A Study on the Optimization
of Berth Planning Problem

2000 2



2000 2



Abstract

11
12

22

3.1

32

4.1

4.2

51
52

2.1.1 Nagaiwa  (1994) (1996)
2.1.2 Brown L awphongpanich (1997)
2.13 Lim(1998)

214 Imai Nishimura(1999)

N

c o1 0o A

11

13

321
322

22

25

27

32

33

36

36

43




521
522
523

43

45

47

48

49

51



A Study on the Optimization of Berth
Planning Problem

Dae— Sang Kim

Department of Maritime Transportation Science
Graduate School of Korea Maritime University

[Abstract]

This paper treats the berth planning problem which is
encountered at public container terminals. The main issue of the
berth planning problem is to decide how to allocate the berths to
scheduled calling containers of which the ETA's are given
beforehand.

The author, at first, made a literature survey concerning the
subject and summarized it to make clear the scope of the problem.
Then, the optimization models for tackling the berth planning problem
are proposed in the formulation of set problems. Some heuristic
algorithms for generating the decision variables of the models are
also devised by using the concept of the ship's waiting time and the
modified berth occupancy rate.

Computational experiments based on the data arisings from the
real public container terminal(BCT OC) are also carried out and the
results are reported to show that the proposed optimization models
and the heuristic for generating the decision variables are applicable
and useful for the berth planning problem at public container

terminals.
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, (ETA),
1.1 ( 1)
1976| 1981 1986| 1992] 1993 1994, 1995
83| 149 228 455 507 587 660 11.5%
48 102 158/ 285 322 384 403| 11.8%
34/ 87| 118| 248 258 269 276| 11.6%
14| 15| 40 37 64 119 127| 12.3%
(%) 71 85 75| 87 80 70 68
1976| 1981 1986| 1992/ 1993 1994, 1995
383| 825 1,645 2982 3448 4132 4918 144%
610/ 970 1510 2420, 2420 2420 2420 75%
227/ 145 135 562 1,028 1712 2498 17.8%
(%)| 122| 118| 91.8| 81.1| 702 586 492
; , : , 1998.
1)
2) : ,
s <
1.1>
< 12>
D
1) , , 1998, pp.73- 74.
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1.2 1995

368 | 880 | 790 | 760
554 | 410 | 510 | 372
(%) | 476 | 123 | 900 | 119
441 | 311 | 471 | 258

: : , 1998.
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Imai  Nishimura(1999)2

2.1.1 Nagaiwa  (1994)3) (1996)4)

Nagaiwa
Imai (1994)
Random , First In ,
First Out
(1996)
0-1 ,
5)

2) E. Nishimura, and A. Imai, “The Dynamic Berth Allocation Problem for Container

Port”, Journal of Transportation Research, forthcoming.
3) K. Nagaiwa, and A. Imai, “A Berth Assignment Planning for a Public Container

Terminal”, Journal of Navigation, Vol.90, 1994.
4) , ,
, 1996, pp.341- 342.
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MPS(Maximum Position Shift)®)

(Heuristic Algorithm)

(ETA)
, 7
2.1.2 Brown Lawphongpanich(1994)8)
Brown Lawphongpanich(1994) (Norfolk piers)
0-1 ,
(benefit)
2.1.3 Lim(1998)9) (Heuristic Algorithm)
Lim (1998) X ) Y ) 2
NP-hard Problem . ,
(Heuristic Algorithm)
5) = ( + )
6) MPS(Maximum Position Shift):
7) ETA < ' ( )

8) G.G. Brown, S. Lawphongpanich and K.P. Thurman, “Optimizing ship berthing”,

Naval Research Logistic, Vol .41, 1994, pp.1- 15.
9) A. Lim, “The berth planning problem”, Operations Research Letters, Vol.22, 1998,

pp-105- 110.
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Lin=0
8
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2.1 Lim (1998)

< 21>  Lim(1998)
- (D

(2)




-
Lim (1998)
weight(e;)

(Bilejil @(eij))
0 , Longestin, L ongestOut

Bij = Longestl n(V;) + weight(V;) + weight(e;) + weight(V;) + L ongestOut( V;)
B;i= Longestl n( V) + weight(V;) + weight(e;) + weight(V;) + L ongestOut( V;)

O(ey) Max [ i, Al

3)
. ) 1 2 (BilejilQ(eij))
(12,12,12) 4 3 (B B 0ey))
O(ey)
. 1
2 Bij» Bii
1
2 1 2
(Bilejh@(eij))
O(ey)
(4)

Lim, A.(1998) (Heuristic Algorithm)



2.14 Imai  Nishimura(1999)

Ima  Nishimura(1999)

(ETA) (Formulation of the
static berth allocation)
(ETA) 10) (Formulation of the dynamic berth
allocation) .

(Lagrangian relaxation method)

11)

(Heuristic procedure)

[Formulation of the static berth allocation]

Index

i = (1, ..., 1) € B : set of berths

i = (1, ..., T) € V: set o ships

k = (1, ..., T) & O: set of service orders
Data

S, =

time when berth i becomes idle for the berth allocation planning
arrival time of ship j

>
I

C

i handling time spent by ship j at berth i

Decision variable

- 1, if shipj is serviced as the kth ship at berth i,
Ik =10, otherwise.

Formulation

10) ETA >

11)



Min IZBJ;VEO{(T - k +1)C; + S

A X
SUBJECT TO
vaijk <1, Y ieB, ke0
JE
Xj € {0, 1} Y ieB, jeV, ke0
0-1

[Formulation of the dynamic berth allocation]

Index

i = (1, ..., 1) € B : set of berths

i = (1, ..., T) € V: set o ships

k = (1, ..., T) & O: set of service orders
Data

S =

time when berth i becomes idle for the berth allocation planning

A = arrival time o ship j

Cj = handling time spent by ship j at berth i
P, = set o 0 such that P, = {p| p<ke0}
Yik =

idle time of berth i between the departure of the k- 1th ship and

the arrival of the kth ship when ship j is serviced as the kth ship
Decision variable

, if shipj is serviced as the kth ship at berth i,
Xik = :
0, otherwise.

Formulation



Min

2y 2 2 ((T- k+ DCy+ Si- At 24 24 25 (T- K+ Dy

1B

SUBJECT TO

2 Xk <1, Y ieB, ke0

=y

;;O)(ijk = 1, VieVv

J;V m;P(Cinijm + Vi) - (Aj - S)xj =0 VY ieB, jeW ke0
Xj € {0, 1} Y ieB, jeV, ke0

Yik = 0 Y ieB, jeV, k=0

- 10 -
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(Set Packing) , (Set Partitioning)

, (Set Covering) (Set
problems) .
Balas(1976) (tanker
rounting), (Ship  scheduling), (truck
deliveries), (information retrieval),
(switching circuit design), (stock cutting),
(assembly line balancing), (capital equipment
decisions), (location of emergency units),
(political districting) .
(SPK), (SPT),
(SC)
(SPK) Max { x | Ax <e, xe [0, 1]}
(SPT) Min{cx | Ax = e, xe=[0,1]}
(SPK) Min{cx | Ax>e, xe= [0, 1]}
, A m x n 0-1 , e m 1
m x 1 e
0-1 . ( , )
A j C, , A
( : ) A M
C ) :
, , (SPK)  (SPT)
0-1 , 1
“tight” , (SC) 0-1

- 11 -



1 “loose” .
(SPK)  (SPT) (SC)
, LP-
, Genetic Algorithm
LP-
LP-

“tight”  “bound”
LP

LP- 12)
LP-
LINDO

12) Si-Hwa, Kim, Optimization-based Decision Support System for Some Maritime
Transportation Problems, Ph. D. Thesis, Dept. of Industrial Engineering, Pusan

National University, 1999, pp.21- 34.
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1. ,
2. (Berth Occupancy Rate, BOR)13) :
BOR =
X X
[

0, —

(%) , BOR = ( x24) * 100
3. )

(%)
= x 100

4.
13) BOR :
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3.1

(1999)4)

14) Si-Hwa, Kim, Optimization-based Decision Support System for Some Maritime
Transportation Problems, Ph. D. Thesis, Dept. of Industrial Engineering, Pusan

National University, 1999, pp.39-51.



[Set- Problem M odel- 1]

[Index]

i 1,2 .. N
k 1, 2, ... n
 €J; i
[Data]

Pik

(%) .
Qik = {é ’ !

[Decision variable]

11 1 I
X i = {O,

[Formulation]

Min Z. JZ:J; Ok Pik X j

SUBJECT TO
2) 2 Xy <1
1<

3) ZI J; Qijk X j

1

Xij= {011}1je~]i

- 16 -



[SPM- 1]

[SPM - 1]
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[Set- Problem M odel- 2]

[Index]

i 1,2 .. N
k 1, 2, n
ISR |
[Data]

hik

(%)

[Decision variable]

1 ) i j
Xij:{é, .

[Formulation]

Min 3333 hy X

SUBJECT TO
2) 2 Xy <1
1S9

3) Z.JZEJ Oju X3 = 1

Xij= {0, 1},)e

- 18 -



[SPM - 2]

W,
2 he = 2 —=% X 100

[SPM - 1]

[SPM - 2]
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[Set- Problem M odel- 3]

[Index]
i 1,2 .. N
k 1, 2, ... n

(%)
(%)
- 3 : i K J
quk - 0 .
[Decision variable]

1 1 I J 1
Xij:{é, )

[Formulation]

Min ZJZJZ @ (i Pi) X + ZIJZJZ (1- @) hy Xy

SUBJECT TO

2 X: <1 i

) J;‘ ij I

3) 2. JZZEJ Qj X3 = 1 Kk

Xij={0,l},jEJi i

- 20 -



[SPM - 3]

[SPM - 3]
[SPM - 1]

[SPM - 2]

- 21 -

Pk » hi




3.2

[SPM - 1]
: [SPM - 2]

: [SPM - 3]

(1999)

. (1999)

- 22 -



; -
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1--3
m
C,
C
[
[
NP-Complete
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NP-Complete
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(structured sentence)

[Heuristic Algorithm]

1. [Sort]

i= {1,2 ..N},k= {12, ...n}

2. [Select] For each in i

3. [Select] For each in k

k m= k 31

3-1. [Do...L oop]

Then

4. Next k

- 25 -



5. Next

6. End

31

m= k

- 26 -

[IF..Then]



322 -2

Heuristic Algorithm

n!

FCFS(First

Come First Start) 15)

(structured sentence)

[Heuristic Algorithm- 1]

1. [Sort]

i= {1,2 ..N},k= {12, ...n}

2. [Select] For each in k
k
3. [Plan]
k
k

IF

Then k
4. Next k
5. End

15) FCFS

- 27 -



[Heuristic Algorithm- 1] 1

FCFS(First
Come First Start)

[Heuristic Algorithm - 2]

1. [Sort]

i= {1,2 ..N},k= {12, ...n}

2. [Select] For each in k

3. [Plan]

- 28 -



IF
Then

4. Next k

5. End

[Heuristic Algorithm-2] 1

FCFS(First Come First Start)

[Heuristic Algorithm - 3]

1. [Sort]

- 29 -



2. [Select] For each in

3. [Select] k=2
4. [Plan] For each in k

k

IF
Then

IF

Then

5. Next k

6. Next i

7. End

[Heuristic Algorithm- 3]

1

- 30 -



Heuristic Algorithm

(2N + N?)
(2N + N?) :
4
24
24
(51)
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(DSS: Decision Support System) Scott
Morton(1971)16) ‘ (Management  decision
system): ’
, Keen  Scott Morton(1978)17)
“Decision Support System”

DSS

16) M.S. Scott Morton, “Management Decision System: Computer-based Support for
Decision Making”, Cambridge MA Havard Division of research, 1971.

17) P.G. Keen and M.S. Scott Morton, Decision Support system An Organizational
Perspective, Addison-Wesley Pub., 1978.
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4.1

DSS
DSS

DSS
Simon (1977)18)

GUI

18) H. Simon, The New Science of Management Decisions, Prentice Hall Inc., revised
edition, 1977.
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=)

OPTIMIZATION

e}
TN

MANAGE GLI GENERATE LIMNDD
FOR INPUT MODEL OPTIMIZER

DATA FOR LINDO

| FIRST PHASE | outpuTFILE
QUTPUT FOR]
EHIF DATA
LINDO
= LIMDD
: INPUT FILE
L fOR || QUTPUT FILE
— EBERTHDATA SCHEDULING
4.1

- 34 -




Cratatase
Hyalam




(PECT)

5.1

5 )
51
ID | Name (S)
1 #1 99- 07- 31 03:00
2 #2 99- 08- 01 07:00
3 #3 99- 07- 31 02:00
4 #4 99- 07- 31 21:00
52
ID | Name ETA
1 | NAAS-2| 99-07-31 10:00 21
2 | OOHP 99- 08- 01 04:00 22
3 'MOSA-3| 99-08-01 10:00 17
4 | NPSG-1 | 99-08-01 13:00 14
5 |[NAGA-4| 99-08-01 16:00 23

- 36 -




51> < 52>
LP- LINDO
53 [SPM-1]
-1 -2
NAAS-2 #3 #3
OOHP #1 #1
MOSA -3 #4 #
NPSG- 1 #2 #2
NAGA-4 #3 #3
#1 26.19 26.19
#2 25 25
#3 51.16 51.16
(%)
#A 2576 2576
32.17 32.17
(%)
2574 128.1
53> [SPM-1]
-2

- 37 -




[SPM-2]

(

[SPM - 2]
[SPM - 3] ,
: 0.2
5.4 [SPM-3]
-1 -2
NAAS-2 #3 #3
OOHP #1 #1
MOSA -3 #4 #4
NPSG- 1 #2 #2
NAGA -4 #3 #3
#1 26.19 26.19
#2 25 25
#3 51.16 51.16
(%)
#4 25.76 2576
32.17 32.17
(%)
2574 2561

54> [SPM-3]

- 38 -




, [SPM-3]
99- 08- 03 15:00
[

MIN

( )

5 X 11+ 5.238
5.476 X15+ 131
1048 X19+ 2464
31.19 X113+ 20.71
1643 X117+ 35.24
36.19 X121+ 25.71
214 X125+ 493
6.07 X23+ 5
69.29 X27+ 63.93
39.3 X211+ 38.11
30 X215+ 35.36
5.116 X32+ 3953
129 X36+ 894
24.17 X310+ 214
20.32 X314+ 1964
3458 X318+ 31.09
25.26 X322+ 2459
453 X326+ 19.7
4.242 X44+ 6.97
30 X48+ 29.09
33.03 X412+ 39.18
29.59 X416+ 24.06
46.04 X420+ 61.13

, [SPM

X 12+
X 16+
X110+
X114+
X118+
X122+
X126+
X24+
X28+
X212+
X216+
X33+
X37+
X311+
X315+
X319+
X323+
X41+
X45+
X49+
X413+
X417+
X421+

- 1]

(L a

4.04
9.048
2138
20
31.67
25
375
8.214
62.86
46.79
28.93
3.256
8.235
19.89
17.53
3041
253
6.667
43.33
30.18
25.96
75.3
43.07

- 39 -

[SPM - 3]

[SPM - 2]
= 0.2, D = 24,

-1 ]
X13+ 333  X14+
X17+ 8333 X18+
X111+ 2024 X112+
X115+ 17.86 X116+
X119+ 3095 X120+
X123+ 257 X124+
X2+ 1214 X22+
X25+ 7964  X26+
X20+ 4488 X210+
X213+ 3107 X214+
X217+ 488  X31+
X34+ 5349 X35+
X38+ 1035  X39+
X312+ 3057 X313+
X316+ 1615 X317+
X320+ 3551 X321+
X324+ 239 X325+
X42+ 5152  X43+
X46+ 3455  X4T+
X410+ 339 X411+
X414+ 2493 X415+
X418+ 6414 X419+
X422+ 5924 X423

LINDO



SUBJECT TO
(#1 )
X11+ X 12+ X 13+ X 14+ X 15+ X 16+ X 17+ X 18+ X 19+ X110+
X1114X 112+X 1134X 114+X 115+X 116 +X 117+X 118+X 119+X 120+
X121+X 122+X 123+X 124+X 125+X 126 <=1

(#2 )
X21+ X 22+ X234+ X244+ X 25+ X26+ X27+ X28+ X29+ X210+
X211+X212+X 213+X 2144X 215+X 216+X217 <=1

# )

X31+ X32+ X33+ X34+ X35+ X36+ X37+ X38+ X39+ X310+
X311+X312+X313+X314+X 315+X 316+X317+X 318+X 319+ X 320+
X321+X322+X323+X324+X 325+X 326 <=1

(# )

X41+ X42+ X43+ X444+ X45+ X46+ X47+ X48+ X49+ X410+
X411+X412+X413+X414+X415+X 416+X417+X 418+X 419+X 420+
X421+4X422+X423 <=1

(NAAS-2 )

X11+ X 16+ X 17+ X 18+ X 19+ X118+X 119+X 120+X 121+X 122+X 123+
X124+X 125+X 21+ X26+ X 27+ X28+ X29+ X 31+ X36+ X37+ X 38+
X39+ X318+X319+X320+X 321+X 322+X 323+X 324+X 325+ X 41+ X46+
X47+ X48+ X49+ X418+X419+X420+X421+X422 = 1

(OOHP )
X12+ X 16+ X110+X 111+X 112+X 113+X 118+X 119+X 120+X 121+X 126+
X22+ X 26+ X210+X211+X 212+X213+X32+ X 36+ X310+X311+X312+
X313+X318+X 319+X320+X 321+X 326+X 42+ X46+ X410+X411+X412+
X413+X418+X423 = 1

(MOSA -3 )

X13+ X 17+ X110+X 113+X 114+X 115+X 116+X 118+X 121+X 122+X 123+
X124+X 23+ X27+ X210+X 213+X214+X215+X 216+X33+ X 37+ X310+
X313+X314+X 315+X316+X 318+X 321+X 322+X 323+X 324+X 43+ X 47+
X410+X413+X414+X415+X 416+X 419+X420+X 421 = 1

- 40 -



(NPSG- 1

)

X114+ X 18+ X111+X114+X 116+X 117+X 119+X 122+X 124+X 125+X 126+
X24+ X 28+ X211+4X214+X 216+X217+X34+ X 38+ X311+X314+X 316+
X317+X319+X 322+X324+X 325+X 326+X 44+ X 48+ X411+X414+X 416+
X417+X419+X421+X422+X423 = 1

(NAGA-4

)

X 15+ X19+ X112+X 115+X 117+X 120+X 123+X 125+X 126+ X 25+X 29+
X212+X215+X 217+X 35+ X 39+ X312+X315+X317+X320+X 323+X 325+
X326+X 45+ X49+ X4124X415+X417+X418+X420+X 422+ X423 = 1

24
, LINDO
X39, X43
[
Min
( )
5.23 X11+ 5.23
404 X116+ 5
5 X25+ 5

2501 X34+ 10.23

5.15 X43+ 4.24

SUBJECT TO

1

)

X 12+
X21+
X 26+
X35+
X44+

25.74

1047 X13+ 4.04

5

X22+ 5

10.23 X31+ 10.23

5.11
5.15

X36+ 5.15
X45+ 3157

X11+ X12+ X 13+ X14+ X15+ X16 <=1

- 41 -

X 14+
X23+
X32+
X41+
X46

5.23
475
5.11
5.15

423
, X12, X24,

X 15+
X 24+
X33+
X42+



(#2 )
X214+ X22+ X23+ X24+ X25+ X26 <=1

(*3 )
X31+ X32+ X33+ X34+ X35+ X36 <=1

(#4 )
X414+ X42+ X43+ X44+ X45+ X46 <=1

(NAAS-2 )

X 13+ X24+ X31+ X32+ X35+ X46 = 1

(OOHP )

X11+ X124+ X 15+ X33+ X34+ X36 =1

(MOSA-3 )

X14+ X 16+ X41+ X42+ X43+ X45 =1

(NPSG-1 )

X21+ X224+ X23+ X25+ X26+ X44 = 1

(NAGA-4 )

X 13+ X31+ X32+ X34+ X35+ X46 =1

4
) 5
24 . , LINDO 25614

, X15, X26, X31, X41

- 42 -



5.2

521

51>

SEEREEFHEEE"
FE [5FiR

iz

2} vp=] SEEC| AR

5.1

10

418
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& a7

SEHETY HEY

2000

o
35
30
25
20
L
10
4]
0
na L34 1§
52
52>

L]

Mg M2 Wa HEE

rg 065 06 07 08
2y Ea g

[SPM - 3]

05 ,

(infeasible)

- 44 -



522 -2

-2 .

Heuristic Method 6

, N
, (2N + 2% ) = 24 _ -2
, -1
1999. 12. 1
1999. 12. 7
4, 24
55
[SPM - 1] [SPM - 3]
#1 47 .39 47 .39
#2 4974 4874
#3 49.18 49.18
(%)
#4 50.27 4594
49.14 5781
(%)
4 2
< 55>
, [SPM - 3] 0.2
[SPM - 3]
[SPM - 1]

- 45 -



5
)
A
)
F
or 2
ar
7
. S
02 05 06 07 08 gz 05 08 08
Y Fpa 2= B Ees| I
53

< 53> [SPM-3] :

07
09
: [SPM - 3]
. , 1999. 12. 1 1999.
12. 28 :
4, 82 . [SPM - 1]
[SPM - 3] ,
16 , [SPM - 3]
( 130 ,50 )

- 46 -



523

;‘xij = 1

[Set- Covering Problem]
, 30

[SPM - 3] 1

[#2 ]
X21+  X26+ X27+ X28+

X29

- 47 -

100

#2



[SPM - 3]

- 48 -
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[SPM -3]
, Windows Lindo 5.0
(W = 24, D = 24, @ = 0.2
-1 . ,
)

LP OPTIMUM FOUND AT STEP 36
OBJECTIVE VALUE = 25.7399998

1) 25.74000
VARIABLE VALUE REDUCED COST
X11 0.000000 5.000000
X12 1.000000 5.238000
X13 0.000000 4.040000
X14 0.000000 3.330000
X15 0.000000 5.476000
X 16 0.000000 13.100000
X17 0.000000 9.048000
X18 0.000000 8.333000
X19 0.000000 10.480000
X110 0.000000 24639999
X111 0.000000 21.799999
X112 0.000000 20.240000
X113 0.000000 31.190001
X114 0.000000 20.709999
X115 0.000000 20.000000
X116 0.000000 17.860001
X117 0.000000 16.430000
X118 0.000000 35.240002
X119 0.000000 31.670000
X120 0.000000 30.950001

- b1 -



X121
X122
X123
X124
X125
X126
X21
X22
X23
X24
X25
X26
X27
X28
X29
X210
X211
X212
X213
X214
X215
X216
X217
X31
X32
X33
X34
X35
X 36
X37
X38
X39
X310
X311
X312
X313

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000
0.000000
0.000000
0.000000

36.189999
25.709999
25.000000
25.700001
21.400000
49.299999
37.500000
12.140000

6.070000

5.000000

8.214000
79.639999
69.290001
63.930000
62.860001
44.880001
39.299999
38.110001
46.790001
31.070000
30.000000
35.360001
28.930000

4.880000

5.116000

3.953000

3.256000

5.349000
12.900000

8.940000

8.235000
10.350000
24.170000
21.400000
19.889999
30.570000
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X314
X315
X316
X317
X318
X319
X320
X321
X322
X323
X324
X325
X326

X41

X42

X43

X44

X45

X46

X47

X48

X49
X410
X411
X412
X413
X414
X415
X416
X417
X418
X419
X420
X421
X422
X423

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

20.320000
19.639999
17.530001
16.150000
34.580002
31.090000
30.410000
35.509998
25.260000
24.590000
25.299999
23.900000
45.299999
19.700001

6.667000

5.152000

4.242000

6.970000
43.330002
34.549999
30.000000
29.090000
30.180000
33.900002
33.029999
39.180000
25.959999
24930000
29.590000
24.059999
75.300003
64.139999
46.040001
61.130001
43.070000
59.240002
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ROW SLACK OR SURPLUS DUAL PRICES

2) 0.000000 0.000000
3) 0.000000 0.000000
4) 0.000000 0.000000
5) 0.000000 0.000000
6) 0.000000 0.000000
7) 0.000000 0.000000
8) 0.000000 0.000000
9) 0.000000 0.000000
10) 0.000000 0.000000
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