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Vehicle Routing Problem for the Efficient

Container Road Transportation

Sung-Inn Oh

Department of Logistics

Graduate School of Korea Maritime University

Abstract

At the present time, container transportation plays a key role in the international
logistics. The efforts to increase the productivity of container logistics become essential for
Korean trucking companies to survive in the domestic as well as global competition. This
paper deals with VRP (Vehicle Routing Problem) of delivering container in Korean
trucking industries. We examine the various characteristics of container transportation and
then propose the mathematical models considering them. Several types of formulations are
developed utilizing the standard formulations of well known TSP (Traveling Salesman
Problem) and VRP. Heuristic algorithms and Tabu Search are also presented to solve the
models. Efficiency of the proposed algorithms is verified through computational

experiments.
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<3 1-1 > Literature summary
Variants  Methodology Author and Year
VRP_PD Addlt'lve bounding procedures and insertion Vigo (199)
algorithm
Tour-partitioning heuristic Mosheiov (1998)
Exact solution and Tabu search Gendreau et al. (1999)
Neighborhood search procedure Beraldi et al. (2005)
Initial solution based on constructive heuristic, .
followed by improvement procedures Nagy and Salhi (2005)
Tabu search algorithm Fermin and Roberto (2006)
Guided simulated annealing search Urban (2006)
Cluster—-and-search heuristic Ganesh and Narendran (2007)
Local search with simple, complex and . . C
variable neighborhood and Tabu search Bianchessi and Righini (2007)
DARP Parallel regret insertion heuristic Diana and Dessouky (2004)

Local search and diversification strategy
Rejected-reinsertion heuristic

Build an auxiliary graph and then solve an
assignment problem on this graph

Xiang et al. (2006)
Luo and Schonfeld (2007)
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Characteristics Option

Container size 20~feet/40-feet

Type of container vehicle 20-feet only/combined/40-feet only
Time window Without/with

Service coverage area Shuttle/local/long distance
Objective function Fleet size required/distance (time)
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kEK (10)
iEN, kEK (11)
iEN,jEN, kEK (12)
kEK (13)
i€EN, kEK,

iEN, kEK,

iEN,kEK (15)

Z =AY HAsE YERT Al kx
Aow zhzhe] gl ~Es 3 g g9
3% ¢ gitks As 9njet. 95 &

flom, v s whzkrhA| o

= eqg 5
U B =NE s Al 4o
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=l

dubtdg o= A3 A2 TAE NP-Complete T-A0]7] wliTol LAY 27t Zavt
kg 7 glvh whEkA B o=EelA Alske R g sl ow
S olgstgdyt. aga A7t FE nEd FAe g2 £A49 sHs A
7] wEe s 2 A gk 2w AlEsi

olu} 40-feet AL AFL o]lLe Y AR FAE= gutzy

'l

2

H

B
2
%

il

N

jilfe3

o
>
)
N

s
20-feet AE %
DARP 9] EY A 29 sdsirf, w3t Zuld 23S o] &3t A3 A2 TA oA

(L
ol
|
-
et
o -
»0

—

40-feet HH oA 9] &F5& nhA Aotk <@ 4-1> 2 YukA <l DARP ¢ UES
A5 BT kARt Fukel Abds ol &9 A Adm ZACAM o] 20-feet

ol w <28 4-2> ¢} o] vhg YEYAE 7 5

y s A

depot
1\\\
/ ”’r 1

e

2 1 dc?p()f—‘pl—'m—*nf,—*ps—*r_Q—*d;,—'t'lf_.*;)()t

(

4=

AF 2 1 depot—p,—p,—dy— dy—>depot

<39 4-1> ¢¥rA 2l Dial-A-Ride WE S =
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])3 })_}
_ Py
depot\ \
/ / O
P

”T::
2% 1 1 depot—p,—dy—p,—d,—ps—d;—depot
zZ5F 2 1 depot—py,—dy,—py— dy—depot

g

<2 4-2> FHkel A o] &8k 20-feet H Ol =F UESZ

Fubel A AA §FE 2 o] W] d-feet AHOI ) FHAN HFE

g
(@]
7
fart
(S
b
i
ulit
ot
M
rob
o
=
rir
[AE
i
>
o,
@,
o
@
s
F

=5 wWEaof drh kvl 20-feet
Adoly 2FoM= <y 4-2> 9 Zo] YAXRE 27 A K] W oA A

ol Ak AL F Advkh B AoA= ol Ao B4 adste] 3%A

41 FvQ FFwe aHT A

4.1.1 dH

B o2Ad dis AAes sivle 24 gHAAE YA gAY m-TSP ey &
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YA 2E S 2y dA= dF5 B b gARESS SYAHEY e =
Er R=s gAold oF A Fukdl Ao 54E o] 835t gHALES FPAH
SHA HW 7| AFxAHANA A capacity Al 2FF pick-up and delivery A 2Fo]
oA 7] i m-TSP +x2 SAE "4 F Aok 7£9 @ =EdA ok
stal E& 2 Q] m-TSP ol thgh o] AAHU & =Ed M= Insertion ¢ize]&F

oL

& ogete] wAlE o, m-TSPaiy @Al et F7F AW kA &=

<O 4-3> & AA daelse] 9 dolt

0

______
----------

25F 1 ¢ depot—ps—>py—=>d—>dy—py—d,—p,—d,

2-5F 2 1 depot—ps— py—>d—>ps— ds— dg—p-—d-

< 4-3> AA dags I o

<HAzE Z2¢H dA>

wA <O 4-4> 9 o] BE 40-feet AHOIY HA2E A4S Gt =R

22y g
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e =4 g0 20ft HEOlY ==
»

Y
\
Y

D3

Py depot

1)1 r'f_. 0O
Ps

<7 4-4> 40-feet T E oY BEH2E FHAH

2E 20-feet AH Y HALEE vy 22 dAR S22 3o

Step 1 Zhzbel gl ~ES SYay i A% (Q) & A4
Step 2 Al &= ghol Ao AFH QE 4=
Step 3 Qo 4% gA2EV 2gHo] lowl Ao dd Ho ¥

Step 4 Q7F ATl Hd FYAH HA €L dALE 24 40-feet
E

1o
iy
)
[>
o
_>J‘_ll
iy
ol
L
1o
b
i
il
iy
)
[>
o

el A AN GAUE <Y 44> EAE APs B et gt

WA <1g 45> 9 ol 247he] 20-feet AHoIY FHiEd W Q= A
. 2ea8 g4 A qe) Adst ge ddssse A wasd 2}
b Axp fow i AFow AdH

Step 1 & T3t 4~

b

1 e A Q:{T:zrlaTsTstTG} =AY & o
g3l Step 2E5 FAsA FeaH d AR Q=lfetrgreryr,rgrs | =

<Y 4-6> 1 o] HAAEV Sy "ok
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<2 4-5> 20-feet AHOIY HA2E FeaH A A7 A4 o

._......'__ LEg) gang

3
o
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<19 4-6> 20-feet AH| oY FHE FE2H

mpA Rt o w2 Step 4 5 A HY HARE FYAH gAYV FERAY HARE
Y2E GAE §5 AR AYE =

== 1 p—d, B 21 pods, =5 3 pyop—di—ds,
= 4 popyodiopsodi—dy = 5 pyod,



412 49 2 34

SAq AAE 3

==

W vheksh BAAbel =gt el AeAA HAS AAseh
Az AL FAE < =

20-feet Bl ~ES) 5 thFabAl nakith ela Ao AL Ao £ NS
500/900 o2 AAson, zk gHA=E e LIAN AxE AA gHA=EY
20% 7} 200 Bep 2 S (S) 9F 80% 7} 200 Bk £ A (L) 2
MpAEE e 2 7h emghe] SAZEE 50 o4 200 Abel o] W FAs g

&
n
0
vV
&
N
9
o
©
©
=
o
_0|L
r
L
A,
[>
(m
a
o1
)

<3 4-1> Experimental cases

YA~E 5/ T ewAzn YA~E 5/ o a7
Case 20-feet /\ﬂ HALE (i) . Case 20-feet /\ﬂ HALE (i) .
T T
1-1 5/2 500 S, 5-1 5/4 500 S
1-2 5/2 500 L S 5/4 500 L
1-3 5/2 900 S 5-3 5/4 900 S
1-4 5/2 900 L 5-4 5/4 900 L
2-1 5/2 500 S 6-1 5/4 500 S
2-2 5/2 500 L 6-2 5/4 500 L
2-3 5/2 900 S 6-3 5/4 900 S
2-4 5/2 900 L 6-4 5/4 900 L
3-1 5/3 500 S 7-1 5/5 500 S
3-2 5/3 500 L 7-2 5/5 500 L
3-3 5/3 900 S 7-3 5/5 900 S
3-4 5/3 900 L 7-4 5/5 900 L
4-1 5/3 500 S 8-1 5/5 500 S
4-2 5/3 500 L 8-2 5/5 500 L
4-3 5/3 900 S 8-3 5/5 900 S
4-4 5/3 900 L 8-4 5/5 900 L
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A 32 7kA1 €] gl dal aHE Agste] RS dAstded, 24 Aed ke
A di=r, e e AE SAEA 48 (PD & 27 0% Cplex & )&
atol Bs Tated

A% A <E 4-2> 9 Zo] BE ASA dye dirt AAdEer dA sl on,
20-feet HA2E 7 B 2% 4 AU 28 A (D) o] 5 7HE AF =
7b ZolAE AL & F Utk o= 20-feet HALE BEFE FH2H HE gF
2E7F obAlaL, T 7 AAY WA Bobd & dvkE AbdE ety gl
datolry, zelar BE A9-ollA Cplex o #3 AJzko] it skl ol Ala] At
Fooy dugFe 43 AR sHwor FA d3Es FAT F d= 9

B2 AL AEE B

<3} 4-2> Experimental results

Case zjzz Cplex = &3 Case zj;z Cplex =4 4l
1-1 3 3 5-1 2 2
1-2 3 3 4 3 3
1-3 2 2 5-3 2 2
1-4 2 2 5-4 2 2
2-1 4 4 6-1 4 4
2-2 5 5 6-2 5 5
2-3 2 2 6-3 2 2
2-4 3 3 6-4 2 2
3-1 3 3 7-1 2 2
3-2 3 3 -2 3 3
3-3 2 2 7-3 2 2
3-4 2 2 -4 2 2
4-1 4 4 8-1 4 4
4-2 5 5 8-2 5 5
4-3 2 2 8-3 2 2
4-4 2 2 8-4 2 2
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3hof

2.

=

Cplex & 9]
Al A ste] sy

2 ZAL WAFsHA

<3 4-3> Experimental cases with large sizes and results

Fat7] ofe e @7} &2
gal mah Ao A Az

s

49 23t fo@ A

YA LE

A2 F A AA 7F
(sec)

A~E
Case =4

&

IS

A AA 7F
Case

IS (sec)

&

300

i

211 1604.94

1-1

1-2 500

1-3 500

1-4 500

1-5 500

1-6 500

1-7 500

1-8 500

2-1 300

2-2 300

2-3 300

2-4 300

36 66.90

80 65.46 2-

36 281.82

31 286.80

133 300.72

36 694.32

31 642.24

137 609.90

56 461.04

126 477.60

56 1900.44

1856.40

2-5

2-7

2-8

6 300

300

-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

126

300

1000

1000

1000

55 4281.36

126 4535.64

213 4001.16

70 1220.34

156 1248.12

70 4674.48

1000 157 4670.28

1000 263 4401.78

1000 69 9997.56

1000 158 10026.06

1000 265 10152.48
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Pz gurel Agwe nEe SAd d@ sy (HAD I 59
sk = 2d24H @494 moTSP R BAR Yol 2@4d wAd A 4
e FeaE g wss AA esolr] WE X @il AAN A
WMol 2 EAdAE NELSS ddown dy] Wi e
2 71 O/D ol ol wARY. wEA HAI % 2e] O/D

e 928 U wEe AYste] w=g FUsH @& F 2928 © 0D A

i

pick-up and delivery x=

get B FPes A4S BE BFe 399 W4 wEa PPz e

TAT 5 oolv AwnHon w AEEEAA AROD) S 104 Ren #44

HaEH w@Ad g sHow
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Step 1

Step 2

Step 2.1

Step 2.2

Step 2.3

Step 24

Step 2.5

Step 2.6

Step 3

HE= 40-feet AH O PAXE Zhzba shite] mER S iH

20-feet ZH ol BHARE Fej2H

20-feet ZH oY HHALEE 7= AH F(d) A g8 =5
T3
N, ={1,2,....d}, Ny={d+1,d+2,...,2d }, N=N,+N,+{0}

=7k g aEl e FHAH i A (Q) A4

¢

Qb BAFl Hul Fel2H ¥4 ge AAAE Z42he shi

d=00°] & w7A Step 25 HHE
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<HHAA 9 Ad>

E}F A R] (Tabu Search) & <17Fe] 71A#AL o]&st Aoz QFTA%H Fofd A

AvE g 7125 ® ZWelth A% Gloverdl olalq @Al Pz A=)

51, Hansen o €814 A& 0% 7% ofoldelst A4 MLk i A= 3749 7]
249 E4e] gk A WAL A% 4hol Y& AFH JAFEE AETE
Aolx, F WAL BResEst AUslES FI ATH §A42 sk Frks Aol

begin

Z7] 49 JtedE AA

Repeat(H ©]7 sl 7de] gl& = 74A)
Ns & 4A
3 F7}
Ns oA 7} & & bestS = &4

B e
Until stop

FIEAE Fa A

ol
il

R A&

ofi

=

end

<I2¥ 4-7> EFRAA9 G2
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<EHF-A A LareE>

Step 1 B 40-feet A" ol EHA2E ZH7bE svte] w22 F82H

Step 2 20~feet Z1H oY HH2EE /AT AR T () s ==& 34

N, ={1,2,....d}, Ny={d+1,d+2,...,2d}, N=N,+N,+{0}

Step 3 EFF-A A G A

Step 3.1 (&7]8] ©&A)

77ke) wE g Fe 2 dte] 276 A
Step £ Sl A A8 (bestS) 24

Step 32 (o]x3 &4 &4

Zzhe) wE A (1) S WA F2E RN AAdRL e 2

Step 3.3 (3 B7} @A)
Ns & Insertion ¢3e]& & ©]-&stol B7Hgk (tempS) & 9.
bestS < tempS ¥ bestS=tempS, r, = tL o] 5E3F3 Step 3.2

o2 olF, 1¥EXx oW Step 342 o]F,

e

A2 FH)

Step 3.4 (73}

Step 4 AAdd 292y exd dASH AHY =% Hdd &9

Step 5 d=00°] & wW7}# Step 2,3,4F HtE
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422 49 2 34

2

Chung et al.(2007) oA o]&% AA dolgol wsf 2 d3da st HAI

=
2 Ao A AAT HAZE TAE F A9 siHor Faste] Alu F48 300

&

>

<FE 4-4> 9} <F 4-5> % o FAHolY 4 IJARFH d& AR, 7 AW
% EF7 29 A7 UEdn, BE B2 53 AgHool s, £4H=
= Agoly = 100371, A-LS 8oy, a8l BE A= Fulel A Aol
W, 7hgarEe 93, ZF Aol Hul 3 A7k 8 A7 Aol A-akal A7k
S5Roz 7HAsY
<3t 4-4> Data for transportation orders
From To A 9 3 A4 ) A} o pa el A= U.T.C
30(40") 1 48
e 8(20" 3 15
. 8 36 47
4 24 13 3
25 1 13
&9 5 2 13
29 17 11
A 6 28 10
26 8 48 28 23 46 3
A 15 20 3 6 16 17 18
. 41 9 45
EE. 5 9 28
. 7 38
B 15 6
45 4 10 32
UT.C 29 29 22 22
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<} 4-5> Travel time matrix (unit: min)
From To a4z 3 & A7 o) At o A 4= U.T.C
adT 0 50 30 40 30 30 30 35
T9 0 30 40 30 35 35 35
A 0 10 30 35 35 25
Ald 0 20 25 25 20
244 o 0 5 5 10
A 0 5 15
ER=y 0 15
U.T.C 0

<E 4-6>2 A A b2 sl tigk 3
9 545 olgste] B4 d9s =9 24

sl 8 2% 7 Bd YA (hour) +¥ A% A AL A3 (sec)
HAI 7.464 67 5004.238
HA2 7464 67 5.625
TA 7.616 53 308.762

< 4-7> 3 ol MY G Aol thal & Aol AT siHs 73
E

Case 1< Cheng et al.(2007) o] A9 &Lt
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SAZ] Ao, v A= WY AAGS EAoth WY EAE dFs & dax A
HALE TAZ HAZ B} Ro] AeAW = 9 Aa8E A% ¥ 4 Avk
<3# 4-7> Random experimental cases and results
AR % Sqg AT AR %/ Szt ANAD
Case i ™ T/ 6‘“% B/J' (&) ] ‘ Case ™ j 6‘““& . (&) ‘
EA = (sec) 7 g = (sec)
HA2 89 10.83 HA2 109 17.41
1-1 -/1533 3-3 7/2038
TA 70 6566.20 TA 81 2214.63
HA2 99 12.92 HA2 85 14.45
1-2 /1712 3-4 7/1830
TA 66 8636.75 TA 66 2694.61
HA2 120 22.39 HA2 109 24.91
1-3 -/2153 4-1 8/2272
TA 89 7807.31 TA 81 9490.17
HA2 158 41.56 HA2 121 20.15
1-4 -/2710 4-2 8/2165
TA 112 7.06.60 TA 91 11632.02
HA2 78 6.97 HA2 126 20.73
2-1 6/1474 4-3 8/2071
TA 57 470.61 TA 92 9238.69
HA2 55 5.66 HA2 113 25.16
2-2 6/1261 4-4 8/2264
TA 49 267.69 TA 89 7662.67
HA2 89 5.98 HA2 114 23.45
2-3 6/1443 5-1 9/2139
TA 55 387.34 TA 92 33603.00
HA2 59 5.59 HA2 99 28.00
2-4 6/1382 5-2 9/2330
TA 44 452.59 TA 82 28349.40
HA2 114 21.34 HA2 93 23.33
3-1 7/2014 5-3 9/2268
TA 97 1722.38 TA 77 47113.36
HA2 89 20.13 HA2 120 26.58
3-2 7/2133 5-4 9/2394
TA 67 2142.02 TA 91 39441.41
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e
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tel &

o 20-feet -8 AFF 40-feet A& AF7HA LI

=4
N1

delivery

=

2 pick-up == O&

Fge) WEEAE oA A7

o
=]

WA 4]

i3

A

ol

A el e

40~feet TAH oY EFS

A 2kl

°
T

40-feet A& AHF

]
HE

20~feet AE ol EFR

2F ol

S ootk webd A8 A

A7) A A3 Insertion

Eay

31 A

9
&)
=

&%

A

G

o}

2 H

e = F9

3|

R
1

pick-up ==} delivery ==

N

©

9/]

I

ST

L

o
=

R
1

A

&

424 o A

o

i3

g 74

7] sl

=z

Ho]E o8

ok
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Insertion

A
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o~
A

Z 9

2 73
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ol

o] 53
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1
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begin

Z7] 49 TtedE 24

Repeat(d ©]% &) 7HAido] gla Wl 74A)

A4 2% (Insertion Yilels)
FuRel A= (TA)

Ns oA 713 =2 &) bestS & &4

el e

Until stop

end

<Y 4-8> sy %

<z7l& 2A>

L

of 40-feet Z1E| o= 40-feet 7-& Ao

i)
o
=
Ak
n
>
fm
rir
[\
T
T
e}
L
o
)
oft

Fenh Telal 74 AR sk Aol 23 Alzbo]l @A elY] wWiEd €id A

B Aol A zrlelE 2Aste s <ad 4-9> 9 Zu L= A" ko

g gHARES B Adske b Age Hd Ao, ¢, = BHEE 9
29 pick-up =29} delivery =5 Abo]e] Agloelt). Zm TEx Ao &
o 23 Alztel™, 0 = 9] YALES A TdF & o 7 e AL

7F ket

ol
it
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begin
elel A (ke A
gole] FA=E s () AEH Ao

Ly=t;

et
oft

Repeat(d o] &€3& gH2EV & W 71X])

67F Aol PA2ES A9

.

If L,+60< T then
G eHA2EE ko F
L, = Min(L,+6)

else stop;

Until stop

end

<18 4-9> Z7)8) LdagE

s <ad 4-10> 3 el 7 Aol FIHE YHAAER PAAL AL

= 7zt 2uld ivka b (K 20-feet A& 2%, ko Fukl 2%, ke 40-feet A

of
2

o

) atar GAAEE 20-feet AT 124 {1, 2, .., 12} 9 40—feet A o] 87
{13, 14, ..., 20y ©& 20707} Qivka 7pAgau),

k1ol &95 ZA~E L s 12
k2ol @ HA=E 349, 11

P = k19l %%% HA=E] 2, 7, 14, 17
k2o &3H gAXE 5, 6, 10, 20
k1o 2R 2isE 13,16, 19
k20 23E feaE 15,18

<I1¥ 4-10> 3¢

=5
[-4 {
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sk ol 2718 ARLYEL o] f3te] FAldl U /AT AR AWL B
S BREZ ArE PARE 9 10% 2 APRPDOH, BREZS 59 o|Fo]
2

TR AAHE o Ay,

Step 1 HAXE Q¥ zof whe} shte] gHAES HA g
d) k1= (1812 k1 =1271417 k1= (31619
k2=(B491D k2=(G61020) k2

= (15 18)
Step 2 AAE YAEET} o5 F v B AAE Ns2 dAg¢in
o) ofefo} o] rlwaled A5 Ns= g}
k,1=(8 12) k1=(2 7 14 17)  k1=(13 16 19) s
k2=(1349 11 k2=(561020)  k:2=(15 18)
k,1=(8 12) k1=(127 1417 k;1=(13 16 19) 2o
k2=(3 491D  k2=(5610 200  k2=(15 18) @
k,1=(8 12) k1=(2 7 14 17)  k1=(13 16 19) B
k2=(34911)  k2=(1561020) k:2=(15 18)
k,1=(8 12) k1= 7 141D kl=(1131619) | njw
k2=34911)  k2=(561020)  k2=(15 18) El
k,1=(8 12) kJ1=(2 7 14 17)  k;1=(13 16 19) 2o
k2=(34 911  k2=(5610 200  k2=(1 15 18) El
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del AN Ns F B B A9E AHRH 0-feet AH Y 2
2ETL d0-feet MG Ae) FFH Fb o vkl H, aen A BT Ao
8 Az 27 A9 92 5 Ak v w3, PASE 12 20-feet AH
ol @l =E0)7] WE] d0-feet MG AHQ kil T k22 AT F gk 2l
A% k2T AASE 12 F42 AT A9 g ST Ao 2@ A 295

7] Wi k2 =(12714 17 EVlsdeEgan & ¢+

b G A F W Aotk XA AFH ANY 4§ AL Insertion
gmezel o Ag A AA B A AH ge T 5 Ak v Pt
A AFE 428 A AT TANHS o &3] A WE £AF AMsE WO
2 Fukl A A4 2 AR A e 7Y+ Aok mebd g F 29

A G A F oA AR Fue A% F oA AR Fom I

27188 Ao sl Ns o @48 A% a7 drh Ns oA 259 25 F /)
dud 9 o A4A9 HA6, Br

2ES 4%, whdd dAqtA =Ed b £2 dlEv 2 497 fled
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<3 4-8> Experimental cases and results

Case YA2E > B aF % A ZbA 2 Case FArE > B aF % A ZbA 2
i o > AL (sec) G T > A (sec)
1-1 9 10 9 3273 2.3291 3-1 17 20 18 8471 5.0322
1-2 9 10 9 3410 2.4531 3-2 17 20 18 9651 6.7968
1-3 8 10 9 4048 1.5468 3-3 17 20 18 9653 7.0781
1-4 9 10 9 3611 1.9365 3-4 17 20 18 9982 7.0634
1-5 9 10 9 3561 25312 3-5 17 20 18 9223 8.5000
1-6 8 11 8 3182 3.0312 3-6 16 21 17 9448 8.8896
1-7 8 11 8 3674 4.9843 3-7 16 21 17 8019 10.5322
1-8 8 11 8 3312 2.0458 3-8 16 21 17 9140 11.7959
1-9 7 11 8 3884 40312 3-9 16 21 17 9870 6.7968
1-10 8 11 8 3665 2.7500 3-10 16 21 17 9424 5.0781
1-11 9 9 10 3980 2.6572 3-11 17 19 17 9485 5.4072
1-12 9 9 9 4287 1.9531 3-12 17 19 17 10101 7.7968
1-13 200 9 9 10 5040 1.9687 3-13 400 17 19 18 9917 6.3750
1-14 10 9 10 4491 2.1718 3-14 17 19 18 9037 5.3906
1-15 10 9 10 2019 2.9853 3-15 17 19 18 9680 7.6396
1-16 10 8 9 3828 1.9687 3-16 18 18 18 8759 10.0634
1-17 9 8 10 3709 2.3583 3-17 18 18 18 9774 6.9521
1-18 9 8 10 4663 2.8583 3-18 19 18 19 6170 7.3134
1-19 9 8 10 5215 2.0146 3-19 18 18 19 9290 9.4531
1-20 9 8 10 4513 3.6718 3-20 19 18 18 7013 5.2666
1-21 10 7 11 4426 3.8896 3-21 18 17 18 9659 7.4218
1-22 10 7 11 3054 2.4052 3-22 19 17 18 8279 5.6083
1-23 10 7 10 4356 2.4687 3-23 18 17 19 10088 11.0468
1-24 11 7 11 4325 1.6083 3-24 19 17 19 6915 5.7656
1-25 11 7 11 3907 2.2500 3=25 18 17 19 9613 11.1084
2-1 13 15 13 3404 4.8438 A 21 25 22 10297 13.7959
2-2 12 15 12 6867 4.7969 4-2 21 25 22 11028 15.6563
2-3 12 15 13 7393 3.6719 4-3 21 25 22 11184 16.2022
2-4 12 15 12 7750 3.9688 4-4 21 25 22 11921 14.9531
2-5 13 15 13 3977 5.7813 4-5 21 25 22 10436 18.4697
2-6 13 16 13 5783 3.2969 4-6 20 26 21 12216 9.7646
2-7 13 16 13 7554 5.5928 4-7 20 26 21 11054 14.5167
2-8 13 16 13 4895 3.5469 4-8 20 26 21 12459 15.3584
2-9 13 16 13 3310 5.3281 4-9 20 26 21 12097 15.7031
2-10 13 16 12 5501 5.3438 4-10 21 26 21 8640 19.7734
2-11 13 14 14 8054 2.8281 4-11 22 24 22 5863 13.5938
2-12 13 14 14 6835 3.3428 4-12 21 24 21 10728 20.4219
2-13 300 13 14 14 6861 6.4697 4-13 500 22 24 22 7177 16.4688
2-14 13 14 13 5243 6.4531 4-14 21 24 22 7256 20.9531
2-15 13 14 14 7341 4.3138 4-15 22 24 22 5863 13.7667
2-16 11 17 12 6596 41719 4-16 20 27 20 11666 12.5469
2-17 12 17 12 6731 5.7188 4-17 20 27 21 11258 12.5928
2-18 12 17 12 3700 7.0489 4-18 20 27 20 11896 18.4053
2-19 12 17 11 6182 35147 4-19 20 27 21 12508 12.3281
2-20 11 17 12 6416 4.0615 4-20 20 27 20 12531 10.4678
2-21 14 13 14 5993 41104 4-21 22 23 23 12065 10.5615
2-22 13 13 14 7821 3.0928 4-22 23 23 23 9355 14.7197
2-23 13 13 14 6428 47031 4-23 22 23 23 8037 20.0938
2-24 13 13 14 7497 4.3916 4-24 22 23 22 12585 13.1865
2-25 13 13 14 6187 6.5000 4-25 23 23 22 5293 21.3115
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