Y] a d
lususeInenuNUs
TaumadIngds AHINNSHNEAIIIANS

Anssumdasapiuda GAINTsuAToIna)
Saan

RINTTUIATOINA RINTTUIATOINA

a1 MAIF

v 9
@ L o ax o @
5o maanuazmslszgnd lsnuduneultnugnssudsianauuuraie

v J

ANUTUNUT

The Development and Implementation of Hybrid Encoding Genetic Algorithm

with Multi-Relations

U

2 o o Ia o a
HINNIVY HWHNNT Wi I%se Tyd

lanarsanvivryeulas

Usemunssums

( 59N anT1381/50i5 Ia25504, Ph.D.
NISUMS

( soamansmTdlszney a3imunssal, PhD.
NISUMS

( seemans1136Use lnes quicnl 2 ogsen, Ph.D.
NISUMS

( A¥emnaninnsdite @z Indug, PhD.
NISUMS

( TOIMNANTINGIANNTTY NIBIYF, Ph.D.
WININNIAIN

( 5OIAEAAI19136%I80 NAATENIS, D.Phil.

%4

A A o a o d
HNAINEQE NT‘iTJTIfnaﬂ!ﬂﬂﬂ§ﬂ1ﬁﬂ'§'§ﬂ'§®ﬁ!!€{3

= A
HUN 110U N.f.




a a J
ANITUNUD
A
INIIN

ad o Y ]

@ L 3
ﬂ’]iwwuulﬁgﬂ’]iﬂﬁgQﬂ9]1‘]9)'}\1']usllui;]@u’l‘ﬁwuﬁﬂiiﬂﬂniwﬁWﬁll

v o
UUUARAIANUTUNUD

The Development and Implementation of Hybrid Encoding Genetic Algorithm

with Multi-Relations

Tag

[ @ Ia o a
HWHNNT Wi I%e Tyd

U

% a A [ a [ 4
UUNAINYIAY UKRTIINYIAUNHATATNT
4 Jd ] a a % a a 4
Lﬁf’]ﬂ’ﬂllE’fllyjiﬂlllﬂQﬂiﬂgﬂﬁ’lﬁ’lﬂiiﬂﬁTﬁ@]iﬂHJ;d]llﬂ!“ﬂﬁ ('Jﬂ’JﬂiﬁJLﬂ?@Qﬂﬁ)

N.A. 2551



(% % /A o a @ o 3 a @
qins Waniidoled 2551 Msnauaznslszgnaldaudunoulsiugnssu
@ 1% @ 4 a a @ a
WhsWarauuuurateauduius USyaimnssumansquiiuge
AAINITUIATEING) T1VIFIAINTTUIATOINA MAIVIAINTTUIATOINA

% a

{ s
UsgsunssumsndSaw: sesmansinisdilsaly 3aassal, PhD. 133 ¥ih

EX) q

9
Ay A4

= s A o 20 ¥ 2 ad o Y o
MsfnytLalszastioRan ez lszgnd ldnuTuneudsugnIsuans e
[ v 4 4 a @ H 4 1

HeuuUUraeANduRusieudlymmsAunesninauviidudeuss Mg

= k) 1 Y A 3; @ [ - J oy @ A A a
goalvaadu uaazdulanimmin lumidusazaniminasnusenlasunilaauna
ax A o d? 9 o o [ o S A = A
ABMINNANVUILIVIHAHAUAUTEN QYT WAL NLTAIDIYATDALALIAVFIUADIN

= 9 A ° o A ' o Y aa Y D] 9
HaaDuaUFeN snsAaden Ins Ty TeuweuunuiaeI519a0ided Ty Tsnsdiunan

v A & A 9 v % T & A o

HUDYARARSITAUHARNIZDYTIU DI 1FMINAENUFUUDAAUAMFINHARNIZIAUTIUIY

3 o [ 3 1
11 ‘Vnﬂhlitlf]ﬂa@\iﬂ‘]_l‘]_lﬂluw']ﬂ]u']ﬂ@\ul@] 20 INYDN 5\1 30,000 yng0a

1 [ % 9 A 9 1 ~
nnmsnaaesnuNaesdlsiloudiivanzan 1dun vunavesdszannsi
v o Jdo ° 1 Av J ' ' U ] 3
duiusivvuavesilym SwaugudTannnsliaszning 300 9 400 3u AaNuRzTY
9 = 1 9 = ] I v A [
YBINIVIWHINUAITENINITBEAZ 20 DI 60 LAzANVUIILITUYBININAEHUTUAITENIN
9 = d? (K 1 A A o d? Y Ao
Jo8az 30 04 80 YuvdNUVMIAYLLTlYKI tazwuIITMINHaNNVUE T aUAT YL
yia liinu 100 yagea laodrelidszansam Tasawisoandunuanaunialalszuna
$ooaz 50 dmsvilgmtivunamunit 100 agea ua linu 1,000 9sen FWIT0AA
Y A ) v Ao a '
Aunuaraun Iddszanadosas 20 nazilymniivina@munii 1,000 yagea zasnan
Y 1A Y ¥ 'Y 2 ' Aot
AunuanauneIddosninioesas 20 e luilywinaluguinitsmiugasen 30,000 90
9 a vy 09/’ Y o ax A o d? Y.
oA ANTDAAAUNUMTIAUNG IaTesaz 6.07 MiniulatinsmsiNaIuAlymins
Tadumuausonuuiutazdedudwazimuaanimaiasg lasimuamdlstlowdn

mzauauRansnaass wunamsoasdaunulunsvudsldiosas 453 09 49.4

A A aan A A
AYUDYOUTN ﬁ’]ﬂll'ﬂ“])'@ﬂiz‘ﬁ']uﬂiillﬂ'ﬁ



Supat Patvichaichod 2008: The Development and Implementation of Hybrid Encoding
Genetic Algorithm with Multi-Relations. Doctor of Engineering (Mechanical
Engineering), Major Field: Mechanical Engineering, Department of Mechanical

Engineering. Thesis Advisor: Associate Professor Poranat Visuwan, Ph.D. 133 pages.

The aim of this research is to develop and implement the hybrid encoding genetic
algorithm with multi-relations in order to solve a traveling salesman problem with multiple
arches between vertices, various weight in each arch, and constant or time-dependence weights.
The developed algorithm employs two types of encoding methods: integer encoding which
indicates the vertices and binary encoding which indicates the arches. The parent chromosomes
are chosen by random. The one-point crossover method is used only for the binary encoding
whilst the exchange mutation technique is used only for the integer encoding. Experimentally,

the problem sizes range from 20 to 30,000 vertices.

From the experiment, the proper input parameters include a population size relating to
the problem size, generations in range of 300 and 400, probabilities of crossover in range of 20
to 60 percents, and probabilities of mutation in range of 30 to 80 percents depending on the
problem size. In addition, the developed algorithm can effectively solve problems. For the
problem sizes under 100 vertices, the algorithm can reduce the traveling costs of about 50
percent. For the problem sizes between 100 and 1,000 vertices, the algorithm results in 20
percent traveling cost saving. For the problem size over 1,000 vertices, less than 20 percent
traveling cost saving is achieved, whilst at the 30,000 vertices the traveling cost is reduced by
6.07 percent. Thereafter, the developed algorithm is applied for the problem of the pickup and
delivery vehicle routing with traffic conditions by using the proper input parameters from the
experiment. The results reveal the reduction in traveling cost, ranging from 45.3 to 49.4

percents.

Student’s signature Thesis Advisor’s signature
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MANUIN



MSNHINT 1 #aN1SNARIMIUIATILTETINT N) Mranzau

Vavealszns (N)

VerticeSize
VerticeSize / 10 VerticeSize / 5 VerticeSize / 2 VerticeSize 2 x VerticeSize 3 VerticeSize
20 Cost Saving (%) 4513 (9.41) 4793 (6.11) 62.78 (3.87) 64.34 (1.58) 65.63 (4.17) 65.83 (2.96)
Conv. Rate (%) 38.18 (14.78) 42.09 (7.56) 42.24 (8.49) 53.28 (1.66) 58.13 (6.33) 58.77 (5.24)
Run Time (3117) 0.39 (0.05) 0.39 (0.05) 0.77 (0.06) 1.54 (0.11) 3.09 (0.55) 4.63 (0.15)
40 Cost Saving (%) 34.09 (5.79) 47.94 (1.68) 57.91 (1.12) 59.21 (2.07) 61.09 (2.51) 62.07 (1.06)
Conv. Rate (%) 29.11 (4.56) 40.75 (3.77) 45.44 (1.39) 47.04 (4.00) 47.37 (2.25) 48.61 (4.50)
Run Time (3117) 0.39 (0.08) 1.16 (0.08) 3.09 (0.25) 5.79 (0.12) 11.96 (0.59) 18.13 (0.55)
60 Cost Saving (%) 36.15(6.28) 44.02 (2.78) 54.62 (0.85) 56.11 (4.88) 56.20 (1.65) 57.46 (2.28)
Conv. Rate (%) 30.12 (5.25) 35.95 (4.16) 41.12 (1.31) 46.11 (7.57) 46.28 (2.48) 48.71 (4.31)
Run Time (3117) 1.16 (0.32) 2.31(0.17) 6.56 (0.62) 13.12 (0.54) 26.62 (0.04) 40.12 (0.49)
80 Cost Saving (%) 36.26 (3.95) 40.13 (0.84) 48.42 (3.39) 48.84 (2.66) 51.52 (1.52) 52.54 (2.53)
Conv. Rate (%) 27.70 (6.66) 29.29 (1.00) 39.41 (3.16) 35.59(3.48) 42.77 (2.86) 45.71 (4.39)
Run Time (3117) 2.31(0.10) 4.24 (0.62) 11.19 (0.53) 23.15(0.23) 46.68 (0.55) 71.76 (0.19)
100 Cost Saving (%) 32.55(3.39) 38.12(5.07) 42.43 (0.99) 44.96 (1.34) 45.02 (2.26) 47.03 (1.95)
Conv. Rate (%) 25.84 (2.14) 28.06 (4.42) 32.44 (2.07) 34.97 (2.81) 39.81 (1.55) 43.56 (2.34)
Run Time (3117) 3.47 (0.06) 7.33(0.35) 19.29 (0.64) 35.58(0.77) 79.09 (0.54) 121.91 (0.48)

LOT



MIHUINN 1 (91D)

Vavealszns (N)

VerticeSize
VerticeSize / 20 VerticeSize / 10 VerticeSize / 5 VerticeSize / 4 VerticeSize / 2 VerticeSize
200 Cost Saving (%) 22.10 (3.04) 29.13 (3.68) 31.19(3.27) 31.64 (1.63) 33.94 (1.85) 34.24 (1.09)
Conv. Rate (%) 16.73 (1.56) 16.64 (2.98) 24.99 (2.77) 24.45 (1.64) 27.22 (2.34) 29.53 (0.61)
Run Time (3117) 8.1 (0.09) 15.05 (0.19) 30.48 (1.09) 40.12 (0.55) 81.4 (0.55) 165.51 (1.90)
400 Cost Saving (%) 16.94 (1.70) 19.57 (1.14) 20.61 (1.02) 21.07 (1.36) 21.66 (2.12) 22.29 (1.25)
Conv. Rate (%) 11.66 (1.04) 11.18 (0.86) 14.78 (0.78) 15.68 (2.39) 18.2 (2.55) 21.27 (1.63)
Run Time (3117) 32.79 (0.94) 64.04 (0.59) 131.17 (0.47) 164.74 (1.55) 338.73 (1.81) 685.57 (1.44)
600 Cost Saving (%) 13.38 (0.2) 17.39 (1.14) 19.27 (1.56) 20.08 (2.04) 20.42 (3.11) 23.0(0.37)
Conv. Rate (%) 9.29 (0.42) 12.40 (0.98) 12.84 (1.09) 14.27 (1.76) 14.86 (2.88) 17.29 (0.7)
Run Time (3117) 72.15 (1.45) 158.18 (1.09) 306.33 (1.60) 391.98 (2.64) 774.69 (3.32) 1611.88 (10.54)
800 Cost Saving (%) 12.6 (0.73) 15.3 (0.92) 16.11 (0.25) 17.23 (1.59) 17.99 (0.45) 17.97 (0.43)
Conv. Rate (%) 8.23 (0.88) 10.01 (0.94) 10.7 (0.97) 12.7 (1.59) 13.13 (0.69) 14.7 (0.84)
Run Time (3117) 129.24 (1.94) 279.32 (1.75) 572.15 (2.56) 712.58 (6.52) 1500.39 (12.3) 3026.23 (9.81)
1000 Cost Saving (%) 10.8 (1.8) 13.75 (1.65) 15.08 (1.18) 15.56 (0.91) 15.39 (0.84) 15.96 (0.92)
Conv. Rate (%) 7.12 (1.82) 9.57 (1.88) 10.36 (0.82) 10.73 (1.08) 10.33 (0.31) 11.65 (1.39)

Run Time (3u1ﬁ)

212.19(1.82)

441.36 (5.51)

898.53 (5.20)

1142.36 (6.62)

2322.15 (10.10)

4797.07 (8.93)

801



MIHUINN 1 (91D)

Vavealszns (N)

VerticeSize
VerticeSize / 50 VerticeSize / 20 VerticeSize / 10 VerticeSize / 5 VerticeSize / 2
1500 Cost Saving (%) 7.3 (0.57) 9.94 (0.69) 10.96 (1.88) 11.16 (0.83) 11.51 (0.70)
Conv. Rate (%) 5.04 (0.38) 7.07 (0.58) 6.61 (1.43) 7.09 (0.25) 8.7 (0.60)
Run Time (3117) 181.71 (2.38) 522.76 (2.90) 1059.41 (5.77) 2188.66 (11.48) 5484.95 (15.67)
2000 Cost Saving (%) 6.71 (0.2) 9.39 (0.77) 9.89 (0.45) 10.09 (0.63) 11.02 (0.15)
Conv. Rate (%) 5.12(0.5) 4.91 (0.82) 5.85(0.26) 6.34 (1.01) 8.26 (0.29)
Run Time (3117) 324.85 (1.97) 926.31 (3.93) 1871.53 (1.59) 4000 (9.87) 9971.84 (15.96)
2500 Cost Saving (%) 6.13 (0.51) 8.96 (0.29) 9.14 (1.3) 9.2 (0.67) 9.37 (0.05)
Conv. Rate (%) 4.4 (0.82) 4.88 (0.14) 6.07 (1.3) 5.92 (0.48) 5.95(0.56)
Run Time (3117) 545.14 (10.33) 1553.63 (14.03) 2985.34 (19.91) 6096.84 (11.19) 19366.51 (35.81)
3000 Cost Saving (%) 4.99 (0.25) 7.38 (0.75) 7.75 (0.82) 8.09 (0.75) 8.17 (0.43)
Conv. Rate (%) 3.59 (0.20) 4.77 (0.87) 4.70 (0.73) 5.13(0.81) 4.71 (0.56)
Run Time (3117) 854.17 (5.02) 2141.59 (3.37) 4381.94 (9.94) 8878.86 (36.91) 28826 (58.09)

601



MINWUINT 2 HANIINABDIMITIUIUTUMIITAUINST (G) MU

IUIUTUMIIIAUING

VerticeSize
100 200 300 400 500 600

20 Cost Saving (%) 39.4 (2.48) 55.71 (3.71) 54.2 (2.42) 55.74 (8.86) 54.81(3.99) 54.59 (2.88)
Conv. Rate (%) 24.58 (6.54) 38.95 (9.62) 44.63 (2.19) 37.12(9.8) 34.22 (7.89) 48.49 (10.71)
Run Time (AU17) 0.39 (0.12) 0.39 (0.06) 0.40 (0.05) 0.41 (0.09) 0.77 (0.20) 1.16 (0.09)

40 Cost Saving (%) 3843 (2.21) 46.98 (2.1) 48.74 (2.05) 48.54 (2.58) 49.17 (2.88) 48.93 (1.14)
Conv. Rate (%) 25.73 (2.15) 37.77 (2.36) 36.36 (3.75) 38.49 (4.31) 44.99 (4.99) 38.55 (1.84)
Run Time (AU17) 0.77 (0.05) 1.54 (0.13) 1.93 (0.25) 2.70 (0.55) 3.47(0.12) 3.86 (0.50)

60 Cost Saving (%) 34.69 (1.19) 43.47 (2.68) 43.09 (0.7) 43.86 (1.02) 43.84 (2.82) 43,59 (2.21)
Conv. Rate (%) 23.03 (2.51) 32.66 (5.38) 33.01 (1.18) 35.79 (0.42) 35.65 (4.07) 38.19 (1.07)
Run Time (AU17) 1.16 (0.10) 3.09 (0.45) 4.24(0.51) 5.79 (0.08) 7.33(0.33) 8.49 (0.55)

80 Cost Saving (%) 322(2.1) 35.89 (1.31) 42.76 (2.96) 42.08 (1.15) 43.55(0.97) 43.04 (2.52)
Conv. Rate (%) 20.1 (2.86) 24.02 (1.09) 33.98 (4.11) 32.57 (2.48) 33.68 (4.2) 39.57 (3.87)
Run Time (AU17) 2.70 (0.66) 5.02 (1.05) 7.72 (1.00) 8.42 (0.72) 13.12 (0.76) 15.82 (0.35)

100 Cost Saving (%) 31.16 (3.93) 30.42 (0.76) 40.77 (1.06) 41.29 (1.36) 41.48 (1.67) 41.87 (1.54)
Conv. Rate (%) 19.56 (1.67) 21.09 (2.04) 31.53 (0.58) 30.14 (3.13) 35.38 (0.61) 37.13 (2.8)
Run Time (AU17) 3.86 (0.42) 7.72 (0.84) 12.35 (0.73) 16.2 (1.25) 20.06 (0.55) 24.31(0.81)

011



MIHUINN 2 (91D)

IUIUTUMIIIAUING

VerticeSize
100 200 300 400 500 600

200 Cost Saving (%) 15.88(0.19) 18.55 (3.13) 24.37 (1.31) 22.83 (1.4) 27.94 (1.06) 25.1(2.56)
Conv. Rate (%) 8.37 (2.59) 11.98 (3.31) 18.89 (2.16) 16.21 (0.62) 21.4 (0.62) 18.24 (2.23)
Run Time (AU17) 3.09 (0.78) 6.17 (1.76) 9.26 (0.90) 13.12 (0.86) 16.2 (1.01) 18.9 (0.50)

400 Cost Saving (%) 13.34 (0.41) 14.69 (2.13) 19.21 (1.45) 19.76 (0.60) 20.07 (1.07) 19.16 (0.95)
Conv. Rate (%) 7(2.17) 8.56 (2.32) 11.49 (0.27) 11.99 (0.25) 13.51 (1.28) 13.84 (0.27)
Run Time (AU17) 13.12 (0.74) 25.46 (0.58) 38.58 (0.65) 51.31 (0.50) 63.66 (1.02) 76.77 (0.59)

600 Cost Saving (%) 11.33 (0.73) 11.63 (1.65) 15.63 (1.95) 16.07 (2.09) 16.28 (0.7) 17.62 (0.22)
Conv. Rate (%) 6.39 (1.39) 8.77 (1.07) 8.5 (1.48) 10.59 (3.13) 11.14 (0.66) 13.04 (0.64)
Run Time (3117) 31.25 (0.59) 62.5 (0.93) 94.52 (0.88) 124.61 (0.82) 154.32 (0.59) 185.57 (0.35)

800 Cost Saving (%) 10.07 (0.93) 10.55 (1.01) 12.05 (1.64) 12.64 (0.6) 12.09 (1.14) 12.13 (0.87)
Conv. Rate (%) 4.66 (0.83) 5.18 (0.53) 6.63 (1.74) 7.31(0.99) 9.44 (0.87) 10.35 (1.07)
Run Time ('imﬁ) 56.71 (1.20) 113.04 (0.95) 168.98 (0.80) 226.47 (0.51) 282.02 (1.09) 344.91 (0.78)

1000 Cost Saving (%) 10.23 (0.66) 11.79 (0.75) 12.14 (1.04) 12.28 (0.91) 12.40 (0.37) 12.56 (0.42)
Conv. Rate (%) 6.08 (0.67) 6.62 (0.72) 6.22 (0.36) 7.79 (0.64) 9.53 (0.58) 8.05 (0.39)
Run Time (AU17) 89.51 (0.50) 179.01 (0.55) 268.13 (1.10) 356.10 (0.75) 444.44 (0.94) 537.42 (0.55)

I11



MIHUINN 2 (91D)

IUIUTUMIIIAUING

VerticeSize
100 200 300 400 500 600

1500 Cost Saving (%) 7.07 (0.37) 7.24 (0.53) 8.19 (0.65) 9.37 (0.84) 9.63 (0.81) 9.11 (0.27)
Conv. Rate (%) 4.07 (0.71) 5.33(0.48) 5.70 (0.78) 5.91 (0.82) 7.31(0.87) 6.27 (0.44)
Run Time ('imﬁ) 106.87 (0.95) 209.49 (1.40) 314.05 (1.02) 420.91 (0.57) 538.58 (1.55) 630.4 (1.44)

2000 Cost Saving (%) 6.72 (0.33) 7.36 (0.83) 8.34 (1.05) 8.97 (0.10) 8.96 (0.67) 9.27 (1.24)
Conv. Rate (%) 3.67 (0.64) 5.04 (0.35) 4.14 (0.34) 4.86 (0.20) 6.36 (0.34) 5.81(1.16)
Run Time ('imﬁ) 188.02 (0.89) 374.23 (1.90) 557.48 (1.72) 756.17 (3.04) 937.11 (6.08) 1115.74 (7.14)

2500 Cost Saving (%) 6.36 (0.35) 6.43 (0.67) 6.81(0.58) 7.36 (0.43) 7.40 (0.25) 7.50 (0.77)
Conv. Rate (%) 3.8(0.19) 3.56 (0.36) 3.9 (0.56) 4.03 (0.56) 5.18 (0.78) 4.98 (0.45)
Run Time ('imﬁ) 301.7 (2.50) 615.35(14.28) 900.85 (3.04) 1198.69 (4.63) 1500.39 (6.65) 1988.45 (12.11)

3000 Cost Saving (%) 5.10 (0.53) 5.77 (0.68) 6.13 (0.23) 6.85 (0.44) 6.91 (1.04) 6.98 (0.35)
Conv. Rate (%) 2.31(0.79) 4.13 (0.65) 4.5 (0.65) 3.86 (0.88) 2.75(0.74) 4.73 (0.30)
Run Time ('imﬁ) 436.34 (0.88) 875 (5.00) 1315.2 (6.71) 1748.07 (9.46) 2184.03 (7.13) 2599.92 (4.26)

45!



M51NHINT 3 #AN1SNARDINIAT Pe LiazA1 Pm MIZEN 115D VerticeSize = 60, PopulationSize = 30, Generation = 300

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.01 Cost Saving (%) 24.28 (1.43) 30.99 (4.93) 36.45 (2.44) 41.27 (3.45) 42.16 (5.39) 44.69 (3.96)
Conv. Rate (%) 7.52 (3.42) 17.06 (6.39) 21.98 (1.66) 29.48 (3.03) 28.93 (1.96) 33.54 (5.13)
Run Time ('imﬁ) 3.78 (0.11) 4.31(0.21) 4.06 (0.88) 4.76 (0.33) 4.02 (0.34) 3.66 (0.52)
0.05 Cost Saving (%) 24.00 (2.03) 33.01 (4.14) 36.90 (5.00) 39.48 (4.08) 43.58 (0.52) 4572 (2.14)
Conv. Rate (%) 14.64 (3.22) 20.17 (2.80) 25.76 (3.54) 29.11 (1.93) 33.87 (1.22) 34.90 (1.95)
Run Time ('imﬁ) 4.20 (0.44) 3.77(0.41) 3.69 (0.51) 4.28 (0.15) 4.71(0.32) 3.70 (0.11)
0.10 Cost Saving (%) 25.32 (4.63) 33.61 (5.14) 41.60 (0.62) 45.95 (3.01) 44.80 (1.99) 42.91 (0.41)
Conv. Rate (%) 12.50 (2.85) 15.20 (0.77) 24.34 (1.09) 27.52 (5.84) 31.01 (1.53) 34.29 (1.07)
Run Time ('imﬁ) 3.75 (0.30) 4.47 (0.06) 4.33(0.35) 4.29 (0.64) 3.58 (0.77) 4.09 (0.54)
0.20 Cost Saving (%) 26.12 (2.33) 33.12 (4.33) 42.30 (1.09) 46.55 (3.14) 50.44 (1.09) 51.57 (2.75)
Conv. Rate (%) 14.21 (4.65) 19.97 (3.89) 30.85 (1.63) 36.45 (1.93) 40.72 (3.27) 37.92 (3.09)
Run Time (3mﬁ) 4.65 (0.25) 3.47(0.34) 4.18 (0.45) 3.87(0.19) 4.09 (0.65) 4.03 (0.37)
0.30 Cost Saving (%) 32.11 (1.43) 37.47 (3.42) 35.99 (1.43) 43.52 (1.11) 50.23 (1.56) 50.17 (2.45)
Conv. Rate (%) 18.14 (2.2) 25.16 (3.21) 24.26 (3.97) 33.34 (1.13) 35.11 (3.09) 39.42 (2.23)
Run Time (3mﬁ) 3.27(0.55) 4.60 (0.55) 4.73 (0.55) 4.11(0.55) 4.19 (0.93) 4.70 (0.88)
0.40 Cost Saving (%) 35.88 (2.54) 38.06 (1.30) 40.02 (2.65) 41.51 (4.09) 51.86 (5.47) 49.12 (2.13)
Conv. Rate (%) 23.41 (2.21) 27.37 (1.28) 24.93 (3.82) 31.02 (4.5) 30.57 (5.33) 36.66 (2.82)
Run Time (3117) 3.88 (0.28) 3.30(0.36) 3.53(0.93) 4.28 (1.01) 4.37 (0.63) 4.71 (0.82)

€l



MIINUINA 3 (AD)

Pm
Pc
0.50 0.60 0.70 0.80 0.90 1.00
0.01 Cost Saving (%) 4478 (1.7) 44.65 (3.67) 43.09 (3.83) 40.78 (3.67) 38.67 (1.02) 30.5 (2.55)
Conv. Rate (%) 38.26 (2.17) 37.48 (4.02) 37.19 (2.96) 35.90 (2.96) 33.99 (1.27) 30.85 (1.28)
Run Time ('imﬁ) 4.28 (0.35) 4.83 (0.13) 4.07 (0.47) 4.11(1.75) 3.30 (0.53) 3.83(0.75)
0.05 Cost Saving (%) 44.61 (2.1) 4420 (2.93) 42.65 (1.63) 42.85 (5.08) 39.25(2.79) 35.10 (0.85)
Conv. Rate (%) 31.64 (3.82) 39.35 (3.07) 35.95(2.33) 34.46 (5.24) 34.63 (4.17) 30.45 (3.63)
Run Time ('imﬁ) 4.33 (0.58) 4.09 (0.10) 3.77 (1.25) 3.59 (0.58) 4.19 (0.83) 4.64 (0.25)
0.10 Cost Saving (%) 43.39 (4.19) 46.22 (4.14) 46 (1.81) 4431 (1.69) 41.22 (2.49) 40.09 (2.0)
Conv. Rate (%) 31.38 (6.4) 37.02 (2.62) 36.91 (1.35) 38.89 (2.35) 35.85 (3.46) 34.66 (2.73)
Run Time ('imﬁ) 4.91(0.48) 4.24(0.47) 3.77 (0.53) 3.94 (0.29) 4.17 (0.45) 3.95(0.33)
0.20 Cost Saving (%) 50.9 (2.94) 52.52 (1.48) 52.59 (1.21) 49.12 (0.36) 49.2 (1.86) 49.15 (1.91)
Conv. Rate (%) 36.04 (3.53) 39.9 (1.01) 38.63 (1.48) 38.2(2.89) 35.81 (2.20) 32.09 (0.47)
Run Time (3mﬁ) 4.09 (0.30) 4.19 (0.62) 4.70 (0.97) 4.11 (0.36) 3.89 (0.58) 4.65(0.99)
0.30 Cost Saving (%) 51.41 (1.61) 51.7 (2.61) 50.43 (1.23) 49.93 (1.72) 47.14 (2.15) 45.10 (3.71)
Conv. Rate (%) 37.41 (3.13) 37.36 (2.31) 39.36 (1.38) 36.90 (2.94) 35.48 (3.66) 33.89 (4.69)
Run Time (3mﬁ) 4.72 (0.53) 3.97 (0.55) 3.69 (0.29) 3.09 (0.22) 3.70 (0.55) 4.73 (0.59)
0.40 Cost Saving (%) 50.33 (0.77) 51.30 (2.93) 50.81 (2.41) 51.61 (3.08) 4473 (4.74) 41.81 (4.99)
Conv. Rate (%) 39.79 (1.91) 39.46 (5.42) 39.68 (2.26) 36.06 (5.27) 33.3(7.5) 31.24 (5.33)
Run Time (3mﬁ) 4.66 (0.45) 3.72 (0.50) 4.89 (0.83) 4.09 (0.82) 4.31(0.22) 4.10 (0.47)

148!



MINWHINT 3 (AD)

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.50 Cost Saving (%) 34.8 (3.06) 42.06 (0.47) 43.69 (4.03) 47.69 (3.74) 50.54 (1.4) 50.23 (3.55)
Conv. Rate (%) 25.82(2.99) 29.55 (2.31) 32.47 (1.73) 34.76 (5.66) 36.1 (1.97) 38.33 (3.91)
Run Time (3mﬁ) 4.01 (0.36) 4.21(0.71) 4.20 (0.55) 3.98 (0.22) 4.71 (0.55) 4.29 (0.35)
0.60 Cost Saving (%) 33.77 (3.83) 39.5(2.13) 40.95 (2.27) 44.0 (2.59) 49.83 (0.87) 48.97 (1.08)
Conv. Rate (%) 22.86 (5.74) 28.36 (1.73) 31.38 (2.72) 31.73 (3.21) 40.98 (2.33) 39.01 (3.18)
Run Time (3mﬁ) 3.85(0.23) 3.98 (0.84) 4.01(0.72) 4.71(0.23) 3.69 (0.77) 4.17 (0.37)
0.70 Cost Saving (%) 32.33 (1.62) 40.31 (0.73) 42.93 (5.04) 42.16 (2.13) 43.68 (1.77) 43.32 (4.36)
Conv. Rate (%) 23.59 (2.41) 28.84 (3.63) 32.14 (7.38) 32.49 (0.8) 39.36 (2.33) 39.73 (4.76)
Run Time ("QJ‘LHﬁ) 4.13 (0.36) 4.23 (0.75) 3.77 (0.28) 4.07 (0.29) 4.91(0.13) 4.86 (0.55)
0.80 Cost Saving (%) 32.16 (4.57) 39.24 (4.26) 40.02 (1.38) 41.05 (2.65) 43.00 (1.01) 45.53 (1.31)
Conv. Rate (%) 25.71 (5.47) 27.95 (4.82) 34.23 (2.26) 35.35(1.35) 41.69 (0.56) 41.93 (2.4)
Run Time ("QJ‘LHﬁ) 3.47(0.0) 4.19 (0.82) 4.36 (0.51) 3.53(0.20) 4.36 (0.62) 4.15(1.10)
0.90 Cost Saving (%) 31.84 (2.29) 35.15(3.4) 37.24 (2.03) 36.04 (2.46) 43.09 (2.7) 43.45 (4.07)
Conv. Rate (%) 24.69 (0.84) 32.54 (3.83) 36.02 (4.47) 37.36 (5.04) 39.37 (4.33) 39.64 (5.72)
Run Time ("QJ‘LHﬁ) 4.19 (0.35) 4.16 (0.32) 4.31(0.17) 4.56 (0.62) 4.12 (0.54) 3.62 (0.04)
1.00 Cost Saving (%) 29.57(0.4) 32.01 (3.1) 35.55(2.37) 37.44 (6.34) 40.6 (2.9) 41.86 (2.71)
Conv. Rate (%) 26.32 (1.51) 26.95 (2.46) 31.28 (3.08) 36.73 (5.43) 43.16 (2.99) 40.35 (2.3)
Run Time ("QJ‘LHﬁ) 3.74 (0.35) 4.17(0.41) 3.74 (0.52) 4.62 (0.65) 4.21(0.32) 4.10 (0.74)

Sl



MINWHINT 3 (AD)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.50 Cost Saving (%) 49.47 (1.75) 50.03 (2.6) 50.33 (0.88) 49.04 (3.67) 42.23 (1.86) 4378 (2.41)
Conv. Rate (%) 43.0 (1.88) 38.13 (3.8) 40.42 (0.69) 45.29 (5.89) 38.78 (6.68) 35.07 (2.37)
Run Time (3U111) 4.91 (0.49) 4.27 (0.91) 4.11 (0.30) 4.99 (0.34) 3.79 (1.20) 4.10 (0.34)
0.60 Cost Saving (%) 48.38 (2.08) 48.81 (1.26) 48.76 (4.15) 45.49 (2.27) 42.46 (1.22) 38.34 (1.63)
Conv. Rate (%) 41.73 (0.57) 37.01 (6.18) 43.99 (4.19) 40.19 (3.44) 35.79 (2.33) 35.02 (2.23)
Run Time (3U111) 4.20 (0.14) 4.04 (0.55) 4.85 (1.16) 3.87(0.62) 4.10 (0.85) 4.09 (0.66)
0.70 Cost Saving (%) 44.84 (2.88) 44.05 (2.93) 43.01 (3.08) 41.7 (1.71) 39.83(0.95) 35.62 (2.94)
Conv. Rate (%) 39.03 (0.47) 38.27 (0.43) 40.36 (2.69) 38.74 (4.08) 38.53(1.38) 35.34 (4.22)
Run Time (311#1) 4.06 (1.07) 4.29 (0.24) 4.37(0.26) 3.58 (0.83) 3.47 (0.08) 4.22(0.77)
0.80 Cost Saving (%) 46.78 (7.82) 47.58 (1.13) 43.18 (0.16) 41.47 (1.96) 34.34 (3.14) 30.27 (3.47)
Conv. Rate (%) 38.41 (8.36) 42.47 (1.53) 43.81 (3.16) 41.8 (4.21) 39.87 (5.53) 34.17 (4.77)
Run Time (3U111) 4.07 (0.93) 4.17 (1.02) 3.59(0.37) 3.94 (0.94) 3.86 (0.91) 4.26 (1.09)
0.90 Cost Saving (%) 44.64 (1.46) 45.48 (1.58) 42.61 (2.48) 39.59 (2.1) 33.81 (2.46) 30.02 (0.1)
Conv. Rate (%) 43.58 (1.73) 38.93(1.93) 32.95(3.62) 30.51 (2.28) 26.54 (2.26) 25.4(2.44)
Run Time (3U1#1) 4.12 (0.49) 4.24(0.62) 4.19 (0.53) 4.15(0.23) 4.68 (0.55) 4.76 (0.19)
1.00 Cost Saving (%) 42.82 (2.28) 42.34 (3.34) 40.60 (2.9) 34.56 (0.94) 31.66 (2.74) 28.79 (3.5)
Conv. Rate (%) 43.12 (1.65) 39.88 (4.17) 35.31(5.34) 35.00 (1.31) 26.72 (3.98) 20.23 (6.85)
Run Time (311#1) 3.74 (0.25) 4.14 (0.55) 4.45 (1.66) 3.29 (0.22) 4.13 (0.15) 4.45 (1.36)

911



MSNUINT 4 #aN1INARBINIAT Pe LIazA1 Pm MIIZEN 115D VerticeSize = 100, PopulationSize = 50, Generation = 300

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.01 Cost Saving (%) 20.25 (1.63) 23.82 (0.87) 29.35(1.92) 31.11 (1.66) 33.19 (1.08) 36.64 (1.83)
Conv. Rate (%) 8.28 (1.97) 14.65 (1.55) 17.84 (0.96) 24.17 (2.37) 24.96 (1.46) 26.65 (5.2)
Run Time ("QJ‘LHﬁ) 20.61 (0.73) 21.30(0.92) 19.11 (0.25) 19.23 (1.59) 19.99 (0.45) 20.97 (0.43)
0.05 Cost Saving (%) 21.17 (1.73) 24.96 (1.43) 31.51 (3.03) 33.6 (2.31) 34.65 (0.59) 36.65 (4.43)
Conv. Rate (%) 8.44 (1.85) 11.93 (2.76) 21.65 (2.08) 22.22 (2.94) 27.71 (2.08) 26.93 (6.63)
Run Time ("QJ‘LHﬁ) 19.29 (0.42) 21.40 (0.93) 20.84 (1.09) 20.27 (0.73) 20.86 (0.78) 21.29 (0.70)
0.10 Cost Saving (%) 24.25(0.82) 25.94 (2.21) 31.38 (4.63) 35.88 (3.82) 36.04 (0.77) 37.05 (2.33)
Conv. Rate (%) 13.85 (0.99) 14.33 (1.01) 18.25 (4.32) 26.08 (4.93) 26.94 (2.14) 28.64 (2.86)
Run Time ("QJ‘LHﬁ) 20.70 (0.66) 20.29 (1.05) 21.41 (1.16) 19.59 (0.45) 19.77 (0.86) 20.71 (0.39)
0.20 Cost Saving (%) 25.96 (1.61) 30.0 (3.22) 33.84 (3.72) 36.04 (1.39) 35.99 (1.73) 37.09 (1.45)
Conv. Rate (%) 15.2 (2.96) 18.7 (0.35) 21.36 (5.02) 25.66 (3.73) 24.73 (2.67) 27.18 (1.64)
Run Time ("QJ‘LHﬁ) 20.13 (0.41) 20.93 (0.11) 21.78 (0.47) 19.34 (0.58) 20.63 (1.07) 21.83 (0.96)
0.30 Cost Saving (%) 28.01 (4.33) 31.56 (1.74) 33.63 (2.99) 36.43 (3.42) 42.84 (1.91) 48.85 (0.21)
Conv. Rate (%) 14.22 (3.63) 19.96 (3.9) 22.99 (3.7) 24.4 (5.53) 32.83 (1.08) 32.07 (1.28)
Run Time (3mﬁ) 19.31 (0.10) 19.24 (0.62) 20.19 (0.53) 20.15 (0.23) 19.68 (0.55) 21.76 (0.19)
0.40 Cost Saving (%) 27.51 (1.45) 32.27(0.43) 33.58 (2.53) 38.72 (0.83) 39.48 (4.37) 48.04 (2.96)
Conv. Rate (%) 15.65(0.83) 20.87 (2.42) 23.51(2.92) 27.67 (1.89) 31.58 (4.87) 30.35 (2.0)
Run Time (3mﬁ) 20.66 (1.04) 21.18 (0.86) 21.78 (0.78) 20.68 (1.39) 21.20(0.55) 21.27 (1.63)

L11



MIHUINN 4 (719)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.01 Cost Saving (%) 35.1(0.78) 35.63 (2.52) 34.32 (0.88) 31.7 (2.36) 28.39 (1.07) 27.09 (1.96)
Conv. Rate (%) 30.74 (1.56) 31.6 (1.52) 30.88 (0.96) 23.24 (3.41) 20.16 (1.5) 13.46 (2.82)
Run Time (3U111) 21.73 (1.56) 20.64 (0.98) 21.99 (0.77) 20.45 (1.64) 19.22 (0.24) 20.53 (0.61)
0.05 Cost Saving (%) 36.59 (2.0) 37.44 (1.69) 35.85(2.46) 32.93(0.4) 31.75 (2.85) 28.75(3.51)
Conv. Rate (%) 29.05 (2.47) 32.87 (1.66) 30.95 (2.91) 24.3 (1.96) 25.53(3.92) 14.93 (4.69)
Run Time (311#1) 19.23 (0.88) 20.01 (0.94) 20.70 (0.97) 21.47(1.19) 20.13 (0.69) 21.7 (1.04)
0.10 Cost Saving (%) 40.1 (0.7) 40.12 (2.38) 40.76 (0.37) 36.7 (2.13) 36.7 (0.58) 33.61(2.3)
Conv. Rate (%) 32.54 (1.11) 27.72 (4.47) 34.25 (1.36) 30.16 (1.22) 28.5(2.26) 20.4 (3.87)
Run Time (3U171) 19.22 (0.56) 20.75 (0.77) 21.44 (1.09) 20.04 (1.10) 21.97 (0.25) 21.61 (0.52)
0.20 Cost Saving (%) 4291 (1.31) 42.29 (0.84) 42.29 (2.18) 43.24 (1.04) 40.69 (2.06) 35.22 (3.24)
Conv. Rate (%) 32.15(1.97) 34.74 (1.01) 32.77(0.9) 34.04 (2.85) 26.1 (1.81) 28.59 (5.32)
Run Time (3U1#1) 20.55(0.39) 20.12 (1.07) 21.43(0.99) 21.96 (1.34) 20.02 (1.26) 21.03 (0.95)
0.30 Cost Saving (%) 48.34 (2.08) 48.54 (1.15) 47.45 (3.93) 43.87 (3.11) 41.34 (1.98) 35.71 (1.25)
Conv. Rate (%) 29.75 (4.95) 34.86 (1.4) 35.66 (3.55) 32.62 (2.56) 31.83(2.33) 28.25(2.43)
Run Time (3U111) 19.11 (0.08) 20.62 (0.95) 20.06 (0.10) 21.77 (0.73) 21.1(1.04) 21.72 (1.25)
0.40 Cost Saving (%) 47.19 (2.48) 47.15 (2.03) 48.86 (1.83) 44.06 (2.43) 42.74 (2.04) 36.67 (1.51)
Conv. Rate (%) 33.08 (4.56) 33.06 (2.57) 32.91 (3.3) 32.41 (2.65) 30.27 (0.79) 30.20 (1.52)
Run Time (3U111) 20.48 (1.09) 20.12 (0.55) 21.4 (0.65) 20.51 (1.90) 20.49 (0.55) 21.19 (0.20)

811



MIHUINN 4 (91D)

ke 0.01 0.05 0.10 0.20 0.30 0.40
0.50 Cost Saving (%) 29.98 (1.86) 34.03 (2.64) 34.81 (1.27) 38.28 (2.33) 40.4 (1.43) 47.99 (1.28)
Conv. Rate (%) 15.35(2.27) 23.96 (3.97) 25.73 (1.06) 28.99 (2.82) 31.05(3.32) 29.68 (3.52)
Run Time (3U111) 211.71 (1.38) 22.76 (0.90) 20.41 (1.77) 21.66 (1.48) 19.95 (0.67) 21.04 (0.38)
0.60 Cost Saving (%) 31.65(2.01) 39.87 (2.55) 37.5(1.89) 40.5 (1.49) 40.15 (2.95) 42.03 (1.78)
Conv. Rate (%) 19.53 (3.16) 24.09 (3.66) 24.25(3.71) 30.87 (1.94) 29.98 (3.97) 32.71 (3.64)
Run Time (3U1#1) 20.08 (0.86) 20.75 (0.65) 21.84(1.18) 19.56 (0.91) 19.39 (0.84) 20.96 (0.92)
0.70 Cost Saving (%) 34.01 (2.78) 43.13 (0.58) 43.46 (0.57) 42.85(0.34) 44.88 (2.08) 39.67 (4.28)
Conv. Rate (%) 21.32 (4.05) 28.61 (1.32) 28.68 (2.95) 29.9 (1.34) 28.0 (1.75) 31.04 (3.39)
Run Time (311#1) 19.59 (0.20) 19.77 (0.87) 20.70 (0.73) 19.13 (0.81) 21.71 (0.56) 21.71 (0.20)
0.80 Cost Saving (%) 33.96 (3.23) 43.73 (2.26) 41.0 (4.45) 41.35(1.28) 40.4 (3.14) 39.27 (3.51)
Conv. Rate (%) 19.48 (4.37) 24.67 (2.86) 25.71 (3.02) 32.96 (0.9) 30.19 (5.04) 33.73 (4.31)
Run Time (3U171) 20.87 (0.55) 21.71 (0.38) 20.76 (0.90) 21.41(1.77) 21.66 (1.48) 20.95 (1.67)
0.90 Cost Saving (%) 30.15 (2.75) 39.38 (1.32) 39.37 (2.87) 38.21 (3.11) 38.49 (1.87) 35.4(5.81)
Conv. Rate (%) 14.93 (3.22) 30.69 (2.08) 27.75 (4.8) 31.51(3.39) 27.12 (3.68) 33.61 (7.83)
Run Time (3U1#1) 20.72 (0.75) 19.12 (0.42) 20.49 (1.15) 21.72 (0.73) 20.49 (0.83) 21.41 (0.40)
1.00 Cost Saving (%) 32.15(2.17) 38.29 (2.56) 36.78 (2.28) 46.57 (0.77) 47.08 (1.43) 34.18 (1.27)
Conv. Rate (%) 14.07 (1.31) 25.68 (2.21) 26.89 (2.78) 30.93 (1.87) 30.14 (2.06) 31.97 (1.36)
Run Time (3U111) 19.12 (0.84) 20.57 (0.88) 20.46 (0.52) 20.73 (1.04) 20.34 (0.31) 21.65 (1.49)

611



MIHUINN 4 (91D)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.50 Cost Saving (%) 48.89 (2.18) 47.32 (2.49) 47.82 (3.31) 43.32 (1.86) 41.83 (1.35) 35.8 (1.55)
Conv. Rate (%) 31.72 (2.84) 38.18 (2.47) 34.66 (3.52) 32.16 (2.65) 32.64 (1.06) 31.20 (3.05)
Run Time (3U111) 20.07 (0.58) 21.61 (1.43) 19.09 (0.25) 20.70 (0.60) 20.49 (0.55) 21.10 (0.60)
0.60 Cost Saving (%) 43.57 (2.38) 4435 (5.54) 42.9(2.37) 40.51 (3.52) 37.22 (1.19) 32.08 (0.96)
Conv. Rate (%) 34.06 (2.4) 35.56 (5.79) 35.38 (3.21) 34.74 (5.01) 32.02 (0.84) 30.82 (2.15)
Run Time (3U1#1) 20.94 (0.70) 19.57 (1.14) 20.61 (1.02) 21.07 (1.36) 21.66 (1.12) 21.29 (1.25)
0.70 Cost Saving (%) 35.33(3.63) 35.35(2.31) 34.47 (2.63) 33.67 (1.11) 33.20 (1.94) 30.19 (1.32)
Conv. Rate (%) 34.76 (4.19) 34.09 (0.96) 35.75 (2.11) 33.98 (1.22) 31.19 (1.89) 28.13 (2.45)
Run Time (311#1) 20.39 (0.77) 19.39 (0.45) 20.09 (0.33) 21.02 (0.15) 19.49 (0.55) 21.15 (0.46)
0.80 Cost Saving (%) 38.83(3.0) 36.3(3.27) 36.69 (1.48) 33.85(2.48) 31.19 (3.11) 27.62 (1.34)
Conv. Rate (%) 34.29 (5.63) 33.89 (4.44) 31.06 (1.75) 30.04 (2.72) 29.52(2.75) 26.93 (2.2)
Run Time (3U171) 20.43 (0.82) 20.88 (0.64) 21.37(1.43) 20.92 (0.48) 20.95 (0.66) 20.57 (0.75)
0.90 Cost Saving (%) 32.5(0.4) 32.57 (1.73) 31.14 (2.14) 28.03 (3.6) 27.54 (2.17) 25.48 (1.8)
Conv. Rate (%) 35.97 (1.13) 35.95(1.45) 33.13(2.29) 32.97 (4.39) 29.55(3.84) 26.35(1.72)
Run Time (3U1#1) 20.12 (0.85) 21.57(0.48) 20.36 (0.82) 20.73 (1.08) 20.63 (0.91) 21.65 (0.39)
1.00 Cost Saving (%) 32.21 (4.27) 30.03 (3.62) 29.36 (0.96) 26.42 (3.74) 25.05(2.42) 23.95(1.73)
Conv. Rate (%) 30.2 (4.6) 29.11 (3.39) 28.93 (1.29) 28.41 (2.87) 25.53 (0.86) 24.60 (3.27)
Run Time (3U111) 20.71 (0.24) 19.45(0.37) 21.89 (1.45) 21.09 (0.63) 21.42(0.75) 21.49 (0.95)

0¢l



MINHUINT 5 WANIITNAADINIA Pe 1Az Pm Mrazauveilymind VerticeSize = 600, PopulationSize = 60, Generation = 300

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.01 Cost Saving (%) 7.58 (0.64) 9.35 (1.60) 10.52 (1.71) 12.68 (1.09) 13.85(0.27) 15.56 (1.13)
Conv. Rate (%) 2.26 (0.73) 2.77 (0.30) 4.36 (0.77) 7.51(1.43) 9.23 (0.46) 10.12 (0.56)
Run Time ("QJ‘LHﬁ) 93.11 (0.74) 93.5(0.45) 93.27 (1.09) 92.73 (0.66) 92.74 (0.93) 92.11 (1.01)
0.05 Cost Saving (%) 8.06 (0.43) 8.22(0.22) 12.20 (1.42) 13.91 (1.44) 15.73 (1.43) 14.44 (0.86)
Conv. Rate (%) 2.47(0.43) 3.48 (0.36) 5.03 (0.23) 5.56 (1.42) 10.52 (1.50) 9.75 (0.96)
Run Time ("QJ‘LHﬁ) 92.73 (0.56) 93.19 (0.93) 92.73 (0.75) 93.71 (0.61) 95.45 (0.74) 92.73 (0.55)
0.10 Cost Saving (%) 8.58 (0.61) 9.67 (0.58) 11.01(0.76) 11.81(0.87) 14.08 (3.11) 16.11 (0.73)
Conv. Rate (%) 3.44(0.59) 3.07 (0.47) 5.59 (1.22) 5.96 (1.26) 8.90 (3.15) 9.53(0.29)
Run Time ("QJ‘LHﬁ) 92.50 (0.09) 93.77 (0.32) 93.89 (0.55) 92.50 (0.60) 93.34 (0.77) 92.73 (0.81)
0.20 Cost Saving (%) 9.73 (1.52) 9.89 (1.94) 12.47 (0.63) 11.79 (0.83) 13.39 (1.00) 15.6 (0.29)
Conv. Rate (%) 3.85(1.52) 475 (1.34) 6.00 (0.35) 6.5 (1.12) 9.32(1.13) 9.90 (0.09)
Run Time ("QJ‘LHﬁ) 93.89 (0.77) 93.50 (0.74) 94.81 (1.27) 93.5 (0.30) 94.10 (0.45) 92.54 (0.42)
0.30 Cost Saving (%) 11.67 (0.28) 11.58 (0.47) 11.94 (1.03) 11.13 (0.43) 14.62 (1.63) 15.01 (0.62)
Conv. Rate (%) 4.76 (0.53) 6.46 (0.19) 5.76 (1.09) 5.51(0.41) 8.61(0.9) 10.15 (0.52)
Run Time ("QJ‘LHﬁ) 91.59 (0.49) 93.11 (0.75) 94.27 (0.55) 92.34 (0.35) 93.11 (0.55) 92.34 (0.93)
0.40 Cost Saving (%) 12.57 (0.29) 13.77 (0.83) 13.19 (1.32) 13.64 (0.24) 14.40 (0.54) 17.11 (0.96)
Conv. Rate (%) 7.07 (0.26) 6.44 (0.99) 7.71 (1.43) 7.6 (0.64) 9.11 (0.91) 11.68 (0.19)

Run Time (31171) 93.11 (0.35) 93.11 (0.61) 92.73 (0.49) 92.34 (0.70) 92.34 (0.44) 92.73 (0.51)

Icl



= '
MINNUINN 5 (919)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.01 Cost Saving (%) 16.28 (0.41) 17.30 (0.23) 18.73 (0.93) 17.71 (0.98) 16.97 (0.60) 16.17 (1.21)
Conv. Rate (%) 10.73 (0.29) 9.40 (0.28) 12.88 (0.55) 12.35 (0.97) 12.72 (1.01) 13.83 (1.02)
Run Time (3U111) 94.73 (0.98) 94.11 (0.34) 94.78 (0.77) 94.11 (0.46) 93.54 (0.19) 94.73 (0.59)
0.05 Cost Saving (%) 14.98 (1.3) 16.69 (0.84) 17.82 (3.03) 17.15 (0.09) 17.00 (1.06) 16.09 (1.06)
Conv. Rate (%) 475 (1.87) 11.58 (0.37) 12.83 (2.36) 11.9 (0.24) 13.74 (1.34) 14.88 (1.09)
Run Time (311#1) 93.73 (0.95) 93.73 (0.05) 94.50 (0.18) 94.11 (0.74) 93.99 (0.19) 95.79 (0.17)
0.10 Cost Saving (%) 16.50 (0.99) 17.66 (1.02) 17.88 (1.75) 18.31 (1.83) 17.52 (1.20) 15.89 (1.01)
Conv. Rate (%) 9.93 (1.26) 12.72 (1.34) 12.93 (2.01) 14.42 (1.89) 14.79 (1.45) 14.86 (1.88)
Run Time (3U171) 94.87 (0.24) 93.11 (0.45) 93.11 (0.51) 94.00 (0.12) 93.75 (0.44) 93.99 (0.38)
0.20 Cost Saving (%) 16.65 (1.05) 17.85 (0.87) 18.09 (1.43) 18.16 (1.23) 16.89 (0.76) 16.12 (1.72)
Conv. Rate (%) 9.78 (1.54) 12.82 (1.55) 12.83 (0.83) 13.69 (1.80) 13.92 (0.81) 14.55 (0.67)
Run Time (3U1#1) 93.53 (0.62) 95.13 (0.61) 94.26 (0.41) 94.77 (0.36) 93.63 (0.17) 94.83 (0.45)
0.30 Cost Saving (%) 17.48 (1.33) 18.99 (1.10) 19.11 (0.79) 19.09 (0.88) 18.23 (1.62) 17.02 (1.86)
Conv. Rate (%) 12.44 (1.31) 14.88 (1.07) 15.72 (0.69) 15.45 (0.95) 15.45 (1.46) 15.33 (1.71)
Run Time (3U111) 93.45 (0.41) 93.19 (0.49) 94.36 (0.71) 94.11 (0.77) 94.16 (0.53) 93.66 (0.48)
0.40 Cost Saving (%) 18.05 (1.57) 19.95 (0.89) 19.41 (0.74) 19.56 (1.01) 18.75 (1.85) 17.74 (1.48)
Conv. Rate (%) 12.79 (0.89) 15.75 (1.45) 14.89 (0.77) 15.11 (1.20) 15.89 (1.32) 15.03 (1.65)
Run Time (3U111) 94.65 (0.23) 94.78 (0.98) 94.64 (0.19) 94.59 (0.33) 94.18 (0.14) 94.44 (0.72)

14!



= '
MINNUINN 5 (919)

ke 0.01 0.05 0.10 0.20 0.30 0.40
0.50 Cost Saving (%) 13.67 (0.834) 15.28 (0.45) 15.74 (1.44) 15.89 (1.23) 16.60 (0.84) 17.65 (0.66)
Conv. Rate (%) 7.89 (0.64) 8.12(0.82) 8.55(1.72) 10.73 (1.28) 12.81 (1.97) 14.02 (1.43)
Run Time (3U111) 94.60 (0.76) 94.61 (0.15) 95.10 (0.78) 94.72 (0.33) 94.18 (0.09) 94.84 (0.29)
0.60 Cost Saving (%) 14.10 (1.06) 15.20 (0.78) 15.54 (1.54) 15.62 (0.65) 16.11 (1.76) 17.54 (0.83)
Conv. Rate (%) 7.22 (1.37) 8.92 (2.01) 11.44 (1.64) 11.83 (0.77) 12.54 (1.83) 13.66 (1.43)
Run Time (311#1) 94.77 (0.80) 94.91 (0.15) 93.77 (0.54) 94.85 (0.82) 95.11 (0.49) 95.24 (0.36)
0.70 Cost Saving (%) 13.77 (0.72) 15.19 (1.05) 15.34 (1.56) 15.67 (0.54) 16.10 (0.77) 17.22 (1.62)
Conv. Rate (%) 11.78 (0.87) 11.41(0.77) 12.38 (1.71) 12.43 (1.20) 13.09 (0.43) 13.12 (0.99)
Run Time (3U171) 95.21 (0.94) 95.18 (0.79) 94.72 (0.47) 94.55 (0.48) 95.10 (1.20) 95.20 (0.78)
0.80 Cost Saving (%) 13.22 (1.45) 14.58 (0.44) 14.87 (0.77) 15.49 (0.81) 15.82(0.23) 16.27 (1.29)
Conv. Rate (%) 8.23 (0.85) 11.88(1.39) 9.92 (1.86) 11.80 (0.92) 12.29 (2.05) 13.33 (1.54)
Run Time (3U1#1) 95.23 (1.02) 95.74 (0.63) 95.30 (0.26) 95.72 (1.04) 95.10 (0.77) 94.88 (1.03)
0.90 Cost Saving (%) 12.86 (0.76) 13.78 (1.30) 14.63 (1.75) 15.15 (0.65) 15.34 (1.22) 15.73 (1.81)
Conv. Rate (%) 6.88 (1.74) 7.39 (1.75) 8.66 (1.84) 9.53(1.22) 7.29 (0.95) 11.89 (1.76)
Run Time (311#1) 95.20 (1.32) 95.80 (0.97) 95.71 (0.24) 95.33 (0.86) 95.00 (0.07) 94.79 (0.88)
1.00 Cost Saving (%) 12.22(1.02) 13.21 (0.98) 14.02 (1.64) 14.23 (0.77) 14.74 (0.32) 15.06 (0.87)
Conv. Rate (%) 5.26 (1.48) 7.63 (1.25) 7.59 (0.92) 8.21(1.16) 9.44 (1.18) 10.44 (1.23)
Run Time (31171) 95.83 (0.15) 95.73 (1.01) 94.62 (0.15) 95.77 (0.63) 95.24 (0.36) 95.66 (0.13)

€Cl



= '
MINNUINN 5 (919)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.50 Cost Saving (%) 18.03 (1.11) 19.87 (0.49) 19.09 (0.91) 19.00 (1.13) 18.01 (1.79) 17.20 (2.01)
Conv. Rate (%) 14.11 (0.78) 14.81 (0.67) 15.20 (1.03) 15.09 (0.70) 14.56 (1.11) 14.63 (1.76)
Run Time (3U111) 95.73 (0.56) 95.11 (0.49) 95.91 (0.22) 95.23 (0.38) 95.47 (0.85) 95.20 (8.7)
0.60 Cost Saving (%) 18.00 (0.69) 18.89 (1.34) 18.10 (0.99) 17.97 (0.44) 16.38 (1.27) 15.28 (1.67)
Conv. Rate (%) 14.20 (1.44) 14.67 (1.03) 15.00 (1.44) 14.89 (0.86) 13.79 (1.55) 13.33 (0.99)
Run Time (3U1#1) 96.12 (0.58) 96.65 (0.64) 95.43 (0.63) 95.46 (0.56) 95.33 (0.62) 95.44 (0.73)
0.70 Cost Saving (%) 17.34 (1.78) 17.66 (0.81) 18.01 (1.75) 17.23 (1.09) 15.97 (1.76) 14.88 (1.42)
Conv. Rate (%) 13.77 (1.03) 13.81 (1.66) 13.81 (0.64) 13.95 (1.52) 13.10 (0.93) 12.76 (0.49)
Run Time (311#1) 95.45 (0.75) 95.64 (0.34) 9554 (0.26) 96.33 (0.68) 95.53 (0.46) 94.77 (0.54)
0.80 Cost Saving (%) 16.88 (1.05) 17.10 (1.33) 17.45 (0.78) 16.94 (1.50) 15.11 (1.52) 14.72 (0.97)
Conv. Rate (%) 13.53 (1.22) 13.97 (1.03) 14.33 (0.68) 13.94 (0.69) 12.80 (0.40) 12.31 (1.47)
Run Time (3U171) 95.67 (0.77) 95.68 (0.78) 94.75 (0.45) 96.75 (0.33) 95.85 (0.75) 95.95 (0.88)
0.90 Cost Saving (%) 16.15 (0.75) 16.23 (0.73) 16.20 (1.44) 16.85 (1.00) 15.08 (1.93) 14.21 (1.39)
Conv. Rate (%) 13.40 (0.89) 13.23 (1.39) 13.76 (1.07) 13.69 (0.89) 13.05 (0.65) 12.42 (1.76)
Run Time (3U1#1) 96.20 (0.76) 95.64 (0.52) 95.87 (0.88) 94.73 (0.34) 95.82 (0.37) 96.28 (0.95)
1.00 Cost Saving (%) 15.14 (0.99) 15.55 (1.56) 15.23 (0.84) 15.32 (0.79) 14.20 (2.14) 13.70 (2.06)
Conv. Rate (%) 13.05 (1.43) 13.04 (1.55) 13.10 (1.00) 13.33 (1.63) 12.48 (1.30) 12.03 (1.48)
Run Time (3U111) 95.95 (0.47) 95.84 (0.48) 96.84 (0.85) 96.37 (0.90) 95.45 (0.74) 95.86 (0.67)

174!



MINHUINT 6 WANIITNAADINIA P 1Az A1 Pm Nruzauueilymind VerticeSize = 1,000 PopulationSize = 100, Generation = 300

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.01 Cost Saving (%) 8.45(1.25) 9.16 (0.32) 10.31 (0.17) 10.56 (0.62) 12.12 (0.54) 13.39 (1.07)
Conv. Rate (%) 4.08 (0.36) 4.21(0.71) 4.60 (0.55) 4.98 (0.22) 5.71 (0.55) 6.29 (0.35)
Run Time ("QJ‘LHﬁ) 269.35 (2.27) 269.96 (2.97) 271.73 (1.06) 288.99 (1.32) 270.05 (1.32) 269.68 (2.52)
0.05 Cost Saving (%) 9.65(0.83) 10.87 (1.42) 13.51 (0.92) 12.67 (0.39) 12.58 (0.87) 13.35 (0.60)
Conv. Rate (%) 5.77 (0.88) 5.45(0.13) 6.95(0.27) 6.04 (0.59) 6.83 (0.837) 6.97 (0.28)
Run Time ("QJ‘LHﬁ) 269.86 (1.74) 268.36 (1.73) 265.38 (2.72) 271.73 (1.21) 273.98 (2.33) 267.01 (2.18)
0.10 Cost Saving (%) 10.82 (0.99) 12.55 (0.31) 13.47 (1.73) 14.76 (0.63) 16.21 (0.97) 16.33 (0.91)
Conv. Rate (%) 5.01(0.78) 5.13(0.58) 6.46 (0.57) 7.85(0.34) 7.88 (0.08) 6.67 (0.28)
Run Time ("QJ‘LHﬁ) 271.65 (2.01) 268.87 (2.05) 267.5 (1.09) 270.5 (1.49) 270.15 (2.95) 271.03 (1.78)
0.20 Cost Saving (%) 12.30 (0.28) 13.03 (0.72) 14.06 (0.47) 13.40 (1.22) 16.67 (0.45) 17.69 (0.46)
Conv. Rate (%) 6.74 (0.35) 6.17 (0.41) 7.74 (0.52) 7.62 (0.65) 8.21(0.32) 8.10 (0.74)
Run Time ("QJ‘LHﬁ) 265.33 (1.62) 267.31 (0.73) 267.93 (1.04) 270.16 (2.13) 269.68 (1.77) 268.32 (1.36)
0.30 Cost Saving (%) 13.69 (1.43) 14.99 (0.83) 15.15 (0.13) 15.56 (1.74) 16.46 (1.03) 17.34 (1.93)
Conv. Rate (%) 6.47 (0.10) 7.19 (0.82) 7.36 (0.51) 7.53 (0.20) 8.36 (0.62) 8.15(1.10)
Run Time ("QJ‘LHﬁ) 271.84 (2.29) 265.15 (1.40) 267.24 (2.03) 266.04 (2.46) 269.09 (2.7) 270.45 (2.07)
0.40 Cost Saving (%) 13.02 (0.65) 14.86 (1.41) 16.45 (1.63) 15.27 (0.43) 16.85 (0.75) 17.74 (1.04)
Conv. Rate (%) 6.29 (0.42) 7.40 (0.98) 8.84 (1.09) 7.27(0.73) 7.86 (0.78) 8.29 (0.70)
Run Time ("QJ‘LHﬁ) 264.25 (0.82) 265.94 (2.21) 271.38 (1.68) 273.88 (1.82) 266.04 (0.77) 267.05 (2.38)

¢cCl



MSHUINN 6 (91D)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.01 Cost Saving (%) 13.12 (0.49) 13.24 (1.62) 13.19 (0.53) 13.15(0.23) 12.19 (1.08) 10.76 (0.19)
Conv. Rate (%) 6.91(0.49) 6.27 (0.91) 6.11(0.30) 5.99 (0.34) 5.79 (1.20) 4.88 (0.29)
Run Time (3U111) 271.72 (1.84) 268.18 (1.47) 272.66 (2.52) 271.16 (1.65) 272.64 (1.06) 270.20 (3.05)
0.05 Cost Saving (%) 14.08 (0.56) 14.06 (0.57) 14.91 (1.03) 13.41 (1.65) 13.27(0.79) 12.20 (0.55)
Conv. Rate (%) 7.38 (0.28) 7.81(0.26) 7.76 (0.15) 6.49 (0.27) 6.20 (0.22) 5.34(0.63)
Run Time (311#1) 267.73 (0.57) 268.01 (2.18) 266.99 (2.19) 270.19 (0.44) 268.79 (2.33) 270.02 (2.23)
0.10 Cost Saving (%) 17.05 (0.38) 16.13 (0.48) 15.42 (0.69) 15.29 (50.89) 14.78 (6.68) 13.27 (1.00)
Conv. Rate (%) 8.33 (0.63) 8.35(0.31) 6.47 (0.63) 6.67 (1.11) 6.20 (0.94) 7.19 (1.32)
Run Time (3U171) 265.57 (2.38) 267.35(0.54) 269.9 (2.37) 270.51 (1.52) 273.22(1.19) 272.08 (0.96)
0.20 Cost Saving (%) 18.00 (1.33) 18.74 (1.04) 18.02 (0.75) 17.88 (0.54) 15.99 (0.73) 15.41 (0.45)
Conv. Rate (%) 8.74 (0.25) 8.14 (0.55) 7.45 (0.66) 8.29 (0.22) 7.13 (0.15) 6.45(0.36)
Run Time (3U1#1) 265.84 (2.88) 266.05 (1.93) 270.01 (1.08) 272.7 (1.41) 271.83(0.95) 271.62 (2.94)
0.30 Cost Saving (%) 18.31 (0.62) 20.06 (0.86) 19.64 (0.57) 20.44 (1.02) 16.84 (0.91) 16.62 (1.46)
Conv. Rate (%) 9.07 (0.93) 10.17 (1.02) 9.59 (0.37) 10.94 (0.94) 8.86 (0.91) 7.26 (1.09)
Run Time (3U111) 270.64 (1.46) 268.48 (1.58) 271.61 (1.48) 271.59 (1.81) 272.81 (2.46) 272.02 (1.71)
0.40 Cost Saving (%) 18.97 (1.35) 21.73 (1.14) 21.55 (1.26) 20.63 (0.33) 16.48 (0.37) 15.86 (1.22)
Conv. Rate (%) 8.23 (0.88) 11.01 (0.94) 10.70 (0.97) 9.47 (1.19) 8.13 (0.69) 6.71 (1.04)
Run Time (3111) 270.14 (0.70) 271.12 (1.38) 273.76 (0.37) 269.47 (2.02) 266.7 (0.58) 270.61 (2.03)
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MIWUINT 6 (D)

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.50 Cost Saving (%) 12.69 (1.03) 15.01 (0.84) 15.33 (1.76) 15.03 (1.64) 16.92 (0.93) 16.83 (1.35)
Conv. Rate (%) 6.31(0.10) 7.24 (0.62) 7.19 (0.53) 6.15(0.23) 8.68 (0.55) 8.76 (0.19)
Run Time ("QJ‘LHﬁ) 267.51 (1.45) 267.27 (0.48) 268.58 (2.53) 268.72 (0.83) 270.48 (1.37) 270.04 (1.96)
0.60 Cost Saving (%) 11.95 (1.27) 13.16 (0.32) 14.31 (0.87) 14.56 (0.62) 14.12 (0.54) 15.22 (1.19)
Conv. Rate (%) 5.38 (0.72) 6.40 (0.98) 7.84 (1.09) 7.27(0.73) 8.86 (0.78) 8.02 (0.84)
Run Time ("QJ‘LHﬁ) 270.01 (0.72) 271.23 (0.75) 268.77 (2.28) 269.07 (1.29) 271.91 (1.18) 271.66 (1.12)
0.70 Cost Saving (%) 10.93 (0.54) 13.78 (0.64) 14.05 (0.99) 14.14 (0.90) 15.00 (0.53) 15.20 (1.34)
Conv. Rate (%) 5.14 (0.38) 6.29 (0.96) 7.84(0.72) 7.04 (0.39) 7.99 (0.73) 7.09 (0.45)
Run Time ("QJ‘LHﬁ) 268.77 (1.28) 270.22 (1.39) 271.36 (2.02) 265.66 (1.73) 264.73 (2.67) 271.18 (1.64)
0.80 Cost Saving (%) 10.02 (1.38) 11.83 (0.93) 12.77 (1.24) 13.89 (1.61) 14.50 (0.72) 15.19 (1.17)
Conv. Rate (%) 5.82(0.99) 5.55(0.31) 6.47 (0.78) 6.76 (0.66) 7.11 (0.97) 7.33(0.91)
Run Time ("QJ‘LHﬁ) 265.2 (2.96) 270.71 (2.35) 271.36 (2.02) 265.66 (2.73) 268.73 (2.67) 271.18 (1.64)
0.90 Cost Saving (%) 10.24 (1.03) 12.12 (1.00) 12.05 (0.50) 12.73 (0.77) 13.66 (1.21) 14.54 (1.03)
Conv. Rate (%) 5.08 (0.86) 6.75 (0.65) 6.84 (1.18) 6.56 (0.91) 7.39 (0.84) 7.96 (0.92)
Run Time ("QJ‘LHﬁ) 270.01 (2.78) 268.13 (1.58) 271.46 (2.57) 272.85 (1.34) 269.88 (2.08) 269.67 (2.28)
1.00 Cost Saving (%) 9.55(0.37) 10.61 (0.82) 11.79 (0.61) 12.71 (1.06) 13.35(0.73) 13.87 (1.42)
Conv. Rate (%) 4.71 (0.47) 4.95(0.82) 5.23(0.26) 5.35(1.35) 6.69 (0.56) 6.93 (0.46)
Run Time ("QJ‘LHﬁ) 265.65 (1.83) 270.87 (2.42) 273.51(2.92) 271.67 (1.89) 271.58 (1.87) 270.35 (2.00)
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MSHUINN 6 (91D)

Pm
Pc
0.50 0.60 0.70 0.80 0.90 1.00
0.50 Cost Saving (%) 17.62 (1.46) 20.65 (1.52) 20.73 (0.34) 19.66 (1.42) 15.34 (0.63) 15.73 (1.11)
Conv. Rate (%) 9.11 (0.08) 10.62 (0.95) 10.06 (0.10) 10.77 (0.73) 8.1 (1.04) 7.72 (0.25)
Run Time ("QJ‘LHﬁ) 269.19 (1.48) 267.15 (2.03) 263.86 (1.83) 272.06 (2.43) 271.74 (2.04) 270.67 (1.51)
0.60 Cost Saving (%) 16.12 (0.29) 16.24 (0.62) 17.19 (0.53) 17.15 (0.23) 14.15 (0.95) 14.76 (0.19)
Conv. Rate (%) 8.23 (0.88) 9.01 (0.94) 9.70 (0.97) 8.47(0.19) 7.98 (03.97) 6.07 (1.04)
Run Time ("QJ‘LHﬁ) 269.06 (1.07) 271.29 (2.24) 268.37 (1.26) 270.58 (0.83) 269.39 (0.84) 267.22 (0.77)
0.70 Cost Saving (%) 15.67 (0.72) 15.05 (1.27) 15.21 (1.52) 16.37 (1.75) 14.88 (1.08) 13.64 (0.65)
Conv. Rate (%) 6.91(0.31) 6.29 (0.34) 7.29 (0.18) 8.24 (1.04) 7.69 (1.06) 6.22 (0.24)
Run Time ("QJ‘LHﬁ) 272.15(1.97) 269.74 (1.01) 266.77 (0.99) 268.04 (2.85) 269.1 (1.81) 268.59 (1.32)
0.80 Cost Saving (%) 15.27 (0.71) 14.90 (1.30) 14.88 (0.69) 14.76 (1.44) 13.4 (0.14) 12.73 (1.04)
Conv. Rate (%) 7.09 (0.88) 6.13 (0.81) 6.42 (0.69) 6.29 (0.89) 5.78 (0.68) 5.07 (0.37)
Run Time ("QJ‘LHﬁ) 267.15 (1.97) 268.74 (1.01) 270.77 (0.89) 268.04 (2.85) 268.1 (1.81) 268.59 (2.32)
0.90 Cost Saving (%) 14.63 (0.92) 13.44 (0.63) 13.93 (1.21) 13.03 (0.39) 12.49 (0.87) 12.46 (0.62)
Conv. Rate (%) 7.94 (0.70) 6.57 (1.14) 6.61 (1.02) 5.07 (0.36) 5.66 (0.12) 5.29 (0.25)
Run Time ("QJ‘LHﬁ) 268.33 (2.63) 270.35 (2.31) 269.47 (2.63) 268.67 (1.11) 265.20 (1.94) 266.19 (1.32)
1.00 Cost Saving (%) 13.75 (1.11) 13.22 (0.19) 12.80 (0.62) 12.01 (0.39) 11.08 (1.13) 10.44 (0.80)
Conv. Rate (%) 6.41 (1.36) 6.47 (0.53) 5.81(0.16) 5.8 (0.21) 4.87(0.53) 4.17(0.77)
Run Time ("QJ‘LHﬁ) 269.08 (2.56) 265.06 (2.57) 272.91 (3.03) 267.41 (2.65) 270.27 (0.79) 270.20 (1.52)
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MINWUINNA 7 MINAADINIAT Pe tazal Pm Ntnanganvoilymifil VerticeSize = 2,000

PopulationSize = 100, Generation = 400

ke 0.01 0.05 0.10 0.20 0.30 0.40
0.01 Cost Saving (%) 5.17(0.38) 5.35(0.54) 5.90 (0.37) 6.51(0.52) 7.93(0.72) 9.14 (0.15)
Conv. Rate (%) 3.06 (0.41) 3.56 (0.79) 3.38 (0.21) 3.74 (0.41) 3.90 (0.94) 4.48 (0.66)
Run Time (3U111) 750.94 (4.70) 749.57 (3.14) 750.61 (4.02) 751.07 (2.36) 753.09 (4.22) 753.70 (5.55)
0.05 Cost Saving (%) 5.33(0.63) 6.35(0.31) 6.47(0.63) 7.67 (1.11) 8.61(0.78) 9.73 (0.74)
Conv. Rate (%) 3.76 (0.19) 3.09 (0.36) 3.75(0.11) 3.98 (0.22) 4.06 (0.27) 4.35(0.51)
Run Time (311#1) 750.39 (3.77) 749.39 (3.45) 760.09 (5.33) 761.02 (5.15) 754.09 (3.82) 74431 (4.22)
0.10 Cost Saving (%) 6.83(0.30) 8.30(0.27) 8.69 (0.48) 9.85(0.48) 12.04 (0.67) 12.23 (1.16)
Conv. Rate (%) 3.29 (0.63) 3.89 (0.44) 4.06 (0.75) 4.04 (0.72) 5.29 (0.39) 6.78 (0.68)
Run Time (3U171) 750.43 (4.82) 752.88 (3.64) 747.37 (4.43) 756.92 (3.48) 754.99 (2.34) 743.79 (5.20)
0.20 Cost Saving (%) 7.05(0.74) 8.57(0.73) 9.14 (1.14) 10.03 (0.63) 13.49 (0.27) 14.46 (1.22)
Conv. Rate (%) 3.97 (0.13) 3.95(0.45) 4.13 (0.29) 4.97(0.39) 5.19(0.44) 5.79 (0.33)
Run Time (3U1#1) 751.12 (3.85) 744.57 (3.48) 753.36 (4.82) 740.73 (5.08) 743.87 (2.62) 744.10 (3.85)
0.30 Cost Saving (%) 7.52 (1.11) 8.23 (0.56) 10.17 (0.45) 11.41(1.61) 13.72 (0.83) 15.27 (0.48)
Conv. Rate (%) 3.34(0.13) 4.11(0.29) 4.42(0.23) 5.41(0.13) 6.67 (0.89) 7.27(0.73)
Run Time (311#1) 744.11 (3.55) 744.19 (2.93) 751.70 (4.88) 756.72 (3.53) 748.68 (5.39) 745.88 (2.82)
0.40 Cost Saving (%) 8.52 (1.11) 9.15(0.23) 10.54 (1.03) 10.63 (0.92) 11.28 (1.33) 13.83 (0.70)
Conv. Rate (%) 4.34(0.15) 4.99 (0.34) 4.96 (0.92) 5.94(0.70) 5.99 (0.82) 7.29 (0.63)
Run Time (31171) 751.11 (4.35) 746.16 (2.65) 759.67 (2.28) 758.33(2.63) 743.66 (3.48) 750.43 (3.82)

6¢Cl



= '
MINNUINN 7 (919)

ke 0.50 0.60 0.70 0.80 0.90 1.00
0.01 Cost Saving (%) 9.11(0.48) 10.07 (0.42) 10.19 (0.48) 10.52 (1.01) 9.23 (0.56) 9.17 (0.45)
Conv. Rate (%) 4.14 (0.42) 4.16 (0.21) 5.26 (0.97) 4.34(0.13) 4.11(0.29) 3.42(0.23)
Run Time (3U111) 751.27 (3.75) 754.60 (4.93) 746.73 (3.38) 741.37 (3.17) 744.19 (3.93) 754.70 (2.88)
0.05 Cost Saving (%) 9.88 (0.54) 10.06 (1.30) 11.02 (0.65) 11.51 (1.09) 10.86 (0.47) 10.12 (1.13)
Conv. Rate (%) 4.41(0.21) 4.37(0.28) 5.93(0.82) 5.02 (0.25) 4.57(0.33) 4.66 (0.82)
Run Time (311#1) 743.88 (4.28) 753.30(2.36) 753.53(2.93) 744.28 (2.01) 748.37 (2.63) 745.71 (2.82)
0.10 Cost Saving (%) 12.18 (1.06) 13.06 (0.47) 13.69 (1.03) 13.69 (0.74) 12.54 (1.04) 12.23 (0.55)
Conv. Rate (%) 6.82(0.99) 6.55(0.31) 5.47(0.78) 5.76 (0.66) 5.10(0.937) 5.33(0.91)
Run Time (3U171) 741.01 (4.36) 744.21 (4.71) 754.20 (4.55) 763.98 (5.22) 755.71 (3.75) 747.29 (3.35)
0.20 Cost Saving (%) 13.77 (0.88) 15.15(1.13) 14.95 (1.27) 14.0 (0.59) 12.83 (0.87) 12.97 (1.08)
Conv. Rate (%) 5.86 (0.74) 7.36 (0.73) 7.38 (0.72) 6.73 (0.21) 6.98 (0.33) 5.01(0.18)
Run Time (3U1#1) 759.85(5.23) 748.98 (5.84) 749.01 (2.72) 755.71 (2.23) 767.69 (3.77) 744.17 (2.37)
0.30 Cost Saving (%) 15.85(0.75) 18.74 (1.04) 18.31 (0.87) 17.56 (0.62) 13.12 (0.54) 12.99 (1.48)
Conv. Rate (%) 7.86 (0.78) 8.29 (0.70) 7.84 (1.09) 7.27 (0.73) 6.86 (0.78) 5.26 (0.97)
Run Time (3U111) 766.04 (2.77) 757.05 (4.38) 758.77 (4.28) 749.07 (2.29) 74291 (4.18) 744.73 (4.55)
0.40 Cost Saving (%) 16.3 (1.27) 17.84 (1.29) 18.05 (0.36) 18.04 (0.90) 14.72 (0.53) 13.02 (0.65)
Conv. Rate (%) 7.89 (0.44) 8.69 (0.84) 8.84 (0.72) 8.04 (0.39) 7.99 (0.73) 7.43 (0.82)
Run Time (3U111) 752.88 (3.64) 756.19 (4.35) 761.36 (2.02) 749.66 (3.73) 750.73 (2.67) 744.53 (3.93)
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MINNUINN 7 (919)

Pm
Pc
0.01 0.05 0.10 0.20 0.30 0.40
0.50 Cost Saving (%) 7.51 (1.09) 9.41 (0.65) 9.87(0.42) 10.75 (1.11) 10.50 (0.49) 12.15 (0.23)
Conv. Rate (%) 3.02 (0.35) 4.49 (0.27) 4.93 (0.46) 4.41(0.36) 4.87(0.94) 6.47 (0.19)
Run Time ("QJ‘LHﬁ) 743.28 (4.01) 750.19 (4.44) 761.35 (4.00) 754.08 (2.56) 747.56 (3.91) 749.58 (5.83)
0.60 Cost Saving (%) 7.69 (0.74) 9.29 (0.89) 10.89 (1.61) 10.62 (1.46) 10.85 (0.34) 11.37 (1.75)
Conv. Rate (%) 3.76 (0.66) 4.67(0.11) 5.76 (0.66) 5.26 (0.49) 5.90 (0.34) 6.24 (0.34)
Run Time ("QJ‘LHﬁ) 743.98 (3.22) 748.51 (1.52) 745.66 (2.73) 752.02 (1.71) 749.13 (2.81) 754.04 (2.85)
0.70 Cost Saving (%) 7.70 (0.59) 8.18 (0.34) 8.97 (0.51) 8.86 (1.22) 9.35(1.28) 9.76 (1.44)
Conv. Rate (%) 3.73(0.21) 3.29(0.22) 4.86 (0.20) 4.71 (0.64) 5.96 (0.91) 5.29 (0.89)
Run Time ("QJ‘LHﬁ) 761.71 (3.23) 747.7 (2.41) 756.17 (3.04) 739.61 (2.03) 742.41 (3.77) 754.04 (2.85)
0.80 Cost Saving (%) 7.31(0.73) 7.44 (1.02) 8.15(0.95) 8.73 (1.10) 8.21(0.72) 8.17(0.16)
Conv. Rate (%) 3.84 (0.63) 4.94(0.94) 4.98(0.97) 4.72 (0.25) 4.51(0.39) 4.98(0.22)
Run Time ("QJ‘LHﬁ) 746.23 (3.75) 744.59 (3.81) 749.39 (3.84) 750.67 (5.51) 755.72 (4.73) 751.02 (3.15)
0.90 Cost Saving (%) 7.24 (1.26) 7.63 (0.33) 7.88 (1.08) 8.76 (0.79) 8.72 (0.65) 8.85(0.48)
Conv. Rate (%) 2.95(0.82) 3.47(0.19) 3.60 (0.75) 4.07 (0.64) 4.93(0.82) 4.04 (0.72)
Run Time ("QJ‘LHﬁ) 754.19 (2.82) 759.47 (6.02) 755.71 (3.56) 749.22 (3.77) 744.53 (2.93) 750.92 (5.48)
1.00 Cost Saving (%) 7.15(0.48) 7.66 (1.42) 7.49 (1.14) 7.34 (0.65) 7.19 (1.03) 7.03 (0.61)
Conv. Rate (%) 2.54(0.28) 3.77(0.73) 3.19(0.14) 3.22(0.24) 3.47(0.78) 3.97 (0.39)
Run Time ("QJ‘LHﬁ) 754.16 (4.32) 742.06 (2.43) 751.66 (6.48) 758.59 (4.32) 754.20 (4.55) 749.73 (3.08)

1€l



= '
MINNUINN 7 (919)

Pm
Pc
0.50 0.60 0.70 0.80 0.90 1.00
0.50 Cost Saving (%) 14.11 (0.48) 17.95 (1.27) 18.77 (1.24) 17.89 (0.61) 14.50 (0.72) 13.69 (1.03)
Conv. Rate (%) 7.14 (0.25) 7.98 (0.72) 8.47 (0.78) 8.76 (0.66) 7.97 (0.97) 6.47(0.78)
Run Time (3U111) 753.27 (3.55) 754.01 (3.72) 756.36 (2.02) 745.66 (2.73) 742.73 (2.67) 740.20 (2.55)
0.60 Cost Saving (%) 13.88 (1.54) 15.76 (1.15) 14.05 (0.50) 14.73 (0.77) 13.66 (1.21) 11.95 (1.27)
Conv. Rate (%) 7.41 (0.21) 7.99 (0.19) 6.84 (0.18) 6.56 (0.91) 7.39 (0.84) 6.38 (0.72)
Run Time ("QJ‘LHﬁ) 755.88 (3.28) 764.85 (2.16) 744.46 (2.57) 751.85 (3.34) 756.88 (2.98) 743.01 (2.72)
0.70 Cost Saving (%) 10.18 (1.06) 11.01 (1.08) 11.06 (0.86) 10.24 (1.62) 10.05 (0.93) 8.93 (1.04)
Conv. Rate (%) 4.82 (0.99) 5.36 (0.69) 6.17 (0.72) 4.27(0.91) 4.27(0.43) 4.14 (0.38)
Run Time ("QJ‘LHﬁ) 750.01 (3.36) 748.37 (3.26) 740.48 (2.58) 741.18 (3.47) 751.29 (3.24) 755.77 (3.28)
0.80 Cost Saving (%) 7.77 (0.68) 7.18 (0.16) 6.73 (1.14) 6.06 (0.57) 6.05 (0.13) 6.02 (0.38)
Conv. Rate (%) 5.86 (0.74) 5.81(0.16) 4.01 (0.94) 5.81(0.26) 3.47(0.53) 3.23(0.26)
Run Time ("QJ‘LHﬁ) 753.85 (4.23) 747.59 (3.37) 741.12 (3.38) 744.01 (2.13) 750.17 (4.02) 752.36 (2.51)
0.90 Cost Saving (%) 7.33 (0.62) 7.01 (0.48) 6.65 (0.52) 6.21 (0.97) 5.48 (0.58) 5.35(0.60)
Conv. Rate (%) 4.59 (0.41) 3.95(0.62) 3.62 (0.95) 3.88 (0.08) 3.93(0.93) 2.97 (0.28)
Run Time ("QJ‘LHﬁ) 756.13 (4.36) 760.19 (2.53) 741.15 (4.03) 755.15 (2.95) 754.24 (5.62) 742.01 (2.18)
1.00 Cost Saving (%) 7.16 (0.57) 6.60 (0.69) 6.24 (0.62) 5.67 (0.45) 5.34(0.24) 5.18 (0.68)
Conv. Rate (%) 3.71 (0.47) 3.31(0.34) 3.01 (0.44) 3.21(0.32) 3.88(0.17) 2.20 (0.44)
Run Time ("QJ‘LHﬁ) 753.47 (4.01) 754.45 (4.66) 751.29 (2.24) 752.68 (2.77) 754.14 (5.55) 749.22 (3.19)
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