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An improved electromagnetism-like mechanism algorithm
combined with the DFP method

YIN Feng, WANG Yao-nan, YANG Yi-min, CAO Wen-ming
(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract; When optimizing a continuous function using a standard electromagnetism-like mechanism (EM) , there
are known problems, including selection of optimal parameters and convergence speed. Numerical simulations indi-
cate that EM is not sensitive to initial values, but algorithm convergence is slow and may even stagnate in the latter
part of a search. One of the possible causes for stagnation is the equilibrium of dynamic forces between particles. In
order to improve the performance of the EM, instead of the latter search process, a quadratic optimization method
was proposed. When combined with the Davidon-Fletcher-Powell ( DFP) method, it optimized the approximate op-
timal resulis obtained by a pre-search with the EM algorithm. This hybrid method fully exploits the strengths of the
EM method and the DFP method. Experimental resulis showed it to be more efficient and precise. Finally, some
improvements were made to the construction of the EM and a framework for the EM method was established that al-
lows continuous function optimization. These results provide a reference for more in-depth study of the EM algo-
rithm.
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Fig. 1 The solution curves of the best evolution with differ-
ent particle numbers for test function 1
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Fig.2 The solution curves of the best evolution with differ-

ent particle numbers for test function 2

T o VIR B
4 o At fi
3 + T B
2
S *
1 o
Ot .
1 ®
-2
-3
A S E— i 3 5

B3 EM ORISR T LB
Fig.3 The distribution of particle positions before and after

the iterative calculation

Gi)
WAL R T

X 4 {7 B R
SRR TR
]
WRIEQ2). GTFEA
HP ORI BT &
[ AR 4 =) T Bk T . B |

X

Y
| 1t AR LB fe |

2.2 BEFEMEEMTHKEASITE

B BSR40, 78 EM B HREH, hTh
TREH T e B I SOE T M 2 H e
W BARTE EM B3I A RBERIH TR EX
—158 B FHEREE RN, NTiERER
WREBNELR, N EM Bk T BERERBER
AR T, X Bl SR Bk BRI,

T EM B 5k Bk S g e w3 BT
BRI SR R AR A A B DL . X T — s R
B INRR B R RER S D EE TR0, MR A
MR AR BT . R v B RS R,
—FHEATRYSE e R R 3E EM Bk 005 B R,
g HABOE AL T 5 EM BRI AL 4 Rk AT —
WAL R SR B AL .

BRI BARE— B 5 TR, et sk 1785
PN A, SRS R B vk Xt EM L TR0 4L 45 5
BEAT W A4k, BIE B3R A EM BBk R 8 R M
B SLIREABIBAR , W0 SR B RV SR AR S
SR, 08 1 T, B MR e , SRR
REESHE— SR R R . 3R R4 B
PR RS 1, B R ILE 4. Hb R m B 10,
EM BB 5k A5 50R 30, 1B 4k
HRAWMTFARITED.

Hl = Ia k = 1;
®, O Ha®PaPTH
_ 4 4 k
[Hk+1 - Hk +p(k)Tq(k) - q(k)THkq(k) s k ?é 1.
ETEMIG PX =X 1
A H =131 Ab a6 B E
g=Ve(x")
=1 ]
[T IR 1:4—H g
¥
| R K, | A
! 1
(k+1), &y k yik) %‘Eg
‘ xT=x"Ad | =

| ve(x™M)| <e

i 4 FRox=x™" | WEH,, k=k+1 }7 <

k+1 k) (k+1 k)
T e

q(k)=g..~&

1

B4 EM-DFP B &:HHE A
Fig.4 The flow chart of EM-DFP algorithm



. 258 - BB R & % #®

®5%

EERTES, AR T 1 RORE R
2, AR RS B R BRI U L. X o
B 1 FEMNER 15 WK, B MTRFHI4 EM Bk —K
AR R i — R LAk BT 458 B9 s HoiR /MEL L B
5. BB S BIARGRT M, & IR KRR E
REBRKERS ;IS EM Bk RIBRM
(A 1B 2) , “RIEAH IR RS T
EM S8k TEASCHTHE LG, B R 1 kR~
W R , 17T LU 358 B 7] B B LA
-0.80 .
- =kt !
~0.85 p ZWRARAE !

1
1 i
1
\ \
g 0900 [N ’,
= Vo /
4

1
1
: !
i
> Vool 1
!
I
1
[

=]

= -095F ) v

~

-1.00

N -

J ] A I
S

-~
c -
~

-1 .050
Nl
B5 XTELE 15 Wit 4 RIET KM ER
Fig.5 Quadratic optimization results for the results of con-

tinuous 15

3 S RERK EM &k it

RI|LRER, RN T LR

1) FPREERR R DI 45 55 RE I R AR AT S 8
. HRIR AT AT, R R E m BUERURR, B
RIS R BB R AR , (B3 AR
m SRR AR, 3T R 4R UL R, By
IORFRERC m ST BERER B R HOTH R, 5540, 0
RUERTHGL L, ERT 1 Bl KRR R,
R[] BB A S ARSI HLER RN, e Al
SCAHTATAL E—REA AT RACFHER.

WRIERISCE RAT 0, EM B3k % TRe s @R M
BIFAEUR, B EM B RA BB 2RBRED.
VAR 1 85 R0 B, B AR TR T35 B i S 1B B
AR L 15 2, B m B S0 BT AR 2
TR T Al m BUEEV/MYIR DL 3 TR m 19
T B RnEBA — A B E AR T U EREER,
EHE I NN T — Ay S ML R, R A EM
BRI R BEAEL2, 10 | B HX H R
{EL R H] W TR R A R Z0R. R R,
%5 18 2 [ AR B 4 R R 7 AR B R 2R S B R T

B RALT R m.

2)EM BEREREBRAIE BB R RRE
AT RE H LA . EM B3R R SR AR R R,
FERT R s R, iR FAR T E TR A B R
A BB ARARAL B, T B T DA RS 3 B S i) R Y
BRUUAR. (B SE— MY 1 DL &R 16 B DL X 3
FRE RS, b TR R EH R 5], et
HAE F RS T 0 BUBIET 0, Jeht EM B3Ek
A ISR I B AR SR 2, 7o B B SE B 2 2K T
R B, AT & L i S o R 1 22 1 B
¥is , NI B 0 B 1 T 2R B L T i s A28
RO, BB R

3)EE KRR I BE R B R
HEMREE. 7R T RRLRT, 50 F 50 8%
DUELLRE SR, R AR S EM Bvk A0 B B e SIUpL i
BRI — R —FA B g o K EM B
BT S S, RIVE G BT B
Fubht AFHE EM Bk E RER R DR, B
B AR EM Bk R @RI RO R, i —
HHRR T ERER.

M EM BEARGHELE, T 2 4~ H
PUECR SR 8

D) R R, LRI R, R A=
AR, o T RETERR, AT
A R A R AR RS R, 6 F R R X AT B
PR HEAT R R, 75 ST skt R R
REA B IR W SO

2) B AR AT RSB 7 . pniE EM Bk
RAKXG)HEEN F, B8R, RBERIEA T K
YER T BEOUR T XA 3, XS i A FHFA
RME—H, FN R (3) WA RRME). F B —F
fEOL: X T AT, 24553 5 2 DRT [F I R 5 | 120kE
T, A RB R T B B 2 R T A X BGT , IR YE K
(3) , X S RORLT B “WR 51 77 Bl 5 , oA 24 wif
BT HUA H BERAB A R T KIS 3l X — i AR LA
FIE 6 SRULHA. U0IE 6 iz , i RRL ¥[8 1 BE 25 B
ARABCE W Z B 18975 1, (B R/ AR,
B 6245 & 1 75 a4 1 5 — AN BT (Fy A 1
F,) B 6(b) BRAR T BAM MR, BRINE
Z—RHURAETTE A K AR T R B BRI, B
K (3) By BT ; Bl 3 FoAt s AL B kL 715
J189 75 RAEAGE F1 8975 T ] Bk T X IR LA 4R
Rl el



F3H

B i, %GR REEER SO st B i - 259 -

Ak

RS BERT

(a) R EALRLT

BARR T

SLIEUSE

BERT
(b) RS RT
o6 NRBEARERTHINITN

Fig.6 Composition of forces and particle direction of move-

ment

4 HFiE

A EM BIL AR SOE R R, B 5 T 5 HAk
AT EME S B RE A B EM B3k 5H AR
W IERE , S AR KR IEHEE S,
A AR _E A D8 T 1 R A i S I 48 ) A
FHL AT EER NI A RS EHET AR
B OTE-SRAEBERN AR B, S —
IRMCBECZE/RE T EM BI85 K A0
e, 3¢ EM B35 KM AT BREA KRR —AF
A BT .

SEM:

(1B =F, PR, ML, % BRAENBEERHLE

REPAAPRMALT]. BEREER, 2008, 3(5):
394-400.
ZHAO Yunfeng, YIN Yixin, FU Dongmei, et al. Applica-
tion of a Tabu immune network algorithm in function optimi-
zations [ J]. CAAI Transactions on Intelligent Systems,
2008, 3(5) : 394-400.

(21 F&EH, IR, 28 SR 52 R B Ak IR A 0wl L
HHERGE[I]. REMEZER, 2009, 21(6) : 1685-
1688.

ZHOU Jianxin, YANG Weidong, LI Qing. Improved ant
colony algorithm and simulation for continuous function opti-

mization[ J]. Journal of System Simulation, 2009, 21(6):

1685-1688.

[3]BIRBIL S I, FANG S C. An electromagnetism-like mecha-
nism for global optimization[ J]. Journal of Global Optimiza-
tion, 2003, 23(3) : 263-282.

[4]BIRBIL S L, FANG S C, SHEU R L. On the convergence
of a population-based global optimization algorithm [ J].
Journal of Global Optimization, 2004, 30(2) ; 301-318.

[5] WANG Xjaojuan, GAO Liang, ZHANG Chaoyong. Electro-
magnetism-like mechanism based algorithm for neural net-
work training [ J ]. Lecture Notes in Computer Science,
2008, 5227: 4547.

[6]DIETER D, De REYCK B, LEUS R, et al. A hybrid scat-
ter search/electromagnetism meta-heuristic for project
scheduling[ J]. European Journal of Operational Research,
2006, 169(2) : 638-653.

[7]YAO Xin, LIU Yong, LIN Guangming. Evolutionary pro-
gramming made faster[ J]. IEEE Transactions on Evolution-
ary Computation, 1999, 3(2): 82-102.

[8]1FREM. BB SHEEIM]. JLR JFERE R
1k, 2005 372-375.

EEME:

By %, 55,1983 4, BB

&, ERBIFTT E il e AERIZ AL

HeetE.

W, 55,1957 4, HR . Bt
R, ERERISREE TR
B, B R B UEH] TREARB IO
Bl :AE, BE A BT BAR TR
H0EAE, EfF IEEE B %46, Bir A
- ShEHIER IFAC & 5, P E A T8 %%
£ B3 RN TRESEE. RPN 0 g
WA EREE R RN, B ATESTE R APBTI E
35 T, REFP AL 5% 3 I, W R A
B —FRFEHMERZT. RRE AR 300 /F, HEE
A 4T

i

BuE, 55,1982 &£ BB L,
ERBIFTT R Soplas A B a8
R R AbH.




	254
	255
	256
	257
	258
	259

