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Abstract Fast Downward had won the classical track of the 4th International Planning Competition at ICAPS 2004 ,o0ur
work extended the Fast Downward planning system to a parallel setting, and implemented a parallel planning system
called Parallel Downward. Several techniques were proposed in this paper. Firstly, four definitions related to parallel
plan were given. Secondly, we proposed a method to decide mutual exclusive actions in multi-valued planning tasks,in-
cluding definitions, the necessary and sufficient condition and the deciding algorithm. Thirdly, we designed an efficient
generation of successor states with low cost of generating all the legal sets of actions. Finally, we proposed an effective
search control policy of parallel planning to enhance the quality of this valid plan. In addition, we proposed the pruning
policy to restrain state space of parallel planning exploding exponentially, We tested Parallel Downward on planning
benchmarks used in the International Planning Competitions. The experimental results show that Parallel Downward is
excellent in both planning efficiency and planning quality. Parallel Downward is superior in scalability compared with
Sapa parallel planning system.

Keywords Parallel planning, Multi-valued planning task, Planning as heuristic search in state space,Causal graph heu-
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%, tn HSP 7£ TPC1 & # B4k %, Fast-Forward #4187 IPC2
WALHLRE, B E, LPG K18 T IPC3 KRR B & F,
Fast Downward® 3518 T TPC4 ¥ 4% 31 21 3%, 59 5ef % , SGPlan,
2B BEARMAFNNERPHRRALAFOHE
k.

TRAEFHABEFFEIFTHTRE, MEMBKE
MBS AL 2R (4 BB I AT BT RRER T A ik #R
YERERSHATHATEE . EXFMER T, 54750 R 84 B 1K A
Bk B FE R AT 45 52 R AT V) 5 FE4T BRI A RE 68 6 T atb [5] & 98 BE
AT, UBREERRANES. EXFEHRRETE
EABROMEF TR L.

AL H HeAr 4 Fast Downward SITHIRI R4 KRG LU
BB BITH R R G Fast Downward A ERY, B L HETF
ZEFZRBIFITHR RS Parallel Downward; & J5, % i
Parallel Downward 2SI LREER,

1 Fast Downward BT K5

1.1 Fast Downward S8 REHESRE

Fast Downward(FD) RE B EEMNH MES R B EAR
ESMETEHRELSTNERBE CHETHRERNA
REFH AR TEZETRONMMES . ZERAEATE
HERMHARRB IR, FD BRI T —FNARERE
FHEZEANESWESELE IR BRETEHRER &
. ZREAXRBE LB PEAET R THRTHERA,
HIAMAMNTFAGBREEANEARRTS, BRABRKLS
AR BREM BIRE RS,

FD REEEN N 3 {4 - FHi MiRRFNEER, A 1
v

(tr
R S E EREERR
'Eﬁ%ﬂﬂ. 'Eig ‘FFR X R
HHA BB ELRE ‘(h_f R)
SAS+AE+AHNE 2EHNE *#¥BFS

-iﬁkim{s ‘
ERANEARNK
B 1 Fast Downward &4
1.2 EREREZR

H R E &R (CG heuristic) & FD MM ALK PR 2R
ERBRA PO, EEI T UM ERE P — D
“B 07T B — R P FRIBR AT A4 2R ED B 47
RERFH.

WE—NER v REKNE—WBEL . ED,,.CGRE
AHEAAERENSEEBETETR o A d Bl BEE
LBFFES cost. (dd ) AERT R v B RME. —TRERS
B CG B RAMIHERFAEEREN 5. (WHhELNTR
v BITFEY cost, (s(v) »s. (V)R BHI,

1.3 HRESRMK

FDAMAFERNN B RE LR closed RN XY RIF
R, RERIFREEE L XR4]. FROEEME
M RERIFREERFUT 3 AR RFHEERNE
RAHE ZREAXBFRERR. AXETENFERNE
ERITE.

*EIEMBE b AR SR RERAA T RATANE RME.

FER B8 B (8118 (deferred heuristic evaluation) B &
RIr BB SETRE s B4R B R HHE, MRRRS s
B THER B RIRA MG R EE N R EREHFOKRE,
FPBETE open B, FHAREMNERY ROFANEHERA S
BIE KA.

Bl1 A7 open BHH 4 MRE 5005155 55, EFIL
WEMBRESTIN 4,6,5 4, BREZSERFHLTR
BB RER/MIY KT R ERB P ETE o s PHE
PLEE—PTAY R, R RFEE » RiITEHBRE R
BHELERN 3,0 B3NNGS sss M s, WP RBRZEH
open RINAE 2 F7R.

[o T 1 [ 2 3 | & T s T 6

&2 openFE

SRR EAHEMRTSHE—ESBETHKRHNH
B AR s — AN Edk ' B—MRIFE 2 B A B R T AR
EHER®N QY RZAET M SIER open REFTYE,
DR YA S Bl BARTUR IR - B, s B9 KERSY
RS RHR REBMAREEITHE.

1.4 Fast Downward (R E R R REIFTAYMGRS

ELRRT, S RENFTRTNRAEREN S
PMAFZEHFTHITRERBERTRAMNE. Hik,
TRYTENHREAFTERNE. FDRAMRKRAES H—
A HLRIE S5 9 S AT LRI R BURE A BB TR L PR BR e P T 2 L
H.

UERH TR T ERZETHETHERR, 5 T4
HaBZRHRMMUAE, ELBRET RS EFER
BERSAE. Bl . FEHREZATETRESEER
BT RRI

FD AR ARG ABTHM TR RINERA T ESHER
RESAPWRHOAMBEM LA LRNRL  BHT RBH
FTERABRROEN. ZXHTAERRHRY R FD Rkt
BT RE T MR LRI,

2 Parallel Downward H{TH 3 &%

BEl, BB RAIFTHAUREHHU REH SAPA,
LPG,SATPLAN2006 1 AltAltp™ 4, Fast Downward $i %1
FEERBERE, HRNERBETARY., ZFAHLU
Fast Downward g2t 5l %1+ 69 347 88 %1 & 4t Parallel Down-
ward BB ARG B Bk SCE .

2.1 BEARYMETR

FRYE SCHRL 6 1ob S 4T $L R a1 X B AR A
LR EEXS R A RS 2R

EX 1 GRTHLR R X R AR A5 23 1|
1=¢5,8:,5.A, /, Hh.
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* eSS BN S BIRREES

cADCA RREB—MRE s €SHATHISIEES;

* fIAP(9), DB X T —PMREFB R AP(HSAB,
HH AP FHEFE AN IMEBALRF AP RRE s TA
ERFHTIEES.

BN 2CREHB) S APGORRE s EH—1EEN
HATEIMESR REBBERE F(APG),9) REIEE AP ER

# s FOBATER P (AP, 9= U s+add(a) —del
(a:),a; €EAP(s),

B 3CGHTHRM FARNRENHIRE—1E
HERHITEMEEMNFY] :xn=(AP(s%) ,AP(s51) y++*,AP(5,)) , fifi
B o= fAP(50)s%) s> ssir1 = f(AP(s5,),5),3H A 511 €
Se.

EX 4BEFITAUB —NHTRUE = (AP
(50)sAP(s1) 5+, AP(s:) ) BRI 24 HAL Y n B/l

HETREZEERRBITARRBHESERN: N
PMEREE R FEHRSEIERET REARE, IR R TE
FERSESPHLET R, AR AA—1THHERE. AFRE
FEA/NFERB SRS, BB REERKE
FABERXRE. B, HBERNERARBEETRE
ZEHE RFATHRA TP BAXEIEA.

2.2 HIEERHHE

BEHYA TR ARAAENDELRELCT, @GH
ZEBUESFTHNEELRNE LS AEL 6 HPEXL 6
WAREREERUESPIEERHERLM.

RUSEERER) BABERELRN, YBNSRE
EET—A G R R — o ER2E A S X3
fE.

EXOGMEERMAERME) S afo HREs WE
A AME RENELRF, YEEHRE TRI&BZ—:

a) W3 (Interference) : MR — T HEH BB B R G55 —
AN EIHERRTR BRI R P A A ARNER;

b) B3k % 4 (Competing Needs) : iR B SI1ERRTIR &
HEMBRETRFEN, WFE-NZEEBNFENARRE
S BAERAER IR A GS .

XHEX 6 it — SRR AHIEARAER M AEERMGH
ERTR.

R VGHEREFRNRERMS) ZEARESFHF
fE a f1b, FEHHE R 3 4,00 o 1o RAE/FGEEZEZERR
EARE « T RERN Vars(2)) .

DBHE a,b FIRTRFZGARTE

2) (Vars (pre(a)) UVars (eff(a))) NVars (eff(6) ) = O;

3) (Vars (pre(®) UVars (eff(5))) NVars (eff(a)) =0,

HFHER 1, 2308 A i B EARE 5 WA 304E
RABLFNAE L#ERWT.

#iE 1 mptexclusive(a,b) /a,b BFAZHE
BREGIN '

1. for each cond; € conds(a) do
pl{var(cond;)]: =i;
2. for each eff; € effs(a) do

VR ERREATHRT R RERAN— T RES TR,
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a) if PLvar(eff;) ]=0
Plvar(eff)]:=—1;
b) for each pcond; € pconds(eff;) do
Pl var(pcond;)]: =i
3. for each eff; (effs(b) do
if PLvar(eff;) ]t =0
return true;
4. for each cond; € conds(b) do
Q[ var(condi)];: =i;
5. for each eff; € effs(b) do
a)if Q[ var(eff;) ]=0
Qlvar(eff)]:=—1;
b)for each pcond; € pconds(eff;) do
Q[ var(peond;) ]: =i;
6. for each eff; € effs(b) do
if Q[var(eff;)]t =0
return true;
7. for each variable v; do
if P[vi]>0 and Q[v;]>>0
1)if var(cond pvi]) =w;
varl; = value(cond p(vi]);
else
for each pcond; € pconds(effpvi1) do
if var(pcond;) =v;
varl; = value(pcond;);
break;
2)if var(cond qrvi}) =w;
var2 ;= value(cond q(1);
else
for each pcond; € pconds(effgrviy) do
if var(pcond;)=w;
var2; = value(pcond;);
_ break;
3)if(varl! =var2)
return true;

8. return false;
END

K, PHIQBIMEAMINCRIEe M b MR SHRY
BARSE., U4 P R#,%E P WXRE PLIVIER, ME
AEME a %A cond; BAER i BLESIE KRR off B
HE—TRIRTPEITRGERATR PLIKMEBE N R,
MR REMNEPHA. SRENENRESE 7 PRAMN
BE&M I RE W HESRB R ERENEPHEE.

S5 1— B8 3 RE Vars(pre(a)) U Vars(eff(a))) N
Vars(eff(0) BTN O; 2B 4— ], 6 R (Vars (pre(d)
U Vars(eff(0)) N (Vars(eff(a D BE R O; R 7T R AN Ea
5ahik o KRB RUBRTFRETFE. HYSR1IALE?2
ERFBFE a,6 P H IR OBE, MEBEREE, W F
J&RE true, BXAR1-HW7 WHERE, BIAMER
HF,iR [ false,
2.3 BEHTHERBDER

# B—MRE A GRS B R R ERR T
B . WEREIFATIHIEEI RN ERBE RS T H



HERNFIERESFE REANMS T TEANSENRE. B
HASEEAREN N, BEN 2V -1 MESHEREH
. BE—-1TEANTERN . MAHEZESNSEY
BEHW 2 v+ 1D/2 KMERRF. MKEXKIHTER, 6
REEEREARBHECE.

AR —FERBEESMEENRB T, FARER
R AMEENE I ES FE. S, EAMEE A={a,
azsas ) RESBRMFTHASE  H31EHE B2A, M BHAR
AERFTEESR. BFEEL, TLLRRZES £ BIFTE
RN, B SENATERES —ERLIELRIHE
5, EMTREEMNHTIIEE. AR MRETRE
G EESEENTBERES PHLERE REKMAK
TEME, T YR SRMAMEE o SEHBE M MALESES P
HE—-PER A B, VHABRE T FER NAL SHEFH
FEIRMEXN B MER, ARIMARERES P,

X BPERES T KBOFLENNEEN RSN
W, H T A PRFRASNMEENALR . HEAN SR
REHW o BES A WEMTELR. BEFHEEG NA K
TEREE n  BMEAR AR EANAFERBTEN n « (n+
D/2 A3 n—1 WEFSHEN AT, TEESH 2 T
W,

Blz HArRETHBEE A={a,a2sa3,a05a5,05}»
HERFOSEME (a1ra2)sCarsaidy{arsas),(azs a1 ), {azs
as)s{azsas )y (azras) Mlay,as). VIBEEES P={0,
{ar} ) WAL RIME 1 557,

£1 FTHERERLR

E8 ) HERLE ERHER
Er BRRE PEAE) BREXR  AEAN
az (@i {ar}.{az}} 2 1
a3 {Di{a1},{az},{as},{a1.a3}} 3 2
{D,{a1},{az}s{as},{a1,23},

a4 5 5
{as})
{Dv{a1}, {82}, {aa}, (a1, 22},

as {as}, {as}, {ar,a5}, (a3, 85}, [ [
{a1,a3,a5}}

{Dv{a1},{az},{as}s{a1 a3},
{ac}s{as}, {a1,a5), {aaras),
{a1,83,25},{as},{a1 a5}, {a3,
as}.{a1,a3,85},{as, 86} {as,
a6}, {al,asya6}, (a3, a5, a5},

{a1,a3,85,86}}

[Fx EREHIN 2° =64 WAMERMAEY, SH MR
TR 26 UG R T E RN 190 KShEE 7, s M
HEEHN 28 K.

T E 4 HZE LA SRS EE A 2.

% 2 step-generate-pacts (all_applicable_actions,n)
BEGIN
P.={0, {all_applicable_actions[1]} };
for i from 2 to n do

P.=@,

for each A;€P do

if YVa €A; 5 all_applicable_actions[i ] R fF
A; ={all_applicable_actions[i]} U A;;
P'.=P(UA;
P.=PUP’;
END

AR for JEFR A AL A SIAE SN I B HATIIESR
HHMENA R, BEAENESIA P'h, SN2 for B
BHF—WHEBA—NISHETENHTAFTONES,
HPEEMNESAEBAT - SIEZBUMAZERESNESR P.
BEHINEEE P LTE SERNIFITIIMERNES.
2.4 MRETEERE

3R B AE Parallel Downward 84 478X AR S7 .8
FRERARBAORFABEREFRE. Fast Downward §
SRR RER RS EET YAV AT RESREREET
—ANRTY R A M TS ST RR R ER,
SRBEEAET A LB, B I TIREE, L 5B GRS
K. Bt BEEFRIHEAT I TG RE IR,

Fast Downward R4 RIS RN A HATRR %
B ETERER . AFTANKNBREAFEREERN
FRANHRBZENLT A ZRRER R RXENTA
KRR, AR E - TR T aY R,

BFITEATHITRAMBREIESE BEHFTE
FERERNES BT ES—IVANBRE FAEXTR
BB MERERENERY BT KOKE. WEHEENOT R
VEBEHBARALFERREHREERREL , BRDRFE
XBHERERENY S, FXE—-SEXRER SR RERRK
B R, .,

MACH S BE YR SN ER, RVERZE T S Bh1E
£, NEFPTANLTRELRTHERBHTIANBE
{H . FRENIRE T RENB RE, AXEBFERER
HRT A, AT INSEER R HERBRENE
P RIERT Y BT A XA/ PR
THREV RYAWEEHE.

HTFEFTHMNBREE S, SEERKET EHEE
HWHER, HRAE - M ENIEEFHE—IHENE R
B, TEREXER FAHRZE  AEHRTHITSHE,. X
ERKEEARFENRFBSE, HILARI0H BIEE R RENH
IEMERZRT, R BT ANSENBRE RERBE L
EXENATHERF , BARRENFTER . S8, iR
REEME REMEE T, LREFIELNSIERZERRK
I RS, BB SNAE BN L0, 5 T4
BT .

B3 BEREHRERMEL,

Wik 3
tions,n)
BEGIN

for i from 1 to n do

searching-control-strategy (all _ applicable _ac-

h: =get_heuristic(all_applicable_actions[i]);
act_openlist. insert(h, all_applicable_actions[i]);
for j from min_heuristic(act_openlist)
to max_heuristic(act_openlist) do
while ! empty(act_openlist{j]) do
a:=act_openlist{j]. pop();
all_order_actions. push_back(a);
step-generate-pacts (all_order_actions,n);
END
W 3 A for IR B BT MW ASIER IR,
PRI A HE P A7 B ShVEFEAEFE B VE 34 all_order_actions 1,
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AT B R BRI HE R R MU — 1 5RZS open
AR BZIE open & act_openlist R Xf SHE BT HERF
B for EFH, RBENHEN B RME, FHEAR act_
openlist 1, S84 for FE3F 3% B 1R S & H M K /IMEK K
FYEM act_openlist B3 AF] all_order_actions,

2.5 WHERE

ETREZABEAFTAN - TENEERERS
B By 8 BB Rk, BYBUSR IS BT M R R E
RfgatElpeBEE. RITWE SRR EE-ER R
— EAEHFEREMHR T REEEEROSHLE - N
R R E R BN R/,

WHERE A RUNEGKT BATAPERERIN
WAV A IR BREBNEWIER . KFEEHA
PBR.E— RASKT BT RPEEARB/DHT A4
AR S E R ESRREIFRE K AT ANE ZE
ARG, SFRREREN T BHATRBAR
open F&H, HILE R, X kM E B IEE K, KEH
AT BT KRG b, RARB RN EEBE/NT ARARE
REGHIRBEE.

BERREREHRBENSES PEY B LERRAEN. B
THEKEEFEIER RERE  UASEA T 18T
BHH S AXERRATEREEEENTR. EEER
ERIEET XA AR RS R EHE G . SRR
EEEBEE, RAARATREE SRR ENIFTIESR
o

HREB AT 3 FAE . B, KR IIA BB 85
HWK, ashte g REREN N SHE SR RE—RBBE, X
BEROERE/N: BE . M REEMENERBBE, W
RS SIH 20 T HEME, 22 2N R R, TETRL
BEZE > MM WA R 2,

By 4 BEWEBRBRNBRENAE.

W4
tions,n)
BEGIN

fori from 1 to n do

searching-control-strategy-c (all_applicable_ac-

h: =get_heuristic(all_applicable_actions[i]) ;
act_openlist. insert(h,all_applicable_actions[i]);
for j from min_heuristic(act_openlist)
to max_heuristic(act_openlist) do
while ! empty(act_openlist[j]) do
a:;=act_openlist[j]. popO);
all_order_actions. push_back(a);
step-generate-pacts (all_order_actions,n/2);
END
2RI BY AR MK BY AL R L BIBR, RETR B R
L BRI TIESE S WA RE BN REBR. 3.1
T RSB E R AEA LRGSR TR AR TH
By R , X T4 KRS R AR W B AR T B, I B xR
AR A R IINRE.

3 XRERRSH

A5 45 AT LRI R4 Parallel Downward BISE B 458 .
#1423, K . Logistic 3. ZenoTravel 3. Pipesworld i,
« 190 -

Satellite 3# Driverlog 3. iX 5 MRS E BRI TR S
EAMHTRR.

Logistics A R EFAEH TREXRYIETH
REYWEE. S TR FEM N, B ERBE— TR
AR E RSB 3, UL R BB R T 22 (8] B KL E i 6%
Y. SMNRANRERYR—LRH, B MR RaE
HR: RESRENHCIE. RENBREML TR A
i — S B BIFE A .

ZenoTravel EE —I A KHRBEETE DI B H#1H
M8, "CHLAT LA AR R AT RS AT W R R R K
TR CITHFENRBAEER, BN B REERRE
WLk + & SRR, SRR R L. BORENEES
EIEERCHLE B WA R CHLRITR 0 55 e S B
R, BTEENERBEEARNREFEZXBAAFAMEN
Hh.

Satellite S —RWERL T LERGRIENRE.
KB EFRANMEEL PERIMMRTSF.

Driverlog B —RF AR EERF AR EZHOE
WIEE. REAVR TR FELREFFEZRES, ME
REtEpATE B RAUER E178,

SEHFEMT : TCL PC #l— & , CPU. Intel® Celeron® M
1.50GHz, RFE: 1G, #/E £ % : Linux, REBES .CH+H+HiES,
W . gee, TELUF & RY, problem #1  HLRI 8] B 4 #R,
length Sy %0 % K BE , time L R0 R f# B 6] ) 1) 4 9 2
0. 01 # . SR @A A1 FR 1 S 900 #b; B H R a9k @ B A
BL“—"trid.

3.1 Paraliel Downward B G0 BRI S O LE 3

2 2 & Parallel Downward 7E Logistic 3, I B 87 B Rif )5
MHERER, WK 2 FATUE S, BH/S RS Parallel
Downward 45 H ) Logistic 1, b 48 X8R R R sy AL R A% S5 5
BRI RS2 M BRI AR AR ], 10 39 U B9 R A R SR BT AL Y
FIEHBERN, FH BB E TR ARABE
InEA R,

# 3 & Parallel Downward 7E ZenoTravel 3 F B ARl /5
STHE LR, WNE 3P UE S, WE R M Parallel
Downward #E ZenoTravel 3, b B 5 18] & 32 B 8/ 8 & )
sh, 3 HE B AR E S T W, I BBV 8RR R 42
WERMNENBER. W THTEERS EHEE KRR
BB BRI A R, BRI R G BRIDURISK A%

FE2MFEIPLREREN. WHEF K Parallel Down-
ward S BURTETAY R G AR Lo, SRR R B 2 B AR /b, R
FREEI SRR, MBS, REEEL R
BENEERES. U EERERA IR RESHE
[=E ol

% 2 Parallel Downward 7E Logistic A J iR 45 R

87 4% #7 89 Parallel Downward
length

Parallel Downward
length

problem

time(s) time(s)

Lol 12 0,17 12 0.02
Loz 25 95, 99 25 0.76
Lo3 8 0.08 8 0. 02
Lo4 14 0.74 21 0.03
Lo5 16 0. 46 16 0. 04
Lo6 16 102 22 0.07



Lo7 24 172. 41 24 2.56
Log 26 777.01 26 3.87
Lo9 33 33. 96 33 0.95
L1o 18 92.87 18 1.04
L1 13 27.73 13 0. 68
L1z 14 63.17 14 0.76
L13 22 803. 05 22 4.08
L14 - - 20 27.83
L15 19 316. 17 19 3.50

%3 Parallel Downward # ZenoTravel 3B iA4ER
¥ 4 3 & Parallel Downward Parallel Downward

problem

length time(s) length time(s)
201 1 0,00 1 0. 00
202 5 0.00 S 0.00
203 5 0.01 5 0. 00
204 7 0.01 7 0.00
Z05 10 0,02 13 0.01
206 8 0.03 8 0.02
Z07 10 0,03 10 0.01
Z08 8 0,12 8 0.04
Z09 14 0.17 14 0.04
7210 12 0. 80 12 0.10
11 9 1. 44 9 0. 15
Z12 11 1.21 11 0. 14
713 12 43.34 12 0. 36
Z14 — — 19 253.99
215 - - 22 84.22

3.2 L Sapa L%

Sapa I RES BRI RES M ROMYRLE. X
FREZE, ERBUSEAMGEANERREET -1EV R
FRE, BB RRNIEERENZESIEHRERERNRE
RERFENERNEERRRE . RS H AR LAEES
ENSRBARMNRN . Sapa BYRGEE S0 2002 FHEHE
ZRERARERE, A O AN RS 2004 4F 6 AR
RIS, A T B THR. BB T EmRg s
L

% 4 & Sapa 5 Parallel Downward £ Logistic 3 & i,
GERITH, LG R K, & Logistic 3§ Parallel Down-
ward $ Sapa AT RBRER S MBS, BARRNR, 3
BRMEENFR,

%2 5 & Sapa 5 Parallel Downward #F Zenotravel 38 () ¥
BRI, BIZFEATH, & Zenotravel 387 Sapa $¥ Parallel
Downward R R R] A & B B 3 2>, Parallel Downward 5
HERPA 4 MBI RE Sapa B, H 5 I Sapa
FE,6 MRS N MRS R EEE.

% 6 & Sapa 5 Parallel Downward 7E Satellite 3%, ) ¥ i,
ZR., LREREN, X Satellite B P H MR 2844 H
MR R R AH Y, 18 Parallel Downward Fras #K & B 8] 8
2, HRERE I BR

#+ 7 & Sapa 5 Parallel Downward & Driverlog 3, i) ¥
RERXT ., KBEERKY T Satellite B Sapa 5 KM
R R BB 4T, {H Parallel Downward B % (KR i [ 520>,
ERBEHER.

F 4 Sapa 45 Parallel Downward 7 Logistic iSRS R L8

Sapa Parallel Downward
length time(s) length time(s)

probiem

101 14 0.17 12 0.02

102 - - - -

Lo3 1 0.20 8 0.01
Lo4 20 0. 48 21 0.04
105 20 0. 69 16 0.04
Lo6 - - 22 0. 05
Lo7 - - 25 2.50
108 - - 26 3.84
Lo9 - - 33 0.90
L1o - - 18 1.01
L1l - - 13 0. 64
L12 - - 14 0.73
L13 - - 22 4. 06
L14 - - 15 27.84
Li5 - - 19 3.48

# 5 Sapa % Parallel Downward 7€ ZenoTravel AR 45 R i

Sapa Parallel Downward

problem length time(s) length __ time(s)
701 1 0.00 1 0. 00
202 S 0. 00 5 0. 00
203 5 0.00 5 0.01
204 7 0. 00 7 0.01
Z05 9 0. 00 10 0.01
206 7 0.00 8 0.02
207 9 0.00 10 0.03
208 11 0.01 8 0. 05
709 13 0.01 14 0.05
Z10 13 0.01 12 0.10
Z11 9 0. 02 9 0. 14
Z12 12 0,02 11 0.12
Z13 16 0. 04 12 0. 35

Z14 14 0.46 19 254, 81
Z15 22 3.28 22 84.57

% 6 Sapa 5 Parallel Downward 7 Satellite AL 45 R L&

problem Sapa : Parallel Downv.vard
length time(s) length time(s)
S01 8 0.01 8 0. 00
S02 12 0. 02 12 0. 00
S03 10 0.08 10 0,01
S04 17 0.11 17 0.02
05 14 1.45 15 0,30
06 17 0,74 10 0.07
So7 14 3.47 20 4,28
S08 - - 23 19. 68
09 - - 17 138. 04
S10 — — 20 283,11

# 7 Sapa 5 Parallel Downward 7F Driverlog 1 #i45 £

problem Sapa Parallel Downward
length time(s) length timeCs)
Dol 7 0.01 3 5,00
Doz 16 0.02 14 0.00
Do3 8 0,00 10 0.00
Do4 12 0.04 29 0,02
Dos 16 0.04 13 0.02
Dos 9 0.04 s 0.02
Doz 9 0.09 14 0,02
D08 1 0.13 17 0.04
o - - 16 0.03
D10 13 1.93 19 0.06
b N - 25 0.07
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D12 — - 42 1.23
D13 - — 26 0.12
D14 - - 32 0.35
D15 — - 33 19. 82

P b SEK 55 R K, Parallel Downward F R R GEREHE R
ML E 4 MR B4R 8 AT HLR R, R
RIFAMRRBMBMRUAE. 5 Sepa RL A I, Parallel
Downward ZR 4046 5% (7] B0 & K % it 1) B8 2>, 3 BORRBE S
B3k, Parallel Downward #l%I R B F Sapa &4

ZFRIET FHAVNRBATHENEERBIZGE. 2R
BERFRABE RN T C B E MR ERA.
KR, ETFRES B ERXBEROFFTHUF L E FEIER
B2 RSB R 8L, AR EABR.
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BHMRE, A XERRYET 4 MHTAMMMHXE L ZREX
BT EERMES FTIMEERNE XL FERMG HEZAT
SEE R AW E S ER E R TIHTIEENERE
BRERTRERERBRE, A XEF I THRERN T
FATHRUBROEG R RS, AR ERER, AR T #17
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Downward 2B & 47 FSRAEHCE RS R BB R
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