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An Improved Method for Calculating Activation Sets of
Action Derived Preconditions
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Abstract  The ability to deal with derived preconditions and the chain-reacting in deletion effects
of actions in a derived planning domain is both practically and theoretically important. The meth-
od based on activation sets is a simple and effective way to deal with derived preconditions of ac-
tions; however, the calculation of activation sets is often time-consuming. This paper proposes a
new way to calculate activation sets efficiently. Unlike the activation sets introduced first by
LPG-td planner, which are closely related to the current state, activation sets that the authors
define are state-independent, which means they are stable and have nothing to do with the state.
In order to reduce the total time of searching activation sets, the rule set can be grounded out au-
tomatically by the technology of rule-splitting. As a result, it is possible that the complexity of
calculating is reduced to linear from exponential. The proposed techniques are implemented in a
new planner, called LPG®*, and some experiments on benchmark problems show that it is more
efficient than LPG-td planner in most cases. To sum up, the authors’ work is to present the con-
cept of state-independent activation sets of a derived fact and an efficient method to search activa-

tion sets so that a derived planning problem may be quickly solved.
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2] DL BAE Bl /R 0 R (L R O IR AR AT AR A H
FrR 2 v PR ey 4 3 50 1 19 DR A i 52 70 3l 4R &%
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T3 R TS B 1 Uy k. S v R SR R AR
T DU 2 483 S 7 1) 2l AR B0 e 4 O SRR RCR L i B
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2.1 REBRBIEE

JRAE I8 1) AN B AE Bh A R AL b, T R 2R
PN 22 SCTE A 2 26 48 IR A 38 3 1 EAE D E
PDDL2. 2 i 5 ot YR A T8 1 18 1 SCHLE T

(derived-def) ::=

(:derived (atomic formula(term)){(GD)).
FHorp,® s derived” S IR 48 1 1) & Y B3 2%, “atomic
formula”J& J5t 715 17 24 20, B B € A0 IR A= 15 0
“GD”# 7R “goal description”, 521 il Uk A= B8 ) firk %
214 (triggering conditions) B 1A A 2. S T i M
)7 045 B b BRR A 3R], PDDL2. 2 % IR A= 7 1 1
5 A T A BRI -

D) s VB H 3 52 i Uk A2 38 1) BIJR 4= 18 17 A H
BRAE S AE AT A S8R

2) YR AW W) 0 FUAE S B B2 H DA B
Sk if @cthen P(x), Horp, P RR IR 41517, x
JEAR R i JF HoE @ H Y R )

3) @ & — brig i 2 X JF H w2 H 5 e
NNF(Negated Normal Form) , N & 241 5 BT =
(IR A T 3] AT AT — A 95 3] 24 2 AT LG o P A5 28
5 MR 1 5 AL R NNF: O — Jx: @—> Vs
—®;Q —=Vx: > Jx: —=P; @ — NP, —>V —d;;
@ =V o> N—,.

URAE VS BRI T —Fh A T L B SR Ok
KRR AR H SR TE — A ST AL 0 T A
il b, FLo Y BTE R A% IR AR ) A9 Sk 78 Y 9 3R AR FR
R URA VE ] S AS 2 IR A 3 T8 PR A A T AL A
e T B Fr s #) BlockWorld 4538 4 , 18 i8] “on(x, y)”
i above (s )78 Lol 4 1 Ca) FEL 1Ch) Bir
71N B R AR R L 5 2 IR AR VE 3R Fe A T AT DLd
ok AR R0 4 e 19 S A8 2 IR 2 v 7 LR

(:derived(above?x7y)

(or (on?x?7y)
(exists(7z) (and (on?x72)
(above?z?y))))).
WA IRARZS I 1 Co) Fras s I 2Rk H AR 225K 2“1
P CHEMARIEA M T MIATA LLERR N
“above(C,A)” AR NEA 51 AJRA: I 17 . W% H
bR HAEFR R A on(C, AV (on(C. B)Aon(B, AV

(on(C,D)ANon(D,A))V (on(C,B)Aon(B,D)A
on(D,A))V (on(C,D)ANon(D,B)Aon(B,A))”,H]
UL AR # 2 Bh.

y & m

(b) above(x, y) (c) IR IRAE
& 1 BlockWorld 45
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RIS 3t 130, IR 2 35 3] 1) — > S 48] (S B4 B
A6 R L 2 HAL Y & AT A p S B 00 IR A= ok, X
PO BT AR B HE 2. FRATR B A XA 1 — A5 3
U :if B then P, P2 IR A 15 38 9 — A 52401, Bkl
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YEMBES  Add, RR SNE a FIEIMBCERE G . Del,
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— B — YR AR LR [R] S — AN G (B D,
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N B AR ) A RS T DU 4 3 B AR S B
AR RN T 58 — A 3 AE Z J5  ZERH ™ AR AR
SHEAT AL R T 09 AL 08 5 A )5 4k 3 7 /Y Ik
4 B 1173 24 2 SRl 45 5T 7N R (711 S S B O P N
LR IR RS W 1o R s HAR R “above (A,
O, shEFH “move(B,C,A) ;move(C,D,B)” &
— DR Rt B AN 2 B,

ontable(A),ontable(D)
on(B,C),on(C,D)
above(B,C),above(B,D)
above(C,D)

move(B,C, /\2

ontable(A),ontable(D)
on(B,A),on(C,D)
above(B, A)
above(C,D)

ontable(A),ontable(D)
on(C, B),on(B, A)
above(C, B),above(C, A)
above(B, A)

move(C, D, B))|

P2 M e e AR A ) s i A
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A SCIIT R H B 7 9 S 6 3 F 0 4E (activation
set) 46 SR i UK A B0 40 Im) i — A el 1E 5 vk 51 AR
T 46 10 SCTE T - UR 2B 08 18] R BB S BLZEAT T SV 1Y
ROR A AT DAE 3l 7E 19 R A= i 4. 78 3 1 K
F Rl TR T A S EN AT H AR R
14 R AE T B o 33X B AN R SE A 18 0B 19 Bl 4R ok SRR %
URAE R o HRE R L A g il B JEAC 5 5 (TR 42
177 326 4 FE A = S50 BB 0% 58 o AL 4 R ORF % UR A= i 4
FE AR T e ke, BTG 4 T A RN & |
ATV T 0 0 P 2 Aok D) 2 A 7 e R 1 5 R
B BRI 2 X DR A R DU 32 77 5 8 4 A 7™ AR LR
WA, — MMEERIRAE MW GE @, then P(x)), 75—
AN ELAR B LR ) 80 e ] DL AR B — S 5 2 AL
FERLIAE G0 A AN 5 A o) 22 5D 4t BE QN R .
(1) @, 5L Bk J5 5% 4 H NNF; (2) 7778 &2 1) ] i
A SR BT BORAC e 5 (3) 4 FR A T AT 52 01 )
BORAH ; (D @ SR 5 W40 T BGE X @, Vo, V -+
V@5 (5) X BEAS &, 87 — K HE N Gf @; then P).
FEAS ST T A2 0 43 A0 G5 3] A9 18 T i 406 1 0 D0 4
S i KL A £
3.1 LPG-tdFTEXHERSEXNHEE

LPG-td LR 5 G2 1 5K fiff 5o 72 4 A B0 &l 25 [
R AT R L S R )& — > Bl AE 8] Caction
graph)t L BRI A SR DAL T @ g T @cna T A I
SRR & (plan graph) £, QSR BEA )R o fif
T A Hr B AR RS SO AE A

25 S A P Ok A% 3 25 52 400358 20 1 1 ) B3k sk 2R
2 803 BV OGS I 25 B A 1 IR 3ok R . Bl

fE I (linear action graph) 42 H &8 T {8 TRk,
WERFEE B — D ERE 2 208 — A S 1E
FUE R 242 e WS B S ek sl R 1AL Zebk
SIEE E SR8 )2 BOF A RR AT BB ASTE R
2= R B AE R 2 A e AT LI R AT
R TR AIRAFLR (]8T, LPG-td & ST #0034 &
(rule-action graph). FLN a4 B0 2 LA 2141
LRAEBIE 1] - (1) B> = S22 18 00 o 45 . 0 ) &5
JOFIIR A= 45 . R0 45 5P 5 0 4 2 5 Sk Bl » IR
AEGE SRR FE IOk AR s (2) BN 5 25 A il A
A Ak B T2 8 BRI 26 1 1 g S 45 L
M348 1] 5] J2 B4 E a2 R0 ) B HE 5 Y IR A= o S0 4
FEU) 25 1 1] R 6% AR 47 i A7 TR 30V I I 80 3R 1 32 43
SR o TR A AE R0 2 A B e s J D00 A flk e 2% A R BT
HE-T A IR A g S 22 1) A R0 320 A 0% L 24 3l 4 I BR
TR A, ] DLAR i A0 i ke A e A 7
B2 A R 52 BT 4 S Y UK 2B g 5L 0 SR AN A AR HoAt
ZH B R 320 s D2 IR A e SR B T ER IR A o S
STt A At IR A= T S A B R L B0 B A [
(R 5 A it AR i % 5 vk — A LA R 19 R R )
o7 T A A 5 = S B AR A AR — A B0 Bl A T Y
Bl & 3 pros.

TEEE 3 v B 45 R s SR SS s I IRDE 45 55
FORFILGE AR AR IR A L ZE P A A
SE RN A5 . BRI B] ) R IR RS AE prs pos ps s
oy s HFRIRESIE A prs ps . B TR B9 = 250 .
(r1) ps—>dy s () ps—>ds s () dy N pi—>dy. X T IR
AR, INTEA 2 & 2 A B HE L DI 2S¢
FERY R Z R AR BIANAESS 3 )2/ d, BT X
FEO 26 3 )2 dy SRR FFIY. “mee” R H R R
AN I R 8OR S 1 a0 B A a. BN BR BOR JE ps.
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6 HE TS S W 07 v B A 9 OR AR T 4R L 0E
FE SR HEAT Bede. 7E LPG-td #0112 45 v o % JR A= = 52
T 4 E TR

EX 1GHESE). RN IERmSE—)Z L
o ANRARAE — DR R SRR A HiT $E B4 d 1)
WoE R — N /DA RS F L i S(O U
FE .S Rz L FELESR R ZILHM
4.

e S FRATTRT LA S URAE 30 52 1 3800 4 2
TR RPR S T A W F 8L 0I5 D0 T L 38 T 206 2k g
AR HE IR T R TR A T S OIS AR R TR Y TR
TR AR AR LS e ABISIE R i

0B B Sl AR S B A i S AR S, AT L
A R s T 2R i 3 R T — AN IR AR S S AE 2
HPRAS TS T LAA 243800 4 L B A 30S SR 41— 4>
SERY oL SHTE X SE N

TG S AE BN ] (rule graph) b33 . KLU
P2 P 2E 25 i 2 B 5 18T CAND-OR graph)
545 U SRR SRR 4 R e i IRAE
SERRAC I TR AT A 1 B ZE R I R A i
FRAS S R T — AR & R . BRI A I (A —
260K BT i ML U BT A 4 IR AR SRS T Y A
G450 DU 1o 322 90 U0 1) e A9 i 25 2% A1 Cply A
SR A S AL O L AR R B b R IR AR S

B

[ 4]

D

(a) WHHARES

Grounded Rules

rl:if on(A, D) Aabove(D, C)
then above(A, C)

r2:if on(A, C)
then above(A, C)

r3:if on(A, B) Aabove(B, C)
then above(A, C)

rd:if on(D, A) Aabove(A, C)

above(A, C)

then above(D, C)

|on(A,D) |

| above(D, C)

above(B,C) |

r5:if on(D, C)
then above(D, C)

r6:if on(D, B) Aabove(B, C)
then above(D, C)

r7:if on(B, D) Aabove(D, C)
then above(B, C)

r8: if on(B, C)

then above(B, C)

|on(,A) | [onD, 00| [onD, ) |

on(B.D) on(B, C) | Ion(B,A) |

r9: if on(B, A) Aabove(A, C)
then above(B, C)

(b) L0 S L 1)
Bl 4 — BlockWorld 52 ] i L) 4]
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PG 4R R S R B s R R T, 7
SRR R Y A R DATE AR
() BE A 5, ik B s R AR A R R — IR E
L T E  BE— > I 5 e (Bl ) I ] B4
R, fEa i R R X TN — il g &0k
(5% 50T 5 R, . FEE 4 iR m
HILER S F A 4 (b)) Fr s /Y B0 & A, R A R S
“Above(A.O) "I HIH R HF B2 : = {{on(A. D),
on(D,C)},{on(A,D),on(D,B)},{on(A,C)},

{on(A,B)}}.
3.2 ERE‘EEXXxHEE

LA b 300 B 1 SCRR R ] H L AT AT DU
LPG-td Fr e SCH 30 46 72 5 4 B R EA K.
LPG-td BRI K g 5805 EoR & i E Y &
flaw 2 A% rp, A0 2R B0 1 R A= A 42, D0 4 AR 2
BIARA T W R A 7% % (And-Search (g, J, I, I,
TUF) g /& IRAEHF I, TUF KRR Y a RS % ek 5L
REEOE R A S P ENTHEAT A R — &
U1 184 1% 42 ( H < BestActivationSet (3)) 3B L%
IRAEFTE (GG — (g} UH). PALL F 7]+ R L4k, an
RICATHE AR D FIARY C B4 E WM — 5 W S Ak
A5 K {table(A),table(C),on(B,D),on(D,C)},
1M IR 4= 55 52 “ Above (A, O) " BB EE AL N S=
{{on(A,D)}.{on(A.C)}.{on(A,B)}. Ul §ij i fr
o B U] P2 — A PO A D R ) 5000 45 7 i 2 R D 5
%5 5 i 3G 22 4 A S K Y S E T PR A
TR W UR AR R B I A BN A E A AR
FAE Y HPIR AT 1S A G Rt 33 3 43 1) B[]
TEAH A2 LR . S i, AT S5 RS TE K T
A —URAE S I 5K 2 T o0 B U R AR S R
— 1y HA AR AR

EX2(5RETRMETEE). —DNIRAESF
Sd B 5 RS T R B %1% 4 (State- Independent
Activation Set,SIAS) J& — M IEARHLE L F, i1
FEd R ZESEHME, I A ARfFAE F L 1§ F'OF
H F/krd.

FATEHRE TR MBOIGEEEGHR A S AEX
BRLLL o FATT 25 T — 4> 55 1k (SIAS-search (d
A, Path,Open)) , LERLIN & _E 55 5 4R 28 T & 19
WHERESG S . d RIREFTA ZHEPHBIGEE,
Path FRARAE T 15 8] 2o (9 UK 2E 55 52 45 53, Open H
SRAFTCA VG 18] (45 55 I BREGR [0 =L | T R0 0] [
S A BRAY L AT LR IR 28 0 E M R (] A — 1 i
LPG-td e SRR A 2 5 AR A AH SC 1Y, AH L b, 32

{13 BE#F N State-Related Activation Set(SRAS),
I XA BTG SR U B i h =, = A MR 5
WAL 3 FEMR T

Algorithm(Transform(Z",S)).

B SRETERMBIEEES 27 HATRE S

fth s SIREFRMBIEEES S

Begin

(L3I

(2) For every activation set A, such that A€ 3"

A'<A—S, 5<3U{A")
(3) For every pair(B,B’), such that B,B'€3
If BOB' Then S<3—{B}
(4) Return X
End.

B 4n , 8 o B SIAS-search(d , A, Path,Open) , 3,
fITATLAAS 20 4n & 4 Cb) i s 13 F0 [& rp Rk A 3 58
“Above(A, OV G RETLRMMIELRES .3 =
{{on(A,D),on(D,C)},{on(A,D),on(D,B),
on(B,C)}, {on(A,C)}, {on(A, B),on(B, D),
on(D,C)},{on(A,B),on(B,C)}}. R M a0k A
WME 4 PR ik BRI 2 MR R E AL
H{{on(A,D),on(D,C)},{on(A,D),on(D,B)},
{on(A,C)},{on(A,B),on(B,D),on(D,C)},
{on(A.B)} ) 22 5d 20 3, A5G B M Bs e 26 &
{{on(A,D),on(D,C)},{on(A.D),on(D,B)},
{on(A,O)},{on(A,B)}}, XY LPG-td i id And-
Search(g, &, & TU F) 5 1% Fr 15 2 1 305 5% 4
Hoe—H. J3 o WX AR B R AT AT LUE % T
[l —IRA S Sk, 5 — B = R HE B WL
SO TR T T S N b B — T RS R
AL S 7 BRI A E R

4 MM EREL”

TR R FE IR A B R ) R L S AR Y IR A 4
A LA ok A 45, E R 0 4R 9 3 5 I ] T
AREZM. 40, PSR (Power Supply Restoration)
[} TPC-4 36 3§ 1A & Uk A 1 1) 14 W A~ JE 1 1)
R — %R R B R e R G b, s £
HE I I B SR R R R YR T OC 4 A2 R T Y IR A A
24 B AL R R ) R 33K ) R BIT B 1 S 1 R ) R
AEH Z . I — > f /Mg 5245 (PSR/MIDDLE/ Deriv-
edStrips/P01_Domain. PDDL) £ & 30 4~} 3h /E f
503 Z% K& IR A= ML T AL AE B KA 52 1] (P50 _ Do~
main, PDDL) 44§ 5214 RS FE I 7450 2% H IR 2E
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R B B i3 Ff R0 23 o it e JIR A S 52 4
(9 R A5 T & TS 8 A9 B A O B T R R A
(9 AR IR e o A AN/ B DR AR SO T AR R

SRIRAESSEd | AR

ERES TS 2| SR

Lookup# H {7l T 2K i

TE DR B AL Sl AR 1] 0 6 PSR A HE 2R B RT3 T 5 32 40
— PTG SR 0 RO . T AR R T B A L
K py AR R AHESR AN 5 .

e J S=Transform(2",S) |
A

§ Rtedkh
e bS]

A

ik d 93"
MU P s 3 3y
RS2 BB | 7 1550 10 A U
P (IS
ALookup 1

PS5 SR 825 MR Y 3 A Ok T S0 4R

PR 76 45 5 11 B R0 ) 46 s — AN IR AR 52 5 R
BEXMBEEELES S BME— 0, IF B EEAE,
P AT DA B A7 7 — 3k & #836 Lookup 1. &A1
GO T SRS Z0E) Y 4R 0GR 7E BRI SR A 3
R R EOREANRAE R 4 FERES TS 3
filEfmE—TF 4z 2ECKRE. mRTKE, W
FI IS Transform(S* .SR3| =, WRB AR .
W FAT7E B ® A SIAS-search(d, A, Path,
Open) A4k d B9 3. FE 8 5 BT 7% 09 1k HE 22
A AR IR H E Y B O 3L (ground
out) , XK N MIRAEFL 4 S RkZ )G,
IEFLISE R R AR HE S BT BE 4k At — 2B R
AL S DR R AT AT A A5 B ik 26 YR A T A
M S BN FE A 4R b, A R DL S 2 315X
SEYR A ALY S, FRATT AT DL B A R R A
DN 7 N3 U1 B = A € 1 S 3
P T I ) B AR A R R R A AR R A
IR 4 2R A FEEA T T — B ) J5 86 4 I R
ARSI T CEICTER L X IR A BRI 1 5K A I
)3t 23 KRR 4E 5T .

R ATk A 45 AL S AT AR 3
A7 328 1 A8 40 5 £ i 5 9 1 0 D0 4 SR A 1.

EX 3 ELEN).  HA BN R
RIZESEM MY HACY M FALM — B S F M
TR p  WRA FEp WA FE p, itk
—FENRAE FE p WA F Fp.

I 1(SIAS HiE i), &AH MLy
(Prsposms P} A piGi=1,2, - ) HRAE LI 4R
R B2 — MM B 2R {prs poses o)
FC 6 F N4 R K BT A TE W By ABy A== A By N\
C—D”[ELN . 53 530 F B (B0 7" “ By A By A\ ==+ A\
BiNprApa Nees N p,— D7 R AT e, 153 3] — D Hr iy
WA R0 R'FIR &5 1.

IEA. X TARAT — A G F AL S A
P RAE FEp RSN rior e sr, s €R
G=1,2, ). SFFEBLTHE : (1) WERAFAEr, =
rAi<<m) W r, @ R . prsposespo ) ERC L
PSR sy ur)sr, ER Hrj €R

G=1,2,,0)  JTLARHEREEAR rivrs s sriyors
7’,‘+17'”97'mﬁ,[u$§'f'{37‘7 Flslos s li1sF s 155 ",

s Y ERH r, ER (GF£D LT
B FEY p s (2) BRATAT A r(A<<i<m) U] r, ER’
G=1,2,,m), T L F X p. H G, I W — Fh i
Bl BT LS B 4538 R F Fop WA F EX p.

Bt WIRA FES poilad 5 2L E 2L E
B AT LIS 3 F ERp. L AR 2 X 3. R AR
M. HEEE.

DA 2 BRI A 000 B S 1, R R A
VR 7 LK) ] 50 v R 000 5 38 AT S A 1) 78 e, )R B
A8 5 3R fg 03] 1] R

EXACETIRAEFL 4 S AN 52D,
WIRAEFEL WS BT

{Prsbrossprn)
J (Do s Doz s s Prse ) 1
l{[7111 917:129""?“.&”}[

k1 k2, wee shn YR IEH 8. poy YR EEAR ST S X TR
N4 R RAEAIE U B, AB, A+--AB,, Ad—D" [ Wi
r BT LA e SRR 7 “ By A B A s AB, A
PiuNPis NN pi—>D"i=1,2, 0. TR R HTIR
e FS d B S RN S 2L

HRAE S HE 1L 3R FURAE S J (S AR 4 24
JIT 7 A R R ke 1 B U 4 R SR M YL X RE Y
FLIN 43 2 IE AT B R L, AN ET 6 T

P 6 S — A~ i Ak 1 B0 L ] — L) 5 3 ok
FeoR s AN )R] B o s . S o [ 1 3 R R A

« /
VooV s Viqg1s°°®

’
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S

(b)
6 JLF S AR 4y

S 5 B R SR AR 50 N SRR s AR
TR DL PR RIS AN [ B O 4R 23 i
P AR @278, B 4 (a) F1(b) 359 38 7R 72 R A= = 52
d, 19 3 GEA WA S SO SRk Z )5 . i TIRAE
Fdy W ZRM R & T oy IR d) 9%
W AT 73 22 AR 4o, 5 B2 5 dy R R
AL FEACR S S BR FoRSR T 0 PSR
BICRMBOE . MAEE A H.dy iR ik 4
B HAD BIIR AR S 5L s WPR RS ds B0 oK
R TR M oy 2 FATHE AT LA E 40 B9
(G

EX SORMAER“HAL™ . HEANIREHL J
f = T8 LI T AT 22 )5 M A AT Ak T
S0 BRI I3 2R AR TR A B A A IR AR S d
do v o BT SR B4 AP BRE ) S5 LS5 e S5
XS A DEAT BT S0 RN r R Gi=1,2, -,
). A REAS W M R AT B P A T A R A
IR SRS S N e asoR iy i bWIIE iU NE- 2t

X KLU AR FE AT A, I H A S A A 00U A ik K
ZEAT IR n] RE 22 M f 5 A S 5 T 9 R AR S LA
TG R AT AL R A R R I T

Algorithm(Ground_out(DL, 3, , R, Lookup)).

A IRA S8 DL d 1) 5IRIS TC O B 42 4

2 M4 R. A4 Lookup

B BUUAE R A % Lookup

Begin

(1) Open<d; Open” <53,

(2) While Open# & Do

(3)  d=<first _member(Open) ;

S < first _member(Open™)

4) Open<Open—{d}; Open” <Open” — {3}

(5) Lookup<—LookupU{(d,3;)}
(6) For every rule r& R, such that r: py A ps A -+ A

prNd—C
7 For every activation set A€ 3;, A is {a,,
az’...’a”>
(8) ' =piNps A ApeNai Aas A+ Na,—~C
9 R<R—{r}U{+}

(10) R<refine(R,d);
(11)  For every d'€ DL, and d’ appear in R
(12) If all_basic_precondition(d’) Then

(13) S < find(d")

(14) Open<0OpenU{d }; Open* <Open* U
{Z0}

End.

1 FIREE T L R first_member 7RI Y
%1 ADICEK. R refine J& X RN 4 FEAT R BT, H
TR DI RE A 45« (1D M BR LA o S 2598 19 Bir A B8 00 5
(2) T B A 3 AN — B A R RN 5 (3) MH) B3k o 42 ¢ B
AR A A d B BT A T 4 2R EIC 7E Lookup
Ferp I LS v i o B Bl L30T 42 BUIG, T LU
FUN AR TG Z A HE S d B, X R A i T AE
(D). YRG5 AR B 26 47 o, 7T BE 2 B A
(9 45k w5 4 1 Blockworld 45 48 o 4 56 100 4%
4 [R) Bf H B on(A L B) Al on(BLA) U R —EAY
R 25 PR 75 2 3R T RE (2). AR — S JL 5%
AR T R ) 5 1 s AE L AT DL S BOE 1
WA —B 2y . i, 78 Blockworld 45l Hr . 24 HL
WAL & MR 2 — 1 SR AR BT AR —
BRI 2 A

i. on(x,y)A—on(x,y)

il. on(xl.y)Aon(x2,y) (x1#£x2)

iii. on(x,y)Aon(y,x) (x#4y)

iv. on(x,y)Non(y,2)Aon(z,2) (xFy7F#z2)
IR BRI T B R AT A R0 AT B LA
IR INRE (3). ML, BREL all_basic_precondition J2:
Hor A B AN IR A SR BT A LI ) A5 1 A A D B AR
P AR A AR F I M F find R B4
WG G s find pR B A8 A5 WL S5 4058 20 B
A5 I A 505 IR O — A W A B RS G g
(AP UE IS OB W UE S 7l ol - BT B R
FEIU AL F0FHOR AT = AR 43R

T FATE S A BRG] TR E R XA
“HEALT R LU 4 Cb) rpoig B8 DU AR A S ) 4 AR D
4, B AR A 352 “above (AL, O)7 ) % B3R e
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Saover.o ={{on(A,D),on(D,C)},{on(A,D),
on(D,B),on(B,C)},{on(A,C)},{on(A,B),
on(B,D),on(D,C)},{on(A,B),on(B,O)}}, %
it 6~9 b 10 e (D Z )5 H 4R i1 22 4k dn
T CRARER 3 FPHAR R D

rig:1f on(D, A)Aon (A, D) Aon (D, C) then
above(D,C)

rio:if on(D,A)ANon(A,D)Aon(D,B) Aon(B,C)
then above(D,C)

ri.5:1f on(D,A) ANon(A,C) then above(D,C)
ria:if on(D,A)ANon(A,B) Aon(B,D)/ Aon(D,C)
then above(D,C)

ri5:if on(D,A) Non(A,B) Aon(B,C)then
above(D,C)

rs: if on(D,C)then above(D,C)

re: 1f on(D,B) A above(B,C)then above(D,C)
rs+if on(B,D) A above(D,C)then above(B,C)

rs : if on(B,C)then above(B,C)

ro.:1f on(B,A) Aon(A,D) Aon(D,C)then
above(B,(C)

roz:if on(B,A)Aon(A,D)ANon(D,B) Aon(B,C)
then above(B,C)

ry.5:1f on(B,A) Aon(A,C)then above(B,C)
ro.q:if on(B,A)Aon(A,B) Aon(B,D) Aon(D,C)
then above(B,C)

ry.s:1f on(B,A) Aon(A,B) Aon(B,C) then
above(B,C)

B 7, A1 o AL “above (A, O, A I X & A1 %2
T oo BN 73 2. 25 28 10 B DI HE(2)
ZJE A A AR R

1 : H=6

ri5:1f on(D,A)ANon(A,C)then above(D,C)

DA A en-L(A 3 A—on 2 D A-on

ri.5:1f on(D,A)ANon(A,B)Aon(B,C)then
above(D,C)

rs : if on(D,C)then above(D,C)

re : if on(D,B) Aabove(B,C)then above(D,C)
r; :if on(B, D) Aabove(D,C)then above(B,C)
rs : if on(B,C)then above(B,C)

ro.q:1f on(B,A)Aon(A,D)Aon(D,C)then

above(B,C)

ro.s:if on(B,A)Aon(A,C)then above(B,C)

2 A en-A—B A -6n-LB—D A

T B3 2 938 53 S AN — By 2% 1 5 2438 1) /Y S B e
AR PR I UL B TS — S R S &t P
10 BINRE () Z 5 MW BE A A2 AL BN T

7.1 :1f on(D,C)then above(D,C)

ri.5:1f on(D,B)Aon(B,C)then above(D,C)
ri.5:1f on(D,A)Aon(A,C)then above(D,C)
ri5:1f on(D,A)ANon(A,B)Aon(B,C)then
above(D,C)

re : if on(D,B)Aabove(B,C)then above(D,C)
r7:if on(B,D)Aabove(D,C)then above(B,C)

rs : if on(B,C)then above(B,C)

7o :1f on(B,A)Aon(A,D)Aon(D,C)then
above(B,(C)

re.5:1f on(BsA)Aon(A,C)then above(B,C)

re.4:1f on(B,D)Aon(D,C)then above(B,C)

Ui, B4R Lookup FESIEHIIE K2 { (above(A,C),
Soveca.00 ) 1 s BN all_basic_precondition(above(B,
O M all_basic_precondition(above(D,C)) I ANy
o I Sl R4 . O 7 B — 2P B S A i AR
A s FRATTR B A Bl J5 1 A rhosR i T R A =R 52
“above(B,O)" I = K : Zhoven.oo = {{on(B,C)},
{on(B,A),on(A,D),on(D,C)},{on(B,A),
on(A,C)}, {on(B,D),on(D,C)},{on(B,D),
on(D,A),on(A,O) )} FEG T T AT R 2 6~
10 J& KLU 46 Sy

7.1 :1f on(D,C)then above(D,C)

ri.0:1f on(D,B)Aon(B,C)then above(D,C)
ri.:if on(D,A)ANon(A,C)then above(D,C)
ri5:1f on(D,A)ANon(A,B)Aon(B,C)then
above(D,C)

re.5: 1l on(D,B)Aon(B,A)Aon(A,C)then
above(D,C)
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711 :1f on(D,C)then above(D,C)

ri.2:1f on(D,B) N on(B,C)then above(D,C)
ri.3:1f on(D,A) A on(A,C)then above(D,C)
ris:1f on (D, A) A on (A, B) A on (B, C) then
above(D,C)

rs5:if on (D, B) ANon (B, A) AN on (A, C) then
above(D,C)

7] LAE B all_basic_precondition(above(D,C)) h H. ,
PRl $8 3R Lookup B0 130 s J2 { Cabove (A,
O s Soveca.r ) s (above (B, C) 3.0 ) » (above (D,
O s Ziowen.o ) b Ho s Zhoven.o = {{on (DL C) s
{on(D,B),on(B,C)},{on(D,A),on(A,C)},
{on(D,A),on(A,B),on(B,C)},{on(D, B),
on(B,A) on(A,C) }}. Bl BUEE Ay 28, J5L 4G KLU
B 4h) & T I i A 4k 3. DL EoR il R B
TEMHEIN P Bt i IR A d W =0 J5 . 7]
DA 3k 3 b sk A A 4% 3 O R A s
SRR T A PS4 1 B ]

5 LIS

FEF UL R A 2 AT T — A H i fg
% 3R A Uk A2 R 1n) A BRI R S LPGOYS, R
LPGL. 2 LRI R 4" F e . LPGL. 2 L% R 5
ST IPC-3. 7 A sh ALK R4 R 5 3k18 T AR H
PERESZ L (H B AN AE R A UR A2 B0 &) 0] 0, LPG-td J&: Lb
BB AR AS, HOR R A TR AR, R AT
LPGL. 2 (i 25 2l 1 B9 & o 80 00 3l 4 I, ok
LPG-td X fig 35 sh 15 B A (5 05 755 SR T 76 SR A R
A F AR A ST B IS SR T L 5 0L B 2SR R o AR

DR B AT B H A 2 LPGYS 1 LPG-td 78 Ho Al
PR 1E S M = oK TR N ¢ s 7 A E A N T O QS
AR 3153 D7 T 3 B0 ) SR ik 3 B8 A AT AN ). e A1 22 B
T IPC-4 | p% 3% #E 0] J5 (benchmark problem) 22
— : PSR-Middle-StripsDerived 48 T ) 4> %8 0] &5
(50 ™) AR Ay 0 3 ] A8, X 8 [ 831 ) 4 3k SC A ] DA
1t http://andorfer. cs. uni-dortmund. de/ ~ edelka-
mp/ipc-4/domains. html 4 F #. i1 F LPG-td &
G2 3B B WA A : LPG-speed(LPG-s) #1 LPG-
quality(LPG-q) , LPG-speed & L) &% ¢ 3 B 3% 3] —
AN BRI o BT R B0 0 R A AR 2 B AL AR T LPG-
speed 2B 2 3 1 fif AN i 2E 47 2% 4K D 4 3 A 1 A
L, AT LPGY™ 530 W4~ KL & 55 W] i 647 L
B, AR AT I S A B N 1) T . P A AR
21 o, AL B 5 CPU (Pentium Processor
1. 2GHz) + RAM (512MB) + Redhat9. 0 Linux, %
as N gee 3.0.

EZR 1 . 50 Ak fa) @4 B Y S HE 4.
“N_action” 7R 8 AF SCAF v g AE R B H - “ N _rule”
FRIRA RN ECH L N _derived” £ 7n IR A4E F5 52 1)
BOH MR B T ) MRS R A il 7 ) 3K At Bf
V]t B . AT 2 g A 1) it 1 FIR A 15F 8] 2 30min, 4
JEAE R B[] PN 3 U A A5 B0 i, DR 8 B, FE R
"2k KR, “NrActions” KR S E 1Y A5, F A
TER S B A W LB S A e & ATTH 3h
YRS EOR e LR e ) B it AR 1 FRATT ) DL
HLFE 90% B AE BL R . LPG™™ By 5K fif o & 2 kb
LPG-speed 1 #, 3 34 98 /> Bf [1] 2 1008. 06/50 ~
20.17s, J5 H 4% Problem36, Problem47, Problem49
A5 I, LPG™™ 95K il 2 BE 25t LPG-speed H PR
JUtE. Fiob s — Ok U . LPG-speed 143K fif 1 & % L
LPG-quality 15 % , LPG-quality 3K fif iz it % b
LPG-speed 1 47 18 Z . i LPGYS ik fit i & 5
LPG-speed 1 H2 15 H 2 75 5o 2045 B0 T B4 — 28, 4]
0 Problem29,Problem42,Problem49 .

* 1 LPG™ 5 LPG-td #£ “PSR-Middle-StripsDerived” 47 15 7 Y bt %%

o ] TR A SRR/ s SR S5t 7 (NrActions)
N_action N_rule N_derived LPG-s LPG-q LPGSIAS LPG-s LPG-q LPGSIAS
1 30 503 391 0. 24 0.76 0.15 12 4 4
2 30 452 361 0.13 0.76 0.13 3 3 3
3 34 622 458 0.21 1.51 0.09 5 5 5
4 40 889 683 0.27 1.01 0.12 6 4 4
5 46 758 621 0.23 1. 26 0. 20 5 5 5
6 44 416 348 0.13 1.51 0.15 10 10 18
7 54 1823 1330 0. 69 1.51 0.41 3 3 3
8 44 744 568 0. 28 1.01 0.22 23 4 13
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(%L )
1] (i) R0 A SRR /s SR i i (NrActions)
N_action N_rule N_derived LPG-s LPG-q LPGSIAS LPG-s LPG-q LPGSIAS

9 40 564 429 0.19 0.76 0.16 8 5 5
10 56 1233 1006 0. 44 3.76 0. 30 9 9 11
11 54 1128 951 0.42 1.01 0.41 6 6 6
12 82 2515 1883 1. 33 2.51 1. 10 9 7 7
13 74 1853 1322 0.76 2. 26 1. 08 11 11 17
14 84 1740 1270 0. 82 1. 26 0.65 6 6 6
15 88 3136 2242 1. 58 9.51 0. 86 12 9 9
16 86 3103 1544 0. 82 1. 28 0.54 7 7 7
17 90 2014 1505 1. 16 1.51 0. 90 6 5 5
18 86 2715 1749 1.27 12.53 1.22 10 8 8
19 136 1839 1454 0. 90 3.03 0.61 12 6 8
20 142 4102 2745 5. 04 314. 60 3.24 39 11 23
21 152 4724 3542 3.33 7. 80 2.49 13 13 13
22 138 2157 1722 1. 24 6. 26 1. 19 18 9 11
23 144 3416 2419 2.03 4. 01 1. 90 13 9 18
24 146 4397 2674 2.62 3. 34 2. 81 3 3 3
25 246 1690 1233 1. 11 12. 28 0. 85 26 12 22
26 254 2650 1842 1.53 313. 45 0.97 19 13 16
27 252 4115 2882 3.23 51. 31 2.37 17 13 16
28 256 3859 2657 2.76 3. 81 2.23 11 7 10
29 274 4859 3542 11. 38 272.04 9.41 102 13 23
30 270 6247 4403 16. 56 31.59 12. 87 15 8 16
31 260 5995 3622 11.17 105. 53 5. 38 13 7 7
32 272 7034 4567 34. 38 358. 27 18.53 64 23 27
33 526 3574 2704 2.63 5.02 2.59 12 6 12
34 516 4578 3454 4. 94 14.52 4. 97 32 13 31
35 528 5482 3943 10. 91 29. 64 5.35 18 7 7
36 532 6769 4558 122.53 320. 37 11. 38 10 51 8
37 542 7728 5582 17. 25 63.33 14.92 12 11 12
38 540 8495 5715 108. 74 — 80. 75 33 91 35
39 1114 7970 5123 16. 46 115. 32 18. 50 11 9 23
40 1106 5359 3761 358. 95 319. 17 203.22 52 28 35
41 1112 6530 4715 10. 74 244.58 7.69 21 13 19
42 1116 7618 5099 115. 21 336. 70 64.03 62 13 17
43 1108 6049 4123 48.93 272.97 66. 59 50 9 15
44 2406 10713 7650 138.75 357.25 115. 17 8 10 8
45 2404 6265 4872 27.32 51. 86 20. 31 16 15 16
46 2394 8025 5680 27.99 342. 00 19. 14 5 5 5
47 2406 9685 6975 90. 63 341. 83 41. 85 20 5 7
48 5210 3972 3039 20. 99 314.63 28. 96 11 7 17
49 5212 7632 5277 813.21 760. 20 279. 46 116 30 48
50 5214 7450 5177 44.51 351.76 22.53 15 12 15

SR IR A= AR ) ) R
6 # i AR S A AR 2% 0 0 0 o A 4 3

ASCVF I8 TR BE LRI TR P R — A R
IR 2B LI ] 8L, 9 LR T — TR 69 5K ik 3
I TTE. D75 T 5 AR TO SR s S i L
) S35 R X L U6 AN T R A Al L 3l 25 M SR
figp PRI A AL I A A0 T TR0 B 1) A A2
I AN A DA R ) T R P R B T AR ST 4R
(75 1 SEBE T — A B 1Y BE 6 5K A IR A AL 32 [l st
AYE LPG™™  SL 25 R W] i R L RE W o A0

i

— ISR AT RS H R IR A — SR R i R AR 4 A
P G ey 75 380 UK A= R0 ) B8 S5 A 7 SR Bl
A B o7 F RN 4 2 2k 2 F b b () £ A B AR A
I SR 3k 25 [ 0 14 e e A6 A5 B0 52 4. SRR R Y
T OGS T R T A A S5 A SR A R L R R
o A% G AR AT DA AT B b 2 SO R A% P B /b Bl AR RO
IR IR S B3 (4 0T B SR T A U 3 JBUAR: A 0 4R
RS E E TPC-5 b, 80K ff 1) 5 &
ORTE AR R BRI AE AR 1 AR AT B T
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Background

The research work here belongs to Automated Planning.
a branch of the field of Artificial Intelligence. The issue in
this paper, derived planning problems, is a special type of
planning problems. And unlike the general planning prob-
lems, the techniques of searching and reasoning are closely
combined in solving derived planning problems. There are
two primary methods for solving derived planning problems:
Compiling away and activation sets based. The planning

problems after compiling away can be solved by some classi-

cal planning systems; however, the plan time is increased
sharply with the complexity of action models. The activation
sets method was introduced first in 2003 by Gerevini et al.
and implemented in a planner, called LPG-td. which joined
in the International Planning Competition 2004 and outper-
formed other planners in the track of derived planning do-
mains. A domain description doesn’t change in the activation
sets method, and activation sets for a derived fact are calcu-

lated in the rule graph and applied in the action-rule graph for
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extracting solution actions. The main problem of this method
is that the rule graph that is built based on the set of ground
rules is often huge and calculating activation sets in it again
and again is very time-consuming. In this paper., we propose
an improved method for calculating activation sets efficiently.
First, we present a new concept of activations sets which are
state-independent, and describe the relationship between our
concept and the one introduced by Gerevini et al. which is
state-dependent. Then. one of the main contributions of this
paper is that the rule set can be grounded out automatically
by the technology of rule-splitting at plan-time, so that acti-
vation sets for some derived facts can be deduced instead of
being calculated from the rule graph. The procedure of
grounding out is based on the equivalence transformation of
the rule set, that is to say, the original planning problem
doesn’t change by any means. Besides, our method is imple-

mented in a new planner, called LPG®*%

, and some experi-
ments on benchmark problems show that it is more efficient
than LPG-td planner in most cases.

Our research work is supported by the National Natural

Science Foundation (60173039), and the project is aimed at

all sorts of hotspot issues and solving techniques in Automa-
ted Planning. The research team has gained a fruitful
achievement in some research lines, such as non-deterministic
planning, temporal planning, planning and learning, and so
on. One of main trends of this field is to integrate multiple
techniques together, such as searching and reasoning, and
derived planning problems are an example of this trend. This
paper and our earlier work (the literate [11]) have developed
some creative and significant methods. The difference be-
tween these work is, that the literate [11] has presented an
efficient algorithm for calculating activation sets that are
state-independent in a rule graph but all the calculations are
done in a preprocessing phase. However, this paper proposes
a mechanism that the rule set can be grounded out automati-
cally by the technology of rule-splitting at plan-time, so that
all of activation sets are calculated at plan-time if needed, and
furthermore activation sets for some derived facts can be de-
duced during the procedure of grounding out, instead of be-
ing calculated from the rule graph. Therefore, the method in

this paper is more flexible and efficient than previous work.



