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WIPAWEE SINOI : HYPER HEURISTIC APPROACH FOR VEHICLE
ROUTING PROBLEM WITH TWO-DIMENSIONAL BIN PACKING
. PROBLEM IN CONSTRUCTION MATERIAL STORE. THESIS ADVISOR :

ASST. PROF. PAVEE SIRIRUK, Ph.D., 206 PP.

HYPER HEURISTIC/BIN PACKING PROBLEM/VEHICLE ROUTING/

ALGORITHM

Nowadays, business competition is continuously increasing, companies started
to utilize Logistics and Supply Chain system for development and optimize their
cost efficiency. The objective of this thesis was to develop algorithm for vehicle
routing problem (VRP) and two-dimensional bin packing problem (2DBPP) on
| delivery trucks using Hyper heuristic. The algorithm started from solving the
vehicle routing problem by combining the Nearest neighbor algorithm and Sweep
approach together. Next, the hyper heuristic algorithm for two-dimensional bin
packing problem was developed. In this research, heterogeneous fleet vehicle routing
problem was considered with 2 types of delivery trucks, leéaving a warehouse at the
same time. There are 20 customers; and a single depot: For the two-dimensional bin
packing problem, there are 2 types of product boxes, square and rectangular boxes
which can be rotated 90 degrees. MATLAB was deployed to develop the algorithm.
The result showed that the vehicle routing consisted of 5 trucks with total distance of
258.13 kilometers. For bin-packing on delivery trucks, the results showed that there
were 10.33 % or 3,300,000 square millimeters of available useful space left on

delivery trucks. The results implied that the algorithm for vehicle routing and bin-

-



packing problems had good efficiency to find solutions. The entrepreneurs can

deploy this algorithm as a guideline for business planning in the future.
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FF = First Fit

BF = Best Fit

BL = Bottom-Left

BLR = Bottom-Left Rotate
BLF = Bottom-Left Fill

BLFR = Bottom-Left Fill Rotate
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20 24.39 5.54 36.09 30.54 18.92 27.39 21.51 39.71 24.66 12.79 33.63 38.37 42.57 4.32 12.02 10.88 13.98 17.57 37.22 22.43 0.00
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Smdondna Ao
Uszannassaum
1an Tvigy nang
inwal A B D
YUIANGBITUM (A.00.) | 300 X 300 | 900 x 900 | 500 x 600 | 600 x 500
s 4.4 feyalSinuAudiiignddade
. Yinaiduiiignddsgo ) ' P
a1y MHIUNADY NWUHNVDINADIAUAN (qn)
i) | ndesimasudata | ndesdmdguiug | Fuii(ndeq) (3.001.)
A C B D
1 0 0 0 ! ! 300,000
2 0 1 0 0 1 810,000
3 0 2 0 1 3 1,920,000
4 0 0 0 1 1 300,000
5 0 5 0 0 5 3,330,000
6 4 1 0 1 6 1,530,000
7 2 0 0 | 3 480,000
8 3 2 0 0 5 1,080,000
9 0 3 0 0 3 2,430,000
10 2 0 0 2 4 4,050,000
11 0 1 0 0 1 810,000
12 6 0 2 2 10 1,740,000
13 4 0 0 0 4 360,000
14 0 2 0 0 2 1,620,000
15 2 0 0 3 5 1,890,000
16 0 3 I 2 6 870,000
17 8 I 0 0 9 1,470,000
18 4 I 0 0 5 1,170,000
19 6 0 0 0 6 540,000
20 3 0 1 1 5 780,000
59 44 2 4 15 85 27,480,000
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TasTaulas

Loop 2

a
Eip1RE]

gulaslulruazmsdnsia

o 65C 61A 66D 62A 63A 64A 179C | 172A | 171A | 173A | 174A | 175A | 178A | 176A | 177A .
, quyadan 5- 10
i 174A | 176A | 64A 179C | 177A | 66D 175A | 1784 | 61A 62A 65C 63A 172A | 171A | 173A
m3lu3aeuny Order Crossover (OX)
o 65C H H H 63A 64A 179C | 172A | 171A | 173A | 174A H H 176A H
, Tdéa H = Saugada
i 174A | 176A H H 177A | 66D 175A | 1784 | 61A 62A 65C H H H H
o 63A | 64A | 179C | 172A | 171A | 173A H H H H H H 174A | 176A | 65C toyadaunsninanih, d 1
a 177A | 66D 175A | 178A | 61A 62A H H H H H H 65C 174A | 176A amw, landeaiimdeny
o 63A 64A 179C | 172A | 171A | 173A | 177A | 66D 175A | 178A | 61A 62A 174A | 176A | 65C
- lufaduyadany unusumis 1
i 177A | 66D 175A | 178A | 61A 62A 63A 64A 179C | 172A | 171A | 173A | 65C 174A | 176A
ﬂmfjﬁluﬁ (Mutation) AN Insertion Mutation
Fumiavestu 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
o 63A 64A 179C | 1724 | 171A | 173A | 177A | 66D 175A | 178A | 61A 62A 174A | 176A 65 15, 1
qusouii 1 65C 63A 64A 179C | 172A | 171A | 173A | 177A | 66D 175A | 178A | 61A 62A 174A | 176A Agu (12 - 13), 3
quouii 2 65C 63A 61A 62A 64A 179C | 172A | 171A | 173A | 177A | 66D 175A | 178A | 174A | 176A 11,2
qusouii 3 65C 66D 63A 61A 62A 64A 179C | 172A | 171A | 173A | 177A | 175A | 178A | 174A | 176A
i 177A | 66D 175A | 178A | 6IA 62A 63A 64A 179C | 1724 | 171A | 173A 65C 174A | 176A 13, 1
a;'m@uﬁ 1 65C 177A | 66D 175A | 178A | 61A 62A 63A 64A 179C | 172A | 171A | 173A | 174A | 176A ngN (4-5),15
fjmauﬁ 2 65C 177A | 66D 61A 62A 63A 64A 179C | 172A | 171A | 173A | 174A | 176A | 175A | 178A 2,9
fjmauﬁ 3 65C 66D 61A 62A 63A 64A 179C | 177A | 172A | 171A | 173A | 174A | 176A | 175A | 178A
Uszfiumanumangan (Fitness Evaluation) Max Fitness
an1 65C 66D 63A 61A 62A 64A 179C | 172A | 171A | 173A | 177A | 175A | 178A | 174A | 176A 90,000
an 2 65C 66D 61A 62A 63A 64A 179C | 177A | 1724 | 171A | 173A | 174A | 176A | 175A | 178A 90,000

4!



A 9 v A a Y 19 asy da a A 4 v A A
AN V.3 ‘llmgaﬂTﬁ%mﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ’EJ'J'ﬁ?ﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 139UN 3

AN

Lol elel el sl wlnlnlnluls

TasTaulas

Loop 3

a
Eip1RE]

gulaslulruazmsdnsia

o 65C 66D 63A 61A 62A 64A | 179C | 172A | 171A | 173A | 177A | 175A | 178A | 176A | 177A o
, quyadan 5-7
1l 1734 | 63A | 172A | 64A | 178A | 171A | 66D 176A | 177A | 174A | 624 63A | 172A | 171A | 173A
M3 lu3asuuy Order Crossover (OX)
) 65C H 63A 61A 62A 64A | 179C | 172A H 173A | 177A | 175A | 174A | 174A | 176A » . 5
, Tdéa H = Saugada
13 1734 | 63A | 172A H 1784 | 171A | 66D 176A | 177A | 174A H 61A 65C H 175A
o 62A | 64A | 179C H H H 1724 | 173A | 177A | 175A | 174A | 176A | 65C | 63A | 6lA toyadaunsninanih, d 1
Tty 1784 | 171A | 66D H H H 176A 63A 174A 61A 65C 175A | 173A 63A 172A o, lanassiwiaenu
) 62A 64A | 179C | 178A | 171A | 171A | 172A | 173A | 177A | 175A | 174A | 176A | 65C 63A 61A e o L
, luiadugadany unudumis H
13 178A | 171A | 66D 62A 64A 64A | 176A | 63A | 174A | 61A 65C 175A | 173A | 63A | 172A
ﬂmfjﬁluﬁ (Mutation) AN Insertion Mutation
AL UIVDIBY 1 2 3 4 5 6 G 8 9 10 11 12 13 14 15
) 62A 64A 179C | 1784 | 171A | 66D | 172A | 173A | 177A | 175A | 174A | 176A | 65C 63A 61A Aqu (13- 15), 1
qusouii | 65C 63A 61A 62A 64A 179C | 178A | 171A | 66D | 172A | 173A | 177A | 175A | 174A | 176A 9,3
qusouii2 65C 63A 66D 61A 62A 64A 179C | 178A | 171A | 172A | 173A | 177A | 175A | 174A | 176A
wad 178A | 171A | 66D 62A 64A 179C | 176A | 177A | 174A | 61A 65C 1754 | 173A | 63A 172A 11,1
dugoudi 1 65C 178A | 171A | 66D 62A 64A 179C | 176A | 177A | 174C | 61A | 175A | 173A | 63A | 172A 14,15
dusouii 2 65C 1784 | 171A | 66D 63A 62A 64A 179C | 176A | 177A | 174A | 61A | 175A | 173A | 172A 12,4
qusoui 3 65C 1784 | 171A | 61A 66D 63A 62A 64A 179C | 176A | 177A | 174A | 175A | 173A | 172A
Uszidiumanumrangay (Fitness Evaluation) Max Fitness
gnl 65C 63A 66D 61A 62A 64A 179C | 178A | 171A | 172Aa | 173A | 177A | 175A | 174A | 176A 90,000
qn 2 65C 1784 | 171A | 61A 66D 63A 62A 64A 179C | 176A | 177A | 174A | 175A | 173A | 172A No

0S1



A 9 v A a Y 19 asy da a A 4 v A A
f1319N V.4 ‘llmgaﬂTﬁ%mﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ’EJ'J'ﬁ?ﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 139Un 100

AN

Lol elsl el sl wlnlnlnluls

TasTaulas

Loop 100

a
Eip1RE]

gulaslulruazmsdnsia

o 65C 63A 66D 61A 62A 64A 179C | 178A | 171A | 172A | 173A | 177A | 175A | 174A | 176A o
, qUIAAATN 6 -7
Y 62A 174A | 177A | 179C | 175A | 173A | 63A 64A 172A | 66D 65C 171A | 178A | 176A | 61A
m3lu3aeuny Order Crossover (OX)
o 65C H 66D 61A 62A 64A 179C | 178A | 171A | 172A H 177A | 175A | 174A | 176A
, Tdéa H = Saugada
Y 62A 174A | 177A H 175A | 173A | 63A H 172A | 66D 65C 171A | 178A | 176A | 61A
o 64A | 179C | H 1784 | 171A | 172A | 1774 | 175A | 174A | 176A | 65C | 66D | 61A | 62A toyadaunsninanih, d 1
i 173A 63A | H 172A 66D 65C 171A | 178A | 176A 61A 62A | 174A 177A | 175A amw, landeaiimdeny
o 64A 179C | 173A | 63A | 178A | 171A | 172A | 177A | 175A | 174A | 176A | 65C 66D 61A 62A
- lufaduyadany unusumis 1
Y 173A | 63A 64A 179C | 172A | 66D 65C 171A | 178A | 176A | 61A 62A | 174A | 177A | 175A
ﬂmfjﬁluﬁ (Mutation) AN Insertion Mutation
Fumiavestu 1 2 3 4 5 6 g 8 9 10 11 12 13 14 15
o 64A 179C | 173A | 63A 178A | 171A | 1724 | 177A | 175A | 174A | 176A | 65C 66D 61A 62A 4,2
qusouii 1 64A 63A 1794 | 173A | 178A | 171A | 172A | 177A | 175A | 174A | 176A | 65C 66D 61A 62A agu (12 - 15), 3
quouii 2 64A 63A 65C 66D 61A 62A 179C | 173A | 178A | 171A | 172A | 177A | 175A | 174A | 176A 3,1
qusouii 3 65C 64A 63A 66D 61A 62A 179C | 173A | 178A | 171A | 172A | 177A | 175A | 174A | 176A
i 173A | 63A 64A 179C | 172A | 66D 65C 171A | 178A | 176A | 6IA 62A 174A | 177A | 175A Agu (6-7), 4
ajm@uﬁ 1 173A | 63A 64A 66D 65C 179C | 172A | 171A | 178A | 176A | 6l1A 62A | 174A | 177A | 175A gy (2-9),1
q'maauﬁ 2 63A 64A 66D 65C 173A | 179C | 1724 | 171A | 178A | 176A | 61A 62A | 174A | 177A | 175A agu (11-15), 5
q'maauﬁ 3 63A 64A 66D 65C 61A 62A | 173A | 179C | 172A | 171A | 178A | 176A | 174A | 177A | 175A
Uszfiumanumangan (Fitness Evaluation) Max Fitness
an1 65C 64A 63A 66D 61A 62A 179C | 173A | 178A | 171A | 172A | 177A | 175A | 174A | 176A 90,000
an2 63A 64A 66D 65A 61A 62A 1734 | 179C | 1724 | 171A | 178A | 176A | 174A | 177A | 175A 0

IS1



A 9 v A a Y 19 asy da a A 4 v A A
ATWN V.5 ‘llmgaﬂTﬁ%mﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ’EJ'J'?ﬂﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 239N 100

fumiia 1 | 2 | 3 | 4 | 5 | 6 I 7 I 8 I 9 I 10 I 1 I 12 I 13 I 14 I 15 I 16 I 17 I 18 19 I 20 | 21 | 2 | 23 | 24 | 25 .
oSy
TasTalas Loop 100
qulnslilanmazmsdhsia
e 102A 161B 165D 166D 181A 185C 1824 2048 205D 162C 163C 164C 183A 184A 104D 103D 51C 52 53¢ 2024 201A 203A 54C 55C 101A L
i 183A 181A 185C 1824 s1C 52C 53¢ 161B 165D 166D 101A 1024 204B 205D 54C 55C 104D 2024 162C 163C 164C 103D 201A 184A 203A a2
m3ludAaunu Order Crossover (0X)
vio H H H H 181A 185C 1824 204B 205D 162C 163C 164C 183A 184A 104D 103D H H H 2024 201A 203A s54C 55C H Tdd H=mm
i 183A H H H sic 52 53¢ 161B 165D 166D 101A 1024 H H s4C 55C 104D 2024 H H H 103D 201A 184A 203A 90da
o 181A 185C 1824 204B 208D 162C 163C 164C H H H H H H H H 183A 184A 104D 103D 2024 201A 203A 54C 55C dhogadaunsn
; Fhawh, @ Haw,
i s1C 52 53¢ 161B 165D 166D 101A 1024 H H H H H H H H 54C 55C 104D 2024 103D 201A 184A 203A 183A ;
ldndesiinmdonn
o 181A 185C 1824 204B 205D 162C 163C 164C siC 52 53¢ 161B 165D 166D 101A 1024 183A 184A 104D 103D 2024 201A 203A s54C 55C Ivdaduyadany
i sic 52C 53¢ 161B 165D 166D 101A 1024 181A 185C 1824 2048 205D 162C 163C 164C s4C 55C 104D 2024 103D 201A 184A 203A 183A i H
pMEHE (Mutation) i
Insertion Mutation
o 181A 185C 1824 204B 205D 162C 163C 164C siC 52 53¢ 161B 165D 166D 101A 102A 183A 183A 184A 104D 103D 2024 201A 203A s54C ngu O - 11), 4
qusouii 1 181A 185C 182A sic 52 53¢ 2048 205D 162C 163C 164C 161B 165D 166D 101A 1024 183A 183A 184A 104D 103D 2024 201A 203A 54C nau (24-25), 7
qusoufi 2 181A 185C 1824 s1C 52 53¢ 54C 55C 204B 205D 162C 163C 164C 161B 165D 166D 166D 101A 1024 183A 184A 104D 103D 2024 201A ngu (11-16),9
qusouii 3 181A 185C 182A sic 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 204B 205D 205D 101A 102A 183A 184A 104D 103D 2024 201A ngu (21-22),17
qusouii 4 181A 185C 1824 s1C 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 204B 205D 205D 104D 103D 101A 102A 183A 184A 2024 201A nau (21-22),4
qusouii 5 181A 185C 182A 183A 184A sic 54C 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 166D 204B 205D 104D 103D 101A 102A 2024 201A ngu (23 -25), 19
quroii 6 181A 185C 182A 183A 184A siC 54C 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 166D 204B 205D 2024 201A 203A 104D 2024 101A
i s1C 52C 53¢ 161B 165D 166D 101A 1024 181A 185C 1824 204B 205D 162C 163C 164C 54C 55C 104D 2024 103D 201A 184A 203A 183A ngu(17-18),4
dqusouii 1 sic 52 53¢ 54C 55C 161B 165D 166D 101A 02A 181A 185C 182A 204B 205D 162C 163C 164C 104D 2024 103D 201A 184A 203A 183A 19,9
quseuii 2 Eite 52C 53¢ 54C 55C 161B 165D 166D 104D 101A 102A 81A 185C 182A 204B 205D 162C 163C 163C 202A 103D 201A 184A 203A 183A 21,10
dqusouii 3 sic 52 53¢ 54C 55C 161B 165D 166D 104D 103D 101A 1024 181A 185C 1824 204B 205D 162C 162C 164C 2024 201A 184A 203A 183A ngu (18- 20), 6
qusouiia s1C 52C 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 104D 103D 101A 102A 181A 185C 182A 182A 2048 2024 201A 184A 203A 183A ngu (16 18), 1
qurouii 5 181A 185C 182A sic 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 104D 103D 101A 1024 102A 204B 2024 201A 184A 203A 183A ndw (19-22), 15
qusouii 6 181A 185C 182A siC 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 204B 205D 202A 201A 201A 104D 101A 102A 184A 203A 183A 24,19
dqusouii 7 181A 185C 182A sic 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 204B 205D 2024 201A 201A 203A 103D 101A 1024 184A 183A
Uszifiumnnumanzan (Fitness Evaluation) Max Fitness
ant 181A 185C 182A 183A 184A siC 52 53¢ 54C 55 162C 163C 164C 1618 165D 166D 204B 205D 2024 201A 203A 104D 103D 101A 102A 540,000
qn2 181A 185C 182A sic 52 53¢ 54C 55C 162C 163C 164C 161B 165D 166D 204B 205D 2024 201A 203A 104D 103D 101A 1024 184A 183A No

[43!



A 9 v A a Y 19 asy da a A 4 v A A
#13719N V.6 ‘llmgaﬂTﬁ%mﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ’EJ'J'?ﬂﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 339UN 100

fumiia 1 | 2 | 3 | 4 | 5 I 6 I 7 I 8 I 9 I 10 I 1 I 12 I 13 I 14 I 15 I 16 I 17 | 18 | 19 | 20 .
aslulas Loop 100 e
gulasTulmamazmsidhsia
o 133A | 134A | 131A 132A 196A 193A 191A 194A 195A 1924 | 124A 121A 122A 126A | 129D | 128B 127B 1210D 123A 125A uaadad 10 14
13 191A | 124A | 121A 122A 126A 192A 196A 133A 134A 131A | 128B 127B 1210D 120D | 1324 | 194A 195A 193A 125A 123A
m‘s"l'ﬁlﬂéﬂmmu Order Crossover (OX)
vio 133A | 134A H 132A 196A 193A 191A 194A 195A 1924 | 124A 121A 122A 126A H H H H 123A 125A
- laes H = Snugada
i 191A H H H H H 196A 133A 134A 131A | 128B 127B 1210D 129D | 132A 194 195A 193A 125A 123A
vio 1924 | 124A | 121A 122A 126A H H H H H 123A 125A 133A 134A | 132A | 196A 193A 191A 194A 195A | dheyadaunsndnanih, @ H e, ld
i 131C | 1288 | 127B 1210D 129D H H H H H 132A 194A 195A 193A | 125A | 123A 191A 196A 133A 134A naosfimdon
o 1924 | 124A | 121A 122A 126A 131A 128B 127B 1210D 129D | 123A 125A 133A 134A | 1324 | 196A 193A 191A 194A 195A
- lyYaduyadaiu unudumia H
i 131A | 128B | 127B 1210D 129D 192A 124A 121A 122A 126A | 132A 194A 195A 193A | 125A | 123A 191A 196A 133A 134A
A@1WUE (Mutation) AWMU Insertion Mutation
Vi 1924 | 124A | 121A 122A 126A 131A 128B 127B 1210D 120D | 123A 125A 133A 134A | 1324 | 196A 193A 191A 194A 195A ngu (13- 15), 1
qusonii 1 133A | 134A | 132A 192A 124A 121A 122A 126A 131A 1288 | 127B 1210D 129D 123A | 125A | 196A 193A 191A 194A 195A 9,4
qusouii 2 133A | 134A | 132A 131A 192A 124A 121A 122A 126A 1288 | 127B 1210D 129D 123A | 125A | 196A 193A 191A 194A 195A ngu (16 - 20), 6
qusouit 3 133A | 134A | 132A 131A 192A 196A 193A 191A 194A 195A | 124A 121A 122A 126A | 128B | 127B 1210D 129D 123A 125A
i 131A | 128B | 127B 1210D 129D 192A 124A 121A 122A 126A | 132A 194A 195A 193A | 125A | 125A 191A 196A 133A 134A ngu (19 -20), 1
qusouii 1 133A | 134A | 131A 128B 127B 1210D 129D 192A 124A 121A | 122A 126A 132A 194A | 195A | 195A 125A 123A 191A 196A 13,4
qusouii 2 133A | 134A | 131A 132A 128B 127B 1210D 129D 192A 124A | 121A 122A 126A 194A | 191A [ 195A 125A 123A 191A 196A g (5 - 8),20
qusouii 3 133A | 134A | 131A 132A 192A 124A 121A 122A 126A 194A | 195A 193A 125A 123A | 122A | 191A 128B 127B 1210D 129D ngu (6-9), 17
qusonii4 133A | 134A | 131A 132A 192A 194A 195A 193A 125A 1234 | 191A 196A 124A 121A | 122A | 122A 128B 127B 1210D 129D ngu (9 -10), 13
qusouit s 133A | 134A | 131A 132A 192A 194A 195A 193A 191A 196A | 125A 123A 124A 121A | 104D | 122A 128B 127B 1210D 129D
Uszifivmanumanzan (Fitness Evaluation) Max Fitness
ant 133A | 134A | 132A 131A 192A 196A 193A 191A 194A 195A | 124A 121A 122A 126A | 128B | 127B 1210D 129D 123A 125A 450,000
qn2 133A | 134A | 131A 132A 192A 194A 195A 193A 191A 196A | 125A 123A 124A 121A | 122A | 126A 128B 127B 1210D 129D 450,000

€51



A 9 v A a Y 19 asy da a A 4 v A A
137190 .7 ‘llmgaﬂTﬁ%ﬂlﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ@'J'ﬁ?ﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 4 59UN 100

A 1 ‘ 2 | 3 | 4 | 5 | 6 | 7 | 8 9 10 -
Taslalau Loop 100 or
gulaslulaunazmsitnssia
Wio 153D 83A 85C 84C 154D 155D 82A 151A 152A 81A .
: quyaAan 5 -7
bt 153D 154D 155D 81A 85C 84C 151A 83A 82A 152A
mslu3u Ay Order Crossover (OX)
o 153D 83A H H 154D 155D 82A H 152A 8IA
, ldaa H = ugada
1 153D H H 8IA 85C 84C 151A 83A H 152A
o 154D 155D 82A H H H 152A 81A 153D 83A togadaunsndiani, 42 H
1 85C 84C 151A H H H 83A 152A 153D 83A aw, landesiimdony
Wio 154D 155D 82A 85C 84C 151A 152A 8IA 153D 83A lvdaaugadan unu
1 85C 84C 151A 154D 155D 82A 83A 152A 153D 8IA Fuie H
nmﬂﬁ’uﬁ (Mutation) @M1 Insertion Mutation
Wio 154D 155D 82A 85C 84C 151A 152A 81A 153D 83A ngu (3-5), 1
qusouii 1 82A 85C 84C 154D 155D 151A 152A 8IA 153D 83A 8, 4
quIVdi 2 82A 85C 84C 81A 154D 155D 151A 152A 153D 83A 10, 5
qusouii 3 82A 85C 84C 8IA 83A 154D 155D 151A 152A 153D
1Y 85C 84C 151A 1540D 155D 82A 83A 152A 153D 8IA Agu (6-7), 3
quIoUd 1 85C 84C 82A 83A 151A 154D 155D 152A 153D 81A 10, 5
qusouii 2 85C 84C 82A 83A 8IA 151A 154D 155D 152A 153D
Uszdiumanumanzay (Fitness Evaluation) Max Fitness
an1 82A 85C 84C 8IA 83A 154D 155D 151A 152A 153D 18,000
qn2 85C 84C 82A 83A 8IA 151A 154D 155D 152A 153D 18,000

129!



A 9 v A a Y 19 asy da a A 4 v A A
#1379N V.8 ‘llmgaﬂTﬁ%mﬁﬂﬂﬁuﬂWUuﬁﬂﬂluﬁﬂﬂ’JﬂTﬁﬂNqEIL‘IJ@'J'ﬁ?ﬁﬁﬁﬂﬁﬂlﬂﬂiﬂﬂu‘ﬂ 539UN 100

Aumaia 1 ‘ 2 | 3 ‘ 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 I 14 ‘ 15 -
asTalay Loop 100 o
gulnsllasmazmadnsia
o 21C | 724 | 31C | 32C 111C 91C 92C 141C 41D 93C 73D 33D 11D 142C | 71A
. 141 111C 91C 72A 93C | 11D quya fait 5 -8
1 71A | 92C . 41D 142C 31C 32C 33D 21C 73D
m3lv3n/aeuuuy Order Crossover (OX)
o 21C | 2A | H H 111C 91C 92C 141C 41D 93C 73D H 11D H 71A
. ldas H=$mugada
ny 71A H H 41D 142C 31C 32C 33D 21C 73D H H 72A 93C | 11D
o 1ic | 91c | 92¢ | 141C H H H H 41D 93C 11D 11D 71A 21C | 72A | hogadaunsndnanth,
Y 142C | 31C | 32C | 33D H H H H 21C 73D 93C 93C 11D 71A | 41D | Hew, ldndesiimaeay
o 11c | 91C | 92¢ | 141C 142C 31C 32C 33D 41D 93C 11D 11D 71A 21C | 72A luiedugadanu unu
ny 142¢ | 31C | 32c | 33D 111C 91C 92C 141C 21C 73D 93C 93C 11D 71A | 41D s H
nmﬂﬂ’uﬁ (Mutation) A4 Tnsertion Mutation
o 111C | 91C | 92¢ | 141C 142¢ 31C 32C 33D 41D 93C 73D 11D 71A 21C | 72A 10,4
dmauﬁ 1 111C | 91Cc | 92¢ | 93C 141C 142C 31C 32C 33D 41D 73D 11D 71A 21C | 72A 14,7
dmauﬁ 2 111C | 91Cc | 92¢ | 93C 141C 142C 21C 31C 32C 33D 41D 73D 11D 71A | 72A 13,15
dmauﬁ 3 111C | 91Cc | 92¢ | 93C 141C 142C 21C 31C 32C 33D 41D 73D 71A 72A | 11D
ny 142C | 31C | 32¢ | 33D 111C 91C 92C 141C 21C 73D 2A 93C 11D 71A | 41D 5.1
dmauﬁ 1 111C | 142C¢ | 31C | 32C 33D 91C 92C 141C 21C 73D 72A 93C 11D 71A | 41D ngu (6-7),3
dmauﬁ 2 111C | 142¢ | 91C | 92C 31C 32C 33D 141C 21C 73D 72A 93C 11D 71A | 41D 12,5
dmauﬁ 3 111C | 142¢ | 91C | 92C 923C 31C 32C 33D 141C 21C 73D T2A 11D 71A | 41D
Uszdiumanamanzan (Fitness Evaluation) Max Fitness
an 1 111C | 91C | 92¢ | 93C 141C 142C 21C 31C 32C 33D 41D 73D 71A 72A | 11D 204,000
an2 111C | 142¢ | 91C | 92C 923C 31C 32C 33D 141C 21C 73D T2A 11D 71A | 41D No

GSl
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v A

PIAUM 100 79U VOITAVUAIAUN 1

3.1 Aa J9ALTUINA
o HAEWEM3TAIRBINa0 AU 100 50U YBITOVUAITUT 1 MANMHINZAN
1 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 173A | 174A | 176A | 177A | 178A | 175A 0
2 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 174A | 173A | 176A | 177A | 178A | 175A 0
3 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 174A | 175A | 176A | 177A | 178A | 173A 0
4 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 174A | 175A | 176A | 177A | 173A | 178A 0
5 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 174A | 175A | 173A | 177A | 176A | 178A 0
6 62A | 61A | 66D | 65C | 64A | 63A 179C | 171A | 172A | 174A | 175A | 177A | 173A | 176A | 178A 0
7 65C | 61A | 62A | 63A | 64A | 179C | 172A | 171A 66D 173A | 174A | 175A | 178A | 176A | 177A No
8 65C 61A 62A 63A 64A 179C 171A 172A 66D 173A 174A 175A 178A 176A 177A No
9 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
10 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
11 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
12 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
13 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
14 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 173A | 174A | 176A | 177A | 178A | 175A 0
15 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 174A | 173A | 176A | 177A | 178A | 175A 0
16 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 174A | 175A | 176A | 177A | 178A | 173A 0
17 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 174A | 175A | 176A | 177A | 173A | 178A 0
18 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 174A | 175A | 173A | 177A | 176A | 178A 0
19 62A | 61A | 66D | 65C | 63A | 64A 179C | 171A | 172A | 174A | 175A | 177A | 173A | 176A | 178A 0
20 65C 61A 62A 66D 64A 63A 179C 173A 174A 175A 178A 177A 176A 172A 171A 90,000
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PITUM 100 59U VOITAVUAIAUN 1 (41D)

4.1 WA JAALIYINA
o HAEWEM3TAIRBINa0 AU 100 50U VBITOVUAITUT 1 MANMHINZAN
21 65C | 66D | 61A | 62A | 64A | 63A | 179C 173A 174A | 175A 178A 172A 171A | 177A | 176A 90,000
22 65C | 61A | 66D | 62A | 64A | 63A | 179C 173A 174A | 175A 178A 172A 171A | 177A | 176A 90,000
23 65C | 61A | 62A | 66D | 64A | 63A | 179C 173A 174A | 175A 178A 172A 171A | 177A | 176A 90,000
24 65C | 66D | 61A | 62A | 64A | 63A | 179C 174A 175A | 173A 178A 172A 171A | 177A 176A 90,000
25 65C | 61A | 66D | 62A | 64A | 63A | 179C | 174A | 175A | 173A 178A | 172A | 171A | 177A | 176A 90,000
26 65C | 61A | 62A | 66D | 64A | 63A | 179C | 174A | 175A | 173A 178A | 172A | 171A | 177A | 176A 90,000
27 65C 66D 61A 62A 64A 63A 179C 174A 175A 173A 176A 172A 171A 178A 177A 90,000
28 65C 61A 66D 62A 64A 63A 179C 174A 175A 173A 176A 172A 171A 178A 177A 90,000
29 65C | 61A | 62A | 66D | 64A | 63A | 179C | 174A | 175A | 173A 176A | 172A | 171A | 178A | 177A 90,000
30 61A | 62A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 173A | 174A | 176A | 177A | 178A | 175A 0
31 61A | 62A | 66D | 65C | 63A | 64A | 179C 171A 172A 174A 173A 176A 177A | 178A 175A 0
32 61A | 62A | 66D | 65C | 63A | 64A | 179C 171A 172A 174A 175A 176A 177A | 178A 173A 0
33 61A | 62A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 174A 175A | 176A | 177A | 173A | 178A 0
34 61A | 62A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 174A 175A | 173A | 177A | 176A | 178A 0
35 61A 62A 66D 65C 63A 64A 179C 171A 172A 174A 175A 177A 173A 176A 178A 0
36 65C 66D 61A 62A 64A 63A 179C 171A 172A 173A 174A 175A 178A 176A 177A 90,000
37 65C | 61A | 66D | 62A | 64A | 63A | 179C | 171A | 172A | 173A | 174A | 175A | 178A | 176A | 177A 90,000
38 65C | 61A | 62A | 66D | 64A | 63A | 179C | 171A | 172A | 173A 174A | 175A | 178A | 176A | 177A 90,000
39 65C 66D 61A 62A 64A 63A 179C 173A 174A 171A 172A 175A 178A 176A 177A 90,000
40 65C 61A 66D 62A 64A 63A 179C 173A 174A 171A 172A 175A 178A 176A 177A 90,000
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DIAUM 100 59U VOITDVUAIAUN 1 (41D)

3.1 Aa J9ALTUINA
o HAEWEM3TAIRBINa0 AU 100 50U YBITOVUAITUT 1 MANMHINZAN
41 65C | 61A | 62A | 66D | 64A | 63A 179C 173A | 174A | 171A | 172A | 175A | 178A | 176A | 177A 90,000
42 65C | 66D | 61A | 62A | 64A | 63A 179C 173A | 174A | 175A | 178A | 171A | 172A | 176A | 177A 90,000
43 65C | 61A | 66D | 62A | 64A | 63A 179C 173A | 174A | 175A | 178A | 171A | 172A | 176A | 177A 90,000
44 65C | 61A | 62A | 66D | 64A | 63A 179C 173A | 174A | 175A | 178A | 171A | 172A | 176A | 177A 90,000
45 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
46 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
47 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
48 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
49 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
50 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
51 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
52 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
53 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
54 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
55 65C | 61A | 62A | 63A | 64A | 179C | 171A | 172A 66D 173A | 174A | 175A | 178A | 176A | 177A No
56 65C 66D 61A 62A 64A 63A 179C 171A 172A 173A 174A 175A 177A 176A 178A 90,000
57 65C | 61A | 66D | 62A | 64A | 63A 179C | 171A | 172A | 173A | 174A | 175A | 177A | 176A | 178A 90,000
58 65C | 61A | 62A | 66D | 64A | 63A 179C | 171A | 172A | 173A | 174A | 175A | 177A | 176A | 178A 90,000
59 65C 66D 61A 62A 64A 63A 179C 173A 174A 171A 172A 175A 177A 176A 178A 90,000
60 65C 61A 66D 62A 64A 63A 179C 173A 174A 171A 172A 175A 177A 176A 178A 90,000
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PITUM 100 59U VOITAVUAIAUN 1 (41D)

4.1 WA JAALIYINA
o HAEWEM3TAIRBINa0 AU 100 50U VBITOVUAITUT 1 MANMHINZAN
61 65C | 61A | 62A | 66D | 64A | 63A | 179C 173A 174A | 171A 172A 175A 177A | 176A | 178A 90,000
62 65C | 66D | 61A | 62A | 64A | 63A | 179C 173A 174A | 175A 178A 171A 177A | 176A | 172A 90,000
63 65C | 61A | 66D | 62A | 64A | 63A | 179C 173A 174A | 175A 178A 171A 177A | 176A | 172A 90,000
64 65C 61A 62A 66D 64A 63A 179C 173A 174A 175A 178A 171A 177A 176A 172A 90,000
65 65C | 66D | 61A | 62A | 64A | 63A | 179C | 173A | 174A | 175A 178A | 176A | 172A | 171A | 177A 90,000
66 65C | 61A | 66D | 62A | 64A | 63A | 179C | 173A | 174A | 175A 178A | 176A | 172A | 171A | 177A 90,000
67 65C 61A 62A 66D 64A 63A 179C 173A 174A 175A 178A 176A 172A 171A 177A 90,000
68 65C 66D 61A 62A 64A 63A 179C 174A 175A 173A 178A 176A 172A 171A 177A 90,000
69 65C | 61A | 66D | 62A | 64A | 63A | 179C | 174A | 175A | 173A 178A | 176A | 172A | 171A | 177A 90,000
70 65C | 61A | 62A | 66D | 64A | 63A | 179C | 174A | 175A | 173A | 178A | 176A | 172A | 171A | 177A 90,000
71 65C 66D 61A 62A 64A 63A 179C 174A 175A 173A 176A 177A 172A 171A 178A 90,000
72 65C 61A 66D 62A 64A 63A 179C 174A 175A 173A 176A 177A 172A 171A 178A 90,000
73 65C | 61A | 62A | 66D | 64A | 63A | 179C | 174A | 175A | 173A 176A | 177A | 172A | 171A | 178A 90,000
74 62A | 61A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 173A 174A | 175A | 178A | 176A | 177A 0
75 62A 61A 66D 65C 63A 64A 179C 171A 172A 174A 173A 175A 178A 176A 177A 0
76 62A 61A 66D 65C 63A 64A 179C 171A 172A 174A 175A 173A 178A 176A 177A 0
77 62A | 61A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 174A | 175A | 178A | 173A | 176A | 177A 0
78 62A | 61A | 66D | 65C | 63A | 64A | 179C | 171A | 172A | 174A 175A | 178A | 176A | 173A | 177A 0
79 62A 61A 66D 65C 63A 64A 179C 171A 172A 174A 175A 178A 176A 177A 173A 0
80 65C 66D 61A 62A 63A 64A 179C 171A 172A 173A 174A 175A 178A 176A 177A 90,000
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PITUM 100 59U VOITAVUAIAUN 1 (41D)

4.1 WA JAALIYINA
o HAEWEM3TAIRBINa0 AU 100 50U YBITOVUAITUT 1 MANMHINZAN
81 65C 61A 66D 62A 63A 64A 179C 171A 172A 173A 174A 175A 178A 176A 177A 90,000
82 65C | 61A | 62A | 66D | 63A | 64A 179C | 171A | 172A | 173A | 174A | 175A | 178A | 176A | 177A 90,000
83 65C 66D 61A 62A 63A 64A 179C 173A 174A 171A 172A 175A 178A 176A 177A 90,000
84 65C 61A 66D 62A 63A 64A 179C 173A 174A 171A 172A 175A 178A 176A 177A 90,000
85 65C | 61A | 62A | 66D | 63A | 64A 179C | 173A | 174A | 171A | 172A | 175A | 178A | 176A | 177A 90,000
86 65C | 66D | 61A | 62A | 63A | 64A 179C | 173A | 174A | 175A | 178A | 171A | 172A | 176A | 177A 90,000
87 65C 61A 66D 62A 63A 64A 179C 173A 174A 175A 178A 171A 172A 176A 177A 90,000
88 65C 61A 62A 66D 63A 64A 179C 173A 174A 175A 178A 171A 172A 176A 177A 90,000
89 63A | 64A | 65C | 61A | 62A | 179C | 172A | 171A 66D 178A | 176A | 177A | 173A | 174A | 175A No
90 63A | 64A | 65C | 61A | 62A | 179C | 171A | 172A 66D 178A | 176A | 177A | 173A | 174A | 175A No
91 63A | 64A | 65C | 61A | 62A | 179C | 171A | 172A 66D 178A | 176A | 177A | 173A | 174A | 175A No
92 65C 61A 62A 66D 64A 63A 179C 173A 174A 175A 178A 171A 172A 177A 176A 90,000
93 65C | 66D | 61A | 62A | 64A | 63A 179C | 173A | 174A | 175A | 178A | 176A | 177A | 172A | 171A 90,000
94 65C | 61A | 66D | 62A | 64A | 63A 179C | 173A | 174A | 175A | 178A | 176A | 177A | 172A | 171A 90,000
95 65C 61A 62A 66D 64A 63A 179C 173A 174A 175A 178A 176A 177A 172A 171A 90,000
96 65C 61A 66D 62A 63A 64A 179C 173A 174A 175A 178A 176A 177A 171A 172A 90,000
97 65C | 61A | 62A | 66D | 63A | 64A 179C | 173A | 174A | 175A | 178A | 176A | 177A | 171A | 172A 90,000
98 65C | 66D | 61A | 62A | 63A | 64A 179C | 174A | 175A | 173A | 178A | 176A | 177A | 171A | 172A 90,000
99 65C 61A 66D 62A 63A 64A 179C 174A 175A 173A 178A 176A 177A 171A 172A 90,000
100 65C 64A 63A 66D 61A 62A 179C 173A 178A 171A 172A 177A 175A 174A 176A 90,000
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{ 19 4 ] 1 a ] Y] $
A13197 9.2 HAANTEMIIAFEINABITUA 100 79U VOITAVUAIAUN 2

souft HadnEMsTaBHINd s uAN 100 50U vossa VAR 2 ANNMHINTTN
1 | 185C| 181A | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 204B | 205D | 2024 | 201A | 203A | 104D | 101A | 102A | 103D 540,000
2 | 185C | 181A | 182A | 183A | 184A | 51C | 52¢ | 53C | 54C | 55C| 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 102A | 103D 540,000
3 | 185C | 181A | 1824 | 183A | 184A | 51C | 52¢ | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 204B | 205D | 202A | 201A | 203A | 103D | 101A | 102A | 104D 540,000
4 | 185C | 181A | 182A | 183A | 184A | 51C | 52C | 53C| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 103D | 101A | 102A | 104D 540,000
5 | 181A| 185C | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 204B | 205D | 202A | 201A | 203A | 104D | 103D | 101A | 102A 540,000
6 | 181A | 185C | 1824 | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 103D | 101A | 102A 540,000
7 | 181A | 185C | 182A | 183A | 184A | 51C | 52¢ | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 103D | 101A | 1024 540,000
8 | 181A | 185C | 1824 | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 103D | 101A | 102A 540,000
9 181A | 185C | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 102A No
10 | 181A | 185C | 182A | 183A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
11 | 181A | 185C | 182A | 183A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
12 | 183A | 185C | 182A | 181A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 102A 540,000
13 | 183A| 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 2024 | 204B | 201A | 203A | 104D | 101A | 103D | 102A 540,000
14 | 183A| 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 102A 540,000
15 182A | 185C | 181A | 183A | 184A | 51C | 52C | 53C | 54C | 55C| 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 102A No
16 | 182A | 185C | 181A | 183A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
17 | 182A | 185C | 181A | 183A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
18 | 183A | 185C | 182A | 181A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 2024 | 201A | 203A | 101A | 104D | 102A | 103D 540,000
19 | 183A| 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 2024 | 204B | 201A | 203A | 101A | 104D | 1024 | 103D 540,000
20 | 183A | 185C | 182A [ 181A | 184A | 51C | 52¢| 53| 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 201A | 204B | 203A | 101A | 104D | 102A | 103D 540,000
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21 182A | 185C | 183A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 102A No
22 | 183A | 182A | 185C | 181A | 184A | 52C | 51C| 53C | 54C | 55C | 163C | 162C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 1024 No
23 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 103D | 101A | 1024 540,000
24 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 204B | 201A | 203A | 104D | 103D | 101A | 1024 540,000
25 | 181A| 1824 | 183A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 103D | 101A | 1024 540,000
26 | 181A| 1824 | 183A | 185C | 184A | 51C | 52¢ | 53C| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 1024 No
27 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
28 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 2024 | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
29 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 1024 540,000
30 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 204B | 201A | 203A | 104D | 101A | 103D | 1024 540,000
31 | 181A | 1824 | 183A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 1024 540,000
32 | 183A| 1824 | 185C | 181A | 184A | 51C | 52¢ | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 1024 No
33 | 181A | 1824 | 185C | 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 1024 540,000
34 | 181A | 182A | 185C | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 103D | 1024 540,000
35 | 181A | 1824 | 185C | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 1024 540,000
36 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 102A | 103D 540,000
37 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 102A | 103D 540,000
38 | 183A | 185C | 182A [ 181A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 102A | 103D 540,000
39 | 183A | 1824 | 185C [ 181A | 184A | 51C | 52¢| 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
40 | 183A | 185C | 182A | 181A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 2024 | 201A | 203A | 101A | 104D | 103D | 102A 540,000
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41 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 103D | 102A 540,000
42 | 183A| 185C | 182A | 181A | 184A | 51C| 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 2024 | 201A | 204B | 203A | 101A | 104D | 103D | 102A 540,000
43 | 183A | 182A | 185C | 181A | 184A | 52C | 51C | 53C | 54C | 55C | 163C | 162C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
44 | 183A | 182A | 185C | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 103D | 102A 540,000
45 | 183A | 182A | 185C | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 2024 | 201A | 204B | 203A | 104D | 101A | 103D | 102A 540,000
46 | 183A | 182A | 185C | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
47 181A | 182A | 185C | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 101A | 104D | 102A | 103D 540,000
48 181A | 182A | 185C | 183A | 184A [ 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 102A | 103D 540,000
49 | 181A | 182A | 185C | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 201A | 204B | 203A | 101A | 104D | 102A | 103D 540,000
50 | 183A | 182A | 185C | 181A | 184A | 52C | 51C| 53C | 54C | 55C | 163C | 162C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
51 | 183A | 1824 | 185C [ 181A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 2024 | 201A | 203A | 104D | 101A | 102A | 103D 540,000
52 | 183A | 1824 | 185C [ 181A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 102A | 103D 540,000
s3 | 183A | 1824 | 185C | 181A | 184A | 51C | 52¢| 53C | 54C | 55C| 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 102A | 103D 540,000
54 | 185C | 181A | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 165D | 161B | 166D | 204B | 205D | 202A | 201A | 203A | 104D | 101A | 102A | 103D 540,000
55 [ 185C | 181A | 182A [ 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 165D | 161B | 166D | 205D | 204B | 2024 | 201A | 203A | 104D | 101A | 102A | 103D 540,000
56 | 185C | 181A | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 165D | 161B | 166D | 204B | 205D | 202A | 201A | 203A | 103D | 101A | 102A | 104D 540,000
57 | 185C | 181A | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 165D | 161B | 166D | 205D | 204B | 202A | 201A | 203A | 103D | 101A | 102A | 104D 540,000
58 | 185C | 181A | 182A [ 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 166D | 165D | 161B | 204B | 205D | 2024 | 201A | 203A | 104D | 101A | 102A | 103D 540,000
59 | 185C | 181A | 182A | 183A | 184A | 51C | 52¢| 53C | 54C | 55C| 162C | 163C | 164C | 166D | 165D | 161B | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 102A | 103D 540,000
60 | 185C | 181A | 182A [ 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 166D | 165D | 161B | 204B | 205D | 2024 | 201A | 203A | 103D | 101A | 102A | 104D 540,000
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61 185C | 181A | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 166D | 165D | 161B | 205D | 204B | 202A | 201A | 203A | 103D | 101A | 102A | 104D 540,000
62 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 102A | 103D 540,000
63 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 102A | 103D 540,000
64 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 102A | 103D 540,000
65 | 1824 | 185C | 183A [ 181A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
66 | 1824 | 185C | 183A [ 181A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 102A | 103D No
67 183A | 182A | 185C | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 101A | 104D | 103D | 102A 540,000
68 183A | 182A | 185C | 181A | 184A [ 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 103D | 102A 540,000
69 | 183A | 1824 | 185C | 181A | 184A | 51C | 52C | 53C| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 101A | 104D | 103D | 1024 540,000
70 | 183A | 182A | 185C | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 1024 540,000
71 | 181A | 185C | 182A | 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 2024 | 201A | 203A | 101A | 104D | 102A | 103D 540,000
72 | 181A | 185C | 182A [ 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 102A | 103D 540,000
73 | 181A | 185C | 182A [ 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 201A | 204B | 203A | 101A | 104D | 102A | 103D 540,000
74 | 183A | 185C | 182A | 181A | 184A [ 51C | 52| 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 204B | 202A | 201A | 203A | 101A | 104D | 103D | 1024 540,000
75 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 103D | 1024 540,000
76 | 183A | 185C | 182A | 181A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 166D | 165D | 205D | 2024 | 201A | 204B | 203A | 101A | 104D | 103D | 1024 540,000
77 | 181A | 182A | 185C | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 103D | 101A | 1024 540,000
78 | 181A | 182A | 185C | 183A | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 103D | 101A | 1024 540,000
79 | 181A | 1824 | 185C | 183A | 184A | 51C | 52C | 53C| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 103D | 101A | 1024 540,000
80 | 182a | 185C | 183A | 184A | 181A | 51C| 52| 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 203A | 204B | 104D | 103D | 101A | 1024 No
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81 182A | 185C | 183A | 184A | 181A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 101A | 102A | 104D | 103D No
82 | 182a | 185C | 183A | 184A | 181A | 51C | 52| 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 202A | 201A | 203A | 204B | 205D | 104D | 101A | 1024 | 103D No
83 | 181Aa | 185C | 182A | 183A [ 184A [ 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 1014 | 103D | 102A 540,000
84 | 181A | 185C | 182A | 183A [ 184A [ 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 1014 | 103D | 102A 540,000
85 | 181A | 185C | 182A | 183A | 184A | 51C | 52¢| 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 1024 540,000
86 | 182A | 181A | 183A | 185C | 184A | 51C | 52¢| 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 1024 540,000
87 182A | 181A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C| 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 104D | 101A | 103D | 102A 540,000
88 182A | 181A | 183A | 185C | 184A [ 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 102A 540,000
89 | 182A | 181A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C| 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 101A | 104D | 102A | 103D 540,000
90 | 182A | 181A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 204B | 201A | 203A | 101A | 104D | 102A | 103D 540,000
91 |182A | 181A | 183A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 101A | 104D | 102A | 103D 540,000
92 | 181A | 1824 | 183A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 2024 | 201A | 203A | 101A | 104D | 102A | 103D 540,000
93 | 181A | 1824 | 183A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 204B | 201A | 203A | 101A | 104D | 102A | 103D 540,000
94 | 181A | 182A | 183A | 185C | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 101A | 104D | 102A | 103D 540,000
95 | 184A | 183A | 182A | 185C | 181A | 51C | 52C | 53C| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 202A | 201A | 203A | 104D | 101A | 103D | 1024 540,000
96 | 184A | 183A | 182A | 185C | 181A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 204B | 201A | 203A | 104D | 101A | 103D | 1024 540,000
97 | 184A | 183A | 182A | 185C | 181A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 2024 | 201A | 204B | 203A | 104D | 101A | 103D | 1024 540,000
98 | 183A| 182a | 181A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 202A | 201A | 204B | 203A | 104D | 101A | 103D | 1024 540,000
99 | 183A | 1824 | 181A | 185C | 184A | 51C | 52¢ | 53| 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 205D | 204B | 2024 | 201A | 203A | 101A | 104D | 1024 | 103D 540,000
100 | 181A | 185C | 182A | 183A | 184A | 51C | 52C | 53C | 54C | 55C | 162C | 163C | 164C | 161B | 165D | 166D | 204B | 205D | 202A | 201A | 203A | 104D | 103D | 101A | 1024 540,000
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1 133A134A[131A|132A[194A|195A[196A|191A[192A|193A|121A|128B|127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
2 [133A|134A|131A[132A[194A|195A196A[191A1192A[193A(121A]128B|127B(129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
3 [133A134A|131A[132A[194A|195A[196A[191A1192A[193A(121A]128B|127B(129D|1210D|122A( 123A | 124A | 125A | 126A 360,000
4 133A134A[131A|132A[194A|195A[196A|191A[192A|193A121A[128B|127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
5 134A1133A[132A|131A[196A | 195A[194A|193A[192A|191A|121A|128B|127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
6 134A[133A|132A(131A|196A[195A1194A [193A[192A|191A[121A|122A(123A|128B| 127B |129D([1210D| 124A | 125A | 126A No
7 [134A|133A|132A(131A[196A|195A[194A[193A192A[191A(121A|122A123A(128B| 127B |129D(1210D| 124A | 125A | 126A No
8 134A[133A|132A|131A[196A|195A|194A[193A|192A|191A[121A[122A|123A|128B| 127B |129D|1210D| 124A | 125A | 126A No
9 133A134A[131A|132A[195A|194A[196A |191A[192A|193A|121A | 128B|127B|129D|1210D|124A | 125A | 126A | 122A | 123A 360,000
10 |133A(134A[131A|132A|195A(194A|196A|191A[192A|193A|121A[128B[127B|129D|1210D[124A| 125A | 126A | 122A | 123A 360,000
11 |133A(134A[131A|132A|195A(194A|196A|191A[192A|193A|121A[128B|127B|129D|1210D[124A| 125A | 126A | 122A | 123A 360,000
12 [133A134A[131A|132A[195A|194A [196A|191A|192A|193A|121A|128B|127B(129D|1210D|124A | 125A | 126A | 122A | 123A 360,000
13 [134A|133A[132A|131A[195A|196A [194A1193A|192A|191A|121A[128B|127B(129D|1210D|124A | 125A | 126A | 122A | 123A 360,000
14 |134A(133A[132A|131A|195A(196A|194A193A[192A191A|121A[128B|127B|129D|1210D [124A| 125A | 126A | 122A | 123A 360,000
15 |133A(134A[131A|132A|194A[195A|196A|191A[192A|193A|121A[122A(123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
16 [133A|134A(131A|132A[194A|195A(196A191A|192A193A|121A[122A|123A[128B| 127B [129D[1210D| 124A | 125A | 126A No
17 [133A134A[131A|132A[194A|195A[196A|191A|192A|193A|121A[122A123A[128B| 127B [129D[1210D| 124A | 125A | 126A No
18 [133A|134A(131A|132A[194A|195A(196A|191A|192A[193A|121A[122A123A[128B| 127B |129D|1210D| 124A | 125A | 126A No
19 |134A[133A[132A|131A|196A[195A|194A|193A[192A|191A|121A[128B|127B|129D|1210D[122A] 123A | 124A | 125A | 126A 360,000
20 |134A|133A(132A|131A|196A[195A[194A193A[192A|191A|121A|128B(127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
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21 (134A|133A|132A(131A|196A [195A|194A|193A|192A|191A[121A|128B(127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
22 (131A|132A|133A(134A|194A[195A|196A|191A|192A|193A[121A|128B(127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
23 [131A|132A|133A|134A|194A[195A|196A|191A|192A|193A(121A|128B(127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
24 |131A|132A|133A|134A|194A|195A|196A[191A[192A[193A[121A|128B|127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
25 (131A|132A|133A(134A|194A[195A|196A|191A|192A|193A(121A|128B(127B|129D|1210D|122A | 123A | 124A | 125A | 126A 360,000
26 (134A|133A|132A(131A|196A [195A|194A|193A|192A|191A[121A|122A[123A|128B| 127B |129D[1210D| 124A | 125A | 126A No
27 (131A|132A|133A(134A|194A[195A|196A|191A|192A|193A(121A|122A[123A| 128B| 127B |129D[1210D| 124A | 125A | 126A No
28 |131A|132A|133A|134A|194A|195A|196A[191A[192A[193A[121A|[122A[123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
29 |131A|132A|133A|134A|194A|195A|196A[191A[192A[193A[121A[122A[123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
30 (131A|132A|133A(134A|194A(195A|196A|191A|192A|193A[121A|122A(123A|128B| 127B |129D[1210D| 124A | 125A | 126A No
31 [131A|132A|133A(134A|191A[196A|195A|194A|192A|193A(121A|122A[123A|124A| 128B | 127B| 129D [1210D| 125A | 126A 450,000
32 |131A|132A|133A|134A[191A[196A [195A[194A [192A[193A|121A|122A|123A|124A| 128B [ 127B| 129D |1210D| 125A | 126A 450,000
33 (131A|132A|133A(134A|191A(196A|195A|194A|192A|193A[121A|122A[123A|124A| 128B |127B| 129D [1210D| 125A | 126A 450,000
34 (131A|132A|133A(134A|191A(196A|195A|194A|192A|193A[121A|122A123A|124A| 128B |127B| 129D [1210D| 125A | 126A 450,000
35 |134A|133A|132A|131A|195A|196A |194A[193A[192A[191A [121A | 128B| 127B|129D|1210D [ 124A | 125A | 126A | 122A | 123A 360,000
36 |131A[|132A|133A|134A[195A(194A[196A[191A[192A[193A|121A|128B|127B|129D|1210D[124A | 125A | 126A | 122A | 123A 360,000
37 (131A|132A|133A(134A|195A(194A|196A|191A|192A|193A(121A|128B(127B|129D|1210D|124A | 125A | 126A | 122A | 123A 360,000
38 [131A|132A|133A(134A|195A(194A|196A|191A|192A|193A(121A|128B|127B|129D|1210D|124A [ 125A | 126A | 122A | 123A 360,000
39 [131A|132A[133A(134A|195A(194A|196A|191A|192A|193A[121A|128B|127B|129D|1210D|124A | 125A | 126A | 122A | 123A 360,000
40 [131A[132A|133A|134A|195A|194A|196A|191A|192A|193A|121A[122A{123A(128B| 127B |129D|1210D| 124A | 125A | 126A No
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41 |131A[132A|133A(134A|195A|194A [196A|191A[192A|193A|121A|122A123A(128B| 127B |129D|1210D| 124A | 125A | 126A No
42 |131A[132A|133A(134A|195A|194A [196A|191A[192A|193A|121A|122A123A(128B| 127B |129D|1210D| 124A | 125A | 126A No
43 |131A[132A|133A(134A|195A|194A [196A|191A[192A|193A[121A|122A|123A(128B| 127B |129D|1210D| 124A | 125A | 126A No
44 |[134A(133A|132A|131A|193A|194A|195A|196A|192A|191A|121A|122A(123A[124A (| 128B |127B| 129D |1210D| 125A | 126A 450,000
45 |134A(133A|132A(131A[193A|194A [195A|196A [192A|191A|121A|122A|123A(124A| 128B |127B| 129D |1210D| 125A | 126A 450,000
46 |134A(133A|132A(131A[193A|194A[195A|196A [192A|191A|121A|122A123A(124A| 128B |127B| 129D |1210D| 125A | 126A 450,000
47 |134A(133A|132A(131A[193A|194A [195A|196A [192A|191A[121A|122A123A(124A| 128B | 127B| 129D |1210D| 125A | 126A 450,000
48 |[131A[132A|133A|134A|196A|195A|194A|193A|192A|191A|121A|122A(123A[124A| 125A |126A|1210D| 127B | 128B | 129D 450,000
49 |[133A[134A|131A|132A|194A | 195A | 196A|191A|192A|193A|124A|125A(126A [121A| 122A |123A| 129D |1210D| 128B | 127B 450,000
50 [131A]132A(133A|134A[196A|195A|194A[193A|192A[191A|121A|122A|123A|124A| 125A [126A] 129D | 127B | 128B |1210D 450,000
51 [133A]134A(131A|132A[194A[195A|196A [191A|192A[193A|124A|125A126A|121A| 122A |123A|1210D| 129D | 128B | 127B 450,000
52 |134A|133A|132A[131A[191A[192A[193A[194A|195A|196A | 121A|122A|123A|124A| 125A [126A|1210D| 128B | 129D | 127B 450,000
53 [133A]134A(131A|132A[195A|194A|196A [191A|192A [193A|121A[122A|123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
54 [133A]134A(131A|132A[195A|194A|196A [191A|192A [193A|121A[122A|123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
55 |133A[134A|131A|132A[195A[194A[196A [191A [192A|193A|121A|122A|123A|128B| 127B [129D[1210D| 124A | 125A | 126A No
56 |133A[134A|131A|132A[195A[194A[196A[191A[192A[193A|121A|122A|123A|128B| 127B (129D [1210D| 124A | 125A | 126A No
57 [134A]133A(132A|131A[196A|195A|194A [193A|192A [191A|121A[122A|123A|124A | 125A [126A| 128B | 127B | 129D |1210D 450,000
58 [134A|133A(132A|131A[196A|195A|194A [193A|192A [191A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
59 [131A]132A(133A|134A[194A|195A|196A [191A|192A[193A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
60 |131A[132A|133A[134A[194A[195A(196A [191A[192A|193A|121A|122A|123A|124A| 125A [126A| 128B | 127B | 129D |1210D 450,000
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61 [134A]133A(132A|131A[196A[195A|194A[193A|192A(191A|121A|122A|123A|124A( 125A |126A| 128B | 129D (1210D| 127B 450,000
62 |[134A133A(132A|131A[196A[195A|194A [193A|192A191A|121A|122A|123A|124A | 125A |126A| 128B |1210D| 129D | 127B 450,000
63 |[134A133A(132A|131A[196A[195A|194A[193A|192A[191A|121A|122A|123A|124A | 125A |126A| 127B | 129D (1210D| 128B 450,000
64 |134A|133A|132A[131A[196A[195A[194A[193A|192A|191A|121A|122A|123A|124A| 125A [126A| 127B [1210D| 129D | 128B 450,000
65 [131A]132A(133A|134A[194A|195A|196A [191A|192A[193A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
66 [131A]|132A(133A|134A[194A|195A|196A [191A|192A[193A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
67 |[133A]134A(131A|132A[191A[196A|195A[194A|192A(193A|121A[122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
68 |133A|134A|131A|132A[191A[196A[195A(194A [192A193A|121A|122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
69 |133A|134A|131A|132A[191A[196A[195A(194A[192A|193A|121A|122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
70 (133A|134A|131A(132A|191A[196A|195A|194A|192A|193A[121A|122A(123A|124A| 128B |127B| 129D [1210D| 125A | 126A 450,000
71 [134A|133A|132A(131A|195A(196A|194A|193A|192A|191A[121A|122A[123A| 128B| 127B |129D[1210D| 124A | 125A | 126A No
72 |134A|133A|132A|131A[195A[196A [194A[193A[192A191A|121A|122A|123A|128B| 127B [129D[1210D| 124A | 125A | 126A No
73 [134A133A(132A|131A[195A|196A |194A [193A|192A[191A|121A[122A|123A|128B| 127B (129D |1210D| 124A | 125A | 126A No
74 (134A|133A|132A(131A|195A(196A|194A|193A|192A|191A[121A|122A(123A|128B| 127B |129D[1210D| 124A | 125A | 126A No
75 |131A|132A|133A|134A|196A|195A|194A|193A[192A[191A[121A[122A{123A[124A| 125A |126A| 129D | 128B | 127B [1210D 450,000
76 |131A|132A|133A[134A[196A[195A(194A [193A[192A[191A|121A|122A123A|124A| 125A [126A|1210D| 128B | 127B | 129D 450,000
77 [134A133A(132A|131A[191A[192A|193A[194A|195A[196A|121A|122A|123A|124A | 125A |126A| 129D | 127B (1210D| 128B 450,000
78 (134A|133A|132A131A|191A(192A|193A|194A|195A|196A [121A|122A(123A|124A| 125A |126A[1210D| 127B | 129D | 128B 450,000
79 [134A|133A|132A(131A|195A(192A|191A|193A|194A|196A [121A|122A[123A|124A| 128B | 127B| 129D [1210D| 125A | 126A 450,000
80 |131A|132A|133A|134A[195A(192A[193A[191A[196A 194A|121A|122A|123A|124A| 128B [ 127B| 129D |1210D| 125A | 126A 450,000
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81 [131A]132A(133A|134A[195A|192A|193A(191A|196A [194A|121A|122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
82 [134A]133A(132A|131A[196A|195A|194A [193A|192A[191A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
83 [134A|133A(132A|131A[196A|195A|194A [193A|192A[191A|121A[122A|123A|124A| 125A [126A] 128B | 127B | 129D |1210D 450,000
84 |134A|133A|132A|131A[195A(192A[191A[193A[194A|196A|121A|122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
85 [133A]134A(131A|132A[195A|192A|193A[191A|196A [194A|121A|122A|123A|124A | 128B [127B| 129D |1210D| 125A | 126A 450,000
86 [133A134A(131A|132A[195A|192A|193A[191A|196A [194A|121A|122A|123A|124A | 128B [127B| 129D |1210D| 125A | 126A 450,000
87 [134A133A(132A|131A[195A|192A|191A[193A|194A[196A|121A[122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
88 |134A|133A|132A|131A[195A(192A[191A[193A[194A|196A|121A|122A|123A|124A| 128B [127B| 129D |1210D| 125A | 126A 450,000
89 |133A[134A|131A[132A[194A[195A(196A[191A192A|193A|121A|122A|123A|124A| 125A [126A| 128B | 127B | 129D |1210D 450,000
90 ([133A|134A|131A|132A|194A[195A|196A[191A|192A|193A(121A|122A(123A|124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
91 ([133A|134A|131A[132A|194A[195A|196A[191A|192A|193A[121A|122A123A|124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
92 |131A|132A|133A|134A|195A|194A|196A|191A[192A(193A[121A[122A[123A[124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
93 (131A|132A|133A|134A|195A(194A|196A[191A|192A|193A|121A|122A(123A|124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
94 (133A|134A|131A|132A|194A[195A|196A[191A|192A|193A(121A|122A(123A|124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
95 |133A|134A|131A|132A|194A|195A|196A|191A[192A[193A [124A[125A|126A|121A| 122A [123A(| 129D |1210D| 127B | 128B 450,000
96 |131A|132A|133A|134A|195A|194A|196A|191A[192A[193A(121A[122A[123A[124A| 125A |126A| 128B | 127B | 129D (1210D 450,000
97 (131A|132A|133A|134A|195A(194A|196A[191A|192A|193A[121A|122A(123A|124A| 125A |126A | 128B | 127B | 129D (1210D 450,000
98 [133A|134A|131A[132A|194A[195A|196A|191A|192A|193A[124A|125A(126A|121A| 122A |123A[1210D| 129D | 127B | 128B 450,000
99 [134A|133A|132A|131A|191A[192A|193A|194A|195A|196A [121A|122A[123A|124A| 125A |126A | 129D | 128B |1210D| 127B 450,000
100 | 133A|134A|131A|132A|192A|194A|195A|193A[191A[196A [125A(123A(124A [121A| 122A |126A| 128B | 127B [1210D| 129D 450,000
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1 81A 84C 85C 82A 83A 153D 154D 155D 151A 152A 180,000
2 84C 81A 85C 82A 83A 153D 154D 155D 151A 152A 180,000
3 84C 85C 81A 82A 83A 151A 153D 154D 155D 152A 180,000
4 84C 85C 81A 82A 83A 151A 152A 153D 154D 155D 180,000
5 84C 85C 81A 82A 83A 151A 153D 152A 154D 155D 180,000
6 84C 85C 81A 82A 83A 151A 153D 154D 152A 155D 180,000
7 81A 85C 85C 82A 83A 151A 153D 154D 145D 152A 180,000
8 81A 82A 84C 85C 83A 153D 154D 155D 151A 152A No
9 82A 81A 84C 85C 83A 153D 154D 155D 151A 152A No
10 81A 82A 85C 84C 83A 153D 154D 155D 151A 152A No
11 82A 81A 85C 84C 83A 153D 154D 155D 151A 152A No
12 84C 81A 85C 82A 83A 151A 152A 153D 154D 155D 180,000
13 84C 81A 85C 82A 83A 151A 153D 152A 154D 155D 180,000
14 84C 81A 85C 82A 83A 151A 153D 154D 152A 155D 180,000
15 82A 84C 85C S1A 83A 153D 154D 155D 151A 152A 180,000
16 84C 82A 85C S1A 83A 153D 154D 155D 151A 152A 180,000
17 84C 85C 82A 81A 83A 151A 153D 154D 155D 152A 180,000
18 83A 81A 84C 85C 82A 153D 154D 155D 151A 152A No
19 83A 82A 84C 85C 81A 153D 154D 155D 151A 152A No
20 83A S1A 85C 84C 82A 153D 154D 155D 151A 152A No
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20 83A 81A 85C 84C 82A 153D 154D 155D 151A 152A No
21 83A 82A 85C 84C 81A 153D 154D 155D 151A 152A No
22 82A 85C 85C 81A 83A 151A 152A 153D 154D 155D 180,000
23 82A 85C 85C 81A 83A 151A 153D 152A 154D 155D 180,000
24 82A 85C 85C 81A 83A 151A 153D 154D 152A 155D 180,000
25 84C 82A 85C 81A 83A 151A 153D 154D 155D 152A 180,000
26 84C 82A 85C 81A 83A 151A 152A 153D 154D 155D 180,000
27 81A 83A 82A 84C 85C 154D 153D 155D 152A 151A No
28 81A 82A 83A 84C 85C 154D 153D 155D 152A 151A No
29 82A 81A 83A 84C 85C 154D 153D 155D 152A 151A No
30 82A 83A 81A 84C 85C 154D 153D 155D 152A 151A No
31 84C 85C 83A 82A S1A 153D 154D 155D 151A 152A 180,000
32 83A 84C 85C 82A 81A 153D 154D 155D 151A 152A 180,000
33 84C 83A 85C 82A 81A 153D 154D 155D 151A 152A 180,000
34 84C 85C 83A 82A S1A 151A 153D 154D 155D 152A 180,000
35 84C 85C 83A 82A S1A 151A 152A 153D 154D 155D 180,000
36 84C 85C 83A 82A 81A 151A 153D 152A 154D 155D 180,000
37 81A 83A 82A 84C 85C 153D 154D 155D 151A 152A No
38 81A 82A 83A 84C 85C 153D 154D 155D 151A 152A No
39 84C 85C 83A 82A S1A 151A 153D 154D 152A 155D 180,000
40 83A 85C 85C 82A 81A 151A 153D 154D 145D 152A 180,000

981



{ v J @ 1 a 1 o 1 1
A5 19N 9.4 waammamﬁamamﬁuﬁﬁ 100 50U YOITOVUAIAUN 4 (919)

a
39UN

HAaNEMIDABINABITUA 100 50U YOIIDVUAIAUN 4

MANMHINZAN
41 83A 85C 85C 82A 81A 151A 152A 153D 154D 155D 180,000
42 83A 85C 85C 82A 81A 151A 153D 152A 154D 155D 180,000
43 83A 85C 85C 82A 81A 151A 153D 154D 152A 155D 180,000
44 84C 83A 85C 82A 81A 151A 153D 154D 155D 152A 180,000
45 84C 83A 85C 82A 81A 151A 152A 153D 154D 155D 180,000
46 84C 83A 85C 82A 81A 151A 153D 152A 154D 155D 180,000
47 84C 83A 85C 82A 81A 151A 153D 154D 152A 155D 180,000
48 84C 85C S1A 83A 82A 153D 154D 155D 152A 151A 180,000
49 81A 84C 85C 83A 82A 153D 154D 155D 152A 151A 180,000
50 84C 81A 85C 83A 82A 153D 154D 155D 152A 151A 180,000
51 84C 85C S1A 83A 82A 152A 153D 154D 155D 151A 180,000
52 1A 82A 83A 85C 84C 154D 153D 155D 152A 151A No
53 82A 81A 83A 85C 84C 154D 153D 155D 152A 151A No
54 84C 85C 81A 83A 82A 152A 151A 153D 154D 155D 180,000
55 84C 85C S1A 83A 82A 152A 153D 151A 154D 155D 180,000
56 84C 85C S1A 83A 82A 152A 153D 154D 151A 155D 180,000
57 81A 85C 85C 83A 82A 152A 153D 154D 145D 151A 180,000
58 81A 85C 85C 83A 82A 152A 151A 153D 154D 155D 180,000
59 S1A 85C 85C 83A 82A 152A 153D 151A 154D 155D 180,000
60 82A 83A S1A 85C 84C 153D 154D 155D 151A 152A No
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MANMHINZAN
61 83A 82A 81A 85C 84C 153D 154D 155D 151A 152A No
62 81A 85C 85C 83A 82A 152A 153D 154D 151A 155D 180,000
63 84C 81A 85C 83A 82A 152A 153D 154D 155D 151A 180,000
64 84C 81A 85C 83A 82A 152A 151A 153D 154D 155D 180,000
65 84C 81A 85C 83A 82A 152A 153D 151A 154D 155D 180,000
66 84C 81A 85C 83A 82A 152A 153D 154D 151A 155D 180,000
67 84C 85C 82A 81A 83A 153D 154D 155D 152A 151A 180,000
68 82A 84C 85C S1A 83A 153D 154D 155D 152A 151A 180,000
69 84C 82A 85C 81A 83A 153D 154D 155D 152A 151A 180,000
70 84C 85C 82A 81A 83A 152A 153D 154D 155D 151A 180,000
71 84C 85C 82A S1A 83A 152A 151A 153D 154D 155D 180,000
72 84C 85C 82A S1A 83A 152A 153D 151A 154D 155D 180,000
73 84C 85C 82A 81A 83A 152A 153D 154D 151A 155D 180,000
74 82A 85C 85C 81A 83A 152A 153D 154D 145D 151A 180,000
75 82A 85C 85C S1A 83A 152A 151A 153D 154D 155D 180,000
76 82A 85C 85C S1A 83A 152A 153D 151A 154D 155D 180,000
77 82A 85C 85C 81A 83A 152A 153D 154D 151A 155D 180,000
78 84C 82A 85C 81A 83A 152A 153D 154D 155D 151A 180,000
79 84C 82A 85C S1A 83A 152A I151A 153D 154D 155D 180,000
80 84C 82A 85C S1A 83A 152A 153D 151A 154D 155D 180,000
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81 84C 82A 85C 81A 83A 152A 153D 154D 151A 155D 180,000
82 84C 85C 81A 83A 82A 153D 154D 155D 151A 152A 180,000
83 81A 84C 85C 83A 82A 153D 154D 155D 151A 152A 180,000
84 84C 81A 85C 83A 82A 153D 154D 155D 151A 152A 180,000
85 84C 85C 81A 83A 82A 151A 153D 154D 155D 152A 180,000
86 84C 85C 81A 83A 82A 151A 152A 153D 154D 155D 180,000
87 84C 85C S1A 83A 82A 151A 153D 152A 154D 155D 180,000
88 84C 85C S1A 83A 82A 151A 153D 154D 152A 155D 180,000
89 81A 85C 85C 83A 82A 151A 153D 154D 145D 152A 180,000
90 81A 85C 85C 83A 82A 151A 152A 153D 154D 155D 180,000
91 S1A 85C 85C 83A 82A 151A 153D 152A 154D 155D 180,000
92 S1A 85C 85C 83A 82A 151A 153D 154D 152A 155D 180,000
93 84C 81A 85C 83A 82A 151A 153D 154D 155D 152A 180,000
94 84C 81A 85C 83A 82A 151A 152A 153D 154D 155D 180,000
95 84C 81A 85C 83A 82A 151A 153D 152A 154D 155D 180,000
96 84C 81A 85C 83A 82A 151A 153D 154D 152A 155D 180,000
97 82A 85C 85C 83A 81A 151A 152A 153D 154D 155D 180,000
98 82A 85C 85C 83A 81A 151A 153D 152A 154D 155D 180,000
99 82A 85C 85C 83A 81A I151A 153D 154D 152A 155D 180,000
100 85C 84C 82A 83A 81A 151A 154D 155D 152A 153D 180,000
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1 1ic | 91c | 92¢ | 93C | 141C 142C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
2 1ic | 92¢ | 91c | 93C | 141C 142¢ | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
3 1ic | 92¢ | 93¢ | 91c | 141C 142C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
4 1ic | 91c | 92¢ | 93C | 14ic 142C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
5 1ic | 92¢ | 91c | 93c | 141C 142C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
6 1ic | 91c | 92¢ | 93c | 142C 141C | 21Cc | 31C | 32€ | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
7 111Cc | 92¢ | 91C | 93C | 142C 141C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
8 111Cc | 92¢ | 93C | 91C | 142C 141C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
9 1ic | 92¢ | 93¢ | 91c | 141C 142C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
10 1ic | 91c | 92¢ | 93c | 142C 141C | 41D | 73D | 72A | 71A | 11D | 21C | 32¢ | 31C | 33D No
11 111C | 92¢ | 91C | 93C | 142C 141C | 41D | 73D | 72A | 71A | 11D | 21C | 32Cc | 31C | 33D No
12 111C | 91C | 92¢ | 93C | 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
13 1ic | 92¢ | 91c | 93Cc | 142C 141C | 21Cc | 32C¢ | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
14 1ic | 92¢ | 93¢ | 91c | 142C 141C | 21C | 32¢c | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
15 111C | 92C¢ | 93C | 91C | 142C 141C | 41D | 73D | 72A | 71A | 11D | 21C | 32Cc | 31C | 33D No
16 111C | 91C | 92¢ | 93C | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 32C | 31C | 33D No
17 1ic | 92¢ | 91c | 93Cc | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 32¢ | 31C | 33D No
18 1ic | 92¢ | 93¢ | 91c | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 32¢ | 31C | 33D No
19 1ic | 91c | 92¢ | 93¢ | 142c 141C | 21C | 32C | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
20 1ic | 92¢ | 91c | 93¢ | 142C 141C | 21C | 32C | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
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21 1ic | 92¢ | 93¢ | 91Cc | 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
22 1ic | 91c | 92¢ | 93c | 141C 142¢ | 21Cc | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
23 1ic | 92¢ | 91c | 93C | 141c 142C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
24 1ic | 92¢ | 93¢ | 91c | 141c 142C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
25 1ic | 91c | 92¢ | 93c | 142C 141C | 41D | 73D | 71A | 72A | 11D | 21C | 32¢ | 31C | 33D No
26 1ic | 92¢ | 91c | 93Cc | 142C 141C | 41D | 73D | 71A | 72A | 11D | 21C | 32¢ | 31C | 33D No
27 1ic | 92¢ | 93¢ | 91c | 142C 141C | 41D | 73D | 71A | 72A | 11D | 21C | 32C | 31C | 33D No
28 1ic | 92¢ | 91c | 93C | 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 32C | 31C | 33D No
29 1ic | 91c | 92¢ | 93c | 142C 141C | 21Cc | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
30 1ic | 92¢ | 91c | 93C | 142C 141c | 21Cc | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
31 111C | 92Cc | 93C | 91C | 142C 141C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
32 111C | 92Cc | 93C | 91C | 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 32Cc | 31C | 33D No
33 1ic | 91c | 92¢ | 93c | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
34 1ic | 92¢ | 91c | 93Cc | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
35 111C | 92C¢ | 93C | 91C | 142C 141C | 41D | 71A | 73D | 72A | 11D | 21C | 31C | 32C | 33D No
36 111C | 91C | 92C | 93C | 142C 141C | 21C | 31C | 32C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
37 1ic | 92¢ | 91c | 93Cc | 142C 141c | 21Cc | 31Cc | 32Cc | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
38 1ic | 92¢ | 93¢ | 91c | 142C 141c | 21Cc | 31C | 32C¢ | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
39 1ic | 91c | 92¢ | 93¢ | 142c 141C | 41D | 73D | 71A | 72a | 11D | 21C | 31C | 32C | 33D No
40 1ic | 92¢ | 91c | 93¢ | 142C 141C | 41D | 73D | 71A | 72a | 11D | 21C | 31C | 32C | 33D No
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41 1ic | 92¢ | 93¢ | 9ic 142C 141C | 41D | 73D | 71A | 72A | 11D | 21C | 31C | 32C | 33D No
42 111c | 91c | 92¢ | 93C 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 31C | 32C | 33D No
43 1ic | 92¢ | 91c | 93C 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 31C | 32C | 33D No
44 1ic | 92¢ | 93¢ | 9ic 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 31C | 32C | 33D No
45 111c | 91c | 92¢ | 93cC 142C 141C | 21C | 32C | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
46 111c | 92¢ | 91c | 93C 142C 141C | 21C | 32C | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
47 1ic | 92¢ | 93¢ | 9ic 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
48 1ic | 9ic | 92¢ | 93c 141C 1492C | 41D | 73D | 71A | 72A | 11D | 21C | 31C | 32C | 33D No
49 111c | 92¢ | 91c | 93C 141C 142C | 41D | 73D | 71A | 72A | 11D | 21C | 31C | 32C | 33D No
50 111c | 92¢ | 93¢ | 91C 141C 142C | 41D | 73D | 71A | 72A | 11D | 21C | 31C | 32C | 33D No
51 1ic | 9ic | 92¢ | 93c 142C 141C | 21c | 32¢ | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
52 1ic | 92¢ | 91c | 93c 142C 141C | 21C | 32¢c | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
53 11c | 92¢ | 93¢ | 91ic 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
54 111c | 91c | 92¢ | 93cC 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
55 111c | 92¢ | 91Cc | 93C 142C 141C | 21Cc | 32¢ | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
56 111c | 92¢ | 93¢ | 9IC 142C 141C | 21C | 32C¢ | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
57 111c | 91c | 92¢ | 93cC 141C 142C | 21C | 31C { 32C | 33D | 4D | 71A | 72A | 73D | 11D 2,420,000
58 111c | 92¢ | 91c | 93cC 141C 142C | 21C | 31C | 32C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
59 111c | 92¢ | 93¢ | 9IC 141C 142¢ | 21C | 31C | 32C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
60 111c | 91c | 92¢ | 93C 142C 141Cc | 21C | 32¢ | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
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61 1ic | 92¢ | 91c | 93C 142C 141C | 21C | 32C | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
62 111c | 92¢ | 93¢ | 91C 142C 141C | 21C | 32C | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
63 1ic | 91c | 92¢ | 93cC 142C 141C | 41D | 71A | 72A | 73D | 11D | 21C | 32C¢ | 31C | 33D No
64 1ic | 9ic | 92¢ | 93c 142C 141C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
65 111c | 92¢ | 91c | 93C 142C 141C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
66 111c | 92¢ | 93¢ | 91C 142C 141C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
67 111Cc | 91C | 92¢ | 93C 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
68 111Cc | 92¢ | 91Cc | 93C 142C 141C | 21C | 32Cc | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
69 111c | 92¢ | 93¢ | 91C 142C 141C | 21C | 32Cc | 31C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
70 111c | 91c | 92¢ | 93C 142C 141C | 21C | 32C | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
71 1ic | 92¢ | 91c | 93c 142C 141C | 21¢c | 32¢ | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
72 1ic | 92¢ | 93¢ | 9ic 142C 141C | 21C | 32Cc | 31C | 33D | 41D | 73D | 72A | 71A | 11D 2,420,000
73 111c | 91c | 92¢ | 93cC 141C 142C | 21Cc | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
74 11c | 92¢ | 91c | 93C 141C 142C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
75 111c | 92¢ | 93¢ | 9IC 141C 142C | 21Cc | 31C | 32Cc | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
76 111Cc | 91C | 92¢ | 93C 142C 141C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
77 11c | 92¢ | 91c | 93cC 142C 141C | 21C | 31C { 32C | 33D | 4D | 71A | 73D | 72A | 11D 2,420,000
78 111c | 92¢ | 93¢ | 91c 142C 141C | 21C | 31C | 32C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
79 111c | 91c | 92¢ | 93C 142C 141Cc | 21C | 32¢ | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
80 111c | 92¢ | 91Cc | 93C 142C 141Cc | 21C | 32¢ | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
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81 1ic | 92¢ | 93¢ | 9ic 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 71A | 73D | 72A | 11D 2,420,000
82 111c | 91c | 92¢ | 93C 142C 141C | 21C | 32C | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
83 1ic | 92¢ | 91c | 93C 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
84 1ic | 92¢ | 93¢ | 9ic 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 72A | 73D | 71A | 11D 2,420,000
85 111c | 91c | 92¢ | 93C 142C 141C | 21Cc | 31C | 32¢ | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
86 111c | 92¢ | 91c | 93C 142C 141C | 21Cc | 31C | 32¢ | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
87 111c | 92¢ | 93¢ | 9IC 142C 141Cc | 21C | 31C | 32¢ | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
88 111Cc | 91C | 92¢ | 93C 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
89 111c | 92¢ | 91c | 93C 142C 141C | 21Cc | 32Cc | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
90 111c | 92¢ | 93¢ | 91C 142C 141c | 21Cc | 32¢ | 31C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
91 1ic | 9ic | 92¢ | 93c 142C 141C | 21c | 32¢ | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
92 1ic | 92¢ | 91c | 93c 142C 141C | 21C | 32¢ | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
93 11c | 92¢ | 93¢ | 9ic 142C 141Cc | 21c | 32¢ | 31C | 33D | 41D | 72A | 71A | 73D | 11D 2,420,000
94 11c | 91c | 92¢ | 93C 141C 142¢ | 21c | 31c | 32¢c | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
95 111c | 92¢ | 91C | 93C 141C 142¢ | 21c | 31C | 32¢ | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
96 111c | 92¢ | 93¢ | 9IC 141C 142C | 21C | 31C | 32¢ | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
97 11c | 91c | 92¢ | 93cC 141C 142¢ | 21¢ | 31¢ | 32c | 33D | 4D | 71A | 72A | 73D | 11D 2,420,000
98 111c | 92¢ | 91c | 93C 141C 142¢ | 21Cc | 31C | 32¢ | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
99 11c | 92¢ | 93¢ | 9iIC 141C 142C | 21C | 31C | 32C | 33D | 41D | 71A | 72A | 73D | 11D 2,420,000
100 111c | 91C | 92¢ | 93C 141C 142C | 21C | 31C | 32C | 33D | 41D | 73D | 71A | 72A | 11D 2,420,000
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Genetic Algorithm with Best-Fit Heuristic Algorithm
for 2D Bin Packing Problems
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Abstract
Background — In general operation of a logistics company, the company
often faces with a problem of loading a batch of various sized objects in a
truck bed.
Purpose — This work proposes to solve a two-dimensional bin packing
problem with genetic algorithm with best-fit algorithm (GABFA).
Design/methodology/approach — A problem of fitting two sizes of square
boxes and one size of rectangular boxes into a large rectangular truck bed
is considered. The objective is to use the least number of trucks possible
to satisfy customer demands.
Findings — A numerical example is given. The results show that an
algorithm can find an optimal solution with the largest useful space and
all items are loaded on truck bed.
Research limitations — Still in the beginning of algorithm development.
Originality/value — Combine genetic algorithm and best-fit algorithm to
solve problems

Keywords: Two-Dimensional Bin Packing Problems, Genetic Algonithm, Best-Fit
Algorithm
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Abstract

In general operation of a logistics company, the company often faces with a problem of loading a batch of
various sized objects in a truck bed. This work proposes to solve a two-dimensional bin packing problem
with genetic algorithm with best-fit algorvithm (GABFA). A numerical example is given. A problem of fitting
two sizes of square boxes and one size of rectangular boxes into a large rectangular truck bed is considered.
The objective is to use the least number of trucks possible to satisfy customer demands. The results show
that an algorithm can find an optimal solution with the largest usefill space and all items are loaded on
truck bed.

Keywords: Two-Dimensional Bin Packing Problems, Genetic Algorithm, Best-Fit Algorithm

I. INTRODUCTION

In the Two-Dimensional Bin Packing Problem (2BP), it is required to allocate a set of rectangular
items to a larger rectangular bin, and the objective is to allocate all the items to minimize the number of
bins. There are many applications related to 2BP. In the shipping department of logistics company, the
company deals with a problem in which a batch of various sized objects are loaded as many as possible in
arectangular area of truck beds. The company aims to minimize the number of trucks used to deliver items.

There are many algorithms related to 2BP such as Hopper and Turton (2001) compares the hybrid
algorithms (meta-heuristic and heuristic algorithms) in terms of solution quality and computation time of
packing problems of different size. The two-dimensional (2D) rectangular and fixed set of items have to be
allocated on a single object for packing problem in order to show the design of their performance is
compared to random search (RS) and heuristic packing routines. Zhang, Deng, and Kang (2006) introduced
a hybrid heuristic algorithm for the two-dimensional rectangular packing problem. The divine-and-conquer
approach is used. The algorithm breaks a problem into subproblems that are similar to the original problem
but smaller in size. The subproblem is solved recursively and combined these solutions to create a solution
to the original problem. The results shown that hybrid heuristic algorithm outperformed other two heuristics
in percent of unpacked area and CPU time. Lodi, Martello, and Vigo (1999) consider the problem of
packing each item into a bin so that no two items overlap and the number of required bins is minimized.
Tabu search approach is used in the initialization and analyze its average performance through extensive
computational experiments. Bortfeldt (2006) developed a genetic algorithm for the two-dimensional strip
packing problem (2D-SPP). Given a set of rectangular pieces and a container of fixed width and variable
length. The GA is subjected to a comprehensive test using benchmark instances with up to 5000 pieces.
Compared to eleven competing methods from the literature the GA performs best. Blum and Schmid (2013)
considered the oriented 2D bin packing problem under free guillotine cutting, a problem in which a set of
oriented rectangular items. The results of the proposed algorithm are compared to some of the best
approaches from the literature. Oliveira, Neuenfeldt Junior, Silva and et al. (2016) this survey approaches
the specific C&P problem in which all items are rectangles, therefore fully characterized by a width and a
height, and the large object is a strip. Considered the two-dimensional rectangular strip packing problems
belong to the broader class of cutting and packing problems, which small items are required to be cut from
or packed on a larger object so that the waste (unused regions of the large object is minimized. Puchinger
and Raidl (2007) present new models integer linear programming formulations for a restricted version and
consider the three-stage two-dimensional bin packing problem (2BP). Pisinger and Sigurd (2005) present
an integer-linear formulation of the 2DVSBPP and introduce several lower bounds for the problem and
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determine of the two-dimensional variable sized bin packing problem (2DVSBPP). Liu, Tan, Goh and Ho
(2006) development for important with heuristic packing and objective is a composite scalar which is an
integrated particle swarm optimization algorithm (HMOPSO) incorporating the concept of pareto
optimization.

In this paper, we develop the genetic algorithm with best-fit algorithm (GABFA) to minimize
transportation costs for the firm. For each transportation truck, an attempt is made to place the objects so
that the area of the smallest rectangle bounding all the objects is minimized. In the final layout of all trucks,
it is desired that there should be no overlap of any items on truck beds, while they are placed as close to
each other as possible. The paper is organized as follows. A problem description is presented in section
two. In section three, the solution methodology is proposed. Test and Results are shown in section four. In
section five, the results are concluded.

II. PROBLEM DESCRIPTION

Based on real operations inlogistics company , it is assumed that the store have k trucks available
for transportation. Each empty truck bed has W in width and L in length. Given q types of square boxes
with the number of n; Boxes. Each boxes type q has length [; and width w;, 1 < i < n. Moreover, given j
types of large rectangular products with the number of m; products. Each type of product j has length a;
and width b;.

A square boxes will be placed on the truck first. Assumed to have rectangular shapes and can be
rotated by 90 degrees before placing on truck beds. One common way of minimizing transportation costs
for the building material store is by using the least number of trucks possible. This method should help the
enterprises make packing plans. In the final layout, it is desired that there should be no overlap of any
objects while they are placed as close to each other as possible.

III. SOLUTION METHODOLOGY

In this section, the genetic algorithm with best-fit algorithm (GABFA) are developed. The algorithm is
as follows:

1.1 The first row starting from square boxes
Pack square boxes on the first row starting from upper left comer of a truck. If there is no square
pallets, go to step 3.2. Choose the number of square boxes that have the least empty space on the first
row, Given each square boxes in length [; and the number of n items. Choose to pack square boxes
that satisfies the following equation:

; x N=L for 1<i<n (1) N =123«
1.2 Genetic Algorithm

After packing square boxes on the first row of a truck bed, we deploy genetic algorithm to make
decision on packing all rectangular items which can be rotated by 90 degrees. We can place it in a horizontal
and vertical orientation. When we place an item in a horizontal orientation, given j types of large
rectangular products with the number of m; products. Each type of product j has length a; and width b;.
The Genetic Algorithm involves four steps:

1.2.1 Population initialization

Population initialization is an initial solution to be used in an algorithm. The initial individual is
represented by string of variables. It is obtained by randomly generating two individuals, which are called
Parent 1 and Parent 2 (P1 and P2). After population initialization, the algorithm evolves through genetic
operation and fitness evaluation.

1.2.2 Genetic Operation
Partial Mapped Crossover (PMX) (Karmer and Koch, 2007) is used to create offspring in a genetic
algorithm.
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i) Choose two random cut points and copy all genes in the segment from P1 to offspring.

ii) In P2, starting from the first crossover point look for genes, which have not been copied from
P1 to child. Keep these genes in set o.

iii) For each element of o in P2, look for the same gene position in P1 and keep those genes in set

iV) Place element of o into the offspring position, which occupied by p in P2.

V)If the place occupied by p in P2 has already been filled in the offspring, look for another position
in P1 that is available and keep it in set q. Put o in the position occupied by q in P2.

VI) The empty positions in the offspring can be copied directly from P2.

The second offspring can be created by repeating steps I - VI. Genes in a chromosome interpret as
rectangular boxes arrangement in a truck bed from left to right.

1.2.3 Fitness Evaluation
In this step, the fitness evaluation is considered as available space on a truck bed and calculated by
the following equation:

Fitness value = Total Areas - (Packing Areas + Unusaable Areas) 2)

An offspring, which has the highest fitness value, will be selected as P1 to create offspring for the
next generations. P2 is randomly generating in the next generations.

1.2.4 Stop Criteria
Repeat steps 3.2.2 and 3.2.3 for k iterations. Keep the chromosome that has the highest fitness
values. This chromosome is considered to be the best rectangular box arrangement.

1.3 Arranging the remaining boxes

Best-fit Algorithm is a method to place boxes on the truck bed by considering all current trucks that has
an empty space. Choose to pack boxes in the truck that has the least amount of empty space. If a current
truck cannot pack all boxes, employ the next truck that has the least amount of empty space. Repeat this
step until all boxes are put on truck bed.

IV. NUMERICAL EXAMPLES

Given one truck available for transportation of building material stores. Each empty truck bed has
(W =1,500 mm) in width and (L = 2,100 mm) in length. There are 2 types of square boxes with the number
of 14 and 7 for each type respectively. Box type A has 200 mm in width and length. In addition, box type
C has 400 mm in width and length. The data are shown in Table 1.

Table 1.
Data for square boxes.

1 14 200x200 A
2 9 300x300 o

There is one type of rectangular products with 7 pieces to deliver. The product has 500 mm in width
and 400 mm in length. Since the product can be rotated 90 degrees, we can place it in a horizontal and

vertical orientation. When we place the product in a horizontal orientation, itis represented by B. In contrast,

when the product is placed in a vertical orientation, it is represented by D. The data are shown in Table 2.

Table 2.

Data for rectangular boxes.
j m; ‘a; X b; (mm) ‘Nomenclature
1 500x400 B

7
2 400x500
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The algorithm described in section 3 is used to solve numerical example above. Pack square boxes
on the first row of truck bed starting from upper left comer. Using equation 1 above, the results is shown
below.

Square boxes type 1 (A): 200(1) # 2,100

200(7) #2100
1400 #2100

Square boxes type 2 (C) :  300(1) =2100

300(7) =2100
2100 =2100

Choose square boxes that yield the lowest value from equation 1. Thus, we choose to load square
pallet type 2 (C) on a truck bed first and load square pallet type 1 (A) on a truck bed following. Since
truck bed has 2,100 mm in length, we can only fit 7 of pallet type 2 with no empty space as depicted in
Figure 1. There is one pallet type 2 left which will load on the truck bed later.

Figure 1. Load square pallet type 2 on truck bed first and load square pallet type 1 (A) a truck bed following.

After pack square boxes of truck bed is filled, deploy genetic algorithm to make decision on
packing all large rectangular items which can be rotated by 90 degrees. The genetic algorithm consists
of four steps described in section 3.2 is deployed to find solutions.

1) Population Initialization

We will define the initial chromosome is represented using string of variables. P1 and P2
is obtained by random rectangular box arrangement (B1-B7 or D1-D7). The data are shown in
Table 3.

Table 3.
Data for Population Initialization

o wton |
Number of
tectangul P0G 1 2 3 4 5 6 7
Parent 1 B1 D5 B6 B2 B3 D7 B4
Parent 2 BS D2 D1 D4 D3 D6 D7

2) Genetic Operation

Choose two random cut points and copy all genes in the segment from P1 to offspring as shown below.

Pl BI|D5 B6 B2 B3 | D7 B4
P2 B5| D2 D1 D4 D3| D6 D7
Childl1 | D5 B6 B2 B3 |

In P2, starting from the first crossover point look for genes, which have not been copied from P1 to child.

Keep these genes in set o = {D1,D4}.
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P2 B5| D2 DI D4 D3| D6 D7
Child 1 __ |D5B6B2B3 | __ D7

For each element of o in P2, look for the same gene position in P1 and keep those genes in set p. Place
element of o into the offspring position, which occupied by p in P2.

Pl Bl | D5B6 B2 B3 | D7 B4

P2 Bj | D2 | D6 D7
Childl DI1| D5B6 B2 B3 | D4 __
The empty positions in the child 1 can be copied directly from P2 as shown below.

Pl Bl | D5B6 B2 B3 | D7 B4
P2 B5| D2D1 D4 D3| D6 D7
Child1 DI1| D5B6 B2 B3 | D4 D7

Choose two random cut points again and repeat all steps above in order to create child 2. The result of
child 2 is shown below.

Pl Bl D5|B6 B2 B3D7| B4
P2 BS5 D2|D1 D4 D3D6| D7
Child2 B5 D4|B6 B2 B3 D7| D1

After obtaining child 1 and child 2, the remaining boxes are arranged by Best-fit algorithm with
two sizes of square boxes and one size rectangular boxes. The results are shown in Table IV and box

arrangement for iteration 1 is shown in figure 2. Child 2 has the highest fitness. We will transform child 2
to P1 in the second iteration.

Table 4. Data for step of genetic operation in iteration 1

Fitness

D5 B6 | B2 | B3 | ID7 ]
D2| DI [ D4+ | D3 [TD6 | D7
Ty exchanguz (e seucs of paret I to cld 1.

[ 86 [ 52 | 55 |

600.000

A

'\
[ D+ [ BS| B2 | B3 | D7 | [ DI 660.000
BS | D4 | |B6 | B2 | B3 | Di| | Dt 660.000

[alalalalalalalalala

Figure 2. Arranging boxes for iteration 1 of Child 1 and 2
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In iteration 2, P2 is obtained by random and repeat the same process described before. The results

are shown in table 5 and box arrangement for iteration 2 is shown in figure 3.

Table 5. Data for step of genetic operation in iteration 2.

Consider the crossover 2 point as shown below:
[ Da| B6 | B2 | BS | | D7] DI
Di | D2 | BI | B6 | B7 | D3| Ds
Offspring are created by exchanging the genes of parent 1 to child 1.

[ D4 [ B6 | B2 | B3 | |

To make changes according to the relationships that are connected to each

Dl | | D4] B6 | B2 | B3 | | D7| D5 600.000
Consider the crossover 2 point as shown below:
BS | D4 [IB6 | B2 | B3 | D7 | DI
D4 | D2 [|BI | B6 | B7 | D3 | D5
Offspring arc created by exchanging the genes of parent 1 to chld 1.
I
[ B3 [ D7 | IDs 600.000
2 | B3 [ D7 [ DI 660.000

+—1,500mur———>

Table 6. Overview of data for genetic operation and calculate the fitness evaluation.

Figure 3. Arranging boxes for iteration 2 of Child 1 and 2

Repeat the same process for 10 iterations (k = 10). The fitness evaluation for the best child in each
iteration is shown in Table 6. The best solution is shown in figure 4.

Toapot ey Fitness Evaluation
Max Z (mm)
1 B5 D4 [1B6[ B2 | B3 [ D7 | |D1 660,000
2 Bs D4 [136[ B2 B3 [D7 | Dt 660,000
3 55 [|p4| B6 [ B2 | B3 |DI| B7 700,000
4 BS || D4 | B6 B2 B3 | D1 B7 700,000
5 Bs (| D4| B6 [ B2 | B3 | DI B7 700,000
6 B5 (D4 Bo [ B2 | B3 | ID1| B7 700,000
7 BS [ D4 B6 B2 B3| |DI| B7 700,000
B B5 [ID4| B6 [ B2 | B3 ||DI| B7 700,000
¢ BS | D4 Bs [ B2 | B3 ||D1| B7 700,000
10 |85 |ip4|B6|B2]ms|ID1| B7 700,000

Figure 4. Arranging boxes by using GA method
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Arranging the remaining boxes by using Best-fit algorithm. The remaining boxes are placed on the
truck bed, considering all current trucks that can be packed. Choose the boxes in the truck that has the least
amount of space. In this step, we have 4 type A and 2 type C square boxes. Accroding to arrangement
condition, starting from a top left comer of empty space in the last row. Put 2 type C boxes in the empty
space next to B7. Next, there are 4 type A boxes left. Two type A boxes can be fit next to B2. The other
two type A boxes can be placed in the empty space before D1 as shown in figure 5.

Figure 5. Arranging boxes by using GA method

Thus, the total packing area of the truck is 3,150,000 mm?. Only one truck is used in the shipment
process and all items can be loaded on a truck bed with 1,780,000 mm? utilizing maximum capacity. The
remaining space that can be used is 1,310,000 mm?. Grey area in figure 5 is considered to be unusable area
which is not considered in calculation.

V. CONCLUSION

In this paper, the genetic algorithm with best-fit algorithm (GABFA) for two-dimensional bin
packing problems in building material transportations were proposed. The operation of building material
transportations was described. Two types of items, square and rectangular boxes, were considered. the
genetic algorithm with best-fit algorithm (GABFA) was developed. Test and results with two sizes of square
boxes and one size rectangular boxes are given. The results showed that an algorithm can find the optimal
solution with the largest useful space and all items are loaded on truck bed. However, the metaheuristic
approaches are more efficient in finding solutions which are future research directions.
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