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An Orthogonal Harmony Search for Function Optimization

Student: Chen-Hsiang Kuo Advisor: Dr. Ping-Teng Chang
Dr. Tsueng-Yao Tseng

Institute of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Harmony search is a new heuristic algorithm, and it is conceptualized using the musical
process of searching for a perfect state of harmony. How to search the global optimization
solution efficiently in object function is difficult in the process of solving optimization
problems. Harmony search have ability to find solutions closer to the optima but it consumes
a lot of time. And it’s a big problem of HS for decision makers.

This paper brings up an Orthogonal Harmony Search (OHS). The main focal point of
OHS is to revise harmony search and apply method of orthogonal experimental design (OED)
to enhance it. OHS has three operators: (1) orthogonal clossover for global search, (2)
orthogonal pitch adjustment for local search, (3) random search for feasible space. OHS use
the systematic reasoning methods, OED and factor analysis, to find the right direction to
approach the optimal solution and speed the search ability.

We execute the proposed algorithm to solve eight test functions include of unimodal and
multi-modal. Comparing with HS, OGA and OHS, we can find that OHS can quicker slove
problems than them and more stable find optimal or close-to-optimal solutions.

Keywords: Harmony Search; optimization; convergence efficiency; orthogonal
experimental design; global search.
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Step 1 - 58 & 2 4= 45933 foiz B 7 FF (Harmony Memory) > ¢ e g 7 F 4L
%73 ¥ HMS (Harmony Memory Size)# /# % &2 & -
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Bolk® o BRE- p &L 2 d ] 4% F (Fiddle) ~ & 27k
(Saxophone) * 4 5 (Keyboard) = f 2 B #7iff % o - R4epF> = G2 F4E
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HMCR(Harmony memory considering rate) * £ ¥ 0< HMCR <1 > (3) PAR
(pitch adjustment rate) > # » 0<PAR<LT » (4) bw & ¥4 % #cAs ¥ 9 §E

% /J?\ %/Qﬁ';:o

Step 2: & = 474 f%
A A HMS A dofi > T8 L ulap S dkE 0 RR (X)) %
PR fE2EET & e B8 (harmony memory; HM)® > 4o #757 o

1

HMS

HY > x5 HMS B S#c®G B8 A 18 % | 2 f%(solution vector)

X=X eX) o

Step 3: 19¥p 3 fric M A 24 B pric g
B E FE 2 Y 0 A 2 - ¥ A % (harmony vector)

=

2
= e )0 xR i E B B RLF S BFITAL (D)
memory consideration: ¥ #cE X134 B~ p HM> (2) pitch adjustments %
BB B p HM 1838 7 5 > (3) randomization: g i o
RO o 3RO - B %¥kx'F HMCR i s v 03 f o+ HM ¥
(x~x")H? -~ BiE>F | —HMCR e85 f x Q¥ F " T2
Lo fien s A6 AL TS

[ edx,x e x™ ) wp. HMCR

¥ (_{xi'eXi w.p. (1-HMCR)

205 BRBEF HMCR s 5 HM 7 G s Shff L dcig @ F 5
k> F 1—HMCR o5 d 8 FY A2 - #110 > § HMCR=1
B BB ER R R p ot HM P el im0 » /j} 223
HM ® @i shents g om 1 —HMCR s 5 d Pl "Cip 4 4
{1 TEIE R A BT A R RAP 0L 0

11



Rm A RTIEY Bop 3t HM R BE G PAR 08 I ¥ j 3 (pitch
adjustment)$} F AR iT % o

Pitch adjusting decision for x '

' Yes w.p. PAR
i (_{NO w.p. (1-PAR)

q* B A i € F 3 HMCRXPAR -
B3R o (k) 32 (7 1ch o H Hied ':"ﬁﬁi AR L
x '« x (k+m) for discrete decision variables
x ' x'+o for continuous decision variables
A9 m s EEEd o m={.,-2-112.) ¢ A a=lxu(-11) B
¢ obw B AR R A E S A1) 5 359 A R (1 ])
2_fF o
F$t 0 HMCR 2 PAR HA e JF FE 27 » 2 6P FF 2B 05
(global search)¥? % ¥ j#48 % (local search)f & 14 & o

Step 4: { #TH frz Rl
B3P TA S RTIE > Gd SEGER S 0 B HM ¢ S G R B
Bof - R RIMATIEATL HM ® o

Step 5: F A% ¥ b2 o w Il 33
AR EERBL  ER T HHHI foH T4

DEWHFE 2 L Step3 A2 AR =(x, x, o x VEF > & B ¥
IR BRRAFZBHATAL Q) HEF p R ¥ EE memory
consideration: ¥ #E L4 P~ p HM > (2) pitch adjustments: ¥ #ciE b B~ p
HM {538 {7 #h > (3) randomization: S8 1 2 2 o & B e '35 = ]
B, Tind BH OB R o8 2.3 -

12



Pitch adjustment
1 ZX=HMCRxPAR

Do nothing (select from HM)
1 F=HMCRx(1-PAR)

# % =1-HMCR

Bl 2.3 HS #7% & 4 #4122 48 5 B 12 ]

222 BIEEFERABAAFE 22 R

BAOF B § T AR
R Y R A e A R I R RO R - B(R)
1B 22 ER A o
2. HicBA P F - 2 fZ(HS 5 harmony vectors; GA 5 chromosomes)
PFESEGTRE > SBGTE EE R G fRE T & M oo
3. 1piEd e RPN iR EFT > FCEARY AV E G RPN
PR T 3R o
4 LRALGFEER] B LE o gl o FRIEIH I
FEd b AT OLFR HS & GA chE B E R
L& F A dp e ¥ Wgip e 5U R o
2. FWEFRAF LT 0 P F ISR o
3. HS 7 F#E 0>t GA R e R e o
m A AR R 2 )
1. HS 7 80 L R ] > R A F 73 L F TR AEE GA

2. HS & )a e #54 (pitch adjustment) > 40 2 GA F $#3 cP R 2 H0F &

13



% 22GA & HS & 414 v i 4

HS
GA o B
("™ GA3E 7 i HSHOF R %)
LAY BOE S e R | HM ¢ n HMS S f# g AE
1 =73 4 d HiEeFape 1. HMS ‘e f#ie 7 2 fe-5& B %
TP 12 KR HEEA AR BBV PED HM
PR U Db
LT RE %#F | —HMCR B F Pt
% % FIFEfRR O IS R
25
#p02 > HMCR e 5 4 % HM
¢ e
e AR A TR ggﬁ PAR ¥ =
W ¢
F RGNV et

223 AfrEFRE 2 AP M 2t

B e d0F T 8 2 AR 2001 £ [24]9 5 R F F Geem ZW.4TH & 0§
RS Z BRAIET WE R KRR 0 e 4 (DA B R R FRAL
(Traveling Salesman Problems; TSP) > (2)7 *X4#]5" e | i B 35 > ¥ 27 GA ~

FREERE O Q)YRFTRA R ﬁaa] ¥ P B3R 3R AL (pipe network
design) °

Geem Z.W. (2002 * HS "9 § 53 3 M AL[25] 0 i &k Tl
SRR RE B AR T 0 0 HS RIERE R RS Ak
SIS =

Geem Z.W. et al. (2004) & * HS & 1 42 % 4 & & 1* (structural
optimization) B 32 } [26] » & 7 BliE HS HRfRehii 4 2R o RIER 4L
@ dE B 10 1E T G HT2E & SLR® 48 (10-bar planar truss) X B < 9200 i T
moHTIE AL R H o

Geem Z.W. (2005)#-#12 = < 35| PP M HS £ 5 £ f21 2 > ¢ 27 &
S VE RS WAL A VE S WA R < R S0 SE A

Ju]

|



>
>
>
>

TAE K FEFE @ A LT AA AN S B RS E g S
R e I B i 1 R PR R U e JO SR B 2 e 21 it
f B E i 1 A L A RK T PR HOF (gradient) ~ 2
(simplex) ¥ % > @ p 2 F R E MG ApF A endn B FRIOF &

f

M T AT K F R 2 %S fEHF (local search)siie 4 » @ B 2 & F

m
AR RS BT MR E T e PR ER > AT RLE AT
BREFTLAEZ A FERF LYY NE AT ALY
E IR Aok 230
Ho S.-Y. and Chen J.-H. (2000) ™2 GA % % & S d > f1% 2 2 4 9 %% 2>
HITE GA e AR AH B RRFRAL [33]0 BB A AT LG %
FAHYEA NS PR FafEo oA AN R R Y o A TSP R H

\ L

-

% z\ Bz B 2, mGA %fxéﬁf{&\ﬁ —mlﬁjo

g ANk

N+

Leung Y.-W. and Wang Y. (2001)#-2 % % 2 fiecn™ ]
L GA > I TR B R PR R 2 5B A A TR B2 [43] 0 A
F1H_ > OGA T4 4522 B BE L4 47V FERBPARGEIES b 9 %E
oo B R IF L4402 OGA # * T L T BRI S ERA BT E kT
Brofoaug B2 E o UET OGA ddeF o 4 o

+ #(2003)#% ' - B E < & i* K v (orthogonal evolution strategy;

OES) > st B & % 10 E L Bk enRma R4 ks 11 5 4] % ficde
iR AR RT B 2 o OES 4ce3s B & F 14 ek P R S S] niit a i
P IR e BER MR A Ea DL A TIFN S o

Ho S.-Y. etal. (2004)% #* 7 2 2 $4i 3 Y /g B2 [34]° = OSA ¥ > & :iF
EREAFHRRT > AZFP B Os GEER&KRE LD Ak A4 0 A
B - FRZBERES P L IAPHL D e ARG T RY OSA A B
RIR SR KR E HyH, B2 a4l 35 @it FAEY - & OSA Y&
s Al eha it fe ¥ R 4E[35](Large Floorplanning Problems) ~ 7 # 48 e if
it £* 32[34] (Electromagnetic Problems) ¥ ¥ o

N

15



iz it
A

£2 48(2004) 4%

/ﬁ-—;—r = m'k —+ %

3 ATHRS A Kok 1 2

%23 E

+

ERIE S
3R %R

F -8 Luk 5 A

5 AT EY

R LRIy SEY L
i & ERR S 3 A AE XE BHE S Z R
Shim-Ying 1. population size
Ho and 2000 | 2. Pc Traveling Salesman OX, UX2, EER,
Jian-Hung [33] | 3. Pm Problems and OAX
Chen 4. ps
1. population size
Yi-Wing | 5qgq | 2. PC . FES, FSA, PSO,
Leung and [43] 3. pm 15 test functions EO. CEP
Yuping Wang 4. O ’
5. F
1. Temperature
Shinn-Ying 2004 | 2. N Large Floorplanning Fast-SP
Ho et al. [35] | 3. Cooling rate Problems
4. Q (level)
1. Temperature
Shinn-Jang 2004 | 2. N Electromagnetic
Ho et al. [34] | 3. Cooling rate Problems FSA and IGA
4. Q (level)
(1) A. Large
1. Temperature Parqm'eter' (1) ESGA and
Li-Sun Shu et | 2004 |2. N gfff“za“on FSA
al. [55] | 3. Cooling rate oo et . (2) GA-based
(2) Designing Mixed method and
4. O (level) HyH_ Optimal GA
Controllers
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Y& B33
TARBAFHEA T DA PR F L
BERAFRRT LG B RGROHIL S B D R% ST 0 LS S 2R
FEHOR BB S o o @ REEEN AR E G UOER L SR E R
; ;cst:".:e“ BIIFFE 2 AL 0 Z B HE FRF (1)
BIOE > QMEIKA RRAREBIEF > Q)UER S AFD
‘-ﬁ@rm 3.1 R ARAeR] 3.7 0 AR 3.2 R wA

&

1%

w

)

L OHS Z4EiF3 0 o @ AF RN BN FALFEZP % hE VL FHRK
PHME £ 3E LA S A E AR BRRISEE o

Jrml.
“F
e
Jrml.
“F
S

"L
e A2

= —

P
—
0 4

No

I" f‘—v- I‘L‘?

Bl 3.1 8 2adfoddm gL winse
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et
<k

. % (orthogonal array)®_d R. A. Fisher(1951)% £ & J1ehel 8 2 | #f
& g L AT fiT(balance)® 7 R & (mix) 0 7* AL anfh = (statistically
independence) » Fl#t B % & ¢ & — {F e & KB 8 (level) I F=x AP Fp 11 0
BE* B AT RO AT U2 P Bl E - B FE ol sk
(main effect) > & 1 »c% /Tfi»? MAEHE - BEFEHEHN R RS DR ER
Boo i * B Ao FF L EEEFINGFE R % (fractional-factorial
5% 2> F]ZF F B (full-factorial exper1ment)€r i

exper1ment) 5] 2
PR e “E’Q%\'?:ﬁ—?—‘”ﬁ R #&I“’m;f:%]@, FIPL R T F IR F R

QEAFEY A BFE - FXLEADFFIg BTk

B)Es F[H P A& BFE > IR ATF RBEEE S

@F#za sgn o 4o

G)EH#HERANIG > BB LT HERT R -

Mz BEEE o EBFERG A BOREE ST kB FREFR XA
295% 0 RRUEYT2)BFH 4ok 3197 c Wk RAN A RGFTY BT
vV 4 BRS% RBRGDETFIZIHR D E A AR - BFE
AT R EERBY TRBEEL 1242 8P RTEFT %K o LAY
1~2~4-%’E?83‘"j7$¥3%§?’4j&{€ﬁ’ér_? o AR - G PR B2 R BRik
APl oAk ER DT HRIL 1468 7(E“5L2~3‘5-%’i?8)’41rl§§]3.2
%ﬁﬁ%%’wﬁﬁﬁﬁi~&ﬁ¢5%?%%’2”w5%ﬁ’ﬂ&ﬁ

Efay e ore Flehz S M2 P o JEd 2 e PR S o KR 2307
B cnd B E o @ ip R R Y RS FR I F]F K 3 (fractional factorial
design) °

J
<k
T=
R
&
S
X
>
Ak

‘m\i-
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%31 =2FF kB2 > %%

F % 5 Xy X2 X3
1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1

232 = F R - kB EI>FE DL

?5@%’7%{ X1 X2 X3
1 -1 -1 -1
2 +1 +1 -1
3 +1 -1 +1
4 -1 +1 +1
3(-1+1.-1 x
( ) 1“ : (+1.41.-1)
7 (-1.+1.41) i 8 (Hl.+1.+1)
i
e
. g
1(-1.-1}
2 (+1.-1.-1)
6(+1.-1.+1)
5(-1,-1,+1)
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%‘u:@ii%\j\ ﬂ@?,%}ﬂ% ’ é%ﬂ%égggi;% m&ﬁﬁi;@ﬂﬁ’»
B BIT o B SRR o BRI i R i
FhEBFZ AR ST ET Ak 0 AGAERERFPLFE A
f\;ﬂlf'é\:irﬁi:‘:‘ m%%ﬁ:)ﬁ ° #Z—éz,. _'ﬂ—%\:‘ .L‘I%ﬁkxim&;ii; @ 4o 1 .E'_@ g
SCELRCEE W R Ny E

=< x4 Y

ﬁ'Jﬁ‘:Ei‘%'%ﬁﬁ * AR ER(O)E F1E B > @I hE 2 AL
Pt Hee T AhauE >N EFE g v}}?e[43]o

Algorithm:
E2 NBFE~Q B-KE M= F 5%eh
step 1: /A F_J & » 7 Wi g F o= #ic M-

L& E L@ 20 M=0 e
o

PETEEVIEEN QQ]_l o
JlE..—:»;%u‘iQQ > N | B e

=

step 2: = = B % % # & (basic columns):
FOR k=1 To J DO

Begin
-1
j:Q 1+1;
0-1
FOR i=1 TO @/ DO
{Z_l}nod 0;

step 3: 2 = E % % 2L A 4§ (nonbasic columns):
FOR k=2 To J DO
Begin
Qé 1 -1 i ’
0-1
FOR s=1 TO j-1 DO

FOR t=1 TO Q-1 DO
=(a,xt+a,)mod O;

j:

A 1 (s-1)(O-1)+

END.

step 4: Increment «, , by one forall 1</ <M and 1< /< N.
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kBB O=3 RIEBHEN=] AL E X E AT
(1 1 1]
1 2 2
1 3 3
2 1 2
OA=|2 2 3
2 3 1
313
3 21
13 3 2
ERARTWR A ke - BAIGEA R > LT BRI A RY IR
LNPE: ‘—Hﬁ‘i’ £f > Leung Y.-W. and Wang Y. (2001) #%& d1#-7 &F & it eh £ 2 o
HEE AT R - FE ey B R R BB ok - Rk

2 RBHFEL(0,10) Aok FEL3PF F- BRBEEL 00 5 BREE

50 %ZBoRBEL 10 44 4F - BRETRALL Q BRETHPE
BRRARAEL c AERE,FFIBAEREL2, .., N B xR
Bl & [y w ] ¥ 2 Bl Q BRBESBG 0y, Oy oy O 0@ & R E 0T

/, =1
u. —/. 4 =
OCi/=</+(] 1)( ; ,) ,Zﬁjgg—l (;‘ ;\‘ 3. 1)
) 0-1
=0
Hellyyy Oy vy O o $HEE WA 2 RSB N H P o &2 374 o BHIk

Ho B FBOSx, <10 (=1,2,3) P37 | 40T

1 1 1 [0 0 0]
1 2 2 0 5 5
1 3 3 0 10 10
2 1 2 5 0 5
OA=|2 2 3| =2 OA_,..=|5 5 10
2 3 1 5 10 0
3 1 3 10 0 10
3 21 10 5 0
3 3 2] 10 10 5 |
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3.1.3 %% A

BiE LA REFL R A kT BVRE F R HF 2R Bk
ERCERN - NN S R i Flg a7 o TR ), ZIERZFTHR? & ¢t I F %K
ST B % B FlRORE khd sk G jk’fiiésﬂazzjlej/e’
HP Fi-BHEEE F5 7% % BFEZEY RELZ P E=1>
ZRIF,=0-

%33 a2k s4Ti B FEb A

1% i SHc

5% = e F-1 F-2 F-3 y,
E-1 L-1 L-1 L-1 9,
E-2 L-1 L-2 L-2 7,
E-3 L-1 L-3 L-3 .
E-4 L-2 L-1 L-2 I,
E-5 L-2 L-2 L-3 J,
E-6 L-2 L-3 L-1 Vs
E-7 L-3 L-1 L-3 7,
E-8 L-3 L-2 L-1 Y
E-9 L-3 L-3 L-2 o
Sj1 Shi S12 Si3

Si2 AV S2 Sr3

Si3 S31 S32 S33

GOF 5% %% Esf&=clicy L ks §5i2%%kE
Flot o 4otk BHERSBOR T B A T RAE > ok AR Pl P R S0k
ﬁfﬁ%;ﬁi’%%ﬁﬁ&&mﬁ~*w%’ sk 48] BB R
SHARG TR ATR P H R TH A N FF Y R EDB B o bl
&ﬁ*ﬂﬁﬁﬂ%%%1ﬁ%¥%¢§r%p%pﬂﬁW57p% i %] %
ﬂmﬁ@?ﬂﬁné*ﬂﬁk?ﬂ””““¥_L?’%uwﬁL?“”%EF
KBS FPAE GBFEY o EY F - BoKEIFS S oo

P ek F1 B e 30 B ek S 0 Ak ARk §
;%"Flf'ifm}i-llj% 4“‘%'%*l?é‘—/ifT%“?ﬂ'%i\“‘ﬁiﬁdﬁ’iii

L2 m’ﬁﬁ@iﬁsb APEHE o
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3.1.4 B EREE

38T IR pH i A A R U T $ P kAT 2R iTHREE
TR ‘**ﬂ”iﬂ“iﬁﬁﬂi FE o BHRAEZTL - FRREE
TR T I g A E o

B IS 2 A T R S BEIE S ACEE S G Rk AT

T2 S h R R BB X F REYE e W o RS R R R
%4?@@’“4*@ﬁ%%méﬁﬁwmmw~%&&?%@éwuﬁk
PR G )0 RIA T 0 G R B T 0 T BT W B 5
FEHRY NI RIEE B L L o
BAFE Y o I BCHELE T E LA MBI AT B R B REE D

32 EXAfcEFRE B
A EEAEARERREZOFTEAR > LR L S A AREIFE 2
FES BINASRFHEP > P UB) R ARG CRERLFESHER
3.2.1 442
w1 * B % £ £]i 47 4 fZ(initial harmony memory)F¥ > L #-F {7 7 [ &

f-év\%ll,é}%,l—,, }\‘ {%%ﬁi\’ f‘?%@ﬁx"\ 3 %ﬁ'{#u 41 j\ 4L %LL z——)iix tp

, -1, =max(u,-1)

1<i<m
10, if rlnaX(u -1,)<100
- 20, 1frlnax(u -1)>100

B su, el pu i Rlx,hr FETR ML FRL L SEA
PR enE A T kw5 D), wD], [1(2), w(2)]-[10S), u(S)] -

u —1
1(@)=1,+ @i -1)(—+"="+)

M0=%;4S—oéi§lo 2o i=1,2,..,8

S Bz AR AR R R(0)R 3 REEBES m 2 E

23



2L, (0" t3B3 ey BRARFRGT M T 5% BF%k=ki MxS=x o d
M xS =3 5? FB I EAFch HMS = 3 Bk i3 (% % 4= 40 f2 HM o

BHRP > BR- BERGECNET ZBRE $RFER
0.5<x, <105~ 35<x,<65~45<x,<75 8% 7k E#RO=3>3 %
FRES=5 5B+ E4T:

[1(), u(i)]=[(2i 1.5, 3.5, 4.5), (2i+0.5,6.5,7.5)] for i=1, 2, ..., 5

Ay - B3 3“; FE'F [1(1) u(l)]=[(0.5, 3.5, 4.5), (2.5,6.5,7.5)] &5 B 1L 14

a, =(0.5, 1.5, 2.5)
=(3.5, 5.0, 6.5)
a,=(4.5, 6.5, 7.5)

AT EAL(P)EF 9P %

1 1 1] 0.5 3.5 4.5]
1 2 2 0.5 50 6.0
1 3 3 0.5 6.5 7.5
2 1 2 1.5 3.5 6.0
OA=|2 2 3| =2 OA_,..=[15 50 75
2 3 1 1.5 65 4.5
3 1 3 25 35 175
3 21 25 50 4.5
3 3 2] 125 6.5 6.0

PG AR B 3 2R LEFINF R HBF 1 Ix5=450F & L
A5 X B P PE D SBGTEG BT HMS BT 5 4740 fF HM o

322 FRZ2EEH
EPAdofd HM 16 > 3 {ri0F FE 2 B4 7H0F -OHS 1 £ 5 = 7
HWE P4 0 2 2 2 fe(orthogonal crossover) ~ E R f 34 (orthogonal pitch
adjustment) ~ L 3F (random) ° i K 2 F - R EFIG PFRF=A Jf}‘-ﬁﬁ |
2= F HMCRXPAR s S 7 & LHh > 5 HMCRX(I—PAR)m%}‘-ﬁ‘

FERAF G I —HMCR chi % & v (72 B8 4 4 — 2f% » OHS qrrg*
AP R B 4B 3.3 B WP Aeis o



PAR

HMCR

7‘ ‘Lgb

1—HMCR
3. LB HE
# 5=1—HMCR

B 3.3 OHS #7% A # #4122 4% 5 M (4
E’?&EQ%\'?:%:’EQ,{ bgﬂmﬂ—%|ﬁ;ﬁ'{mﬁa4tm F—J’I}]LL%"?%

® Bl H

Hho Hem BREAS L FHETEIANTEBEKS Fo A kR
O=3 %12 B#ci F22324&L,0") -

EOEP > BK G 5 B REx, X, X 0§ F=4 IS5 B R S
4 FH (X)), (X,), (x3) (X4 X5)} » RIRASE L4 OA#HF L 5 OApey * @ F 5%
Birdl s 9 > TRt #k? ¢ FI¥E B = o

OA = - OAnew =

LW L L NN R, =, - l
LW N =, LN R, WY -
NS O " I \C R GV R \O R
S S \C R \C R GVRE GV R \O R
O O B O NS N N
LW N =, LN R, WY -
NS R O " I \C R GV R \C I
—_ W NN R, W WD -
GV \O R (O R G O A

OHS & - fRjFitpr > — 2 @ % F|E 2 4 ¥ Pl FiE pl#
RE'TWH L F > FRIMEHET FIEBES mZE 2L, (0")
YA 4-4E OHS = TS 4R TR TP
1. E 22
(1) FEPFF - R2FIF HMCRX(1—PAR)s S F 3 72 % L fee
25



(2 #it P BEE I[P AETREY M2BNF -

(3) #iz=> 5t

;Fl: xXod HM ¢ 24 2 l‘__)ﬁ}:’Xl :[X:,X;,...,X:n]l}”—t-? X2 :[xlzszzj'",le] s o
3‘%6 i@‘ﬁ;ﬂ']? é—j\ﬁ;g FE"& s @ :""‘ TB;; -7‘; FE"& ’ -7‘; FE'F%@ :‘%' [lparents’ uparents] °

S B N S )
Zparents = [mln(‘xl 7‘x1 )7 mm(xz ,X2 )7"'7mln(xm ,Xm )]
12 1.2 )
u = [max(x,,x; ),max(x,,x,),...,max(x, ,x; )]

parents

BE(DR)R EFEFR Y AL (00) g bt 2B

3éi?$%o#§ﬁgﬁ%m?$% LIS WA TR VRIS -+ 3.
SRCER | R B X,

dob X, SBGER BRI HM P B P - e iz PR X, I B
Wz FEHME > 3 HM ® L eh- 23 A Fa o T LR HM -
ok R K HE R ER R > FREFT - RFEE o

(4) BA L ¢

MM BRG] 4ol 3.4 2B 35977 o p HM P "EE RS 2 A
BB FABENARORSEE > B 34T HFRY AL BRLLFR
Bt Ere i F o d ERAGPIRREHIT% T %
fshed Ak AR X B Ak B P %E Ra A-B &
KXoow T8 30 AR o e 32 fRALEE © 5 73 B0 3 o DR 32 2P o] 3.5 7 3
U R BN ;—'l_i‘i%:}ét}%'f B F %I X, BN R R
BRAREE > 02 L EBARE © BB R A -

35+

30+ 1 30

25+ 1 250

20+ 1 200

L L . L n L L L L L L . L n L L L L
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

i)
(98]
~
Jrml.
“F
“F
‘5;\
&E‘a
b
3
H
=
g

5
=
B
:gu

B EpF 2 R
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451+

40+

35+
30+

25+ A '(? ,,,,,,,,,,,,,,,,,,,,,,,,,,, 5

20+

E R pE
U)ﬁﬁ%ﬁ:ﬁ~@ﬁfﬁ$HMGMMRﬁ%ﬁﬁTEQﬁg°
(2 L &#0 HEE IHAAE - RERF O LRF RS R E G

(3) #ie=> 5t
KRRz BFHM)? "E18:E I - 22 X =[x,x,,...x,] > I * | g &
A 2 X =[x, x,.x |8 X, =[x, ] B XA A o

x}le.+xl.; xf:xl.—;l. for i=1, 2, ...
Ho o X JRIET 08 0B L L bw ¥ AP bw 2iFE 2 %
Ho 7T x >N, bw) °
AL A X BT RXREN BT LT 587 24 L0729
L RBEIAAFHRE LEIERAPTREFEF AR LT B
Bk BTG EE ) Tk ERX,, o
K XEEERABIFRX, FR ¥ h- BFEEGHIIEE D
ﬁﬁ%éﬁﬁﬁMﬁXneXﬁw W BCRES [LE L F ) X +aAX
28 7 iﬂ*(fora 1,2, ...,5) 4% G v dF o R TR Y S w M AEF 0 E 5
25 AT BB FIAT ik

7L
1=
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step 1. (Initialization)

Get initial solution vectors (HM) by OED in the feasible space.

step 2. f RN1 < HMCR

2.1 If RN2 < PAR
(Orthogonal Pitch)
Select one solution vector from HM and use OED to generate a
candidate solution X in the pitch space.
2.2 [f RN2 > PAR
(Orthogonal clossover)
Select two harmony vectors from HM and use OED to generate
a candidate solution X in the space between them.

step 3. f RN1 > HMCR

(Random) Random generate a solution X.

step 4. Evaluate X and update HM.
step 5. (Termination)

If stopping criterion is met, stop the algorithm. Otherwise, go to
Step 2.
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