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Abstract

To overcome the prematurity and low precision of Fireworks Explosion Optimizer (FEO) and im-
prove its convergence speed, an improved FEO (LFBFEO) using Lévy Flight and Boltzmann mecha-
nism was proposed. LFBFEO initializes the population by the good-point technique and uses Lévy
Flight to improve the explosion operator of FEO, which not only can guide the individuals’ approach
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optimization fleetly, but also make the individuals have the ability to avoid the region of local opti-
mization. Moreover, we introduce the Boltzmann mechanism into the selection operator. This
mechanism makes some not-so-bad individuals accepted and makes the algorithm avoid premature.
Finally, experiments were conducted on a set of 6 classical test functions. The experimental result
demonstrates that the LFBFEO improves the FEO and to some extent it improves the algorithm con-
vergence speed and accuracy.
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H L HIE(GA) [1]BLk, KT BER % (Particle Swarm Optimization, PSO) [1]. 7 Fi# 1k (Differential
Evolution, DE) [2]5- 8 REMRAM AR FL S R, ASRARE 2% NP R SRR AR T2 KR iU,
BN TN RE USRI S8 R o AR SEVE IR AT DU T S BUHR & HO0 7r R R i S A0, SR TR
17> AL

HHAE 4 % [3] (Fireworks search algorithm, FEA) SV MHAE B IE RIS AR 8 HE RU7E 2 1) vh B B 7
i, FHE SRR AR B U BORSEIL L . AESCRR[3]H, 120 IR A 8 2R R B DL St il A& 5+
BURIHEAT TR AT o o T o R R SRR, A AE — SRR Re A P LA A 99 50, e L3
SRIREEARSE . SCHR[A15T 0 FEA AP ESH, BEAR r 34T TSGR E, DA G J5 A 5Crp i
A2y 0 . SN, oA FEA BA AT 4 RIS AE 1. STHR[S]ET X FEA BEAT SN 5e 3%
RIBSCEEAIMEIE, X HRAEAR . KF 0 AR 77 10 S5 5 B ) FBUEEAT 1 VRS R R B, A S B B AR
SR, R T SRAFAE 7 SR AR LEA AL (Firewoks Explosion Optimaization, FEQ)& i, il i A 56 sk
HIXTEG, BRUE T FEO SHVERISKAERE /1. STHRI61E T 51 N1H% R A2 L ok B FEO Sy iiest
REy. AR, BEALIE R T RANE RS BT R A B BT (5 B, R AR R R A A AT
A A HONE 55 AT B AN R AR B . SCRR[ 715X S0 SR R BE I ZZ B L, SIS
AL S0 FEO Sk, il I AR BT, 9 KM B I RV, SRR HEIRIIERE ). SCHR8]
W RS SRR R R AT B AR, 7E FEO Sk Eat B A5 % T PSO B sg i L, @it
TR AP AN SR DL — B MR 1) H AT CA IR AL B S, DLSRBUMEE A AN A
Z MRS B RS, FEAE RS FAEB TR B AU S .

T M FEO BUSS AT, B SARAERE, A SCHEH —FrSH] Lévy Flight [9]-[11]F1 Boltzmann F i
FEO (Improved Fireworks Explosion Optimizer Using Lévy Flight and Boltzmann, LFBFEQO)%.iZ.
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Figure 1. Flowchart of FEO
1. FEO EiARIZE

PR ST AR RN v, £ 2T A B AR I 0 i STRR[7148 T 7P AR AT 5. i
FIRYEEE N m, Hm<SHF, S X, (1) i TR EARFR R ET 2m ANJ7 1, 20 EAEAR e 2r/3. r/3 PRI I
THERL. A m>5 0, WM m SRR PR BE LBk EAM R =HT717 X, Y, Z, BATTRANECN
m/5, 75 IR LA R BT A1 7R e ml5.

X 7 L3245 v PR A AR, AR Y TR 4% 203 PRAR I AL, E Z 5 B i3 PR AT . MR
YERAR r R B LA (2).
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SR
3. RZA Lévy Flight #1 Boltzmann BIZUHRIEIBIEL LB %
3.1 ETELENRLMHE

%18 FEO SR ABIE R RAUEIE BT PR, SEOURBERIEIL, JRAE P42 r B4R, R b
HUIT SRR AN, ol TR REAE A7 2 0 P 1A 2 LR ALIE 3l CAGRAIE S8 I RN S P 7= A MO i P
fRZSE), WIAEHRNEAR o BUE IR A PR S SRR ORI . A SRTEFI BRI A AL, & FNRETE R 25 1F) P 33
5100, R R xe[b,a], M BIERIIG A2 = (a-b)/2, WEECARS. SH, iHAT
)7 85t LA 2 o AR SCRR[L2] BT FE 4 SRmT 1, P ) R [12] [L3]HAR P A AR A 23 A7 EL BB
BRI = A B R RE ) AT SE 9380 5), R 2 AR PE N o BITLL, LFBFEO KM sURUEAT PRI 42 1L o

SEX L. s UK MR AE ST IR Y, ARETR N
Pn(k):{({rl(")*k},{rz(")*k},-'-,{rs(”)*k}),lskSn} oz, HIrev, . mRHMmZE o(n)=C(r,e)n™ 1k
S, Hb e RATEIEES, C(re) RAGr e HXMEHL WK r AtER, P (k) AtESE.

— MR T, BUr={2cos(2nk/p), 1<k <s}, pi(p-3)/22s B /NEREL W R,

3.2. Lévy Flight

Lévy Flight /& FHEEHLIE K L], BEFCRSCREN], R, A eSS BAT R MAT 8[9] [10]
FEAZALEI T, ATV A RENS K B I (8] A R B R S /R IR R AL S, EPTRE R L]
FATEEAT , DRAIE 70 T 22 (3 R A R b . B ROR RN, 2 A AR BRENL, Jf HARER,
X2 A MALE ¥, Lévy Flight 2y BAHFHE R HN% 2 —[10]. Lévy REIMER A Oy 2 30
() EA

PW(x):%J':exp(yq“)xcos(qx)dq (3)

N 5 52 R B RT DA e HL AR AR o B 4 B A oisE L, WA 3(4)

ga,ﬂ(y)=exp[iuy—6a|yl“ [1—iﬂ|—§|tan(§am (4)

AX@) T ae(0,2), WE VZELRENDARNE o - 20, HHIEERMNESD A, a=10,
BN ARG 34, a =05, B=1KF, A Lévy 73fi. Be[-11], 28>0, Lévy ¥tz
HATRIRR, B =0 MM A, S <OR, WM. uABEMKE, 6 FnRBNLIR SRR KT
o H0<a <2, Lévy A5 22 BB BOF R EOE U8, H MR DU 2 (1 SR AL A0 B
TCATRUB R MK BB CATARSE A, Lévy KATIERR v 2 R AR K Bk ER HL 7 1 225

BE Xy (1) 220 t UOERE R B AEME, 08 TEZ W5 SR 2R BRI A @GR,
REF T FRERSCSIT 1) o A R VR R B AT A SRR I, AR X e (U) T 55 1O 2R IX 30 SR S5 WAL
TA R B R X 53—, %5 RO (G BT R X e W R, TZ XA &
G AR, WIS AT e AR sk, A T ik FEO Bk 4 Rlesl, — 7 i L iZAd 2 e AMATE kI
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FEA ) X o FTAE DCIREEUT, EXS X JA FEI R AR ARIEAT AR (0 SR AR R, 53— D TN AE 2 OS2
e it — € LA T L], B IR IMAABE B LRI X o FIHL REWS SN R RTE I 25 W) . 45
# FEO FUEMIHRF ., K FEO SLE RN SLHIE N A K (5).

Ei(t)=X;(t)+ Levy(/l)x(Xi (1) = X pes (t))+ rb.r; €[0,r] )

Levy(A) FRBEFEK IR Lévy 534 U BERLAE 2 7 &

Lévy Flight HLEIRIBEHLBEER, A AR MA BT B X gy BUZ . [HHIEF] FEO HIAR NG 514
ZORNG, TR AR IR SRS AR D7 e e, BT AR I BT AR R S, S AR MR S
WrlE B ARMR AT . 1 ta R BUNAETE G BEN LSRR B2 (BRER, A Be 8 (Rl vh i A B BRI Bk R
TR AR INRE ST, RN L RS LABOR RS 40 (1 /N KBRS UF (0, AEFRREI 2 FEvE S B2 k2 T s
WP, SRR UL .

3.3. &F Boltzmann Hl&lIE FMEIEE

3 FEO S0P R FH SR “I€ 1 oM e TR BE, BISIE A SR (S) P2k TAME, IR A0f s
B T RORE, SR S LRI HUR], A OS RE SR MOCIGEFE, 1128 5 b B AR B o SRR
FRFT, A VL DA LL 0P A3 5 1 L W R L, BB T MR 2 68, 0
TR 205 R T A2 R SR OB 3 . 8B RAAETEHL S, W T AR
FO 0t 75 2 0 15 LA B

FEO S35 AL RAMA AR A R (5)PE B A TAME, M TAMESEIUE S 507 R, S HE R
AR X (1) fEATFRBERIRE 5 QM X, (1) 54, 5 AT Boltzmann HLEI I EHEE, DA—EHy
A2 AR X0 (1), WURARECIMISH, HER 514 3K(6).

P = ( ity (£) = fit? (1)) /( fit,ors (1) = it (1)) (6)

fit o (£) 67 tACFRBEFH B2 T KOG RIEE, i () 6% X2 () B RIE, fit, (t) For A2 Mk
X, (t) HI3E ML .

0 X () JEFHAAE X, () I, p>1, BEZHAE XD (1), FFAIES X (1) 24 XP (1) HTFHR
AP X (1) TBMBER p 43 XP(t) ) FF LU BRI RIBE AR ZE A X o (1) =

3.4. LFBFEO E ik

#: 1. LFBFEO

A — B, PR min f (X%, %) xe[LU]d<isn) A, MEMLERERRA
X=Xy Xy oo, Xy ) o AR P b Ao B P B BN £ (X)) BRAESR A H bR ek %

R L VIR RS o REARIR S iter,,, » FREERIILARE N, WIURIENE AR, ZIBIEE R,
BRIt =055,

S 2. PR SR E A2 11 9 2 A BRI P (0) ={ X, (0), X, (0),-++, X, (0))} 5

AUR 3. MK X, (1) LB ARG HATEE T LF R IEIER R 0E, AR E(t)

S A, MR E (t) PORERRE LI AR 0 /M A XO (1) 5

W 5. kA A RB) MR p = (it (8) = fit] (1)) /( fitors (1) = it (1))

BRE6. MR p>1, M4 XP (1) BHEAME X, (1) B, DUER p B2 X (1), BHpsmEtmm
B X o (1) -

IR T, SRR PATRNEAZ S R RCH S5, I goto 23R 3;
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. Vo b 21 iter , —t
IR 8. B t+ LIRIEAR 212 rm:(.—“j (Yo = Tong )+ Fopg 3
iter

APR 9. FEI A L L LR, W AT A X e (1) FFETRENE, S v 5as R B,
goto B 3 N T — kAR

4. iAW S5

N T IAESE A R, A SCHHT T KRS . M AHSENLGECE N AMD Turion 64 X(#% CPU,
CPU F4K 2.0G, THHENLLFYEL A AT 1.87G. A Matlab6.5 “F- &% LFBFEO HiLgmfestil, WKHE5
FEO 3% DL e 3443 etk i) M AL M 8 R B922(FEO [7]. GAFEO [8]. ESA [9]. PSOFEOQ [10])#4T 5256 %
. B 2 598t b SE RIS B B 30, LFBFEO SUVAMIBRIE 1S40 N r, =(a-b)/2,
Mo =10°, HEHEZENSHEE S %% B R

NT AT, FTESIERERREI N 3000, FyEMATIZAT 30 Ik, HU 50 YIS AT45 BT E AT
B EEEMH K 6 MR ES T4 1o XTI H A% RI0-FE(Mean). #7572 (std). SIS
UEL(num) ISR~ 21 AR R (iter)

Table 1. Benchmark functions
%= 1. Benchmark &g

TS ek G BRI A v
F1 Sphere f.(x)= Z;Xz [-100, 100]
F2 Rosenbrock f,(x)= 2[100(Xi+1 -x )2 +(x —1)2] [-30, 30]
F3 Schwefel f,(x)= zl:[z; ijz [-100, 100]
F4 Rastrigin 1‘4(x)=g[xi2 ~10cos(2nx,)+10 | [-5.12, 5.12]

fi(x)= _ZOGXP[—O.Z@J

F5 Ackely [-32, 32]
—exp[lzcos(ani)j+20+e
n J:l
n X2 n X
F6 Gri k f (x)= i JJcos—+1 —600, 600
riewan 5 (%) %:4000 1:1[ N [ 1

%2 AR S S0 L R AR R AR RS Sy 30 I IRISRARAE L. X T8k fL 0 IR RARIE R MR T 2,
LFBFEO. PSOFEO. GAFEO =ANEiEH4E T FEO. ESA, TMifEiX=/AEikd, LFBFEO N2 & &K .
f2 REUE E L HIEBER$, LFBFEO &5 PSOFEQ HykRIL KT, FVERIMREME T ZHEMTHE 3
ANEE, LFBFEO WA UFHI. F3 REUH THIS EIE MR, LFBFEO f§ifh T- PSOFEO, {HASRZF
—AMEERA, BT GAFEO. FEO. GAFEO. 7E f3 [fifiJr % I, LFBFEO N if 1. fE=12 &
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B% 4. 5. 16, LFBFEO SHVETCIL 2 ARKE B4 2 AR 1N 77 22 40 B AR T B ARG B . 32 3 M T #E R
o BESE A 100 B, 5 MNEIAMRERE AT 2. &5 55 IR RRE /15 30 4ER 34 BT %
LFBFEO VE7E f1 b IRIfRKS B AR 77 2 b %% PSOFEO M2, (HE Al T H e k. e 5 MEik
b, LFBFEO ByERILH T BIFHIRERE ST, NS FERAETT 2882 AR . 2 4 FH 7 7€ 30, 100 P
Y1 b, S EXEERWSIURTh R, TSR AT UE t, EAEI R AL b, G R R

4k, LFBFEO WSk #p

S

R o

Table 2. Testing results on 30 dimension (Mean*std)
< 2. 30 4 _EAYSLI04E R (Mean*std)

kg FEO GAFEO ESA PSOFEO LFBFEO

F1 4.21e-20*3.71e-21 6.35e—58*7.21e—33 3.51e—36*4.16e—-36 3.28e-59*7.32e-57 1.56e—59*3.81e-57
F2 2.19*%8.62e—1 3.72e—3*9.01e-3 7.45e—5*1.24e-5 6.71e—6*7.36e—6 3.71e—6*6.37e—7
F3 8.17e-5*%6.56e—4  5.13e—28%6.65e—26 3.21e—23*1.77e-20 4.42e—35*1.65e-35 7.78e—35*6.53e—36
F4 12.82e—2*0.72 4.12e-38*5.17e—-36 5.76e—29*9.18e—30 1.89e—36*2.47e—-38 1.78e—38%*6.02e—40
F5 1.01e-3*0.33 1.89e—28*3.62e—24 6.73e—10*3.16e—11 7.72e—-32*2.51e—26 5.27¢—35%*6.23e—25
F6 3.19e-2*6.53 8.10e—34*7.22e—34 6.32e—22*5.30e—20 1.10e—36*3.26e—-35 9.01e—40*4.71e—41

Table 3. Testing results on 100 dimension (Mean*std)
< 3. 100 4 _EAYSCIR 25 R (Mean*std)

kg FEO GAFEO ESA PSOFEO LFBFEO
F1 3.82e-10*5.11e-9  6.12e—18*1.27e-17 7.10e-19*4.81e—-15 7.16e—35*2.46e—-31 3.54e—34*9.01e-31
F2 60.1*21.2 11.47*9.23 6.37%2.31 0.229e*0.654 8.01e—2*4.12e-3
F3 3.91*10.26 5.74e-12*4.52e-11 4.63e-10*1.91e-16 9.01e—15*2.18e-13 2.17e-16*9.45e-12
F4 7.67e—1*1.68 3.13e—21*5.14e-19 5.96e—13*9.04e—-15 5.79e—30*1.76e-29 1.79e—32*9.02e—32
F5 19.89*11.23 1.89e—1*7.16e—-3 3.71*16.11 5.27e-5%6.12e—4 7.15e—9*4.01e-11
F6 29.13*22.05 2.32e—3*5.63e—4 3.62*1.39 6.81e—6*9.18e—5  4.91e-11*2.93e—12

Table 4. Comparison of the number of successful convergences (num3°*num?0)

Fz 4. BRWESIR TR BRI XTEE (num30*num?o0)

Func FEO GAFEO ESA PSOFEO LFBFEO
F1 15*10 28*19 25*16 28*22 28*22
F2 8*0 22*8 22%7 25*20 25*20
F3 12*0 23*12 22*13 26*21 26*22
F4 6*2 26*16 26*16 28*26 29*26
F5 8*0 14*12 9*7 26*12 28*17
F6 9*0 25*12 10*9 27*18 28*20
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Figure 2. Convergence curve on fl1
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Figure 3. Convergence curve on f4
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Figure 4. Convergence curve on f5
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Figure 5. Convergence curve on f6
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