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Optimizing Parameter Design for Taguchi’s Dynamic
Characteristics with Hybrid Algorithms

Student: Hsiao-Ling Chan Advisor: Dr. Shing-Ko Liang

Department of Industrial Engineering and Management

National Chiao Tung University

ABSTRACT

Parameter design is critical to enhancing a system’s robustness by identifying specific
control factor and their levels that make the system less sensitive to noise. Most engineers
applied Taguchi methods to optimize parameter design. However, Taguchi methods can
only obtain the discrete optimal solution. They cannot identify the real optimum when the
parameter values are continuous...The multi-response problem is too difficult to be
considered by engineers with limited statistical-knowledge.

This research proposes a hybrid..appreoach for combining neural networks and
meta-heuristic algorithm to optimize the continuous parameter design problem. First,
neural networks are used to simulate the relationship between the control factor values and
corresponding responses. Second, meta-heuristic algorithm is employed to obtain the
optimal parameter settings. The desirability function (or exponential desirability function)
is utilized to transform the multiple responses into a single response. The real case of the
propagation system evaluation of indoor wireless LAN is presented to demonstrate the

practicability of the proposed procedure.

Keywords: Parameter Design, Dynamic Characteristic, Neural Network, Hybrid

Algorithm, Meta-Heuristic Algorithm.
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W HOSA kR e £ Btk 1 nR AE(R B B % 0 % 86) 0 2 14 Cerny (1985)7]* SA %
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i (multiple-objective decision-making)= ;2 » 2 B 11— § &5 428 3 s 47 5050
Goik % % (1995) | % & 2 £ Sodcs? F b & i 3 B 1 - ik A %33 B AL ehA 4
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1 Ymax SYAi
T e AR T
0 Y 2Y,,
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1 YAl SYmin
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1902 27 B2 38 e Su 22 Chang (2000) 2. £ 8 4> AR E B~ V2 B BA] o 47
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B2 AP AL RTfRD N A fE - A RAFRDEE o PR S
v R B e e V- A RO B e R o d R FREBERRED
o 3 N e @ ok G R U R chet B MU SR B R o o @ A TR R AT
B2 38 4{r Su & Chiang (2002) e %] » £ 304 % 2K T d IV A feen ks
RizFlcactbenkyp Sl ) TREFERL 7240k o
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M, =10, M, =50, M, =100

AP enp B F FBACGUELE R R BB  fGUR R RN A DS o

SEApMA Y AR SEEART DR AR D3t > WITHER FIR 0 XY E
TN B HIFIF 2 Bk dod 41 90 0 A AR R BY N BIHFS 0 E B
FHIFF 4 = BRI o A ipiE B L5y(3%) E % 4 (orthogonal table)it 7§ S o 3£ $ 27
BokEms A FBELTiRERF ARG o L2302 BF & 3-8 D SN

LR B E 0 F Bk drd 4-2 9T ed

PREE RS

a1+ 3 S
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3042 PR

M,=10 M,=50 M,=100

Run ABCDEFGH N, N, N, N, N, N, y =SN Yy, =p
1 105 3 5 2 3251 11 13 5 62 99 100 -14.657 1.031
2 105 3 54652 9 8 45 42 97 98 -10.568 0.953
3 105 3 56 97% 3 8 8 42 42 98 9 -11911 0.939
4 1010 6 10 2 3 25 2 13 12 56 53 100 99 -10.089 1.016
5 1010 6 10 4 6 50 3 6 7 43 43 90 91 -7.968 0.892
6 1010 6 10 6 9 75 1 10 11 40 41 81 81 -5.840 0.810
7 1015 9 152 3 253 13 14 54 53 100 100  -8.847 1.015
8 10159154 6501 9 9 42 43 92 90 -6.749 0.897
9 10159156 9752 10 9 37 36 90 88 -14.751 0.858
10 155 6152 6 751 9 10 56 55 97 98 -11.819 1.001
11 155 6 154 9 25 2 14 15 77¢. 76 100 100 -22.600 1.107
12 155 6 156 3508 9 8. 45 45 100 100 -10.020 0.978
13 1510 9 5 2 6 75-2 "11 11 52 52 98 98 -5.548 0.992
14 1510 9 5 4 9 25 3 12 7183748 /46 98 95 -7.526 0.962
15 1510 9 5 6 3 501 “8. 8 52" 49 100 100 -4.145 1.000
16 1515 3 10 2 6 75 3 12 12 45 47 95 97 -7.112 0.955
17 15153104 9251 8 9 62 60 98 98 -16.578 1.027
18 1515 3 10 6 3 50 2 10 10 45 42 100 100 -11.827 0.974
19 205 9102 9501 11 12 50 52 85 89 -14.438 0.902
20 20 5 9104 372 7 7 52 50 8 84 -15116 0.883
21 20 5 9 106 6 25 3 11 13 55 62 100 100 -14.403 1.035
22 2010 3152 9502 8 9 5 62 99 100 -14.658 1.029
23 2010 3154 3 753 10 10 55 62 100 98 -14.732 1.026
24 2010 3 156 6 251 11 12 62 60 98 98 -16.496 1.029
25 20156 5 2 9503 7 7 45 42 100 100 -12.657 0.972
26 20156 5 4 371 10 9 50 52 8 89 -13.969 0.900
27 20156 5 6 6 252 8 8 52 50 8 84 -14921 0.883

Average: SN =-11.850 /=0.965
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43 f1* v v 2 x L2

DGR E S SN I w B A 2w R Bl4cEk 4-3 2B 4-3 477 > few i
22 % Bldck 44 BRI 44577 o SNW NS B B AT Sk 5577 o RLHE
chF]F 4 A (21.35%), B (16.765%) fr G (13.315%)° B % B #4758 % 4ok 6 751
Bh B ¥ h%) T 4 G (24.259%) 27 A (13.633%) -

BEORGANGEKGER
LE B TSN
ST R Rk 5 ABC,G, v Bt 2T SNERR I S

SN = SN + (A, — SN) + (B, = SN) + (C, — SN) + (G2 — SN)
= -11.850+ (~10.15+11.850) + (-9,185++11.850) + (~10.34 +11.850) + (—10.17 +11.850)
= -4.295

PSS S g .
ﬂm‘pfz B &

B=p+(A-pB)+(B,-B)+(C,~B)+(G2-p)
= 0.965+ (0.935—0.965) + (0.936 — 0.965) + (0.949 — 0.965) + (0.955 — 0.965)
=0.965 + (-0.03) + (-0.029) + (-0.016) + (-0.01)

=0.88

BB Shde s T g FH RTINS BRI AN o
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I H SN vt ek 7 okt famek B 0 Bl T ALY G FS
ApFELEDRITL(RESHRR LR L=L)

%, G,=25 B SN =-4.775, f=0.937 > Fp* » AP % T # G FF KX 5 25 5iE
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Frfode iz b v B2 (8 > F Bensa 3 0% 23K 5 0 A=10, B=15, C=9, D=10, E=2, F=6,
G=25,H=3 -
% 4-3 SN e i B 2
SN A B C D E F G H I i5
k#% 1 1015 -13.95 -13.17 -10.66 -11.09 -11.49 -14.01 -11.63 -12.019
k¥ 2108 -9.667 -12.21 -11.49 -12.87 -10.62 -10.34 -13.34 -11.416
k% 3 .146 -9.185 -10.17 -13.41 -11.59 -13.44 -11.2 -1058 -11.771
R S 4446 4763 3.002 2752 1775 2819 3.676 2.767 3.250
* 4-4 pew e 4
p A B C D E F G H €4
k1 0.935 0981 0.996+70.959 0990 0.980 1.012 0.955 0.976
k2 1.000 0.973 0951/ 0.944 0961 0.960 0.955 0.966 0.964
k&3 0.962 0.936 0.949 0.993 0.945 095 0.929 0.975 0.956
% 0.065 0.045 0046~ 0.050::-0,045 0.024 0.082 0.020 0.047
-8.0
-10.15 9 -10.17
-100
-10.66
-11.09
-10.80 1159
= | -11.49 B d
n 120 1221
-12.87
-13.17 -13.41
-140
-13.95
-14.60
-16.0
Al A2 A3 Bl B2 B3 Cl C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3 Gl G2 G3 H1 H2 H3
e VR

B 4-3 SN it chw i B
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1.02
1.012
1.000 X
1.00 *
0.996 0.993
0.990
0.981 0980 0.975
0.98 e
S
(5]
S 0962 \0.973 0.959 0.961 0.960 0-96}/
O.QSIL‘ \] \ 0956 o 0,955
0.949 0.944 0.945
0.94 It & 0.936
0.935 0.929
0.92
AIA2A3 BIB2B3 ClC2C3 DID2D3 EIE2E3 FIRF GGG Hl H H3
FHFS
B A4 1B s B
% 45 FEagR i~ 1% (SN)
F- 55 '% & a=0.1 a =0.05 ?F/;Uii
Bh T34eopd B 23400 F P-ig
0.1 0.05 F-testP-test F-test P-test (%)
103.89 2 51.946 11.260 0.002 2.924 4.102 * * * * 21.350
B 8257 2 41.286 8.949 0.005 2924 4102 * * * * 16.765
C 4228 2 21.142 4583 0.038 2.924 4.102 * * * * 8.101
D** 3587 2 17939 3.888 0.056 2.924 4102 * * - - 6.723
E** 1509 2 7.545 1.635 0.242 2.924 4.102 - - - - 2.253
F 37527 2 18.762 4.067 0.050 2924 4.102 * * - - 7.078
G 66.52 2 33.264 7.210 0.011 2924 4102 * * * * 13.315
H** 35.08 2 17544 3.803 0.059 2924 4102 * * - - 6.553
=Y 46.132 10 4.613 -
& HF4L)(86.06) (6) (43.029) (15.531)
®E 46499 26 17.884 82.142

SRAME R AL AL
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4-6 PR g R B4 (S)

F-2%# «a=01 a =0.05 ?}gkﬁi
0.1 0.05 F-testP-test F-test P-test (%)

$h T3 {cpd R B30 FOP-i

A 0.019 2 0.009 3.840 0.0572.924 4102 * * - -  13.633

B 0.007 2 0.003 1.500 0.2692.924 4102 - - - - 4.083

C 0.012 2 0.006 2.5250.1292.924 4102 - - - -  B8.2679

D 0.011 2 0.005 2.323 0.1482.924 4102 - - - - 7.443

E 0.009 2 0.004 1890 0.2012.924 4102 - - - - 5.677

e 0.003 2 0.001 0.621 05562.924 4102 - - - - 0.497

G 0.031 2 0.015 6.443 0.0152.924 4102 * * * * 24259

H** 0.001 2 0001 035407102924 4102 - - - - 05956
WL 0.024 10 0.002 -

& HEL) 0.004 1.093

BeE 0.121 26 0.004 64.458

* i %\' %F“:E‘f » FH L %\' é\, Tﬁgy—;};;ﬁ

4441 B BREFH SRRBGEETNREZ K2

BT PR A SR KNEDRGY ) BN BIEFIF]F gk BB EHE?]%
B0 B H e SN v S FI AT L E R 27 R A o BB 27 R AP o
"ERE D B SRR (testing) H A o F T h24 BE £ (training) A o
A3 1 RMSE k-2 - Bagal G it ardd ik > 10 RMSE 4%/ A%4F o (35 3% R i
P PR O R A RIER A RMSE 20 3 JFEEE?J - Ko 4 }]‘JD 21 5
B A JopliR R A e —%szMSE BARIEITARGF o & 4T i BB AR e R R 2
B2 FBER AT 2RES > RREEREEY > APEREREESS2FE AS

Blerp RS st e
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47 A SRBEIRE %

B.78 4  Training RMSE  Testing RMSE By % e '
(15000 epochs) (10000 epochs)  (learning rate) ~ (momentum)
8-2-2 0.0556 0.0598 0.25 0.9
8-3-2 0.0504 0.0498 0.25 0.9
8-4-2 0.0383 0.0419 0.25 0.9
8-5-2 0.0335 0.0352 0.25 0.9
8-6-2 0.0421 0.0489 0.25 0.9
8-7-2 0.0331 0.0380 0.25 0.9
8-8-2 0.0519 0.0649 0.25 0.9
8-9-2 0.0438 0.0615 0.25 0.9

j\‘)‘b’%%wm w-rjgl,,m852 &ﬁ)‘é Q\.A\%}{ \;&f’g,z— ~ éq/ﬁ‘a e bki’h—#’it‘gx’ 3
SRR SRS S R N X

EAERGY o wEY, s SNo Y, & flE 55 €S o Fpt o @ ¥ Y
S SU R R TR S e
A=min(d;d,) (4-1)
e Y By, PE LRI EL - FLRH P2 5 =1 A7 B% &K (degree of
satisfaction; A)eiE it » A Flf 52 @ e Solic @ - BRI H g 5B
EHEALA0E L2 BaR B E © blde o & 417 S~ S B (X, Xy, Xy Xg)
B LR MY TR TR MY S E AT A Rl o B
FHE Y T E A4 ER 0 A L 050 RWF 5 0010 - %100 BRI £
B2 g o

d-rl b mﬁﬁﬁﬁ::* » /:ﬁ\-’—rr =

»

EAFFT 30 % 0 & 48 SREFEHE - HP o Ak
B REPER A RSB 5 0931 7 Hhif % Mg 5 (16,11,64,9,2,
5,462, 1)c 4 + & ¥ S dicfRik 5 £ S T HALN AL U i S ok 49 4
Athkbo A R A REBAR P E S 0962 A s L (154,
8.9,56,8,2,5426,1) &~ B SHE T 2 ATUFE AN TS 2 bk WlAr ke

% 4-10 5 = fAiF B F DR BcR 2

m
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#4-8 AFFE 2T (dpikd B o)

7 P Bhp T
T30 2kt 4B 0.931
#F30FK2B) A0E 0.862
Tim 2 EB 0.911
L 0.025

249 APz s (383K

7 P Bhp T
T30 2kt 20 0.962
17 30 X2 B il AT 0.924
o =N 0.946
i 0.013

BB vz

A7 4B & 1000 i 0k 8 R 10— IR AR #0F 500 = 04 ke Fl+ a0 =0.98-

AFwE: Q305 2%F 001 - ~100 B4R EAF B2 § = o
AT EE (2T B L - fr = i B

» 10> { #7=t # 100 > 4=45f% 100 @ -
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2 4-11w 82 2 RE LA FF 3 E

A B C D E F G H
mor ok 10 15 9 10 6 25 3
ki L (£ Sk 18 653 58 8 23 46 508 2
i V2 (h e 8 G i) 215 72 6 8 2 6 535 2
B FE B 2 (89 154 89 56 8 2 5 426 1
-k SEYEEE Sed S ) 16 11 64 9 2 5 462 1
AN IEE £ (R S k) 101 8 46 6 2 5 403 1
A AR F (B 1 i) 127 9 6 8 2 4 458 1

45 FERR BBV R

EI R E s ﬁé}é‘iﬁ’} S R A A T A B drd 4-110 471 B ek
REFFARE AP R TR AEMBAZEAH - LR e LT %
MRS EZ B A E BB THEZ R A 4124 £ 4127 1
PiGg e B3 2RR RIS AT @ oS3t 2
BAREZHEFRL > ERmRTHBANESI IR 22 2end | Eominy kT

A G R B v S E G ke

puu

4 4-12 FEanR Shdcdh
Bl E Bt E  THE  ®Eik

0ok 80 88 84.67 4.23
BT L E (H R S#k) 85 94 91.76 4.86
HoBe 1T L2 (e 8 o i) 82 94 91.02 5.01
AT R (YRS 88 96 93.54 4.64
B Fw H i (e i) 86 94 92.69 4.66
AEGNIEE 2 (B aik) 89 96 93.59 4.49
AR HEE i (Y B ) 89 96 92.76 4.51

AR RS TN AT SRR @,%Jﬂ«’?a BR kB g B A SRR DI B

39



BIE B E I I E B R E Rl B TR B Y S DTRERIRR L 18 1t
For B AR R OURGUELR R 0 B AT RS E 0 T3 F RAF R H
BBk s ¥ Y 2 3 R A F e ARTREGRIF R K o=
W Wt Rl kG A R R Rl bR P K0 £ S B R

AT B SRR RS 2 AR RRER S AEZSABL 0 A SR

=

Eﬁ@éj;ﬁﬁﬁ FAELAE 2 FOWHC AT R AR KA R 2R
g&Lé%f”#ﬁﬁ BOFES BRAL AT D

REwE AT A BRI 5 - R 84 SRR 2 ] F]S fr SN chan i

ﬁa,wuﬁgﬂﬂézﬁﬁﬁfﬁwggﬁimm%:@%:%Kﬂ?ﬁ%%&ﬁ

iR TE R B R O ARFFSET R OB R > A e T S At e v 2 gk Lok ko anfg s &

FOR D R ARBITHE R PR

40



¥I® RHmaiE:

-%g
W
3‘)‘*

AFELRETYREFEZARIL S LR TR GO v B BRI D RO
Hdrre SAFT R 1 Z fBECE R 2P I N S A
R U R R PR A (R B QA i e T
FIVET RV P VR LSRR BSEL B RGO ) B RS
ERARWEEIEM Az B A TH: IV i B 2w EfE-
AFE Y “Lf‘-"/’a\‘ﬁ{}\‘;&:';‘/f * {47 %é‘ﬁ’f&ﬁ_f%?ﬁﬂ%%&”ﬁﬁ%’%}bo&ﬂ
FEEA A NI E WA R AT R IOE R R
FRI Rt fE  H0 R Fa SRS o T G ATRE R AT
d 3 HEBIEaT P RRaEE > 7 & A AR E G NSAR ERT L1 o F AL FIE
B2V RARE R T P AR Hak B E MR R0 AR
oo fe A TR 2 TR 8 o AAAEEERS TR A E e 0 G5 - BT LA
@ Ep e i Fet RFEARSE T B s S H0F R R R
7 AN el fpari Tle S RARE E SR AUTNROR R B A FRAFR
AEF T 2R E ,ﬁ,;ﬁi*,rrffgg‘p:
- L v A SRR I WA TR AR A T U
NEE WS (TGRS RS G e R a4 Sl o
SN AET TR R EFE > KRBk B EkE o o v 3 2R

Z%B"Fﬁ IJ iﬁ/{'ﬁ = 1F o

?‘\ .
Rl

Y
-

:‘ipiﬁﬁwﬁiéﬁﬁ% MPASL § R AR D R £ & A ke
A EEEFLEEL o
B R L - A R R AT T 0 A SRR S 7 0F B

CH R gy AT ERPOERIER B3 B RSV Ao
dON A G AL R R KT iR e HRALE G20 jRAE
BoEPE- o LA HAT- g2 "‘FK'j Mt igiie v 3 AR HFNE ko A

FELER By SRREFFRLAEFNFEZA BREASETREFTEZ T F
Fes

B AR B e B HN R L R T ekt R XN AR K e
PR f RN EREA B ERH ) TTEA Y HEY 1 (A s

41



T

5.2 1 %
MR R LR
ERFVEFIFNFEZRABE > NP LT P ETEEDRN -
RGP o AT TR R | R ST AR RS FoF T S

Je 433 & F (link quality) ~ 34245 375 (frame error rate; FER) & @ ﬁiﬂxﬁ‘ < (packets per

0 WA B AR AR S E 0 A R

oy

second or throughput) % 7 ¢ m@@%]g;ﬁgr;ﬂ ok AT h DRI B | S
A A R S Ty

PDA ~ WAP = 8% | pFit (73 12 o 17 @) @Esi S ep b >k Sfal2 it 4

>

{

NS G T SRR T T e T L

\

FE) hBRET2 53t P LRFDFERRLE A S RRALFF L3
S HcE o W] BE AT RR K.

42



342

S > N
— N t‘ Qi&])a

EFMBIRERE R G A RMIAREH AN > W2 Ee R

[1] 3§ rm
CEFMFEE L HLH 0 \H 94 E
[2] +ho A8 TR U AT SR p A A 2 Y R FEA S s
Bt ik AR B2 -
R E . E

[3] +he 2 > T Hgeid v et > e B vRATA L2 B B
FEAERE k> pikm~ > AROBE -
IS 3 R 2 LR R R R Yok

[4] i 4% >
o Rl o AR B85 E .
[5] % 246 » T8FA SR AFIFE E R AR S BE RN eRZFAT P W2 S
APE A E I AREGEE T A B AR, AR 83 & o
[6] ¥ 4p % > T % P HFACHE:S 22 SRR R Mg a7 — 1 &
Bz s Bd TR T S AL he o ARk .
R

CH R4t A L

5
[7] 2 o4k T EEFEA S ET 2R 2F 7
g ELEHme o AR £ o

ERREREATRE AN SR LA

[8] 4T3k - T 474

FLERPE L MLy o AHOLE
O] milizg s TE* FEJFRFR2AT | R oA PHAEF L b2 4125
TET ALY 0 A O3 E o
T U

[10] M2 1> T3 AR T B RE PP EHEED] T PiTn | § Al s
1 # > 3~8

LS T8 LN

AR 88 & o
[11] mep A 2 o9 RS E1 T S A
1 > AFB3IE -
[12] £ %7 >R AR TP Em e H R > M2 ? 44 2 FN12E ] 5 A
1#H=2 o ARIBE
SARPIRFT e > AFE 95 & o

[13] = THESs o ik Tam,,
(http://www.ttv.com.tw/news/html/095/06/0950629/095062990606018.htm)

43



[14] % W& - ToEsREF R &2 F3F 1 A EFE > R S8 821 %

F ko AL he 0 AR 92 E o

FPT TR e e AR S B Ees bt S

Bt ERREEL G A ESFIF I RE kLK 0 AROLE

[16] 6% > (i@ * J4ii Bt Rfab 5 8u » Mzl F1f1payn
FhoBELlHm > ARB8E -

[17] %73k T % & PR ATIF Y EY LA > PHBARAEYE1 R
Ao Rl o ARl & o

[18] ¥ > Ml ® Kot R AR 5T B R Lk PR P F S B

AELALIEE o ALHe 0 NE 92 E o

[19] /& stk > Tt A B B 2 2 A S i 5 RO N B fodbm® ki o P F
< ETWIETT T Lk > AR B6E o

[20] «éﬁx% TERARRRER AL D ARIR AL ESE AW T3TTE 0 AR

[15]

88 & o

[21] & & o T dad
WAL G > M2Rd AR Fa Ay m&k  flahz » AR & o

[22] $l&% T o F 2 ok B R G L RF 2 R 0 B2 Y B ERE
Bk oMLk o ARO3E o

[23] pomfe T EHFFHTA AR P ERA O R2P LA BT AT RS L
AL 0 AR 96 & -

[24] A= io > TR & ST LR B T R R R 0 R S
FAFIEFR L LKy o AR E -

25T B T e R R AR B T, AP e -
NEH o 253275 F » AR T9 £ o

3
“F
Ay
s
|+
(=
i
=3
Yo
?u-
)
\\?{r
;’if
\_.
"
H.
L
%
o
=3
A
.HE
s

[26] #iP s > S 1dE > iR S0 ¢ EARSTEE 0 AEL L o
[27] #ht % > TSNP AL B M A A A PUR S AL BB H E 5

3, AETFTRRABERTFEFE R 169 H 0 WE 9B E o

(http://cdnet.stpi.org.tw/techroom/policy/policy 06 _058.htm)

44



[28] Balas, E. and Vazacopoulos, A. (1998) Guided local search with shifting bottleneck
for job shop scheduling. Management Science, 44, 262-275.

[29] Bauer Jr., R. J. (1994) Genetic Algorithms and Investment Strategies. John Wiley &
Sons.Behzad, K. P. and Kamgar-Parsi, B. (1990) On problem solving with Hopfield
Neural Networks. Biological Cybernetics, 62, 415-423.

[30] Cerny, V. (1985) Thermo dynamical Approach to the Traveling Salesman Problem:

An efficient simulation algorithm. Journal of Optimization Theory and Application,
45, 41-51.

[31] Chan, H. L. and Liang, S. K. (2005) Yield improvement for Blood Glucose Strip by
Taguchi Dynamic Approach. International Journal of Information Systems for
Logistics and Management, 1(1), 9-16.

[32] Chang, P. T. and Lo, Y. T. (2001) Modeling of job shop scheduling with multiple
quantitative and qualitative objectivesrand.a GA/TS mixture approach. International
Journal of Computer Integrated Manufacturing; 14, 367-384.

[33] Chang, S. I. and Shivpuri, R. (1995) A. Multiple-Objective Decision Making

Approach for Assessing Simultaneous Improvement in Die Life Casting Quality in
A Die Casting Process. Quahty Engineering; 7(2), 371-383.

[34] Chapman, R. E. (11996) Photochemistry Multiple Response Co-Optimization.. Quality
Engineering, 8(1), 31-45.

[35] Cheung, K. W. (1998) A New Empirical Model for Indoor Propagation Prediction.
IEEE Transactions on Vehicular technology, 47(8), 996-1001.

[36] Chiu, C. C. (1996) Coverage Prediction in Indoor Wireless Communication. IEICE
Transactions on Communications, 79(9), 1346-1350.

[37] Chryssolouris, G. and Guillot, M. A.(1990) Comparison of Statistical and Al
Approaches to the Selection of Process Parameters in Intelligent Machining.
American Society of Mechanical Engineers Journal of Engineering, 112(2),
122-131.

[38] Cung, V. D., Mautor, T., Michelon, P. and Tavares, A. (1997). A Scatter Search Based

Approach for the Quadratic Assignment Problem. IEEE International Conference on

Evolutionary Computation, 165-169.

45



[39] De Jong, K. A. (1987) On Using Genetic Algorithms to Search Program Space.
Proceedings of the Second International Conference on Genetic Algorithm and Their
Application, 210-216.

[40] Derringer, G.. and Suich, R. (1980) Simultaneous Optimization of Several Response

Variables. Journal of Quality Technology, 12(4), 214-2109.

[41] Fleurent, C., Glover, F., Michelon, P. and Valli, Z.(1996) A Scatter Search Approach
for Unconstrained Continuous Optimization. Proceedings of IEEE International
Conference on Evolutionary Computation, 643 -648.

[42] Fowlkes, W. Y. and Creveling, C. M. (1995) Engineering Methods for Robust Product
Design. Addison-Wesley.

[43] Funahashi, K. (1989) On the Approximate Realization of Continuous Mapping by
Neural Network. Neural Networks, 2, 183-192.

[44] Glover, F. (1965) A Multiphase Dual Algorithm for the Zero-One Integer
Programming Problem. Operations Research, 13(6), 879.

[45] Glover, F. (1986) Future Path_for:lnteger Programming and Links to Articial
Intelligence. Computers and Qperations-Research, 13, 533-549.

[46] Glover, F. (1994) Tabu Search for Nonlinear Parametric Optimization (with links to

Genetic Algorithm. Discrete Applied Mathematics, 49, 231-55.

[47] Glover, F. (1999) Scatter search and path relinking. In: Corne D, Dorigo M, Glover
F(eds), New Ideas in Optimization,M¢Graw-Hill, London.

[48] Glover, F. (2000) Laguna M, Marti R, Fundamentals of Scatter Search and Path

Relinking. Control and Cybernetics, 39(3), 653-684.

[49] Goik, P, Liddy , J. W. and Taam, W. ( 1995) Use of Desirability Functions to
Determine Operating Windows for New Product Designs. Quality Engineering, 7(2),
267-276.

[50] Goldberg, D. E. (1989) Genetic Algorithms in Search, Optimization, and Machine
Learning. Addision-Wesley.

[51] Holland, J. (1975) Adaptation in Natural and Artificial Systems. University of
Michigan Press.

[52] Ichimura, T., Oeda, S. and Yoshida, K. (2001) An adaptive evolutional euro learning
method using genetic search and extraction of rules from trained networks. Journal of
Evolutionary Computation, 2, 1343-1350.

[53] Johnson, D. S., Aragon, C. R., McGroch, L. A. and Schevon , C. (1989)

Optimization by simulated annealing : An experiment evaluation. Operations

46



Research, 37, 865-893.
[54] Kohonen, T. (1989) Self-Organization and Associative Memory. Springer-Verlag,
Berlin.

[55] Kolonko, M. (1999) Some new results on simulated annealing applied to the job shop
scheduling problem. European Journal of Operational Research, 113, 123-136.

[56] Kirkpatrick, S., Gelatt, C. D, and Vecchi, M. P. (1983) Optimization by Simulated
Annealing. Science, 220,671-680.

[57] Kumar, K.K. and Smuda, E. (1994) Robust controll using ga-optimized neural
networks. Journal of Control Applications, 3, 1573-1578.

[58] Laguna, M., Lino, P., Pérez, A., Quintanilla, S. and Valls, V. (2000) Minimizing
Weighted Tardiness of Jobs with Stochastic Interruptions in Parallel Machines.
European Journal of Operational Research, 127(2), 444-457.

[59]Leinweber, D. J. and Arnott, R. D. (1990) Quantitative and Computational Innovation
in Investment Management. Journal of Portfolio Management, 21(2) , 8-15.

[60] Li, K.L., Huang, H.S., Lin, J.D. Huang, B.Y. ,Huang M.J. and Wang P.W.(1994)
Comparing Self-Monitoring < Blood..Glueose™:Devices. Laboratory Medicine, 25,
585-591.

[61] Logothetis, N. and Haigh, ‘A. (1988) Charaterizing and Optimizing Multi-Response
Process by the Taguchi Method. Quality and Reliability Engineering International,
4(2),159-169.

[62] McCulloch, W. S. and Pitts, W. (1943) A logical calculus of the ideas immanent in
nervous activity. Bulletin of Mathematical Biophysics, 5, 115-133.

[63] Metropolis, N., Rosenbluth. , A., Teller, A. and Teller. E. (1953) Equation of State
Calculations by Fast Computing Machines. Journal of Chemical Physics, 21,
1087-1092.

[64] Montgomery, D. C. (2004) Design and Analysis of Experiments. Wiley, New York.

[65] Murovec, B. and Suhel, P. (2004) A repairing technique for the local search
of the job-shop problem. European Journal of Operational Research, 153, 220-238.

[66] Nitta, T. (1994) An analysis on decision boundaries in the complex back-propagation
network. IEEE International Conference on Neural Networks, 2, 934-939.

[67] Packard, N. H. (1987) A Genetic Learning Algorithm for the Analysis of Complex
Data. Complex Systems, 4, 543-572.

47



[68] Panjwani, M. A. (1996) Interactive Computation of Coverage Regions for Wireless
Communication in Multifloored Indoor Environments. IEEE Journal on Selected
Areas in Communications, 14(3), 420-429.

[69] Pezzella, F. and Merelli, E. (2000) A tabu search method guided by shifting bottleneck
for the job shop scheduling problem. European Journal of Operational Research, 120,
297-310.

[70] Phadke, M. S. (1989) Quality Engineering Using Robust Design. Prentice Hall,
Englewood Cliffs, New Jersey.

[71] Su, C. T., Chen, M. C. and Chan, H. L. (2005) Applying Neural Network and Scatter
Search to Optimize Parameter Design with Dynamic Characteristics, Journal of the
Operational Research Society, 56(10), 1132-1140.

[72] Su, C. T. and Chang, H. H. (2000) Optimization of Parameter Design: An Intelligent
Approach Using Neural Network and Simulated Annealing. International Journal of
Systems Science,13(12), 1543-1549.

[73] Su, C. T. and Chiang, T. L. (2002):Optimal Design for a Ball Grid Array Wire
Bonding Process Using a«:Neural-Genetic» Approach. IEEE Transactions on
Electronics Packaging Manufacturing, 25(1), 1-7-

[74] Taguchi G. (1990) Introduction-“to Quality: Engineering. Asian Productivity
Organization, Tokyo.

[75] Van Laarhoven, P. J. M., Aarts, E- H."L. and Lenstra, J. K. (1992) Job shop
scheduling by simulated annealing. Operations Research, 40, 113-125.

[76] Vining, G.. S. and Mylers, R. H. (1990) Combining Taguchi and response surface
philosophies: a dual response approach. JQT, 22 (1), 38-45.

[77] Wang, L. and Zheng, D. Z. (2001). An effective optimization strategy for job shop
scheduling problems. Computers & Operations Research, 28, 585-596.

[78] William, L.C., Daniel, C., Linda, A., William, C. and Stephen, L. (1987) Evaluating
Clinical Accuracy of Systems for Self-Monitoring of Blood Glucose. Diabetes Care,
10, 622-628.

[79] Yamada, T. and Nakano, R. (1996) Job-shop scheduling by simulated annealing
combined with deterministic local search. Meta-heuristics: Theory and Applications.
Kluwer Academic Publishers, Hingham, MA.

[80] Young, D. L., Teplik, J., Weed, H. D., Tracht, N. T. and Alvarez, A. R.( 1991)
Application of Statistical Design and Response Surface Methods to Computer-Aided
VLSI Device Design 1l : Desirability Functions and Taguchi Methods. IEEE

48



Transactions on Reliability Engineering International, 7(4), 176-188.

49



W
AT E 22 CE 7 AN

1. SS_main

#include "ss.h"

double evaluate(SS *prob,double *x)

{

double value;

int nvar;

nvar=prob->n_var;

value = 100*pow(x[2]-pow(x[2]/2),2)+pow(1-X[1],2)+90*pow(x[4]-pow(X[3],2),2)+

pow(1-x[3],2)+10.1*pow(x[2]-1,2)+10:1*pow(x[4]-1,2)+19.8*(x[2]-1)*(x[4]-1);

return value;

void main(void)

{

int Maxlter,lter,i,nvar,b1,b2,PSize,LocalSearch;
double *best,best_value,LowerBound,UpperBound;
SS *prob;

/* Parameters Defined by the User */

Max Iter = 2; /* Number of global iterations */
nvar = 4; /* Number of variables (size of x) */
LowerBound = -10; /* Lower Bound of all variables */
UpperBound =  10; /* Upper Bound of all variables */

50



bl = 10; /* Size of reference set 1 (quality)  */
b2 = 10; /* Size of reference set 2 (diversity) */
PSize = 100; /* Size of the diversification generator population ~ */

LocalSearch= 1; /* =1 Nelder and Mead Simplex Method activated,=0 OFF */

prob=DataStructures_init(nvar,b1,b2,PSize,LocalSearch);

/* Assign Variable Bounds */
for(i=1;i<=nvar;i++)
{

prob->low[i] = LowerBound;

prob->highl[i] = UpperBound;

/* Build Reference Set */

Initiate_RefSet(prob);

[* Perform Search */

for(lter=1;lter<=MaxIter;lter++)

{
if(prob->new_elements)
Combine_RefSet(prob);
else
{
Update_RefSet2(prob);
Combine_RefSet(prob);
}
}

[*** Best Solution ***/

best_value = prob->valuel[prob->order1[1]];

best = SSallocate_double_array(nvar);
for(i=1;i<=nvar;i++) best[i]=prob->RefSet1[prob->order1[1]][i];
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printf("\n\nBest Solution Found. Value = %f\n\n",best_value);
for(i=1;i<=nvar;i++) printf("solution[%d] = %f\n",i,best[i]);
free(best);

Free_DataStructures(prob);

2. simplex

/* Nelder and Mead Simplex Method for Nonlinear unconstrained optimization problems
*/

#include "ss.h"

#define NMAX 5000
#define ALPHA 1.0
#define BETA 0.5
#define GAMMA 2.0

#define GET_PSUM for (j=1;j<=ndim;j++) { for (i=1, sum=0.0;i<=mpts;i++) sum +=
POIGT; psum[j]=sum; }

int amoeba(double **p, double *y, int ndim, double ftol, double (*funk)(), int *nfunk, SS
*prob)
{

int i, j, ilo, ihi, inhi, mpts=ndim+1;

double ytry, ysave, sum, rtol, *psum;

psum = SSallocate_double_array(ndim+1);
*nfunk = 0;
GET_PSUM
for (;;) {
ilo=1;
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ihi = y[1] > y[2] ? (inhi = 2, 1) : (inhi = 1, 2);
for (i=1; i <=mpts; i++) {

if (y[i] < y[ilo]) ilo = i;

if (y[i] > y[ihi]) {
inhi = ihi;
ihi = i;

} else if (y[i] > y[inhi])
if (i '=ihi) inhi = i;
¥
rtol = 2.0*fabs(y[ihi]-y[ilo])/(fabs(y[ihi])+fabs(y[ilo]));
if (rtol < ftol) break;
if (*nfunk >= NMAX)
return -1;
ytry = amotry(p, y, psum, ndim, funk, ihi, nfunk, -ALPHAprob);
if (ytry <=y[ilo])
ytry = amotry(p, y, psum, ndim, funk;.ihi, nfunk, GAMMA prob);
else if (ytry >= y[inhi])-{
ysave = y[ihi];
ytry = amotry(p, y,‘psum, ndim, funk,:ihi, nfunk, BETA,prob);
if (ytry >=ysave) {
for (i=1; i <=mpts; i++) {
if (i '=ilo) {
for (j = 1; j <= ndim; j++) {
psum[j] = 0.5*(p[i][j]+p[ilo][]);
pPl10] = psum(j];
¥
y[i] = (*funk)(prob,psum);

}

*nfunk += ndim;
GET_PSUM

53



free(psum);

return O;

double amotry(double **p, double *y, double *psum, int ndim, double (*funk)(), int ihi, int
*nfunk, double fac,SS *prob)

{
int j;
double facl, fac2, ytry, *ptry;
ptry = SSallocate_double _array(ndim+1);
facl = (1.0-fac)/(double)ndim;
fac2 = facl - fac;
for (j = 1; j <= ndim; j++) ptry[j] = psum{j]*facl-p[ihi][j]*fac2;
ytry = (*funk)(prob,ptry);
++(*nfunk);
if (ytry <y[ihi]) {
ylihi] = ytry;
for (j =1; j <=ndim; j++) {
psum(j] += ptry[j]-p[ihi][l;
plihi][i] = ptry[il;
}
}
free(ptry);
return ytry;
}
3. SS_Memory
#include "ss.h"

SS *DataStructures_init(int nvar,int bl1,int b2,int PSize,int LocalSearch)
{
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SS *problem;

problem = (SS*) calloc(1,sizeof(SS));
if('problem) SSabort("Memory allocation problem™);

problem->n_var =nvar,

problem->b1 =bl;
problem->b2 =b2;
problem->PSize = PSize;
problem->LS = LocalSearch;

problem->digits = 0;

problem->last_combine = 0;

problem->iter=0;

problem->high = SSallocate double,array(nvar);
if('problem->high) SSabort(*Memory allocation problem™);

problem->low = SSallocate: double_array(nvar);

if('problem->low) SSabort("Memory:allacation problem™);

problem->ranges = SSallocate_int_matrix(nvar,5);

if('problem->ranges) SSabort(*Memory allocation problem™);

problem->valuel = SSallocate_double_array(b1);

if('problem->valuel) SSabort("Memory allocation problem™);

problem->RefSetl = SSallocate_double_matrix(b1,nvar);
if('problem->RefSetl) SSabort("Memory allocation problem™);

problem->orderl = SSallocate int_array(b1);

if('problem->orderl) SSabort("Memory allocation problem");

problem->iterl = SSallocate_int_array(bl);
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if('problem->iterl) SSabort("Memory allocation problem™);

problem->value2 = SSallocate_double_array(b2);
if('problem->value2) SSabort("Memory allocation problem™);

problem->RefSet2 = SSallocate_double_matrix(b2,nvar);

if('problem->RefSetl) SSabort("Memory allocation problem™);

problem->order2 = SSallocate_int_array(b2);

if('problem->orderl) SSabort(*Memory allocation problem™);

problem->iter2 = SSallocate_int_array(b2);
if('problem->iter2) SSabort("Memory allocation problem™);

[* Parameters for random generator. */
problem->idum = 13171191
problem->seed reset = 1;

problem->iff =0;

return problem;

void Free_DataStructures(SS *prob)

{

SSfree_double_matrix(prob->RefSet1,prob->bl);
free(prob->valuel);
free(prob->orderl);

free(prob->iterl);

SSfree_double_matrix(prob->RefSet2,prob->b2);
free(prob->value2);

free(prob->order2);

free(prob->iter2);
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SSfree_int_matrix(prob->ranges,prob->n_var);

free(prob->high);
free(prob->low);
free(prob);

int **SSallocate_int_matrix(int rows,int columns)

{

int **aux;

inti;

aux=(int**)calloc(rows+1,sizeof(int*));

if('aux) SSabort("Memory allocation problem™);

for(i=1;i<=rows;i++)

{

aux[i] = SSallocate_int: array(celumns);

if(aux[i]J==NULL) SSabort("*Memory allocation problem");
}
return aux;

double **SSallocate_double_matrix(int rows,int columns)

{

double **aux;

inti;

aux=(double**)calloc(rows+1,sizeof(double*));

if('aux) SSabort("Memory allocation problem™);

for(i=0;i<=rows;i++)

{

aux[i] = SSallocate_double_array(columns);
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if(taux[i]) SSabort("Memory allocation problem™);

}

return aux;

double *SSallocate_double_array(int size)

{
double *aux;
aux=(double*)calloc(size+1,sizeof(double));
if('aux) SSabort("Memory allocation problem™);
return aux;

}

int *SSallocate_int_array(int size)

{
int *aux;
aux=(int*)calloc(size+1,sizeof(int));
if('aux) SSabort("Memory allocation problem");
return aux;
}

void SSfree_double_matrix(double **matrix,int rows)

{

inti;

for(i=0;i<=rows;i++)
free(matrix[i]);

free(matrix);

void SSfree_int_matrix(int **matrix,int rows)
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inti;

for(i=1;i<=rows;i++)
free(matrix[i]);

free(matrix);

4. SS_RefSet

#include "ss.h"

void Initiate_RefSet(SS *prob)
{

double *current,*min_dist,*value,**solutions;
int j,i,il,a,*index,*index2,cont=0;

double d,dmax,current_valug;

prob->iter=1;

prob->new_elements = 1;

current = SSallocate_double_array(prob->n_var);

if('current) SSabort("Memory allocation problem™);

min_dist = SSallocate_double_array(prob->PSize);

if(min_dist) SSabort("Memory allocation problem™);

value = SSallocate_double_array(prob->PSize);
if('min_dist) SSabort("Memory allocation problem™);

solutions = SSallocate_double_matrix(prob->PSize,prob->n_var);

if('solutions) SSabort("Memory allocation problem™);

for(i=1;i<=prob->PSize;i++)
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/* Generate new solution */
for(j=1;j<=prob->n_var;j++)

current[j] = SSGenerate_value(prob,j);

/* Evaluate Solution */

current_value=evaluate(prob,current);

if(prob->LS) SSimprove_solution(prob,current,&current_value);

if(is_new(prob,solutions,i-1,current))

{
[* Store solution in matrix "solutions™ */
for(j=1;j<=prob->n_var;j++)

solutions[i][j] = current[j];

value[i]=current_value;

}

else

{
i-;
cont++;

}

if(cont>prob->PSize/2)
{

prob->digits++;

cont=0;

index = orden_indices(value,prob->PSize,-1);

/* Add the best bl to RefSetl */
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for(i=1;i<=prob->bl;i++)

{
for(j=1;j<=prob->n_var;j++)
prob->RefSet1[i][j] = solutions[index[i]][j];
prob->valuel[i] = value[index]i]];
prob->orderl[i] = i;
prob->iterl[i] =1;
¥

/* Compute minimum distances */
for(i=1;i<=prob->PSize;i++)

min_dist[i]=distance_to_RefSet1(prob,solutions[i]);

/*Add the second b2 to RefSet2 */
for(i=1;i<=prob->b2;i++)
{
/* Select the solution with maximum min. dist */
dmax = -1;
for(j=1;j<=prob->PSize;j++)
if(min_dist[j]>dmax)
{
dmax=min_dist[j];

a=j;

for(j=1;j<=prob->n_var;j++)
prob->RefSet2[i][j] = solutions[a][j];
prob->value2[i] = min_dist[a];

/* Update minimum distances */
for(i1=1;il<=prob->PSize;il++)
{

d=0;
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for(j=1;j<=prob->n_var;j++)

d += pow(solutions[i1][j]-solutions[a][j],2);
if(d<min_dist[i1])

min_dist[il]=d;

/* Update minimum distances in RefSet2 */

for(i=1;i<=prob->b2;i++)

{
for(a=1;a<=prob->b2 && a'=i ;a++)
{
d=0;
for(j=1;j<=prob->n_var;j+)
d += pow(prob->RefSet2[i]{j]-prob->RefSet2[a][]],2);
if(prob->value2[i}-> d)
prob->value2[i]=d;
}
}

index2 = orden_indices(prob->value2,prob->b2,1);

for(i=1;i<=prob->b2;i++)

{
prob->order2[i] = index2[i];
prob->iter2[i] =1;

free(index);free(index2);free(current);free(min_dist);

free(value);SSfree_double_matrix(solutions,prob->PSize);

62



void Update_RefSet2(SS *prob)

{
double *current,*min_dist,*value,**solutions;
int j,i,il,a,*index2,cont=0;

double d,dmax;

prob->iter++;

prob->digits++;

current = SSallocate_double_array(prob->n_var);

if('current) SSabort("Memory allocation problem™);

min_dist = SSallocate_double_array(prob->PSize);

if(min_dist) SSabort("Memory allocation problem™);

value = SSallocate_double_array(prob->PSize);
if('min_dist) SSabort("Memary.allocation-problem™);

solutions = SSallocate_double_matrix(prob->PSize,prob->n_var);

if(!solutions) SSabort("Memory allocation problem™);

for(i=1;i<=prob->PSize;i++)

{
I* Generate new solution */
for(j=1;j<=prob->n_var;j++)

current[j] = SSGenerate_value(prob,j);

if(is_new(prob,solutions,i-1,current))

{
[* Store solution in matrix "solutions™ */
for(j=1;j<=prob->n_var;j++)
solutions[i][j] = current[j];
¥
else
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cont++;

if(cont>prob->PSize/2)
{
prob->digits++;

cont=0;

/* Compute minimum distances */
for(i=1;i<=prob->PSize;i++)

min_dist[i]=distance_to_RefSetl(proh,solutions[i]);

/*Add to RefSet */
for(i=1;i<=prob->b2;i++)
{
/* Select the solution with maximum min. dist */
dmax = -1;
for(j=1;j<=prob->PSize;j++)
if(min_dist[j]>dmax)
{
dmax=min_dist[j];

a=j;

for(j=1;j<=prob->n_var;j++)
prob->RefSet2[i][j] = solutions[a][j];

/* Update minimum distances */
for(il=1;il<=prob->PSize;il++)
{
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d=0;
for(j=1;j<=prob->n_var;j++)

d += pow(solutions[i1][j]-solutions[a][j],2);
if(d<min_dist[i1])

min_dist[il]=d;

/* Update minimum distances in RefSet2 */

for(i=1;i<=prob->b2;i++)

{
for(a=1;a<=prob->b2 && al=i ;a++)
{
d=0;
for(j=1;j<=prob->n.var;j++)
d += pow(prob->RefSet2[i}{j]-prob->RefSet2[a][j],2);
if(min_dist[i] > d)
min_dist[i]=d;
}
prob->value2[i] = min_dist[i];
}

index2 = orden_indices(prob->value2,prob->b2,1);

for(i=1;i<=prob->b2;i++)

{
prob->order2[i] = index2[i];
prob->iter2[i] = prob->iter;

prob->new_elements = 1;

free(index?2);
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free(current);

free(min_dist);

free(value);
SSfree_double_matrix(solutions,prob->PSize);

void Combine_RefSet(SS *prob)
{
inti,j,a,s,pull_size,total_size;

double **offsprings,**pull;

prob->new_elements=0;

offsprings = SSallocate_double_matrix(4,prob->n_var);

/* New solutions are temporarily stored-in.a pull */

pull_size=0;

total_size=(4*prob->b1*prob->b1)/2+(3*prob->bl*prob->b2)+
(2*prob->b2*prob->p2)/2;

pull = SSallocate_double_matrix(total_size,prab->n_var);

[* Combine elements in RefSetl */
for(i=1;i<prob->bl;i++)
for(j=i+1;j<=prob->b1;j++)
{
/* Combine solutions not combined in the past */
if(prob->iter1[i]>prob->last_combine ||

prob->iterl[j]>prob->last_combine )

SScombine(prob,prob->RefSetl][i],prob->RefSet1][j],offsprings,4);

for(a=1;a<=4;a++)

{

pull_size++;
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for(s=1;s<=prob->n_var;s++)

pull[pull_size][s]=offsprings[a][s];

[* Combine RefSetl with RefSet2*/
for(i=1;i<= prob->b1;i++)

for(j=1;j<= prob->b2;j++)

{

if(prob->iter1[i]>prob->last_combine ||
prob->iter2[j]>prob->last_combine )

{
SScombine(prob,prob->RefSetl|i],prob->RefSet2[j],0ffsprings,3);
for(a=1;a<=3;at+)
{
pull_size++;
for(s=1;s<=prob->n:var;s++)
pull[pull_size][s]=offsprings[a][s];
}
}

/* Combine elements in Refset2 */

for(i=1;i<prob->b2;i++)

for(j=i+1;j<=prob->b2;j++)

{

if(prob->iter2[i]>prob->last_combine ||

prob->iter2[j]>prob->last_combine )

SScombine(prob,prob->RefSet2[i],prob->RefSet2[j],offsprings,2);
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for(a=1;a<=2;at++)

{
pull_size++;
for(s=1;s<=prob->n_var;s++)
pull[pull_size][s]=offsprings[a][s];
}

/* Update, if necessary, Reference Set */

prob->last_combine=prob->iter;
prob->iter++;
for(a=1;a<=pull_size;a++)
{
try_add_RefSet1(prob,pulifa]);
try_add_RefSet2(prob;pull[a]);

SSfree_double_matrix(pull,total size);
SSfree_double_matrix(offsprings,4);

double SSGenerate_value(SS *prob,int a)

{
inti,j;
int *rfrec; /* reverse frec to penalize high frecs. */
double r,value,low,range;

int *frec;

frec = prob->ranges[a];

low = prob->low[a];
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range= prob->high[a]-prob->low][a];

rfrec = SSallocate_int_array(5);
if('rfrec) SSabort("Problems allocating memory");

for(i=1;i<=4;i++)

{
rfrec[i] = frec[0] - frec[i];
rfrec[O0] += rfrecli];

if(rfrec[0]==0)
I = SSgetrandom(prob,1,4);

else
{
/[* Select a subrange (from 1 to 4).accerding to rfrec */
J = SSgetrandom(prob A, rfrec[0]);
i=1;
while(j>rfrec[i])
J -= rfrec[i++];
¥

if(i>4) SSabort("Problems generating values");;

/* 1 is the selected subrange */
frec[i]++;
frec[0]++;

free(rfrec);

/* Randomly select an element in subrange i */
r = SSrandNum(prob);
value=low+(i-1)*(range/4) + (r*range/4);

return value;
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void SSimprove_solution(SS *prob, double *sol,double *value)

{
double **p,*y,range,perturb;
int i,j,a,nfunk,best_sol;

p = SSallocate_double_matrix(prob->n_var+1,prob->n_var);

y = SSallocate_double_array(prob->n_var+1);

for(i=1;i<=prob->n_var;i++)

p[1][i]=sol[i];

y[1]=*value;

for(j=1;j<=prob->n_var;j++)

{
range = prob->high[j]-prob->lowl[j];
perturb = 0.1*range;

sol[j] += perturb;

if(sol[j]>prob->high[j]) sol[j]=prob->highlj];
if(sol[j]J<prob->lowl[j]) sol[j]=prob->low[j];

for(i=1;i<=prob->n_var;i++)
pli+1][i]=sol[i];

y[j+1] = evaluate(prob,sol);
sol[j] -= perturb;

/* Call Nelder and Mead's Simplex method */

a=amoeba(p, y, prob->n_var, 0.1, evaluate, &nfunk,prob);

best_sol=0;
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for(i=1;i<=prob->n_var+1;i++)

{

if( *value>y[i])
{
*value=y[i];
best_sol=i;
}

if(best_sol>0)
{

for(i=1;i<=prob->n_var;i++)

{
sol[i]=p[best_sol][i];

if(sol[i]<prob->lowfi])
sol[i]=prob->low[i];

if(sol[i]>prob->highl[i])
sol[i]=prob->highl[i¥:

*value = evaluate(prob,sol);

free(y);

SSfree_double_matrix(p,prob->n_var+1);

5. SS_tools

#include "SS.h"

#define M 714025
#define 1A 1366
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#define I1C 150889

float SSrandNum(SS *p)

{
intj;

if(p->seed_reset==1)
{
p->seed_reset=0;
p->iff=0;

if (p->idum <0 || p->iff ==0) {
p->iff=1;
if ((p->idum=(1C-(p->idum)).% M) < 0) p->idum = -(p->idum);
for (j=1;j<=97;j++) {
p->idum=(1A*(p-=idum)+IC) % M;
p->ir[j]=(p->idum);
}
p->idum=(1A*(p->idum)+I1C) 9% M;
p->iy=(p->idumy;
¥
j=(int)(1 + 97.0%(p->iy)/M);

if >971j<1)

SSabort("Failure in random number generator");

p->iy=p->ir[j];
p->idum=(1A*(p->idum)+IC) % M;
p->ir[j]=(p->idum);

return (float) (p->iy)/M;
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#undef M
#undef 1A
#undef IC

void try_add_RefSet1(SS *prob,double *sol)
{
int i,j,worst_index;

double value,worst_value;

value=evaluate(prob,sol);
if(prob->LS) SSimprove_solution(prob,sol,&value);

worst_index=prob->order1[prob->b1];

worst_value=prob->valuel[worst_index];

if(is_new(prob,prob->RefSetl;prob->bl;sol) && value<worst_value)
{

i=prob->b1;

while(i>=1 && value<prob->valuel[prob->orderl[i]])

/* Replace solution */

for(j=1;j<=prob->n_var;j++)
prob->RefSet1[worst_index][j]=sol[j];

prob->valuel[worst_index]=value;

prob->iterl[worst_index]=prob->iter;

/* Update Order */
for(j=prob->bl;j>i;j--)
prob->orderl[j]=prob->orderl[j-1];

prob->orderl[i]=worst_index;

prob->new_elements=1;
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void try_add_RefSet2(SS *prob,double *sol)

{

int i,j,worst_index;

double value,worst_value;

/* 1t should be noted that solutions are not improved

to increase the diversity in RefSet2 */
value=distance_to_RefSet(prob,sol);

worst_index=prob->order2[prob->b2];

worst_value=prob->value2[worst _index};

if(value>worst_value)
{
i=prob->b2;
while(i>=1 && value>prob->value2[prob->order2[i]])
i--;
i++;
/* Replace solution */
for(j=1;j<=prob->n_var;j++)
prob->RefSet2[prob->order2[prob->b2]][j]=sol[j];
prob->value2[worst_index]=value;

prob->iter2[worst_index]=prob->iter;

/* Update Order */
for(j=prob->b2;j>i;j--)
prob->order2[j]=prob->order2[j-1];

prob->order2[i]=worst_index;
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prob->new_elements=1;

void SScombine(SS *prob,double *x,double *y,double **offsprings,int number)

{

intj;
double a,*d,r;

d=SSallocate_double_array(prob->n_var);

if('d) SSabort("Memory allocation problem™);

r = SSrandNum(prob);
for(j=1;j<=prob->n_var;j++)

dfjl = (yOI - x0D / 2;

[* Generate C2 */

for(j=1;j<=prob->n_var;j++)

{
offsprings[1][j] = x[j] + r*d[j];
if(offsprings[1][j]>prob->highl[j]) offsprings[1][j]=prob->highlj];
if(offsprings[1][jl<prob->low][j]) offsprings[1][j]=prob->low]j];
}

if(number>=2) /* Generate C1 or C3 */

{
a =SSrandNum(prob);

for(j=1;j<=prob->n_var;j++)

{
if(a<=0.5) offsprings[2][j] = X[j] - r*d[j];
else offsprings[2][j] = y[j] + r*d[j];
if(offsprings[2][j]>prob->highl[j]) offsprings[2][j]=prob->highlj];
if(offsprings[2][j]l<prob->low[j]) offsprings[2][j]=prob->low[j];
¥
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if(number>=3) /* Generate the other one (C1 or C3) */

{
a =SSrandNum(prob);
for(j=1;j<=prob->n_var;j++)
{
if(a>0.5) offsprings[3][j] = x[j] - r*d[j];
else offsprings[3][j] = y[i] + r*d[j];
if(offsprings[3][j]>prob->high[j]) offsprings[3][j]=prob->high[j];
if(offsprings[3][jl<prob->low][j]) offsprings[3][j]=prob->low]j];
}
}

if(number==4) /* Generate another,C2:*/

{
r = SSrandNum(prob);
for(j=1;j<=prob->n_var;j++)
{
offsprings[4][j] = x[j] + r*d[j];
if(offsprings[4][j]>prob->highl[j]) offsprings[4][j]=prob->highlj];
if(offsprings[4][j]<prob->low][j]) offsprings[4][j]=prob->low]j];
}
}
free(d);

int is_new(SS *prob,double **solutions,int dim,double *sol)

{
inti,j,is_new;
double precision=0;
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precision=1/pow(10,prob->digits);

for(i=1;i<=dim;i++)

{
is_new=0;
for(j=1;j<=prob->n_var;j++)
if(fabs(solutions]i][j] - sol[j]) >= precision)
is_new=1,
if(is_new==0) return 0;
}
return 1;

double distance_to_RefSet1(SS *prob,double *sol)

{

double d,min_dist=DBL_MAX;

inta,j;

for(a=1;a<=prob->bl;a++)

{
d=0;
for(j=1;j<=prob->n_var;j++)
d += pow(sol[j]-prob->RefSet1[a][j],2);
if(min_dist> d)
min_dist=d;
¥

return min_dist;

double distance_to_RefSet(SS *prob,double *sol)

{
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double d,min_dist=DBL_MAX;

inta,j;

for(a=1;a<=prob->bl;a++)

{
d=0;
for(j=1;j<=prob->n_var;j++)
d += pow(sol[j]-prob->RefSet1[a][j],2);
if(min_dist> d)
min_dist=d;
}

for(a=1;a<=prob->b2;a++)

{
d=0;
for(j=1;j<=prob->n_var;j++)
d += pow(sol[j]-prob->RefSet2[a][j],2);
if(min_dist> d)
min_dist=d;
}

return min_dist;

int *orden_indices(double *pesos,int num,int tipo)

{

int *indices,b,t,j,i,tempi;

double temp,*coste;

coste=SSallocate_double_array(num);

indices=SSallocate_int_array(num);

for(i=1;i<=num;i++)
{

78



coste[i]=pesos[i];

indices[i]=i;
}
b=num;
while(b!=0)
{
t=0;
for(j=1;j<=b-1;j++)
{
if( (tipo==1 && coste[j]<coste[j+1]) ||
(tipo==-1 && coste[j]>coste[j+1]) )
{
temp=coste[j+1];
coste[j+1]=costel[j];
coste[j]=temp;
tempi=indices[j+1];
indices[j+1]=indices(j];
indices[j]=tempi;
t=j;
}
}
b=t;
}
free(coste);

return indices;

void SSabort(char *texto)

{
printf("%s" texto);
exit(6);
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6. SS

#include "stdio.h™
#include "stdlib.h"
#include "malloc.h"
#include "math.h"
#include "string.h"

#include "time.h"

typedef struct SS {
intn_var;
double digits;
double *high;
double *low;
int **ranges; /* Diversification Generator.*/
int PSize;
int LS; [* =1 LocalSearch ON, 0 OFF-*/

int iter;

int bl;

double **RefSet1;// Solutions

double *valuel; // Objective value
int *orderl; /I Order of solutions

int *iterl; /I Number of iter of each sol.

int b2;

double **RefSet2;

double *value2; // Dissim value
int *order2;

int *iter2;

int last_combine; //Number of iter of last solution combination
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int new_elements; //True if new elem. added since last combine

/* Random number parameters */
long idum;

int seed_reset;

int iff;

long ir[98];

long iy;

}SS;

#define SSgetrandom(p,min,max) (int)( (SSrandNum(p)*(max+1-min)) + (min))
#define DBL_MAX 1.7976931348623158e+308 /* max value */

/* File SS_main.c */

double evaluate(SS *prob,double *x);

/* File SS_RefSet.c */

void Initiate_RefSet(SS *prob);

double SSGenerate_value(SS *prob,int a);

void SSimprove_solution(SS *prob, double *sol,double *value);
void Update_RefSet2(SS *prob);

void Combine_RefSet(SS *prob);

/* File SS_Memory.c */

SS *DataStructures_init(int nvar,int b1,int b2,int PSize,int LocalSearch);
void Free_DataStructures(SS *prob);

int **SSallocate_int_matrix(int rows,int columns);

double **SSallocate_double_matrix(int rows,int columns);

double *SSallocate_double_array(int size);
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int *SSallocate_int_array(int size);
void SSfree_double_matrix(double **matrix,int rows);

void SSfree_int_matrix(int **matrix,int rows);

/* File SS_tools.c */

float SSrandNum(SS *p);

int *orden_indices(double *pesos,int num,int tipo);

void SSabort(char *texto);

double distance_to_RefSet(SS *prob,double *sol);

double distance_to_RefSet1(SS *prob,double *sol);

int is_new(SS *prob,double **solutions,int dim,double *sol);

void SScombine(SS *prob,double *x,double *y,double **offsprings,int number);
void try_add_RefSet1(SS *prob,double *sol);

void try_add_RefSet2(SS *prob,double, *sol);

I* File nmsimplex.c */
int  amoeba(double **p, double*y, int ndim, double ftol, double (*funk)(), int
*nfunk,SS *prob);

double amotry(double **p, double *y, double *psum, int ndim, double (*funk)(), int ihi, int
*nfunk, double fac,SS *prob);
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