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A* Algorithm for Optimal Intra-bay Container Pre-marshalling Plan
Byung-Hyun Ha - Sangsu Kim
Dept. of Industrial Engineering, Pusan National University

In most container terminals, containers are piled up and stored in a yard in order to utilize the space efficiently.
Hence, it requires unproductive container-handling operations to retrieve a container that is not placed on the top
of a container stack. As a result, to streamline container-loading operations by which containers are transferred
from a yard to a vessel, it is necessary to pre-marshal (i.e., shuffle in advance) containers in accordance with
container-loading plan. We propose A* algorithm to find the optimal container-relocation sequence for the
intra-bay container pre-marshalling problem. To work out the heuristic estimate for the proposed A* algorithm,
we introduce the container rearrangement problem and obtain the lower bound of the length of the optimal
relocation sequence. The performance of the algorithm is validated extensively by the numerical experiments on
the problem instances that are given in the previous studies and generated randomly with various parameters.
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Figure 1. A container block and a bay in a storage yard
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Figure 2. Pre-marshalling of containers in a bay with three stacks and three tiers, (a) an initial layout, (b) a sequence of relocations

for pre-marshalling and a final layout, (c) an alternative final layout
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Figure 3. Rearrangement of three containers for a final layout

ek wA, 19 o] e AR Adlolie] A
AHES AT o8 &4 dolirt AAY @A Bk
aeEe, AEFUE 9 Ak AR Auel e
ARES 915 A o4 249 dolo] vt shabo] 5l AL

A sy,

3. 3F AREAS

ity
o
X
rir
2
ox
Cft

T E(graph) oA A BEE
* dugES AHste] H4 o]

Mo

24
rr
o o

>,

ST

>

i

R
>
r
£

= o fob
rr » St Fm
i

[

=

o

15

X

o

2

X,

s

lo,
=

ofr
-

oX,
At
rr

=3

:[L}\
Fel o2 A3
5] Ao

aZoNE T
4e] ofage A
Fel2 vEE o
o}z vl g ¥
1o]2kaL 3 =
oo} Zo] TYLE 74
271885 Yehle Al(start) =S4 2F HEE
e EH(goal) =E7kA19] At 7
FRZ,AF kB2 FYAT 3 mEE o 7)7} 9
A3

o, 2 fo
rlo
o

I
it

M oo o o on mY (B o

Ry
BUP A

fuj
b
rﬂal%l
or o
U
v
o S
X
o
&

[

b2 ook
=
oo
ofr
Ol

o
kr
(r
it
rO
iy,
rt
T
o

ik
a=}

=1
=
N
T
2
rot
Ko
=)

1>

fo, rr
o
2
ofl
fuj

'y it

on, & N
>
X
o i X fu rlo e X r|r

N
o,
fil
o
lo,
oft
o
59
)
(e}
o,
1
(o3
=

2o

lo
Y,
Oai_: —0‘
;ﬁ rir
™o
=
Y °§‘
l.n —
N
i o
2,
S
rr
Lgﬁ
=
(&l
o =
>

fr
i

b
fr
M
—_>‘4-'/
N
)
T

o
o o -

4
z
o
A
>
&
=
[
=2
>
1z
=4
Mo
[
S
N
o
fu
N
I
2
ol
N
& O

u)slH, 37} &<4(evaluation function) /& A}
At 5, 78 A B7E B )< 7S =

Ttk B7 Fe BAL fn) = gn) + () 22 e ETh
A7IM, g Aol 4 FFE gn)e A& =EAA n7tA 9
A Aol Wigk 34 ghol™, e fFrel2Y r(heuristic
function)Z h(n)& noARE EF =712 Hok Az
3k F4 otk EE == ol tisty Fel2" 34 ghol

[
=

o
o
rx
)
frtl



A* Algorithm for Optimal Intra-bay Container Pre-marshalling Plan 161

nAMFE B3 =27pA] 9 AA He AglRY 24 god
Fd2Y 34 587 s(admissible) o] 2L T EF k=
A &9 7Fsd ), fFel2E St §87bsola, sAol
BE =87 8" $9 A =EE JHAH, BE ofAd]
Hlgo] 05Tt ov] 1S AEZ AT, A* gagFe 3

A, &, At A2 E =3 KRussell and Norvig, 2003).
B AFAAE A= TAE A Fel 28 4 o2 Al

22804 AAgE H AEold AujA] JHFE AFERT S

=9 FY2H 34 e nol JEME XYY E JF
e 2 vpry] Qs Bas Ha A=A Aol Aok
=T oA B3 =EA 0] ATk ATE po Ao AXHEE
AT P E vH7] A9 H4 o)A 355 rleing, 224
odlM =oataxol Ha A Mg FrefiE 34 go=
AHBE A5 A ARl Y dhgte] "k whebA, o] frej g
e 87150t 3 3 A3 E o o] FYL A&
ato] e 5 Qe AR P =5)9) FE FEsh nE
olz9] ugo] 10T} 1&1“i £ A7 AREStE A
A2 A YRE A 8L w2a ) H 4 x| Aoy
N2 73k W d]slw% 1 47l 1154?%@

A* GaEAA FelaE F47) RE wE 9 O 4
v ol Sk h(n) < h(n’) + c(n, 1)< ézi% bl
A 74 (consistent) F== T2} (monotone) 0] 2} S}

c(n, )= nolA w* 0.2 Frsh= ofA9 vl Goltk A= EAE
1, == ol Ao fFeaE F4 gl Ha AR
M nol e Ha A AGFRT 20)4 205 2 Qi)
ghd agoka b, ol M e A A A o] E T} nol| A
o2 o|Zo] ALe® AgolY gtate] noAe] AR
Aeeldz uejdhe 3, AFFAHE s + YA Eoh

= o7 pollAe] Ha AulA Adlo|y 57t HH o
ol = g o] Eojdlit) wghA, AA = EA o) A Fe]2E
F5E h(n)—1 < h(n')S DEIE, BE ¢(n, )] 10]ER
9o g o] i)

A* ETEZA ?rﬂ“ﬂ g7 } ?—__!J?ﬂr@‘ﬂ

oA $-A v

37t g7 oA 74]’\}9 g 07} glet. ol elgk el g g9
UL ofgff HAfollA w=oH kel o] A* LugEY
TS Tt BEH 0 FHETh

TAHOZ A E TAE S A* daElFe Aake et
2t ©] AA}=Nilsson(1998)01 A A A H Eag]EE 7o
MeE e

1. A2 =2 (2 7)) S0 = OPEN 8] 2E 9} Hlof Q)=

CLOSED B -EZ
2. OPENSIA A Y <&k
W) CLOSEDY Y&
3 o] BE w=(AE
Ao A2(HA o4 &

sk

4. == po] Yel= A8 FJMW 7Fsdtold Al e BT
neate] 244 =9 A ME WET

5. Mol 23HE 4249] e E pol| tiate] oS F T
m3 £Q3 =7} OPENT CLOSEDS] 9109, m<
OPENY| ¥l no| X mo2 o}aE wt=thk pno TYst
=E7FOPENS] 3 moll A2} 7} gke] 7]1E R T 2o
2o 219 B} k0.2 FHa ol mO.E o}AE A A
(reset) S},

6. OPEN©] HloJglo AujE Bysly a1
g,

7. OPENY & =255 H7t ol weh 284
AP} o) FLE FH 20 7} S A
Zo] 24 grol wet P xke o g JHE).

8. ©HA 2 & 7it}

FH g
ol

A EEng WM (=S $A

A)

o

E]Z:.Q_}_E
Ta o2

= AL Y3 B A pol M AL Fa
ojt}. webA, 74] 3o B =
%!

2ol

e i
9,
10
N =T
Hﬂ
31
X
wn
=2
>,
H
An3
ﬁod
&? fr
rlr
.Si
o &
551
)
=
o3}
=
)

av
é

l 168 AAY A9 Azs UrE}"H‘— S
E}. Ea]fa A* B7h ghe T kES T Aol
g5ld 25 o 98 o ARE
* M upepA, TA 7oA 2o gro]

ol
o

S el Lo f S
2y
o
_\|I_‘
NO
i
F_L,

B 24 onl 30 2 o ¥ |1 12

ofr
-
rlr

Y,

O
— o,
E

&t

G4 00| AQ5E 37190, w49 208 BT
2Z1817] Al A& EZa17] e B 33k A7)
Zolt o] FA 3k o2 Ao B AFAAE Foj2 A
e E lfﬂi ARSE A, AR1E ZAH U Qld] 20
w2} 2853 AP (lexicographical order) 2.2 A &3k A+t

& el(normalized layout)E AHE-SHTh &, ZH7te] 288 o}
AXFE FxE Aeo]yd QJEAE AMR-sle] £EZ £H
slal Ao g FEgith ol Wl £Rde QY 0~
7 7P Agol |zt AR e okl 7HA 3
£0] <Figure 4>9] ()% A FEHE 13t 7§—°r, 2117119]
28 20-0-0, 1-4-0,2-3-12 EH AT} o] AN Fef = 28 5]
AZAXFE AT o R FEy o] glonz HtFeolh



162 S - S

————— = |ead to closed node
--------- = visitby non-shorter path
—\>—= reset by shorter path

(1.3) (1.3)

n10(8) n12(9)
Y i
ARIEEIRINRER
[2]2]s 2[2]3
5=4+1 5=5+0

oj9} L WS AMStE AT, (b)Y FAAFHES BT olFE FIsd, S, 29 19 A4 Ado||E 29 22
(@4 sEFATFHE RS L F AT dEEA DY T &7I9H, =501 ZAFE = HapA Aok ==l S A ¢
WA FX e A 47te] 288 1440, 0-0-0,2-3- 12 A F R0l BE FAFH = AFEHE 2dH o QiTh S,
Aol F AR ~elo] AL o 2 o] QA dth o] 5L n09 AXFHONA (1,2)Y o]FE& T T, 28] 29} ~H)]
AMAEo g AEsid, &, A WA F WA 28 XS 39 A E vk AL alel EAIE] ok A FE
HHEE, (a)ollA Foil Frgelel ZopAA "ok mEtd  obldle B7E @3 dol A g FrEladE 4 gl
2elo] A O FAYY ES BF SPUE g5t g4 FAE| JloH, Fel2aE 3 gk s A A
T Y F At ARE BANME 5F ol old  AHoY 52 MO E HAH] Stk o & 50 n29 B,
A9 Zolz AHoHuzg Mz g2 FAFHe A 24 2E HAd AeolY Al JHE AR HSHEHE
et 2o FUS A e /R b, AFEEE e T UdeS & U S, FrElEE 34 Fan2) =309,
AHEE ASE 598 HAEE 528 4 Tk o9 e HIFHAn2)=4=1+3=gm2) + h(n2)°]th.
A F7ke] 24 A S Kim ef al.(2000)00] A AFEE ATk A* G2 Fo AL 2T)FHE Y € AR =50
<Figure 2>9) (a)ollA] Fo17 Z7|FB)S g o} Ax  HHESAEA] AJZHEL SiF AX o] BE 7bed oS
d18ES £ AIde <Figure 5>9 2ok 7 == S, A4 =58 013 n2, n30] EEH o] W (1,2)9
27 T2 A4 HAEY lon k=9 o]E3  OJAR ofu} (1,3)% nIF YT =ES WEA HAT
W A7) AESIth G S S, AlY 9% v kie  IHAA BE FASHAS FUth o9 2 A S wAH
271882 Y™ “n0 (1)0] &Ytk o]E e8] o]80]  CLOSEDE n0S, OPEN2nl, n2, n3< 217t 74 Al Atk th

$A R e 7} ol 71 Ao FA0) Lol 34

noolm R WA HEas A9L Yepdth 7 = 240
e olAE v SEE AFH0) gor, ofF ol AU n2%n3 F vt Yol e A drt of o

ZQJo] okl FAE] Utk dlE Eo], n0olA (1,2)9 e n27b HHEITh n2E 3 =57} P B R CLOSED

I
o
)
1>



e ol el del A wo] U Aeo]] e A AYES AT A* TXIF 163

F7HH, 225 7sd B o]FE& 1128 n2, n3,
149 ATHHES =& Pt oW n2+= o]v] CLOSEDO
Ao 2 OPENY] F7FetA] o, A2 =EH nd= H7}
Fhol 5 =2 + 30| Hof, o]H e} By} R} A, JA| OPENS]
F7HEA Geth o9 22 AR gaAdd A9 olaE
ARg-ato] e SAT

=82 H &2 AZE OPENY v =EE T W
e o2 B =5 n8S n69 Ao A AAE
(olme] zlo] 4 #%he 4). AN LarglFo] I A
oA OhAl =28 = QA "t Aoz Zo] 4 ghol
302 Foj5o] Wl g2 57F Ha, daEl5e] vl solA
71&8 vkl 2o n6ol HHE 9 olFE nSERE Y ofa R
AR ET 1A X n6ol M n8 =2 et of A7t AHA|E A o]
FEAIE O] Atk viE ThE, Y WAIR n8S WSl HH,
ojijo] Zlo] FA Zk 32 AlF == n0o A n87kA Y] et
A= A Hr.

ool A7 Azt FE AMOZ EAHo) glov,
NARES] HE AR (A7 0|2 4] Lol 59 2
R REREE L LT DEEE
o A g 71%3h (2,3), (2. 1), 3.2), (3.2). (1,3)°] Bk
)= <Figure 2] o] A4} 02 24 AR E A &} sl

4. 34 AwjA] oy Al

A AR E A RS A* Fae|FE AHEsH 7] flsiA
7} 2o A geol thell el ay F4 #ho2 H 2 AulA)
Aeold 7§55 EZafof gk & Holl M= 1A Al A )
ojq7t Foi & v HF I Z AR 7bs o -5 ek
E3& AAStaL, o] & AHg-ste] 24 AufA] AE 0| E T3t
7l A AFAY REE =390 293 9 A* L
= A8kl A E ok WS AA R T

41 A A 7k =4

8 2elo] ) Hh2 ofef 9148 Arlolineh A2t 2

(a)

Adlold s} 1 99 BE A o] E 52 SHmisplaced) 7 El
ojve} s, F-A3 g oYt obd AE o] E AT (well-
placed) Z B o] 2}aL 3}AL o] & 50 <Figure 6>2] (a)ol| 4] A
A A GE oA 302 FAE AR o] B3 Z1H] o]
Heolth A FEHE HZHE 2 vt7] S8l F43 7180
U HEEA] A ulf x| = of of gkt shA vk -2 g A g o] vt 9
A& WA AT FEZ BteEs Aol Brbed Aol 4
g AU E 7 YHE F7H 0 2 A Aot gt o & &
o}, <Figure 6> 9] (a)oll A= Al| 7] 9] F-2 ¢k ZH oA vk AJu %]
sto] HFFE & UEE AL Brbst, AP o2 BA1H §)
vk} A3} A o] U A ul x| 8l oF gk, o] 9} 3Fo] F Q of whe}
A 2] == A g A e o] HE A= Au) ] (optionally-rearranged)
Agolvgta Bojsitt, Fu, o] 288 1w, B
Ao el BAg Aoy /4= Lee and Chao(2009)<]
mis-overlay index &} 5 8}c}.

FoX YA E HTHEHZE vpbEr] M= AulA|
ZH U ES BF S0l T 1l &390 O] YX|AI71A Eh
o]g} Zo] Fo7l AujA| AH oSS AAAZE 5 Ue wl
EFEE A 7hs(available) EFol2t Fo3t) A& &
<Figure 6>9] (a)2] ool A1} 2ol v] 7§ ] e o]HE AuiA]
ke B, 7he €% ()M 3der A" At 2o
2T 9 77tk

HEYH AN 7Fs €% AXE U= AA AH)
olUe 7z "ol A Auj x| = A] 531 golslE AElolvE F
AY el A= AH ool o) Aghs etk dE =
<Figure 6><] d|ol|A], 2~8 19] 739 Q1€ 27} 291 g o]y 7}
A A=A ol ForE Aujx| Adolvs T AP 2Tt
391 Aeolue HEFe oA 29 19] A& 4 it o] 9}
2 A AR Y] A, (b)elA e 2ol Ths &%
o= 7+ 299 Al 9ol Holle Adloly YJE s F
Sho}, 281 Yol A ul X =) A] = AE o] | 7t stuE §le A5
Zhd ofd Ag o]y 7t X Ho e AH TS LA G
B2 7V g% A 9 P2 Foith

=9 4380 Hj3je] 75 & 2 A s} e Fol
Al A] A o] Sl o] s) 2k X G <} Al ] A= o]
Wk FoARE W, i=1, -, Poll thote] e 208 7= 7k
59 et A Ael o] J o AeE 42 o' & g2t aAL

ek
=
2

---------------

. 20143
——— | ISP PR Rp——
3|3 H well-placed container with index i Lot g1 31 | availableslots
1 t = 1~ 1 T 1 wa-a withindexid
211 |2 | well-placed butoptionally-rearranged 31
container with index i i

(b)

Figure 6. Rearranged containers and available slots, (a) misplaced, well-placed, and optionally-rearranged containers, (b) available slots

where four rearranged containers can be located
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Figure 7. An example of a layout of 18 containers in 6 stacks and
4 tiers (P =5)

Table 1. The minimum number of well-placed containers in
stack j, r(i, j), which must be rearranged when a
rearranged container with index i can be located in
stack j at the final layout, considering the layout in

<Figure 7>
J
i 1 2 3 4 5 6
1 0 0 0 0 0 0
2 2 0 1 0 1 0
3 2 1 1 1 1 1
4 2 1 1 1 1 1
5 3 1 1 1 1 1

29 j ) Qg A AEold A% x olskel kol
HAAE 19 % T IR e B 09 e 2
BE W% 2 598 5 pd e TOe 2 BAE
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Figure 8. Search of the minimum number of reassigned containers using A* algorithm for a reassignment problem
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Figure 9. Problem instances in the previous studies, (a) P1, (b) P2, (c) P3
Table 2. Comparison of the experimental results against the previous studies (CPU Time in sec.)
alwlp Number of Previous Results Our Results
Containers Study Method | Size of Plan | CPU Time | Size of Plan | CPU Time | Visits
Lee and Hsu(2007) Optimal 9 6,802
Pl | 4 |06 03 14 - — 9 < 0.1 10
Huang and Lin(2011) | Heuristic 9 -
Lee and Chao(2009) Heuristic 31 5
P2 | 5 |10 (10 35 — 15 < 0.1 24
Caserta and Vo[3(2009) | Heuristic 19 20
Lee and Hsu(2007) Heuristic 47 318
P3| 5 |12 |06 45 - — 30 <19 1,369
Huang and Lin(2011) | Heuristic 35 -

Table 3. Optimal solutions of the problem instances in <Figure 9>

Optimal Solution

P11 (5,3), (1,6), (1,3), (4,1), (6,1), (2,1), (6,1), (2,4), (5,2)
P2 1 (9,5), (6,5), (8,4), (2,4), (9,2), (9,8), (3,8), (9,2), (7,2), (7,8), (3,8), (3,7), (6,8), (10,7), (10,7)
P3 8, 1), (4,11), (12,4), (8,4), (6,4), (6,5), (6,4), (10,6), (9,6), (2,6), (9, 6), (12,6), (3,12), (10, 12), (10, 12), (8, 10),

(8,2), (11,10), (11,8), (5,8), (7,10), (7,2), (7, 10), (3,

7), (3,8), 9,3), (5,3), (5,10), (5,8), (11,8)
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Table 4. Experimental results of random problem instances (CPU Time in sec.)

P =35 P =10 P =15 P =20 P = oo
(‘Z]) H W  Solvable CPUTime  Solvable CPUTime  Solvable CPUTime Solvable CPUTime  Solvable CPU Time
S % AVGMAX S % AVGMAX S % AVGMAX S % AVGMAX S % AVG MAX
6 30 100 00 0.0 30 100 00 00 30 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0
, 8 30 100 0.0 00 30 100 00 00 30 100 00 0.1 30 100 00 01 30 100 0.0 00
10 30 100 00 0.0 30 100 0.0 0.1 30 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0
1230 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0 30 100 00 00 30 100 0.0 0.0
6 30 100 0.0 0.0 30 100 00 00 30 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0
4 ¢ 8 30100 0.0 00 30 100 0.0 05 30 100 00 01 30 100 00 02 30 100 0.0 0.2
10 30 100 00 0.1 30 100 00 08 30 100 0.0 05 30 100 05 117 30 100 2.2 62.6
1230 100 0.0 0.0 30 100 1.3 231 30 100 1.1 121 30 100 55 1161 30 100 3.8 5I.1
6 30 100 0.0 0.1 30 100 00 04 30 100 0.1 09 30 100 02 11 30 100 03 32
g 8 30100 0.1 20 30 100 0.5 64 30 100 37 97.6 30 100 73 1592 30 100 5.8 1254
10 30 100 0.1 04 30 100 61 763 29 97 12 158 30 100 58 984 29 97 3.0 252
1227 90 67 1323 28 93 20 372 27 90 6.6 914 24 80 63 963 17 57 24.8 143.1
6 30 100 0.0 0.0 30 100 00 00 30 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0
, 8 30100 0.0 00 30 100 00 00 30 100 00 00 30 100 00 00 30 100 0.0 00
10 30 100 0.0 0.0 30 100 0.0 0.0 30 100 00 0.0 30 100 0.0 0. 30 100 0.0 0.2
1230 100 0.0 0.0 30 100 00 02 30 100 0.0 0.1 30 100 02 3.1 30 100 0.0 06
6 30 100 00 0.1 30 100 00 02 30 100 0.0 03 30 100 0.1 05 30 100 0.1 0.4
50 ¢ 8 30 100 0.0 03 30 100 0.5 69 30 100 03 55 30 100 00 03 30 100 04 3.1
10 30 100 01 15 30 100 1.3 188 28 93 1.1 179 30 100 09 147 29 97 41 1134
1230 100 05 79 30 100 24 271 28 93 19 286 28 93 65 578 27 90 12 194
6 30 100 05 52 30 100 09 9.1 30 100 7.1 1239 30 100 1.1 63 27 90 9.1 78.6
g 8 30 100 2.5 338 30 100 7.0 64.1 30 100 111 888 29 97 180 1350 26 87 214 1343
10 28 93 6.6 1135 29 97 120 1356 23 77 11.1 1193 24 80 13.0 137.5 19 63 202 133.1
1228 93 96 899 24 80 26.1 142.8 18 60 23.1 119.0 22 73 303 1664 15 50 43.6 1518
6 30 100 00 0.0 30 100 0.0 00 30 100 0.0 0.0 30 100 0.0 0.0 30 100 0.0 0.0
, 8 30100 0.0 00 30 100 0.0 01 30 100 00 00 30 100 00 01 30 100 0.0 02
10 30 100 0.0 0.1 30 100 00 04 30 100 0.0 0.0 30 100 0.0 02 30 100 0.0 0.1
1230 100 0.0 00 30 100 0.0 02 30 100 02 51 30 100 14 385 30 100 0.6 10.1
6 30 100 0.1 09 30 100 04 45 30 100 0.6 43 30 100 1.5 95 30 100 24 186
60 ¢ 8 30100 02 30 30 100 35 86.6 30 100 45 1168 30 100 21 353 30 100 112 967
10 30 100 02 25 30 100 08 118 30 100 2.7 252 30 100 69 1328 25 83 118 747
1230 100 09 73 29 97 113 980 26 87 84 976 25 83 149 1180 22 73 163 2393
6 30 100 21.5 2913 26 87 269 177.6 24 80 49.8 190.6 18 60 462 1332 13 43 682 190.7
g 8 29 97 120 732 20 67 635 1714 18 60 348 1645 15 50 919 2684 16 53 63.0 3103
10 27 90 13.8 913 15 50 663 1841 11 37 68.0 3172 10 33 475 1327 5 17 138.1 4312
1226 87 51.1 3986 13 43 574 2303 3 10 365 632 6 20 293 658 2 7 326.9 409.4
6 30 100 0.0 0.1 30 100 00 0.1 30 100 0.0 0. 30 100 0.0 02 30 100 0.0 0.3
, 8 30100 0.0 01 30 100 0.0 01 30 100 00 07 30 100 00 01 30 100 0.0 02
10 30 100 0.0 0. 30 100 0.1 05 30 100 03 63 30 100 03 39 30 100 14 316
1230 100 0.0 03 30 100 04 51 30 100 39 106.0 30 100 22 480 30 100 3.1 42.1
6 30 100 1.1 187 30 100 54 547 30 100 159 2734 29 97 158 1204 27 90 19.4 191.0
70 ¢ 8 30 100 24 225 29 97 17.6 994 27 90 236 1185 26 87 524 2037 23 77 439 2258
10 30 100 47 747 25 83 244 150.1 26 87 73.1 4424 23 77 50.1 1863 17 57 94.9 405.0
1229 97 161 2064 27 90 487 3703 20 67 417 2141 22 73 34.0 14638
6 27 90 445 1682 9 30 151.8323.6 3 10 205.1 309.2
g 8 17 57 6342109 O 310 19313712 1 3 213.0 213.0
10 18 60 78.8 2640 2 7 189.8377.4 2 7 652 1195 3750 75.0
12 14 47 11734954 2 7 793 1094 2 7 139.6 209.9 :
6 30 100 00 0.1 30 100 02 26 30 100 02 27 30 100 05 65 30 100 12 17.8
, 8 30100 0. 09 30 100 02 12 30 100 03 14 30 100 05 63 30 100 2.7 56.4
10 30 100 01 12 30 100 0.5 3.8 30 100 22 242 30 100 3.0 456 30 100 63 117.7
1230 100 03 37 30 100 1.6 154 30 100 1.7 168 30 100 3.6 282 30 100 10.1 244.6
6 29 97 255 1860 18 60 650 259.5 11 37 714 1957 10 33 742 2306 4 13 105.5219.2
0 6 8 29 97 2603029 17 57 760 3185 13 43 750 2727 12 40 11052563 5 17 159.9 326.0
10 26 87 304 1443 9 30 499 1844 3 10 173.6436.5 4 13 15034688 2 7 214.2246.4
1226 87 963 364.1 136.7 251.5 176.8 176.8 357.6 859.2 1 359.2 359.2
6 1 3 555 555 0
g 8 13 45964596 0
10 4 13 153.0 260.1 0
122 7 840 1124 0
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Figure 11. Distribution of the CPU time forsolving instances with
10 stacks, 4 tiers, 80% utilization, and P = 10
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