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Improved space-adaptive-based differential evolution algorithm

YAO Feng, YANG Wei-dong , ZHANG Ming, LI Zhong-de

(School of Information Engineering, University of Sciences and Technology Beijing, Beijing 100083, China;
Key Laboratory of Advanced Control of Iron and Steel Process (Ministry of Education),
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: To improve the performance of differential evolution algorithm we present a differential evolution algorithm
with space-adaptive idea, which expands or shrinks the search space by certain rules. It realizes the automatic search for
the suitable space and improves the convergence rate and accuracy. For further improvement of the convergence rate,
the original space-adaptive algorithm is modified by revising the existing rules and adding new rules. The simulation
results show that the improved space-adaptive-based differential evolution algorithm is better than the original differential
evolution algorithm in convergence rate and accuracy. This algorithm is applied to several hot strip mills for the optimal
design of scheduling.
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1 5| (Introduction)
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AR e S S R R G v i

AL 1 3G N AR A ) AR, B H b B E AR
7% 1] 72 43 3E 4 551 (space adaptive differential evolu-
tion, SADE), I LA v iR EAR AR R 10 E H L LA K L 24
ool . [N 2k A48 2R P B TP, X A A AR
AL REAT T o0, R T R sk ) O N AR
7% 7] 25 43 AL B (improved space adaptive differen-
tial evolution, ISADE).
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2 FADEH ¥ (Differential evolution)
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2.2 A X #AE(Crossover operation)
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2.3 EPHEAE(Selection operation)
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2) #ixy € (I, 0,/2), Wt =t + 1,1}, = 2a5. 4
TS E IR R A RS RE, W NIRRT B

Weadb Be: 49 FER Beog i i, X ) s LA
CAME MR T, (HRE4 H AR ] b
BORH R, DAL AE W 20 B BOR RS 40 O3 e 4 A Al
AR5 TR AN IR FR 7 ).

Il FE 2% 848 F A TR 1K) B 5, ol T i 25 5 X TR A
Ihg “F R @By ), B BLAEX b 5 1 4
g8 —$E IR AR A, LU AT R A R b
Frub ST — 48 R A I b g A bR A,
WEHTR.

M @ €) Q)

| | 0.75u,'+0.25u/ 0.25uk”1+0.75ukf
1 1
Louy2

1 1
0.5(u, " +u/) u/

K1 =Rkl

Fig. 1 Space division
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32 HMEStEENEEREEESZEZ S HE L
25 & (ISA algorithm combined with DE algo-
rithm)

S5 E EOD R

Step 1 W EFIHERK/NNP , 485D, 455 A
TF, A XK FCR, 2275 8] N C UL K& ) 4k
PRI, uO), 2HIUHFAALLs = 1.

Step 2 {E[I°, u° | BE ML AE KN AN P R
HE Py FF S S Y L

Step 3 1 Ll A2 £ ab 45 A, M4 Ak O b
R

Step 4 & A (DB Q)IAT AL 74 AE.

Step 5 73l i B (3) (4HEAT AT XOFH ik 2 4%
1E.

Step 6 U1 RsiENCHIELAS, WARYE ik
HE B S AR A R AR SR (101, w1, 1, ut] FPy.

Step7 Ls=s+1, % Step3.
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THE R, XEERNC = 10; R/ —
WNP = (5 ~ 10)D; ZXWHEKTCR € [0,1],
CRIE KA F T ey 48 Z A s s SOk %, C RAE /D
AR T IREERIRER 2 R0 48 LBl F e [0, 2].
3.3 HEEd R (Performance test)

¥$ISAD, SADE, DE, PSOMIFEPH % ik 47 X L,
BT R B R 25 f1 4 Dejong bR £, f2 4 Grie-
wank PR, f3 N Rastriginp& %4, f4°4Schafferpf %4, A
1~ 304 JRmAAAETI A0, REL fAR 4 )R A
fHHR—1.
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WEENHEESH S8D = 30, FhEEM
BINP = 200, 1A H KX $20000, <& X HE % A
FCR = 0.6, 410X T F = 1. Jy " SRISADEVERER]
flt %, #HISADE. SADE S5 DES v ¥ & A 7] 1) 2 4,
I HAR H AR 777 (), B2 HNC = 10; 1%
R BEFETEPSOYZH: 4D = 30, M MBIN P =
60, TR fw = 0.8, MERHcl = 2 = 2
B 3E 1 R V(FEP) S $e 440D = 30, Fh
BMBINP = 60, 25 KPIMHO = 104, TKF
Ftbmin = 1074, BibRFEHMEg = 30. X f1 ~ f4EAT
309475 B R PIME, 45 R MR TR,

%1 ISADE, SADE5DE%-1Z 47304 K- 3414
Table 1 ISADE, SADE and DE run 30 times for average
N &7 Stk ge SEEIERE AR ik ts
ISADE  5.96x107* 7.92x1079 1574 1.77x10718 830
SADE  6.36x107° 8.16x1077 2645 232x1071% 1307
f1 DE 8.11x107* 9.19x107? 4384 1.69x1071% 508
PSO 6.18x10% 7.42x10% 20000 234x10°7 786
FEP 4.37x107 4.64x107 20000 7.48x1013 3353
ISADE  5.53x107° 7.81x107° 1459 425x1071% 952
SADE  6.51x107° 8.52x1079 2322 535x10718 1423
f2  DE 7.48x107°  9.11x107° 4478 8.10x1071% 703
PSO 4.82x10* 5.23x10" 20000 8.38x101  113.0
FEP 5.85x103 6.15x103 20000 1.17x10°  236.6
ISADE  6.47x107?  7.08x107° 1781 3.82x10718 1499
SADE  7.01x107° 8.15x1079 2760 1.35x1071% 1885
f3 DE 1.60x 102 1.62x10? 20000 422 224.0
PSO 6.55x10% 7.91x10% 20000 257x107 1146
FEP 3.35x107 3.86x107 20000 1.03x1013  239.5
ISADE -1 -1 273 9.32x10718 42
SADE  —-9.91x107! -1 640 220x107°  10.1
f4 DE —871x107Y  —5.42x1071 20000 1.39%x1072  22.1
PSO  —9.92x10"! —9.87x107* 17332 1.48x1073  86.5
FEP -1 —9.23x107 ! 6246 3.82x1073 279

B
fl=3a?,
=1

f2= i 22 /4000 — ﬁ cos(xi/Vi)+ 1,
i=1

=1

n
f3=">" (22 — 10 cos(2mz;) + 10),
i=1

i sin®(y/# +3) —0.5 05,

(14 0.001(z2 + 23))?

EWSIGHE 1 HE P ly: ISADE>SADE>DE. [l
EWCSIORS B2 I, ISADER AL T-SADE, W5 # 5 & 11
S TDE, JUIAE F3R0 f4_E () 3 B0 5 i B &, Sk
ADETE X P AN bR £ 3% I I %, A I A
AR, MISADEFSADES 14 fE +k 2142 5 B
PUAE S eSS 77 2, ISADE/)N T-SADE,
W5 & # N TDERI. fECPUI ] |, 1 TISADEA!
DEAHXT T2 ADER VL I T 18 2 AW P 58, 54
TEVEE RS AREE, P L AT I TR A .
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SV L SR SOR Bl I A RS R T
TR UF IR B0 AIE.

30

H b7 bR Hon B

|
—_
(=]

1
0 500 1000 1500
AN/

(@) f1H bR B Sk Hh 2k

@
=
'1_>7<v
=
2
jung
720 1 1
500 1000 1500
RIS

() f2HEFRREAE S

BR BN HUE

H¥z

1
0 500 1000 1500
AR EK

(©) f3H b pr e St £

07 %

0.0 T T T _|—U_
= ﬁ |
&K 051 I T
;}: -J-——' — ISADE
% —-— SADE
& oo T DE 1
m — — FEP

+ PSSO
-1.5

0 500 1000 1500 2000 2500
e ANV

() f4HbReREECSI 2

B2 HAReR BUE S 2k

Fig. 2 Convergence curve of the objective function values

4 ISADEff fif 43 Bt 8 45 (ISADE load distri-
bution algorithm)
4.1 H s R E 2 K 4 A (Objective function and
constraints)
BT 7 FC D04 SR R - JT LA LA B A A 1)
1 0 HAR, Ja JLASBLAE N 255 2% JE AR AROE RS BE
FIVEREZER. SR H As R 20 X R 1280
J=min{(P, — KP,)* + (P, — P3)® +
A (hn — Bn)? + X2(CR, — CR,)? +

A3 §7j (CR;/hi — CRy/hy £ A%}, (5)
=4

KR 2R RG M~ A M IIALRELG Py
B MU SZINELA 75 by g AR EEE By N B
ST BRI RS CRy, Sy VS BE; CR, A
H AR A&

H 3 A AR A Y 5 R A, O EL 2ty (R 3 8
AR i, AR AR o AN i 2% FR N S5 1 1 PR
. BT LR A R 8

0 < P; < Prax,
0 < I; < Imax; (0)
hi+1 < hi.

4.2  FFEABLE(Computing model)
20 R ELR T B
P = 1.15B.l.Qp0, 7
Ui A
! =\/R(1+22x10~4P,/B). ®)
DRIE@) e Bk #LAF1 106 e 14 7% & HL AR

Jis i (A TE XA Q9 RS REG o A2 TE
B3 RO ELER AR 1T P AT TF SEAH H G K,
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A RL eI, RN T P, 1105 P AR
@)L, Wt e &, £ A IS UIEARE AT 3K
RIS 1) Py A1 1141,
TR VT AR FH AN e it JE PR A 3 I Ay 3R
T ARNUZE 8 7 T 1) 7 v, AR I 4% JERD il it A
E Y = R I R BT T Y- = /AW
B;h;v; = Bphyvg,
v; = vio(1 + fi), ©
f; = 1/0.028¢ + 0.00064 — 0.0264.

A BAMRCSE; hARE; o By s f oA i
e h AR e R

POEFLAE 7 e b n] S8 I R R R AL D
Ak, DRT I 25 AL SR L )t 2 1) e RH L o R B o B
(GE

Trro = 6c07/(7C Hre) + 100(Tre/100) 73,

(Ti —Tw) _ S
omo ey = Pk 33 Lif(huan)

(10)

A o WBIRZE 2 W e N BIE AN TN
LA MR L HE 103000k 5 Z800RS LN 100k A5 %) S (]
Ch T, Hre W RLEL H AR E; Tre A FHEL H
SRS s Tero AR EGFRE; Ty LS
WK KR Ko MR a A MREG L aHLAe i,
4.3 itk P B (Optimization steps)

5 TISADES 4 1) #h% FLORS FLAL 41 67 o7 20 T
Pt L 4R

1) BEHCRE A% B L EWIGR S HU A
ZH,

2) FIH A g 43 Bl g 36 28 U 8 A HLAE H 5
FERBERIE, SR =0k e S50 48 2 5 )

Xmin = [hi1 + hig, hio + hiz, - -+, 2hi7 + 8]/2,
Xumax = [Ho + hi1, hiv + haz, -+ hig + har] /2.

RS R A [ P W G A

3) MA@ ~A0) Tt E &V BE S

4) Y FHISADESVEFE 7, - H ) WA A4 2 175 3
SELYIRGEAN(6), A5 AN AL LR AR AR KA,
Fon g AT ERAE VIR B, 40T T 5/ ) R
FE e T S hy;

5) f Hh dse U Ao oy O AR
5 {iE#f5%(Simulation)

i R FH I AR FR o Q235, B 9B = 1535 mm,
KRR Ho = 36.7 mm, B JZ 5 A h, = 5.7 mm,

FHAELH DS Tre = 1340 K, HARMBECR, =
0.01 mm.

WEMBER/NNP = 40, 450D = 7, 22 X%
7OR = 1.00215:16] 3ROAS 5] 5 ik (1K 5L ) g 4>
B DL 13, A v S W2~ 3.

4
22 X 10 T T T
20 ——HFRB AR |
"] ——JTHRIHEDE
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Fig. 3 Rolling power distribution comparison

k2 At E

Table 2  The rack relative crown

EZL 7N DE  ISADE
CR1/h1 0.0008  0.0007  0.0007
CRz/hz 0.0010 0.0011 0.0011
CR3/h3 0.0017 0.0016 0.0016
CR4/h4 0.0018 0.0017 0.0017
CRs/hs 0.0015 0.0017 0.0017
CRe/hs 0.0018 0.0017 0.0017
CR7/h7 0.0015 0.0017 0.0017

(3 BB E o BE R

Table 3  Thickness distribution

mm £y  DE  ISADE

h1 2549 2599  26.20
ha 18.53 18.03  18.21
h3 12.65 1269 12.83
ha 9.54 9.69 9.76
hs 7.84 7.84 7.87
he 6.52 6.60 6.61
h7 5.70 5.70 5.70

X LE i B g Rk I JE TISADEST v 18 71 o
Sy ECA A RS SAORS B 22 v T BE ARDESRVE 1Y, JF H.
W S0 R AR R, LA BCI R) /N T3 s, IEAE S
17100, BH S ZEOL T HE T fo g a8 AR BV 1) A A
ME(<10 )12, 3 AR 2R TSI Bk,
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6 %5iE(Conclusion)
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