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Method of plan quality evaluation based on multi-goal metric function

LI Wei-sheng, XIAO Zu-ren
(Institute of Computer Science & Technology, Chongqing University of Posts & Telecommunications, Chongging 400065, China)

Abstract ;: In the field of intelligent planning, most planners focus on the solving process, yet neglect to evaluate the quality of
the result. This paper proposed a method of plan quality evaluation based on multi-goal metric function. It combined the multi-
goal metric function with some certain measurement standards, such as planning time, solution length, preference constraints
and resource constraints. The experimental results show that this method is meaningful and feasible. Finally, it summarized

promising research directions of plan quality evaluation.
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LAy AT i R ( CSP) P s S AE A 11 20 it Al 20 g
S R R 24 SR A, LA AT 3 R A R 3 4 4% 14,
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2.1 EXFIE

i o) P e — PR P29, OB T N ATE BT
KR Ge I i 3R L S 09 E WA ) P o, ZE s Ak, A
A8 ) 000 AR TR A0 B R 2 1) P i AN B A %
2 25 2T 7] 328 36 0 %] ( preference-based planning, PBP) ™ et |
AT 28 7 LR 1) Rl 35K e 8 WK ( most-preferred ) f4 KL ) i , 2
B g ik P i) 2 A 1 KD £

A ) 4 ) W) ) R R 552 9 — A OB (1, <), o, ]
AR E Y 2 MR [R] A, <R R AR PR B SR Y
P x PZILRER M P 3R HN )8 1) i LR e (4R G 6
F < JUR LB 08 T AR WA g Py A P, BIARSS
Bl , P, <P, Fm“P, =AM P, —FE4F” B P, AT P, , 8K
H PR P, —FERE” s U0, Py <P, FR“P LT P R
Ui, Y P ARSI T Py B, P <P, AN

AGRE 1 42 S R0 ) A SEARLIZ: , X 45 7 Y — AR S ] NV =
(1, <) BRI W 2 T 90 %A BT LRI A 245

Ny =1pe PINFLE p e P, #i15 p' < P|

2.2 #MXiES—PDDL3

PDDL3'"! ( Gerevini & Long 2005 ) /& PDDI2. 2" ( Edel-
kamp & Hoffmann 2004 ) )4 FERAS , B0 5 1 42 1l 1 /) 45
R B Rl 3, SR T X R B Y R ik, PDDL3 2
BT U E R KT AT IE T, WA R IG,
foa) 55 A LR 7 R T e I L K T o

F:T PDDL3 [ #L %) ) U2 — A~ 2 Ju (1, G, A, P, M),
:/H\:EP H

a) [ ZRIIRS TR UG B2 B A I 5

b) G J& AR ARAEFN HAREUE AL B R o

o)A B—RINMENES I HIZES DB ShER
AR ARG (A 2 A RV 78 5 25 A ) R — 3L
RIS (ERMECR off ) INBRBOER off, ~ FIEIERCR of ™)

d) P J&— RFUB FE 3BT ARG, RIALA) e o ) 3% 2]
MRRPE LR AT o PR ) — R A R : (a) JEERAE
BEARM 7R, 4 H AR5 ( goal preference ) I Rif £ 4% 1 [7]
(precondition preference) 45 ; (b) #AE BAR B[] 541, 4N P79
JE&{in] (temporally extended preference ) , 3 At [iv] 4% il H BULAE
BAE P R R, R IR 0 iy B 48, 45 (always
/) (sometime f) ( sometime-after f g) (at-most-once f) 5 ,

e) M J&— i 2 %X ( metric function) B4 A, & R M

ST PR A [RS4SR B AR o
2.3 fREEHIE AR SE;

T AR A ASUSN ABT A 191, A i 4R 2 A L H
DR ASB 1) ATEHF4 FR T ) 258098 1 2 o ) A S
2.3.1 AREMHAS

SR AP ) 5 I8 7 T8 OC , 7 S E M AT 48 4540 vh o 3,
RFIRFA B EPRA T I 5 25005 2 B RS o) 2545 4, R
i light” J& — T4 A BT , 7E S0 pickup” AU HTE 4514
JE SC, AR FE R “ it i) FHTGE BE SR A AR IR

( :action pickup

( :parameters( ? b-block) )

(:precondition (and (clear ?b)

(preference light (not (heavy ?b)))))

( seffect (holding ?b)))

o 2 GES B )RR BRI, light ™ fi5T i) 2% 1K i 52 55 99
B BB, UK R AU e B
2.3.2 BARREM®

FUATOIR A B 1] 2 55 I T8 56, 78 HARIR 2 vh s 3L, IR &
TR FRRIR S o5 B R A 25 o LA S SR ), T T A
“truck” i —A HARIRZS 6] , FA R 8 ] T P A 4
MRE",

(:goal (and (delivered packagel depotl)

(preference truck (at truck depotl))))

% HBRARTE W L — D BEVE S5 1F fU 2 packagel A75T
WP depotl SR Rl — A B ) 25 4F 4 truck (S AER R
depotl”,

2.3.3 mAEYEME

PDDL3 H, fili Ik 6] 7 22 60k S SCIR 47 41 1] A1 )
Fed) AR IEAT , B AT TERAE : constraints 254 il f 548

(' constraints

(and

; ;prefer to deliver priority packages first

(preference priority

(forall 7 pl-prio-package ? p2-nonprio-package

(Sometime-before (delivered 7 pl) (delivered 7p2))))

; ;prefer economical trucks

(forall ? p-package ?t-truck)

(preference economy

(always (implies (loaded? p? t) (cheap? t)))))

(metric minimize ( +

( = 10 (is-violated priority) )

(% 20 (is-violated econ))))))

A A5 1) B priority " SRR A 2 AU AL IR,
bt a] - Se s I e S f v YRS F 227 5 46T ) 51~ economy ”
FOR VPR R AN e T w2 0 L AR AT A
Py e A v, priority” F1 economy ™ fY 5 1] 2% 14T R] RE#
75 (is-violated ) , B3 ¥ AU AT LA HIA I 2 WL K Jo o, i 5
YRR | R B fii 1) 2

IRAL B PR L (metric function ) FH R I 58 R K fig 4 it
it ETEAR KRR EE - bR [ R80T 5 A A 4 1] 42 1) B3 7 DR E
TE PDDL3 1, F{ “is-violated preferName” 3 #5 i 44 f “ prefer-
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TR BE 1555
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M, 10T 35K 5 A5t de 010 1y WK e , DA TR 52 i LK) R 0 ) A
R

LS, X LR A A B VA I, AR VE 2 bR e ,
FROREI R 1) RS RE IR L A 1) s DO R AN Y 1
P, B SGE NG, AURERE A Hh— 1> 2 B sl 1) BB 0
PR
3.1 MUKENERE(L)

PRI B2 I R S L Cr) X LR gE - 64T 53T, 3z 0] r T
ERISIVERCHE o X [R]— RIS T, AR S it 5 S A R e
Jo B R, F 7R MBI AR IR ZS 235 HARIR S MR . BRI B2
i RRRUE SCANTE

L(r) = (number of actions in r)
3.2 HXIptiEMERE(T)

TS s 1100 A PR T () X M0 3 B 18] BEA 5 237, 3% 1] L3
SRIEFTFERIIS ] o 25 E W IRAR TN HARIRZS , AT REAS th ZFh R
R, LTRGBS AR [R] , 38 5 4 D0 T 48 51 (1) 5 S KL
R o RIS ()0 B R EOE LAnF

T(r) = (total time by r)
3.3 HRARMEBERH(S)

A LR )OGS P fi T A B IR EA T T BR A, A D i
ZITRR IR, 265 7 AR 1 S8 H MAX_NUM_STACKS, 5K 4% 18
45 58 D BRAEIUT 58 IHEST TR X G 19 ARR A T AE , 4
XA T AR —HE, B B AR OB H AT REAS —HF, ELA5 2R
SORTEAE AR I FRE B H I HTHE T, S A Rl AR . ix
ol ) B 5 BE BT IR A BRI R H o BRI Rl 8 ok K00 SR

S(r) = (maximum resources used)
3.4 {REi=HNEFEH(P)

2RI ] L7 e 380 A ) 47 i 0k Ao A 24 R gl S0 P A
i) 35~ E AT M. £E PDDL3 w3k 5K " is-violated prefer-
Name” 7~ i 5] 55 preferName ™ J& 75 955 9 , B A7 i 7 f iR
|0, # ik F AR ] 1, XA, ZERAS BRI r b, Blid a5 A fi
i B TR AR R A M 2 R AR o A 4 o
PREIE SLHNE

P(r) = Yw,(is-voilated preference[i])

S, FRT T preferencel i) HIXEF 3L b1 5 9

>

AR
3.5 LZERENE[H(M)

H AT, B 0] 7538 5 43 24 propositional ( £y #% %1 ) | temporal
(I FFRL) (numeric (B2 ) | preferences (fii 1] #2 1i 4 ) 1O Fifr
BRI ) R0 B SR A EAR T AN —AF, a0 A R R LR ) o T
SRR B f i A R i, B R A A0 2 T SRS e ) g
KA, 5 2R AL 000 BT SR AR fe P 5 05 U F LK A, i 1 1)
) PR K] D0 T SRR S B A M 1) A K A

SR IRAE (4 R ) [ R R 8 i 2278 N PRy BR T A i
AR IR AL s e A R, Bt AR A
JT SR P RS L R AN ] 2D 1 325 D S R S
SIS TR [0 50 %) o £ 00 9 , S e A2 A 2 R [ A 14 Jo
M

TSI — B R, LA —DEUA ] factor, FIRAF L pR
BOLT.S P AELEE N ik s % M P ir 5 1 L, 43 bR ad Ry
factor_L factor_T factor_S  factor_P X — 21 i i] LA AR 8 4% Ffr il
i HARTE R AR iy E B S AN IR S, 29K, BB
LR ) AR AT A SR, bR A L factor[ ] e [0,
L], 25500 At s EUE LINF
M(r) = A factor_Lx L(r) + A, factor_Tx T(r) +
A factor_S x S(r) + A factor_P x P(r)

FObaA, A, A, A, T DTRR HLRIR  HT 4 R  O
-

4 E-Tmizdn g B iRl E e # L 8 R E T
Tk

il

4.1 MRYBRENTFRTITHES

5 R R BE— R K B F Ul bR s T
(FR VS-S

RBEEEN T PEIG , 76 18] 58 0% A RE ) 58 IR = PR i, B
job, = MEWIME job, = 7 2% joby = AR AL [MI 5, A XX AR,
R BEAFAEXFE R AR 2o 2 A«

BEAS NI 15 T 75 I HE IR ] ( coffee-break ) 5 HoAt A — 2
FLOHEZE AR (social-coffee ) , TTANE H & 5l — AN
i) 25, R e R el B, w2 32 AR AR ARIAE , i
) ATAS R T 0 O S5 1 5 A AT 1) T P 2 Wi vl i
P — AR 2% 35 (review-magazine ) , {H 2331 8 2% 35 50 A W W
S B AR ] T P SE U 30 5 2 35 T A b PR A
(fast-bus) 15, MR —FPEAL A2 4, HAEAL B8 %, il 2
ARG TP AR AR S S PRI 98
MAEEAVE, MR A R E W %0 1 PO 2 i ik
mr .

(': constraints

(and

; ;prefer to have a coffee

(preference drink-coffee

('sometime (at coffee-bar) ) )

; sprefer to have a coffee at coffee-break

(preference social-coffee

(sometime (and (at coffee-bar) (coffee-break))))

; ;prefer to review a magazine
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( preference review-magazine (review magazinel ) )

; sprefer to take the fast-bus

(preference fast-bus

('sometime ( get-on fast-busl)))))

(metric minimize ( +

( * 6 (total-time) )

( = 2 (plan-length) )

( % 4 (is-violated social-coffee) )

( % 2 (is-violated drink-coffee) )

(iis-violated review-magazine )

(is-violated fast-bus) ) )

HRL BB F S IR AR, LA, 4 factor_S = 0, 1fij
factor_L factor_T factor_P W] AR 45 A 4] 17 51 1y A R AR
[FAIE

WAL IS VU A% Py P, Py F Py HE AR A ]
— P AR IR R [ K

P R BUE AWM, A E A, RS 410 5K, 18
&5 h;

P, T BEE 5 HAt AN — R AR (8] 25 025 08 1 — AR
ME, SRR T — AR, Z a8 FRE A AR, 4B i ]y
4.5 h;

Py TN PE A E M A — ATEAEUNHER; A L0 T AR
WEE, ARG T — A S, Z 5 18 EARAE W5, AR 2 I E] Ay
4.8 h;

P R HLEBEEIHE, K5 7 — A%, s 4%
2, 45 GBS, LS E] 2 S. 3 he

PRI A %) o B PP SR AN R 1 s,

F 1 CNPERIRT Bl ITES R

plan quality = plan_metric

Py 6x5.0 +2x1 +4x1 +2x1 +1 +1 =400
P, 6x4.5 +2x3 +4x0 +2x0 +0 +0 =33.0
Py 6x4.8 +2x%x3 +4x1 +2x0 +0 +0 =38.8
Py 6x5.3 +2x2 +4x1 +2x1 +0 +1 =428

M LRI, B Py (25 S I e A /) , 2 DA~ R A
B BRI, R AT B 2 A 114 5 TEAR [ AR 240K
FRAET Py MR E o

T30, W B FE RS 18], P, BRI A (I IR i, b
4.5 h) s AR A MR B, Py R A (R B fc e,
1) s USRS SR ARME L HIR A, Py APy SR AR AR (1) 337
BOEFFRAII N 0) , E—R IEAGE—, HAR A, TGk
AT

o I O LA 40 W sl R 0 s 9 S Ao AN 5 — A TR AL
JRy T H B, RSN WO & il H BR e A~ eR B0 1 L R,
REAS Y — 0 A A A LR o A SRALRI T R T 5 —
SEIY PRI, AR 2 FE X IO 14 00 i o 0 IR 1, A o B
B0t qn SR S e S T s e AR, RS 2 ) e ]
Do PR L EE L, At pR S P IR O 2 5 — BLR [l R T
ZPTYFZRG TN, 2% I pR K5O b T T phy & SR AT
o

g b T 2 H BRI i R B AL B I ik e AT A T
9, HEA R
4.2 MIBREMFOTES R IR

XFF 22 HARALI RIS, o 56 R A R i —A> F AR

BRI ARG AR 25 B AR i SR B R A 4 B AR, it i
— I DI pR A, UG B — S RERR S A RO 5, IR
FRi7R

M(r) = LZ/\,» x factor[ i] x F;(r)

Forbox, S i A HRRIE R F, (r) BRIBTAR S A7 A iz 2R L
IFIRAE O, 350 1sfactor[i] e [0, 1 /24 ¢ A FH AR & p& £
F(r) e g p i S A LLE F (r) = {L(r) (T(r) \S(r) |
P(r) s

e P b 3 PR A R )RR TSR e, 2 R B SRR
RIS, e 25 DN o KB e/ AR IR R e, B

bestPlanMetric = minimize { M ( rj) lj=1,,n}
SEf M) 58 A LRI 045 IR, 4 51 LR AR
F R O B S5 B, P B S e I RS ™ e it — 4
PRSP R, E SCINE
BRI = L(r) /T(r)

LT i P RS A A Y Q) e 0 D7 vk 9 B A
UMY

// BEEASFUE K W7 &

/7 3Rff T(r) stotal_time;

// Kf# L(r) :num_actions;

// 3Rff# S(r) :num_resources;;

// 3Kf# P(r) :constraints_metric( ) ;

/7 SRR e (B

if (dis_gmetric)

{

fprintf (fp, " \n; Best plan with metric value. ") ;

fprintf (fp, " \n; TotalTime of Plan: %" , total_time) ;

fprintf (fp, " \n; Number of Actions: % d" , num_actions) ;
fprintf (fp, " \n; Number of Resources: % d" , num_resources) ;
Best_Metric = minimize (
is_timed # Factor_T # T(r)
+ is_proposition # Factor_L * L(r)
+ is_resources * Factor_R % S(r)
+ is_preference * Factor_P # P(1));
forintf (fp, " \n; Best Plan Metric: %. 3f", Best_Metric) ;
f

5 ZLRWERKRIN

g T A 8 5k 1 AT AU RO, A8 SCTE Metric-
FF U 28 0 MR AR SgplanS™** AR T HIRIBZE 7 3L T
AT AC PR B AT B R I P AR, AR v el T A T S A
(helpful-action) f] best-first 182 %M .

FE T T 2RI, A4 trucks \TPP  storage rov-
ers .openstacks 5F , 5™ K K S AR 0 35 T 22 i 4S8 ) KR )
L e R E B R KT M, SR EE R S5
i [ AL B (IPCS) ' S R WA 1, PRI 320 T
131, B SEPRaE L o

PN tracks LR T Y EE 4> SE IR A5 R, Horh 4k 2
Sy I P R KRR (e S5 2, 3 3 D A 2 A 1) 4 ) S R 24
A I 2 2 PR R0 (] R P25 R o & FhAUE B R Wb i
WEIT:

a) K2 M
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factor_T = 0.95 ,factor_L = 0.75 ,factor_S =0, factor_P =
0;is_timed = 1,is_proposition = 1,is_resources = 0,is_prefer-
ence = 0,

b) %3 28

factor_T = 0.75,factor_L = 0.75,factor_S =0, factor_P =

0.95;is_timed =1,is_proposition = 1,is_resources = 0,is_prefe-

rence = 1,
F 2 Timed B a] P45 R
problem  total_time  num_actions num_resource constr_metric best_Metric
PO1 0.01 15 - - 11.26
P02 0.01 20 - - 15.01
P03 0.02 20 - - 15.01
P04 0.03 26 - - 19.52
P05 0.02 29 - - 21.76
P06 0. 06 34 - - 25.54
PO7 0. 04 38 - - 28.53
P08 0. 06 41 - - 30.79
P09 0.12 46 - - 34.59
P10 0.07 52 - - 39.05
P11 0.07 50 - - 37.55
P12 0.12 56 - - 42.09
P13 0.20 65 - - 48. 89
P14 0.27 73 - - 54.94
P15 0.21 76 - - 57.75
253 Preferences KU o) B P45 5
problem  total_time  num_actions num_resource constr_metric best_metric
POI 0.01 15 - 0 11.26
P02 0.02 18 - 2 14.74
P03 0.01 24 - 0 18.01
Po4 0.02 28 - 0 21.01
P05 0.02 32 - 2 24.71
P06 0.07 39 - 3 30. 67
P07 0.16 39 - 3 30.72
PO8 0.51 40 - 7 35.42
P09 0.61 47 - 7 40. 46
P10 0. 46 57 - 4 44. 66
P11 1. 47 61 - 6 49.95
P12 2.20 61 - 8 52.24
P13 1.87 65 - 11 57.76
P14 3.65 70 - 4 55.63
P15 5.00 79 - 13 71.31
6 ZRiE

AT 22RO i e = 08 LI e 14 B i AT 25 5 0 S
IIMTIK— AL BT R ] 4 ) S AP A SRS L SRR
P B] LRI EE B 240 S0 S8 00 A0 6 R 32 e 1) o R AT 25
VRS AT 7 4k 1% TR S e 2 RARELR, SR —4
LRGN R R HRAE A FARTELR 5 sRECH BT o5 19 FEE HEAT AR
Al , Fre 8 S B MR i) R AT 0 25 0 o SEIRAS SRR
W% AT AT o

HOR BRI (VAL )RR NG5 i 1) RS e o 1) B
PriEtL 2 B, XA T AT — MR B = 18], 2
AT A T 0 AL e A DA , L RE -5 AR SC P R £ 5 I i e
B AR L L BT Y B A THT A 255 0 ek R, N T B

Sk,

ARSI 22 F AR & pREOZZR M R B, 7E AR AT R L
DARLE R, I O B Ty 22 (AR B ARG D &
S SE O LR LR A DGR AT RO 155 . 534, F > Rl
TR E AR Z— DA RS T7 18], LRI SR g fevh L A
22T A TR AR ) TR AL
Sk
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