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Planning with Derived Predicates Based on Their State-independent Activation Sets
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Abstract Derived predicate is one of two new features of PDDL2. 2 language, and two domains with derived predicates
in IPC-4 are very challenging to many planning system . In classical planning, derived predicates are predicates that are
not effected directly by the domain actions, and their truth in the current state is inferred from that of some basic predi-
cates via some domain axioms under the closed world assumption. Similar to rule graph and state-dependent activation
set proposed by LPG-td, we propose another approach to planning with derived predicates where state-independent
(not state-dependent) activation sets of a derived predicate are used in relax-plan heuristics.
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. B REMLR A1 R4 S S R o] B 3R, B SR — 13 Plan Marvin, Downward) 885K f# iX w4 % 6] B, i H o 5 ™
YEFF, MR EARIHRE T ES AN SERFTR HHHRERRFRRFAEE.

BB RE. WE—/EMEREE MR K FE IPC(Interna- o sws

tional Planning Competition) & X 855 4R I8 & TR ) 22 AR - . T —
SWHMRREZE. IPCHIFEEFIETBRET T —E . — -
T RS INE AR, S| S E MR EBEH T ERARE - relay L bight

[a] &%, PDDL2. 2 (Planning Domain Description Language, |
Version 2. 2)iEF 2 2004 £ EERHRIZEE IPC-4 FTR AW o
SRERFIES ROk PDDL2. 1 (¢ ER B, ¥ m T B4

0% b . IR 4 17 (Derived Predicate) 1 i [&] %) 44 i B 1 5 ARAIE BT HA K B

(Time Initial Literal) . ZE2 PR, BT BHR AT —
7] (Basic Predicate) RN, “H #9212, HA W e s . sy sw3)
A B SR O BUR o, TR A2 TR S B 30 1 B e (- derived (not_sw2) (relay))
R, RSB B, Bk, AR R
SRR EL BB , ST S AR T 00 LR o 5 P SRR -
A TN R A T S K Mz BRARA R
PDDL & 8 ¥ A4, B PDDLL. 0%, 33 R 4t T YA AR T — FBNT L A AR R AR E R

SUBRABEMEABIANER, BRI EEHEMNEREE IPC  FHEHER. AW, ENEEEREIR —-HR FIENTTE
FEAY|hHA. PDDL2. 1574 PDDLL. 0 B BBt AM A [8]&E(Ramification Problem) Fi#f 5T MEBE. X [8]1PHHR T
FBEARBRAER 2002 FEEIFMRATE IPC3 it R —TEMHTERERREICGNE 1 F3R) i 1 A El.S A
REZ BAEIERENELEFEABMKAFA. £ FFRINDLESIM 1 NMTRFARMNBE. BREEBRTHT
2004 4£,PDDL2. 2 ER MR A B A AR EHEMRE  SOWHERES T, RABEFX 1ITBS NS BBARXA
3, (Deterministic Planning Track) {ZF RS, X P AFE  SIEMNEBRERLREIFE sw HEEDN true, RMETH

HEE WGLOTRE. 0, TEMR AN AN TR FRAR R 8, R EHA R VRSN L.
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R, RATAE K S F X 1 % L E KB NER RATES
3., EEATHERET BB 1 IR, XA RUREK
HTFEBHN“swi A sw,=>light”, [, HRITEFFX 3
A& XA SIER BEER R BRI sws FEEN true, 3E
EEACR Rk B BT B e 2 Bk, XEE
HRANFIHKE T HEREHN “—sw, A sws = relay” F“—swi A
swy=>relay”, 7E PDDL2. 2 &5 . H 77T LA A IR 4 18 1) 5k
FAXEAEEESR. Fl, L3 ASHNGED T AR REK
STRIPS i§H A] AL 2 FR BB =K

B -tk ERE EiE.HEEABE —EN
FRRRYE. B, —For g R R A I MR RE R A X H 2
HE MRS TSR MR IR K . B—F
B Gazen I Knoblock 42 H i FiAb B B , {E TR F 4L
BEN R BRIET  HEXM T BA NS IBORAR
B0 IR S 3146 M B H AN M0 1, 2 IPC4 kL2
BRAE SR AR A TRAE TR IR M MR R B LR R4, LPG-td )
RABRT . EHEH-MERNBIESWY

(Rule-action Graphs) iR & 25 a), 3 HRH TR AEHEF -

HIBIE S (Activation Set) . #RT,7E LPG-td MR R B
L, ZEMUNI A B EE SR AE B K R A], B b — B 4R
RELZEZL REFANMEERTEERITE. Bk, &5
3O, BATIR Y SRS S S S, AT UE B B Y
B—W Wit R EAT, REFERTE AR P T ER N
E.

AT EH PR, RATHETIA M E R %5 Ik 4
WL, HRBTRESRELANBIERNEE. R RIE
AR E AR P, R AR B K5 RER

Grounded Rules

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

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

rx:if on(A,B) Aabove(B,C)
then above(A,C)
rq:if on(D,A) Aabove(A,C)

then above(A,C) . @‘ -
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LMBFE. RS REERAIE R T
2 HMUEAMERSLXHBESE

INFTRTR , A TF IR A ) B AR AT SUR B Ve i (B IR
BBOBERD . RAEEDROEEH U TEANABERRBE i 0
(x)then P(x) , o, P() R AREH, r BEERE, ()
E—BriH A~ A B R H T E B NNF (negated normal
form) R EIEMIENMWIRAE B, Flin, B 3 #R TR
P — AN L IR A4 1 17 “above” BUASR x AL FHALR
B L7, S HAUSBURSR = IESFMAERASE y i L1, E R
AR = MAERRABR = 9 L E TR 2 AL FERR y M 107,
1 IPC4 b, BAE 8 TR A ER K R ESUEER A PR
: “strips + derived predicates” LA )% “adl + derived predi-
Yo ZEM X H R, strips R KRB R RIEF
(Ground) ¥R 4 16 1), T adl K& B4 /o) B 34 7] LU4G & & A
(Quantifier Variables) #1454 5 (Condition Effects) %, {H
BB —FIE R, 458 — NN “if ¢(2) then P(x)"FI—4H
zl=lcD), @ 3[2]H REBYLE, RATERAT LIS
B —HEWNRIET N R, BISLF{L RN .

if on(x,y) V3 z(on(x,z) Aabove(z,y)) then above(x,y)

then above(D,C)

on(A C) | above(B C)] [on(A,B)]

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

:"“ ’
rsif on(D,C) [on(A,D)_[ l above(D o) |

then above(D,C) :
re:if on(D,B) Aabove(B,C) e
then above(D,C) ; o
ry:if on(B,D) Aabove(D,C) ‘ ‘:. b

ro:if on(B,A) Aabove(A,C)

then above(B.C) o8] [on0.0)) [on(D B)|

then above(B,C)

B4 — A E L

(R EATLHIREFTHR . Hln, £/ 4 b, _KESF
S “above(A, O)” A LA BN 1 v BREF 72 RAHIHES, M
W Bk & &A= on(A, D)F above(D, O [RlB} BAL .

THERMNEEE LPG-td Frig M R4 THE R BE £
&, 7E LPGod o, BB HE Ln'F -

EXS5 FEIEERME R LP, MREE—-NERX
RRIRAERTR d, B4 d MBIERE RN B/AIDWEATLE
A F i S(LUF | =% w,, K W, £inl d pERIRE
L, S(LRFARE L KRERIFIHES"™ .

MXANE XBAVTTAB R, B FR/MUER, ZBEPH
A REAFTHIFEREMREFLNMEESE . HAART
BIREFELBIEER., RITH S RERFAE XM FRE

EAFTRMHN S R # 1T E 25 L&
R R & EAF 5 (Basic Facts) fIJE 4 FH 32 (Derived Facts),
#ilm, on(z, y) BEAIET, Hi on(A, D) Z2EAFE, M a-
bove(x, y) BB, F Il above(A,D)BRAEFEL, X7
B LPG-td i 8 SCRI SIS E #7534 o AR A T X [2]9 i
HNEHF Gl 4 i) . BEAEsNARKENES R
AL B — 7K 5 A, BI#L N A (Rule-graph) , — A~ FL 0
B PR EE s AL 545 s (B 45 SO FIERE LGRS 20,
5% 8 RHBEAFE IO F4 RS E BIRAE FLREH
PIERGE R TR SR B EFHNARE ARG R X T—
AN G5 R B AR (A — %) 15 18] B AL T2
FOTR A 358, Tl B2 B 1 300 G 4% ) W48 Tl iz B 0 4 BT 6 A

T

on(B,D‘I [on(B C)I Ion(B A)l

177 »


http://www.cqvip.com

4. B, 72l 4 B, | A B L “above(A, O FEE 3 iR
RET,, HEISEES S B{{on(A,D),on(D,O)}, {on(A,
D),on(D,B),on(B,O)}, {on(A,0)}, {on(A,B)}}. H¥,
{on(A, B} BRI H I “above(A, O H— P HIESE, HER
BRBEENTERN A KGR (on(A,B),on(B,0) ) GEE
PERIARI 7 ) , AE L “on(B,O)"H TR T YRS
HEA L SEREES. R0, MEYIMREREEL, B
MEMZHR—TF AR CHARSED WOLE, MATREAE N (ta-
ble(A), table(C), on(B,D), on(D,C)}, Ik 4 9552 “above
A, O"HBIEEES SR {{on(A,D)},{on(A,O)}, {on
(A,B)}}, B, LPGd e XHIREEFMBEERSY
BPRSBEA LK, WRRBEAE TN IAMEEEST
BEEHHTIHE. LKL, 7 LPGtd MR RI P, 74
FERRXHFEREENESTE, Bl RIOTFEE XSRS
FoK KR A IR RS 4R

EBX 1 BE-NMHEFHRUES RERMWANAE, K
HER d WS REL X ESE SIAS (State-Independent
Activation Set) B — MR/ EAELES F, 1/ FE=R
V., K v, FRb 4 RENREIER.

Bk, RAVIRH — NRE RSB Bk SIAS-search(Ini 5
FiR) » T BAE— 44 58 BRI B o AN IR A TR I B R
EEARNES S. EXBEENEISES,.ZR dRR—
AMREFLE B ALREEAR - MREEN A TR
BB , Path %1057 BV 18] IR AE 38 5E 45 40, Open RIRFFRF
RIS, BEENELEES .

Algorithm 1

Algorithm 1 SIAS-search (d, A, Path, Open)
1. For each successor r of d do
2 { Open « Open U {1} ;
3. While Open # & do
4.  { x=first_element (Open) ;
5. If x is a rule node Then Open « Open U {first_successor (x) };
6. Else If x is a basic fact Then
7 {Ae~Au{x};
8 If the antecedent of x has other unvisited successor x’
9. ThenOpen « Open v {x’}
10. Else Y e XU{A});
11. }
12.  Else If x i$ a derived fact Then
13. Ifx ¢ Path Then
14. { SIAS-search (x, A, Path U {x} , Open);
15. If the antecedent of x has other unvisited successor X’
16. Then Open « Open U {x’};
17. '}
18. }
19. Foreach x’ in A which is the successor of r Do
20, A=A-{x'};
21, )

B5 WHEIASRSEXNMEENHRERLEE

B3k SIAS-search A IS AL E e AT 2 B R, Tk
PR T REMBIESE, T S REKRE LK. HP, RY first
element 2EX Open RME —NTTEK z, R = B—HNE
B4 x B—A Ml & &4 8 S A3 Open R, 4% 10 i
% AT LU iE4] 8~9.15~16 & —HE A Open &, NH
2 R—ABEABLESFAECHKARES APHTE. HY
APFAENTEHNR - BENAER RS A TR I
HIBEE, RIS S S, B x B MRES LA}
BAHBAE Path b, AR RS BEL BN 14 HITEH,
B2 i = WAL Path F 9, W& R B4 BY A LAk 6 TG PR
R, BE . ERIE-IPHEENEHER. £46 A NIXRE
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A4 ] SEH BH MBS R M OTE T R R E AT GEA 19
~20),

T, AT LR FEBMEFAEMNEF. BlmER 4
B B B b, 38 i {8 i B B: SIAS-search, 7] LA18 IR 4=
HL“above(A, O SRELXMBHEEES: L 1D,
LPG-td fisR H MBS £ 032 0T, Bk LOFGB).,

g 1(2) F(3), AT LA BIXY F [ — R4 F 5L,
LPG-td FrsR i B0IE £ B 5 Y ar R . Tl
% 1D, AT B B SIAS-search B Fisk 5 &£ 2
SRS TN . [FH R FH X H, BATT LR B
AFL“on(B,O)" B HFEE 3 FRKRE S, BB IER 1
(DHEIEE (on(A,B) ,on(B,O) VR A FE 12) PRBIEE
{on(A,B)}, H5h BTFB/MLBTER, X LADOKBIESE (on
(A,B),on(B,D), on(D,OMEBARBER 1D P, @it
EABIF BATTUE D, — i, SREEXHWBMERES

B SREMLMROE REE A, HRBNHE SRS

TERMIBIE SR, BATHT LUk S R B2 W R4 R RHRE
REITRERES. MEAYMRSE WL RS, HEPRES Tt
ERARERERN. Hoh, RTRENE AT , AR
AT .MEEES SWIEAHEERTRANES TR RN
SR n B BHERZMIE K, HEREHE, 7 [PC4L KX
ZPERBE D, BFEREBNT 0O,

3 EHEXRYPEASKESEXHBER

7 IPC4 W, i BRI & Gi b T A PDDL & & HH
bk, DR SR A Y 35 8 5] B PR F STRIPS 5} &8, 4 40,
YAHSP # %1 & 4t (“Yet Another Heuristic Search Plan-
ner”)UAFESHKAY 279 RIS, BB AR L 255 4N1E R, BL3h
EEik 1%, HEEARLEHHEML (Metric Planning) B
53R (Temporal Planning) I 4= 18 7 DL B b 25400 54 18 9 %5
%, R0, % LPGd FMU R G XK LRTA R, BR
BB RAE 7790 EA B R REHM H  B R 1000 4, 3K
R B R MLE T K F YAHSP, % —4 1, LPGd B4R
BT B R AL BRI IR —— T B BOE S R R
AR RREPEERFIK, £ E L, LPGd MRH
H. SGPlan, DOWNWARD ¥ ZE/i#—%, R A ENE ZRAHE
At e SRR, 15 B HL RN 2R Gt v] A b BRIR 42 1A, 3
FRE%ZEN . B, PDDL2. 2 &5 MFEE TREH
MR ARGV, VIR BA DR

B &R (Heuristic Planning) —H R IPC £F|&
FEPRERENIEERERN S, 25 0IE, REEHNER
R T 2T RN HB TR AR (Relaxed-plan) H A, B
FF #LR RGNS B 5 AR BT B G % REME RE, A
PR EIT BARRREA T —RE. HRAWERZET
22 W BhAE ) BT T BR 3R Ske IA BLR) 1] o B L B R A X
A DA G 3h 1 22 18] 0 B R R R TR SRS R SRS KIS &
. EFRIFPREERHERNE KRR R ARG AT
B RABAHRED X BIRRES.

B3R, BT8R 5 —FHE B DP-relax-plan » (AN 6
7R K SRS JE R M T 4R 1 R B & UR AR 1B 1) I L) R
RIS P . HP, BRI T EAS L, M HE
WAERBHHTEANFESFHORESEE., BEBRET FF
RUNRGEHRRRE &, T U FEMATRRETRERY
ARUNARL.
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%1
. TREH L “above(A, O HIMTEEES =
SIAS-search | (1){{on(A,D), on(D,C)}, {on(A,D), on(D,B), on(B,C)}, {on(A,C)}, | HSEMRETLE
{on(A,B), on(B,D), on(D,C)}, {on(A,B), on(B,C)}}
LPG-td (2){{on(A,D),on(D,C)}, {on(A,D},on(D,B),on(B,C)}, {on(A,C)}, {on | 5WRH {table(A), table(D), on(B,
(A,B)}} C), on(C,D) }#i3E
(3 {{on(A, D)}, {on(A,O)}, {on(A,B)}) RE {table(A), table(C), on(B,
D), on(D,C) }A3%
Algorithm 2 CRERRGH) . dTRBIEAR, Bt e MERBOR A
Algorithm 2 DP-relax-plan (I, G) 79,
1. S«IuDQR); HiBEE 7 o
2. level «0;
3. For each action a which is applicable in S Do %2
4. 8 «SUAdQ);
5. level « level + I; Domain. pddl Problem. pddl
6. S"«S'UDS,R); Action A Action B Initial
7. IfS” doesn'tcontain G, Then S « S” , GOTO 3 . . nitial; e ses
8.  Else extract-relax-plan(l, G, @) ; Precondition: P1, D1 Precondition: P2 Goal: P7, D3

Extract-relax-plan (I, G, Act)
If G contains derived predicates Then Ge— Remove-derived(G) ;
select an action set A in the (level -1) layer in the relaxed plan graph ,
and A is a minimal set whose members can support furthest the basic facts of G ;
G « (G- {add(a) taeA}) U{pre(a) laeA};
Act— Actu {A);
level « level - 1;
If the level > 0 Then GOTO 1;
If G contains I Then return Act.
Remove-derived(S)
1. For each derived fact d in S Do
2. {If d doesn’t be marked in Lookup table Then
{SIAS-search (d,&.{d}, D) ;
Mark d in Lookup;
Lookup « Lookup U{(d, 2) };

e

Nousw

}
5’ (S - {d})u best-SISA(d);

B 6 - SRETCRHBIE R TROEA MR MR

B 5k DP-relax-plan f1 B3R H i : OB B R
BARE:; QTEREMME L B#. DU, DEER1E
WHANES R #HFHRMITARERLHES GEHTEF
WIXHER[1]) . BE“Remove-derived” & FI IR 4 3 LM B {23
HERBRIREF L, H AR RN E, TEF e %
IR SRR EAE , MR A B LA Y IR AR AT S VERIBR
FURERERBIE SR HITHSR., REFLHBRERESE
USRI E XA O EAETLHRERDHBESE. I
SRR LB ER SRE XM, Fr AR
— M ERERFHECETEIRREFLINEEE EFE
MR RATERUBSERITE. YR YEFREREE
HABIEBLMR—N S ENSERF], BAOTH LLE B &
$“Remove-derived” 58 7 R 8 7 — MBS R E st
TRER. SR TERFN R, ER TR F, LPG-
td 813 8 A “ And-Search(g, ., 5,5, TUF)Y"E3 R i i i1
BHMIEE K, g BRIREFL, IUF BRYFRE.

BE BATEL— B FREH L LE%, BRERNE
— NN 2 B AR ) B8 , ShAE R RU7E Domain, pddl H 4§
R, FERBFE Problem. pddl HiliiR. H, LI“P"FF kM2
HARL, D"k RIRA F L, HF 4 M3hE AB.C.
D,“NOT"#A M R. BABETERNREHRENE £
8 B AERATE F R AT |

BERMBEITBEGHRE I={(P1, P2, P33 K1,
HREAMEmE 7 Prr. B, HBEANZERR
BV R, aBEASEAFLARAEFL, BMREFLAW
FRHBLE M TR SREXRHMEE(BER 7 AT M

Effect: P4, NOT P1 Effect: P5, P6

Action C Action E

Precondition: P4 Precondition: P4, D2
Effect: P7 Effect: P8, NOT P4
(: derived (D1) (and | (; derived (D2) (P6))
P2 P3)) (; derived (D3)(P8))

H#E 7 EABRE-BEHEEAS B RETIE
L, TR RBUT G, IRAEFSL D3 B HEEE
i, HIWBIRERE NPT, P8}, ERBEHEESE(C, E}
ZE GBS ERETR, BiRERZER(P4, D2}, 2R
WA HL D2 MG E#ITHSR, BIRERE N (P4, P6},
DEET AT LAEEE SRS (A, BY, L4 B XE 0 BEMEE
wt, BARES NP1, P2, D1}, fERMIEESHIIREHL
Dl ZJ5, BW&ES(P1, P2, P ASHEERENIIE 6
B E AR IR B R, G ERS(BAEHREB T
BEEN 2(H N HEF RSB BRRED.

%% RAIEIAR PDDL2. 2 B WH BT —. K2
BHMAEEABRT T ST AE, ETFRAUNERSE
LPG-td M T4k, A CHRA H RIS E R E THHE X,
ZELTHEEES BERRE T XK, T RIERSHES
HER T REER KRN EITERE EANEEE. X
B T HANE L SIAS-search #l DP-relax-plan, 5§ & B 3k
HEEL E AN E R E T IRE BRI N SRETXMBIEE

G Jad AR X G E A TRELSMU S UL HEEE
WA ERMNARNE. £S5 BHTES, B —SHY BX
BR3¢ PDDL 2 MRS HU RREHLEE, 5
—IETERATH B TAE M A SCIR 1 i B 3L 78 FF Fl HAH-
SP % KA R Y LB,

2 % X W
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