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Abstract

The CRP(Container Relocation Problem) algorithms pursuing efficient container relocation of wharf

container terminal can not be deterministic because of the large number of layout cases. Therefore,

the CRP algorithms should adopt trial and error intuition and experimental heuristic techniques. And

because the heuristic can not be best for all individual cases, it is necessary to find metrics which

show excellent on average. In this study, we analyze GLAH(Greedy Look-ahead Heuristic) algorithm

which is one of the recent researches in detail, and propose a heuristic metrics HOB(sum of the

height differences between a badly placed container and the containers prohibited by the badly placed

container) to improve the algorithm. The experimental results show that the improved algorithm,

GLAH', exerts a stable performance increment of up to 3.8% in our test data, and as the layout size

grows, the performance increment gap increases.
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Fig. 1. Overview of General Container Terminal Yard
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Fig. 2. Comparison between Restricted and Unrestricted Move

CRPl| digh 24 9)(optimal) 3= FA| Fo]z X 2HE o]
L 289 Ago|HE o= 2802 FAA v wiA(L)=E A
gat= Aol HARI7bel tigk gt 7|Eo] EATTH T
7k el ZhsiAl e 4= AARE 71 7]Eo] EEA A 271
uite]] Ao o] 7l BE 499 Fo gk oS A
2] H]-&-& Hluste] AA4shk= A4 4 (non— deterministic) &
1EFE WE kol fiok ) wjx]e] 7] 5, wole] R
ol nlglste] 45-o] =7} 7o) TR FrIsk R NP darels
o] A A& ] 7¥sslt). wEbA dAkA e B CRP
= o4 o FEEoly Ao A 7x3 A

(heuristic method) Ao ol it

ol

2. Container Relocation Related Works
%719 Adlolq Aujx BH A

ks AASAY grke] X
Y Hrsb] $1gk kel A
24 AR5 Aol tiu|eA
shube] Aol WS 918 A
AnprkEo] Az g7t dad

AL ATHIE A9 52

10

71 8| %9

LU S

1123|457

B

Fig. 3. A Sample Layout
for Probability—based
Cost Estimation

a1 a o B35S ©olEit4]. o2 18 39
HHZlMW olelo] ool th3h ukEo] @ rEthd, 7 A
oy} wEd &2 1/100], AHo ] U Jo] AElE Ao
Hel o] 2gjo] WQsit), o]& BE oo A&l o4

E
S AR o 85 Nk A (D3} o] 78 4 ok,

Nr =0.1#2+ 0.1#1+ 0.1%1+ 0.1%0+ 0.1#0+ 0.1%0 «eee (1



An In-depth Analysis and Performance Improvement of a Container Relocation Algorithm 83

4 (D Fgstel $5 9130 B 2]
TﬂlOﬂ o) 1 42 A48 sk ekl ARLEASE G
| I SR8 sl ARIAEE Ao B 5

HH% el o] 5
E3}= CPMP 0L3ﬂ5%[7—9]5 Ao} ,
o} o] Ayold Aol o5l 2= EFY) EI(A]
B £3)0l whet wiglel= X s U ESHA
Fost BE ol& =, H(sp, i, 0, u, d, r, dm®] 7 7F)el]
B A WEE OSAIA 2 #hel 1019 AE, 00| HH
ojgit). of7]el Aelol AE %7 (constraint) 26 7}7<]
ILP(Integer Linear Programming) %#|[10]%
gt o] SHW EE AE v Hielu vhE AE oY H
28] 7| g7AE A (2)9F o] mFHTH
i(¢, s, A+ D), Vt € TIME, s € STACK,
h (= HE[GHT .................. (2)

N

2 g o it R
B HU junch
0150 o
_O‘L

Hol| = €] ghole] Ao)r) o] A=A T ATAI7H
Abole] Ab @ aw Zgato] o1 AR oz o] gtk

In Out In Out

In Out

In Out

Stack 1

el

o

1

& qiniee
L& o

] ——"sink
Time n

Time 3 .. ."

“Time 1 ! Timez |t

Fig. 4. The Network Model for CPMP

744 €] ﬁi-e— Egz ﬁf?io}oq a
A= ke ]7 177H-/] /\Euo] olq_\:t]
n#n=171¢] AR 7} EA) 8k 3"3 7]’ yi gowg 7
SAol W ARE AAEy 1 F Aans Aelsio]
Aok sttt o] & $J3A= A TOVJ Hj 2] ol A 7hsgh B
© A <s; = (28 A 28] me o]F) T A9 (,
D el A i v)Eo] Asirt ol AWRA <sp —spoll
ofsf WMBkE Wi L] FHof u]g o5 EAR AAH
B&B(Bound & Branch)[11]:= #i3] L] FoF H|8-& 2]
(3)¢] Au=] &}3H4(RLWB: Relocation Low Bound)¥} 4] (4)
9] ENAR( Expected Number of Additional Relocations) ¥
7S ARkl EFIdk WEE([1-3]19] Edi7b HA
RLWB o ZoF W& A &sijete 243 o £Y + §le
Wlek Ha AR SeE gulste b, 2 R B U

& Qe et olsh.

b

RLWBofB&B = &% wE7k48] A 315(go)) + 7} 2
ol S 917} 7PE Ee Arolue]
R 212 [ | E e (3)

ENARE Fo131 a2 & %ol ]
g8l Bed QA A A4E S5 6 |
ol A ] oFen). oj2HY s |
1~20] 20 7} Adlo]U7} A W]
olol A 1% 59] 2, 1~5(5 F
e Adelvr} goz 2vid o

olde  AuxzL #Ha gl
7~2012 F2] Aelo]u7h b o] Bel| tha s wk=A] A
27} dastug o] ~8e gk ENARS 2] (D=Z 78 5= 9l

Fig. 5. A Sample Stack
for ENAR Concept

z10]
(3~ 5)77}21 Z10]9-4 &(DFS: Depth First Search)3 5 2+
o Aujx| shekds #-gsto] AEE A}
G o] FERZ A=t) ENARS vlz olg)e] 2}
g5]0] U FE AAd| ZgHr]

Aag}sn aieh. DAY zﬂ

A 4 e
A 5 AAR A5 21 A

& a4 Foln
] o150 8 28 AL 91 of

Al 4 7 e wela,

28 )

* PR30 28 WEEwsi7h 7HE me AE oY 2, ol o
4 AEoI S W Alo] dlnwl 3 gl A
w9 Aok 7 AE(E SARE M ) 28E A
BLL(E5- @), §ITH PRI R 94w Aol7t 7 A2
(I SAEE 7P RE) 28 (S b)

* PR4: PR3%} §3ts], 45 bolal o5 o4 g olA7}



84  Journal of The Korea Society of Computer and Information

AP 28N F WAZ FeE o Adodel ne o
8) 517k oo, Ml :
ATt g 28-S )8

41
=3
=2
u
piv
flo
[
)
tlo
2
1

91 2t 7)o me} Qoixl s el
2 3440l 244 omz ol A aﬂ F M 95
2] 2 AR olst 2ol ALA £EH 2] o
A A28 PH S oR HET F BEB FHel 2o
A2 AT 7 E Fold WAE LF 1197 9l
s Bas Hage] AR A5 s 4
ngkstol 4 (5)sh o] Aoleta o|F uFoT T Aol
G u 8L e,

o Joodu e 2
R O )
M 2 Af 12 wo M

—~
—
w
>~
~

LWBofIDA" =

TSP(Tree Search Procedure) ¥ig]& (3] Zo]$-A &
Ao A G A2 gt H]-§ oSS S8 A sk
< 2 (B)o2 st MA 4&AdE AAsa, A& 74

3= grEo ol el 7t}

ol

« nipgy WA Lol EAF 2 AEold o thg & whE Sl

24 nL) F, Lol EAske Aelel S5t 5

© 0t WREA] Bad*)GOOd g9 AuA7F StEE &
2AM 9 Al F Y
* Nhen-56 © Bad—Good ‘IQI‘ 5 o]9)9] AuA| 7} A3 3
e AN F& 0). ol & 210& 1l 2Ho] gl
zb 289 g Aol ] WEEe] T 7P w8 o] 7 29
W o MEEY F /P B Anr) v Ao,
LWBOfTSP = n'way + 0'sc + Doppe e 6)

B&BS} DA, “18)31 TSP 2ire] %o o]o] 7
& 7|43t o]= DFS 9 AA] A x2 &850 5]
715 o2 7k GLAH ¢aEE(1]e] A=A, o] vhge
2 Aoy Eoe] AIZER B e A5 dEHom A
3= TW(Time Window) &id]& =

[lIl. Analysis on Greedy Look-ahead
Heuristic Algorithm

B&B, IDA", TSP &1g]& 52 DFS BA-& &<ko)
w7A] gHEste] H2A S5 Fely] wiiEel o]& A%
A|Zro] FFoAof B}, o] & HLhsly] 93l 7 & e
3} Z9] s}l GLAH dugEe %27] = 7+
Ag FErgoR Fe & olE EfgiE DFSE §

gt S8 BAshE WS ARESi) o] wl 27] &= DFS #A
17Hy o B2 AEg
A& 7hssAl g
1. Identification of well-placed and badly-placed
container, and priority of relocation type
GLAH= /\El]oﬂ w—o:]ol‘_‘:_ 7_IL
Aeolve] FHE v Aol
AgeA oo wel X (well 2 Sriralio
placed)®} @ |(badly placed)® 191 13; 175 1;
FRet AXE s Aoy 1z[a1]s
ofgfoll ] W2 Wi 49 71
o7} gl 790l QA= ¢
w2 Agelrt shuete EA
3= 9oty 21 79 dellA 39 AHEHE FE] 29X 1)
olEoltt. B AHUERE Fofgle ~8E FA(clean),
¥z ke 28BS EA(dirty)olgt Alstt). o] whel Al
29 §38e AAxHA BGBad—Good), BB[Bad—Bad),
GG(Good—Good), GB(Good—Bad) & Ul 7 & &7F% =4,
e 9-e9] gk ATt o3 2 sME Fodit) o714
BGE 24 HEle|yrt o)F F AXA7} ¥ AXE AujA S
the oueltt. 19dd] @] Aol 7t v H4 HH oY nt
2 9l EAFHE o] HH o] ZHHM T ZulE 534 A
ol E WhE(free a target ) F gorm=z o2 ALRTH
E2 AEHE Fog 1 98l BGe} BB 85

Fig. 7. Well(CJ) and
Badly(M) Placed Container

BiG, BB, BxG, BuB & dl 7FA] f3o2 AlEste $-AE¢$
A A5E Frh AL AN ol ol ofelsl ol

A FEE 24 71EE 88kl A
C BiG, ByG © AR Aeloliish o] Aeloliizh glof <l
Aelol (58 28e] Hiop) WE 9] Hol7k 4 e
el kel ¥l Ao 2 AR Fof 3t Aju)x] A o]
Y wEEsl Mg s e
* BiB, BuB @ ¥ E3 Aeo]drt EAlshe i‘%” < sht
HhE 2Eo R AEsts, o oY whE
i pkEeeieke] At 7 Aws AE

B

2. Heuristics for initial solution of GLAH

GLAHE Foi7 wjx]olA &=
- t
Aol we wE 24 Aol 313 1als
e 715 A" oY E(urgent LT (23
target) X]Xéﬁ}i 2 9o =2 42|15

4 urgent stack

= Fig. 8. An Example of
. Urgent Target

B}, of w217 AxeldE 13 83} o] W& A7
o AA 257F A A A S, f]oﬂ Q) Aeol 47}
A Aom Audh a9 9o 215 Aol 7 gl



An In-depth Analysis and Performance Improvement of a Container Relocation Algorithm 85

28 5% AY3He GetUrgent_Target() Z2AAE Hoick
07 Aeelurt 2RHY 0] AreldEo] §AL 78 =
B ol SHE9lE ARt A s,

{Get_Urgent_Target(layout L, int s)

s" = stack including the target container
which have the fewest number of badly
placed containers above it;

}
Fig. 9. Determining Urgent Target Procedure of GLAH Algorithm

* B.G A7} 7hs ek 28 T, 28 Hal ik A
ey 7|E o 7P & 28 ME(S; 19 109 a)

- 228(s)9) BH(c)o] AH o], o] Ado]E BE 2El(s)
0% GG AMAT F, 1 Fow ﬁ% Ao|L
PSR 2 3, 56 AMA 2
Ao Adl HEl(S,:
Ha wE SaEs Fen 7W b._;%

« BB AMA7} 7Ps e 28 3 iwg ERAY!
VEoR P e 28 *d%*(& :
go] ul F3bo] o),
A7k AR g AolIE F

& 28 AdE(Ss - 21 109 o

57 2 B I L L e R
et e alcVats || 4> 5|4 5
3| alals||aT3]2]|5]||3]3]|al3]|]|s5]|3]a]s
1|62 |3||2|s|2]|3||t]|6|2|3||1]|6 3
alz2)t|s5]||3|aflz|s]||a|2]|1]|s5||a]2]|1]5
(@) Case1(§)  (b) Case 2(53 [t) Case 3(§3  (d) Case 4(S3

Fig. 10. Determining Destination Stack in GLAH Algorithm

AR 7} AAE] Aol (B o' 912 AMAG ] A, ¢

~c" Atole]l BG AjA| Sr@ o= 7)9] do] AYe] 7pss A
ol o] ThE Adle A A o)L vl & FAI)
I 110 719 ¥r) A4 ﬁiAW Gap_UtilizeO& 2=,

o714 f(s) & G 28X TS ALg ofe] Agold F
Hi EEAE onska, A top(s) > f(s)= 2" s9 &
golyzt eAQ)& ofujgit). o5 ZEAIAE dgato] 27
T8h= Get_Initial_Sol() ZZAA= 13 129 2t}

9

Gap_Utilize(layout Z, moves so/, move(s™—s))

while (height(s) = 7 -2) {
= {(s # s ,s'| top(s) > f(9),
top(s) = top(s) = top(s) };
if (5= &) break;
s" = minsetop(s));
L =L ® move(s” —s);
sol = sol + move(s” —s);

}

)

Fig. 11. Gap Utilization Procedure of GLAH Algorithm

Get_Initial_Sol(layout L, moves sol)
sol = &,
while (I L] # 0) {
Get_Urgent_Target(L, S*, [ ) I @
while (;m > 0) {
if (57 #2)
s’ = maxsesi(sprimax(s));
else if (52 +2) {
s’ = minsesa(CPrimax(top(s)));
Sa = MaxXsesas)(SPrimax(s));
c' = top(s);
Gap_Utilize(Z, sol, move<s’ —s.>);
L =L ® move<s' —s>);
sol = sol + move<s’ —s.>);
Gap_Utilize(Z, sol, move<s" —s>);
else
s' = element(S3U S4);
Gap_Utilize(Z, sol, move<s—s>);
L =L & move<s —s>);
sol = sol + move<s —s>);

¥
y )

Fig. 12. Determining Initial Solution Procedure of GLAH Algorithm

3. Look-ahead DFS of GLAH
GLAHS] w]g]X7](look-ahead) DFS B4
&S AskE o] WM vdlA EAstaL, Hil(advice)d FH
4ol AR gt thg ©AE AP oM 1 A2 A
AE Wrdste]l drlatA] ¢bal, 1 ARIF AIFEE 3 1 9
(IR o} A=) 7AA R AT oA B&BS A

1

A2 nE

St @l denese] tiE g A5 9% RLWBE 4 (7)
2 Ao,
ot O Lo EAT 2 DD T sl

2A n) &, Lo A= A”olY 49 £
* ns; ¢ Bad—Good 8¢ A7} HFEA] &
A A 4] ZFelY ok Fd

o Nhonsc - Bad—Good 53 o]9le] Awix7} HA8E & H
At AA(1 ZL 0). o2 Yot ALl ~Ho] ¢l
7k 28e] ge whEed] T 7P =2 o] 7 28 AHeA
WEEY] F 7P B AR v A9l

RLWBOIGLAH = n'gays + 0'56 + Dhon-pe e %)

GLAH= DFS 374 zlo] Algto] o3 T4 diiv=
(cl: 17 139 w=E 8} 2o o]=¥ RLWBe] 9|3 37} u]§
o] SAE "ol AR AAFaL, o] SAE T YA
AR tate] 7] s Fal= ¥ 129 Get_Initial_Sol()
LRANAE o] g3t o] wmEelA HFE it =] v X)) 7HA]
o] #5 Fate] ujdo] At



86  Journal of The Korea Society of Computer and Information

e ﬁ) Shsef +ocurrent global best solution
p finitialized from initial
d|" _.é") ]EI. IL--X-\\J\ o despotthtfironl:n) root to current
—'—’ & @ a I;z:eimated cost to current
h- H‘: = " :T | node to the leaf node
b le) {._e__ {reduced lavout)
Fig. 13. DFS Process of GLAH Algorithm
5, 2% 139 4 F2ol did nE-E o5 tial A5stke] 1t
et o= x7] & Feks ZRAA7E S #HAs) Hle
Aolghz AAl sl Zhesith. §5 =29 Ubl= BRG
BnfG, BftB, BnfB, GG, GB 5 6 7} 7} & AMAE <A
2 adsts A4z Al AeE AR 2" 149
Look_Ahead() ZZA|A & DFS 23245 %]'l,‘ FE & 9o
are] BE AR = T Hlgo] 7 A2 A (o 29 139 =
= po} x) e FHS Look_Ahead()9] FH& B2 1
H 159 Greedy() ZEAA = APAE PRkl v Tl

FHE aete dA AAS gt

I{ook_Ahead(layout Lewr, advice
Tree_DFS(Lewr, 0, @, adv);

{

adv.cost = o;
return;

Get_Initial_Sol(Z?, sol.);
if (‘ Sbcsll = | SO/cl) Sbosz =
adv.cost = depth+ | solel ;

else {
for each mv € mvs {

[P =17® mv, sof
Tree_DES(L™! depth+

¥
y )

Tree_DFS(ayout 2% int depth,

it (| sof|+ depti+low_bound_

+1

adv)

moves §0ﬂ,
advice adv)

Of(Ld) = I Sbestl )

it (129 =0 or depth = MAXDEPTH) {

S0l

get_possible_6type_relocations(Z9, mvs);

= sof +mv;
1,501, childadv);

if (childadv.cost < adv.cost)
adv.mv = mv, adv.cost = childadv.cost,

Fig. 14. Look—a head(DFS) Procedure of GLAH Algorithm

?reedy(layout Linit)

Get_Initial_Sol(Zn, Spes);
Seur = &,
while (| Lzl # 0) {

break;
Look_Ahead(L;y, advice);

Lm.[ = [11“.[y @ mv; ............
Securr = Seurr + advice.mv;

if (I Seurl + low_bound_of(Zuw) = | Spesil)

Fig. 15. Greedy Procedure

of GLAH Algorithm

V. Performance Evaluation &
Improvement on GLAH Algorithm

1. Performance characteristics of GLAH

S AE DFS g ZEL-EE Hrly HAo AR AFYF
A ga AAFE mE(27] uﬂi])oﬂ/qg] BAlS wEae
IDA'S} HA) FEE=ENE ] B 2E A gEe==(F
gk w7 FAlEhs TSP E_La—i—urq HuE E3
GLAH ¢1gFe] S4S x=9ett

-

Olt

2

1.1 Exper iment environment

Aglo] ArE ZEL QlE 174770 430] EZZAA,
32GB W&z, $RE %2 14.04 LTS SGAA A|2Elo]
t}. dloJH+= sshhinn) 239 AF Fo= F/Hste] 72F o
M G ol gdl AAF 1,000719] AR thE HA el
Zolgl Agrztel S vlagtt ol & 59 ‘0307(15) A
3 T 3] 28, 7b ~Ele) o)) o] 7, o9l 2o

ol

W A 47 157090 Sjul gk Aelolqgo] 28 ol
Hix| e} T kg ST M T2 B dgow A4%
t}. F4 & Zo)o} & A7 BE BL;E S5,

1.2 Quality of the optimal solution

CRPoIA AeB7te 918l ARgste A& Q1 dlolE +4
¢l 0307(15), 0409(28), 0510(40), 0612(60), 1012(100)<]
Al 2ol ggk 2 SdaelE HA & A9 19 169 1Yl
o} GLAH: ﬁmﬂ A2 gl e oFgE dAlela R AR
of whe} 1 /o] FEIgE A ow ekt

300 >
250 B
o s —+— TSP
# B IDA*
150 <
GLAH
100 =
50 et
pes
o : . : : s
0307(15) 0D409(28) 0510(40) 0612(50) 1012(100)

Fig. 16. Comparison of Optimal Solution Quality(unit: count)

1.3 Computing time
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Fig. 17. Comparison of Execution Time(unit: sec)

2. Performance improvement of GLAH
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Fig. 18. A Sample Stack
for New Cost Metrics
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Fig. 19. Comparison of DFS Cost Estimation Metrics(unit: count)

2.2 Exploration process for the initial solution
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Fig. 20. Evaluation on Urgent Stack Selection Criteria in
Determining Initial Solution Process(unit: count)
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Fig. 21. Side Effects of Assistant Stack and Gap Utilization
in Determining Initial Solution Process(unit: count)

2.3 Comprehensive application of improvements,
and analysis on the optimal solution
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Fig. 22. Performance of the Improved GLAH
Algorithm (unit: count)
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Fig. 23. Trend of the Performance Increment of the
Improved GLAH Algorithm (unit: count)

V. Conclusions
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