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Abstract

Conventional job-shop scheduling system can be applied well to multi-stage,
single machine producing mode. Nevertheless, parallel-machine producing mode
has been generally adopted within either job-shop or flow-shop scheduling system, to
enlarge capability, avoid delivery delay, and lighten the load of bottleneck station.
There is no more a singular objective in real world scheduling system, but multi
objectives that are commonly conflicting to each other. In addition, the effect factors
taken account by current multi-objective scheduling research are quantitative factors.
Essentially there are more qualitative fators to be considered related to organizations’

operating tactics.

This research utilizes genetic algorithm and ant algorithm with their exceptional
searching and solutioning function to construct a modeling and scheduling system for
multi-stage, parallel-machine, multi-objective job shop that takes account of both
quatitative and qualitative factors. This scheduling system allows orders’ evenly and
actively lot splitting, that is attainable in plenty machines at one time and operations
can be accomplished early. In the meantime, the scheduling system offers an
amending mold that can adjust the lot splitting process to make each operation join or
overlap with each other, and therefore, the continuing operating procedure abbreviates
overall working process. As for the equipment of fitness function, it defines all
factors’ reasonable merits in analytic hierarchy process. Eventually, by concrete
testimony through job shop scheduling, it is certified the feasibility of the solution and

the benefitual results brought up in analyzing and examining this scheuduling system.
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Job shop

AHP

(Flow shop)
(Job shop)

Job shop
Job shop

1 2

NP-hard[50]
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2.1

211

2]

(stochastic)
2.

(1)

(2)

3)

(Pure)
(Unpure)

4

(deterministic)

(Flow shop)

(Job shop)

(static)

(dynamic)



(1)
()
4,
(1)
()
Mellor[38] 27
2.1
2.1.2
[17]1[32][33][35][41][44][46] [4]
2.2
Baker[8]

(shop time performance) (due date performance)
Brown[11]

(marketing) (production)

Kim[35] Min[41]
[32][44][46]

[32][44]



2.1

1. (minimum idle facility investment)

2. (minimum in-process inventory)

3. (minimum facility set-up cost)

4. (day to day stability of work force)

5. (adherence to promised shipping date)

6. (maximum output(product rate))

7. (minimum materials-handling cost)

8. (adherence to arbitrary job priorities), such as arise in
dealing with preferred customers, emergency repair parts, etc.

9. (technological feasibility)

10. (sensitivity to possible production change)

11. (general flexibility)

12. (non-dependence on unreliable process)

13. (reverse capacity for rush order)

14. (optimal in-plant transportation schedule)

15. (minimum shipping cost)

16. (minimum total expected costs, primarily in theoretical
investigations)

17. (maximum weighted facility utilization)

18. (maximum utilization of manpower)

19. (optimal assignment of various labor grades)

20. (minimum raw material in inventory)

21. (minimum finished product inventory)

22. (minimum investment in inventories)

23. (minimum obsolescence and deterioration of product)

24, (shortest make-span for certain products)

25. (minimum overall fabrication span)

26. (minimum risk of excessive losses)

27. (anticipated changes in price)

Mellor[38]
2.2

(work center)
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Baker[7]

identical machine

2.2

[15]

Daniels R. L.[17]

Ishibuchi, H.[32]

Itoh, K. , et
al.[33]

TLAS

0.5

Kim, C. O.,
et al.[35]
Min, H. S.,
etal.[41]

Murata, T., et
al.[44]

Neppalli, V. R.,
et al.[46]

1:1

[4]




2.2.2

[61]

Srivastava[56]

uniform machine

unrelated machine

2.3 Guinet[28]

Serafini[53]
Piersma[49]

Suresh Chaudhuri[60]

Cheng Gen[14]

Gilirsel [30]

Tamimi

Min Cheng[42]
Serifodlu  Ulusoy[54]
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2.2.3

NP-complete [26][29] Nowicki[47]
Sridhar Rajendran[55]
Jacques [34]
Brah [10]
Santos [51]

Global Lower Bound
Nawaz [45] The Nawaz
Heuristic Campbell The Campbell, Dudek, and Smith (CDS)
Procedure Hundal Rajgopal[31] Santos [51]

2.3

(Genetic algorithm; GA) Holland 1975
(artificial system)

Goldberg[27]
Michalewicz[39]

(binary)

11



(initial population)

Forgaty[22]

3. - (fitness function)

4. (genetic operator)

(1) (reproduction)

(1) (crossover)

Murata[43] 10

(111) (mutation)

(local optimal) Murata[43] 4

Forgaty[22]

2.1
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Yes

2.1

2.3.1 Job shop

Cheng[13] JSP

1.0Operation-based representation

m n Job
shop (Job-shop Scheduling Problem JSP)
mxn
n m
n xm m
3x3 [211

123233] [ O21 O11 Oz O13 Oy O31 Op3 Og,

13



Os33] Oy 1 ]

2.Job-based representation

shifting bottleneck heuristic

3. Preference list-based representation

n JSP

=

m subchromosome

preference list

(non-delay)

4. Job pair relation-based representation

3 x3 [010101110]

14



(1,2) (m,mp,,ms3) Xp X2 Xi3= 0 1 0
(1,3) (m,mp,,ms3) X3 X2 Xm;3= 1 0 1

(2,3) (m,mjp,ms3) Xo3; X2 Xou3= 1 1 0

5. Priority rule-based representation

m n

JSP nxm Pi,P2se-» Pom  Di

Priority rule-based

6. Digunctive graph-based representation

Job pair relation-based representation

2.2 G NAE
N A
E
N A
(acyclic) &ij E

15



eij

nxm JSP

nxm €ij 2.2

[€15 €19 €s9 €u €3 €a3 €36 €37 €67 |

0 0 1 1 0 0 0 1 1 ]

(=)
)
)

{
@<

2.2

7. Random key representation

Random key representation

random key

m

[1.34 1.09 1.88 2.66 291 2.01 3.23 321 3.44]

16



2 [3,1,2]

[ 021 Oll 031 032 012

Priority rule-based representation

2.3.2

1 (one-point crossover)

1 [7 317 6 1 31>

2 [1 714 5 2 2]=>

1

022

17

[2,1,3]
[2,1,3]

Oz Oj3 Os3]

[21]

1 [7 3|4 5 2 2]
2 [1 717 6 1 3]

1



1

2

(two-point crossover)

[7 3|7 6]/1 3]
[1 7|4 5(2 2]

(N-point crossover)

[713]7 6|1 31>
[1]7]4 5|2 2]

(uniform crossover)

>0.5

02 07 09 04 06 0.1

[7 37 6 1 3]

[1 7 45 2 2]

[1]

1.PM X (Partially Matched Crossover)

(1

)

A

[ 9 8 45 7 6]1

[ 8 7 1|2 3
A B

[ 9 8 4|2 3 6]l

[ 8 7 1|5 7

18

3

619 5

3

619 5

1

2

1

2

1

2

[7 3|4 5]|1

[1
3

3]

717 6]2 2]

n

(71717 6|2 2]

[1]3]4 5|1

3]

0~1

[7 7 4 6 2 3]

[1

3 75

1

2]



3) A

A 9 8 4/2 3 61 7 5 1

B [ 8 3

115 7 6/9 2 4 ]

2. LOX(Linear Order Crossover)

(1

2) A

3

B[ 8 1

415

1]2

415

1]2

4 *

2| *

(4) A B

ATl 9 8

B [ 8 1

412

215

3. SX(Simple Crossover)

(1) 1

A 9 8 45

B[ 8 7

)

1]2

6/1 3 2 ]

619 5 4 ]

19 * 4]

|5 7 1 ]

*(3 9 4 ]

615 7 1 ]

713 9 4 ]

6 1 3 2 ]

6 9 5 4 ]

19



A [ 9 8 47 1 2 3 6 5 ]
B[ 8 7 1|]9 45 6 3 2 ]
4. RX(Random Crossover)
(1)
A [ 9 8 4|5 7 6|1 3 2 ]
B [ 8 7 1|2 3 6|9 5 4 ]
2)
A [ 9 8 4|6 5 7|1 3 2 ]
B [ 8 7 1|3 6 2|9 5 4 ]
5. CX(Cycle Crossover)

(1) A 9

2) A 1 B

3) A 4 B

4 A 6 B

20



) 9

(6) A B

B[ 123476789 ]

6. OM (Order-based Mutation)

[9 8 4 5 7 6 1 3 2]1=2[9 8 4 1 7 6 5 3 2]
7. PM (Position based Mutation)

5 1 7 6 1 5
7

[9 8 4 5 7 6 1 3 2]=2[9 8 4 7 6 1 5 3 2]

2.3.3
Pinedo[50]
Wellman[62]
Kim[36] GA
Job shop Petty[48]
GA
Murta[43] GA
Flow Shop GA

[32][44][46]

(elite preserve strategy)

21



24

(global optimum)
(local optimum)

2.

(stochastic)
(deterministic)

24

(Ant system) Dorigo

22

1991




(artificial ant)

(pheromone)
NP-Hard 2.5
2.5
Dorigo et al.[20] 1996
(Traveling Salesman Problem TSP) Dorigo et al.[19] 1997
Stiitzle and Hoss[58] 1997
Freisleben and Merz [23] 1999
Gambardella and Dorigo[24] 1997
(Quadratic Assignment Problem QAP) | Maniezzo[37] 1999
Stiitzle and Dorigo[57] 1999
Bullnheimer et al.[12] 1999
(Vehicle Routing Problem VRP) Gambardella et al.[25] 1999
Di Caro and Dorigo[18] 1998
(Network Routing Problem)
Stiitzle[59] 1997
(Scheduling Problem) Michel and Middendorf [40] 1998
Bauer et al.[9] 1999
24.1
(Ant algorithm)
(pheromone)
2.3

23




(artificial ant)

B ﬂ
: f

$7 BEAD

i
. A

\
|

(&) e (E)

(< 42y

23

Dorigo [20]

(Initialize)
(tabu list)
(edge) (town) 2.1

24



[ (D]” [ 1P

if jeallowed
pil; )= 2 keallowed, L Tik ®1° '[nik]B “
0 otherwise
T;; (D) t (1,3)
N (1,]) (visibility)
o, B
ok i j
4. (intensity of trail)
2.2
K Q if (i, ]) e tour described by tabu,
At =11,
0 otherwise
A’Cu = liAle
Q
L k
A k (1,])
5 24

25

2.1
(i,3)
2.3
2.2
2.3



Ar;=0

tit+n)=p-1;(O+Ar 24
P
6.
2

Dorigo [20]
>
>
>
24.2 Job shop

Colorni [16] Dorigo [20]

Job shop Zwaan  Marques[63]
Job shop
Job shop
2.4 2/3/G/Cpax Job shop
0

(1,])

26



2.4 Job shop

Dorigo[20]
G S
Tabu

Gk:{on, 012, 013, 021, C)22, C)23}
S<:{OJ_1, C)21}
Tabu,={ }

variation

Tabu
MNij
pj=—oc —— N<V
Tij

jenodes allowed
SateTransition Rule ,n>v

27

2.4

2.5

2.5



n : random number between [0 1]
Vv : percentageof variation[0 1]

243

Colorni [16] Dorigo [20]

Job shop Zwaan  Marques[63]
Job shop
Bauer[9]
T’kindt
2 Flow shop
Stiitzle[59]
Flow shop Blum

Sampels Flow shop

28



3.1

3.1

Job shop

3.1

Job shop

29

(work center)

(operation)

NP-hard



Shep

Joh 1 Joh 2 Joh 3
o O
TR - - O O - - A5
o O
Machine
. -
3.1

(multi-objective fitness function)

30

3.2



AHP

3.2

31




31

311

3.3

make-to-order

32



10.

11.

12.

33



13.

34

3.4
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(work-in-process)
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A

A

A

3.4

3.5

M3

M1 M2
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Ml

Time

3.5

3.6

37
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3.7



3.2

3.6
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A

-

FF e

AHP

3.7

40

AHP

Time



3.2.1AHP

AHP Saaty[52]
(pairwise
comparison approach)
AHP
AHP
AHP 3.2
3.2 AHP
1
3
5
7
9
2 4 6 8
5 4
(F, F, F3 Fy)
F, F 1/3 F, F,
3
(eigenvalue)

A max)

41



A max (eigenvector)
(normalize)
(W) 3.3
33
Fq F F; Fa A max 411 Wi
F, 1 1/3 2 7 0.3773 0.24
F, 3 1 5 9 0.8976 0.58
F; 1/2 1/5 1 5 0.2192 0.14
F 1/7 1/9 1/5 1 0.0628 0.04
F;
F; (E)) 34
E;; ] i
34
F 1 2 3 4 5 A ma Ei
1 1 5 2 3 3 0.7758 0.4055
2 1/5 1 1/3 1/2 1/3 0.1277 0.0668
3 1/2 3 1 3 2 0.4912 0.2568
4 1/3 2 1/3 1 1/2 0.203 0.1061
5 1/3 3 172 2 1 0.3153 0.1648
(E»)
35
3.5
F F F, F F
W, 0.24 0.58 0.14 0.04
Ej; E; Es; E,
1 | 0.4055 0.30 0.10 0.15 0.2913 1
2 | 0.0668 0.20 0.25 0.25 0.1770 3
3 | 0.2568 0.20 0.30 0.15 0.2256 2
4 | 0.1061 0.15 0.15 0.35 0.1745 4
0.1648 0.15 0.20 0.10 0.1586 5

42




AHP

3.3

AHP

331

min MS
MS,

minMS

MS

minMS

AHP

AHP

43

3.1

minMS

3.1



minMS 80 100
80/100=0.8 (n+1)
(n+1) (n+1)
70/100=0.7
3.3.2
3.8
i
1
)
U EI:? C{? P?EJ rf,
3.8
U(Cij): mjijij d,—SCijSm,— 3.2
j j
U(Cy =0 m; < Cj
>U(Cy)
D = =l . 3.3

44

70



D

3.3.3

34

34.1

45



FR (o
—_——

34.2

3.9
QTEI QTEE ﬁﬁﬂ
1 ¢4
’r‘Fiﬁl‘ ...... wEll ¥
UK F ¥
QTEI g—rﬁz ﬁﬁn
— +—
sl F- AL
“ﬂ-;;‘ﬁl‘ ...... “ﬂ?ﬁl ...... g -'E’-
HFE 2 VK 2
3.9
(state space)
N
2N
1~N
3.10
2 m
: / I~ (n Xm)
= /
/
n

3.10

46



1 5 [5,8,6,10,12]
1 3 2
2
8 6
1~10
10% 2 20%
1~10
3.11
1 2 m
1 / 1~10
2 /
/
3.11
1 120 1
35 [4] 1
40% 4
120/4=30
1 4 1
3 40

47




34.3

AHP

3.2

34
(i) n
2A(N=1)2 +(N=3)% +---+3+1]
(i) n

A(N=1)2 +(N=3)> +---+47+27]

n=7 .
4 7 2 6

6 2 7 4 3 5 1
206°+4°+2*] 56

i AHP

48

34



3 - 5 o 2 - 1
- 4
3.6 3.7
3.6
1 2 3 4
1 6 11 16 21 55 11 1
2 7 12 17 22 60 12 2
3| 3 8 13 18 23 65 13 3
4| 4 9 14 19 24 70 14 4
5| 5 10 15 20 25 75 15 5
3.7
1 2 4 5
3 5 2 1 4
(-2)? (-3)° 1 3? 1 24
24/ 2(4*+2%=0.6
AHP
3.5
f6) We (Zai f)+W, (1-p(X)) 3.5
f(x) X
p(X) X
W,
W,
a |

49




[54]
MCUOX(Multi-Component Uniform Order-Based Crossover Operator)

3.12

50



2)

4q
AT R % — 18 B ;
4 | 2
£ - i 3 - |
AT R E & 7 s
4 |2 1|3
TR 716 |2 |5
3.12

3.4.5

51




5,2 7,4

3.4.6

(roulette wheel)

3.13

52

(slot)
3.6

3.6



P(x) X

f(x) X
1 1
(Ranking)
3.7
_ R
P(x) = S Rt 3.7
P(x) X
R(x) X

(elite preserve strategy)

53



35

351

3.14

10% 20%
1 10%

100%
2

20%

3
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30%



35.2

1 G
O3} On

2 S
C)21}

3. Tabul

Tabul

4. Tabu2

Tabu2k={ }

k
G Gk:{on, 012, 013, 021, 022,
1-1 Or. 1-2
S S={Ou,

Tabu1k={ }

Tabu?2

55



Tabu?2

Oz}

On
Oy, S

Tabu2
S ={Oz1, Oz}
{Oun, O} G
Ou3}
{P., Ps}

Tabu?2

Tabul

S
S
Tabu2
G Tabul
S ={Ou,
1-1 2-1
O]_'[ Tabul 03_1 {On} G
OJJ. {0129 0139 0213 0223 023}’ {021}
S :{021, 012}
P, P, 2
P, {P2}
012 Tabul
S {O13, O21, Oz, Oy}, {On,
P3 Tabu2
G
Tabul Tabu?2

56



120 2
2 Tabu2 Ps

120/3=40

60

353

3.8

[t 1" - [1/dy ]’

1, (t) =

e RN TN
T | ]

l/dij I J

Pl ! J

57

Tabu2

P>

50

3.8

30%



3.11

(max PT)- (dd J-)

D= axdd
~ (maxPT):(as,)
" maxgs
DD; ]
QS J
maxPT
maxdd
maxds
dd j
as ]

Vi Vo Vi 1

58

3.9

3.10

3.9

3.10

3.11



3.12
[t (D]

3.8

354

3.13

> [ (D]
)

( )

variation

Global Update Rule

59

3.12

elitist strategy



3.14

Tij(t+n):(l_p)'Tij(t)+p'A’Cij(t+n) 313
L(b < B Jif edgeij e best_so_far solution

A‘Cij(t+n)= ( est_so_ ar) 314
0 ,otherwise

Y

Q

L best so far

3.15

L(best_so_ far):( ! J_AC 315
f(best_so_ far)

f best_so_far

AC

60



Job shop
4.1

4.4

4.1

Job shop
1~3

4.2

4.2

4.3
4.5

10

Job shop
4.1

4.5)

61

4.2



4.1

120 1 3 55 0.183 55 65
2 4 75 0.067
3 7 57 0.175
4 1 40 0.125
5 6 83 0.108
6 8 48 0.167
85 1 8 22 0.271 100 110
2 3 35 0.200
3 1 27 0.165
4 2 37 0.188
5 5 55 0.200
6 7 27 0.224
200 1 3 38 0.105 104 114
2 2 89 0.090
3 4 186 0.035
4 5 38 0.080
5 8 100 0.120
140 1 6 51 0.079 121 131
2 5 41 0.121
3 4 98 0.071
4 2 118 0.136
5 7 62 0.129
6 1 44 0.114
90 1 1 30 0.167 60 70
2 3 39 0.211
3 7 27 0.211
4 5 20 0.200
135 1 1 103 0.126 72 82
2 4 75 0.067
3 2 44 0.126
4 8 56 0.178
5 5 28 0.141
6 6 90 0.089

62




7 155 1 2 31 0.097 80 90
2 7 47 0.129
3 1 49 0.142
4 8 36 0.135
5 5 15 0.148
8 170 1 4 146 0.082 110 120
2 6 57 0.088
3 7 50 0.100
4 2 80 0.100
5 3 73 0.082
6 8 54 0.129
9 210 1 2 70 0.043 77 87
2 1 22 0.090
3 7 63 0.095
4 5 90 0.033
5 4 196 0.071
6 3 92 0.105
10 105 1 8 32 0.124 50 60
2 5 67 0.105
3 3 49 0.143
4 2 39 0.076
5 6 47 0.190
4.2
1 3
3 2 3 3
4.6 4.7
4.9)
4.10
4=> 1=> 3I=> 0=> 8=> T=>
2=> 5=> 10




43 45

fitness = 0.75(0.28 0.65 0.07 )
0.25(1 )
4.3
A 1.995
1 1/3 0.3148 0.25
3 1 0.9492 0.75
4.4
A 41224
1 3 2 5 0.8028 0.47
1/3 1 1/3 3 0.2683 0.16
172 3 1 3 0.5153 0.30
1/5 1/3 1/3 1 0.1342 0.07
4.5
A 3.0537
1 5 1/3 0.3916 0.28
1/5 1 1/7 0.1005 0.07
3 7 1 0.9146 0.65

64




4.6

Order 1 | Order 2 | Order 3 | Order 4 | Order 5 | Order 6 | Order 7 | Order 8 | Order 9 |Order 10(A  16.2806
Order 1 1 3 1/2 1 4 5 4 5 3 5 0.4572 0.1554
Order 2 1/3 1 1/3 1/2 2 4 1 3 1/2 4 0.233 0.0792
Order 3 2 3 1 2 4 5 4 4 3 5 0.5148 0.175
Order 4 1 2 1/2 1 4 5 3 4 2 5 0.4009 0.1363
Order 5 4 1/2 1/4 1/4 1 3 1/2 2 1/3 1/2 0.2241 0.0762
Order 6 5 1/4 1/5 1/5 1/3 1 1/3 1/2 1/4 1/2 0.193 0.0656
Order 7 1/4 1 1/4 1/3 2 3 1 2 1/2 3 0.1868 0.0635
Order 8 1/5 1/3 1/4 4 1/2 2 1/2 1 1/3 1/2 0.1777 0.0605
Order 9 1/3 2 1/3 2 3 4 2 3 1 4 0.3193 0.1085
Order 10 1/5 1/4 1/5 5 2 2 1/3 2 1/4 1 0.2348 0.0798
4.7 -
Order 1 | Order 2 | Order 3 | Order 4 | Order 5 | Order 6 | Order 7 | Order 8 | Order 9 |Order 10|A  10.3237
Order 1 1 2 1/3 1/4 2 3 1/3 3 1/2 4 0.2215 0.0852
Order 2 1/2 1 1/3 1/4 1 2 1/3 2 1/2 3 0.1554 0.0598
Order 3 3 3 1 1/2 3 4 1 5 2 5 0.4423 0.17
Order 4 4 4 2 1 4 4 2 5 3 5 0.638 0.2454
Order 5 1/2 1 1/3 1/4 1 2 1/3 2 1/2 3 0.1554 0.0598
Order 6 1/3 1/2 1/4 1/4 1/2 1 1/4 2 1/3 2 0.1082 0.0416
Order 7 3 3 1 1/2 3 4 1 5 2 5 0.4423 0.17
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Order_8 1/3 1/2 1/5 1/5 1/2 1/2 1/5 1 1/4 2 0.0851 0.0328
Order 9 2 2 1/2 1/3 2 3 1/2 4 1 4 0.2845 0.1094
Order 10| 1/4 1/3 1/5 1/5 1/3 1/2 1/5 1/2 1/4 1 0.0676 0.026
4.8 -
Order 1 | Order 2 | Order 3 | Order 4 | Order 5 | Order 6 | Order 7 | Order 8 | Order 9 |Order 10 (A 37

Order 1 1 4 3 2 5 3 4 12 2 5 0.4753 0.1839
Order 2 1/4 1 1/2 1/3 3 1/2 2 1/5 1/3 2 0.1284 0.0497
Order 3 1/3 2 1 1/3 4 1/2 3 1/4 1/2 3 0.1841 0.0712
Order 4 1/2 3 3 1 5 2 4 1/2 2 4 0.3751 0.1452
Order 5 1/5 1/3 1/4 1/5 1 1/4 12 1/7 1/4 1/2 0.0599 0.0232

1/3 2 2 1/2 4 1 3 1/4 1/2 4 0.2269 0.0878
Order 7 1/4 1/2 1/3 1/4 2 1/3 1 1/5 1/4 2 0.096 0.0372
Order_8 2 5 4 2 7 4 5 1 3 5 0.65 0.2515
Order 9 1/2 3 2 1/2 4 2 4 1/3 1 4 0.296 0.1145
Order 10| 1/5 1/2 1/3 1/4 2 1/4 2 1/5 1/4 1 0.0924 0.0358

4.9 -
Order 1 | Order 2 | Order 3 | Order 4 | Order 5 | Order 6 | Order 7 | Order 8 | Order 9 |Order 10 (A 26

Order 1 1 0.5 0.25 0.2 0.5 0.33 0.25 2 0.25 3 0.1076 0.0414
Order 2 2 1 0.33 0.2 1 0.2 0.33 2 0.5 3 0.1456 0.056
Order 3 4 3 1 0.5 3 2 1 4 0.5 5 0.3508 0.1349
Order 4 5 5 2 1 5 3 2 5 2 7 0.625 0.2403
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Order 5 2 1 0.33 0.2 1 0.5 0.33 2 0.25 3 0.1403 0.054
Order 6 3 2 0.5 0.33 2 1 0.5 3 0.33 4 0.2259 0.0869
Order 7 4 1 1/2 2 1 4 1/2 5 0.3508 0.1349
Order 8 1/2 1/2 1/4 1/5 1/2 1/3 1/4 1 1/5 2 0.0853 0.0328
Order 9 4 4 2 1/2 4 3 2 5 1 5 0.4974 0.1913
Order 10 1/3 1/3 1/5 1/7 1/3 1/4 1/5 2 1/5 1 0.0716 0.0275
4.10
0.47 0.16 0.30 0.07

Order 1| 0.1554 0.0852 0.1839 0.0414 0.1447 2 4

Order 2 | 0.0792 0.0598 0.0497 0.056 0.0656 8 1

Order 3 0.175 0.17 0.0712 0.1349 0.1403 3 3

Order 4 | 0.1363 0.2454 0.1452 0.2403 0.1637 1 9

Order 5| 0.0762 0.0598 0.0232 0.054 0.0562 9 8

Order 6 | 0.0656 0.0416 0.0878 0.0869 0.0699 7 7

Order 7| 0.0635 0.17 0.0372 0.1349 0.0776 6 6

Order 8 | 0.0605 0.0328 0.2515 0.0328 0.1114 5 2

Order 9| 0.1085 0.1094 0.1145 0.1913 0.1162 4 5

Order 10| 0.0798 0.026 0.0358 0.0275 0.0544 10 10
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4.2

GA
4.2

Job shop 4.13

GA Job shop

15

4.13 GA
GA
1 0.788822 9 0.759497 1 0.773129 9 0.793058
2 0.768796 10 0.773865 2 0.737481 10 0.815765
3 0.800691 11 0.785260 3 0.811603 11 0.762574
4 0.711316 12 0.819368 4 0.710932 12 0.776420
5 0.755485 13 0.693311 5 0.768603 13 0.763677
6 0.744337 14 0.771606 6 0.762476 14 0.761402
7 0.738138 15 0.764582 7 0.715620 15 0.762633
8 0.794373 0.7646298 8 0.782409 0.7665188
0.0332693 0.0294785
Hytlea =Hanr
H, tlea # Boanr
o 0.05

t = 2 GA— ANT 2 _ 0.764630-0.766519 0165

\/ U5=D-Sea+(5=D Sy (1 1 \/((0.033269)2 1(0.029479)%)- 4. 2

15+15-2 15 15 28 15
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t] < tyr=2.05

Do not reject Hy

GA
4.5
GA 4.14
4.14 GA

1 3 5 2 60 0 11.00
2 4 7 4 1 120 14.00 22.00
3 7 19 6 2 60 22.00 32.50
4 1 31 3 1 120 32.50 47.50
5 6 32 4 1 120 53.50 66.50
6 8 38 4 2 60 72.17 82.17
1 8 13 8 3 28 6.50 14.17
2 3 18 1 1 85 39.00 56.00
3 1 41 5 2 43 61.67 68.67
4 2 47 9 2 43 68.67 76.67
5 5 48 3 1 85 76.67 93.67
6 7 55 9 3 28 93.67 100.00
1 3 25 5 2 100 11.00 21.50
2 2 28 9 2 100 21.50 30.50
3 4 34 5 1 200 57.67 64.67
4 5 39 5 2 100 64.67 72.67
5 8 42 6 2 100 82.17 94.17
1 6 10 8 2 70 0 5.50

2 5 16 3 1 140 5.50 22.50
3 4 17 4 1 140 31.00 41.00
4 2 26 4 1 140 43.50 62.50
5 7 44 6 2 70 62.50 71.50
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6 1 50 5 2 70 71.50 79.50
5 1 1 11 7 3 30 17.00 22.00
2 3 12 8 2 45 22.00 31.50
3 7 52 1 1 90 54.33 73.33
4 5 54 2 1 90 73.33 91.33
6 1 1 2 3 1 135 0 17.00
2 4 4 1 135 22.00 31.00
3 2 9 8 2 68 31.00 39.50
4 8 24 6 2 68 39.50 51.50
5 5 43 6 2 68 51.50 61.00
6 6 49 2 1 135 61.00 73.00
7 1 2 29 6 2 78 4.50 12.00
2 7 35 9 3 52 47.67 54.33
3 1 36 7 3 52 54.33 61.67
4 8 37 5 2 78 61.67 72.17
5 5 53 2 1 155 72.17 95.17
8 1 4 4 4 1 170 0 14.00
2 6 20 2 1 170 14.00 29.00
3 7 27 6 2 85 39.17 47.67
4 2 45 3 1 170 47.67 64.67
5 3 46 1 1 170 68.67 82.67
6 8 51 7 3 57 94.17 101.50
9 1 2 6 6 2 105 0 4.50
2 1 14 4 2 105 22.00 31.50
3 7 21 10 3 70 32.50 39.17
4 5 22 6 2 105 39.17 42.67
5 4 33 9 1 210 42.67 57.67
6 3 40 9 2 105 57.67 68.67
10 1 8 1 5 2 53 0 6.50
2 5 5 3 1 105 6.50 17.50
3 3 15 9 2 53 31.50 39.00
4 2 23 6 2 53 39.50 43.50
5 6 30 9 2 53 43.50 53.50
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4.15

4.15

1 6-1 0 17.00
2 5-1 17.00 22.00
3 9-2 22.00 31.50
4 1-4 32.50 47.50
5 7-3 54.33 61.67
6 2-3 61.67 68.67
7 4-6 71.50 79.50
1 5-1 17.00 22.00
2 9-2 22.00 31.50
3 7-3 54.33 61.67
4 2-3 61.67 68.67
5 4-6 71.50 79.50
1 5-1 17.00 22.00
2 7-3 54.33 61.67
1 9-1 0 4.50
2 7-1 4.50 12.00
3 3-2 21.50 30.50
4 6-3 31.00 39.50
5 10-4 39.50 43.50
6 4-4 43.50 62.50
7 2-4 68.67 76.67
1 9-1 0 4.50
2 7-1 4.50 12.00
3 3-2 21.50 30.50
4 6-3 31.00 39.50
5 10-4 39.50 43.50
6 8-4 47.67 64.67
7 2-4 68.67 76.67
1 1-1 0 11.00
2 3-1 11.00 21.50
3 5-2 22.00 31.50
4 10-3 31.50 39.00
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5 2-2 39.00 56.00
6 9-6 57.67 68.67
7 8-5 68.67 82.67
1 1-1 0 11.00
2 3-1 11.00 21.50
3 5-2 22.00 31.50
4 10-3 31.50 39.00
5 9-6 57.67 68.67
1 8-1 0 14.00
2 1-2 14.00 22.00
3 6-2 22.00 31.00
4 4-3 31.00 41.00
5 9-5 42.67 57.67
6 3-3 57.67 64.67
1 10-2 6.50 17.50
2 9-4 39.17 42.67
3 6-5 51.50 61.00
4 3-4 64.67 72.67
5 2-5 76.67 93.67
1 4-2 5.50 22.50
2 9-4 39.17 42.67
3 6-5 51.50 61.00
4 3-4 64.67 72.67
5 5-4 73.33 91.33
1 7-5 72.17 95.17
1 4-1 0 5.50
2 8-2 14.00 29.00
3 10-5 43.50 53.50
4 1-5 53.50 66.50
1 4-1 0 5.50
2 10-5 43.50 53.50
3 6-6 61.00 73.00
1 1-3 22.00 32.50
2 9-3 32.50 39.17
3 8-3 39.17 47.67
4 7-2 47.67 54.33
5 4-5 62.50 71.50
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6 2-6 93.67 100.00
1 1-3 22.00 32.50
2 9-3 32.50 39.17
3 8-3 39.17 47.67
4 7-2 47.67 54.33
5 4-5 62.50 71.50
6 2-6 93.67 100.00
1 9-3 32.50 39.17
2 7-2 47.67 54.33
3 5-3 54.33 73.33
4 2-6 93.67 100.00
1 10-1 0 6.50

2 2-1 6.50 14.17
3 6-4 39.50 51.50
4 7-4 61.67 72.17
5 1-6 72.17 82.17
6 3-5 82.17 94.17
7 8-6 94.17 101.50
1 10-1 0 6.50

2 2-1 6.50 14.17
3 6-4 39.50 51.50
4 7-4 61.67 72.17
5 3-5 82.17 94.17
6 8-6 94.17 101.50
1 2-1 6.50 14.17
2 1-6 72.17 82.17
3 8-6 94.17 101.50

=101.50

100.00

100.00/101.50=0.9852

4.16
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4.16

1 2 4 5 7 9
1.00 1.00 1.00 0 0.90 0 1.00 1.00 | 0.65 0.655
4.17
4.17
1-1 1-2 1-3 2- 2-2 3-1 4-1 5-1 5-2
0.8658 | 0.4633 0.2000 | 0.7891 0.7630 | 0.9738 | 0.7209 | 09742 | 0.5231 0.6131
5-3 6-1 6-2 7- 7-2 7-3 8-2 8-3
0.2417 | 0.6541 0.3767 | 0.4767 0.4767 | 0.3867 | 0.6502 | 0.5517 | 0.2463 | 0.5762
4.18
4.18
1 2 4 5 6 7 9 10
130 222 168 163 129 135 190 193 136 74
21.67 37 33.6 | 27.17 | 32.25 | 22.5 38 32.17 | 22.67 | 14.8
2 9 8 5 7 3 10 6 4 1
4.2
4.19
4.19
1 2 3 4 5 6 7 8 9 10
4 1 3 9 7 6 2 10
10 1 6 9 4 8 5 3 7
36 0 9 0 16 1 1 1 9 9 82

82/330=0.2485
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GA

=0.75 (0.28 0.9852+0.65 0.6550 +0.07 0.5762)+0.25 (1-0.2485)

=0.7443

Tabul
Tabu?2
Tabul
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