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Abstract: Al planner is one of the important representations of Al planning study, the performances of planner,
the efficiency and quality of plan, represent the researches of Al planning directly. This paper introduces the
architectures of Al planner and StepByStep planner in brief, then describes the methods and strategies adopted by
SteByStep in detail, defines the knowledge tree of predicate for extracting domain knowledge. Based on knowledge
tree of predicate, the planning tree of predicate is defined and some strategies are applied for constructing the
planning tree fast. StepByStep adopts some planning strategies according to the planning trees. Finally, some
experiments are taken for eight planners with three representative benchmark domains and their problems, the
performances of StepByStep, the efficiency and quality of plan, are analyzed in detail. Experiments show that the
strategies of StepByStep controls the process of planning the problems of the three domains well, and validate the
guide effect of the domain knowledge in planning process.
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B Rk R AR FH AR B 6 A AR ACE AR TR A MR A 6Y Fsh 3% 3T StepByStep 49 LX) R ek 75 A 8 ALK B AT 3
A B AR M 6 R LR AR SR B H MR 1) R AT SR TR 69 SRR 230, AT T StepByStep MUY 25 4 K R 2 & Ao ML X
Ji & Lo BAR &I, 52 36 4045 & 9, StepByStep A% 35 69 AL X R eExE 3 AT R HLR) AR IRARELA ARAF 49 45 F1E
I0GE T AR IR AR R AR IEAZ & 49 52 IR AEL

FEHR AT AL AR AL ALK 25 LR AT Fe AR AL R AR AL R

hEE S S TP1S X ERFRIRAD: A

B BRI R 5 A R R K BIF R R ) B BT X, KR 1 SRR AR R BRI T S e TR R E R T
OIS B SR B S T RS (AR % 0, 30 R B B AN [R5 20 (1 2 i ) s T2 O A M )
AE %1 K FE IPC(international planning competition)t] % B Il AN A L FLAT BV I 57 M1 2 ) VR A, T HL 2 — AN
P 52 A P R R A 1R 2R 0 2K 3 I AN W i v 12 N M T 5 B A T S g LA N JC L S LR Y
P4 A G 1A R K 28 G5, an 5 ] ] 7 3 oy AT 7 TR0 2 R IR S B S % VR ——DART 240, % R GLREXT 2155

B EH B KA N RBEAT A Sh IR 5 E BN A 58 SRR G 7 1 UL A e v AT 45 25 [ [ K
FL RN 52 5 AT JR (NASAVEE K 45— 57 [l 8% RAXIPS wh R 1 e R B AR WL W PLANET 5 [ -t 7
JE2 R R 35 AR RS T b S L M TR -1 0 2% £ [ ) AT

B G8 FU R FRIRIT 57 7 1 A7 41 2R 7 R AN R A Ty v 0 B 7 92 1) 2 TELABUIE 08 3 2 2 ke 313k 0 1 114 4] 2 IR
A FARRA R B V8, T HE RN 1) R e g 2 A L () R, R0 1 30 A T 90 gt A A FI A0 R — AR T
B PRI L B RGO 1) U R4 QASPL AR 1% I A — i IS B AR SRR A

FE AL T 1, Nilssion 25 A\ 75 0] JUK fift 52 48 STRIPS(stanford research institute problem solver) = i i ] (1)
SR A 7 TR % 5 R R R 5T b 6 — A 40 T ORI AR, e P D 1 DR A B A A
AUHEAc 1 BN AMIBR RS 3 A4 A A AT RIS T 25 005 2 H 3l 15 0 i 4 45 28, 0 o AT iZ 8 A R A5 2t
RA, IR BIBAT B0 VE J5 A RIPIR S . STRIPS [ Fol ) 475 4 3k J7 2 RIS A SR of 1 J 1R BRI R 4 7 A 1 VRS 11
REWAL 53 A0 ARGl A TR i T — ol s KK A R I K i 1 48 R 0 5 ——STRIPS R 5.

FEA B8 IR 77 v BIF 5T 38 0 S0 400 8k 260 VR R0 SR At ek R 14 S 40 P, O AR 38 AR [7] (¥ 89F 9 S s R FH AR
[0 £y 7 2R AL AT 0 VLA AR B 4% STAN 58 1 YR — AN R A0 40 47 T L TIMULR 3 #7458 s SC AN
T 02 A1) o R I £ A R P A T T £ R v U R 2 £ 1 i P B i) (GraphiPlan) B i 4 Sk
B RE LRI 0 R 16— AN FE 5 vk, e R 3V AR R 2 TR0 1 2 R DG FR R TR B A AR e L I R K
F L EH B0 TR R U)K A (R AT T e 5 LA 10 R K1) SE 491 K G 140, A R I I ) A58k ) — A A

A 2 TR AT S0 U T A 8 AT R T T AN 0 AR S U A, :PDDL. #53K 15 5 Axiom T Ayllok R ik 4
SR AR U A7 T IS A A A X8 B 0 ) e 3 7% 40088 0 TR 1, - TAL planer ™ M 45 - A i 45Uds8 4 YR B 2 76 i % 3 i B 3F
3 3k AR 7] B DR S B AN (7] 405K 134 %9 7E JT1 , 1 : Blockbox 2 51 AltAIIM1514% 1 45 )] — 75 52 ¥l BDD(binary
decision diagram)™*1 i e AT 1 1R 1), G- MIPSTT 812

XF STRIPS 27 ity R Kl) 4 sk, B AT TR FH U ] 1 AR DG 28 SR o v s B0 I) — U8 1) 10 BT 5 K1 Bl 4 88 0 R
3K BN 14 2 BT 2 A0 R A ER o ATk P R A 20 L, ) AL 2 38 24 2K 1 T 2k 2 7 Ak e R R
JFEY 336 42 Al 2 S SR 10 5 A 200 VBRI 0 44 22 T 0 M A P HEAT 8 08 4 5 LA SRS 0 A8 1 52 A U PO A S
%I %% StepByStep #44K HIIxX Fh 7 2k 1k iz A Jn ik

AR SCER 1T A B IR A 0 — 45 R RN StepByStep K1 A 0 5 1A 45 K, 1 A R B 1 i N 4 O R 9
g 5 KA AU A DGt IR #8 ( RP S HEAT 40 S 2 1 SCUE A J0n UEURT, R FH U 1] e TRV S i B 453 2 1R
K] 3 U8 ] BRSSO IR A BRI SR R A AR AR 3 T AR A AR 0 R FE XA IR A N
T TR PR TR, I FE 5 o o s 3k 26 RS 1 A0 BRI 265 4 1545 StepByStep LRI 381X MK sk, 58 - StepByStep
F2 LA A S MR 3 A 1 K S d5 5 7 AR 28 5 StepByStep MK 2 £E AT [RI R BT B0k 3 A HATAR R LM
R R ) A3 B HE R KR 1) J A T 512 I 1 S A8 5 56 AR 4R % 0 K] 40035 ¥ R PR AH 23 BT T StepByStep 1) R AR IE.
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1 EBEEMKIBRHEN

11 BEEMLBH—REN

ABBEAT > Sl 0, 4 A R R 4 DR 2 R 8 R R T 1 e A A LT g
JREL 10 B ) PAY SR 996 A2 122 R i 22 SR ) — AN S A e 910 e i S AR Py A1 BE A R AR IR A e A i H A IR A
AE R (0 TF S A% o 2 WSl SR s (8 BF 5, EL I 9 B8 SR 01 A 200 T el 8 6 3R A8 200 2 AR Sl o o A I A8 A
RIS — Ak i 1 o,

Planning domain \ — The sequence of
___________________ Planning with ;
: - —— 9 => action
, Planning Init state ' strategies
| problem '
1
! Goal state 1

Fig.1 The general architecture of Al planner

Bl 1 AR a s e

P P LT e O A R Kl ) il R 2 1 A N R ) B 40 B S

TN THIAE 6F A4 R 2 45 2 RS 43 1 P 28 AN FH AT fR7 A U0 .

(1) Ko Ao (¥ i ik

TR 4T85 1) R 355 0 2 BSR4« USRS IR 1 RN ATk 3 A 25, 3 e AR B 11 2 R R SR
AR FD 3 A, A2 R K1) A AT 1 2 X 5 A T D A SR R ) 1 3 R0 U, K A 11 4 3 3 3 A A AN B
P76, Lo, £ B0 R 4 488 4% 2F 255 (condiitional effect) . 45k 23 B (axiom) $5 452 15 7] (duration) . $i{E #5450
(numeric expression) 2 Uk I3 £6 33 W45 8 S T 15 IR 8 0, 0 R BRI SR Mg ok T — S8 1 AR S

F K1) A7 3 (1) il ik ¥ = 47 :STRIPS,ADL (action description language) #1 PDDL (planning domain definition
language)¥. STRIPS & il R it 2 4t STRIPS H % HI 4tk i85 5L ADL 275 STRIPS HLfifi E3EATII & A
Vil FH 4> Bk 517 (universally quantified). 771t 5 17 (existential quantified)#14% {145 % (conditional effect)2%.PDDL
FRTE 5 M RIARE B o T STRIPS A1 ADL [k i 7124 2 [ Al 2 %5 ik i K 28 \PC T SR FHT #0040 3
RE T A SR B8 StepByStep 2 L PDDL i3 11958 Kl 4504k ke TT 8 AH B (AT 5.

(2) Kl o (¥ i

TR i) 1 415 A X PR AR ) 0 A AR, e 2 A R ) R PR IR A S RSN 0 R A5k 2

RSB AT AR BRI AT, FRATT A T DA 22 A LA TR ) il AR (5] (R R 1 R R L R (R 1 R
RIZNAE 551 K Al v B 57 A J2 BlocksWorld B 450l (17— AN 3 42 1 0 ) 2 5 i) A

(3) MLl 1y K it e s

TR S s 5 B I RIATT T AZ 00 1) 25, UKD SR I £ DA 05 M 4 5 W R 1) 258 4D 200 6 Rl F

TE R S g T, HOAr 2T e R SUIRAS R NS (HSP,GRT). B A K1 % W% (GraphPlan,STAN) . % JE L 56
MR (8] 48 % (PropPlan) . &1 SAT SKfi#H AR (SATPlan). £k N #3245 (TALPlanner). ikl 4b 2 55w (System
R) A5 A — Lo K i v, FL T S5 s T B 22 Tl R AR 1 S 1 5545 4, a0 o) 5 R U ) 4 R B R (PBR) 18
TR B A3 2 2O A 28 1) 48 22 SR (ATLAIL) 5 B P o T ) 3 4 2% S s (LPG) 220, R R G 00 0 — 23 4]
5E ¢l BDD (13K fif 775 (MIPS) 4%
12 BRI K

A RE TR (RIAIE 7 — 2 AR At SLATT 7 SEAEUF S — AN 48 3 LK) 28 KA 560 U TF 0 B R (K0 A 2850 1, O A I Ok
ilh 0 3o 2 — 2 P o3 W I SR 56 3 LR B A % K SR S T A KT AV P R KRI 8 A T A AT
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B H AT 1k, B T LSS R 28 10 0 K 2 T2 A0 2 160 o 288 2 TR 3 2 s vl S [ 100 AR (), AR S LU R 2 5
FI R 8003k PR AH DG 1 DAy b VR R AT 43 S8 AR X R 4 R bR UE TR, R RIS R 40 O P R S A A O 1) R R A
(domain-dependent planner) 15 453, J5 5 7 8K 1) 4% (domain-independent planner).

(1) 54U G I LR 2%

5 QTR D R A K 85 A0 R SRAZR I R N A B N T A0 G R R T U, T R e — SN 0 B B A
FCHE R, DUIE BI04 my AR SR AR 2 1 H .

EH T80 R 22 Bl 2 B 0, AN W] B R — R 07 SR I AN [R] B A AR H H, I N A 1 ) 3 7 5
BN BRI e 38 03 8 3 4 10 2 5 GRS, DN BT (18 R S5 LG s 2 T U WA SRR ] i T 20 5 R
W 6 AT 4% BT 75 4503 ) 5 S i N BT i 17 (SolvingGoal T; Pd, Action/Null Pd,), Ho SRS AR RIPIR S Ty F 8
ZESZHLE bR Pdy, 220058 FHZ04E Action/Null SEIR F bR Pdy, Ho, ) 7E Null 75 55 FH— 41801k 52T

i, (SolvingGoal {(on x y)}uTj(clear y) Null (clear x)) ) {5 S A1 &4 1 1 (on x y) FIRIPR A T #5225k
T (clear y), A ZI 56 F — 20 8 VR 7 51 S B (clear x), 2% i A4 RE ST (clear y).

FH U W] WL 38 3R] SolvingGoal 45t T i i S AR (14017 i I, 3 S R by It SR i ok R ate ke 7 A7 A5 .

BT 75 RRI A8 BT BN T4 8 A AT TR, 5 AT G PR R K1 25— A8 L A A v ) BRI R R I A PR
T IX SRR A A P

(2) 54 TE O LRI 2

55 BRI DG 1) TR 25 i A SR S AN T8 DG 1 BRI SR (s 3 e U R R B TR BRI AR SR S 1) K
— R TR A (A1) 5 R X R BT HME T T A R 0T AR BB A s R AR 3 4 L DRI, 3 2R R 1
IR IO k2 DRI 1) 803k P A [v) T A T 2 S

Xof 18 ELAA T N T, 32 TR T 11 40038 e VR A v H s 285 BRI 8% 2 R G0 T R 3 (R v vk H e 4 R 1R TR AT
FERBE,TT A R L 5 UG 6 IR 3 FH R 8 A2 F 9 B SR KT 52 H A,

1.3 #XIE5StepByStephI ARy

FE eI 70 A, B AT LA 8103k J6 5 (1 LRI 88 o4 v vl H AR 1§ STRIPS 2 28 1) 0 &l 4o ek A2 7k 52 48 6
Kl () Sy, T DA A0 T vE BRI 25 1) A BB ) 5 T, RATT 56 UAR BET] PDDL 55 #3811 STRIPS ALK h H #5, 78
HZ G T B ae s A 21 PDDL ik 1t A MK 53l LRI 2% StepByStep 1A A5 #4 Wi ] 2 7.

1 o p- 1
: Strategy of “gasic rules of i Compound rules !
FELIIT Mr planning m ofF;JIanning |
domain Iﬂomaln rule domain domain |
| A\ g :
I N |
1 ﬂ 1
1 1
1
:___________________i: F— |
1 Planning Init state | : StepByStep i The sequence of
1 ! == Al Planner -  —
i problem T - action
! Goal state SteBySiep StepByStep |
1

WAl Planner-StepByStep M

Fig.2 Architecture of StepByStep planner
K2 #EIAS StepByStep 45 #R = IE

FE BR[0T v BATT S X R A0 F 8 A 5 SCREAT Ak B, B BRI s A ) 4T85 P A AR £ B AR R
U TR R AN ) it LR MBI 5 SO R e A R AR B AR R SCA () R ) S st e DL L SR A TX 2
AU (10 it L=, £5-328 PR B0 11 2 10] PR A A P AT 005 24 )2 A 0 B, DT 3R A 5 I R ) 40 B I S 2k )
AR U A RSl T PR SR AR ¥4 23, AT T4 76 230 8 3l D A0 DU oA i 5 Bl o

A RS R AT 2 A LA R SRR el R ) AN AR ) AN [ Bl 10 i, MK 2% StepByStep 23 I I+
AT I SR A T R SR A e AU U AN AR S A R T AR A DA S IR T B AN TR AR ) 45
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S R ) R R 2 StepByStep 2% 1 BRI AN [ ) 40U U 7 G R SR Aige 3l i S R R g 14y AU R
FUAT AT SR A AU 5, e 5 MR AT 1) 2 SUAR SR AT 9%, T S5 AR A A DR AT K.

2 FUX S RY FIR At

TE— AR A, — AN B RO — RS & 2 A S I, — AN R I R S B 2 A E R
B 2 rp DRIk, S VS ] 1) 3 A R AR I 1) 2 IR AE AR R < 2 R 2 IR ORI 2 0 2 00 AR I T R K SR g 1
HMERE A A BRI 45 AT ok T 2 R M AEAS IR 10 8 FH AN [] AR R 2 A7 A2 R BRI 5 1) — Tl Bk .

AT B — N U IR, A5 B B A R S e, WU) 5 A R A3 3 A Kk R AR I (7 A s 20 4 Ay i G 7R AU e
X R AT XA A VUL AR, BRATTFH — oA T 45 6 SR A7k ml S I ) — 18 3] 14 i A7 2 4.

TEARSCHIRGE 1, AT Para(Act),PC(Act)Fl E(Act) 7 Al 3R LRI 2041 Act 25032 . AL 4 1F 1H A A
FIERR 4.

TESCHR[L9] AP FRATT € SCTT PAN T8 3] 2 (8] AT ARL DG R <~ JFIE W T o Pdy<~Pdy, W] — & 4£ 75 1 e o, {15
Pd;=cPd,.

H b a] &0 Pdy<~Pdy,, U1 1] Pdy S8 1 16 Pd, 19— AN 52451 (145 7).

FEX 2.1 H#:Pd f&—ANE S & — AN A Act i — MRS E, o )t — AN B

(1) oPd /R IE T Pd 240K FH & e oilb AT 48 4 )5 1 1E 1,

(2) oS 2B AE S AN B Heo AT 28 4 5 FiT 4L s 4 45, -0 S={cPd;|Pd;eS};

(3) cAct st HI E ot B 11 Act ISR . T HE 4 A1 18 1) RN 2 VE 25 R T AR AT AL 4 T 43 2 1) 20 4= R

Para(cAct)=cPara(Act),PC(cAct)=cPC(Act),E(cAct)=cE(Act).

TEX 2.2, K Pd A Act 3] — AN BRI AT (00 AT I i R B0 48 457 3Pd; e E(Act), H. Pd<~Pd;, I Bk 11 X
i Act T SEILIE R Pd.

T AT AT SEER I ] Pd B SNE4E 52 X Act(Pd)={Act; | Act; 52— M4 & 1, B 7T S2 I i 1] Pd}.

TEX 2.3, RV Pd 2 — R0 ATk 11 17 i), e R T VA A — AN - B A - T A R T

(1) Pd 2B T HE 45 i w18 1
(2) VActieAct(Pd), 7 1 & He oy, (il f4:Pd e E(ciAct;), W B E oiAct 72 M T HESS £k — > 45 5, H PC(oiAct;)

PP REA T R A B AE o Act 1Y T2 0
FRiZ 8 -sh -1l R T 25153 Pd (%0544 KT(knowledge tree).

5 S 2.3 AR — R AT R 45 R (R And-Or 6 1 18] 1R A DT 45 B R 45 S SV 45 L
AE 4G 55 R R I R A ] R Bh AR R T A5 AR AT IR 2 A B AR I — AN R, AT
H F RS T B AT HE 4. 1 3 42 BlocksWorld 4538 116 17 (holding x) B & TRR ",

(holding x)

Action node: Action for | Predicate node: One of
< effects of action below

predicate above

[ (clear x)_] [ (ontable x) ][_(arm-empty) ]

Predicate node:
Precondition of action
above

(clear x) [ (on xy) ] [ (arm-empty) ]

Fig.3 The knowledge tree of (holding x) in BlocksWorld
3 BlocksWorld #ii3ak 711 3 (holding x) (1 21 1R #

we R TRV AR SIUR (¥ 3 S AR AT S 1 1 O B 3 BEAT FE IR L 2R3 ok (R B 1 S e AT SEAR I IR Bl A OR.

© HIHBREBSAHIGIT  http/ www, jos. org. cn



2248 Journal of Software #k#33R% Vol.19, No.9, September 2008

f 3 w41 7E BlocksWorld Atk i, v] LA s3I 37 (holding x) A h/E KA B 4N :(Pickup x)F1(Unstuck x y).i%
KA FIE T SLILIE i (holding ) ¥ T AT 003 SEBRAZE IR 17 14 BT 1T B 1 S a0 32 4% 2R A8 BRI SR A i R b 2 75
FLYZILIE I (holding A), T JE 75 75 AU 2 11 2 h PR EAT £ 4k L UTHC, ] B 40 FH i 0 RO ke e S H AR I B 4.
TXRATIZFRE (R U8 1 - B A -8 R PR AE D SRR ) — AN EE 2 A

R FH U5 ] A6 URURRE O R A5 S I 0 T 11 2 L T SR A R 2 L AR T ], AT A £ HROR ) SR P A R
PR T TR (1 SR A L 3K R A U 1] - B0 A - T AR DR BRI ) — A E R AL

1 3 ) AR 3R A R

(1) SEHLIY A (holding x) 9 23 3L i 42 4% £ & {(clear x),(arm-empty)}, 2 3£ 24 5t /& {(not (clear x)),(not
(arm-empty))}. B 3X S6 42 5 Al S0 HH 5 18 3] (holding x)FH 5™ Fr T 422 e i 390 DU) 1 147 422 B i 00 g 2201,

(2) #hEPickup x)Fl(Unstack x y) XA — A H A R R T 32 4% £, 15 15 (ontable x) #1(on x y) 23 7 e AT SE IR
115 ¥ (holding x) I¥IRFAiE 1T $2. 24 (ontable x) i 7 I, g%k I 20 1 (Pickup x); 1 (on x y) 7 nf, H fig ik FH sl 18
(Unstack x y). R FHARFAE AT 3845 S A0 B AR R 1R 30 A 25 Al vy $2 H H < 15 9 3] (hol ding ) AH DG 1 2% A2 A1 B R ).

FE— BRI AT A AN [R5 1] 19 R TRURE 2 A 3T AN RO AT: 3 — AN AT 1 1], A8 2 10 18 ] 3 J2: 471 1], 28
] 3 TN IRAR . B 3 T AR 3R] (holding x) ) AR, & S B T SEBAZ U 1] 1) i A3 30 11 R JL T $8 4% £, e 4 2 18
1 (not (holding X)) AR, & S e 1 IH B3k 16 17 (holding X) 11 i 3 sl 1 Je FL iy 42 4 1F.

(not (holding x))

meary) ] [ (holding x) ]

(holding x)

Fig.4 KT of (not (holding x)) in BlocksWorld Fig.5 KT of (room x) in Gripper
¥ 4 BlocksWorld 43zt H (not (holding x)) ) &1 PR K 5  Gripper 453 ' (room X)) 41Uk

TEA (R 85I b AV ) R0 AR AN A R 5 A ) 200, 3K 3 W 2% 1 1] S 2 AT Ao SRR A BT L A R K
SR A R T 120 1A U R AN 8] 5 A Gripper ATk 1E 1] (room x) [ TR, E 2 1% 1 1] (room ) AN 23 AT
KRN VE BT .
I3 T Gripper AT A S A1 5 S FRATTIE R LU AN 4701 3R] (not (room X)) 6 0 DRt AV 25 HR 45 45, B3 ] (room
X) AN S AT AT KK 204 JIr i 3. A1t Gripper 43038 H 1438 3] (room ) AT AR R K sfe e Jod it o B AS 2 4388 o, A
S T LA 230 A PR S R AR 1.
AE A R Ak o 2 A AR B Tt Monkey BRI 400 A 1198 3] (Tocation 2x),Hanoi A i 454 A f 38
(smaller ?x ?y),Logistics &K 1 ik /1) 3% 3 (truck ?t)#1 (airplane ?p)%E.
EX 2.4, BREIEIE Pd A& — A R4k e 1 1
(1) 25l Pd Fl(not Pd) %R B AR5 AR &5 a5, IFRIH 1] Pd 4 i A% 11 7] (static predicate), 75 WU, FR 18 i
Pd & 5h4 117 (dynamic predicate);
(2) i 1A Pd 1 1IN  M 45 A AR 3R] Pd g 3R 141 17] (non-added predicate);
(3) #iE W (not Pd) I SR A A 5 R &5 0, AR B Pd 24 dE#(1E 1 (non-deleted predicate).
RS 2.4 (W8 LU R
(1) 1 Pd A2 =BG I, 0 2 78 FAE BRI SR AR FE S AN 2 0 B0 BRIIRAS 2 P AE T BE B M B, 5T
Ho— E B, 5 AN S S i B RIPR A 2 BT DL R A R B P R B4R — 5 B 2 HEE N B
1811 Pd HIBN1E 2 1.
(2) #7181 Pd 2 AR 1A, 052 7 T A R SR e o — i AN 2 ORI R A o M Bt AHL A R B e 189 3
B—EAERRPR A o T 1% 18 18], W8 8k — B AR T B AT $ 45 4 vh A7 1B 3R (not. Pd) I B 15— & L4
FERINIE A Pd Bh{E 2 /.
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EHE E AN B StepByStep 9 AR AL 2249

T ] T VRS S £ S B AR ARV ] 0 A R R 45 v T 4 AT R S AL 1R 2 (R AE R SR
AN 95 22 S UL U ] S L S A 1 BT LA T2 P SRR I 3 T R AT S B R A

EX 2.5, % KT 21 Pd 14T o2 — > B #t, oKT 2 M B et RTRRE KT i 747 8h A #k 47 &
B A B W oKT 3 117 oPd 140 AR

&1 3 J& 1 i (holding x) i A U KT .45 225K 8L 1 14l (holding A), I 7 22— AN S G AL B i o={A/x}. 4R ,oKT i
18 (holding A)FI &K, ik 6 Fros.

(holding A)
[ (clear A)T [ (ontable A) ][_(arm-empty) ] [ (clear A

Fig.6 KT of (holding A) in BlocksWorld
¥l 6 BlocksWorld 4idsk i il (holding A) 1 %1 1k

S AEAT — A RRIR A A< SCHIZOR A I 2 (0 1 1) 45 35 R AR, LI A5 T 20 38 | M RLRIPIR S oo T 08
FIRI 17 R 1 T4t R A (init state)”, T &7 20 H AR 45 (goal state)”.

51 T o B A TR SR A ) R, A AR RS AN H AR

To={(clear C),(on C A),(ontable A),(clear B),(ontable B),(arm-empty)}
Te={(on A B),(on B C)}

I~ R FH T8 90 1 R0 TRARS ACATT A K] SR e Ak R v i 2 U 4] P AT TR R S

3138 2.1, BORAFAEIE I Pd MEE A 1§ Pd, 47 Pdi<~Pd, U8 Pd; — 52 A AT IS0 7Rk SR

i A ;

H“Pdi<~Pd™ iJ il & A7 15— A E o, {15 :Pdi=cPd.

18 i Pd 2 5 A B 1 RE S 2.4(0) R H:TE T Pd R 20 SRR AT AR 45 A

B X 2.5 AJ A1 i oPd 1 AR AT MR 45 5, BT 17 o Pd AN 23 B AR ] B R 20 4 >k 523

JT LA, i ] Pd; 52 AN T H RIS A Sk S O

EIE 2.1, REIEIE Pd 25 A 1,457 3Pdie Te-To, H Pdi<~Pd, ) HARAS To — 8 & A A SEHLIT.

A

A4 “PdieTe-To 1 %11,Pdie Te,Pd; 2 To.

JIT A AE AR SRAZ AL R v T P AR ) 478 2k SE 3L 3] P

f 51 2.1 AT A1 Pd; AN TR AT AT BRI 20 4 St S .

BT Bl HARARAS T — € AR SEBLI. O

5l tn, € Gripper 8538 1 AT A0 — AN &I i 5P 45 (room A) e To=To, U B 2 2.1 AT 40,1% H AR Te —E &
AT

FIHE 2.1 B0H, AU 1] IOAT A S A9 (A T2 ) AR 2 AN v] ST o 1 2.1 i BH, 7 S8 I 2508 1A S5 480 1) H Aotk
BRI,

3 MBI EAE

M7 StepByStep (¥ 3R it R A2 A8 U L BEAT (10, K0 Rl B A 22 B RERPDR 8% 0 T 08 3 R U 5 2
KPR AEZE RSB IR, FATTR T 45 b S SR 388 e 1A 2B B AR A 5 bR R B B 2 s SR s
3.1 FHtRARLIR

FE NI A RUE H FR HARIRE T H IR BTN 1 H AR A7 HARIRZE IR 7 H AR SEIL T, 001% H AR
RSB T DR, ST T A8 0l 1 51 SR At 2 b e A I A 1 SR A

[ (onAy) ] [ (arm-empty) ]
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MBI 1A Pd 2 — AN A T J2 — DRI, 25 PAe T, AR AR S T R i34 Pd S5 “Z0”, (not Pd) 4%,
TN AERES T R AR P 47,1 37 (not Pd) g “E.”,

P LG AT L 1A 0 20 S AR R BRI ST O A A SR L AR BRI A B AR SO AR S T R I 1A Pd
B S R Pd R B TR

FEX 3.1, RBEIHE Pd 2RI — N, S B RIR A T 3 R T v 0 A R 3l — N R -3
1E-181# PT:

(1) PT (R4S ARSI 1 Pd [R5 1A 45 5

(2) 45 PdeT, U PT [F55 1 221518 Pd (¥ 50U, X 18 ) Pd &0 R AE AN I 25 0518 1) P, i U 1A 3 1
i) -ghVE-TB M PT;;
FRiZIE 1A - E -5 74 PT 2 A Pd 7ERA T, F BUURIA PT(planning tree).

3.1 AT 4,18 A Pd AR RIB A BB TN R R 0 TR 2 R B e S SR 4 4 A D A AT N T 1A
P9 S0 AR 2 T T BRI B 1 2 0 A R R P A5 B DR 3 6 18 ) e R R AT B R (LA 3.2 YY) T LA R R A
TR AT B 2 SR RN (19— 35843 18 3 Pd R R T2 i 1 7 o,

A

1st level:
KT of Pd

- - \\
;7 Planning tree "~
‘\ of Pciy s

~

Fig.7 The planning tree of Pd
K7 A Pd LRI 7R S

Oth level:Subgoal
Y

The ¢
pre_dncqte (Stack AB) DO————- 1stialel
exists in ;
current i 2 |
W state (clear B) : [ (holding A) ]____Y _________
3

E ZnJ:IeveI
E (ontable A) [ (clear A) ] .... (arm-empty) }

Init state Goal state Y l
[}

ey > .
|
- ‘ _3rd fevel

Y

Fig.8 States of Sussman anomaly Fig.9 Planning tree of subgoal (on A B) under initial state
¢ 8  Sussman ] B (AR S 7 K9 T Hbr(on ABTEFUHAIRES T BRI
B 1 7 T 0 R RIS () 45 74 55 And-Or 4 A0 — B0 S BLIE I Pd 31 Acty,Acty, ... Act Z [RZ“B" R & L H
SO A BEHAT Horp AN S ARt vy LLSEELAR R Pd. A — 3D 4E Act T IR 451 Pei,Peip, .., Pein L2 “ 57K R,
o0 SO R 3E Act INITA TSR 4 AT A0 A TR RIPIRES N #AA AR R SR A RE A AT .
A8 A TR ] F B I, U U ] TR A AR AT R b U R 4 A BRI R AR E SR A
AR TR IR 38 H B R AR — A AT R A A (R &S AR R BR ).

H
.
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EHE E AN B StepByStep 9 AR AL 2251

8 J& BlocksWorld 4513 Sussman 1] 2 [ 4] 4 R ZSF0 H Rk 2 s & L 7R A RS T, AT AR & 3.1
F3E HILF Hor(on A B)ITELRIAS, il 9 fros. Bl 9 i 28 1 2 218 1A (on x y) I SEIAk JniRUpt 5 2 B2 2 18 i)
(holding x) S5 £ T TRURE [ — 58 4, 1At 358 4940t 0 Sl B8 (307 21 o, 55 s B A b (A P 14 7o), 365 3 2% S 18 ] (clear X)
SR S VRS (18— 43, At 350 40t A R % B A e

FEX 3.2, NI e LRI PT o 4245 5w R H:

(1) #8 Pd & RURIR gk e, L H(Pd)=0;

(2) FBME Act F k MR Pey,Pey,...,Po, Ul H(Act)=max(H(Pc,),H(Pc,),...,H(Pcy));

(3) HSEBLIEIE Pd  m N EhE Acty,Acty,...,Acty, I, H(Pd)=min(H(Acty),H(Act,),...,H(Act,))+1.

B8 S 3.2 WJ R BHAE IR e B 2 LT A i 48 4% 10 1
G s R 1 S AL, U T 45 I R R T S LA R 1 B
B A B 0 B ME N 1,0 10 iR,

T T 5 s 00 R R B T A R RIIR S R i A A D
T B % DB AN A A T RS ST B, R 1 18 ]t R
SR, T DA AT 00 200 5 38 B v AT 010 U ] ok s I B o R R ST "N max(...)
A L RTE A SR ST

EIR 3.1 i inl Pd S KRR T8 1R &5 i i A A

Fig.10 Height of node of planning tree

H(PA)=1, 12 24 i MR AS il PA 5T I A3 0 TR A A R
K.
PR

EHoE X 3.2(3) n] A, 78 A T S IR Pd ISR, 2 D AR E— AN B AE Act;, f1145 H(Act;)=0.
H e X 3.2(2) W] 411,V Pc;e PC(Act;), #5847 H(Pc;)=0.
F 8 S 3.2(L) W AL 78 2 BT KRR T, 804E Act I BT R 4 H48 CAFAE.
BT LLAE A1 RIDIR S R, rTBAT S04 Act. 3047 %8048 J5 , 18 36 Pd — 2 #sc 3L, O
SE R 3.1 Y WAE M i FLRPIRES R 9A Pd 5 rTH AN SRR S (X I R SEIL S iR Pd gt
AELE, B I ] R A2 A N B 4 3R 1R AR A AN 55 3 3.0 33 SUAH P I
FFH e B 3.0, FR s B R LRI T 5 Ok R SR A R T 4 6T R PR T DAy R S R U ]
A\ﬁ&%ﬁ:ﬁ%iﬁﬂ&i%%ﬁ%rﬁﬁa 1 E’Jfﬁﬂ
T 24 T RIDIR 2SS #B AT H] — AN A Sk SE I R IX
L8 f A S T I IR R OR AT RE A IFAT S
I, AR AN R s BT A T B S LI U O B — S A 1%
PSP OR R O R — AN RIS E ST T —
ANVB A 4 1R I, % 3 A T BE S5 A ER T S AL Atk 18
BN R AT E 4% A
v A LRI AT PN 1R P F1 Py, H.
H(Pdi)=H(Pd;)=1,H 145 53 Pd; 2R &5 ST, 45 5l
Pd; B R 45 iz, ] 11 fros.
# SRS R Pdy, A8 4, 78 52 BRI 1

Fig.11 Two realizable predicates Pd; and Pd, Pdy [FL R A AT g 2o M 2518 1 Py, AT AL AT
B 11 pA RS ELiE i P, R P R SEHL Pd; ISR AR1S 2 4%, DT L, 75 ZE N B AR 45 4

WA PO ] 90
FERIRT R, o T 6% V] 45 A 8 AL PO B, T AR ek ) i SR 4 P JE
X 3.3, MR Pd R R — AN 45 R A, M XA P R L
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(1) #8 Pd &R AR 25 S 16 17, L(Pd)=0;

(2) A7 1 Pd & EURIR 45 A L L(Pd)=-1;

(3) i Pd & RIS 4357 45 S 1A, HLEE Act & SEIE 10— AN BE B ERT k ANITHE ST Pey,
PCy,...,PCi JU) L(Pc;)=L(Pd)+1,j=1. k.

TEX 3.4, AR PT A if 1a] 4 it 2 UK 0 o R AR A BRI 1R 2 Uk i 2 L(PT).

EIE 3.2 EAH LA PT, H L(PT)>0, 4 477E PT t 838 Pd {8753 L(Pd)=L(PT),ll] H(Pd)=1.

. R
¥ ¥ AE DRI PT sh 2421137 Pd A7 L(PA)=L(PT).
IEI A4t L(PT)>0,L(Pd)=L(PT)F15& X 3.3 ul &, iH17 Pd — &
< AN & P R 1 .
A H15E X 3.2 T 411, H(Pd)>0.
Tpe i [m pck A v H(Pd)>2.
R 7 ' 5 X 3.2(3) nl AAE BT AT v S B R P [ Bh A, & b A —

A EE Act {15 H(Act)>1.

B rhE X 3.2(2) Al S, A BIAE Act ITT & F b, &2 D AE A — AN
P4 Pe; 73 H(Pe)=1. L7118 14 Pd, 80 1F Act Rl i 4 45 £ Pc; 2 [i]
MK R W 12 Jior.

Fig12 Relationamong Pd, Actand PG iy ipyiay P 7524 pipikds 1ol gy S0 BT Py B E 045
K 12 iF1A] Pd,Act Fll Pc; 16 &R s s K] PR B I

H1 52 X 3.3(3) 1T 41, L(Pc;)=L(Pd)+1=L(PT)+1, Bl i #al Pc; (12 8K, 1X B4R 5 L(PT) 5 SUH i .

T LA H(Pd)<2.

[k, 0<H(Pd)<2, Bl H(Pd)=1. O

P B 3.2 R M 3.1 nJ 1, 2 MR &5 A Rzt 1)1 1) £ S 2 ] SR I A

FERRIM PT AR BAFAE 1 3] Pd; A1 Pdj, H H(Pd)=H(Pd))=1,47 L(Pd;)>L(Pd;), WAL FE I, /5 SEBLIF 1] Pd;,
BRAE 1 1) Py Al 38 18 1 7 s AR YN 3K X BT AT AT S B 18 T R A R 1 S

0 R, FATT T 45 28 5 et (10 gy S 0] JC 04T B A2, T 08 1) (10 22 Rt G Jin A m) S B0 10 18 1) AT B .

3.2 HLXIH A A X 5K AR

F HBRIRURI A S R #5 StepByStep  MEAT B SR M (R LRl e ST AE S iR RIARAS T SE I T H AR AT
AR IR 35 M Bl 1 H A BRI B (14 A= B3 3 04 1 922 5% Wi R SR g 14 203 R b 6 7 H b BRI ARE 1) 4 i A2
FF BRATT R T 22 Tl S5 65 A 53— AN o S (KR 00, LA 380 40 R R K A S B T) £ 1.

(—) LA E &R i

P A A U ) 1) 2 S 3L 2.4 ] 01 750 2 U ) T R0 PR AU 52 AR AN IR R R SRR A AR 1914 2510
TR SR A S AR 1) 23 85 L RE A Ik 2 BTG R S A4, AN BT BT I B 4 ok S 38 O At 1 1A 1) S IR A
S B A R ] 2 5 AT, D0 T 2 7 At ¥k S T 0 e A U ) A T O T 1T B B AR i 2 4

R Logistics A7 H (19— i) Bk AT Ui A

R v TG EAEY 7k PL B B4 Loc 4b, R SEBLIE 1A] (at P1 Loc).

SELIE A (at P Loc) K13 43 B AE /7 4140 B s

(at P1 Loc)
1) (Unload P1 ?t Loc)
PC: (in P1 ?t) (truck ?t) (at ?t Loc)

Planning tree
of Pg;

B X 2.4 W) 51 (truck 2t) 2 #1118 R 7R ot R 4R (truck).
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ZEE F A He IR % StepByStep 49 HF AT £ 2253

F7 1% BN E Unload 5T $2 4 11 16 8 SCURF SR AT A 31, AT 6 3 56 7 A8 HY SR T 7] (in PL Airplane) (1 B8 &I
(o={Airplane/?t},iZ 1817 & EMAE PL 45 KHL Airplane 2 ), 4K 5 B € 15 37 (truck  Airplane). i 4%, 1 7
(truck Airplane) & A J 7z 1, A1 AN AT B AFl 4 ke SE IR 9T BA, A2 i 1 17 (in PL Alirplane) R 2 22 4 ().

BT P 23 A R 200, 76 AR BR N A Unload 1) R $2 4% £ I, 1 26 B %5 #4518 3l (truck 2t)E4T S80I, el o
={Bos-Truck/?t},#% J5 F- %157 (in P1 Bos-Truck)fll(at Bos-Truck Loc)ik47 &b FH 25 & I IAA 2wtk & 2 v, ) mf
H B (Bsh 15 7410 ) 2k 5230

(=) BhERrR 4 HET

TERI 5 AR A0k b AT T A B, Atk 5 v 70 4 55 B A I, 8 %8 B0 A IR AT 4 4 0 A R AR Al e AT B vk
HEAT 22 HE (s 35 1 148 4% AR TR R T ), D00 ] 1) FH X A A 3 190 2 SR i v 0 1) 200 3 o 2 1 2 e 2 e v
FACH USRS SRR R TP R 7k 2 —.

MR E KT B AT 4 A TR] ISP AT DG 3R, AN 1R 200 1 A2 MBS T 42, R I A iy 8 4 AT 400 2 T 1 B0 A
AT AR BAT A SE B b AR 2 SV AT 3R 4% AR 2 R AS S P AT D% 3R 02 AT 56 5 U0 16 A 2 U R 48 5 I
J7 A AL S AR BTS2 4548, BT A5 B B A 7 S A 0] RE VA TU AR 454

TR Monkey R0 458 A T S0 B PRI 20V SR 15 B, 7 LAt R K1) A0k A7 AT SR I L

1. 4F Monkey i kil 4iidek 4, 2l (grab-bananas 2y) 1) | $& 45 £F J& (location ?y),(at bananas ?y),(onbox ?y)#l
(hasknife).

P AU T 0 ALURI AT S R T 401, 1 4] (location ?y) il (at bananas 2y) FAE A% 1 DU Sk iff 72 .

N [fi 2K 23 #7118 7] (onbox 2y) #l (hasknife) 1] 5E J& 1.

AR i ST SOR T AEAT RO RIPIRZS T, 2418 17 (onbox  2y) T (hasknife) & 4 11 I, 0 75 22 FH 8 £ s s 1
JE A E AT A AR by B0 ARAE B VR T8 SO AT WA I PR AN T8 1 B S IR 5 05 U0 (AN e T 1 55 L SR AR R B Al
{t PDDL i3 5 A7 Rk (138 S ). ML AR 118 SRR 1 AN JT 3218 1 2 AT 119, H 52 B b, e ATz e B
AR

FE SR [207] AT %0, A7 AF 28 5% FELAS R U] : (onbox Y){(not (onbox y)),(on-floor),(not (at Monkey x)),(not (hasknife))}:\\:>(hasknife),E
FIIU) 2% A A A, DI RNAE FAEAN A R g

411 1] (hasknife) g {5 1], 2546 7 56 IC 46 1, BT 26 s L8 1A (onbox  2y), 84 76 J& T IR S TR — 8 e vk
A1 3] (hasknife) A B D8 2y JJANTE 4T A7 150 00 7 22 15 R R BIAE IO I A7 B AR AUE0E e a1 IR+ 1

N oK 1) Bl ik RS A0dsl b e ST MR T A T B R SR TR 4 M TR TT IR EAE TR SRR 2 R,
R 56 52 3L 15 3] (onbox 2y) A& AN A B 1.

JIT LL, B /5 (grab-bananas ?2y)[f) i #2 4 £ V3 ¥ 42 (location ?y),(at bananas ?y),(hasknife)Fl(onbox ?y).

P S AT D, 7 R s s S, JE RN B 4 T T 4R A% AT RS REAN R AR D AT G R, B AT (R 3E TT BEAF 7E £
AT KRR B AR, B — 35 i $2 4% . sth level
i TR SEAT IR, 55— 30 20 T4 4 AR 2 ) S HR AT
) AR LE BN AF e SCINF, Adsk i 135 JEvE ] PDDL 2k
138 BN AR 1T B % 1F 2 1) X R OC &R BRI T Loop of
KIS StepByStep I, H T 2 B A A6tk %0 iR precondition U
WA 20 1 BT 42 4% 18 2 180 18 S B 0 3 gt ik 2> 4
T LR BRI RIS AE.

() DB 1 BY B e mes

BYCAES v 2 IE W Py AE AT RURIPR A
o ZETEE Py AR A BE Act, HiE 1T Pd

S AN — AT A Fig.13 Loop between target and precondition
A ENPE Act IRTHES 1 Pd 555 s 2R it 4l 13 {EIHTERAAT R =
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Se V1 Pd AH [, U8 i — A 1 17 -3 - 18 8 (R AR PR - Pd-Act—...—Pdj—Act—Pd. 3L & SO AR 2 s JZ 503 Pd,
VU5 AE LT v 2 SRR IR Pd, 3% AR I — R A 1 B 4 2 T LA, I A P AT RE AT B 1E Act R
S RIE IR 45 A0 Py 1 TR B AE Act S 45 I i A F0 18 17 1) 5 SORI B S g an 181 13 i 7rs.
XiF B s A H ) Sussman 7 5 ) A3, TR T H A (on A BY KRB ) A Bl st R ok 5 WA R U 1 110 5 R S s
LEAE T H bR (on A BYEERIB I, 565 1 )2 i 7 (clear B) A&, i id (holding A) g M7, Bt UL AE 55 1 )2 E E
1 (holding A) I A TARY (i Bl 6 Jirzs) kdkAT 4™ i, 5281 iE 17 (holding A) 13145 (Pickup A)F1(Unstack A y).
PATBIAE (Pickup A) T 2 i 42 4 I (ontable A),(arm-empty) #l(clear A), 411l 14 1155 2 2158,

(Stack A B)

e ~---__ Loop of precondition

()

— -
/ g/ N
\
\
. \
; |
1

2nd level . (ontable A) ;

4 (clear C) (on CA) (arm-empty) [ ’(holding A) ] [(cleary)] [:(holding A) ]

Fig.14 Loop predicate while building planning tree
K14 A SRR I A AR AR PR TR ] ) 7 i

55 2 )2 H P I (clear A) A HE 4 BlocksWorld {143k e SCRT AR 1) 58 (e X 2.3) AT 41, £ 15 17 (clear x)
50 AT 3 A8/ (Unstack y x),(Stack x y) Al (Putdown x). 6} 12 KRB BEAT S04k & e LAY vl #3114
117 (clear A) %0

XT3 {F (Stack A y)Fil(Putdown A), Al SCHR 7 B 1T $2 45 £ (holding A). 3K JE 1 17 AE L RIR 5 1 J= i sk
I 18 17 (holding A), Mk ZEAE 55 2 JZH 18
(holding A), 24X, i1 18- 1 - 18 3 ¥ 41): (holding
A)—(Pickup A)—(clear A)—(Stack A y)[(Putdown
A)]-(holding A)gli & — AN EIIEER T LA 28 2 )=
N B E (Stack A y)FI(Putdown A)# R 1%
BT R, 10 b 14(a) F1 (0) BT 7R,

TERKRIR 28 1 )2, 1517 (holding A) I A11TR
i rhid T Bh 4 (Unstack A y) oK 52 311 i
(holding A)( K&l 6 Jirzr), [FHE W] A HIAE 54 15 18]
F) B R SR B L2 i A 23 S ] 14(c) .

A2 B 1 R R 2 I R A B
PRI AT 23 51— AR AU IR Bl S ™. T A H

Fig.15 Chain-Reacting while deleting node of planning tree
15 BB I B s Y s i

15 X IX A B S WA — RO PR U

AV ) 5 5 Py TR T A3 20 A1 A48 M B 4 (1] 15(@)), UUAE 4 AR ES 1,18 3 P AN AT 8 AT A 3 45 R S B,
B 1] Polj AN T it 28 4 ZL(FE 15(b)), 97 LA, LA ) Pd; by B 52 4% £ (R 3 1F Acts — 5 AN 2 AT (B 15(c)), 301 Act
P H A R 0% 1 T M 301 Acty (P8 15(d)) 5 50 41 Acty T i 1 5 1 il Pl 1 B S0 A% 2, A
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ZEE F A He IR % StepByStep 49 HF AT £ 2255

3t LA 0 R TR S 0k 8 L AR R HEAT IS S 1
(V1Y) BB v o B T 4 Pd;
B BEAE 38T b Py 1R IR, 24 2 J £ 38 3 Planning tree
Pd;, SEHLIBIA Pd; IR XESI{E R Act,Acty,...,Act. I] ¥ 3 {E
Acty IHLRIT7#h PT,.
H 5 X 3.2(3) 1 41, H(Pdi)<H(Act,)+1, 1 17 45 25 Pd; 0 il 4%
()78 25 % ) H(ACty)+1. / | :
e ST A P 1 SRR, 7 5 H(Pdy) ok W W
HEAT BRI, PE) 16 7. RS S et 4

Planning tree

AT U ST 3R] Pd; AT 3L B 4R AC'[J,EXﬂ'y\:EE\A—%WAkU*XﬂL PT; Fig.16 Some actions for Pd;
% 5 T AP GL /16 WTSEBLIA Pd; 93 {5 R

(1) # PTyANREAE R B H(Pd) -1 P 3RAF, T 20 15 4% 25271
I8, R R B A B AE AT AR A BN SE IR ] Pd;;

(2) # PT;RELE H(Pdi)-1 Z A 3k13 B H(Act)<H(Pdy)-1, H(Pd;)=H(Act)+1, P 2y 47— > 504 i R i v ok
SEPLIE A Pd;.

LERIFEIL N4 H(Act)<min(H(Act,), H(Acts), ..., H(Acty)), Bl 55 1 AN sh A4 (1 30 R0 gl 2 28 il 1 3] P 11 5% 0%
RN T 1, 52 IR ) Pd; 1) JCAR R T B H(Pdy) BY R B, 3X 5t b 1738 3 Py BRI 1) AR i 72

RN OUR # H(ACt)>H(ACt)>... >H(Acty), BT 3h 11 B kA 1 i B 02 34 1. (i T H(Act)>H(Actig), BT LA,
SIVE Activy IR T A6 A 23 HH 0 TR H(ACt) BY R 45, s AE Aty MRIRG 2% 5 S Hh Az pl ke, R IT A sh 7 T $e 4%
(R HR RIS 718 2% 9k 5 b A Bl L SR

Shy 3 G d RIS St B, BATT AT SR T 5 T O 2 1 A s S e Sk A RSO I A, A8 T - BB B SR SR AB B T
AN DA BERY 53 32, N i BRI 7486 1) A i .

4  HXI2E StepByStep B kI 5K B

50 S 9F 1 0 2 R M, M S0 M 19 05 445 11 92 0 M 5 1 SR 0 T R S 50
HRH R [F) BT 0 3 0 0 4 s

R A 28 B3 StepByStep i Mol e ik S R M 1 3 AT AR A A1, B 9% StepByStep {18z
B 5 15 BT A3 451 B 2 A R R .
4.1 SRIBANIREY B BIRERE R

R RIS T 9 v AT A K 5 A K R 1 4 7 P S T B 0 7 S A B 28
BB T S L 45077 K 2 R K Ok i % R 5 R i 801 R0 B3y v
FE R T UL B T 5 AL ) — A (s — 200) e % AR A X 4 28 Ml 450 2 i 2 S04 e 1 3
S K R SO A R T TR A 107 1 R A D L 57— s R T o 0 B R0 4

126 0 0 ) L 55 s 20 PO 1A SR RN B 52 S 4 B R R 2 9 T %
KA 5 MU 30 1L 6 R AR AE — 5t R E S T M R 0 A 7 B ELE S L ) 1
L 2R AT Ll L L, AR 35K L L AR B S R R

T PSR, S T7E B LRSS StepByStep I, 25 56 R AT AT B I ST S 1 B
ST, 3F: VAR 12 00T 2K 3 T L, 48 PR 300 50 2 60 R0 AR L A0 S A7 S 0 B 345 50 S i
I 4 T 2 1 5 1 R T P 1 5 1S4 SR M 2 15 MKl 4168 T 6 P, B4R 3 1 450 R 13
5 AR 310 6 R [ BRI 2 15 R [ 1 3.

S )00 T 0 /R [ 0 R 47 s AT 30 22 StepBy Step 4 5 A I F6) 40068 1 0k 3 ok At 2,
(L SR AP 7] S50 5T R A K 3 2 e R 4 1 0 150 i R A SR, 50 o 1 15 08 A5 0 6
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AU AN VR SRR 3 R R T S LA FH T8 i K R ORI S A SR 0k
4.2 BIRRSHORBREE

EIAT R 25 00 SR A A rp SEAR AR AR RS R E BRIR S B A B A A8 R R 30 1 ot BRI IR 2 3k
TR A7 M Ar PR S B E T B EORES P T 1810, 38 4, B ARt b s 80 T IR AR 1 R b (K s 1
J7 5 3k A2 S I H b 1) — SRR,

K% StepByStep HISRARZEAE T HERMHRIB (55 3 ) B3EAT (0, HURIME (38 7 2 LA R %117 1 (common
sense) A HLIR AR 190X 3 AN H ULUE:

(1) #F HFRRAZ 0TI, H SRR A7 B AR 7 SEELI,

(2) #7 A H b2 v LI, W) — i 77 AE — AR s AT BR IR BRI oA s i 1 H

(3) A HEAT HAFR LRI Ay 2% W% H bR OSSP, 5L S AN T s I

PEFE L — AN H bR BRI B B, AN 25 R I A e 11 S LS 3 A A RIS (1 bR 23 T
B 047, J9T T R IR ARE 0 PR 5 25% F) 2 TR N 1) 0% 38 ANAEAE 22 H b 2 [VAE ELA 6 T 7= 2B (0 265 R AR 1)

Fft 3% B /& BlocksWorld 4513k Sussman &3 5 il /1 (1§~ H A5 FURIR . 2 21 3.1 nf 41, dEWT 4R A, 7 H A% (on A
B)Al(on B C)My MK H i1 (clear A)FI(holding B)# 2 nf SEI (1) 6 n] SEIL 17 17 #2{(clear A),(holding B)}ik
A7 3 B SR T8 24 R0 T S8 S B A0 T8 A5 7 32 i 0 00 18 ) 0 v A7 22 AN T 1] D) T 1 ] A7 7 A ) N S B
G

2 IR BATT I KR B L AT A RIRES T IR SR AR T 46 1, 4 BT R RIPRZS W W1 46 R AS), H HFRIRES
BN 1 E A S RIS, AR FE T AR AR o S I T ) 2 A Ak 3 1 e 4R A R P AR e T B —
GRS W S R U T A 32 T ] A R TR IS R AT SR ] R
4.3 MRS PRI R E R

R SR gt o Rt o BATTHE AT AR TR A58 g bR A% 0 A o 1] 25 BB by — A R 25, 0K S5 W (147 S [ 4
T 5 SR A R P AN RIE Ol T U MR 2% StepByStep ORI SR 5 I A BE AN R 2 A 25 5 FRAT T CA
FIKI D (R AS [F) Kb B G SRl 43 0K 5 305 B VR R g 2 R ] Bk vk

BRI 5 92 0 i A R 25 o DL s 2 10 R K 2 1 Ay ST s 1 K] g vk A A R 2 — AN v 1 R
RNENVE Z D FR Ay sl A LI D

8 T TR 9 A A R AU v DA D SRR TR R g SR (1 R R s, A BRI D R — A 7 ST IR A
58 VT ] RURI D R A 18 2D

AR HILAE BT 2 A (0 1K) s T 2V S 30 4 ) vk A SRl R o, LIRS 22 4 25 R LRI B A S B 9T L A,
A RID & — AN RIS A, e R0 0 A ok sz B I 1) L . A o L A R 3 408 I, 2 SR FH 45 B VP4l SR s (ke
JB R BRE) R VEA BT AT AT 38 s 1 (KA 25, A Al S5 A0 1 3 £ e 4%

FKI#S StepByStep ST 1 1] B 7 72 A8 BRI v, DA 7 5 230 T 7 S 10 18 1] by 0 90 R 00 224 iy 1
RIE f 0 ], P AT S S I e T 3 R S0 10 B TS 20U s RS LA B B R B4 A sz B, £ B R R 3h A I B B
Z A BT LA, StepBy Step 1AM I I R A 4 R F1 HH S TR T 110 3 R, T AN A2 M IR B HH AT B 1 R .

AR SCAEAS LT 15 D 4 18 1) BRI D T S R 255

15141, BlocksWorld 45its 1 Sussman ZF 5 1] 8 1 — 4> o (i)
J FARPRE W B 17 Fros AL ZORA T AR B /7 1 BRI S
(arm-empty), SE I FL RN P TR S E T 3 A (Stack C
A),(Stack C B)FI(Putdown C).
Fig.17 A mid-state for one planning problem KI5 12 n] 38 L R R eR BOR VPR 3 Ak
17 — AR il e R R A B, 2R T RE S 1 € 30 1F (Putdown C) 4 s {IE ™ i 46 £,
A B 2% 108 B I A 3 1 17 e R 2 R 1 BRI B A R B K R B
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EHE E AN B StepByStep 9 AR AL 2257

RS AE BT A 1 0 T 4B BE A 72 e 1R R LRI B0 1 3K 55t A [R] B AT AN AT e A7 0 36 S 45 340 I A 1) 788 1) e AR AR — .

FERLKI %% StepByStep Hi, S B 5 24 B LRI 25 A% SEHLIE i (arm-empty), WX 3 ANl 15 #5 ) 3, 75 24 i kI 2
To i 3k — 201 e AN BAR S Sk S

17 B 5 R sk R b, 75 S 1] (hodling BY), HL 7776 T 1 468 5% BHL A 1 U -

(0N X) ¢(not (on y x))(clear x),(not (nolding x3=\\=> (holding x)

TN, YA S T T K 2B (arm-empty) S % 5 F B4 (Stack C B),E L Ah 5 AN B4R A5 9K 1] k.

[l R, 24 S LI 1 (hodling A) I, 5 1 #f 5 A~ 8K 1 1 /E (Stack C A)K 5211 i (arm-empty).

A BB & KAl 345 (Putdown C) 3k SEIR i 17] (arm-empty). X B SE IR B 52 h 41 4 5 75 T6 20 02 B
THT A AT AR R 25, D51 kg Wi TR B4 R 25 R 7 18 1] (arm-empty) o4 BCR TR R 3EAT (14, i AN 205 K HAR R0

"N T BlocksWorld A5k 1 — A ] S R0 ) ] 80k 15 WA 08 SR At o0 B R s 4 vk ) AR

LETN 18 Fion K R) in) 5 rp To={(clear A),(ontable A),(clear B) (ontable B) (holding C)}, Te={(on B C)}.

FERILEIRAS To T, £ H b (on B C) IR LRI A5 21 m s3I0 (arm-empty). 20 &I D AT 3 A4S ] i 8)) /5 R s
DL 19(1) BT AZRIE 2 5 R RLRIIR A5 Ty

1) (arm-empty):- 1) (arm-empty):- 1) (arm-empty):-
(Stack C A) (Stack C A) (Stack C A)
(Stack C B) (Putdown C) (Putdown C)
(Putdown C) 2) (holding B):- 2) (holding B):-

f E (Pickup B) (Pickup B)
3) (on B C):-
(suck8.)
Init state Goal state 1) 2) 3)
Fig.18 An example of BlocksWorld Fig.19 All steps of Fig.18 by StepByStep
K18 —/Mij il BlocksWorld MR #8419  StepByStep S K 18 AR R gl P o &
TEMEPIRES Ty F, i 1A (clear C)F(arm-empty) > TL, A7 2835 1] [ SCAR DK AR i AN e, s (clear A), 3518 FH 4))
E(Stack C A), 11 (clear A)TERURIRAS Ty A B, 75 0,1 UH RIATI 4R O L.
FEMRPIRZS Ty R, i (on B C) A AL 73 21 il SELRI 2 (holding B), i AL RI2E 2 )5 I RIRZS 4 T
o T A7 AL B BB S ¢ R (not (clear X)) —\—> (holding x),Hll: %45 (clear x)ak B 82 FH.A518 i8] (holding )y S2 IR
398 2 i, 22 S IR R (holding B) sl 4 0 225 47 1 iii] (clear B) Ay 2L, BT LA, 4 250N I B %)) 25 (arm-empty) o ) 7T 3
#){E (Stack C B). W1l 19(2) 7=,
AERRIIRZS T, N, H(on B C) W RLRIF 13 2IBLKIZE (on B C),iZ KD 2 5 M EIR AN Ta. 0 19(3) iR,
Z U AR To T, (on B C)IFLRIM AL A M4 AT,
LA, StepByStep 113K fift il 7 45 .

LY I L PR L L
#:(arm-empty), (holding B)#/1(on B C).ix 3 />iF il ¥ %l 25 AT A m c
B 4 B 41 7 AR S B, e AT SR A E AR &S P 20(1) @ @
FiE 20(2) s, Fig.20 Two valid goal states for Fig.19
(1) (Stack C A),(Pickup B),(Stack B C), K120 & 19 AN A ELN H AR S R R E

(2) (Putdown C),(Pickup B),(Stack B C).

H 0P AT A6, — AN T R A e 0 W AT 2 AL B AR Fe 51 ok SR, LB AR 2 91 1R B AEAN 5 BRI ¥ 28 B0 A
SR, R RS R AP R TR 4% — SRR Bh 4 ke 52 3.

A R LE IR 78RR B A 1) T8 AR R B FEAH DGR B ) SOt ie AR SR g th 3 AR Sk i AP B8,
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4.4 MXIIEFTIN S ML

H L5 PR AR T AN BRI P Fe 51 Rl B 22 A28 B R 1 34 5 413X E e T S H BRIRES 10 3 4E
HI 2 REvE AL RGBT s VAR I, B BT RATOR B T — AN RURIZE B T vl ik s 4 IR AR 47 b 2 7T g
7 B B DU AR L O B 3K 8 T 5 P R 9 o R R R 28 v F) AN s 1 ) BERAEG e R R ) 2 s R0, 2 1
TR 5 1) Ak BN )Xo —— 46 RIS Fy Kol T R0, FRAVY v e 5 2 O B — AN I 4 1 T S AR H i AN 2 O B DT AT 1
AL SN VEEH  EE RS AR B 5~10 ANl ks 4wl Al BE CRUE 25 193 B — MU Rl 1 P 41, T EAUE K
JTiE B AR B 1 741

AR T IR B 2 /DR Rl ik Bl 4 B 38 10 ) R — AN L BRT B ESE PR A HOR B AR 1 1) L
BB AE N TR RE PO — A ) L e 1) 7S 22 /D08 (R e e — A 1) T 0 BOB 2 Al R 2R S T
A JITAE R I ]t f B 22 TR, — AN R 2 Ok B AR AT A sl A A Hiek 22 | SRR R (1 0T e 1 RO, 15 2 d L B
AR 511 v B 1 -l ok

T P 21 s R ok vl AT AR R

To={(holding A),(clear B,),(ontable B;),(clear B,),(ontable B,),...,(clear Bygp),(ontable Big)},
Te={(arm-empty)}.

H AT, AT 45 101 Al H BRI Z) 45 (Putdown A) sl (Stack A B;),i=1..100.

IR Te={(on By By)} B4 AT 12 N il 3 AN LRI, IeAT 99 Fhl & =) 45 32 41

(1) (arm-empty):- (Putdown A),(Stack A B;),i=3..100  // F£H45 99 Mk 1k

(2) (holding B,):- (Pickup B;)

(3) (on By By):- (Stack B; B,)

B XA 1 0T T R 2B TR T A T
AR YT R AE AR 2 08 B 070 9 A i b 0 2 R i
AN BN ﬁ 0 55 1 70 5 0 T 7 80 I S0 1002 L - 25
yaniohs B $9L5 2 (arm-empty) e T ) £ € B 7 SR BR J—A)
Fig:21 An planning problem of BlocksWorld i i 24 17 1) .24 48 K B T 0SB B
21 BlocksWorld U I —AMUIRIE 7. A 15 0 1040 03k P o 365 905 08 A0 9 0 B2 ke
AT .

] A SR AR AL R R R 0 A 2 ) — N B A (1 A e — AL R AN IR T 09 ) AN R b SR i )
it L R )RR SRR B LA AT LA 1) A ST e R R R A T A G S B e R A
45 MRIFRRHE LA

FI 4 StepByStep FiKI) 5 I 2 7E AU AR 3 1 FIRI SR i 78 BRI 2 v LA R BRI A0 S BRI 3 Ak
ANFKIE 0T AT 22 AN 0] 3 2 AE H A RIS R AN e K 5 SR P O B AR S A R AR LRI 5 U — A T I S .

FXI7% StepByStep Fi ki & 0 11 = ZE ALK A W F

(L) U H A B 0 I 1 A 16 AU 260 34, R PR 0 A 2 10 L A2 FH 303 5 4 ey A0 L 9200,

(2) B ar MR ) AT m AT H bR:Pdy,Pdy, ..., Pdp;

(3) 5 L BLLRS HRIUG B bRk 25 o BT AT 1 B bR AT 1512,

(4) #F HER P ARG IR, W4 bR AN W] 523, 3 45 TORR sk At

(5) EFLHIRE NG F B A% Pd; ALK PT;(i=1..m), 35345 2 ] Sl i 2k 17 17 45

(6) #AAE—A Pdi AR HAHN KRR PT AL S MR 45 S (ie{1,2,....m}), W4t B FRIRASAS AT 230, 945 R
bk

(7) EFTERRIT H AR AR

(8) while (f£7E K 5 AR+ H br) {
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ZEE F A He IR % StepByStep 49 HF AT £ 2259

(8.1) WP T H br R R rhn] S 3 IR 451 1 1R 4R

(8.2) I T A3 1 TR M A 3 T ] R ok — e i 1 1A

(8.3) X i 2k 1 ] 4 v ) 1 (¥ AN T ] P B RIS Pd I AT T 5 4% R R 2 R I R 2 Pd, JFAR

I8 77 BERAE T TR D vh i aTE S AR T T AT AT IE B A R 2 FERBOR K BSO  H ERIRAS 5 )R
ZHR A DT AE 0T B AR N SRR
(8.4) FEFMRIRPIRAS N 25 4 T RrRAS 0 7 H bR 35 10 VIR CARAE, W& Ak 480 IR
(8.5) LEMTHIRRIIRAS T, S I A7 0 48 TR A I KB, O BT 3145 5 ] SR A i o 18 1) 4
}

(9) HERRA BTG 7 H bR A OSBRI A8 28 6 1A ml age R0 R 204 4 D FC S0 3
A, 0 J5 22 1R A5 VR AH I 18

H PR 8 /& StepByStep il S M 1) 3= TEHE 43, 0 2 MUK S P of FURR (0 2 b AR R IAE LA 3 AN Uy I

(1) FK SR Aot A2 BT R RS A A8 5 2 IO ) 08 ] A 80 0 UL ] 1) LA B 1 £ B BT AT ] R B 1.

(2) AR SRR LR b A2 T RRIBS (0 2 AT SR AN RERP B2 AN TRAT R 28 R 0 i FLRDIRES.
WS TR R RIIRZS N T B A ol 28 DR A T IR 70 B A7 8 RS 1) 2% 0 1, SR — AR, it e
B AZA T BRSO b AR RIS A SR A i R b 2 — AR . AR D MR HEAT SR AR 1), 1k 2
K %y 42 o4 StepByStep 5L, H 2 Uil /& Step-By-Step.

(3) AN FH K1) 2 R AR AN R ] U014 JR RN O 1) 2 i BRI HCE — AN BRI, AN R R
I 55— SRR BRI 25 ] LA AS [R] (R AR B 2 e Bk . e AN S R A o — AN 7 H Al — 8 SEBILE (1 SR s, i
Je K e A7 b USRS 10 S T 38 7 SE UL 2 1 H AR R 2k R b T3 2 pe AR 1 H bR 1) SE 3R
T 5 8 A5 58 18— AN R J5 R BT RPIRES TR I 8RR AP 3X R4 AT R T 24 B AR 1) SE I
4.6 ¥ BEStepByStepHI KRB E S 1

FATAE Linux PR5E T H] C 155 SCBL 17 MRS StepByStep, iz Mk s S W&l 2 Fros. o4 1 ELE LRI 1)
TR AT AT O Be LRI B WF T 199 il 2 T A7 AN BRI 4%, 41 AltAlt,Blackbox, IPP,HSP,MIPS,LPG il
LPG-tall?3281 L ey 0 0 1) 2% £ LAAE (MR K 26 I 1 40 53 1 e B

() S0 A58 R X P R0 K] Ao sk

fifif+ 2155 Dell Latitude D600,Pentium M 1.8G, N 1% 512M,Windows XP Professional.

FERLFAEE: VMware Workstation 5.5,Red Hat Linux 7.32,KDevelop(JF & #£5%).

TR AU KRR RIE TR TR 3~ 288 1) B v R0 K1) 40l B JHCAH 12 1) R K ] 0

() FUR Aodat ey SR i 1R

FLKI#S StepByStep 1SR AL E 1 56 52 U A0UER PR BE A ST, 2R )5 M2 0 AR s 4 2 8] (R AH ELAE HI 23R4T 32
i BRAT R A0 11 52 AR UL T 32 R A8 17 A RS B0 1, A0 R A B A T 2

Table 1 The number of domain rules extracting from planning domains

1 A R A R R A B

h Basic laws of planning domain Compound laws of planning domain
Planning - — - -
domain Dlrect Cond_ltlonal Dlrgct Indn_'ect Absqlute
concomitant rule concomitant rule obstructive rule obstructive rule obstructive rule
BlacksWorld 22 8 11 9 33
Gripper 14 0 13 16 32
Logistics 2 1 3 0 3

(Z) RIS RN B 55 A

ARSI DA LU AR 2 P 2 Ol R B i BT 1Y) 3 AN RO B — o AR I 1 48 S R 4k

(1) BlocksWorld 453

PR BRI T A28 MR R R, e R T AU SETSOBUR Y 4 P by Tz e AT
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—ANHUBRRE AT AT 458 A7 8 0 20 e A WUBROR S 56 B, I B, 8 A7 22 ) R A AR i B SR IRV, 3 478 5 SCrp R E R 4 2 e
AR 2 ALk, A P AU 1 R ) 248 XS B AR MU 22 A A S R 3l A1 2 Tl ) A LA Tt e A9 21 2
(524 0, LR L.

FEAE 1 v Time 27 MR 45 1A SR IR 13, B 1) 52457 0% £ (s), Step 275 8l A1 e S TR 20 B A A% mp IR -7 R
RIFRAE 30 73 B P AR ZRAGAH DRI 1) 5 ) A

1 Time 227 HIRI 2% 10 SR fige Ik 1], IS ] 5457 8 B2 (5), Step 7 B VE P 51125 55, e vh (1 - o SRR 28 4
30 73 B P AR RAGAH I R 1) 25 ) .

X 2% AT R i AT, AT 60, A R A 2 [ e B ARUAS Bl H50 ¢ 88 m i B i 0 1 2 ANk 3 PR
(1 552 560 250t s 1 17 3K ol A ok /N R PR R R AT, At R e 85 3 1S S L RN el (L i 2 AR R AN K ) 484
0, 32 R 1) 85 £ SR AR P T R RH ) 2 2t 0 D o A A R 8 AR A 30 20 N S TG IR 5 R A R R
R % StepByStep %% 2 13 3 1 B AT Bl il /AR AT AR 4 (¥ R DL ANNBEAE 15 A58 & 3 F die AR 1 1
R e, i H P45 0 R 25 e AR 3 2D

%% 2 The planning performances for small-scale BlacksWorld problems
% 2 /NHUEE BlacksWorld Bl i) R 1 K fift 2R 5114

StepByStep AltAlt Blackbox IPP
Time Step Time Step Time Step Time Step
blocks-5 0.003 12 0.022 12 0.294 12 0.010 12
blocks-6 0.005 12 0.027 12 0.200 12 0.010 12
blocks-7 0.011 20 0.040 24 0.582 20 0.010 20
blocks-8 0.033 18 0.049 20 0.933 18 0.030 18
blocks-9 0.073 30 0.093 36 2.219 30 0.130 30
blocks-10 0.037 34 0.111 42 4.956 34 0.270 34
blocks-11 0.017 32 0.121 34 - - 8.690 32
blocks-12 0.066 34 0.144 34 - - 1.790 34
blocks-13 0.058 42 0.323 58 - - -- -
blocks-14 0.093 38 0.285 38
blocks-15 0.167 40 0.969 50
blocks-16 0.107 54 1.705 84 - -- -- --
HSP MIPS LPG LPG-td
Time Step Time Step Time Step Time Step
blocks-5 0.001 18 0.050 16 0.060 22 0.020 22
blocks-6 0.010 24 0.100 12 0.040 12 0.010 22
blocks-7 0.001 22 0.080 24 0.100 42 0.040 54
blocks-8 0.010 26 0.130 22 0.050 38 0.050 40
blocks-9 0.050 48 12.600 38 0.280 96 0.070 70
blocks-10 0.050 46 1.040 40 0.840 138 0.080 56

Problem

Problem

blocks-11 0.090 54 -- == 0.290 98 0.100 60
blocks-12 0.650 58 21.660 44 0.760 198 0.170 88
blocks-13 0.580 64 -3 = 1.150 184 0.270 90
blocks-14 3.420 68 -= -- 2.590 108 0.200 84
blocks-15 1.390 70 -- -- 8.990 180 0.330 110

blocks-16 | 0.900 86 - -

Kk StepByStep Xf BlocksWorld S5t it KKl 1] A7 4 b D 7 A€ 3 A) 3 22 Jt DR 40 65

o AT SO BT TR A8 (1 R VR, FRATT T8 5 ARSI e TR B M AU e AT TSR ke, AT S A o R o A
P07 AR HE P R I T ) BRI g R A5

o AT AN AT W — PR o M VR —— WU, BT S AR B A 20 R Z U R S8 e HUME B AR S TR AN LRI
AT 1, e RAEC T A AT A (IIUE SRR ) Z (R AT D) 4k

o FLRITE AR b, EAR R REAS FLR D #ROR B T AT B AT B A B0 T U RS AN E P (H X e AN i
SE T 1) 0 S AR AR AT R IR IR 532 1), BT A LB PR IR S R & 2 1 2 1.

(2) Gripper Al

2L NAEAN A 7 (832 16 SRR A MR U, 8 T 0L A& R sh 8. th T sh 4 8 Las AT
DA B IR L 300t e A 22, BT P AN AE s S SR LH A 22 1R R e iR, L3R 1.

RIS A BRI AR A T 1), A T HAT S ) D g AL 75 R F 3 I, )0
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EHE E AN B StepByStep 9 AR AL 2261

RIZS StepByStep g & HI 2 7 38 & A e 73X R AN T H AT R T AR AR T BV R U R R —
ANSERES BRI A A IR I A BT 18 1R AR IR AN 2 045 37 R E B 22 47 S Aot B ).
Table 3 The planning performances for large-scale BlacksWorld problems

=3 BRHUBE BlacksWorld B [7) F51 f) sk A 1 g X6 L
StepByStep AltAlt Blackbox IPP

Time Step Time Step Time Step Time Step
probblocks-17 0.190 58 6.870 82 - - - -
probblocks-18 0.205 64 --
probblocks-19 0.347 62 4.038 78 -- -- - -
probblocks-20 0.254 60 3.113 82 - - - -
probblocks-21 0.371 78 -- -- -- - - -
probblocks-22 0.318 66 --
probblocks-23 0.388 74 6.056 106 -- -- - -
probblocks-24 0.291 78 -- -- -- - - »
probblocks-25 0.231 82 -- - -- - - ”
probblocks-26 0.403 84 -- - e . o -
probblocks-27 0.831 84 -- - - " b -
probblocks-28 0.937 92 -- e - E 4 -

Problem

Problem _ HSP i MIPS . LPG _ LPG-td

Time Step Time Step Time Step Time Step
probblocks-17 3.560 84 -- -- 20.800 234 0.730 124
probblocks-18 3.200 94 -- -- 35.190 400 0.800 124
probblocks-19 | 92.080 98 -- -- 37.920 402 1.290 114
probblocks-20 | 107.720 112 -- -- 50.110 382 0.790 160
probblocks-21 = - - - 77.740 424 1.370 160
probblocks-22 -- -- -- -- 171.020 382 8.700 202
probblocks-23 -- -- -- -- 145.580 574 4.690 156
probblocks-24 -- -- -- -- 324.910 816 2.740 148
probblocks-25 -- -- -- -- 330.120 448 12.540 176
probblocks-26 -- -- -- -- 419.800 476 18.360 224
probblocks-27 -- -- -- -- 500.900 886 7.750 196
probblocks-28 -- -- -- -- 1375.720 1596 | 11.290 212

FT AP P AL, AT A SR AR T o 8 R 3R] PR AN E A, R BT R B0 A 1 2 A K R SR A SR B T A )
JeL A1 A B WA 7 SRR M (Lt 0k T A5 £ BB 5, 2 4 7 81 1 S o MO0 S 7 99 M 445 36
StepByStep KKl & SR AR I [1) 22 22 T FCAt RS 25 (5 B K KRR 2 0 die /0 10, B0 28 vl ok S 8 B A IO e AL 11
Table 4 The planning performances for Gripper problems
= 4 Gripper HURI i) &5 >R ik e e

Problem StepByStep AltAlt Blackbox IPP
Time Step Time Step Time Step Time Step
gripper02 0.003 6 0.050 7 0.010 6 0.010 6
gripper04 0.003 9 0.003 9 0.030 9 0.001 9
gripper06 0.008 15 0.010 15 0.650 15 0.040 15
gripper08 0.026 23 0.034 23 -- -- 0.790 23
gripperl5 0.116 45 0.298 45 -- - - -
gripper20 0.274 59 1.387 59 - - - -
gripper25 0.486 69 0.818 69 -- -- -- --
gripper30 2.128 79 1.121 79 -- -- -- --
Problem HSP MIPS LPG LPG-td
Time Step Time Step Time Step | Time Step
gripper02 0.010 6 0.050 6 0.001 6 0.010 6
gripper04 0.001 9 0.040 11 0.010 9 0.010 11
gripper06 0.001 17 0.040 19 0.010 15 0.020 19
gripper08 0.001 29 0.040 31 0.010 23 0.030 31
gripperl5 0.030 57 0.060 59 0.010 47 0.020 57
gripper20 0.100 77 0.070 79 0.020 67 0.040 77
gripper25 0.150 87 0.100 89 0.040 75 0.040 100
gripper30 0.360 97 0.210 99 0.050 88 0.090 124

(3) Logistics 4k
PR AN O TR I B 1 R R R, e R R A LR AE LT AL 3 T A RS Bl S R ZE I T 2 A% B
ML LE A B IR TT 2 8% 8, 40 2 (package) T H R A=l EHLR B 2 A8 R SRR ALIZ Y s B T Bl
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T R DA 2 FLUE A i LA A B A 5 SCrp R RESR B AR 2D 1 Al Jan iR, L3R 1.

2% R AT A A T 2 I A U 1A, Iz (package  ?obj),(truck  ?truck),(airplane ?airplane),(airport ?airport),
(location ?loc),(in-city ?obj ?city) Fl(city ?city)%%, 1 Wish#& 1@ :(at 2obj ?loc)FI(in ?objl 20bj2), 7l # &
7R 20bj (.25, R A8 WHL)ZEAT B ?loc Ab, J5 5 375 A0 25 20bj 1 {Eia iy 1. 2 20bj2( R 4= K Hl) 2 .

T3 H AR 1 RUR 3 5 MR 2% StepByStep (1K Ak i 1] b LAt 0 K1) 2% 52 22 {48 BT SR AR R 25 %
77 THI A AR 4 1A 2 IS 95 AN B 1) &L probLOGISTICS-11 1 probLOGISTICS-12,StepByStep fiT 15 1 k125 i

BLEE MIPS 2 1 28 R b2 41, StepByStep F R 5 it A8 b A AR 25 22 47, WL 3K 6.
Table 5 The planning performances for logistics problems
& 5 Logistics KX a1 =R g P B T L
StepByStep AltAlt Blackbox IPP

Time Step Time Step Time Step Time Step
probLOGISTICS-4 | 0.003 6 0.024 24 -- -- -- -
probLOGISTICS-5 | 0.006 17 0.025 19
probLOGISTICS-6 | 0.001 14 0.025 16
probLOGISTICS-7 | 0.017 46 0.062 54
probLOGISTICS-8 | 0.099 34 0.078 39
probLOGISTICS-9 | 0.122 44 0.052 50
probLOGISTICS-10 | 0.344 51 0.102 57
probLOGISTICS-11 | 0.412 58 0.106 63
probLOGISTICS-12 | 0.556 81 0.153 95
probLOGISTICS-13 | 7.754 84 0.276 93
probLOGISTICS-14 | 5.890 69 0.208 74
probLOGISTICS-15 | 8.282 72 0.280 89 -- -- -- --

HSP MIPS LPG LPG-td

Time Step Time Step Time Step Time Step
probLOGISTICS-4 | 0.001 26 0.080 17 0.010 21 0.060 25
probLOGISTICS-5 | 0.030 21 0.040 22 0.030 21 0.030 22
probLOGISTICS-6 | 0.010 16 0.040 14 0.010 15 0.010 17
probLOGISTICS-7 | 0.090 56 0.320 61 0.030 46 0.020 58
probLOGISTICS-8 | 0.080 40 0.570 39 0.030 38 0.020 42
probLOGISTICS-9 | 0.080 51 0.060 44 0.030 48 0.020 48
probLOGISTICS-10 | 0.200 59 0.140 53 0.210 49 0.080 54
probLOGISTICS-11 | 0.330 69 0.150 57 0.310 72 0.040 61
probLOGISTICS-12 | 0.300 98 0.220 80 0.130 81 0.050 89
probLOGISTICS-13 | 0.910 102 2.000 94 0.080 101 0.100 106
probLOGISTICS-14 | 0.810 82 0.550 72 0.040 75 0.080 84
probLOGISTICS-15 | 0.950 98 1.470 84 0.030 83 0.060 95

LRy 8 AN HLRIAS X ITIE 3 AN HE S A0 AT IRl SR AR 1) S s e B, FRATTAN A A s K % StepByStep £E KK
AR 5 e B AT AR G (K 2R B, JE R AE R P R AN BB B MIPS 22 1 38 4 o H A R )
7, StepByStep JT 4 21| (1 MU 20 H A A J /b 1) AR SR M 2% 7 1T, 1T+ StepByStep H iR HR Ok B BT A7 7T 3 B &l 3
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Mk A. Sussman & 5 18] B B $a iR

(define (problem Sussman-Anomaly)
(:domain  BlocksWorld)
(:objects ABC)

(cinit (clear C) (on C A) (ontable A) (clear B) (ontable B) (arm-empty))
(:goal (and (on AB) (on B C)))
)

Mi3% B. Sussman & 5 18] B3 A4 #1 X1 i
{E Sussman 77 5% 7] 8 FF 1~ H A5 (on A B)AT(on B C)ZERI AR I HL LIRS G 14 22 FIEE 23 Fiow.

: cIearB) [ (hoIdmgA) ]

J=mrey

(ontable A) [ (clear A) ] (arm-empty) (clear C) [ (holding B) ]
Y
(clear C) (on CA) (arm empty) (ontable B) | [ (clear B) ] r(arm-empty)
Fig.22 Planning tree of sub-goal (on A B) Fig.23 Planning tree of sub-goal (on B C)
Kl 22 7 H#bs(on A B) LRI 23 1 H#x(on B C)IFIRLRIHE

7E7 HAx(on A B)FI(on B C) LRI b, i AT sE i) KKl 25 43 310k (clear A)F(holding B), T LA ZE R 45K
A F, TSI 1L 11 17 £ D {(clear A),(holding B)3}.

R B FE(1965—), 5 ,) AT IMN R H#%z,
B8 30/ IRTEE DS PNNNE- §i RC A7 a7 RS
.

R RIAR (1965 —), U3 1 4 Al o, 32 2T
FUAE 1 HE M A6 T 5, e DAL

E R C(1945—), 5 MR A S,
SEAIFSTATER Ok 1 B 4R A A
Rz

© HEBREBREMIGON  hapd/www. jos. org. cn



