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Knowledge evolution algorithm for solving unconstraint optimization

problems and its convergence analysis

YAN Tai-shan, CUI Du-wu
(School of Computer Science and Engineering, Xi’an University of Technology, Xi’an Shaanxi 710048, China)

Abstract: To deal with the limitations in traditional algorithms, such as the random blindness and the traps of the local
optima, we develop a knowledge evolution algorithm for solving unconstraint optimization problems(called UOP-KEA),
and analyze its global convergence. Firstly, an initial knowledge base is formed; next, excellent knowledge individuals
are inherited by inheritance operator; new knowledge individuals are produced by innovation operator; knowledge base
is updated by update operator. Thus, knowledge evolution is realized. Finally, the optimal solution of issues is obtained
from the optimal knowledge individuals. Experiments have been performed on optimization of unconstraint nonlinear
test functions. Compared with genetic algorithms, this algorithm finds the global optimal solution with smaller size of
population and in a higher speed. The successful results show that this algorithm is feasible and valid.
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1 5| (Introduction)
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i) ) 0 PR BEAG S92 (T A UOP-KEA).

2 SR JC LR AL AL R 8 SR A SR A
#i(Introduction of the knowledge evolution
algorithm for solving unconstraint optimiza-
tion problems)

NATTH T B ARBEAL T SR OBE 9T K 2 14k
TR A B AR i 1816 AR P AR 4
BEALIR) F1 B FETF 1) 6 TSR, AT AN D2
BEAT T IS g NPT A
WAL I, BEFTRIRI PR AL
RGNS BER GG R, SRR R R ST AE R
IR IR IR SR IR R 11, SR B A AR
A T S ) — Ff o 2 A R LA R L. A
e — A K BRI R, AR B R e BT
PER. BHAFIRIEEL, i B2 bR S & LR AW
P, WARMNZ 8 R FLRLRE, I PR IH 40
W ELELE, WMN > P, Bl A n] g HeIH 40
PATHED, A REB L T AR EELL.

SR TG 20 A AL 1R £ IR 23 A B VA (UOP-
KEA) [ HEANEZE B 1 PR, SEVA I L 7 4.
1% 7 5. (inheritance operator) 1§ & - (innovation
operator) Fl 5 51 5 - (update operator), +L 32 2 L A8
SR SRR AT o AR AR, JES A B
R3S 56 S0, T TR AR, 06 SRR r 1 i
AN 2 3 AR R AR AT HE . AE AT 46 0 R PR f) e i
b, AR AL ORSEBURIL TS Fn IR (AR K, A
PEF5 K AR A e O B 2 HEL R — 4K ] 05
SR B O RRANA, TR R A FdniR g M
SEHT AL RO DU R YRR BEAT SR, 45 B REAL A 1 0
DU WA A, T 30 A i) LR AR AR R s
Bt KUEAAREL, SR 280k, S5 AR 1) S AL
PRAN AR R i) R e DA

iR SR BB

%ﬁ%ﬂiﬂ%

Kl 1 UOP-KEA[#3EAHRESL
Fig. 1 The basic framework of UOP-KEA
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3 SR L R A ) B G R BE AL R
S (Realization of the knowledge evolution
algorithm for solving unconstraint optimiza-
tion problems)

31 G iR PR g R R A R A AR g S Tk
(Structure of knowledge base and coding
method of knowledge individual)

B AR SCRA 3 PR R v, SR PR A AR R 5 A )
figp A B DR AR SR A AT N AR A A, AR
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1) S = {st st - sbL1& RS AT iR AL,
G IR EE RS, st R BB AR AR Hp 550N iR
MR CH & AR Eh s B HE ) B T AT A

2) V=V, Vs, V) R EXEE RES,
nARREH. V, = (I, L, U)RRHiN L5 IX ]
i, I =[lLul={x|l <z <u},,upHErLE
1T BRAN E B, JCAT AR R e i) R4 Y 1 A2 R AR Y
R g s Lo AR 48 (0 BRI Y (8 H Fr s 88U, U4
AR 1) b BRw Bk ) H A e B fE, fEA SO, LU
BIRATAR N AL 08 K R IE SEHL

3) F = {ft fo -, fLIER0UUENAE MR,
SRR S ARG S0 SRS (3 WA

TEA GRS, 0 T I gt 7 vE A — kil
i SLAEGRAY 755 A A 22 A SR S RS
TiER SR FHARAS R A, HR T LA AR
HI GERPERE) N wdE R S W X, = (24,1, T4 2,

o @) BRI, TP w BN RIS R T BLAT (1)

JEHEANE, i = 1,2, G,z RN A AR A

RIS A e A

3.2 #H{LH T (Evolution operator)

3.2.1 f&E#A&H T (Inheritance operator)

e AR ST BOAE HIE AN O SRR P8 2 5 LRSS
] 5 PRI 5 RS AR 1 N R4 s, X 800 75 iR
MMEKZ 5 R AR, i TFASCR A B
AN TR, DAY R0 S5 38 VAR R K f () 3% 0 R
T A

{ P — obj(x), tnobj(x) < P,
flz) =
0, HoAth.

Forr: obj(a) s AMMAOS I H A5 e& B, PR

SR AR ) T 5 B 1 — AN R 8 K IR, BLORAIE I

AR AR

3.2.2 ¥ HE T (Innovation operator)

UL BOVE T2 A B R AR, BAR L



1378 2 oI VAR

27 4%

PR AN T 1

— 5 T, AR DX R S R A ET, BIAR A AR
1) A% F AR (5 H A bR D) S5 D 55 A A o n) 1 A%
1 P (BIL H bR R EE) 1) 06 2R, AR X [R5 Sk
ATVEE. BT R a0 T

[+ = WﬁD%w < Ligobj(z!) < L,
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it = l]?ﬁﬂ%w > utobj(x}) < U},
HiAth, 3)
.7’ -
bj(xh), wna! ; >ufskobj(x}) <UJ,
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! {Uf HiAth,
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I AT AQ A RS S LT A rhot AR B3
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FERM~G), ol Fal 53 ) 7R BRI+ 148
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w A ) 3 TR SRR AR 75 0 A v 1
%j/l\ @ AR () B LEANLEH ) 3R R4 148
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a, b3 2R 7R AR A F RS A 1) 3 AR AR 55
MBS RIERLAL: o, B, € (0, 1).

QBT B2 A 22 300~ () AN W8 4 S A
P A R IX TAME BV, B2 2(5) A o 42 5 1)
AT AC T 5 ) HEAT R, DT AN BB A2 ) iR
AN, JEAERE AL R R M BT e 0 SR A T
) AT
3.2.3 H#H 4 ¥ (Update operator)

ST HOAE T A I AL 138 AR B
JEAT SR PR, 15 B BEL 5 B AR, AR AREEL
JRRFBIRE RS X = {aff, 2, 2l ),
Forp MO AR, d T R DR o (0 AR A2
2238 AR P i BIRHE P IR, TR L B A A AR R
AR 2y, B

(f (21))-

xt, = ar min
G LI 1,2, .G

SRR PR SR R R
€ X f(]) > f(a
Hk=1,2,---,G.

h T R AR ARG — &, TPRE B I 4
TN T TR b R 0 VRN A e 3 S A s Dok
Ji, PR B YA B = B R GAN FRANA, IHBR LR 1
T AR A A R R K.

3.3 HIEMSEILP B (Steps of the algorithm)

SK A TG 2 A Ak T 1 0 AR E Ak B (UOP-
KEA) [ HAR SIS SR T

BN BIAAR FR R R SRS A

B RS I R T R A A RAN R

Stepl t=0;

Step 2 FILAM KA : ARH 45 5 1) /L BV
BRI TR P 465 /) S RN ) i 07 5K, A v
BT

Step 3
AT HE P

Step 4 AW &ML 45w & b2 iRk
J&, WL [ Step 10, & WHAT F—2;

Step 5 AL AR BAEAFEFAEH T 51R
R, R TR I RRAMARE Nttt

Step 6  FIIREUHT: K GUB 7 1E T REAB
PVETIRANA, 7= A28 B ARANAR, T RC— AN 8 1 R
%=;

Step 7 BT ATRAMA B NAE T

Step 8 ANV HTH: 45 FH BB 51, %Uﬁﬁ?ﬁﬁ’]
FRAMA ST S A I R, 49 20340 5 10 R A

t
) T F T

T AR TS, I 4238 W AR R RO & RAS

Step9 t=1t-+1, #Step 4;

Step 10 M S A0 0 AR AN A o R I a) 1) F A0
fits

Step 11 453,

4 KA IS 2 AR A 1) R R R AL SR
e S P 43 BT (Convergence analysis of the
knowledge evolution algorithm for solving
unconstraint optimization problems)

et B S B AR, 1) J
max f(z): S — R, (©6)

Forpe f(z) MG NAERELL S = ﬁ [ai, b;] 9 5

1=1
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Borel-o 04, %I B, 45, % & HLebesguesil] &
m, Wl FmI") =1, P = (I", B, m)¥ — %
AR f () Wi A2

D) f(a)feS b AR R fmax f(x) A7, i
AR AE A £, WA R B G M =
argmax f(z) = {z € S|f(z) = f* HET;

2) fREXAES MR, HWLE 0 <
fmin < f(2) < frnax < 00;

3) Ve > 0,EM. ={x e S|f(x) > f*—e}ili
Am(M.) > 0.

A1) BRI BT A AR 1, 1 S B A 3 (1) 4
K 22 B8R B (R, 4 3 252 0 B 0 B ek B A 0 AL 4
112). RETAN R S5 A13) B R A, RT3 2= 7
VESRARHIORS 2 R AE ). DRLEE, X f () X 2ol e 25 1
praeeiilsin

MUOP-KEA] 3 A S AR T AN HE Y, 7EUOP-
KEA B 4k 1k 2 v S 1 S5 00 0 R AN 1A R B S s,
AR FI VAR BN FR A RE R — AR N L OF
Z: 5 — R AR,

EE 1 R AR R LR B SR 1)
UOP-KEAK fiff 7] BL(6) I, B B0 AT B 45 7€ e > 0,
A B EE KA, B R A b B AR — SR A A
e HEN M R 2

Pz e M.) > (k) >0,

S S(k) R A T B SR R BB R g
S §(k) % . WUOP-KEAIK $4 LI S M 5 41 8 4
k=1
R

UE S I A P T, E AR S RA, X T
SRR O T 00T — SARAN 1, % T3 A ML 1 1
HRPF > 1/N - 5(k), b N RGN, B, 76 4:
AR ARAR BRI, A3 A ML B AU P
WEPE < (1— 1/N - 6(k)). BTkt
P37 kAL, PR 235k U RS A 3
A ML AU P 2

(1—1/N - 5(3)).

2

k
Pnot(k) = H Przlot <
i=1

=~

H TR T S AR LR B SR, BRI Ve >
0,f

P(Dy, > ¢) < Pyoi(k),

Dy = f* — fro fr WARRAUR B I A AN A
P 2 AR

FE R LA SRARTELT SRR A ] S S0 P L S0 B S e 3 1379
HI A DT 75 A ) i AL 230 m]
[T(1=1/N-6(i) =0 > 6(i) K.
i=1 =1
HH & B,

Jim Pooe(k) = [T (1~ 1/N -6(1) =0,

1=

—

NIIEE]
lim P(Dy, > ¢) = 0.

k—oo
PrLA, UOP-KEAWSK. 24X, fik Bk #2 nl LI

tH, UOP-KEA W SictE J2 50140 AR AR TG K 1.

5 SE 15 B 45 B (Experiment simulation re-
sults)
R0 BATARE M 1 JC 29 R AR Ze v A

BRI 24261 43 S ) AR SC AR HE ) 5 1:UOP-KEA

CATTHEAT S ME PR K A, AR SRR (R 1 R, 7F

A RS, 50 S T T AT P R AT A, IR LKA 45 IR

s A ST L. X 104N BR 00 3l hy
1) De JongpR%{:

fi= ioj x?, =512 < z; <5.12.
=1
iZ@i&E,ﬁ(xl,xz, te

A2 Rk MAO.

2) De Jong PR
fo=100- (27 — 22)* + (1 — 21)?,
—2.048 < 1, 29 < 2.048.

BRI A A R R M AR S
F(1,1) = 0, BEARLESRAR AMA N8 & B AE 11 pR £,
{HEENIE A, M LA T 42 Rl /M.

3) De Jong bR %L

25
fs=1[0.002+ 3

j=1 .

(0,0,---

71.20) =

Horp:

—65.536 < 1, 22 < 65.536,

[ai;] =
-32 —16 0 16 32 —32--- 16 32
—32 —32 —32 —-32 —-32 —16 --- 32 32|

ZRRHUE — A 2 A R, 254 R R
mL A AR RN R (2, 20) = (32,
—32), 4Rtk /IME 40.998.

4) Bobachevsky P4
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fi =23 + 225 — 0.3 - cos(3mx;) —
0.4 - cos(4mzy) + 0.7,

—1< 7,22 <1,

2R B KT (21, 22) = (0,0)4F — A4 R/
180.
5) Schafferpf %
f—05 4 sin® /22 + 22 — 0.5 7
[1.0 4+ 0.001 - (22 + 22)]?
—100 < z1, 22 < 100.

EZBREAE R (21, 22) = (0,0)0F — A2 R/
{EO.
6) Rastriginif#{:

20

fo =200+ 3 [2#2 — 10 - cos(2mz;)],
i=1

—5.12 < x; < 5.12.

%R AL R (2, 0, - - -
A A4 R B /MEO.
7) Six-Hump Camel Back p% %4

,1’20) = (0,0, ,O)ﬁ

1
fr=0@—-212]+ z2) - 2i + 21 20 +

3
(—4 +4x3) - 23,
—3<r; <3,-2< 2y <2

ZRREA 6 A A D i, 3 A R AR A
HHA: (21, 22) = (—0.0898,0.7126)Fl(x1, x5) =
(0.0898, —0.7126), 4> Jm It /M A—-1.0316.

8) Goldstein-pricerd %

h(zy,22) =

[1+ (21 + 29 +1)*- (19 —

14, + 323 — 1425 + 63129+ 323)],
r(zy, x0) =

[30+ (221 —3x5)? - (18 — 32z, +1227 +
487 — 367119 +2723)],

fs = h(xy, x2) - (21, 22).

ZEREE B2, 20) = (0, —1) b — 4 i
/ME3.

9) Eazom PR#L:

fo = —cos x; - cos x5 - exp(—(x; — ) —
(x2 — m)%),

—100 < 21, 25 < 100.

EBRELE R (2, m0) = (7, m) A — 2R /D

fl-1.

10) Shubertpf %5
5
fro=2"i-cos[(i+ 1)z +1]-

=1

ii-cos[(i—i—l)-xg—i—i],

=1
—10 S T, S 10.

1% B EE 8 1A 4 e B /ME—-186.7309.

12 FHUOP-KEAXT bR 3 f1 ~ frolE4T B /ME AL
1SRRI, ZHE R R, Hd: nkoR 84
$, obj*( )R~ R BT B AL, TR Ktk
PREL, GRARFIVE AR, MR N, B AL 5
EGAM, A8 SCR AR T3 PR . 5 KAt
B EUAE 53 59 - 0.7,0.1,200,300.

%1 UOP-KEA# 5335 8

Table 1 Parameters of UOP-KEA
WS n obj*() r G M
f1 20 0 300 50 20
fo 2 0 400 30 10
f3 2 0.998 300 30 10
fa 2 0 200 30 10
fs 2 0 300 30 10
fe 20 0 300 50 20
fr 2 -1.0316 200 30 10
fs 2 3 300 30 10
fo 2 -1 200 30 10
f10 2 -186.7309 300 30 10

o H A bR BT A A SRR S0k, IR 45 R
WER2FNFR3FT R, Ho: objay()F RSO T
B ARAE, ¢ Ay R 7RSOR T 1T BB Sl 1) (Lhs
ALY, Roony N4 R SICR.

%2 UOP-KEA#® XM 48
Table 2 Test results of UOP-KEA

MIRENEE A objav() tav/s  Rconv
f1 0.000000 0.145 100%
f 0.000000 0.503 100%
f3 0.9980005 0.427 100%
fa 0.000000 0.192 100%
fs 0.000000 0.320 100%
fe 0.000000 0.355 100%
fr -1.031616 0.195 100%
fs 3.000000 0.292 100%
fo —1.000000 0.178 100%
f10 -186.730904 0.190 100%




10 W

7R A5 SRAR IS 2T AL 1) P S0 REAL S0 e SO st o 1381

%3 GA#NR M A8
Table 3 Test results of GA

MIRENER A objav() tav/s  Rconv
f 0.000502  0.701  100%
fo 0.004926  1.485  88%
13 1218407 2215  80%
fa 0.000322  1.102  92%
fs 0.004128 1704 82%
fe 0.030382  0.895  96%
fr -1.031305 0707  92%
fs 3.211308 1975  88%
fo —0.955680 0956  92%
fio -186.719826 0.996  96%

M ZR2FZR3 MR &5 S v] L 1, UOP-KEA X}
10/~ b8 £ 1) S0 B Ih R A g 1A £11100%, 501K =
YLV 38 e A H Ar s A 3 A — 3, B 5k
BT (R4 SR W Sk, i B, T8 o6 e 4 bR B
SR AR AE bR 2, TGI8 2 X BRI bR B0 S 2 U6 R L
UOP-KEA# fig 75 # /NP B LR 1R 45 18, DAIRAR
V00 5 WS B 4 R B AT 8t SV (GAYRT 4 K %
H 1) = 4 R BURN 22 U6 oR 0 SO0 R T R A TG A
£1100%, -0 39 5 A5 A0 A 11 5 & #1% T UOP-
KEA, F5 & % 2 0 s 50 S T s 5 H
B S5 LA 2 R385 3 A7 AE — 2 IR 22 8. ] DL, 5 4%
HIL(GAIEL, UOP-KEA AL TEREH T 8R4
=P
6 458 (Conclusion)

AR SCHE TR SR TG 249 AR Ak 1) R84 AR R kA B
7:(UOP-KEA), b 3R fift Jo L1 AR AL ] A T —
SEVERE SR, R SEAE N TE 2 R A 2 P Ik o £ AT
e/ ME AR AL SR AR IS, R T RAF ST fg, mf
DA FH A/ (R Bl A RS, LA /D I AR IR B R 3
A SR AR, e — e R LR T RIS, RS
T I EE R A 5 0 3 AR AR AR e Sk
A 55 LA % P A% G2 1) 2B Wy AL S VL AT B N
58 T A
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