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Ant Colony Optimization,



ACO

Dorigo Colorni  Maniezzo 90 (Dorigo
1991)
(Combinatorial Optimization
Problems) (Maniezzo , 1994 Dorigo ,
1991)
Ant Colony Optimization
ACO
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(Job shop)
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Job shop
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Job shop
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2.1

21.1
(1994)
1.
(static)
(dynamic)
(deterministic)
(stochastic)
2.
(1)
()
3) (Flow shop)
(Pure)
(Unpure)
(4) (Job shop)



(1)
(2)

(1

)

Mellor(1966)

2.1

212

1980
1990)

Moreno Ding(1986)
Mukhopadhyay(1988)

1980
Simulated Annealing
1997)
Solution Space
Kim Lee(1994)

27



Murata Ishibuchi Tanaka(1996)

Tabu search

2.2
1970 Heck(1985)
Emmons(1986)
n Van(1986)
1988  Dillepan(1988) 16

1995 Nagar(1995)
39 3
(1995)

(Daniels, 1994 Ishibuchi Murata,
1998 Itoh , 1993 Kim, 1998 Min , 1998 Murata , 1996 Neppalli
, 1996 , 1999) 2.2

(Baker, 1984)
(shop time performance) (due date
performance) (Brown, 1997)
(marketing) (production)
Kim(1998) Min (1998)
Ishibuchi
Murata(1998) Murata (1996) Neppalli (1996)



Ishibuchi ~ Murata(1998) Murata (1996)

2.1

PN RO =

10.
11.
12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

(minimum idle facility investment)
(minimum in-process inventory)
(minimum facility set-up cost)
(day to day stability of work force)
(adherence to promised shipping date)
(maximum output(product rate))
(minimum materials-handling cost)
(adherence to arbitrary job priorities), such as arise in
dealing with preferred customers, emergency repair parts, etc.
(technological feasibility)
(sensitivity to possible production change)
(general flexibility)
(non-dependence on unreliable process)
(reverse capacity for rush order)

(optimal in-plant transportation schedule)
(minimum shipping cost)
(minimum total expected costs, primarily in theoretical
investigations)
(maximum weighted facility utilization)
(maximum utilization of manpower)
(optimal assignment of various labor grades)
(minimum raw material in inventory)
(minimum finished product inventory)
(minimum investment in inventories)
(minimum obsolescence and deterioration of product)
(shortest make-span for certain products)
(minimum overall fabrication span)
(minimum risk of excessive losses)
(anticipated changes in price)

Mellor(1966)




2.3

NP-hard
2.3.1
Baker(1974)
Diamond, 1995)
1. 1dentical machine

2. uniform machine

(Baker, 1984)

(work center)

(Cheng



2.2

Daniels(1994)

Ishibuchi
Murata(1998)

Itoh  (1993)

TLAS

0.5

Kim  (1998)
Min  (1998)

Murata  (1996)

Neppalli
(1996)

1:1

(1999)

unrelated machine




2.3.2

2.3 Guinet(1995)

Serafini(1996)

Piersma Van(1996)

Chaudhuri(1996)

(1996)

Tamimi (1996)

Srivastava(1998)

Cheng(1999)
Serifodlu  Ulusoy(1999)

Suresh

Cheng

Giirsel (1997)

Min

(2001)



2.3

Guinet, A. 1995
Serafini, P. 1996
Piersma, N., and 1996
Van Dijk, W.
Suresh, V. and 1996
Chaudhuri, D.
Cheng, R. and 1997
Gen, M.
Giirsel, A. S., 1997
et al.
Tamimi, S. A. 1997
and Rajan, V. N.
Azizoglu, M. and | 1998
Kirca, O.
Srivastava, B. 1998
Min, L. and 1999
Cheng, W.
Serifodlu, F. and | 1999
Ulusoy, G.

2001

2.3.3

1979)(Gupta, 1988)

Nowicki

NP-complete
Czeslaw(1998)

(Garey

Johnson,




Sridhar Rajendran(1993)
Jacques (1996)
Brah (1991)
Santos (1995)
Global Lower

Bound

Nawaz(1983) The Nawaz Heuristic Campbell

The Campbell, Dudek, and Smith (CDS) Procedure Hundal

Rajgopal(1988) Santos (1995)

2.4
(Ant system) Dorigo (1991)
(artificial ant) (pheromone)
24.1
Colorni 1991 1992
Ant System
traveling sales man (TSP
Gambardella
1995 Ant-Q
Q-learning
Bullnheimer 1997
AS rank
Dorigo Maria (1997) Ant Colony
System (ACS)
Stutzle  Hoos(1997)
Stagnation) Max-Min Ant System

MMAS



Dorigo 1999

Ant Colony
Optimization Meta-Heuristic
Ant Colony Optimization(ACO)
NP-Hard 2.4
2.4
Dorigo et al. 1996
(Traveling Salesman Problem TSP) Dorigo et al. 1997
Stiitzle and Hoss 1997
Freisleben and Merz 1999
Gambardella and Dorigo 1997
(Quadratic Assignment Problem QAP) | Maniezzo 1999
Stiitzle and Dorigo 1999
Bullnheimer et al. 1999
(Vehicle Routing Problem VRP) Gambardella et al. 1999
Di Caro and Dorigo 1998
(Network Routing Problem)
Stiitzle 1997
(Scheduling Problem) Michel and Middendorf 1998
Bauer et al. 1999
2.4.2

(Ant algorithm)

(pheromone)




2.1
(artificial ant)

(A) (B)

2.1

Dorigo  (1996)

(Initialize)

(tabu list)

(edge) (town) 2.1



) [t (D]* '[Tli,- ]B
P ()= 2 keallowed, L Tik 1" '[nik]ﬁ

if jeallowed,

0 otherwise
T (1) 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,
Ak )
0 otherwise
A’Cu = liATu
Q
Lk k
At k (i,])
5. 2.4
A’[ij = 0

7,(t+m=(1-p)-7, O+ AT,

2.1
(i.3)
2.3
2.2
2.3
2.4



Dorigo, 1996 Ant-density
Ant-quantity  Ant- cycle
Ant-density
Ant-quantity
Ant- cycle

» Ant-density  Ant-quantity
Ant-density  Ant-quantity
i ]
Ql Q2
Ant-quantity

g If k-th ant goes from 1 to j

A Tilj( (t,t 4 1) — dij between t and t+1 25

0 otherwise

Ant-density

If k-th ant goes from i to j
ATiI-( (t,t + 1) = { between t and t+1

j 2.6
otherwise

Ant-quantity 1 ]
Ant-density

» Ant-cycle

Ant-cycle Ant-density Ant-quantity
Ak

1

Ant-density Ant-quantity



] Ant-cycle

Q3
Ary(t,t+1)=1 L,
0
Q3 L, k

Ant-cycle

Ant-cycle  Ant-density Ant-quantity
Ant-density
Ant-quantity

TSP
Ant-quantity
Dorigo 1996 Ant-cycle
Ant-quantity
j Ant-quantity
TSP Q1/d;

Ant-cycle



Q3/L,

Ant-cycle

Dorigo  (1996)

>

>

>

2.4.3Ant-Q

AS Gambardella ~ Dorigo(1999)
Ant-Q Ant-Q AS
Q-learning Ant-Q Q-learning
Ant-Q AS pseudo

random pseudo random proportional ~ random proportional

Ant-Q AS

Q-learning
2.4.4 ASsite
Dorigo (1996) AS (elitist strategy)
ASeie  Bulinheimcr  (1999)
AS TSP
ASelite
ASelite
ASeiite (2.4)

1] Ant



(2.8)

*

Ti (t+1)= (l_p).z—ij (t)+Az'ij +A2'i.

Arij = ZAri'j‘
k=1
Q
Aty = Lﬂ
0
Az':; =
2.4.5ASank

If ant k travels on edge(i,j)

otherwise

If edge(i,j) is part of the best solution found

otherwise

GA

Bullnheimer (1999)

(ranking)

(2.9)

A Srank

*

7,0+ =(=p)-7,(O+Az +AT,

(2.8)

(exploitation)

(x=0 -1)

(2.9)



AS

) (o - ﬂ)Lg Ifthe P -th best ant travels on edge(i,j)
At = u
J 0 otherwise
Q If edge(i,j) is part of the best solution found
AT; = c L* .
0 otherwise
A Srank X
AS AS
ASrank
( ) (
2.5 (Ant Colony System)
Ant Colony System, ACS  Dorigo  Maria,
y Sy g
1997 AS (1)
(exploration)
(exploitation) (2)ACS
3)
(local pheromone updating rule) AS
ACS m (e.g,



updating rule)

(local pheromone updating rule)

(global pheromone

AS

ACS

251 MMAS(Max-Min Ant System)

Stutzle  Hoos(1997)

AS

MMAS
AS

25.2

Dorigo  Caro(1999)

Dorigo

AS

(premature stagnation)

MMAS

(ACO Meta-Heuristic)
(ACO Meta-Heuristic)

Caro(1999)

TSP



ACO

>
>
>
>
2.6 Job shop
Colorni  (1994) Dorigo (1996)
Job shop Zwaan  Marques(1999)
Job shop
Job shop
2.2 2/3/G/Cpax ~ Job shop
0

2.2 Job shop



(i,j)

(i.)) (j,1)

Dorigo(1996)
G S
Tabu 2.2
Gk:{on, O12, O13, Oy1, O, 023}
3<={OJ_1, 021}
Tabu,={ }
variation
2.5
Tabu
D, = L n<v
’ . Nij 2.5
jenodes allowed

SateTransition Rule ,n>v

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



2.7
Colorni  (1994) Dorigo (1996)

Job shop Zwaan  Marques(1999)
Job shop
Bauer(1999)
T’kindt
2 Flow shop
Stiitzle(1997)
Flow shop

Blum  Sampels Flow shop
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3.1

Job shop

(work
center) 3.1

(operation)



1 2 3
O O O O O
! JO OL,O0 oL, o s !
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Machine Machine Machine
3 2 1
O O O o O
2 e JO OL, 0 O , 2
O O O
Machine Machine Machine
3.1
Job shop
NP-hard

(multi-objective fitness function)

3.2
AHP

AHP
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4.3

3.4

MatLab 6.5
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3.5
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3.1

©©
©©
©©
0XO,
©©
0o

OXOXOXOXOXO,

OJOJO)YO)XOXO,

make-to-order

3.5
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10.

11.

12.
13.
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A

(1999)

3.6
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(work-in-process)
3.7
Ml M2 M3
M1
1 2 3
2 3

1 1
'@ »
€ »
1 1

Time

3.7



3.8



3.8

(1999)



3.2

M1

M2

M3

3.9

3.9

Time



AHP

AHP
3.2.1AHP
AHP Saaty(1977)
(pairwise
comparison approach)
AHP
AHP
AHP 32

3.2 AHP

O N »n W

2 4 6 8




5 4
(Fi F, F; Fy)
Fl Fz 1/3 Fz F]
(eigenvalue)
A max)
A max (eigenvector)
(normalize)
(W) 3.3
3.3
Fl F2 F3 F4 A max 411 Wi
F1 1 1/3 2 7 0.3773 0.24
F» 3 1 5 9 0.8976 0.58
F3 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
3.4
F 1 2 3 4 5 A max Ej
' =5.0938 :
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 1/2 2 1 0.3153 0.1648
(Ev)

3.5




3.5

Fi Fy F2 Fs Fa
Wi 0.24 0.58 0.14 0.04
Elj Ezj Egj E4j
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
S5 | 0.1648 0.15 0.20 0.10 0.1586 5
AHP
AHP
3.3
AHP
AHP
331
3.1
minMS 31

MS



minMS

MS, X

minMS

minMS
80/100=0.8

3.3.2

(n+1)
(n+1)
70/100=0.7

minMS

100
70
(n+1)

3.10

3.10



|\/|.<C D

U(Cij)zl ., D, sCUsDj
RS

|\/| D , Dj < Cij sl\/l
Uc)=0 . G <M, oGy >M

j - j =

VA 3.3

3.3.3

34

(Ant System)

3.2



34.1

60%

3.11

20%

3.

11

1-2

40%
1

20%

0
1-1
1 2
100%
2 40%



34.2

G
C)23} O:Ll

S
C)21}

Tabul

Tabul

Tabu2
Tabu2,={ }

S

G Gi={O11, O12, Os3, Oa, 1;22,
I-1 Oy 1-2
S S&Ou,
Tabul={}
Tabu2
Tabul



Tabu2
C)21}
S
On
O S
Tabu2
S :{ 021, 012}
{O:Ll, O12} G
013}
{PZ, PS}
Tabu2
P3

Tabu2
G Tabul
S ={Ou,
1-1 2-1
On Tabul Ou {On} G
O:Ll {012, 013, O21; OZZ; 023}, {021}
S ={O21, O12}
P, P, 2
P> {P2}
O Tabul
S {0139 OZl, 022, 023}1 {0219
P; Tabu2
G
Tabul Tabu2
Tabu2
1 120 2
40 2 Tabu2
40% 4

120/4=30



=0.000<a

4 1 P> 40
343
I 10
10/55 1/55
SPSS 12.0
3.6
95%
3.6
Descriptives
95% Confi den
Me an
N Mean|[St d. Ddg St d. Lower Upper Mi ni mf Maxi m
1 100 . 7093 .061671.0194 . 6652 . 7534 . 621 . 787
2 100 .6931 .02264%.0071¢ . 6769 . 7093 . 661 . 725
3 100 . 7943 .01954%. 0061 . 7803 . 8083 . 752 . 821
Tot gl 300 . 7322 .0591171.0107 . 7101 . 7543 . 621 . 821
3.7 (One-Way ANOVA)
SSR=0.059 MSR=0.03 SSE=0.042
MSE=0.002 SST=0.101 F=18.902 F




3.7

ANOVA
Sum of df Mean S F Si g.
Bet ween| Group®5 2 . 03 18. ¢ .0Q)
Within proups 04 27 . 0(
Tot al . 1( 29
3.8
-LSD(Fisher) 3
3.8

Mul ti ple Comparisons

Dependent Variabl e:

Mean Di 95% Confiden:e I
(1) (J) (I -J)] Std. Sig.[Lower Upper ound
LSD 1 2 .01624.0176 .34 -.020 .0525|] 066
3 -.0850.0176 .00 -.121 -.048]1 08914
2 1 -.0162.0176 .3 -.052 .0200] 246
3 -.1012.0176 .0Qq -.137 -.064]1 58014
3 1 . 0850 0176 . 0( . 0487 . 1212 206
2 .10124.0176 . 0( . 0649 .1375] 116
*The mean difference is significant at the .05 level
3.9 |
0.6931076 0.7093567 P =0.366 0.05
1 1
2 2
0.7943572 2 3
3.9
Subset for|lalpha = .05
N 1 2
Dung an 100 . 6931
1 10 7093
3 10 . 7943 720
Sig. . 346 1.0] 0
Means for groups in homogenecus subsets are di c

aUses Harmonic Mean Sample 'ize = 10.000.
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3.8

[ (D1 -[1/dy1°

1. (1) =

P T mOrd)
]

l/dij | |

Pl ! J

3.9
3.11

(max PT)- (dd j)
max dd

(max PT)- (qu)

max s

DD; =

j

DD; J
QS J
maxPT
maxdd

maxdgs

3.10

3.8

3.9

3.10



PT, + PTJ V>

Vi Vo Vi

DD, Vi

3.12

3.8

variation

QS

3.11

3.12



3.4.4

Ant-Density Ant-Quantity  Ant-Cycle
Colorni  (1991)  Dorigo

(1996) Ant-Cycle
Global Update
Rule Local Update Rule
elitist strategy Colorni  (1994)

Dorigo  (1996)
(Glodberg, 1989)

3.13

3.14

Tij(t+n):(l—p)-z-ij(t)—l-ATij(t—l—n) 3.13



Q JIf edgeij e best_so far solution

A (t+n) = H(PeSt_so_Tar) 3.14
0 ,otherwise
P
Q
L best so far
AC
3.15
L(b&et_so_far)z( 1 j-Ac 3.15
f(best so far)

L(best so far)
f best so far
AC



3.4.5

AHP
3.2
3.16
v ! 3.16
2[(n_1)2+(n—3)2+-..+32+12]
(i1) n
2[(n_1)2+(n—3)2++42+22]
7 I 5 3
vz 6 2 7 4 3
> 2[06°+4*+2%] 56
: AHP
3 - 5 L .

3.10 311



.10

2 3
1l 1 6 11 16 21 55 11 1
2| 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. 11
2 3 4
5 2 1
(-2)? (-3)° 1 3? 1 24

24 / 2(4*+2%=0.6

AHP

3.17

f6) Wiy (Zai f)+W. (1-p(x)) 3.17
f(x)
p(x) X
Wy
W,
a [
fi
Wl W2 1 Zaizl




Job shop

4.1 4.2
4.3
4.4 4.5
4.1
Job shop 8
1~3
10
Job shop
4.1
4.2
4.1
1 120 1 3 55 0.183 45 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
2 85 1 8 22 0271 90 100 110
2 3 35 0.200
3 1 27 0.165
4 2 37 0.188




4.1

5 5 55 0.200
6 7 27 0.224
200 1 3 38 0.105 94 104 114
2 2 89 0.090
3 4 186 0.035
4 5 38 0.080
5 8 100 0.120
140 1 6 51 0.079 111 121 131
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 50 60 70
2 3 39 0.211
3 7 27 0.211
4 5 20 0.200
135 1 1 103 0.126 62 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
155 1 2 31 0.097 70 80 90
2 7 47 0.129
3 1 49 0.142
4 8 36 0.135
5 5 15 0.148
170 1 4 146 0.082 100 110 120
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
210 1 2 70 0.043 67 71 87




4.1

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 40 50 60
2 5 67 0.105
3 3 49 0.143
4 2 39 0.076
5 6 47 0.190
4.2
1123 ]| 4 6 8
31022 1 2 3
4.2
( 4.3 4.4 4.5)
( 4.6 4.7 4.8
4.9)
4.10
4=> 1= 3= 0=
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
12 3 1 3 0.5153 0.30
1/5 1/3 1/3 | 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




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




4.7

Order 6 1/3 172 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

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 12 4 1 4 0.2845 0.1094
Order 10 1/4 1/3 1/5 1/5 1/3 1/2 1/5 12 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  10.5937

Order 1 1 4 3 2 5 3 4 1/2 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 12 3 0.1841 0.0712
Order 4 12 3 3 1 5 2 4 12 2 4 0.3751 0.1452
Order 5 /5 1/3 1/4 1/5 1 1/4 12 1/7 1/4 1/2 0.0599 0.0232
Order 6 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 9 172 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  10.5526
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
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 3 1 1/2 3 2 1 4 172 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




4.3
(Ant System for Job Shop

Scheduling, ASJSS) Zwaan
Marques(1999)
o
B m P
Q AC
(P)
SPSS 12.0
Dorigo  (1996) Zwaan
Marques(1999)
o P
a P o {1,5,10,1520} B {1,5,10,15,20} o
p o P
o=0 p=0

o=0 P



431a B
1. 4.11 5 25

4110 B

Bet ween-Subj c¢cts Factors

(62N =]

(B)

o

N RO RNRE RO
13 o

NNNMNNNMNNNNDNDN
o1 01 0101 01 01 01 01 01 O1

2. 4.12
0.72642982 0.055654743

4.12

Descriptive Statistics
Dependent Vari abl e:

(a) (B) Me a n Std. Dey N
1 . 7644 . 01985 5
5 7846 . 02702 5
10 7386 . 04919 5
15 6972 . 04977 5
20 . 6999 . 03852 5
Tot al . 7369 . 049095 25
5 1 . 7850 . 02044 5
5 . 7615 .02020 5
10 . 7254 . 04804 5
15 . 6831 . 05192 5
20 . 7137 . 08045 5
Tot al . 7337 . 05821 25
10 1 . 7646 . 04626 5
5 . 7856 .01615 5
10 . 7358 . 04204 5
15 . 7050 . 04922 5
20 . 7052 . 03231 5
Tot al . 7392 . 04839 25
15 1 . 7360 .00705 5
5 . 7572 . 02797 5
10 . 7532 . 02674 5
15 . 7368 . 05487 5
20 . 6756 . 035386 5
Tot al . 7318 . 04318 25
20 1 . 7355 . 02861 5
5 . 7442 .02736 5
10 . 6744 . 03040 5
15 . 7094 .00809 5
20 . 5876 . 04828 5
Tot al . 6902 . 06461 25
Tot al 1 . 7571 . 03179 25
5 . 7666 . 02754 25
10 . 7255 . 04601 25
15 . 7063 . 04587 25
20 . 6764 . 06572 25
Tot al . 7264 . 05565 125




3. 4.13 F=8651.394 P=0.000

0.05
F=22.382 P=0.000 0.05
F=2.180 P=0.010 0.05
4.13
Tests of Between-Subjects =ffects
Dependent Vari abl e:
Type |
Source of Sg df Mean S F Si g.
Mo d e | 6 6 .2] 25 2.6 1735, .0Q)»
a 66 . ( 5 13. 737 8651. .0Q)»
B 3 4 03 22 . 3 .0Q)»
2 " Y 16 0 1 o1
Error . g 10 0 ¢
Tot al 6 6. d 12
aR Squared = .998 (Adjusted R Squar el = .997)
Estimated Marginal Means
4, 4.14 %095 0.726
0.003 0.733 0.719
4. 14 95 %
Grand Mean
Dependent Variabl e:
95% Confiden:e Interval

Mean| St d. Lower Upper ound
. 7 . 0( . 7] . 733




()
5. 4.15
-LSD(Fisher)
5&20 10&20 15&20

a {1,5,10,15}

4.15

Mul tiple

Dependent Variabl e:

1&20

Comparisons

o

95% Confiden:

~N oo a)”
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(1) (d)
CSD 1 5
10

15

20

5 1
10

15

20

10 1
5

15

20

15 1
5

10

20

20 1
5

10

15
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Based on observed means.

*The mean difference i

Homogeneous Subsets
6. 4.16
(a=5) (a=1)

significant

(subset=2)

0.73181288 0.73378808 0.73699068 0.73927580

P =0.546 0.05
(a=15)
(0=10)

g.|Lower
.79 -.018
.83 -.0214
.64 -.016
. 0( 0247
.77 -.025
2 -.027
5 -.019
( .0215
3 -.019
2 -.016
q -.014
( .0270
4 - .027
5 -.023
q -.029
( .0196
q -.068
q -.065
q -.070
q -.063
the .05
(a=15)
(a=1)
(a=20)

(¢}
<
@

628
500
760
280
400
208
468
696
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4.17

1&5

-LSD(Fisher)

10&15

4.17

Comparisons
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di fference

me an

*The



Homogeneous Subsets

8. 4.18 (subset=2) (B=15)
(B=10) 0.70635756 0.72553212
P =0.086 0.05
(B=10) (B=1)
(subset=2) (B=1)
(B=5) 0.75714128 0.76667044
P =0.390 0.05
B=1 (B=5)
(B=20)
B=5
4. 18
Subset
_ (B) N 1 2 3
Dun:an0 25/ . 6764
15 25 . 7063
10 25 . 7255
1 25 . 7571
5 25 . 7666
Sig. 1.0 0 § . 39
Means for groups in homogeneous subscs
Based on Type | Sum of Squares
The error term is Mean Square(Error)
aUses Harmonic Mean Sample Size = .
bAl pha = .05.



Mar gi nal Means

Esti mated

4.1

Me ans

(B)
—1
—5

10
— 15
20

of

Esti mated Margi nal
0.80H4000
0.754000W

© o —o0
o
o
0.704000
o (o)
0.654000
0.604000
o
0.554000
T T T T T
1 5 10 15 20
(a)
4. 1 Estimated Marginal Means of
4.1 a P
( 4.16)
( 4.18) o {20}  {1,5,10,15}
{1,5,10,15} o

o=10

o 10



o=10 pB=5

m p Q
432m p Q
4.19 3 45
3 45 3
45
4.19m p Q
Bet ween-Subj c¢cts Factors
N
10 45
(m)3o 45
60 45
.5 45
(1) ‘s
10 45
1000 45
(Q) 100000 45
4.20
0.72951034

0.052930291



4.20

Statistics

Descriptive
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4.21

F=18768.497 P=0.000

F=12.682 P=0.000

0.05

0.05

F=7.669

P=0.001 0.05
4.21
Tests of Between-Subjects E
Dependent Variabl e: (FV)
Type
Source of Sgq df Mean S F Sig.
Mo d el 72 .4 27 2.6 2090. . 0d
m 71. ¢ 3 23.9 18768 . 0d
r . 03 2 01 12. 46 . 0d
Q . 07 2 . 01 7.6 . 0d
m * r . 0d( 4 . 0d( . 76 . 54
m * Q . 09 4 . 0( 6. 8 . 0d
ro* Q .01 4 . 0( . .09
m * rox §
Q . 0 8 . 01 . 0¢(Q
Error .13 10 . 0¢(
Tot al 72 . % 13
aR Squared = .998 (Adjusted R Squared =
Estimated Marginal Means
4.22 95% 0.730

4,

0.003

0.736

0.723

fects

O WO weE oo

. 998)



4.22

Dependent

Gr and

95%

Me an

Variabl e:

95% Confi den
Mean| St d. Lower Upper
N . 0( . 72 . 73
(m)
5. 4.23
-LSD(Fisher)
4.23

Mul tiple

(FV)
e I nterval

ound
5

Comparisons

nt

O O

Dependent Variabl e: (FV)
Mean Di 95% Confiden:e
(1) ( ) (I -J)] std. Si g. ower Upper oun
LSD 10 30 -.049(.0075 .04 -.0614 -.0341229
60 -.034|.0075 .00 -.048 -.0191779
30 10 .0497/. 0075 . 0( . 0348 .0646| 905
60 .0157/. 0075 . 03 . 0008 .0306| 807
60 10 .0340[.0075 . 0( . 0190 .0489| 405
30 -.015(. 0075 .03 -.030 -.000f1109
Based on observed means.
*The mean difference is significant at the .05 | ¢vel
Homogeneous Subsets
(7). 4.24
0.70158802 0.73559900 0.75134400 P =1 0.05

m=30



4.24

(FV)
Subset
(m N 1 2 3
Dune-aho0 45 . 7015
60 45 7355
30 45 7513 400
Sig. 1.0 1.0 1.0] 0
Means for groups in homogeneous si bsets are displ
Based on Type | Sum of Squares
The error term is Mean Square(Errcr) = .001.
aUses Harmonic Mean Sample Size 45.000.
bAl pha = .05.
(P
6. 4.25
-LSD(Fisher)
4.25
Multiple Comparisons
Dependent Variabl e: (FV)
Mean Di 95% Confiden:e 1 nt
(1) ((Jr)) (I -J)] Std. Sig.|Lower Upper ound
LSD .5 o .0195/.0075 . 01 . 0045 . 0344] 330
.9 0379/.0075 . 0( 0230 .0528] 956
e . 5 -.019|.0075 .01 -.034 -.004]19715
.9 0184|.0075 . 01 0034 0333] 934
.9 .5 -.037]|.0075 .0Qq -.052 -.023]10341
.7 -.018|.0075 .01 -.033 -.003]17319
Based on observed means.
*The mean difference is significant at the .05 | ev\el
Homogeneous Subsets
1. 4.26
0.71072942  0.72913569 0.74866591 P =1
0.05



4.26

(FV)
Subset
(r N 1 2 3
Dune-an9 45 7107
7 45 7291
.5 45 . 7486] 591
Sig. 1.0 1.0 1.0] 0
Means for groups in homogeneous su)sets are displ
Based on Type | Sum of Squares
The error term is Mean Square(Erro ) = .001.
aUses Harmonic Mean Sample Size = 45.000.
bAl pha = .05.
8. 4.27
-LSD(Fisher)
Q=10 Q=100000
4.27
Mul ti ple Comparisons
Dependent Variabl e: (FV)
Mean Di 95% Confiden:e In
(1) (( X)) (1 -J)| St d. Sig.|Lower Upper ound
LSD 10 1000 -.029]|.0075 .04 -.0414 -.014]1 9915
100000 -.011].0075 .14 -.026 .0037| 227
1000 10 .0292(.0075 . 0( . 0142 . 0441 530
100000 .0180[. 0075 . 01 . 0031 .0330] 450
100000 10 .0111({.0075 .14 -.003 .0260| 387
1000 -.018|.0075 .01 -.033 -.003]| 4835
Based on observed means.
*The mean difference is significant at the .05 | ev |
Homogeneous Subsets
9. 4.28 (subset=1) (Q=10)

(Q =100000) 0.71604933 0.72720013



P =0.142 0.05

(Q=10) (Q =100000)
(Q=1000)
Q=1000
4.28
(FV)
Subset
(Q N 1 2
Dun&:aho 45 . 7160
100000 45 . 7272
1000 45 . 7452 156
Sig. 14 1.0] 0
Means for groups in homogenecus subsets are di
Based on Type | Sum of Square¢s
The error term is Mean Square¢ (Error) = .001.
aUses Harmonic Mean Sampl e ize = 45.000.
bAl pha = .065.
4.24 4.26 4.28 m=30 1=0.5

Q=1000

Colorni (1994) Dorigo (1996)
60 m=30 m=60



4.3.3
l. 4.29 3 15

4.29

Bet ween-Subj cts Factors

N
AC 10 15
1000 15
1000|00 15
P 1 15
. 5 15
1.0 15
2. 4.30
0.74698293 0.028613647
4.30
Descriptive Staticstics
Dependent Variabl e:
AC P Mean|St d. D ¢ N n
10 .1 . 7372 . 0511 5
. 5 . 7611 . 0147 5
1.0)| .7384 .0240 5
Tot al. 7455 . 0332 15
1000 .1 . 7501 . 0265 5
. 5 . 7194 .0370 5
1.0 .7434 . 02409 5
Tot al. 7376 .03009 15
1000001 . 7582 .0161 5
. 5 . 7534 .0155 5
1.0) .7614 .0218 5
Tot al. 7576 .0170 15
Total. 1 . 7485 . 0332 15
. 5 . 7446 . 0295 15
1.0\ .7477 .0241 15
Tot al. 74609 .0286 45
3. 4.31 F=10616.608 P=0.000

0.05



F=0.079 P=0.925 0.05

F=1.417 P=0.248 0.05
4.31
Tests of Between-Subject Ef fects

Dependent Variabl e:

Type |
Sour|jof Sq df Mean S F Si g.
Mo d e]l 25.2] 9 2.7 3539, .00
AC 25. 1] 3 8.3/ 10616 .00
P . 0d 2 . 0( . 01 . 99>
AC *I P . 0Q( 4 . 0( 1.4 . 243
Err ofr . 01 36 . 0d
Tot all 25. 1 45

aR Squared = .999 (Adjusted R SqgLared = .999)

Estimated Marginal Means
4. 4.32 %95 0.747
0.004 0.755 0.738
4.32 95%
Grand Mean
Dependent Variabl e:
95% Confiden:e Interval
Mean| St d. Lower Upper ound
.14 . 0d( .73 . 79>




(AC)
S. 4.33
-LSD(Fisher)

4.33

Mul tiple Comparisons

Dependent Vari abl e:

Mean Di 95% Confiden:e Inter
(1) AQ) (1 -J)] St d. Sig.[]Lower per oun
LSD 10 1000 .0079[.0102 .44 - .012 .0287| 124
100000 - . 012]|.0102 .24 -.032 .0087| 8014
1000 10 -.007|.0102 .44 -.028 .0128| 764
100000 - . 020]|.0102 .09 -.040 .0007] 124
1000010 .0120/.0102 .24 -.008 .0328|] 0814
1000 .0200[.0102 .09 -.000 .0408|] 764
Based on observed means.
Homogeneous Subsets
6. 4.34 0.73766960  0.74559640
0.75768280 P =0.072 0.05
1
AC=100000
4. 34
Subsgégt
AC N 1
Dung.a@h000 15 7376|6910
10 15 745596 0
1000/00 15 7576|821 0
Sig. . 072
Means for groups in hom)geneous subsets are
Based on Type | Sum of squares
The error term i s Mean square(Error) = .001
aUses Harmonic Mean Semple Size = 15.000.
bAl pha = .05.



(P)

1. 4.35
-LSD(Fisher)
4.35
Mul tiple Comparisons
Dependent Vari abl e:
Mean Di 95% Confiden:e I|Interyv
(1) ®J) (1 -J)] St d. Sig.|Lower Upper ound
LSD .1 . 5 .0038/.0102 .71 -.016 .0246|] 571
1.0 .0007/.0102 .94 -.020 .0215| 417
. 5 1 -.003|].0102 .71 -.0214 .0169| 317
1.0 -.003|].0102 .7 -.023 .0177] 291
1.0 .1 -.000|.0102 .94 -.021 . 0200 471
. 5 .0030[. 0102 .7 -.017 .0238] 597
Based on observed means.
Homogeneous Subsets
8. 4.36 0.74467867  0.74775020
0.74851993 P =0.727 0.05
1
P=0.1
4. 36
Subsgt
P N 1
Dun&.a&nb 15 7446|786
1.0 15 7477502
1 15 7485|1909 !
Sig. .77
Means for groups in homigeneous subsets are
Based on Type | Sum of squares
The error term i s Mean square(Error) = .001
aUses Harmonic Mean Ssmple Size = 15.000.
bAl pha = .05.



431 0.05 (AC)

(P) (AC) ( 4.34)
100000 AC=100000
P) 05
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100%

4.3

4.3.4

4.37

95%

4.37

Descriptives

or

31

39

39

37

37

37

. 792
. 819
. 819
. 823
. 823
. 823

Mi ni m Maxi m| m

. 700
. 724
. 731
. 747
. 747
. 700

Confiden

95 %

Me a n

Upper

. 7614
. 7875
. 8028
. 8034

. 8070
. 7824

Lower

L7172
. 7441
. 7626
. 7694
. 7768
. 7640

St d.

. 0097
. 0095
. 0088
. 0075
. 0066
. 0045

D ¢

Std.

. 0308
. 0302
. 0280
. 0237
.0211
. 0323

Me a n
. 7393
. 7658
. 7827
. 7864
. 7919
. 7732

10
10
10
10
10
50

Tot gl




4.38 t 0.793
45 0.536

4.38

Test of Homogeneity

Vari ances

Levene df 1 df 2 Si g.
.79 4 45 . 535
4.39 SSR=0.018
MSR=0.005 SSE=0.033
MSE=0.001 SST=0.051 F=6.197 F =0.000
<a
4. 39
ANOVA
Sum of d f Mean S F Si .
Bet ween| Group91] 4 . 0d 6. 0qd)
Within pBroups 0373 45 . 0d
Tot al . 04§ 49
4.40
-LSD(Fisher) 100

200 &500
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200

=500

4. 40
Mul ti ple Comparisons
Dependent Variabl e:
Mean Di 95% Confiden:
(1) (J) (1 -J)] Std. Sig.|Lower Upper
LSD 1 2 -.02645.0121 .03 -.050 -. 002
3 -.0434.0121 .04 -.067 -. 019
4 -.0471.0121 .0Qq -.071 -.022
5 -.0526.0121 .0Q -.077 -.028
2 1 02654.0121 . 03 . 0021 05009
3 -.0169.0121 .17 -.041 0074
4 -.0205.0121 .09 -.0414 0038
5 -.0260.0121 .03 -.050 -.001
3 1 .04344.0121 . 0( .0190 .0678
2 .0169(. 0121 .14 -.007 . 0413
4 -.0036.0121 .74 -.028 . 0207
5 -.0091.0121 .44 -.033 . 0152
4 1 0471(¢(.0121 . 0d( . 0227 . 0715
2 0205¢. 0121 .09 -.003 . 04409
3 00364%.0121 .74¢ -.020 . 0280
5 -.0055.0121 .69 -.029 . 0188
5 1 0526(. 0121 . 0d( . 0282 . 0770
2 0260¢. 0121 . 03 .0016 . 05014
3 0091¢.0121 .44 -.015 . 0335
4 .0055(. 0121 .64 -.018 . 0299
*The mean difference is significant at the
S. 4.41 (subset=2) ( =200)
( =300) ( =400) ( =500)
0.76586140 0.78276330 0.78642150 0.79192740
P =0.054 0.05
(  =100)

15

Il nterv

D

00 0o

(o]

» ©
o ©
NN

042
822
632
222
632
412
222
402

| evel



4.41

Subset for]lalpha = .05
N 1 2
Dune aln 100 . 7393
2 10 7658 140
3 10 7827 330
4 10 7864 150
5 10 . 7919 740
Si g| 1.0 . 091
Means for groups in homog neous subsets are
aUses Harmonic Mean Samp e Size = 10.000.
Zwaan Marques(1999)
4.42
4.42
30
200
0.5
10
5
0.001

Best so far ; Elitist Strategy
0.5

1000

10000
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085 -
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5 0.794287 0.794357
6 0.783482 0.019554
4.4
Ant 4.44
4. 44 Ant

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
6 1 50 5 2 70 71.50 79.50
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 8 2 68 31.00 39.50
4.44
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




4.45
4. 45

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




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




100.00

100.00/101.50=0.9852

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




4.46

4. 46
1 2 3 4 5 7 8 9 10
0 1.00 1.00 1.00 0 0.90 0 1.00 1.00 | 0.65 0.655
4.47
4.47
1-1 1-2 1-3 2-1 2-2 3-1 3-2 4-1 5-1 5-2
0.8658 | 0.4633 | 0.2000 | 0.7891 0.7630 | 0.9738 | 0.7209 | 0.9742 | 0.5231 | 0.6131
5-3 6-1 6-2 7-1 7-2 7-3 8-1 8-2 8-3
0.2417 | 0.6541 0.3767 | 0.4767 | 0.4767 | 03867 | 0.6502 | 0.5517 | 0.2463 | 0.5762
4.48
4. 48
1 2 3 4 5 6 7 8 9 10
130 222 168 163 129 135 190 193 136 74
21.67 37 33.6 | 27.17 | 32.25 | 225 38 32.17 | 22.67 | 14.8
2 9 8 5 3 10 6 4 1
4.2 4.49
4. 49
1 2 3 4 5 6 7 8 9 10
4 1 3 9 8 7 6 2 5 10
10 1 6 9 4 8 5 3 2 7
36 0 9 0 16 1 1 1 9 9 82

82/330=0.2485
=0.75 (0.28 0.9852+0.65 0.6550+0.07 0.5762)+ 0.25 (1-0.2485)

=0.7443




Tabul

Tabu2
Tabul
4.50
5 10 20 30 8 12 16 36 9
36 200
4.50

\ \
518\ 3 32 30579 99./3333 . 879055752 0 0.3995721
518\ 6 32 74769 46| 75 0.843101894 0. 7/82382 0.3110!
518\ 9 32 41177 33 5 D. 92733564 1 0.B8355752152
5\V12\ 3 52 51085 16Pp. 5 0.922032497 0 0. 30638218
5\12\ 6 52 46214 67./1167 . 922566323 1 0.292413
5\V12\9 52 36075 53./2262 . 968785305 1 0.2585634
5\16\ 3 69 46924 2 2|7 0 0.227124432 0.1
5\16\ 6 69 37414 100. 567 1 0. 8 0.236459281
516\ 9 69 42867 75./]2504 . 889284912 1 0.1866685
10\ 8\ 3 55 74429 106. 5 0.983079948 0 0. 50572047
10\ 8\ 6 55 90138 49./6667 . 931251207 0./483BE38 0. 589
10\8\9 55 18834 32./1639 . 919375724 1 0. 497983¢
10\12\ 3 90 78506 191.5 0. 959096896 0 0. 43907966
10\12\ 6 90 736914 90./4667 . 930248843 0| 2381 0.4207




4.50

10\12\9 90 92347 65.|6024 0.854144533 .8 5 0.378219
10\ 16\ 3 126 155628 279 . 993472989 0 0./1291905559
10\ 16\ 6 126 530781 131. 833 0. 750757403 0. 2. 1 0.25462
10\ 16\ 9 126 829534 871 8278 0.92/2115364 0. 888824 0. 251
20\ 8\ 3 110 1525472 159.5 0.930935663 Q 0.6295542c¢
20\ 8\ 6 110 512584 77.55 0.922/1299672 0./]2045|2 0. 60652
20\ 8\ 9 110 736749 50[. 719 1 0.6775456 0| 62497725
20\ 12\ 3 180 138665 305. 5 0.909|678322 a 0. 486004 4!
20\ 12\ 6 180 194898 121.617 0.922039424 0. 19988835 0. 46
20\ 12\ 9 180 661493 88| 6976 0.96/2360592650.|44139BAN9 1 0. 41
20\ 16\ 3 252 152896 300. 6 0.980/110858 a 0.3910800¢
20\ 16\ 6 252 503853 156. 95 0.859293731 0.|14PBBBB5 0. 356
20\ 16\ 9 252 6131215 100. 2 0.983/124019 0.3842171831 0.347
30\ 8\3 165 156347 212.5 0.950/782998 a 0. 7096131
30\ 8\ 6 165 520206 981 9833 0.90/381675xBV0.|{1993pBH6H57 0. 65
30\8\9 165 51126 3 721 4639 0.96|872209420.|3413123%3P0 3 0. 62
30\12\ 3 270 .|14428 382|167 0.903/111538 Q 0.4996

30\12\ 6 270 501358 152.8668 0.88(1436861 0./]15682561 0. 4
30\12\9 270 b72586 127 815058502 0. 93935682167 |0. 2157324175232 2 0 . 4
30\16\ 3 378 1217685 605. 5 0.942/167561 g 0. 34841609:
30\16\ 6 378 173127 204. 833 0.85847862%0.|093B3¢H24M4633 0. 41
30\16\ 9 378 502154 15/5. 84 0.869885571 0.131833R2824 0. 43:
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