SRS KL RE Tt 4 208 HAR B AL 1 REW B34 i
KA, T 2 Ok SR R A o A, AT b T o S
2.2 CFF-LiteMlXI R4t

AILAE Conformant-FF ¥R R G AESE 2 b2 IR T 5 T4 ek A5 IR & Conformant R %I 77 3%, % v T AH B
1) CFF-Lite B R S8, IEA L5 W B 2 o X455 1) Conformant AR (] /81, & 56 04T 565 2.1 17 45 1) 48 i e
W R X WA AR IR AS S BEAT 4 ik, AR 35 Found_plan Az PR ) Wr 4 st B2 2 15 208 T B bR Mgt FE s
SE TSR RIAE 5 1 SR AR INE, 73 30 [ADIR ZS Inter_ S, A4 Unknown iy SEECHI B Inter S AN 5E FRFEBE, SR AN [) B9 K
RIS R PR A Inter S T 52 (O T FOIR A IRH(ED num_U(Inter_S)=0 J37), 380 4% (3 RI A 45 5578 hy 22 L )
25, LA Inter_S A AJARIRAS, I8 T & MO R T7 vk EAT SR (A SCIE ) PR LRI R 40); 24 P ADIRES Inter_S (5 &R

A A I RIAT 45105 Conformant FRIATE4%,LL Inter S AHIEA1E &0IRZ, I Conformant_FF ¥k &4t
K AE

TR ARG H T A SR A 1) Conformant B K 25 1 K A i A%
&% 2. CFF-Lite(A,1,G).

i A\ :Conformant i %Il 4] & (A,1,G);

i LRI Act.

4> J5) 7% &::Found_plan,Act,Inter_S.
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WIEh Ak 4 )57 B :Found_plan=False;Act=();Inter_S & %,
S WA SAT SRS THH WA &RE Si;
G f5 R AT I SR IC L F2 Ehc_to_Inter_S();
#+ Found_plan=True, U T\ 33k H #R IR 2, 5002 45 0 St LRI Act;
¥ Found_plan=False, 75 2|3 4 4% 1] {5 (A, Inter_S,G), I a k7S Inter S F1 27567 Unknown
iR
5.1. 24 num_U(Inter_S)=0 i, 8 F FF LRI &R G0 SR i ) 4 MRIMT 45 (A, Inter_S,G);
5.2. 34 num_U(Inter_S)=0 I, T Conformant_FF }i %1l 2 45 sk fift ) 4% 3 R 45 (A, Inter_S,G);
6. % Found_plan=True,i& [F ML Rl fi# Act; 75 M, J MR H
Bk 2 (% Nl Conformant 1K 1m) (A, 1,G), i Hh S R Act, 75 2248 FH 1442 Jm 28 5860 368 1Al 00 ) i
ISR R 51 Act. 4 HT 74 15 oK A I 5 T 1A AR A Inter_S FHC 7% & 75 TRk #1125 & Found_plan. & 255142 &)
A TR AL, I T BRI AR S, UMESRII LA Unknown #8150 T 4 085 RS I il 72
WHIAT Ehc_to_Inter_S()J5 Found_plan b B, 45y F2 BT SR 43 (K 3 1 /77 51 Act BRI R A % (¥ MR AR, S vk j oy &5
WA N Inter_S FHMHTHAEE 51 Act TT 4R 4k 2 3K il T K A3 LRI VEIB INTE Act 2 )5 4 i 46 (R A R .

WIGAE SRE S

a k~ e

i

[#417 Enc_to_Inter_SO ik vl 1 15 ik ]

Inter_S

T Inter_S

o

i FF sk i@

| #)il Conformant-FF k% |

Fig.2 The basic framework of the CFF-Lite planner
Kl 2 CFF-Lite IR R G WHA L

X B 14 R ) L 1 3 D SR 2 SRR I EOD BT E 2.1 R GRS SRS I R A 15 i

e K AR ] PR R 2R G045 B e R AR 4y
Act=((move-b-to-t B1 B2),(move-b-to-t B1 B3),(move-t-to-b B2 B1),(move-t-to-b B3 B2)).

14K, Conformant-FF #8158 49 R It 046 28 13X A TP aDRES  Inter _S, W5 35 1 F ZE X TR T4 FH I A
RAT DA 500 2 F AN 52 A5 S Ak e B b S R L R, 2 1 Unknown ir 80k 513 € 1Ll 7%, 2R ) 11526 58
B H bR ZAR I SEIL; I Conformant-FF SR N4 B3 U S 0T 46 17 S0 IRES 1 78 R A0 18 AR 4 24N U5 RIS W R
RAAGAE R S T bk B ) B vk 20 1) SR A I R R 48 2R 2R ) 1 A T FOIRES TH B R R U,
Conformant-FF 58 sk A AF: 25 T ZA L 4 YR R A VPATERE, H P AP O3 @oIRES TR R Uk A

PR AR 28 SR ik R BT L, 145 5E 1 Conformant JXIAT 45, CFF-Lite MR REAH IR H bR
25, T2 5 R R AGAT SRS AN E 1, T AT B ARS8 R i, PR A B 51 2 R R A5 &
ARZS AN 8 PEBERAIG S B AR I P AT JEL 1R B T A 45 8 R A JE Al S5 I s B ) AR A 42 v, o
G R ARG T A D 22t )R S A A1K Ay 5 08 1)t SR AR I, 380 4 45 2% 4 I o A7 PR BR A 1 088 o 1 5 )
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FORAE AU R TR V15 A e BEdE AT A A8 40, 3R 2R RE AN 5 AR AT AN 5 A 55 24 7 TRDR S 75 0 15 1R
AR T AT 55 IR A 1) 1 o0 3 B8 A5 R B AR AR R A m J7 & KPP At A2 - Unknown iy f_E
205 R AR I BCRA P AR, 982D 16k Unknown iyl 2 18] 29 SRR 28 FROHEBE. BRI, J3 £ S A3 B 3 4 1 22 ok B
AR Known i i 4r, EW S HER L 5] S8 2T R

B3
‘Bl 1BL! B2
=] [=] ] [=] [=] o
Table Table Table
YIURTE SRS AR Inter_S H 5 %A

Fig.3 The main steps of Alrorithm 2
B3 Sk 2 10 SRR D IR

KA R A B, R R R AR B 5 48 %R I Rt T HRoPR 25 25 1) 4 B B AR 1) 8 (190 A7 2SR s (ELAF
MRZ LR, V58 & 35 B2 LR RE I (V5 A2 DR 0t 5 R SRV A B SR 5 MR B LR s i) T 48 R I 344
3 #e .Conformant-FF LRI R ZER FH T 25 T80 R 1 J8 e s ok SEVRR v SR 80ka BRI e 1) ok AR 0 4 B %, 75
BT 3 2 FE WU RS B AN ff 5 P 0T B BORCRA B K1) A8E 1 5% . S A B A5 2R T 8 22 145 B AR B SE B0 4
FAE A H R SAT SRAR ARSI MUK I8 2 AN e 4% ARAIE Jet & A A HERR ME, O F HLE R I 0 SAT
S b R T R 2 i G T T ) 4 AT I RO, R BRI RT LAEE A R 2-CNF HEFE ) 8, TR BRIAT:
55 W 4% oy SR A T O A% P A B R AR O T R 22 TR ) 1) (LA R B K S 2k Conformant-FF - SE B 1P Al i
FRLEVH AR 5 05 R 2 I AT o RIS R A5 B R FE A T Rk W 2 0] A SR 4 A5 RS T vk
1) H 15k e A Conformant-FF 3 DU L A v 58 & QA (5 1 1) 80, 10 R K A 3ok 2 56 % Conformant 7] /&
HEAT T4k R 5 G AN 52 15 R B R VHA I FR 18 52 . CFF-Lite 1928 1 WRIC L i 75 3% i AR AR @IS 1
5, 0T LK Unknown iy SR 02 51 T8 R I R 09 8 R A5 2. BLAR Unknown iy 2 [RIA7AE 200 3R AN g B Al
AT A A BOR T T A5 2R TP T A RS MH Unknown it BB AR BE A & BB J 35 20 S Z IR AHA =2
FREE 0 LLHR, 3 A5 S I AT A5 P2 6 v A DA A RS i 0 SR A 31 7 e I T ORI 4 58 2 R I R
TEHEAT FF A AN ME, FF R G4 H B RO B0 K A S U B e A0 1 i3 i 2, ELRE A 7 22 11 2 INF [R] P SRAigé. e wbb vT A,
Lj Conformant-FF #H Lk, CFF-Lite [¥1 P35 43 € 1L FR 4R A 7 Al 32 58 v B vk 85 52 2% B BE AR K B R R 3 I b,
PR R VLI 53 nT DUE T 8 2% 72 ) 1K RS R P et 6 T S IR T XA ) e I, o R TR 3 B sl 1 RE 8 AT A%
Mg 85 48 2% = 1)L (T Unknown iy A5 AT L 23K B, CFF-Lite 55 1 M€ 1L f) o 5 b o 2 1 i T 38 2 2 ),
GRS RS D FRAE Y TR A B WA AT A ] P PRAE BY SR, 75 2 A BT v AT B = AR I S kR A 4 4

LRI AR @R A 1 AT AT 2l 4 vl 8 40 35 b 21 Unknown i (1) 6 AR B0CR 3 AR SO IRAS I IX — 2R 4 R AR
JITAE BB AE 43 32 RE b8 35 B T€ 1L S0 PR GE SR AT Unknown i (8UEICSE 2D (¥ )5 4K, 24 00 IR A5 2R3 00 85 IO AN Af £ 6L
B2 I A a5 RS R C L R 75 B 2R 22 OB AXA RERE 58 40 BR A5 IR &S 9 Unknown iy 550, 5L, 946 4
AR Unknown im il £y Hy 17 € il i R 35 AR A ARy L B R 28 725 1) (1 RS NS 45 2 2003 10 3 i 5 L A4 5 1)
FRR 1R 3 DIAR 5%, e v b AU [T TR & A B A SR R % 245 ) s 4 4% 3 2 ) 3t AT T AR R K 9 A
HHOKE SR R T L

3 RBERSHN

AL Conformant-FF BRI RS0 A JE ik, SEI0 T 26 T 40 98 f5 2 IR &1 Conformant MR R4t CFF-Lite, X
B A AR 2 1 [ B 38 ] Conformant 8 %1)3: Cube, Ring,Bomb A1 Coins #E47 M4t 3 T M K Ak 20 2 R0 1) o 42 74
A~J5 H % Conformant-FF il CFF-Lite MK R 4. 76 LA 436 b, T 3R SR AR 1) 5 B 1) (CBRAS 2 8D); S O SR A ok R T
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Ui 10 R R A5 20, CRR-Lite 15 i (PR A AR 4 o5 &R A& AR TP A Unknown iy 815 SRS LR 1 758
RS K AR 1R 3ok R P 5 R A A RR S, Conformant-FF 7 i PR S 2 sk ARl R v 9T A7 64T I % ST Al 1)
ARZSL RS R 0 B B FH T VA R R ARE 1) J0 = 3 7 SR AR 2 G (B ] B 7 24 1 800s). 552 6 P ) AL 45 T 5
T #:4F %45 Ubuntu 8.0, 40 ¥ #% 1.90GHz, 1 17 1.0GB.

Conformant-FF % 2 48 P B T 3 FlOAS[H (3 & BRI b\ h™C RiT h A 3 58 78 T 6] 2825 &1 10 4 10
SyDSEN R AU SRS A SR 265 IR RO B R 55 h' 2840 (E HE B I A7 SR i AR A o R Z AR 28
5 Z;h PAOF FH 48 U ) 047 R A A AR A B RO HE B 2 305 00 T b 5 0™ S8 75 ) SR gt 2805 15 R i B
A, R A 30 CFF-Lite #2455 Conformant-FF #1%1 2 55 5% 1 J8 5 B %% h' A1 h PAOIS (1) 30 45
HEAT L.

3.1 Cubei

Cube & —AN2 JL ) Conformant BRI, 1A — AN KR n 18 =4 37 J5 PR HIEEIRAS I, 3 B A T e T3 07
AT R — M B R — AR FR S B ELFE ) FOR ) AN R AR, T T O 2 i A (R AR ARt 07
i i) 43 A Cube-center FT Cube-corner, 73 7 7 H Am R A [ AR FR A7 T- 32 J5 A4 v 0o R SL 5 AR IR — AN R 7.

SoF R R n (RS2 R, I AE I X Bl Y S Z BhARARIG AT L, n} AT S AR AR AT n
ANETBE IR ECAEL, DT I, W 4645 A8 IR 2 rh 5T A AR A Bl B Y i /A A Unknown i L, AN 3n. S5 R IR
CFF-Lite 3R fif b 38 inl LI, 1 56 Fe 2 HAT 10 BB 0] T B4R B 25 A A bl _E mT B M 19 /S H08 T B AIR O n-1,
n=2,....2, L8001 7E X Bl b R HAT n—1 km B3R, X Bl E R ARARELRE A E D 0 i SEARAT n—1 X1 R 4R, Xl
AR AR R G S 0.3 X RE A 48 0 B CFF-Lite 75 213775 A3 2 b — /M 5 B4 A TADIR 24, 8 i 751 75 34 ]
{k.CFF-Lite SKf#% Cube 38l K il B (14 O 342 A v 5 20 IR A BT 1L 72, BT — IRBIE B 7] §E7F 51 Unknown
i A /D BAE SOIRES BB 08 TR I e 8 P AN S R, R RE EE AT 3(n—1) AN A R RT Y BR BT Unknown i .
L5 Conformant-FF ¥ &Il & Zi#H Lk, CFF-Lite %A XA 5 SR IAT B R VG A TFEFH B REERRES
AL R S R PR R RT3 3R 38 R 25 ) b 1 76 28 #0021 5 1 1 R, 3 R U A (i 16 oF 3 o
/N HER R

1 I AFRFLR) Cube-center Wk ) B 1k 45 4, Cube-center-n 7R 1K 0 n 137 J7 44 ) L% bb 3R
1 H IR 45 SR T %N, Conformant-FF 22 284 T+ Cube-center 7] 18 () Sk fif BE 1R 25 46 R 1 h' i & b B, HBE %
TIOR8 /N (1 i) R S By SRR A, ) SRR 189 o ), 48 2R 2 TR I R I 8 R AR B E TR B 5| S8 R R N e AE R e
I 1] A SRR 7 A R % R BT SR AR AR AT DY LS B 5 D) SRS (0 398 O, SR AR R WD T B, R A U
(SR B R BVRAF 5 AR M RIS R U7 RS E H i 2 55 2R A3 00K 2t T i 45 22 .CFF-Lite S 1) SR fit
fie 71 W] 248 T Conformant-FF, i1 1 H A5 4 £ 45 1152 — AN 58 #E10 tH FOIRES IRtk CRF-Lite B 46 X W1 UA 15 oIk 3
HEAT 4595, 75 200 2 16 v RS 5 P %5 18 H A 4% A 10 S B, 35 2R g 1) B B A, 9T U7 ) RS 9 0 H 488 205 DA T 3%
2 b7, CFF-Lite 2R 48 I SR AR AL 28 AN 52 [n] RIUA AR P B 1], 463 24 fi 0% DR S HB R At s AR &2 1 CFF-Lite &
G5 SKAS I LRI K BE 3z 38 /N T+ Conformant-FF 2 45, AN S AT TU ARSI, R ot B o v

Table 1  The results of Cube-center problems from the Cube domain
#& 1 Cube 3 Cube-center i 546 45 H

CFF-Lite CFF h®A) CFFH

Problem T/S/L T/S/L T/SIL
Cube-center-3 0.00/17/9 0.03/61/9 0.02/93/15
Cube-center-5 0.02/32/18 0.40/262/30 13.50/2211/45
Cube-center-7 0.07/47/27 5.49/825/55 —
Cube-center-9 0.17/62/36 77.13/2052/97 -
Cube-center-11 0.40/77/45 1104.74/4913/147 -
Cube-center-13 0.93/92/54 - —
Cube-center-15 1.41/107/63 - —

2 2y Cube-corner Jr 5 _ 1) 45 5. M 2% v 3% &5 SR 7T %0, Conformant-FF 2 45571 h' J8 k8 B i sk
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AT PR I S o K, SR At B A, R B . CFF-Lite JR 40 R #5910 LI A% K J¥ 5 Conformant-FF R4t
K e R R ORI AR — AT h PO R o A T A AR TR 1 1 S L AR i 9 PR
A% IS A R R B AT B0 2y 32, ALk CRF-Lite SR i ek R U7 1n) IR 2 e H 5 2, (HL I T 2% 3 400 8% 3 0 1
Conformant-FF Z4¢.1X & 111 T+ CFF-Lite {5l T M AU SAT sRIEHOAR 58 R &5 8 1O vE 5 0F B 5 RS
I BE % LRI Unknown i a0, B 44 L PP AG 5 2RRE 10 v 54 5D

Table 2 The results of Cube-corner problems from the Cube domain
% 2 Cube 34 Cube-corner ji] i Sz 45 5

CFF-Lite CFF h?A) CFF h'
Problems T/SIL T/SIL T/SIL

Cube-corner-3 0.00/14/6 0.01/717 0.01/6/6
Cube-corner-5 0.02/26/12 0.07/13/13 0.03/12/12
Cube-corner-7 0.06/38/18 0.24/19/19 0.12/18/18
Cube-corner-9 0.18/50/24 1.16/25/25 0.35/24/24
Cube-corner-11 0.46/62/30 2.65/31/31 0.79/30/30
Cube-corner-13 0.94/74/36 6.60/37/37 1.45/36/36
Cube-corner-15 1.56/86/42 16.19/43/43 2.10/42/42

3.2 RingE
Ring 3472 — N JLI¥ Conformant Rk, n A% 38 1) 55 [0 44 B — AR, 04T Move BIETEARSE 3 (R 2
Bk M B Bl A B B AT — AN AT R BRI 3 FioIRES, nl LUl i Close F1 Lock #4E2K 24
AR P RPIRES AR AR I AEA o] S I AE R A6 RS I B BRAR W BEAL T o AN G TR (RAR B — AN A s 8] A
FRPR A SR A 1, AT Be AL T 3 FioRaS AT — i B AR S - R A5 R & P 7t B3 3 i T
Ring 355 A AS R0 1) A0 (9 003K 45 2R Ring-n s E n AN D ) IR R0 K) i)
Table 3 The results of the Ring domain——1
# 3 Ring B4 RL——o1

Problem CFF-Lite CFFh™®  CFFh'
T/SIL T/SIL T/SIL
Ring-2 0.00/19/6 0.01/22/12  0.01/18/7

Ring-3 0.18/204/10 0.14/41/18  0.13/36/15
Ring-4 2.62/1490/14 - -
Ring-5  69.09/10842/18 — —

H TR0 57 M5 AS D 8] 1A T DR A I AN A 1, RIAE A% 5 21 KR 48 14 3 [, A5 88 T ik ik — 20 i 5 P AL 1
R AN AN T IR DR, TR A 7 PR 28 B A DX ) 25 IR A 0 28 R 5 2 i (KD AN e 1 552 s b i
R 55 (0 H AR AL A5 T P E0OA BB (IR A SRR I AN T A A 2 A AR L AR L T A 1 R A
it L 7 0 A 18] 6 REAS B 20 0 AT R B AR A B sl AR RIAT SEEL H AR

MG 3 4 B A 45 SR i) UL, Conformant-FF 28 48 0 AN F SR AR Ring 8 L (¥ R i 8, 5K A X S5 il L, 1
FRARAT 1 508 TC 1Lk P30 5 2 SR, AR D SR P o e D S 1 2R (10 5 At IR RS Do 1) i /0 8 i AL ke SR A
I HAESI A SR AN, D3 1050 H B0 JR A A EGVE IERf L5 S48 R R, RGEk R T SR RE ), BVEAE A 3
IS T Y SRAG R % . Conformant-FF JI€ Ly 2R W ) = 22 Ji XL IR R A R AN RE 2 Fh 1) 858 1 e Ik 49 A4, TGk 42 1 T A £
TR ZRTT i) € Ll o R 2 06500 F DX A A A e 2 S48 2R 2 1), 3 SR L

CFF-Lite [ 4 3 77 7 & 4 Wi 2 1 6 {5 20IRAS | Unknown i 8 (1 04, 76 04T 55 2 5 b 309 1 45 HE IR 4k
bR I, 0 SRR EE A AT A T K U [ BT AT 5 8D 9 R REAS B AT R B AR A9 B S IR A B
Unknown iyl £ 0 23 47 I i 2D A4 AN 7 22 20 b TG AE " (KPR 2 5 0 [7)— 7 T A R — el xR A 2 7 48
AT BB AR BIAT B 7 K98 2 bR 26 PR MBI  IRPIR R U I, BUAR A REAR T AR 1) 7 B TS AN 0 1 2
RATCIE L — 2L Aok, (B4 15 2R B Known i il C 22 SKBL T A H A 2 fF. 15 Conformant-FF 1154
e AN AR 1L R AH B CRF-Lite A1) ] Unknown iy il AN 3082 5 A5 @R 28, AN 7 ZEBUAM (K 7 55, RES 72 R 1K) IS TR Y
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U7 i) KB AR A AR 3 I SE 0 45 SR 75 CFF-Lite 48R fif 80 BE o, 9 BRI A% 09 5 &= 56 47 th 1 Ring 38010 R ik
45, Conformant-FF 2 4548 2 i F2 v 3 52 45 AR U AR B9 B 77 PR AR e 1k B 1) 3 22 PR 38 U LA
TR A I B, SR A A% R R e B B v 0 L 45 SR LFR 4, Conformant-FF R SE KSR i3 R BRI T CFF-Lite R4,
Xof 55 A 0] ) i o SR ARURR R R AR 2 B R BB R BRI 1 S SR, S EUR RIS TP RS IR 2 IR
BAE; 1M CFF-Lite 5 4845 2 A i DL g sk Hi 0T 2 B8 v F 30 R A
Table 4 The results of the Ring domain——2
Fz 4 Ring Wi ——2

Problem CFF-Lite CFF h'-R
T/SIL T/SIL
Ring-2 0.00/19/6 0.00/18/7
Ring-3 0.18/204/10 0.04/50/20
Ring-4 2.62/1490/14 0.29/88/39
Ring-5 69.09/10842/18 1.79/139/64

3.3 Bombig

Bomb 3E — AN A A AL Conformant KRk, 15 Hh 49 7 G045 A S0R BT, 4 58093 D0 IR ok 1%
BRI FT 73 A9 BH S AR 250 A BE ZE RS S0 il By ()RS AT L i Dunk 241 Flush 35 4 0 BASE 5. A [=] 30
T T R SRl i ) 80 H A 7], Bomb-b-t SR KSR H 24 b, 8 H St R e R, S 0 ) RE A 4R
ARAS I AT Ve S50 AR AR A S AN 1, H AR 2% A1 A O A 0 38 A T g ok iR A SR A% Bomb S8 Rl i 85 ) ik A S
R 3 AT B A A R R AN S A, 22 I BN I 7 R AT AT Dunk Bl 4E R Flush 2 1 Sk b 38 i A7 Y L.
5 24 Bomb 3 b AN [ 0K Ta) 2 (a4 L.

Table 5 The results of the Bomb domain
%5 Bomb LKLY

Woblems CFF-Lite CFF h®A) CFF h'
T/SIL T/SIL T/SIL
Bomb-5-1 0.00/11/9 0.00/19/9 0.01/19/9
Bomb-10-1 0.01/21/19 0.03/64/19 0.03/64/19
Bomb-20-1 0.00/41/39 0.53/229/39 0.25/229/39
Bomb-50-1 0.45/101/99 10.98/1324/99 5.07/1324/99
Bomb-100-1 5.39/201/199 - 129.70/5149/199
Bomb-5-5 0.01/21/5 0.01/5/5 0.00/5/5
Bomb-10-5 0.07/71/15 0.00/30/15 0.02/30/15
Bomb-20-5 0.41/171/35 0.32/155/35 0.17/155/35
Bomb-50-5 4.77/471/95 16.98/1130/95 4.67/1130/95
Bomb-100-5 65.49/971/195 - 120.99/4755/195
Bomb-5-10 0.03/21/5 0.00/5/5 0.00/5/5
Bomb-10-10 0.15/66/10 0.01/10/10 0.00/10/10
Bomb-20-10 0.90/266/30 0.04/85/30 0.05/85/30
Bomb-50-10 9.93/866/90 12.98/910/90 3.14/910/90
Bomb-100-10  136.02/1866/190 - 109.65/4285/190

S IR AL, 24 I B b=1 I BERAT — IR Duck Bl 1522 5 A AT — K Flush sl 44 4 ol it 42 2 =l B 26
PRAS I P 5 5 8 I i, 95 2 B A R b b It 2 bt N D R H A BRI L b A Duck s, A
7 LATALAT Flush 2424 b>t I, 047 t X Duck shE Ja, I A Il B A T~ BH ZE AR 2 A B0 A K 8 I A0
4T Duck 55 Flush sl 1, S 5 (1 ) AT FR il o A REAPE Bk T A F: 56 Conformant-FF i A £ B T8N RS
I e 0 8 (1 407 6 D AN A0 AT 25 1% D0 B AR BR — KSR I e S (B AT 0, S AT — Beah R e g1l 2 Ja e
ISR A R $ 2 B S/ (045 RS, DR A 2 A v DA (PR S8 2. 24 CRF-Lite A1 Unknown i 4L 5|
IR NE Ll AR B AR R AN, Unknown iy A BOR0A T g0 € il A e 65 808 54 08 A RS 0
AR A, T4 AR IR AS R TC 1L P AR R by TSR AR Bomb 38k 1) 7511 I A% 5 2 A4 40 43 IR DR S AN 5 110 0B LA A
i 3k e FRIR 28, DR L, 24 A 0 L P ANl S PR AR N, s 2% AR A5 LS, il A4 8 5K A
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AR 5 IR S AT A, E T A E A 1 I ) @ CFR-Lite 5 48 1 SK AR AR W WAL T
Conformant-FF 5 4, 48 2& i R U5 il (K10R A& S 57 /0, AN 38 G600 R0 J8 0 [0, 3405t 77 e OO0 TR e e s 0%
YT 189K IS CFF-Lite 28 45 1K Sk AR 3% 0 W 58 5 4k, Conformant-FF £ 45 6 sk AR 304 I 1 B, SR 1T h AV 13 9% oy
B R T A ) S B R 24 K 4 H 399K 39 100 I, Conformant-FF 2 45 & 5 V2576 F g s 7] Py Sk HE il i 224 Jog
JITHCE B8 Iy 75— 28 ] 5 CFF-Lite ZR4E AR #AN B i, SR A A% ANl Conformant-FF R 4810 h' J & R 3L 3
B CFF-Lite REVEREA T T BB R R 45 Do A5 2 tR 3 I 16 51 1L B2 R o FE AL e 30 R - R AN e M SE AR
(A R A B AR B0 (R 18 0, 48 2R 25 1) DS I ik, 20 S 85008 22 70— s R b PR T SR AR el 3 AH 3 44 I,
CFF-Lite ZZitk T Conformant-FF Z2 45 (1) h PR i % o $0, 24 1 380550 1 2 3 98 0 Bk, XA R 55z iy 50 SR At 2k o3 A i
IR, EL A 2L T SRR RS 7,1 CFF-Lite RG0SR B0 e it sk H fue 0 B0 il .

3.4 Coinsig

Coins 32 IPC5 R A — A8 1 Conformant KR, b My ik Gds dabh . B2, B2 EIAS R AL
FEE T Sk B IR 45 B E LS B E S S 2 1) R R B B 8 . B ARl tH BRI BN E . AR EATFIN B 2
Tk [ ) (¥ 20 4 L S 4 058 10 1) 0 A/ 0l L A (0 R ) ) 880, 4 2 oD A4 B A FRLB T 15 P RO A% J2 A R A A il
MAEE B BARAT B 2 AN 2 10, H bm 4 A 2 80 e A O AR 38 1n) 45 1 1% 97 5 R 10 . Coiins 35 B A4 HH 193k
ANy 4 20,252 R R TR AR AL M2 B SRR R b AT BB AN R A 2 A A e T A R A I
MAESAEIZ 500 E LA AN L2 6 25t %38k A AN ] 1) 0 170 003K 45

Table 6 The results of the Coins domain
R 6 Coins i sLnG 45 B

CFF-Lite CFF h®A CFFh
Prolem T/S/L T/S/L T/S/L
Coins-01 0.01/42/10 0.01/15/12 0.00/15/12
Coins-02 0.00/42/10 0.01/15/12 0.00/15/12
Coins-03 0.01/47/11 0.01/18/13 0.01/18/13
Coins-04 0.01/42/10 0.01/15/12 0.00/15/12
Coins-05 0.01/47/11 0.01/18/13 0.01/18/13
Coins-06 0.11/140/29 0.07/50/31 0.05/50/31
Coins-07 0.08/133/27 0.30/111/34 0.25/111/34
Coins-08 0.08/134/27 0.07/41/28 0.06/41/28
Coins-09 0.07/119/27 0.03/29/26 0.03/29/26
Coins-10 0.09/126/27 0.23/106/38 0.17/106/38
Coins-11 1.01/353/74 4.10/140/78 1.76/140/78
Coins-12 1.18/311/67 3.28/129/72 1.46/129/72
Coins-13 1.17/327/69 15.50/360/95 5.73/360/95
Coins-14 1.41/349/74 3.20/116/76 1.32/116/76
Coins-15 1.06/317/67 15.50/325/89 6.56/325/89
Coins-16  20.93/13783/87  145.92/1727/145  64.32/1727/145
Coins-17  108.04/33551/95 5.29/206/94 2.41/206/94

Coins-18 43.13/21651/91 25.33/552/118 10.65/552/118
Coins-19 57.20/19947/87 71.56/1070/128 29.73/1070/128
Coins-20 13.78/7169/86 74.38/1235/143 31.51/1235/143
SR A b S A 7 A0 A ) ) T R 1 ST T R B O B T OK IR RS B B R e AR BT AE 1A AR R
FEAA TR A8 F Jofs 1)1 55 AN 1T BEAFAE B T 1A A7 5, 42 R I A 4% 1R 0 BSR4 00 110 CFF-Lite. MWIZR 1R ARSI 4R &
AT FBBREE B0 K 30 1 BB K PR 1 A7 B 2, 15 RS | Unknown i 3078 /N, FELBR 1) AN B o 17 L 0 Bk
G RE R BRSNS R LR T 452 B A B A A S R A I A B K B T IRIR A A
e 2B A5 RS B Unknown iy A EARISCEE 1) H b 4 0F 22K 10 9T 43 B 1 J& ,Unknown iy &8 5k 0,
CFF-Lite FRGER1F45 5 il /11 10 K .
HE 6 &g RAME L CFF-Lite RZsKA# Coins 18 1) MM SR 78R I 0B itk 76 K 22 B 7 L
CFF-Lite R 4iAH L Conformant-FF 2 5t (1 3R fif 23 26 R0 B K At o 2 78 47 A [0 2 B 090 388 A 31 i) @ | CFF-Lite &
S5 13K A% 38 B R U Conformant-FF 45 {H Conformant-FF 2 45 sk #5330 X1 AR R 0 385 455 22, 17 CFF-Lite 2 454)
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o F R T IRIEAIKA 4 Conformant A% 7 % 1569

AEAR PR o &8 0 v 1) R, 7 K 22 B i) 81 CFF-Lite R 48K 15 140 J0 K it o 2 S 4

24 DL R g5 R T LUF H Conformant-FF R ZExt T~ sk gy A ) LA 25460 1R AN 1 o BRI 5 R I HH o %2
PRI 35, T ) R85 ) () R A e A — S 55 00 AR 2 L P 19 ) R B 2, 5 B30I A 20 2R A0 sl ot ) T A v AH
Lk 2 &, CFF-Lite Z &g 5738 + SR A b 28 0 K1) () 850, 300 o 6 I A% 8 R A 100 AN 0 o 28 3ol o At o 2, 22 B0t
F,CFF-Lite g% 5 1) 5t 5 0 4 i LRI R 52 B | AR 22 Conformant SRR 45 1 H kR 248 4] 46 IR 28 AN 5E 1
YR BIE B bR 45 PE R & B0 52 R A, CRF-Lite MUK 5 45 (4 AL B J7 V4 U, Conformant B Kl () 4 ¥ 225k, - Coins
A5 W3 S 6 R FH 8 R K1) 1 R A R 8 SR O R R L R SR AR R D04 ) RS B I AR B H R 2 I SR AR R 2 B Y
iy ELAT AR B 15 3 vy 5 B (KA R A2 It A6, Hh T CFF-Lite R ZEAE 55 1 VR B € 1Lk 2 v K iV ) SAT )5 1l 7,
SKARBCR 5 5 VR 55 8 K CNF 2 20 1 Sk gt e BE 4 5. Confomant-FF R G R s kA5 S84 48 2% 4% [A) 3R 4T R 46,
AR SRAT VALK A8 5 5 AN 1 CFF-Lite RS0, 1H 52 In) 845 58 M AR Z0 H (52 i 88/, i 3R W :CFF-Lite RETTESK
fitfie 1 _Lgkh T Conformant-FF FR 48 1A & M BL B 45 SR w1 LG B Bomb 33 |- CFF-Lite 55 Conformant-
FF RAHBBENS SR L B A0 30 R A% 2 4b 76 L A0t _E, CFF-Lite (4RI & AHEL Conformant-FF R4 #H AN
FREE R .

4 4 iE

Conformant-FF &l 5 Z R A5 SR A 2% 8] 8 Ak 2N 48 2 U773k /i Conformant AU K il &, — B 52 B 5135 11
R SR B AU B aUf5 SRS R om 5 ik & B T SAT K 7 vEvHEAR SOk A, e % Do Hh 58 BOIR SRR 175
IR ORI A5 A RS IR R R B AN s MR 3 R AE B 5 T B B AR B MET o 25 7= A — s (R4, A PR
#1T Conformant-FF R4 R ARAE 7).

BRI — ) B, AR SCER T R 2R RS AR T 2 TR B 14 ) SR Ao REARL, T o 398 i T 1L 3 PR A kA IR A,
W BEAGAR AR ES AN E (A5 2, AT 8 /N T et FOIR S8R G 1R RUASE (56 15247 VR0 T KK A 4% T8 2 T SR fige . S
B0 MBI AE T 55 T 46 U5 & RAS 1) Conformant BRI J7 25 161 SR A8 B8 0720 BT o] 60, 46 0 A7 S RS U7 V2 I 48 R 23 )
RS L5 ELAA 0] FAG O, AN s MR T BVE Tk R R 2402 H AT AR 22 0K 5 ik il Conformant il 1) sk 7045 >k
B9 AR o BT 4 4k S G AT A B AN o B VB B 7 9 ARG 3 i B S R E I B 4% A R R S AN T LR i)
BN A 8 BRI 3B AU AN IR R BRI R AT ) 0 VR A 98 R 2 TR PR R A TV

Bugt ORI PHE B gE LRI S A S HERL RS R R 4 T I B R T

References:

[1] Bryce D, Cushing W, Kambhampati S. State agnostic planning graphs: Deterministic, non-deterministic, and probabilistic planning.
Artificial Intelligence, 2011,175(3-4):848-889. [doi: 10.1016/j.artint.2010.12.002]

[2] Gerevini AE, Haslum P, Long D, Saetti A, Dimopoulos Y. Deterministic planning in the 5th Int’l planning competition: PDDL3
and experimental evaluation of the planners. Artificial Intelligence, 2009,173(5-6):619-668. [doi: 10.1016/j.artint.2008.10.012]

[3]1 Vidal V, Geffner H. Branching and pruning: An optimal temporal POCL planner based on constraint programming. Artificial
Intelligence, 2006,170(3):298-335. [doi: 10.1016/j.artint.2005.08.004]

[4] LGOS, Liu L, ShiL, LiY. Artificial intelligence planning based on automated reasoning techniques. Ruan Jian Xue Bao/Journal of
Software, 2009,20(5):1226-1240 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/3468.htm [doi: 10.3724/SP.J.
1001.2009.03468]

[5] Meuleau N, Benazera E, Brafman RI, Hansen EA, Mausam. A heuristic search approach to planning with continuous resources in
stochastic domains. Journal of Artificial Intelligence Research, 2009,34:27-59. [doi: 10.1613/jair.2529]

[6] dela Rosa T, Jiménez S, Fuentetaja R, Borrajo D. Scaling up heuristic planning with relational decision trees. Journal of Artificial
Intelligence Research, 2011,40:767-813. [doi: 10.1613/jair.3231]

[71 Hoffmann J, Nebel B. The FF planning system: Fast plan generation through heuristic search. Journal of Artificial Intelligent
Research, 2001,14:253-302. [doi: 10.1613/jair.855]

© HEBEERAET hipd/ www, jos. org. cn



1570 Journal of Software k3 4% Vol.24, No.7, July 2013

[8] Wu XJ, Jiang YF, Ling YB. Research and development of StepByStep Al planner. Ruan Jian Xue Bao/Journal of Software,
2008,19(9):2243-2264 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/19/2243.htm [doi: 10.3724/SP.J.1001.
2008.02243]

[9] Cai DB, Yin MH, Gu WX, Sun JG, Liu KC. Fast forward planning system based on delayed partly reasoning. Chinese Journal of
Computers, 2008,31(5):793-802 (in Chinese with English abstract).

[10] Lai Y, Ouyang DT, Cai DB, Li S. Model counting and planning using extension rule. Journal of Computer Research and
Development, 2009,46(3):459-469 (in Chinese with English abstract).

[11] Bonet B. Conformant plans and beyond: Principles and complexity. Artificial Intelligence, 2010,174(3-4):245-269. [doi: 10.1016/
j.artint.2009.11.001]

[12] Bonet B, Geffner H. Planning with incomplete information as heuristic search in belief space. In: Proc. of the 5th Int’l Conf. on
Artificial Intelligence Planning Systems. Menlo Park: AAAI Press, 2000. 53-61. [doi: 10.1.1.42.9524]

[13] Cimatti A, Roveri M. Conformant planning via symbolic model checking. Journal of Artificial Intelligence Research, 2000,13:
305-338. [doi: 10.1613/jair.774]

[14] Cimatti A, Roveri M, Bertoli P. Conformant planning via symbolic model checking and heuristic search. Artificial Intelligence,
2004,159(1-2):127-206. [doi: 10.1016/j.artint.2004.05.003]

[15] Hoffmann J, Brafman RI. Conformant planning via heuristic forward search: A new approach. Artificial Intelligence, 2006,170(6):
507-541. [doi: 10.1016/j.artint.2006.01.003]

Mt R 325 2% SRk

[4] B0 00 A, 252 k- B 4 R R 1 48 R K1 D vk R 1 2 413, 2009,20(5):1226-1240.  http://www.jos.org.cn/1000-9825/
3468.htm [doi: 10.3724/SP.J.1001.2009.03468]

[8] RInZE, 226, N AR. R BEM KA StepByStep (B 55 IF K. 4 fF %% 4R ,2008,19(9):2243-2264. http://www.jos.org.cn/1000-
9825/19/2243.htm [doi: 10.3724/SP.J.1001.2008.02243]

[O] %3 BTG 48 SCAE Py 5, XURE bl 36 T 2B 38 358 4 B4 1 DA T 1) B ) SR 49631 ST ML 2% 41, 2008,31(5):793-802.

[10]  #6i7k, BK BHPHY, 2 35008, 54 0 35 1977 JE8 T ) 0 A58 200 1 5 280 i Rl g v ST HLE 72 55 7% Ji2,20009,46(3):459-469.

BRME(1984 —), L, i AR AE AR TN T
Az, RSSO B e R, B B R
E-mail: wei_weilO@mails.jlu.edu.cn

B b (1981 —), 5 Wi Yl CCF &g 4
B2 BRI AR A e R, B kR
E-mail: lus@jlu.edu.cn

BR PR3 B2 (1968 —), %o 8 4 #0421 4R
S0, CCF faig 4% b, 3 BRI 5 A0k oy 3 1
IR (2 W, 0 e R, 1 Bh A .

E-mail: ouyd@jlu.edu.cn

© HEBEERAET hipd/ www, jos. org. cn



