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Table 2.1: Avoidance of interference
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Table 2.2: Description of relay station variables
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Table 2.4: Description of decision items and evaluation functions
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Table 2.5: Test condition
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Figure 2.6: Best path from the selected sensing vehicle and head office
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Figure 2.7: Alternative path without the most critical station
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Figure 2.8: Path result after additional 300,000 steps

33



34

CHAPTER 2. DO0O0O0OO0OODOODOODOODOOOOOO

1 e -
R WoRE

VO e 0 o o e o/

o o T o O

. v L3 ¢
. O 5S9g-ad, O O
. '__-'l:'r P [ o .

: TN AER -

o o o o

O O 290 O

o oo o o e

[ wmm= Al

Figure 2.9: Example with other locations



26. 0Ogo0gO

1 A 4
HAE BRE

VO e 0 o o e o/

< O @ O O
7 o .
PR B
. S B
. v . B
L O 59aad O O
N [ - v
“‘I- . . A rr, \}r: v
29 :L‘,
: :“‘;\"-e}\f_
.--I -

A,
D 54ES

5

@

O
RE

5Bl O

O

©

O

o O

o a0 o o &

Figure 2.10: Alternative pathwithout the most critical vehicle of Fig. 2.9

35






Chapter 3

Juootdbobtbotddbobotdtdbg
oo

3.1 0Ooon

2000090 11gbbogbbbooobbuooobooooobobooobboogobon
gobogubugbboodgbuogobuogbuobbuoobooobuooobooboon
oooboboboboooooobobobooobobobobooooXbobobooo
gbogbobuodoobugbooobuoobbodboobbogboobboobn
0000000 25%00 40%00000000000 (89,91, 920000000000
gbogbobuodgbbodbuoobbuoobuoooboboobobooboboobon
godbbodobogobobogbuogoboobboobooobuoonobodoon
gobobooogoboboogooobon

gbobbuoodgbbboooobbboooobbbuooobobboooobobobn
gooooobobobbbbbobobbbobbooidodoooooooooooon
godbbgobogbobuogoboobuoobboobboobuoobboboon
goboogboggbobuogobbugboboooobbuooobboobuoobbuoon
googobuodbbgoboodgbbooboobbooobbuogbooooboon
000000000000 000000000000 [76). 00D0O0OO0OO0DO0DO0OOOOO
gbogbobodbuodbboogbuogbbooboobobobbooboobbon
gboooboog

gbbbuogbbboooobbbooobbbooouoobbbuooabbn
gbogbobuouooobugboogbuoobbodbuoobobuoobobooboon
gboogbobuodboboboboobbbuoobbbuoobboobuoobobooboon
gboogobobbodgbooobuoguobogbbobobooobobobbooboon
gogoboobbobbbbbobobbbooooooddooooooooooooon
00000 9000000000000 0000O00O0O000OO B2)0obo0ooooo
gogooobbobbbbbbobbbobbbbibdddodooooooooooon

37



38 CHAPTER 3. 0 0O00OU0ODOODOOOOODOODOODOOOOOOO

OOooooobooboo co,0boboobobooooboobobobboobooooogoo
000000000000 000000000000O0O00O00O0O00ODOO15oo0
0000 48,67 0000000000000 0O0O0OOOOOOOOOOOOOODOO
gbogbobodbbbuogbobobbodoboobboobuooobuoobobobon
0000000000000000000000000 [8200o0o0ooooooon
gboobobuodgbbodbuooboboobbuobuogbbboouoobbooboon
gbogbobodbuoobbuoobooobuouoobboobuooouonoboobbon
0000000000000 00000000O e3|0000
gbobbuodgbbbooobbuooobboooobbboooobboooobn
gboogbobbooobugoboodbuoobbouobboobuoobobooboon
gbboogoogoboogbuoobbuoobbodobboobboobobobobon
googobuodbbgugbobogbuoobbooboobbuooboonoboobn
gogbogbbogbobuooobuogbbuogboooboooobbooboon
gboobogooobooooboon
0000000000000 000000D00000 QNA (Queueing Network Ana-
lyzer) (32,70 D0000000O0O0DOCOOOOOOOO0OOODODOOOOOOOOOO
gobbodboogobuogboboobbboobuoobboobuooobooboon
gobogobuodogbuogbobogbuoobbuoobooobbuoobooooboon
googobuodbboobogogbuoobbooboobbuoobooobooon
0000000000000 00000000O00O0'oooooo0oOooo
gobooboboobgboooobooogbobooboolbonobobund
0000000000000 000000000O0O000000oooOoOO (18,7100
000000000000000000 (bP) 0000000000000 0O0OOOO
000 (SA) 0000000000 (GA)DODOD0DD0D0D0D0D0DO0o0oooooooooo
gboogboobobuoooboobobbooboboooboobooooboon
gogobbobbbbbbbbobbbobobootouououuuuoooooooooon
gogoboobobbbbbobobbbobbooooboooooouooooooon
goo
gboboouobobuogbobbooboboobubbobuogboboobobon
gboobobubogbouooobuoobboobbobobbuogobobbooboon
gboogobodbogobobuogboobbuoobboobuoobooobuooon
gbobogobodggboogbbooobouogbboobuoobbobbooboobobon
Ooobdbo bpOOb00ObO0ODbODbDODODODbDODODOObOODOOODODbDODO
gbobogbgobogboogbobuogbobuoobobobbooboooboobobon
gbobboogobbbuoogbbboooobbbuooobbbooogon

0000000000000 00000000000D000000000000O0D0OODOO000
gboooboooboobooboboobobobobobbobboboobooboobooboooa
goboooboobbooboobboooboooboobboobbobboboboobbooobo
gboooboooboobooboboobooboboobooboooboboo



3.2 00O0bobooggoaoo 39

g320bbgogbuogobobobggbogbbugboobobogbooonon
gobouogbboggbobuooobouoobbooobbuoooo 33bouooubuogn
ooobobobooboooboobbob bpObUObObOObDObDObDOObDODbDODO
obooobdob s4bo0boobogoboboobooboboboobooboobon

3.2 UOOOO0OOOoooono

3.2.1 0OO0O0OOOOO

gboboggbobuogbooobboboobobuoobbooobooobouoobboon
gbbbgguoobbobooobbuooobobobbbooobbboooobboon
OO0 XO0oboooooXooooooobooo

e I UOOUUOODLDLODOUOUODLO
e D UOOODLDLODOUOODLDDLOUOODLOOODLDDLDLDOUOODLO

gbogobuodbboboobobodbuoobboobuoobobuoobobooboon
gbogbodbooobugboogbuobooobuoobboobuoobobooboon
gobooogo

gbobobuoggbboooobbooobbbuooobbobuooobboooooboo
gboogobodgboboobboobuodgbboobuoobobobbooboobobon
gbobogbuoogoboobbodbboooboobuooboobbuoobbuoonooba
gobooodgd

l. ggbuooobbuoooobbbuooobbobobooob
2.000000000000b00b00b00

gbobbobouogobboboooobobbbooooobbbooooobbboooon
obooobobooboobuoobuoobobbobbo Fg310000
gbbbbbodoogdboooobobbbbuooooobbbooooogoobobo
gobobooggobobuoggboboogobobuooobbboogon
oohogbobooboobobooboboobboobooboboXooooooooo
goboboogoooooboboggooobouoogn

3.2.2 JUOO0OO0OOOOOOOOOO

3210000000000 ooooooooooonoooooon
0000000000000 oobobobbDFregd31000000DDODOO
0000000 (QNA: Queueing Network Analyzer) 0 0000000 Fig.3.20000
godooooooonooooooooooooooooooooooooooooon



40 CHAPTER 3. 0 0O00OU0ODOODOOOOODOODOODOOOOOOO

check-in
counter

Basic inspection # of equipments in ’
operation

2 Q8 Aﬁ/ |
o J ‘_

/

Optional ag -
inspection (rough)
[ Sampling rate ’ |
Optional . @ 8 ]
inspection (fine) F . —
‘ # of persons in operation ’ ﬂ Exit
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Figure 3.3: Mean delay time based on sampling rate and number of servers
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——0

mean service time:0.01
service time variance:1.0
detection failure rate :1.0
maximum number of
servers: 20

mean service time:0.01
service time variance:1.0
detection failure rate :0.8
maximum number of
servers: 20
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service time variance:1.0
detection failure rate :0.4
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detection failure rate :0.8
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Figure 3.4: Simple check-in procedure
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Table 3.1: Example 1 and result (Simple Procedure)

n=2,a=5,M=40,0 = 0.01 Result
node id | ¢; T ¢ | M; | m; | pi | E[D);
0 02 (01110201 5 |- 0.1000

1 0.09 1.0 1.0 20 || 10 | 0.5 | 1.0000
2 0.01 12010 20 || 15| 0.5 | 2.0000
3 1.0 [0.1]1.0(20 | 5 |0.0}0.1000
Obj(m, p) 1.7001
FailDetect 0.01
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Figure 3.5: Feasible sampling rates of simple check-in procedure
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Figure 3.6: Function values in the feasible p area
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Table 3.2: Test 1 (Only one inspection is used)

n=>5,a=10,M=40,0 = 0.045 Result
node id | ¢; T; ci | M|l my | pi E[D];
0 0.3 05 | 1.0 20 7 |- 0.5944
1 0.1 1.0 1.0 20 || 13 | 0.95 | 1.0640
2 0.05 20 | 1.0 20 0 | 0.0 |0.00
3 0.025 |40 [1.0] 20 0 | 0.0 |0.00
4 0.0125 | 8.0 |[1.0] 20 0 | 0.0 |0.00
5} 0.006 | 16.0| 1.0 | 20 0 | 0.0 |0.00
6 1.0 1.0 [ 1.0] 20 | 13 | 0.05 | 1.0990
Obj (m, p) 2.7042
FailDetect 0.0435

Table 3.3: Test 2 (Two inspections are used)

n=>5,a=10,M=40,0 = 0.025 Result
node id | ¢; T; ci | M|l my | pi E[D];
0 0.3 05 | 1.0 20 6 |- 0.8478
1 0.1 1.0 [1.0] 20 8 10.66 | 1.3918
2 0.05 20 | 1.0 20 8 1 0.34 | 3.9866
3 0.025 |40 [1.0] 20 0 | 0.0 |0.00
4 0.0125 | 8.0 1.0 20 0 | 0.0 |0.00
5! 0.006 | 16.0| 1.0| 20 0 | 0.0 |0.00
6 1.0 1.0 1.0} 20 | 12 ]| 0.0 1.2346
Obj (m, p) 1.0164
FailDetect 0.0249
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Table 3.4: Test 3 (Four inspections are used)

n—=5.a—10,M—=40.0 — 0.025 Result
node id | ¢; T ci | M || mi | ps E[D];
0 0.3 05 [1.0[20]) 6 |- 0.8478
1 0.1 1.0 |1.0] 7 7 10.670 | 4.1287
2 0.05 20 [1.0| 5 5 | 0.230 | 6.2524
3 0.025 |40 |10 4 4 10.09 |12.1434
4 0.0125 |80 |1.0]| © 1 {0.01 |42.500
5) 0.006 |16.0(1.0| 7 0 (0.0 0.00
6 1.0 1.0 |1.0] 20 || 11 | 0.0 1.7143
Ob; (1, P) 8.2812
FailDetect 0.0243

gooobbibdooubbbiboooobbbbbbooobbbbooooobbn
Table 3.5 0000000000 2000000000000000D0OO

Table 3.5: Mean queue length E[L];
‘ Node id ‘ Test 1 ‘ Test 2 ‘ Test 3 ‘

0 5.9 8.5 8.5
1 10.1 9.2 27.7
2 - 10.2 14.4
3 - - 10.9
4 - - 4.3
5 - - -

6 11.0 12.3 17.1

Pentium IV(3.0GHz) OO 0O0O0OO0OO0O00000000O0O0O0OOOOT Table3.4000
gogbbobobobboboogdg 3dsgugguoooooobobooud 20000000
gvwooobooboobooobooboobooboobobboboobooboobog
gboobobodbuodbboobduoboobbooboboobbooboobbon
gboogbuogboobbboobbuoobbuoobbodbbooboooboon
OOoO0booboogbTable32000000000000000O0O02r000Db0OOODO
googobodgbodbboobuooboogbboobbobobbooboobobon
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gobobooggoobooo

0000000000000 0oooO0o000oooO0o00 (Doobooooooo)o
gogobobobooobuogbodgbuogbooboobuooboobooooooon
g3220000000bbbo0oobbooogubobbooobobbooobbboon
gbogoodgbuodboobooboobobbobuooboooobuooboboobog

O0000D00DDODO0O0O0OO0O00OO (case 1) JO0O Table3.60 000000000
000000 (case2000 case 3) 0000 Table3.70000

Table 3.6: Test for the identical service time variance (¢=1.0)

n=3a=3M=22.0 = 0.01
case 1 case 1 result (c=1.0)
node id | ¢; T; i M; || m; | pi E[D];
0 0.25 0.5 1.0 10 3 |- 0.6188
1 0.04 2.95 1.0 10 || 10 | 0.85 | 3.3271
2 0.03 3.00 1.0 10 || 3 | 0.15 | 3.3712
3 0.0.02 | 3.05 1.0 10 || 0 | 0.0 |0.00
4 1.0 1.0 1.0 10 3 | 0.0 | 0.6188
Ob; (i, p) 15712
FailDetect 0.009625

Table 3.7: Test for nonidentical service time variance

case 2 case 2 result case 3 case 3 result
id ¢ m; | pi E[D]; i m; | pi E[D];
0 1.0 3 |- 0.6180 1.0 3 |- 0.6188
1 2.0 0 | 0.0 |0.00 1.0 10 | 0.82 | 3.2384
2 1.0 10 | 0.81 | 3.3032 1.0 0 | 0.0 |0.00
3 0.5 3 10.18]3.6632| 0.5 3 10.18 | 3.6208
4 1.0 3 10.01]0.5188 1.0 3 10.00 | 0.6188
Obj(ni, p) 4.5648 4.5448
FailDetect 0.009475 0.009100

Table 3.6 0 Table 3.70 00000000000 0OO0ODO0ODOOOOOOOOODOO
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— No Action — Maintenance 1 1

/ /
~=r

No maintenance action /

Expected Cost \/
NPV=

Cost without maintenance —

Cost with maintenance

-

Maintenance on 1st year

Plant Operation Year

= e e ) S ) B O B e e e

Figure 4.1: Definition of NPV as the difference between expected costs with and without
maintenance
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== No Action = Maintenance1(M1)
M2 — M3
- M4 ///

No Action

Expensive action, but
high NPV

Low cost action, but
low NPV

Various actions on 1st year

T T Tl ToT Tl Tal ol Tl ol Tl ol ol Toal el Gal Tog

Figure 4.2: Transition of expected costs of various maintenance actions
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Cost of maintenance action Cost of maintenance action
1 Element 1 i Element 1
Element 2 Element 2
Cos Element 3 Element 3
Element 4 Element 4
% Element 5 Element 5
[ . > >
1 2 3 4
Plant operation year Plant operation year

Figure 4.3: Feasible maintenance plan
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Jdo0odooooooooooooogboogbooooogbooobbooooogoogo
Jdo0doodoooooooooooDoboobobogoogno

000 C,000000000000 0000000000 5,00000 Mg,(z;,y;)
godd

gdodooboouognouooooooobob oo noonoooo
rdodbod¢pUdiidbdy, 00000000 y, 0000 MCj(Ij,yj)DDDDD
ng(xjvyﬁto)m

MY (pite) = )

Jdo00do0doooonooooooooogoogno @)ODDDDDDD

0 CjDtDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
00 D (H0000
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gdodododododboood oot bbb buobnuobo
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goddbooobbboodlgbdddgooooobodddddz, 0000 ¢, 0000
DDDDDDDDthDDDDDDDDDDDDDDDDDDDDDDDFg«j(xj,yj;td,to)
O

max(z;,tq)

Fo (x5, y55 ta to) = > (Poy(t) — Pej(t — 1)) Dg;(t)
t=to+1
tq

+ Mgy (g, y53t0) + Do (1= Pojlay)) x

t=z;+1
(PSSt — x,y5) — PA(t — x5 — 1,y5)) D, (t)

DDDDDDDDADDDDDDDDDDDDD

0000PY(t—;,y,) 0000 50 2;00000000+000 ;00000000
godduooboobbdodggboooooaoooboodggooooboodd oy =tq+1
Oobdy,=0000000000

00000000000000000000000000000 FL (2, 4y ta to) 00
000000000 DY(te,t) 00000

ng(xj,yj;%to) = ng(tcbto)

17}

= Y (Pgy(t) = Pej(t — 1)) D;(t)

t=to+1
ogoon
00000 ;0000000000000

ng(xj, Yjita, to) — min

Ooobodexz; 00000y, 0000ooodoo
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4.2.2 0O00O00O0OOOOOOOOOOO

Oooooooobo:000000000 ¢; 0000000000000 a;,,y,,; 00
gogoobbooogobbuooogobbood.ybbuoggooo

—

X = (1'1’1, ...,:L‘LNC(l), "'7xi,NC(i)a "'7pr,Nc(Np)7

Y1,15 -5 Y1,N (1) -+ Yi,Ne ()5 > pr,NC(Np))

gbobobooogn

X = (xi,jayi,j)
DDDDNC(i)DDDDDiDDDDDNpDDDDDDDDDDDDDDDDDDDDD

0000000t 0000
00000000000 NPV(X)O

(‘(1)

NPV (X Z > (D j(taisto) — O & (@i g, yigs tais to))
=1 j=1

goobooNPVOUOOUOUODDOOOUOODOOLOODDODOUOOOOO NPVOOODODO
NPV (X) — max

gbobobooboogon
DDDDDDDDDDDDDDDDDNPV;]DDDDDDDDJU”,%JDDDDX*:
(.o0s L7y e ,yw,...)D NPVOODOOODOOODODDOOOobOOoOoDbOooobooo
gbogbobbuogboobbogbuodobboobodobobobbooboobbon
D0000X*0000000000000000
00000000000000000000000006e=0b0aea=0600000
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1. 0000000O00o0oao:
Ne(i)
MCost;( Z MCU Tij, Yijito)d(wi; = 1)

godooooooooooooooooooo
2. 00000000 0ououoooooooaa:
MDayi(t;)_f) = rlna>§v Lzy(yzj)5(93i,j:t)
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. ubbbooogbobuooonoboboogg:

N
Zj:(l) Qij(Peij(t) — Poij(t — 1))
t S xz’,j S td + 1
StopD@yi(t; X) = Z;'V:C(f) Qi,j(l - PCi,j (xi,j))
X (P&t — i g, yig) — Potj(t — 2iy — 1,y 5))
$27]+1StStd+1

gbboogoboogobbuoogbboooobbuooobbuooobboo
gbboogobooobbooobbbuoobboooobooooboboo
gbobbuogoobbobooooboboooobobobooobboboooon

4. 0go00OO0bOO0oO0oboobooobon:

7y - | Pogt)  t<my<tatl
F&Ultz,j (t7 X) - { (1 — PCz,j(xZ,]))Pé\{,J(t — Ii,j)iUi,j)) xi,j —+ 1 S t S td

gooooooooboooo
NPV(X) — maz (4.1)

gobogobood

Vt,i ; MCost;(t; X) < LimCost;(t) (4.2)
Vt,i ; MDay;(t; X) < LimDay;(t) (4.3)
Vt,i ; StopDay;(t; X) < LimStop;(t) (4.4)
Vt,i,j ; Fault;;(t; X) < LimFault ;(t) (4.5)

00000000 LimCost;(t),LimDay;(t) , LimStop;(t) , LimFault; ;(t)0 00000
godduodooobt=1~¢t, 000000000000
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4.3 OU0OOOOOOOOOOOOO

4.3.1 0O0O0O0OOOOOOOO

042000000000000000000000DODODOODLODOODODOODAO
gboboogbugugoboobbuoobbuooobbooboooooboboon
OO00000b000000oOonDOonDODnD Tabled1ODODODO

Table 4.1: Example of problem size

[tem Notation Typical
value
Number of plants N, 6
Number of components N.0O Strictly, for planti,N.;) 10
Maintenance method N, 5
Expiration year of plants tq 60
Calculation of optimal actions for | O(N,N.(N4ts+ 1)) 18060
each plant and component
Enumeration of all feasible | O((Nytq + 1)»Ne)) > 305%
solutions
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4.3.2 0O0O0O0OOOO

00 ¢(z) O
z x>0
0000000000000 000000000 PEN(X)ODDODOO

Np ta;

PEN(X) = —[w Z Z d(MCost;(t; X) — LimCost;(t))
=1 t=tp
Np  ta;

+ws Z Z (M Day;(t; X) — LimDay;(t))
i=1t=to
Np  ta;

+ws Z Z d(StopDay;(t; )Z) — LimStop;(t))

1=1t=to
NP ta; Ne

twy >3 N ¢(Fault j(t; X) — LimFault; (t))]

i=1 t=tg j=1

gboblDw, ., 000000000000

000000000oooooooOdOd f(X)ooooooooo

f(X) = NPV(X)+ PEN(X)

4.3.3 0OO0OOOO
guooooog

043100000000000000000 f(X)0 X000OO00oO0Oo0oooooo
0000000000000000000000000000000000000000
D000000000000000000000000000000000 (NPVODOO
0000000)00000000000000000000000

00000000000000 X00000000000000000000000
X000ooooo f(X)0000X00000000000000000000000
000000000000 #000000000X =(...,2,..,%i,. 0000000
00000000000 Z=(21,29,..,2,)00000000000000000000
0000000000000000000000000R+1000000000000
0000

1. 0000000070000 7»+1000000000000000{X°, X!,..,X"}
ooooo
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gooo
gobobooggbobooodn

1. 70000 »,0000000O0C0O0ODDOOO Tound(f):XODDDD

2.0, =2, —29000:00000000000000¢;0

O00ooooooosd
.7_3" = Zalé;—i—io
=1

gooo

3.i=1,..,n0000

—

X' = X+ sign(a)é;
0000000 sign(z)0 :0000000 1,000 -1000000000

4. ZOOOOOOO f(Z)00X°,.., X"00000000000000 £(X°), ..., f(X7)
0ooo

f@) = zf: @A fi + f(io) (4.6)
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F(x)=NPV(x)+PEN(x) variable2 Variable x is located
1 Variable 2. ™, t | Variable x inside the simplex
{X0,X1,X2}
f(round(x))
X0=round(x)

X0=round(x) —G

>

X Variable 1 ’ » variable

Figure 4.4: Interpolation of the objective function in two dimensions
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PEN(X%) < 0
PEN(X') = PEN(X?)=PEN(X?) =0
000046 00000000 PEN(Z)DODOO0ODO
PEN(Z) > 0
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f(@) ¥ NPV(Z)+ PEN(shrink(Z)) (4.7)

0000000O00O0shrink(@) 0 #0000000000000000000000
{X°, X', X»)000000000000000000000000
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X inside this cube

X3 Variable 3@ X3 is interpolated by
N {X0,X1,X2,X3}
/
N

/
XO0=round(x) |,
/
N X Variable 2 %IeZ
/ X0 —So—»
I/%
/
1/ -
-
X1

Variable 1 Variable 1

Variable 3

x inside the triangular pyramid
of solid lines is OUTSIDE of
Simplex {X0,X1,X2,X3}

Figure 4.5: Interpolation of the objective function in higher dimension
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Max distance of X0 _ Distance of X0
Variable né Xn and x in the cube | Variable n and centroid is
~ is «/_n/2
n s
/ :
, 4 , Centroid of
KO TX \yga”ab'e 21 x1.x2,..xn} [7X
I}& -7 x2

Variable 1

1/ - . :

X1 A i

Variable 1 /%:zz 5
! 4

Shrinking x to (2/n)x guarantees
shrink(x) always INSIDE of
Simplex {X0,X1,X2,X3}

Figure 4.6: Modified interpolation to restore feasibility
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Table 4.2: Examples and resultsO larger NPV is better)

sample | #variables | year of #action NPV (milion yen)

plant expiration | types SCGA ad hoc result
0 8 6 2 28 NA 0

0 8 6 2 40 40 0

Al 14 30 5 252.799 252.499 0

A2 14 30 5 260.740 252.499 0 0
B1 20 20 6 361.121 361.121 0

B2 20 20 6 361.448 361.448 0

C 6 50 6 5094.5 5094.5 0

D 14 30 5 696.055 696.055 0

E 30 10 5 700.388 NA 0

F 20 30 5 4185.433 4185.433 0

0 O SCGA dominates] O O tied x 0 ad hoc dominates
NA:constraint violation
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Expected Plant Inaction Period (Days)
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Sensing Vehicles

Relay Vehicles

Figure A.1: Connection between sensor vehicle and head office
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Network 2

Figure B.1: Process flow of Queueing Network Analyzer
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Figure C.1: Nelder-Mead simplex method
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Average of
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Figure C.2: Generation of new children of SCGA
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Figure C.3: Crossover operation of SCGA
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2. 00 fO0O0O0 ODODOOODOZ0D00DO00DOOO0DOODOODODOODOO
gooboogn

(a) i=1,.,n0000

X, = X+ sign(a;)|al™ ) — o). ¢ (C.6)

0000000 sign(e) 0 «0000000 1,000 —1000000000
QT 0 2000 2, 00000000000X,0400 6000000
0000000

(Ce)0oooooo XiDDDDDXODDDDfDDDDDDDDDDDD
gboboboogobbobooogobbooogooo

Simplex(Xy) = cof{ Xo, X1, ..., X}

0D0ooo00O0
(b) ZOOOOOOO f(7)00X,,X,,.,X,00000000000000 f(Xp),....f(X,)
oooo
> - a;sign(a;) Y > >
f(@) =Y |al+8ig"(‘”) o (f(Xs) = f(Xo)) + f(Xo)
i=1 | —Q;

7

gobooo

00 ¢(h(7) 0000 O0000000O0000000O00 round(?) =X,00000
0000000000000000 —%%s) OOoopooo000000000z0

‘a?rsign(ai)faé‘

X, 0000000000000 Va,e >0)0000000000000000000
(|l _ o)l =1)ooo0oooooo

(2

)?Z- = on+sign(ai)e§
f(&

n

Y ai(f(X) — f(Xo)) + f(Xo)

=1

~"

oooooo
(h(7))0000000000000000000
0000000000000000000000

G@ 9 (Ko + 3 a(h(K) - h(X)

i=1
O00000000000AXDD00000000Z0 round(Z)0 0000000000
goo



C4. 0O0O0O0O0OOOODOODODOOO 121

gboboggbbooguogooboobbooobbuoobbooobobobobboon
gboogobougboobbooobuogbbooboobobobbooboobobon
gooobog

goooog

X)) = O+e
h(XZ) = @—Ei,i:1,2,...,n

—

0000e>0,E>0,E>e¢0000ArX;)00000000000000000000
00000000000000000000h(round(Z)>6©0000
000y (F)=00000

h(@) = h<f0>+ilai<h<)i>—h<xo>>

= O+e+ Y a(0—E —(©+¢)
=1

= O+e—> a(Ei—¢)

=1

0000000 E >¢i=1,.,n000 E,=¢+ 0000

a

0000 (F)=00000
Doo0000000oo

n
def - -

(@) Z o(h(Xo)) + Do ai@(h(Xi) — S(h(X0)))

i=1
000000000007 € Simplex(X,) 000000
¢(h(F)) = 0
goodd
h(round(z)) < ©

00000000Z00000000000000000000000000000000
000070 X,0i0000000 2;,Xe; 00000 Simplex(X,) O

Simpleac()?o) = CO{)?Oa'“a)?n}

= DaX—-X)+Xo| Y a;<1,6,>0(i=1,...n)}

i=1 i=1



122 APPENDIX C. O O00O00OO0ODODOODOOOOOODOO

0000
0oooon
Y(F)=000000

Vo(Z) = o(h(Xo)) + Zai(ﬁb(h(iz‘)) — ¢(h(Xo)))

—

000000000 Z e Simplex(Xy)Da; > 00 ¢0) >00000
— > a)d(h(Xo)) > 0

=1
Zai¢(h(Xi)) > 0
=1
0000¢R(X;) =0Vi0¢(h(X,)=00000000000¢MhX,)=000000
h(round(z)) < ©

0ooo
0000000000000000000
FO0O000000round(@) =X, 000000

Nearest(Xo) = {&|maz;|z; — Xo4) < 1/2}

000000000000 >3000000% € Nearest(X,) DO 00 Z & Simplex(X,)
00000000000000000000 (7)000000¢%(Z)=0000000
0000 h(round(Z)) >© 000000000

0Dooooo
FT=01/2—€61/2—¢,..,1/2—€)+ Xy, €>0 00 000maz;|z; — Xos| =1/2—€<1/2
000 # € Nearest(X,) 00000000

r = ZCEZ +XO

i=1

.

—

= 21/2—6 X Xo) X()

0000e000000000n>300 Y0, 6,="12>10000
7 & Simplex(X,)

gooo



C4. 0O0O0O0O0OOOODOODODOOO 123

goboobooggoobooogoobodoodn

def o (shrink(T))

= B + D do(h(R) — S((Kn))

i=1

O00000000000000 shrink(Z) O

s(7)

def 2

shrink(Z) E(f — round(Z)) + round(Z)

0000d,0 shrink(Z) 0000000

shrink(Z) = )q)+-§: (X; — Xo)

000da,=2¢,0000
000000000f € Nearest(Xo) DOODOD0D

Us() = 0
goadd
h(round(¥)) < ©

00000000, 000000000000000000000000000000
00000000000000000

0ooooQ
shrink(Z)0 0 X,00000000000000000 co{Xy, X1,..,X,} 00000
00000000

i € Nearest(X,) 0 0 O O shrink(Z) € Simplex(X,) 000000000

f = X0+ZGZ(XZ —Xo)
i=1
o 2 =
shrink(Z) = X+ > Zai(X; - Xo)
n

=1

O0O00Z € Nearest(X,) 000000
max;{a;} <1/2

gobooodgo

IN
S
SN
DO |



124 APPENDIX C. O O00O00OO0ODODOODOOOOOODOO

X1 Points inside this
cube are quantized
Simplex to the origin.
{X0,X1,...,Xn}
X0
__________ X3

Points inside the shaded
X2 pyramid are outside of
Simplex {X0,X1,...,Xn}

Figure C.4: Region of Neighbor(X,) and Simplex(X,)

0000 shrink(z) € Sinplex(X,) 0000
00120000000 Fig. C.40 Fig. 50000
0000000000 ¢(f)0000000000000000000000 00
00000 A(F)0000000000000000000000000000 Fig. C6
0D000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000

goboboodobooogdggoon o

gbobboooobbbuoooobbboo

9(7) = f(Z) + w- ¢(h(Z)) — min

zr; € [Ozl’i, &N(i),i]



C4. 0O0O0O0O0OOOODOODODOOO 125

Xn

(1/n,4/n,..., 1) | | (1/2,1/2,...,1/2)

4

shrink(T)
2
= 5(93 — Xo) + Xo

X1.X2

Figure C.5: Transformation by shrink(z)
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