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Abstract: With the development of automated planning, the size of problems is getting bigger and bigger, and one can predict that it
will become very large in the future. Some existing research work begins to use secondary memories to extend the search space, and it is
believed databases are finally used. Besides, many problems that belong to the same domain often have common constants, so there might
be a plenty of reusable information to speed up the solution process. To store this information permanently, databases are also needed.
Inspired by the above two reasons, this paper first proposes ER (entity relationship) models for PDDL (planning domain description
languages) and then develops a stored procedure based automated planner (stored procedure planner, SPP) for the first time. This planner

is an optimal one which runs totally inside a database. It stores and accesses data efficiently and takes fully advantages of database
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features. Experiments on benchmark problems from the Int’l planning competition (IPC) show that this planner can solve problems which

cannot be solved by some classical optimal planners in a limited machine configuration. The work in this paper takes the first step for

solving planning problems totally in a database so that it is helpful to solve huge-size problems finally.

Key words: artificial intelligence (Al); automated planning; planning system; stored procedure; relational database management system
(RDBMS)

BREM KA N TR R B0 30,00 20 AR IS T AR R IR 1E J, A 50 1) i) RUADUASE e R R B RN T3 e
A5 10 28 39 T Journal of Artificial Intelligence 435I 7E 1995 4. 2003 4. 2009 4 H IR T 4 BE MR 5 1 FE 15 11,
AT LT AN 1998 4= TF 4R I P AF — £ 19 15 B MU &I K € TPC(Int’1 planning competition)tH W% 51 7 4k ik £ 1)
RVE, I 2 J7 T MO HES) T RURI R . e vp AN 250 2R ) — 2 T 80 1 FASE R B K B i 7R 2000 4R ) TPC-2
(http://www.cs.toronto.edu/aips2000/, Bl 5 2 Jmi IPC, LA N #sic J7 ¥ 41 [A]) | Logistics 45 38 AN 455 5 KX 1 [n] &
(probLOGISTICS-15-1.pddl) A #5 5 7~ location X%, 1M{E 2008 £ IPC-6(http://ipc.informatik.uni-freiburg.de/
planners) 1, 2 ALL ] Transport 4545 7 5% K F i) A (p30.pdd1) 5 60 / location X 5. 2% 18 | 52 F ) (85 1 X6 52 1T
T2 (Ul 1 Fr7m), A KA e IR i v ) 1) RS E 53— 29 K.

] 1:5 IPC-3 /1 Zeno travel 45 (http://planning.cis.strath.ac.uk/competition/domains/zenotravel.tgz) A1 L1 [
RN 12 1) AR S B A G vl B RAIHL . LSRG Ho B — 100K, b B R LIS L s Bk i 3|
190 AN/E A5, 1M Zeno travel A5k (3L HE MR B — B A 20 2 A5 HLIHX NI airport % 5. AR 52 U6, 30 5 1n) /8
10 5 T MUK R AE F 451 v 1) ) fARASE.

R HABE ) RS >R 1 K 4% 22 2 1) H R A 6 48 28 rP R 77 A 0 R AR R A e P 17 AR g ) 00
T 5 2% 4% R 88 30 R FH 3088 e SR b AT A4 M A0, A6 AR 22 0] RUASAN 8 T ] — A5, iy FL T 8 22 1) Bt B AR A [F).
1E B B AL &I 2 L% 5 RDDL(relational dynamic influence diagram language,http://users.cecs.anu.edu.au/
~ssannet/IPPC_2011/RDDL.pdf)", A 53R #5313 #6843 :domain,non-fluent,instance. 3 #' ,non-fluent fJ$2 i 1F

T — RN ) AR R B L R S LA A RO A B R R DA AR (] PR AR A it T R e AR e AR R4
O 4 R A5 Sl v] BB T Db £t R e

YT LIRS 7T S DR, A SC 4R H LRI A0U8 5 348 T & PDDL(planning domain description language)ff] ER
(entity relationship) 424, If- 5 T~ ALY HYAE fifh i 72 4 'S R K 4% SPP(stored procedure planner).ER 457 % iim T
PDDL H 14 JRi SEAA AT SI AR R ] R30S A DA B AT 2 I) 1R 96 2R .SPP 58 A I8 AT 7 B4R 122 N AH R 17 7= i/ IR
465 25 Fo by 2T 75 B A7 DU B B v S A, SR T TR b (admissible) ) AT ISP e 51 1 il S e pRL A
75 28 B8 2R K (745 2% D 26 [ RF RO o T ) LA s At i 5 D R K] U LA B SR A f) 1) J80.SPP LA
TERA B bR ml s 8 3 & 2 e 0 3 R b BT R R A S B IR BT TR R AL B B I T R I 2
R 2% HSPUY BARRI R AR _EREAT T ol RS DU BE SPP R g Ab 8 STRIPS 2 AY [y U210 R i) 150 {EL 2 Ho X o %2
SRR TR T 25 () 3% B BN A e FH T S A Rl ) B Ak T S 1 AN A AN AN AE D A5 B A B
PAE R ) B T LU 5t 2 1 O S A A7 R g 5 R % AN 5 Ol R R

ASCE 1 WA AT RS 56 R S E IR B R e R R rhws F R R U 28 2 54 SPP 4K
i 454,10 PDDL ) ER #5184 55 3 %5 41 SPP ) R LA Wt R L JA R FIEL LA AT SQL AU Bt it i)
FERRBEEE 4 WA SO 256 28 5 T R A5 USSRk AR 2.

G

B RE R S T FEHL AR GEAE AT A 55 2 B dn 4 1 3 il 52 A7 30 280 3R AT 90 s RO ARk 5 21 T 48 A
LA R AU A AT TR S U, — AR ) R AR R AR 1 F ARSI G RISl A4 AL R
MREHUE T HM T RE G AR

i
o

¥
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1.1 EFINEHRRFTA

JBETT DU BB 0 ) B A A A T B R T T I = RO R A A R BRAE X T 3 R NI R R, X R 1
23 MR T AERR S (5 00 R, T 58 TB I A7 it o S AR, 3K A I i A A A P P A7 02 A8 1), 7 45 B T
17.1995 4F,Chiang 25 A\ 2 H1 A E B RITL2000 46, Krof 15K 4 125 AR B ) 208 seidk A5 DU A AE
BEAT 8 2R,2004 4F,Edelkamp 25 N3 T 47 ATHEDL

T IR S8 HNF AU R E0VE 58 BEAR 5648 & (breadth-first search, 5 7% BFS) /2 f T 5 () —F.2002 4, Mehlhorn Al
Meyer $#2H T MM_BFSHL g A 6 — AN 9 4b BERS F5 >K T Ky P 10 40 122 28, 130 R e JLJEABURE 24 /) — MR P 4 1
AN SR ) B 1 Al Y SR AR T RE BT ) SR AR 20T IS T AR K R b AT BFS ML,
BTSSR #RIL T MM_BFS 5%, Zhou 1 Hansen 78 2006 4E 42 1 T I F 3 32 B 9ok ek BFS 850325, He b s 73 ok
T WAFTOAR AR B T 5, A7 A3 R T W S AR R T BFS 519277 DL EE e A 4 S s A B 47 R R
Idwan 7E 2009 4ECHR /e KB _EHEAT BFS (AR AL S0VE © 8 AN BRI R /N B AEAS /N R AR =4 0 80— B0
HNEZ 10 il B ARIRE— AT B LT BFS, R 7 B 2 M 0k £ F — A7 B, 20T A 1 A
B iy iv) A 1k

B 5 K08 1) R AR PRI R, A A7 K (external memory planning) W 7E 2006 74 ke Horh R T 4145
BFS, i H. A FH Vi i 0 Jmy 35 P 8 5 B8 2 1 i) ok 7 AL B B JR AT 9k v 3 #E (Marcov  decision processes, fij X MDP)
FREA T i B ) L Edelkamp 25 A 53 AN T — AMEIEAR SR A I R A SMEAR I AR AZ STV 2 5 — A
FHAMEA A7t MDP #E78 H: MDP #5810 AT F1 25 03 & 75 A7 RNAIME Z 0V EAT A8 8 (1) 24 T A e BHATL 1) A7 £ ot
AP SR B ARG 2800 10 0, b AT A TR 3% AR 2 T % e 995 o R AT HE 2008 4 Dai 25 APVt 4R HY AR 8t v 7 K
MDP 43 /N, RAEA S B BCE A7 A8 G — S b gk 47 5 35

G B R BN ) A A A B2 P S B LA % R R, i 0 P A BBV R A s 4 Oy U b
b, B B A2 Y DT DA e S AT P A AR S, AN T R A s Tt S 0 B (S e R AL B KT 4
Rl 4055 D) Re 2 D20 1), 31X B (A F S0 LT A48 T 50 22 (%) I A7 32 22 D . DAL ikt AN AE A it = ) L2k
T U FH B R S AT D 0 AR A T EL T e R 2 i k.
1.2 MIPRBEXEREA

oz 11 TR SR AR A A 2 T e 3 U A DU SRR T A 1 b R R P AR S A O VR AT HE R LS A
13 TR A & RBATAIRS S 0 8 RIS 048 R . #30h CSP Bl SAT &5 jul UK HEAT SR ARSE IPC X T
KX T I AR A B T AR AR TPC-1 1 B HSPU AR ) I 4 K 4% #15 2 HEF BRI RIS 1, IPC-2
I5e J VP I A S B 75 1R BRI R 46, o0 T JE 13 00 I I STAN R F i R X8 R 1 FFUY. 2 )5 FF 1588
7F IPC-3 ) Strips J2 Uk EVEfE S IPC-4 Rl IPC-5 $ 7 0 HLKRI Mt I Bt ) 2R e O ML K1) %% SATPlan!' O i) J 4%
FRAS 53R A5 T A0k ] DL, 2 AN S SRS PR 8 PO 55 000 It R 205 72 o 0 1 SR e A 1 475 0 15 B SAT H AR Sk it
{1 5 405 AR AL SAT 5 3256 2 i) 140 B SR A K it L AR T 4047 35 S st SR A, T 2, SAT Plan 5 4k AR 1)
YE% 2 — Edelkamp 7£ 2006 EUH H 487 BFS HEAT LRI AE TPC-6 b, 1) BUMAS RE— 2D 4 K 2L T A7 511k
T BP0 A 8 P A 0 T 5 8 B, 8 T FF A3 & sRETA ) Lamal P 3R48 T 0.

B AT SR AN R R A 3 T b ORI B g e o T S AR i R UL R A AT T2
H % )5 & 3 7 75 T 720 B AR I R b A 380 1 R OB K R R A A E b )k R EE A T
SATPlan!" 1) J& 4k iR A< th >R I P AR HEAT mTIE T 5 HSPU U e KO ik it — b bk 17 7 Hok
O FEAERE B0 A HIIR S B H R S0 — AT (m A H AR IO BEES VR 8 5 R Ao g s ke X0k k2 R
il 55 i 8501 1) 114 282 7 77 2R 7 4 20 A ARR AR ASE 25 1 7 75 380 55 s 190 100 R0 8- 32 40 Ay i R A

v £ S R A BT LA (B AE A" 4 m=1)V g SE L 8 5, 0 b ™ B WA 8 AR A IR ke S ot
B g FLIOIR AR OL T AN i GR AR 8 JBOA B AU 45 U ok B, T2 RE B0 A OF BN R
FI b (10 5 5 36 420 T AT FR0o IR AR R 3 A V#2611, Bl ™ B 75 5y S B, DR T o, o s
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1.3 HFiESE

174i% i 2 (stored  procedure) & £ 4 1PF J5 A7l AE 2088 A (1) SQL 15 Ay A2 FLA0 p A0 45 AT AR AIE B4 1) 22 4= 1k
R0 A I P X HEEAT R B A A AT Sl B T AT B2 SQL 1 11) AT DA FFALK 90 8% 1) A5 5 ] LA
AR TP M S5 T G e S AR A TR X I X R A R A S5 T

1F A2 T A7 A2 R 3K L4l A, 5 B0 )5 0 45 Oracle,Sybase,SQL Server 25 4R Bl 7 4 S FriX Fhil & bl
T TR B 122 1 A Jr 3 A0 K Miysql 55 T IR0 AR SCRF 773X — B0 R T IR B0 2 A4 3 FR IR S 4 0 T2 R
WF U A F R 1 22 SC R R b B A S5 B — 6 22 R ATF 50 v 35 T2 1 D e A 7 A U T 1 1) R 1 0 T vk 4 i G O
ff P 0 G T DR Oy TG Y 2R G 5 B T 9% G R AR TG ) W A AR A A R A S A X FE I R A B A e
FR RSB DR] i, My sql 55 U8 500 P o A i e 2 11 S 4 385 I 77 8 2 AR 5 v A A i e 9 P AT

2 PDDL 4iiEiA) ER &5

5 18 ) i REUANLASS RIS S5 T P A i RS, A SCHR H 7 S50l P v SRR g ) ) LR 77 9 o SR, SRAE T
P AR AT I8 S5 R Bl B 1) (0 45 A LA T 250008 A7 IO T 38 1 B DR 14 £ JDUTE 82, 212 RS T 36 2 A FH A7 fi 2oL
o, A SO0 o0 e AT I A B A0, O 1 A5 P 50 3 B0l 2 0 003 ST ALK [ L) ER (entity relationship) 18 2 A
i A5 () S AR 2 Y RBCE 128 BE vt N 53 2 TV AT A UL ) T R A JU 3 AR AR | s PR G 3R ER Y
B AR R 53] S AE % R B I AT M L, DAy 7 ORR 0 TR SORE R (0 KR K 2 (L 3% SQL
Server AFHRFLAL T M RS2 I BR BEARLA T H T A ER A i Bl A S AT KR T A Ll Power
Designer, ERWin 5. [Nl 75 S R JZ 11 1 ER BEAL, 5 R B DL K G 2 B0l PR A — B30 AR 1T i ORI e
SCiE 5 PDDL A A 40K ) ER A28
2.1 PDDLiEX

7 PDDL2.1"8 11 35t ,PDDL (1178 U3 T W AR B My FISIERIR o, K i R 45,1, B R ik
0, R MOFEHTHE S IR CRFNIG I R = e e SR 12 i, PDDL ¥R AR e LT — &4,
KELAE B I J0 F (AT SUAH DG N OC R BE AL (1 £ BE SRR AR A 10 0 35 302 S8, AN SR R B L S 2, s 4k
ZTE) V8 SR G2 G R

Horp B B AR I S

— AR AP T, B R BT S . RRNS  SIER R ES S, L b R R S TR R L DG R
A5 B 3], B A S 5 ) AR AR B — A K i 8500, 455 5L 8 11 A 38 3R R ) 4 3 IR S DA M e 4 B ARG

EX 1(EFEE(atoms)). [ TFHES doms MRS T R KT 500 BTG 0 58 PiAS i 52 4], 5 X 2650
RIS — BB N e A AR A

EX 2B IRESFIK S (logical states and states)). 5@ — NI FEES Atms, — PNEBHOIREE Atms;
BT — RS s ) I E 0 BEIRDS ¢ DL —AS B RS0 1) i A J5 h 307 R I8 UM A ) ) 2 x
24 A

EX 3(EAz{E(ground actions)). 45— AN HUKI LW, MBI VERLEY 4 BIEEARZNE a ¥ 4 D SHEELHIL
P85 R ARG TR TCRE BN S ERE R B, oy BT R PR N T4 Pre,, IE SCTF- R BN IG INBUR ADD,,, 71
SCFRURHR R MBR AU Del 307 R D B - AR NPE,.

TE X 4(E1EF] B A 1% (applicability of an action)). FEAZNE a W T EKFE Pre, EEHIRE s 7 4E B
X Pre, B A2

EX 5(E4#1T(happening execution)). 25 E —/MIRE (s, ) —ANFHM HH F1E B &— DNEARNE a,a
W% 7AE H 51 AT (2,s,0) L AT I 45 R 2 — AR (8" ) ,8'=(s\Del ) uADD,, T x' /& ¥ NPE, N F x
SIS

TE X 6(T5] L FL X (simple plans)). — A7 HLHLRIE — AN -304E — oA A BRES.
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2.2 EiE#L

PDDL J& $fi 1 LRI A58 AN i 1) b 8 5, A 2 IR B SRR, A e o R R S s N b SR fig
F TS 1 R R R ARYE PDDL (138 X % 3L BNF RS A e b 7 MRIATIR 1 ER BEEL AR T ol CA
Erwin(http://erwin.com/). & 1 B 55 7R T LRI 0tel v e 3 T2 0 — Se sk Q0 4G g . 2884, RS AR R &5
XURH A S 2 378 22 0 22 00 B/, R A S e 3 7 DA % 38 78 T L v 24 G ) S A S i iR S 265G R O T S AR
e 7 2 SE T U B R e A R bl T S AR B A S T A U, R 4 J T AN ) R A B A ) i DR A S
AT INSDomain  LAX 43 A [R] 5038 1) S 44, i $omain_$Problem LA 73 A [ ] 23 (1 52 44 451 it S 24 2t g T 4o sk
11,17 % A $Domain_type; fi] & & — M & J& T~ 7] 8 (1), iy 4 3 $Domain_$Problem_constant. 54N 554K 44 T [f 11 5 HE
ALHG T SR 32 B, Hoh PR R AN LR SEAR I 2T /2 5 PDDL IR REACTE: SCRH — B 480 an 7r 5 X 2
LRSS s ) IR ¢ BRPRE s BUAC—AS dRERI SE A8 ) T A7 )it 46 250 e i SR ABL A )R ) B x ZH 1.
R B 1 PR PPIR A 5 A$Domain_ $Problemstate, JoAL 45 3 AT W ¥ J& 4 B 8] S 451 time 32 45 IR A% S 451
logic_state_ID. PNE {E [ & PNE_vector_ID.

$Domain_§Problem_planstep
$Dornain_tirme_initial_literal

$Domain_$Problem_constant proposition_ID (FK) $Domain_$Froblem_plan ﬂ:\gstep_lD
constant_|D predicate_ID (FK) plan_D1 operator_ID (FK)
constant_name time action_ID (FK)
wariant_ID (FK) operator_name (FK)
wariant_name (FK) operatar_type_ID (FK)

operatro_type_name (FK)
plan_ID {FK)

$Domain_$Proklem_proposition \

$Domain_type proposition_ID $Domain_$Prablem_logic_state $Domain_$Prablem_action $Domain_operator
type_ID predlcatejf) (FK) p—a logic_state D action_ID operator_|D
type_name wariant_ID (FK) operator_ID (FK) operatar_name

wariant_name [FK) operatar_name (FK) > operator_type_ID (FK)
I operator_type_ID (FK) operatro_type_name (FK)
- operatro_type_name (FK)
¢

$Domain_variant $Domain_predicate $Domain_tProblem_state $Domain_$Problem_PNE_vector Operator_type
wariant_ID predicate_ID state_|D PMNE_wectar_ID operator_type_|D
warant_name ¥ predicate_name r:E_VEdDr_ID (FK) e operatro_type_narme

logic_state_ID (FK) waliie?

Fig.1 Entity relationship related to propositions, types, states and plans
1amfly 2B7. CIRAFIAURIAH G S2 R 06 R

SR, 1 7 BB 43 S i it T8 46, I AT B8 4 B X 43480 o, Bl VE 5 28 S A $Domain_$Problem_action 1]
W25 M5y 9 — R VBB . ] FR Ll AR B RLRTIR A2 18 3 B, 5 HAS R 284 1) gl AR B A B A R [7) 1) g k. 43
AT AT 0, o e A ) — S S A4 R TR TR AU R e LU B, BT R 2 40& PDDL IR B 7 il s JAF. 5 oA
L ST AARAN S T — I 491 G S BT g — LB S AR R T i L 4 b DL, TR S A4 8 A R IO & O
F)K AT 4325, PDDL H [ SEARTET 430k 4% JR SE AR ek SE AR i 1 S 44X 3 28,

E X 7(£ FE1R(global entities)). 4 Jr) S A2 A F I .45 TG J1 K1 45T 1) 5I2 1.

BT R, X AN TR 4 R S AR R L8 PR — — F 2R ke U R R AR 1) 4 R S AR L 4 IS A
operation. £ constraint. 1L optimization. i quantifier. 753K requirement. 4% & KJK variant source
45 LR variant_source AN & PDDL [ £ B 7 (B & i 1748 15 ] UAE B VE R R Bl 8 10 1] A Hl 0, AT AR 5 42 AN e
M —FR TR AR e, 5 T 45 R R (K SRR AT X 0 2B, 3 ] s AT S AR o 80 SEE A7, 4 Sl DL s S 8 T L 9.

TE X 8(4iH LA (domain entities)). 484 42V F 45k BR 2 7 S5 A 0K S0k 1) S 44K

TE X 9(/5)RE LA (problem entities)). ] 2 52 442 11 T8k B g 78 FEAS KKl 1) R 1 52 44

2 JEIR T A B AU A B L R P e AT T R AU R 1 T P 2% 491 1, $Domain_requirement &
7 AT SR, B AR 1 A BT U $5 strips, sty ping, :fluents,:ad]l 25 MR R G AE IF SRR 2 BT L A B B 2215 A
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A L X ST SR F 8 ) W1, $Domain_predicate &7 303k A BT A0 VR HH IR TR 1R, 1 81 ] PR S48 A A R T ] R
FRPIR 25 25 1) AE S B e v, i T AU $Domain_effect. H #7r$Domain_goal. ik $Domain_expression. Z){EHH
A4S Domain_operator H A A [F] 4 H F12E T J PE UL e AT B TE 2 A A AR AL, ok T 38 K e 5, e 2 e AT
h AN ) ) S A

$Domain_constant $Domain_time_initial_literal $0aomain_expression

proposition_|D (FK) expression_ID

predicate_|D (FK) EXPression_name

time expression_type_|D (FK)
predicate_name (FK) expression_type_name [FK)
assign_opration_ID (FK)
assign_operation_name [FK)
hinaray_opeartion_|D (FK}
binaray_operation_name (FK)
binaray_cormpare_|D (FK)
hinaray_compare_name (FK)
function_ID (FK)
function_name (FK)

constant_ID
constant_name

$Domain_type $Domain_praposition $Domain_function

type_|D proposition_ID hinaray_opeartion_|D (FK)
expression_type_name (FK) | —® optimization_1D ™ hinaray_operation_name (FK)
. predicate_name (FK)
- ‘
[
$Domain_variant $Domain_predicate $Domain_effect
wariant_ID predicate_ID I # cffect D
watiant_name & predicate_name polarity_ID (FK)
wariant_source_|D (FK) polarity_name (FK)
wariant_source_name (FK) o effect_type_ID (FK)
effect_type_name (FK)

predicate_ID (FK)
@ predicate_name (FK)

$Domain_requirement $Domain_operatar $Domain_goal
requirement_|D (FK) operator_ID goal_ID
requirement_narme [FK) operatar_name | polarity_ D (FK)
operatar_type_|D (FK) | goal_type_ID (FK) ’——
operatro_type_name (FK) goal_type_name [FK)
h paolarity_narme (FK)
predicate_ID (FK) -

predicate_name (FK)

Fig.2 Overview on domain entities relationship

B2 A A OC R ()

32 2 BT — PR LR B TSI AR IR SR P, T R S A 2 T ) O 2R 3 b 2 T A Ok X e 3 7t A
T HAR A OC R B 8l A 10 78 [ 3w, A B 3R 7R S I £ T 3R 7R 96 R 3R 49 1, $Domain_constant_type
LS AA$Domain_constant Fl$Domain_type Z [ 5¢ FR 3R Bf SR I 2500 Z R IR KRB 4 @R T
43 ) S A o L G R A sl 2 A4 S 4R BB T In) R0 v gl A P, DAL, e 41D v 118 KR 4 48 75 T A b R Ay i) RS A
T 1 24 SR AS FRERIAH G 1) S 4, PRt 1] 4 AN R 7 T 5 il i 22 AH 6 19 S 44 48 4, $Domain_$Problem
initial_state FI$Domain_$Problem_goal 43 5l 22 7% KUK i) 4 3 v (1) PR A 32 B0 3 BI04 RS R E A 4 14

55,45 DG T BRI LE A Pk T i DN — AR ZR e 4 Oy gy — AP Y S ) b 5 TEE B L g R I v SO AR
. A SC M PDDL ] BNF #ifik Ho gt 37 ER AR ZY, 15 [F)AY: PR 05 SCANAR 55 3K AFUZ  ER AR (18 T A 1 A1 A1 Je 5 S5 441
F10 SR fige SR D A U200 AR AR ST A 4 45 4 HH AR S 3 ot REAIG X — XI5 R RO S0 B K, — T A8 B S
ER #5784 [ 15 SCARTILAE B 10 5 3 A — SUE (5 Bl 1~ 3 R (1) S A AINEE T ol 170 5 3800 20 R0 o — T T 76
R U T K PDDL 4 4 ok T A J 20 28 G5 A ATt 80 1 SCAE A 1 D7 T PR 8 AIE, 91 2 e 46 Dy CSP il SATU 4% i L
U155 A SC T ARG AR S 36 25 B AR R SR % 0 4 7 T L VLEPPOR N, ] 20 M g 28 20 5o I3 Sy 244 T8 R0 B TR &R,
4 15 F0 R TSR 9 75 fY) PDDL 4534 AT B PR AG M 28 04 ER KL I 7] F K2 MR R ek AT Sk il (H 2 Lt ST
[ ER B H AN g 78 £ s e P b A7 SR A, HLJE PDDL AU B i 380 1) — Bl T A4 19 B T AR R, 2 SR TE AN A AR 1 L
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$Domain_constant f

[ $Domain_constant_type } [ $Domam?proposmoniconsiam}

% :PDDL # ER AL BRI K 3k T A4k A2 09 0% 35

B TR DTS, AR SRR S T A P G e S 481 SR AR AR AT 56 IE, 1T AN A BRAR B BEAT 2

$Domain_expression

$ Doma\njimef\nma\ihtera\i
W

$Domain_proposition

$Domain_type

]
$Donmain_variant_type B

$Domain_effect_proposition

$Domain_function_variant g

$Domain_function

[ $Domain_operator_function }

&

$Domain_opsrator_variant

$Domain_reguirement

Fig.3

$Domain_$Problerm_initial_state
effect_ID (FK)

4’[ $Domaln_pred\caie_var\ant}—{ $Domain_predicate

( $Dormain_operatar H $Domam_operawr_eﬁect}

$Domain_operator_goal §

$Domain_effect

$Domain_goal_proposition B

$Dormain_goal I———

K 3

$Domain_$Problem_effect

$Domain_$Problem_proposition

Explicit relationships between domain entities

A S AA (1) A G AR Al

$Domain_predicate

effect_ID

$Domain_$Problem_goal_state
goal_ID (FK)

$Domain_$Problern_goal

goal_ID

$Domain_$Problem_length

lengh_ID (FK)
lengh_name (FK})

Length

lengh_ID
lengh_name

3 SPP

$Domain_$Problern_metric

optimization_ID (FK}
optimization_name (FK)
expression_| 0 (FK)
expression_name (FK)
expression_type_ID (FK)
expression_type_name (FK)
assign_opration_ID (FK)
assign_operation_name (FK)
binaray_opeartion_ID (FK)
binaray_operation_name (FK)
binaray_compare_|D (FK)
binaray_compare_narme {FK)

proposition_|D

predicate_ID

predicate_|D (FK)

$Domain_expression

expression_|D

predicate_name

Expression_type

expression_type_|D

expression_name
expression_type_|D (FK)
expression_type_name (FK)
assign_opration_|D (FK)
assign_operation_name (FK}

expression_type_name

Assign_operation

assign_opration_ID

binaray_opeartion_ID (FK)
binaray_operation_name (FK)
binaray_compare_|D {FK)
binaray_compare_name (FK)

assign_operation_name

Binaray_compare

binaray_compare_ID

binaray_compare_name

Binaray_opeation

binaray_opeartion_ID

4
Optimization
4 optimization_ID
aptimization_name

Fig.4 Problem entity relationship

K 4

e S AR R R

binaray_operation_name

MRS L3, SPP S ATRLVAI AR BRI AR R A I B 80 1 A KR
Sim)=g(n)+h(n),

© IEBEEB
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AT GIE T EME SRR R 40 SPP (K8 v A S8 AE T &L PDDL # SCEE 7. 7 F0RI 458 R m 251 () ER A
B2 J&, AT LR 776 0 A T B g s LR R S R AT SR . SPP 5%
75 2 5 BE A B 3 3 L o TR T SRegh 2 R 20 AR SPP BEWS R Bl R AR T 1 e B R
PRI ARG A 4H E B )3 K o BOR—ANAD T e LA J5 5 1 W SPP S B ik K.
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T fin) 2 AHIUR AT A e 3 E bR 5 (005 1 B8 B, g () A2 DR A 25 100 v G615 A5 30795 55 e (0 SEBR AR ()
& T AT n B H BRSO AN T BE AT HR B R A A, IR T A AN BRI () 2 73 T R4, BT 77 3 A2 A
AEL ()<< (n 2 FUBRY 50 BRI SE B (R I LS R IR 75 2P 1> 3R :OPEN 3 Al CLOSE % .OPEN R ARA7 T 1 2L K
M A 25 %2 (19715 25,CLOSED & H ik 3% 2 U5 1) 3 19715 . 3 o F OPEN 3¢ o (1971 a5 42 Ak 1 bR B3 R 73, Ok vk ot
1T A b i J 3 CLOSE & Hb (1747 s, W 35 1 — 20 2% I R 5 7 Z B 3 3 OPEN .4 JE | H
o o5 S AT ek A [T ok e A e A R A B A T A

SPP R A 7 b ik 1 & ol A (PRGN A 4 58 2.2 )R i R RS R 7' SPP L MRE s BIAEA IR
Fbs g AR c(s.2), 3 LLIL R S R ITIBAS ¢ 4E K s BIEEA HArdE G 1R MU BT e(s,G)=maxgce(s,g). h T 45
& b AR R B RLSPP AR ATEA RN T e AR A A B R 5 M SPP A SR R AR I T BB RR,
BV o — A H i SR 0 S A RS BN R B AR 0 I M R KR R A SR R e M Bk AR T T %K
JRE A0 BT 5 W, B %A A T R S i AR EE W 5 s, e R R B AT 55 pruned h'(s,
gmaxH)UEl 6 TR #8240 IR I 5% neighbor_nodes(x) W&l 7 i 7w,

Algorithm 1. Adapted A” algorithm.

W
13:

14:
15:

37:

Input: $Domain, $Problem.
Output: plan (as records in table).

//initialization

create necessary tables;

maxH:=a large number; //indicate maximum heuristic value
closeset:=empty;
openset:=initial-state node start in the problem;
glstart]:=0

//instead of finding neighbors, SPP calls computing /' at the beginning

for each atom goal g do
call pruned_h : (start,g,maxH)
h[start]:=the maximum heuristic value from start to atom goal
//lupdating maximum heuristic value to reduce search
if h[start|<maxH then maxH:=h[start]
//standard procedure of 4* algorithm begins
[flstart]:=h[start]
while openset is not empty do
x:=the node in openset having the lowest f]] value
//when goals are found, reconstruct plan path
if x include the goal set of the problem then
return reconstruct_path(came_from,x)

: remove x from openset
: add x to closedset

//resetting maximum heuristic value
maxH:=a large number;

: for each y in neighbor nodes(x) do

if y in closedset then continue
tentative_g:=g[x|+dist_between(x,y)
if y not in openset then
add y to openset
tentative_is_better:=true
elseif rentative g<g[y] then
tentative_is_better:=true
else tentative_is_better:=false
if tentative _is better=true then
came_from[y]:=x
gly]:=tentative g
for each atom goal g do
call pruned_h'(y,g,maxH)
/ly should have the minimum distance estimation
h[y]:=the minimum heuristic value
if A[y]<maxH then maxH:=h[y]
TOT=glyl+hiy]

return failure

Fig.5 Adapted A* algorithm
K5 Bl A*EE

© FEREEB T
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%A T % .PDDL #) ER A B FF X B T A4k A2 e % 8

Algorithm 2. pruned_h' algorithm.

1:

24:

Input: state s, atom goal g, pruned heuristic value maxH.
Output: distance from s to g, that is c(s,g).

//initialize the current depth

h:=0;

//check if existed

if ¢(s,g) already exists in the table then return c(s,g);
else if s includes g then return c(s,g):=0;

//similar to the standard 4* procedure

while openset is not empty do

//pruned cases

if 7i>maxH then return c(s,g):=maxH+1;

//increasing search depth

h:=h+1;

: x:=the node in openset having the lowest f value
: //goal found, reconstruct plan path

if x include g then
return reconstruct_path(came_from,x,s)

: for each y in neighbor nodes(x) do

if y in closedset then continue
tentative g:=g[x]+h;
if c(y,g) exists then f[x]:=c(y,g)+h;
else
determine if updating is needed;
if needed then
came_from[y]:=x
gly]:=tentative_ g
call pruned_h'(y,g,maxH-h)
TDT=gly ]

return failure

Fig.6 h'algorithm with pruning
Bl6 HBTRLI B! Ik

Algorithm 3. neighbor_nodes algorithm.

1069

SELECT action from (PREC INNER JOIN propositions in s) WHERE count(action)=precondition number of o

1: Input: state s.

2: Output: neighbor states.

3: if neighbor states of s already exist
4: then goto 11;

5:  for each operator o do

6: /Nisting applicable actions

7: for each applicable action a do

8: /levolve state

SELECT proposition into new state s’ from ((propositions in s UNION added effects of @) MINUS deleted effects of a)
9: //if the successor state is new

IF NOT EXISTS state ID from state table WHERE state magic number=

(SELECT SUM(magic number of propositions in s') from s')

THEN insert s’ to state table
10:  insert transition s—%—s’
11: //get neighbor states

to state_action_state table

SELECT to_state from state_action_state table where from_state=s

12: return neighbor states

FELIE 5 7 (0 55000 0 B N D 378 AU A4 A i 7

Fig.7 Finding neighbors algorithm
K7 AR B

R4 R i DA RS, e 3 R X B A B R

T 5 3 AT~5 T AT ARG R RIAL i 55 8 AT~5 11 AT YRR A AR I bR BOR VSRR AT B H AR A
{EL, LA BB RS IR maxH SEHERA IIWIE. maxH (F)4F FIAE T BYRL LLY A #ZRIN TR 5 12 47~58 37 1734 b2 —
173 16 ATAEFR B H b e BEAT B A2 AL 50 19 AR BRI PR maxH 8 LIS

AFRUER AT R, R SR 15
T BRPIR S 565 20 A7~

© FEREEB T
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15 /I AR by B 0 B A A B B A B A U A 2 T Bl P R A A R A Bk s .

d5e i b PR SVE S A ARG I e ST F T AR R WA, th TR e NP 5T 2 122 A i R R
i) S0/ NP 564 (10230, DRt 7 SR D06 AN A7 7 SR A o) il R 1 22 33 2 RF T () 7 280 SR 73 O AT AR [ 2 2k L ke
T8 FR A T 1R /N AR R R B T i e AR SR Y 1 R R R R, A AR KRR Rdb T R R AR TSR
fir R4 SPP (KIS 2 A48 J2 NP 1 (H 2 TRV — 8 2 fse /b 10 i1 T SPP e T8l i, I A7 v S 45 R R o 4
AE At G TC AR TH L E— SR U, T HBOHE 1 vy A el B 7 A R B P A T R B R A B BT R L
SRFIVESF TP B ) LA S 1R S 56350 43 (LS 4 749).

32 HERAN

SPP £ T SRS B H b A B0 25 5 % A8 I R A AT ST HE SR D T 38k 40 7 42 1 76 B 6 BT om0 4
b O T AR SN Y 5 RS R AT I B S IR R TR R MBI R R R DA R R O
JE RABIY R 2 R P AR AT 17 S AN AR 1] 6 BT (M BE 2 38 347 ~58 S AT IR 4 (b A 5 A Qi SR 7
TR R b A R AR R T L R [ RS HOIRAS A S A, WEE Rl 0.5 8 ATEAT BY R 4 R
5 TR R R B 10 AL, Ay O B 48 20 R 4 8, ) DA — AN KAELIR [ 26 9 AT TR 4 A &R B 58 11 470 58 12
ATAEHRE) H b5 5 BEAT M SR AR 55 13 47 ~58 23 474 J 240 15 0, A AR R Hoh 58 16 AT R A 15 B 2R
A0 JE IR T A B H AR IR B B A5 C A A7 AR, vy 32 20 3 [ JFOPR 2 B H B 14 5 2 Ak £ (R 2 755 2 ) 48 R 1)
JEt BB TN A8 R ) 17 Y0, R 08 e R A FR) e B AL A LA SIS o 49030 A2 0 1) 8 44 AR B A S N S L
DU Ry A3 45 459k A DAy 3l BRI
3.3 BERAEE

BT 7 A e b S BRI B B A BAR TR )p i 7 K # 1Y SQL(standard query language) i 7] fllH:
153X A CAAR J R 5532 4 49, 1 B SPP 2 Wi 328 3 6457 17 (1) 38 AN 80 e R I SRVE Q6 7 s,

B3 HAEHIWORA s BRAECEY R 317, 3 4 17805 0 TR R A S M2 T vl v
MHAZNVE RIEE 547 36 6 4T, 300,58 6 AT T SQL 77 ¥ P F53ZE H2(INNER JOIN)#EAE 4% T K 7EH 7 17
5 8 ATHEATIRA IRt AL 2 8 AT A T SQL A WIHE (1 s A AF O 1 AU 475 UNION Ll K MINUS S5 7 1)
SQL WAL LI T BARMAEGIRIE S 91T 28 10 ATALIR T nl BRI TUAR nl L, B A0 A7 S5 rp i WK 277 AA
W) B AEAS — BRI 2 B LRI 25— FE,SPP 25 5N iy Al — N BE £ (magic number). B iy @2 R A A
JE B, FLAB 25T T A5 1 A LI BE e 2 R 5F 9 AT 1) SQL B A IE R T IXAN SR SUM B $ sz Bl TR
PR N B S, TEEE TUAT S B8 12 4T3 T T E AR 5 s IR e A g (A1),

34 = I

TF R AN B PSR #E 1.3GHz Celeron CPU+383 MB W A7) PC L 1E 3 L 3EAT 1. 484 R 4 J& FreeBSD 6.2,
s B B R A JE Mysql5.1.22.

N T KRG PDDL ) 2 JE R FER R AF 5 A6 3 1 i, AR SCR R TR ) T 2. VAL 3347 PDDL fig #f1. VALEY!
A TR I HLRI 36 0E T EL, 52 7 PDDL3 Fl— %8 b by 1 A S b, B A 2 FEAR AT STRIPS #4576 Zs 1 (1) 44 7t
5 T R 4% J) SE A BEAE AT 22 10 2R 3, o) T AT S Ak B A AT AT SO 2 i AR AT ) RS 2 i A B B JE A B
SR SE v AR R A AR S T 0T S TR I DG AR AT G T, AR ) S AR S R T i BT AR B A I 451
1. B T FIRTE VAT LAAN, SPP SE A 5 TAE O R SE I, L AR R R 1~ 3 DL D IR I b SR T
VAL HEAT PDDL 8- A #7948 J5 6 e 5030 e Jie 5 1R) 5 o S 4R 5 TG 1 A7 BRI AN [R],SPP Hig & — AN g4t
T HME IR 2 B BRI T8 SR T U A A7 i il 2 55 T A 500 22 10 % VAL BEAT 12 50 LUK B K1) S sk
WNPES K B KR M g e T A, B AR 407 X B IR

FESE 1 AR R B R I8 R VR B maxH & — AN N A8 2 B R L BRATTIR A — AN BN Al v HE (L
10)VE 29 W AR R, a0 SR 98 28 2R M0 38 I X A A5 T-(8 3 3 48 2 R AR X i 3 e R

b bR ik SATPLan! rp 7 v (78 T AR, — AR K B XU AE T SATPlan 7 2K W (148 22k 2B T
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%4 T % :PDDL #) ER BB & T 429X & 1071

ORI R0 o PR P o A SRR 2 AN AT H A L, 11T SPP RIS A 48 2R 2R W, A1 P LAGR A7 48 e it o (RS v
HERNR AR LA LU oz 2, AT 5 B ok P 45 24 6 1 H ).

B R e AT LA 2 5 A5 B P4 (R ASSCOCR T T R 5 18R Bl FEERE L AL (K ik it = 51 &
Befe ol gefr. e R SUEHY . BRARGISEE BRI VO U3 R A — IR, R A 4 el

P BN P8 AT B SR A R 400 28 A HAS SCRO TR A 960 UE 75 325 10 ANAE T 2B 4T AN ) B8 2 ) AN [7] s L7
A A, PR A SCSCR A T e e AL S W LI 2R 51 7 AORIEAT PR RE AL AEARSR K T A, SPP T RIR I 2
(O Et AR

4 TWS5SF

A S TAE RS LR P 7 T

(1) 5% IPC o) RUgEAT UK, LASS: UF AR 6 T S8 e LK 3R 48, SPP gt SR Afe B8 DM (1) 1)

(2) AT E AAE S 1) AT R, LSS IR SPP ] DUR)H B A 15 BN R sK Al B
4.1 EAEERMIR

H 5% SPP T AN T Gt MR AR = 7 v 8 1 1) il 80, mT LA SR P s 5 PR WL 28 AR08 D SR 11 1) R, 4
AL DLR B — AN B B AR LS, AT AR P AR el R 0L SR AR T SPP m] DUSK AR T —F 7 v 2 EL A8 L
B (R B 4l Sk — > Il i, BT RT B H T g R B X A % BRI Z2 BE DA 28 T HERG T S I A A IS 7E 2006
ELLG 2 1% CPU [ HIBLTE IPC-5 g A 32 25 1040 ) 2 E AR 45 T B R AT 2 ol Tk LUK, 2 TPC-6 I T
G TR A T 38 B b 0] A SCR S — ik I TRC 2 PR B3

76 IPC-3 1, Zeno travel s AL T At 2542 iy, L il /0S40 40 46 7E 22 AN 1T 2 [R) 38 16 e 2 R i Ak 1) 3 O
44 5 /A 1A) i (pfile 1 ~pfile5, http://planning.cis.strath.ac.uk/competition/), SATPlan' % }z 1 J5 4k ik &< SATP1an2006 7+
ASC IR LS L To vk K AR, ] 55 “Memory limit exceeded” 4 1%, RN A5 428 P 1 4 5 S A R K1) 8% 0 VA 7E (R TiE B AL
ay BT SRAR.

SPP XJIX 5 A 0] 7 R SR AR D0 TAZ R A H T 5 1] IR SR AR IsF 8] (g e S gk 3okt 8 ) 14T Fe 713 s 200 (e bk
ARZE AR /N AR 1 AT L, SPP RERE SR ARIX 5 AN il I HL i T 80k B, B B R R O A 2.

Table 1 Results for SPP to solve some Zeno travel planning problems
% 1 SPP X} IPC-3 1 Zeno travel 4TUIsR 43 1] {1 s fif 475 10

Problem ID pfilel pfile2 pfile3 pfile4 pfile5
Time Is 13s 37min. 14min. 85min.
Node number 2 8 96 53 259

SR AN ST HH A B, SPP () FEE 52 ) S0 L4 () TE B ) i N A A BT S, B L/ K 9 A7 S BT U
P M A8 e A A5 SR A 3 e B M o) LIRS SPP F) k88 Wk 4 LR DA Jir TR SR 0, 3K I ) 4 2 ] ) 0 SR 45 R AN it
AR 2By T (KR T A A ST R R TAEZ

UEAh, I 8 I i T SPP AE T ER BEAY(LER 2 1) ) Zeno travel &0 A JL il i pfilel f) 5K FrHo s F4E
R LS T & Ry SRR S AR R AN ] JL 5 AR, 1, D1 3RO Zeno travel 4138, P1 7k [l pfilel.
K8 A g T AU SRR DI _parent_type ¥ H A N A AZ R IR T U b R R 0 4R OG R e SRR o
8 HA R KSR AR

WG PTR (AR 2 15 56T £ A IE A PR 3 18), 25 T+ ER AR ARURT vl R84 44 by 552 B s P 3 51 e BRI &
GEAERA R AP, ASE BT 7 3QB0 U T SR IE A 11
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mysql>show tables;

| Tables_in_pddbtest

| Action_type
_typ
| Assign_o
gn_op
| Binary_comp
| Binary op
| Constraint_type

| D1 parent type

| D1 predicate

| D1 predicate parameter

| D1_predicate_parameter_number
| D1_preference

1_P1_Operl_inst
1_P1_Operl_instance_add_effect
1_P1_Operl_instance_del_effect
1_P1_Operl_instance_ precondition
1_P1_Oper2_inst

1 P1 Oper2 instance add effect

1 P1 Oper2 instance del effect
1_P1_Oper2_instance_precondition

vAvivivivivRvlv)

|

|
R AR

|

- AU A

Journal of Sofiware ¥A+ %3k Vol.24, No.5, May 2013

mysql>select*from D1 _parent_type;

| type ID | parent ID |

[SSTR S BN S S )

| 1 |
I
| 3| |

4 rows in set (0.01s)

Fig.8 Practical database tables produced by SPP for the domain Zeno travel and its problem pfilel
B8 H SPP =4[] Zeno travel 4ikak Az H: Al i pfilel A 5K Br B3 15 R

42 EREFEEMR

9 T BAIE SPP BT LAR ] B 15 0B SR fif 35 B, A SCT Zeno travle 458 A — N FL A& i) A pfile3 HE4T T AbHE,
DAAE 21— 20 B AT A AL JE T i 880 i 48] L A Sk 3, 390 A A 3t — 2H 5 A7 A ) 17 804l a8 1 AR ot 5 6 ) LK) i) 7, 2%
RAERIBIL P —ADBLE A GG SPP 13K AR B 38 15 .

] 2:IPC-3 1, Zeno travel 45K ) pfile3 n) LA U1 T

(define (problem ZTRAVEL-2-4)

(:domain zeno-travel)

(:objects
planel-aircraft
plane2-aircraft
personl-person
person2-person
person3-person
person4-person
city0-city
cityl-city
city2-city
f10-flevel
fl1-flevel
f12-flevel
f13-flevel

© PEEEEBAITT
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fl4-flevel
f15-flevel
fl6-flevel
)

(:init
(at planel city0)
(fuel-level planel fl14)
(at plane2 city2)
(fuel-level plane2 f15)
(at personl city0)
(at person2 city0)
(at person3 cityl)
(at person4 city1)
(next f10 f11)
(next f11 f12)
(next {12 f13)
(next f13 f14)
(next {14 f15)
(next {15 f16)

)

(:goal (and
(at plane2 city?2)
(at personl cityl)
(at person2 city0)
(at person3 city0)
(at person4 city1)
)

)

I BN BRI N, 4 DR 3 DT R % T S AR AL — NI T BB 5y AT AR I
A8 G B Al S RN ANAR BRI i 0 — 0 A IR B Ji ) A B — AN S AR PTG A 5 A SRR )
197 i

@ (:goal (and (at personl city1l)

(at person2 city0)
(at person3 city0)
(at person4 city1)))
@ (:goal (and (at plane? city?2)
(at person2 city0)
(at person3 city0)
(at person4 city1)))
® (:goal (and (at plane2 city2)
(at personl cityl)
(at person3 city0)

© HEBEERAET hipd/ www, jos. org. cn
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(at person4 city1)))
@ (:goal (and (at plane2 city2)
(at personl cityl)
(at person2 city0)
(at person4 cityl)))
® (:goal (and (at plane2 city2)
(at personl cityl)
(at person2 city0)
(at person3 city0)))
T T AN e ) H AR IR A AN [, B AR BT 25K K Rt AN ]9 ] SPRARIR SR AR L3 Jit i) JBUAN 5 A7)
18R 45 R LR 2.

Table 2 Results for SPP to solve problem instances in Example 2 by reusing information

2 SPP XA 2 #3 (1) TT EE AR R 3R AR 1 0

Problem Time Expended nodes No.
pfile3 37min. 96
® 36s 32
® 4s 5
® 3min. 96
@ 3s 4
® 2min. 96

Al LAF H,SPP FEAR KRS R T SRR RS S B RS B SRR R BTE T 37min., 1 3K g 451
F I R B TR AN O 3min., B D ] TR) 2 3. 2R ARLHE, 6F [R] — ZH 040 s B2 S (A 2 1 i 5 A ) AR AR 22 U,
T BB R A 1 I ] 23 78RR R ). b Ah i mT DU 21, R 0T B b 3 A5 R IR AR R AT — T B8 /D n)
{140 SRR AR BSF Vi) E — o R BE T IR AR T 100 7 A B 1) A ) R RS L, B @ gk LE - ) BB 5, IR A E - )@
1) H ARAR ST ) 3 440k 25 v A5 W3 44 1 % (person2 FiT persond) () H & R0 H ()3 2 41 7] 1R, AN 5 BR8] 1

) @ A 1 £ HRE (persond) AN ity SIS AR LK, SPP {14 3K fift 1 2 T3 AR AN 8 PR 3 5 R A 23 1) R O HL 43
R K.

LA b S 6 R 0 W 7RG L I L% PR BE RSP T A PR (%) A7 ik 4 ) AT RASK A G AR R &R g (n
SATPlan) X 52 A 47 B Al 11 A B 5 A FF 0K i AL 55—y v 3 45 38 A S TSP g e SR At A0k 5 - A [+
(K AN T AR

5 & i

16 1 FH 0 8 A2 R ) 9F T AU 1 T T RS ) R DO L PP ) B i 2 — RIE IR 20 SR A5 81 1 2 J7 i)
R LR 1) AN RN P i L S P A A 4 L R S ) I AR, T e i — K ) R 2
AT 18 T ) A0 3 RS AN 5 DK 5 DA PR R 85 A 1), AR SO B A P el e 3R A 5 4 o S ORI SR A 198
T B 2SR A PR RIS i) LK) 2 1) T 8, £ Bl O 57, BR B 2 J A SOANER T ks P 30 A A £ R
RIRERE 5 10 HoR T 58 e Bl J7E A IS AT IO A A RE AR N R At 5 A 7 KRR I LA B0, SPP REfS i K
B $th ) 50l 20 PO 48 b D, B IR 51 L MR TR Jl A 5 M 24 SRS B T ) S e T DA e A A
2 R B 25 00 2 (7 R T 97 i L Tt T B PO R R 9 0 AN S 5 A 75 R 2 PO S0 AT (0 R ) g i DA 75
3 R I SR 2% IR G 3 s B LA

AR QT m 2 AR T T T 25 1) SR I TA] £ — A5 St PR R e AR 1 P o 388 80 F) JASE ) . i
26, R VE SRR 5, 245 1] 68 I [ R0 INF (1) 486 245 [ 2 35 2% 22 o 0 B B B ROWR A TE IR AT 4 NAE 2 A 2 ) R K
oK, AR PRI r () 225 [ I 5L a5 A IS TR) 8 e . 2 A 24 1) 390 I TR) 7 T AR o e 1) B AR B30 27
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