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Abstract

Harmony search algorithm is a new heuristic global search algorithm, which has been successfully
applied in many combinatorial optimization problems. The better performance of genetic algo-
rithm, simulated annealing algorithm and tabu search is demonstrated on the problem. However,
the harmony search algorithm is easy to fall into local search. This paper makes an improvement
on the generation of the initial solution vector and the harmony bank so as to improve the effi-
ciency of the algorithm.
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1. 531§

2001 4F, HhH[E%#F Geem Z W & 7 Al # R H L HS (Harmony Search), Z&E5 2 —F#itE &
TR REIEL, HS RIBORIE T 5 IRAME R AR AT, & SR FAIEJE A RO I BEAE 6 SA SR 28 1 5
BTN, BB —A A RS

HS BEE AL, T MRS, — B2 KRN A RIE. BRI B & A @,
B KB AR TR A SR R B A S A 2 3. SCBR[L]ER T —Fi R fif 4k

#1724 HMS. HMCR. PAR XHZBEIERISM; SCHER[3] 1 JeiiR 15 aa A0 48 R B R SRR
SR S T R 75 4 2R SR B 22 R AR A e L I PR ATk AT AR BRI 2%, B i R 7S 2R S R AR SR AT 5T T [+
SCHER[ATEEAN S Bk 5] N BOE S S B0 5 7 GG H T, AN R R R B O A . S
BR[SIPEH T —FhEEBUM L AL RAMAI B . S BIskul, A3 R B2 5 B N SR il s e 1) I i %
S EM . AR —Fh ALHS S5 Bdb AT 78kt 2SR e R A X T 23 i A A
B R, B T IST R R T REVE: SRS T I8 A SR R T HE R R 2 40 IS g v AN A
WEEFE T, A E R 2, BREIEBN R R, 1R T EERRSCR . S0 AE R
BEREIERCE AT HS HIE[2].

2. MERREE
MERREARE

R 48 2% BTVR O LA AR, o S AR 1212 )% K/ HMIS (Harmony Memory Size) Fl#%-Fh 2 8k 47 9)
GaAk, SRS IR — 5 ML A T IR R RS I ELRE B A RS EAT O, SOE A A LT SR R A A PR i
ZE RS W AT 5 4, 2 E R 0 BRFEAT 15 AX B 21 4K 380 5 D0 At i /2 45 1B 2% A 1R [6] . HS BV R A D
BA:

Step 1: i€ 7 LA REK) H AR BREC HS IR A S

max|ming(X)
st.X =(x, x2,---,xn)T
X €[x i=12,--,n

imin’ximax]
Horh g (X)) 2l ZHATRAR BARREL X & n MR B RR MR E, xRS, x BT
R HE X FX o VIR S B E T

n, REZEMNE0>1)

X PR ERITEE X < % < X

HMS, FR 242 2 i ) A4

O,
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HMCR, FlF 1017 B 1 {7 B 1%

PAR, A= BRI i ) B2 () i1 A 22

bw, (band width)flif i 5 FH 1) T4 o8

iter, IEAKET EES (WILR1E N 0)

Itermax, BVEM B RIERIRE(1F 1 54)

Step 2: AR#E Step 1 BILYHOM AN FE 1L AZ ZE AT BEN LRI 464K, o

R AT 5 2 1) B 0 B AN IR X € [ X Ximin |+ AN BUFN FEACAZ R b AN HIUR AR 1 5
Xij = Ximin +(Ximax ~ Ximin )X r
st.j=12,---,HMS
i=12,---,n
re(0,1) Z [AIAHEHLEL

Step 3: FJEHT (A 17 &
BRI X oy = (Xtnens Xanews ™" Xonew )+ FeFRRAS BRI X, WTIE = 07 5k
1) M PR B R RIS IE X0, €U (X, X X ) 5
2) (LR AR T I HUE VG B A BEILEFE X0 € [Ximax Ximin | 3
3) Xf TR I A L e S A B R AR A . B B AR I T
Fori=1tondo
If rkHMCR then // M\ J5 2R 55 ) Hh e ¢
Xinew eU{xil,xi2, -, xiHM S}
If r<PAR [/ JR 1k SRAZ B BEAT IR
xinew=xinewzrxbw
End if
Else //BEALIZEFE7 A28 R SR o)
Xinew=ximin+(ximax-ximin) xr
End if
End for
Step 4:  FEHAIFEICAZEE . Xworst A& Fl A 102 P Hh B 22 1 ) 2
Xworst =Xnew,g(Xnew) LT g(Xworst)
=Xworst,g(Xnew)Z T g(Xworst)
Step 5: FIWI VIR BRI RIF LA o dier = lter + Lo A7 Trer < liermax MIBkE 21 Step 3 4k2LIEK, B

BRI, BIREH,
3. BUHRFINEHEREE
3.1. A R AN R m = B o

I T AN A ACAZ R BRI RI A6 A e B BE LA AR 8 i) B AE AR S 18] R PR 0 AR DL W] RE A S B, AEIAAX

R SN R MR MRS, 76— E R LIS IR R R [2]. o T B, AR SR
XA 47, 40 6 v 5 B LA 9 23 FRHMS A X ) (A T X LA TR 1), FEE %/ T
) TR B B MDA BT 7 2 W R 75 A2 P 7).

HIae A 1) R X TR > R AR, AT DLORIEBE AL A2 A 25 1 B B 22 000, FEMR S 1A R AT
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RILIIEY, B T ST R i AR AR AT B, I T RS R BRI SGH B, 1R T A SRR R IR
41181
v, :{x =X, |xi e[ Ximn +(1=1) Ad, Xy + jAD ] (G :1,2,-~-,n)}
St Ad = (X e = Ximin )/HMS
j=12,--,HMS

Hepv, A EIREIN TR, Ad &K R TR n AR R T X R T
3.2. EFMAEICIZ EERI B

& GEHS 18 8 5HT HEME L . RPN ICAZ e R e 2 AR T B, 6 00T PR AR ) e 0 T o 2 A 1) U 3 A7
B, BNWAMELIE ., X PP s R Shu ™ R | A LA R AP 2 AR [9]. XAEET 73 TIRiE
G, FIFEICAZE P A ZE R R B A R, i H R SRR (R 1) = AR TR kA, R
BELREIERRAR. N 7 B FVEBN R R, IRmMEICIZ R ZREE, ARSI T ST B ik
THET HIRE 6 7y BT 7 VAR B W 1 7 V[ 1]

1) T HEF M2 50 B J5 % (Rank-Based Probability Assignment)

Y NP O R PR A ) A RO S B AT HE Y, MRS ARG S BE(B TE 0%, 4% A ) S AE Y
F I HE T R R R R B . THERDE RN AT I b 5 VAR SR B — Rl VA T R (4]

J7iE—(fH Baker 32, oA i SRR BT R T HIHER):

P(i) :]7/HMS (4 =(4 =(4 - 4)(i-1)/(HMS -1)) |
st., e[1.2]
A +A =2

777 . (tH Michalewicz $#2H, 0 &HE4 56— FIfE R = HER):
P(i)=0(1-0)i-1

ARSCR R — MO FOR FEE e, 4 O N BE (B DN BT HER U3 oL A e /) PR i ) 4
PEPEIIEZE p(0) = 0, A2 Ul IR AL 1) A ) 8 KO A 2 5 46 10]

2) HHLIEEF 7% (Roulette Wheel Selection)

S HER 4 BT B PR, B AR B BB q (i) = Sij =1p(])» VR4
= re(01) ZIAIIBENLE, 5 R ELEL, AR SR AT BT

Hr<ql)i=1, WP 1M E

Ha(i-1)<q(i)i>1, MIPEEES i MR E[11]

IR LR BEEIEA AR, Sy AR (s o5t i 0 S0 B AN P PR ) s i R

1) def refreshALHS():

2) global ALHS

3) newHM = createNew(ALHS)

4) for i in range(4):

foriin range(4 - i):
if calFxy(ALHSJi][0], ALHM]Ii][1]) > calFxy(ALHS[i + 1][0], ALHSJi + 1][1]):
temp = ALHS[i]
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ALHSJi] = ALHSJi + 1]
ALHS[i + 1] =temp
Pi=1]
lanmuda = round(random.uniform(1,2), 2)
r = random.random()
5) for i in range(5):
ifi==0:
Pi.append(0)
else:
temp = (1.0 / HMS) * (lanmuda - (lanmuda - (2 - lanmuda)) * (float(i - 1) / (HMS - 1)))
Pi.append(round(temp, 2))
if r <sum(Pi[:2]):
ALHS[1] = newHS
6) if sum(Pi[:2]) <=r and r < sum(Pi[:3]):
ALHS[2] = newHS
7) if sum(Pi[:3]) <=r and r < sum(Pi[:4]):
ALHS[3] = newHS
8) if sum(Pi[:4]) <=r and r < sum(Pi):
ALHS[4] = newHS

4. SCISLER D
4.1. Rosenbrock iz e85 ¥

RIGILET: Windows 64 K EE(E R 45; Python2.7.10 %5 PyCharm 4.5 4. HFrek% Ny Rosenbrock
BRA[12], Z R EUE— RIS e A SR P RE I AR I™ R 48 . Rosenbrock R iR/ 45 i 2k KB R I 2%
%, A MEEA TIMEE LA, HILENREBEAKR, BB MEAE R, 4
BsMERLT (X, y) = (L) 5 BUEDN f(xy) = 0. S5 247 HMS = 5, HMCR = 0.9, PAR = 0.3, Bw = 0.01.

1) FasE A

MIE L, B2 e PR R S ALHS B8 %R 2000 H bR s 80 BUE G078 0 i, eshi
Ny RBGER) HS SRR I H AR R B BUE i 3B B R S, PEhOR. X R, ALHS BIETET K
RARAETTTEL T HS Sk, ik sesmrfF(e 1), Bk b, ALHS SiEET HS Hik, (H2pEEERIKE
BRI Z , ORI R,

2) THREI

P 3 TG s B IEARREE N, HS BE AN R, ALHS B I6 38 BN SR B i,
XA 7R UL A T SO R S RO A T BN R R S A A R, AT e T SRE R MR RE R HLR R T KA
DA SHe AN P B9 1) o K il A
4.2. HERRNEH(E 4~7)

L5 BRIk ORISR ALHS FERSE PRI LR I B I (2 15 B N =y B i 0) 7 AR Z240 T HS (O
SO AN ) .
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Figure 1. Rosenbrock function
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Figure 2. Comparison results of stability test algorithm
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Figure 3. Performance results comparison chart
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Figure 4. Girewank function
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Figure 5. Performance results comparison chart
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Figure 7. Sphere function performance results
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Table 1. HS algorithm and ALHS algorithm to find the optimal value of the data
% L HS BES ALHS A SR B MEREERE

HEEARAE f(x,y) BRI 1000 5000 10,000 15,000 20,000

HS-f(x,y) 15.0733812 2.80783099 3.43908 0.13252056 1.9447976
ALHS-f(x,y) 3.1549648 0.2028839 0.0139705 0.0096196 0.0008727

5. &g

ASCE R AN AR M REA L, R T — P ecdE AT S0 ALHS o 38 1060 AR Fle 0 e g i 2 14
ik, KA SR Rt R T EARPERE . P34k, ARSI ER AR ARl s
XL T BAASIE R T SR A Rk o AERSR A, K B 7 AN 7S B3 A0 1) L FH 0 4T F 72 5]«
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