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ForwardSearching(KB, InitState, GoalState)

Input: KB, state space and action modes;

InitState, start state;
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GoalState, objective;
Output: an action sequence or failure;
1. currState<—- { InitState };
2. plan<—— { };
3. Repeat
4. If currState satisfies GoalState
return plan;
applicable <—— {a | a is a ground operator in KB that Precond(a) is true in currState};

If applicable = ¢

return failure;

O 0w I o wu

a = ChooseAction(applicable);
10. currState <-—— Effect(a);
11. plan<-— planUa;

12. Until Maximum Iteration.
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Goal (At (A.R) N At(B,R) N On(A,B) AN ~On(B,A) N On(B,Floor)
N Vacant (L) N\ Vacant(M))
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BackwardSearching(KB, InitState, GoalState)

Input: KB, state space and action modes;
InitState, start state;
GoalState, objective;

Output: an action sequence or failure;

1. currState<—- { GoalState };

2. plan<—-- { };

3. Repeat

4. If currState satisfies InitState

5. return plan;

6. relevant <—— {a | a is a ground operator in KB that Effect(a) is true in currState};
7. If relevant = @

8. return failure;

9. a = ChooseAction(relevant) ;

10. currState <—— Precond(a) ;

11. plan<-- alUplan;

12. Until Maximum Iteration.
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PSP(x )

. flaws < —— OpenGoals (w ) U Threats(x ) ;
. If flaws = @
Return &t

. £ = ChooseFlaw(flaws);

1

2

3

4

5. resolvers<Resolve(f,x );

6. If resolvers =@

7 Return failure;

8. p = ChooseResolver (resolvers);
9. /eRefine(p L) ;

10. Return PSP(x ).
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On(4, Floor)

= On(4, B)
Take(d, L, M) At(A, M)
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/
Vacant(M) % 7 D \\// Vacant(M)
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GraphPlan(KB, InitState, GoalState)

Input: KB, state space and action modes;
InitState, start state;
GoalState, objective;
Output: an action sequence or failure;
Graph< —— { InitState }, a graph plan initialized by InitState;
NoGoods < —— { }, a set that keeps the unsatisfied states;
. Repeat
If all goal states are contained in S, and are not conflicted
ActSequence < —— BackSearch(Graph, GoalState, NoGoods) ;

If ActSequence is not Failure

1

2

3

4

5. return ActSequence;

7 If Graph and NoGoods are leveled off
8 return Failure;

9 Expand Graph;

10. Until Maximum Iteration.

5.5 WEMX

F) HHT R 1k A T PR B R ) R T A BRARAS = ) R S AR SR Y . 3 — 1)
R R g 22 ORI SR, S5 B A= 7 VA B ek A AR 22 ) 8 5 2 W B 25 B8 Bl AR B0 R 2 B ]
GER A T 2R 2 I R A R R R D R R G ) A R R i 1k
5 2 MR AH FERR AR DOl o AT R 04 B8 0 o3 ol i i

BF PRI AT 4 SO B AT R R AT R RS AR AR A AR W AT
FIAI 35 _E A [R)%F 42 14 48 18 44 Bk L A Box  Floor DL XTI T~ 1 A (B 8. AR 15553 A X
G 7R gk R () A% o, /T e BRI A 4 BB LR B A S R AR
5 I 1] IBCIEL A S B CAR T TR i ] LA SE R ) o KRS AMAE, —RE LRSS R
RARBE RS A6 I E 2R L A0 Adjacent (L, M) s 53 — 280 A48 K RAF5 , Fn 76 04 o A2 o
A BRI M KR AN AcCAMD . AR PSS, — ST (8] 29 5T, e ab 9 I ] 249 31
TR B S B L A i 2 DL R AR e 1 — BUR B R 51— K20 U 8 W) 1 X
SR 15 R A% W S0 A 1 S L G20 LS B R R e 1 g Xl TR A S
S B, PR 6 29 R4 I AR e OB A BRI . AR Rl R ] oy Sy R AR
iR TN AL IR 1 R O R MG E R (AR X R A L 5 W] AR 5 R ORI ]
2R,

JE Ak, Fe A 8 X 1] R 22 #3520 (Temporally Qualified Expression, TQE) NI T
Y 2N

P (CovsC) @t ot )
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Hrp,p RATERZR G o b AR R AT o0, JEBTE AR &2 ¢ <<t, . ZWH
PR RIA W] T XL R 2 o <<e<<t, IS Z 0, p (G,seer s GO MO, IEAL S T 7% 3R
TN SR 22 A JF R B ) X ), itF— 2P OB ()i %2 ( Temporal Database) i
D= (F,0)

Hrp, P — A R R E R IANES  CR— DI E XY RARNARES . T35 A
FUA A AE 1 R BE TR L CoR 249 SR ) 2 SR 2 [ R 20 A A W] AT e CHIV A A0 2 56 T A A8 1Y
S A I AL Y A TR 29 SR 5 DU R0 I TG e o T SHRE R 4 T FOIR A B 3 AR AT Y AR
AE O . T 5-4 25 T BROR B 1 8 43 B ) 508 e, B ) PR E R A NEE B T /R

®={At(A,L) @[ 7,.7,) At (A ,Route) @[ t,,7,) At (A, M) @7, ,7,),

Vacant (L) @[ ¢, yt4) sVacant (M) @[z, ,7,)} s

{Adjacent (L ,M) 7, <t, <t, <t3})

7 T ) X}
At(A4, L) ! |
) At(4, Route) ! |
I X I
| , !
: ! A4, M)
: i Vacant(L) |
|

Vacant(M) |
P 5-4 FRURAHE 5 ] 1] Hodfe 2 GRR 43

A = 2k ] BRE B A8 TR A 3 07E e, o) Lo o7 Low o) PRI BE N A T
L Ab Feghpgte B M Ab, JEPRRIBLIEM 7 L MM s B, 2Rl 7 L
HM AR AR OCZR o LB I 8] s i 29 51, e 3] e o i i) B E 23k AR 2 -1 ) OF AN
WA WA S IE I B S E . X G 1 3 P T SRR B A] ER 3k R 7R R i i 1E] P
JRAE. 5 7 O ZR AR B A N AR AT
R 4 2 — 45— I P E] BR 2 ik X T =Vacant (a) @[t ,¢,) . K a,t,.t, ¥IH
AR, W VBSOS B @ HAFTE TR AR R — A B AR B E S T L IR 4 SRR
O ZHFZRIBA T, BHNFERURI T A5 A B Vacant (L) @z, st DTEE B a /L o2,/
Toat, /Ty ) FREE NI RINAL T DL @ S0Ff T 1, @ SCHF T JF A 75 B0 ) 42 & 19k
BB, AT 2 (o <<ty oo, <oy ) B HERREORIE T B0 . S A) R A 0 T nlor i 728 &
YRE LI LA K A R B IR R (I o, <<ty .0, <7 ) FERFRCN T 89 AT 47 &5 £ (Enabling
Condition) ,
TE AL 2R I 7 B () 80, FRAT o S e R A R0 B, Ay R A3 2 3 R
o = (name (o), precond (o) seffects (o) ,const (0))
name (o) JEIM o (xy v vy vt ot DWIFRIZA . FHFIMEIERT T 555 N2 X AL
B A &, precond (o) Fl ef fects (o) FERMF B R EFR IR, const (o) 2B} 0] 25 SR AN 5 2
WO G LY AT A% OC RV R IPE 2900 . AT IE KR LRI 75 g
Mowve (x ya ,b) @[ ¢, ,t,),
precond ; At (x s a) @ t,.t,) N\ Vacant(b) @[t ,t,)
effects : At (x  Routes) @[ ¢, ,t,) N At(x.b) @[¢,,t,)
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A Vacant(a) @[ ¢, 4t,)

const s t, < t, <t,<t,,Adjacent(a,b)

Horboe, Me, J2 A 7R R I LRI SRR 2E SO MR B8 7 280 3 0 742 o 4 )5 1 45
Ko HEMNBEIEE 0= (F. O 5 FXF R o T precond . IF HAF MR CU
const (a) Uc W IR AT AT 55 ¢ W B AFREIVERERK o X @ RV AT, ShiERESE
WA ¢, B ¢, AT S BUARZS H ef fects TAM 20 . 4G I EL MR b, — D 3IER
PAT 45 AR RS BZ SRV S ry AR & AN 25 S Al oo RS . (BAER R
— VR RIAT 7T B B8 HA X GRS, T HA X 5 1 3% 26 T ORI SR TE e f fects
Hr, AN, U T — AN S EIAT IS AT AR S SO JRUIR S 5 S0 A G B R = SR 2 R T
AL Y SRR . TR I e KL Sl R AT 4 R H 2 0 D R S B A AT S g AN 23
B o 33X g R DA A [o] B[] BB T A bR S 43R Sy A [i) §98 S 552 DAL Ik Bt o EF ) 1) 3 8 5 ) 5 58 25 A
Wr A

T R PR B S I () B8 2 . — A B AR S0 (R — B UK R B () I i e P
AR AL E 3% 55 IRBRR 8 A B (axiom) , AT R IA AR IR
(At xya) @t ,t,) At (v 0D @ ') > (xFE )V (a=b V G, <DV @<t

AR A0SR Sk Z B P I 8] BR E R A U IR A B A R—RAF AR (2 # y)  ZH A4
2 [R) — SRR T AR [R] 1 55 Ca = b))« B A2 7] — A BRUORAE S i A [R] i 1 ] Be A2 T AS )
M (e, <<t DV (2, <<t PIIHT Sk Z )5 AT BB 2 o . — M i, 2 BBl e Sk
LD

o =cond (p) = disj(p)

o, cond (o) 2 BF 18] R il 3B LG disj (o) S B [B) TR 52 20 i A L

BAE, AT & H A48 7 58 I FLA ) B 25 e SO Ty B0 R g Rk = e

D=(As,0,.X)

Horpr, Ay SRl b w1 BB OC R RIZY AOE S i A7 B [B) B8 R R s O I P MR 3 4R
Fs X EMREATES .

— NI R )b e o = ot

P=(D,d,,P,)

Hrh  DRNFREE, O =(F.ORA, il EAHES X B, Kb B0, AT
— DRI 5 RN UR TR ) GRS W g T R S TR ST AR Y i AL
W, @, =(G,C,)2FRm HARRES R B , GR N R E KB XES . C, 2 g R AR
SN 1] 2950

e LA B8 BB A 17 A0 T S I MR R B S O P = (0, X, @, , @), HLRI 2 X
HN—NIEES n={a, ., va, ). XBEBA % AENUT K oy $hAT i 8] & 2965 7E 3h
Erh T

TEZ5 T R )8 N oA i R B X205 B TR AT A SR A R B & o 15 42
A e MR T O Sl Ak JOF BAFTERE S it B AR R & @, = (G, C,) 1Y I 18] i 45
Q= (F,0), Fhbrhi v, LA & 8 75 BAE K i 2 A i 5Ll b, i an il @, LRy Y
WX B PAH TPS Bk (Temporal Planning Search) . &5 PSP B 251, TPS &k 14
AN 5-5. Q J—A4 T 2 Hi &8 20 0 BOHE S5 4 . R oK USRI g L Q4R 2 4 Bk
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B . FEVEATHAR o e 4 — A W B JF A8 R T AT A9 i B T B T vk o AR 8 BB v — b 3 B 5 A
PO Ot . IR B T R 7 2R OB B ORAE T R L i S AR T 1 A T R T A R LA
FIOR ik 2 W B4 1m0 ) DR A7 i b e IS A Y B O R AT 48 AR (S BRI I )
HR A A7 G B v RE LA R H AR VAN 2 A BLRUE ) = FOE AEE . B G=0penGoals (W) AN
2,0 G A BARRIAR e AP © SCHF, XIS HRFE 1Y SO I T RE R

(D HFH e AT HATRAA R HEDAE —AD5C— By ol 047 5510 I8 4 etk ok
W — 25 SCHF e BN ) BRE SRR 0P Q AR R C< KU (0Ce/P)}.G<G—{e}.
Horbr KRR A R B VE B AT AT 26 1 A B0 — BUVE SR AR 6. 0 Ce/ P FROR Frh 5 C— 3 AT
PATHRAE

(2) FEAFRIEF LB NE a . ZIERLGER ef fects (a) T FF e I H const (a) HC
— 2, FHR Hb L Q A S SR W

r<nx U {a},F< FU effects(a),C<~ CU const(a),
G < (G —{e}) U precond(a) K< KU {0(a/®)}

BB 1 2 R R A 2 A B B @ X — B S, a3k SRR i R R
o 0(X /O FIERE— D —BWERF . Q WEH NC<- LU (0(X /D)), 5 =R BRIE 2 B
s BV ICHR 4 — 2% — BOME SR R RN S AR AT IRAT S5 40 C /R TE 22 SIS © rp Sy, et s mg
FEECHIR I — DR ¢ HRESC—2: C<CUc.K<K—{C ).

£55 TPSEXMNRE

TPS( )

1. flaws < —— OpenGoals (Q ) U UnisatisfiedAxioms (£ ) U Threats(Q );
2. If flaws = @

3. Return

4. f = ChooseFlaw(flaws) ;

5. resolvers<Resolve(f,f);

6. If resolvers =@

7. Return failure;

8. p = ChooseResolver (resolvers);
9. 0} ‘< Refine(p ,Q);

10. Return PSP(Q)").

TPS LR — D — B BEE WA . R AR A9 B AR S S ORI 2 58w S 40 46 p
1 PR ROBE RE A B AN [R] BRI SR o s AT T A S BBt B P AR S L AT B R A
B AT LAAERTHO G R L IR AT ML Rl I AT 2 A MR 48 S LRI AR . 53 o T v 2
AL B TPS b Z Fi A [ 59 29 SRt 2 w5 247 4 i it 59— J5 i

5.6 ZARE/ING
Blas B R — E R IE R RSz —, ZEH WA EAE T, BTk 7487

FETF AR . ST AR R R T R 2 b i 28 R ) HL A AR R B S AR I A A T
Je T SE ) AL 235 SR S 0 S T PT A A o R TR — B 0 T R e R A SR e A A O R



5% BEIAKI

(. AT TR 2 (AR 2R R 2 (B4 28 RH ) [ = b 22 SRR 5 3 O AR SR A B T
B TR)AE S, i — 25 PR T B R 0 RS SR A . X LA R ] R o 31 2 R K i 1 2
YRR 5 B 1 B0 » — J7 T 3T 5 B T 1 (9 18 38 SR s R RS e o~ = 1) A s 1) ) 35
SEHRTE S 5 — 5 T T] LA Bl JSCAS ke BTG 1) B RO 3 L SR T T AT A I U ik 4 v 18 R AR

2% ik

[1] T. Winograd. Understanding Natural Language[ M]. Academic Press,1972.

[2] F.Bacchus and F. Kabanza. Using temporal logics to express search control knowledge for planning
[J]. Artificial Intelligence,2000,116; 123-191.

[3] J. Hoffmann. FF: The Fast-Forward planning system[]]. Al Magazine,2001,22(3);: 57-62.

[4] D.S.Nau,Y. Cao,A. Lotem,et al. SHOP: Simple Hierarchical Ordered Planner. In Proceedings of the
International Joint Conferenceon Artificial Intelligence (IJCAD[CJ.,1999: 968-973.

[5] E. Sacerdoti. Planning in a hierarchy of abstraction spaces[]]. Artificial Intelligence,1974,5: 115-135.

[6] E.Sacerdoti. The nonlinear nature of plans. In Proceedings of the International Joint Conference on
Artificial Intelligence (IJCAD[C],1975: 206-214.

[7] A. Tate. Generating project networks. In Proceedings of the International Joint Conference on Artificial
Intelligence (IICAD[C]J,1977: 888-893.

[8] R.Korf. Planning as search: A quantitative approach[J]. Artificial Intelligence,1987,33: 65-88.

[9] A.Barrett and D. S. Weld. Partial order planning: Evaluating possible efficiency gains[]]. Artificial
Intelligence,1994,67(1) . 71-112.

[10] A.L.Blum and M. L. Furst. Fast planning through planning graph analysis. In Proceedings of the
International Joint Conference on Artificial Intelligence (IJCAD[CJ,1995: 1636-1642.

[11] A.L.Blum and M. L. Furst. Fast planning through planning graph analysis[ J]. Artificial Intelligence,
1997,90. 281-300.

[12] S. Kambhampati, E. Parker and E. Lambrecht. Understanding and extending Graphplan. In
Proceedings of the European Conference on Planning (ECP)[C],1997: 260-272.

[13] S. Kambhampati and X. Yang. On the role of disjunctive representations and constraint propagation in
refinement planning. In Proceedings of the International Conference on Knowledge Representation
and Reasoning (KR)[C],1996.

[14] K. Baker. Introduction to Sequencing and Scheduling[ M ]. Wiley,1974.

[15] S. French. Sequencing and Scheduling: An Introduction to the Mathematics of the Job Shop[ M ].
Horwood, 1982.



