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The Principle of State Transition Algorithm and Its Applications

ZHOU Xiao-Jun"? YANG Chun-Hua' GUI Wei-Hua'?

Abstract As an intelligent stochastic global optimization methodology, state transition algorithm is proposed based on the
concepts of state, state transition and state space representation in modern control theory. Because of its excellent global search
ability and fast convergence, state transition algorithm has been applied in various optimization problems. In this paper, firstly,
it elaborates the principles and characteristics of the basic state transition algorithm systematically. Then, it illustrates the evolu-
tion and elevation of this methodology, including discrete, constrained, and multiobjective state transition algorithms, analysis
and optimization of its parameters, development of state transformation operators, and related intelligent strategies, etc, Further-
more, the applications of state transition algorithm are given in terms of nonlinear system identification, industrial process con-
trol, machine learning and data ming, etc.
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Fig.1 The rapidity of state transformation operators
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Fig.2 The controllability of rotation transformation operator
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(d) Ilustration of substitute transformation operator
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AT VAR S i R AR S 25 R A IR AR T AT 1, 2R
J& 25 FE AL L) H bR R BUE, A T W =40
TP R L34 73 R i i
a) A7 A AR 38 N AN TTAT A, I 8 24 o i e i
BN AR,
b) & — MEE AT, 55— N ATATRE,
PR AT IR IR
c) #v PG AR 38 T AT A, WU R H A bR EE 5
NI SR A

3) M B

PR B2 2 1E AR 20 R A IR 23 B BER AN )
1) 2 oAb B SRS . 7E 25 — B B, SR PTAT AR i,
WG FHRTTAT M, FFEENTTAT S8, 7658 B B, R A
E AT R BE, sk (14). TR [11-12] $2H8 7 3T
P BOE I A HCRES F R O, ¥ s TR

i LRk SR () TRE LY AR A A ), 5 35 T ) R Bk
AIATAT AR SV A AOIRS e B SE AR T, SR T
BRI S R

4) e B AUl SR v

SCHR [13] 32 T 25 T 0w 0 BUAT S S (IR A %
Fe Bk, 127 R RS T 7 Sk A i i ALy 240 5 Ak
P WS AH 45 A BT TR e W A AR R 1 e R
FE A e . FL A JE AR - 1 S AR T 47 AU ]
1T R B ASTTAT fRANEL, n=X (16) F1 (17). SR JE X AT
AT AR H bR R BUE AT HE T, R i3 38 B bR ok
B B/ PG A T AS AT AT A U — AR I 1T R
BOE AT R, WX (18) ~ (20), i i1 638 8 7 BRy
BN, W5 TR A IR R AP N 0 8 RS 56
B SE fA  GE R R A — A 1 T R B R A 5K
R

feasi_ num = { gﬁ x (1 - fp), Of;ipl< 1
(16)
. . SA X fp, 0<fp<l1
infeasi num = { SA. fp=0
(17)
_ f(x)—min f(z)
Fnorm (@) = max f(x)—min f(ar:)’w €5 (18)
oo () G(x)—min G(x) e (19)

~ max G(x)—minG(z)’

FTLOT'TYL(m) = fVLOT‘TYL(w) + g X GTLOT'YVL(:B) (20)

Hrf ) feasi_ num linfeasi num 53 3 7~ 1% H )

AT R RASTTAT IR, SA RRPIRIEMRAN, fp

TR Y HEIE BRI TTATZ, frorm(2) ~ Grorm(x)

gyl VA — A ) H bR R BUE A R S A, S R

INANTAT R

222 ZBEFRKRTSEBEZX
FREUN K2 H AR )

min F(2) = [£i(2), fo(@). -, fm@)]T (21)

Ha, fi(x), fo(x), -, fn() 22 m DAL H AR
RN, QYRR RS ).

Z B stk i @R A Z A B bR ek 3, 24
H b 2 [8] A2 AH B 9211, BRI T I 22 H B A fE [F] i ik
B, BIAAEAE — Mgk 15 B 00 H AR is 2
A, K2 H AR ) AT 2 1 — N BT
H An A BT 2 R ) — 2 Pareto s AL fiR4E, IR
ZMEFRH MR R BT mNc. 5
Pareto st [ AH A& AR R 41

E X 1 (Pareto d51f). XL AMEIE R 24 A
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xp, Mxa G (B zp, ez <25, ¥ H
AT AT
Vi=1,2,---,m, fi(xa) < fi(xp)N
3j=1,2,---,m, fj(xa) < fj(xB)

E X 2 (Pareto & Lfi%). =* 24 Pareto f L%
(BRI, 4 A AE 52 (B N, AN AE Ho A
i i o e, B

—drx ez <" (23)

SE X 3 (Pareto BILAESE). AT 1Y Pareto I A
fi#t * 2K Pareto B ALELE PS , B
PS:={z* € Q-Fx € Q,z < z*} (24)

E X 4 (Pareto BI;B). Pareto LM EF T E
Pareto s AR AE H Fr 2 (8] (1) Bl T B B A 4R, 4%
Pareto S UM B Az In EAHE A, BT

PF :={F(x)|xz € PS} (25)

HiPRES B FIEE 2 B AR AL SR A 72 3
BRI T Pareto (RS HE T TV, N4>
A,

1) 2& T Pareto LI 2 HARIRES R HI%

HT Pareto G LH VLA Pareto d 8N LR
TED ) — 28GRy, A DA R i e RS AR
I T AR IE AR LR, R Pareto (5 LA S0 ik
fif AT LU, B AR AR, M ANE TR —
e FEPELEY S, AR 5 0 AE 5 B b T AR X
WHIAR, PR B AT RO ST R, 115 i o AR 4
NI,

SCHR [14] 32 TR T B R RN 2 BHARR
BERE ZEIFBIRE B A T Pk 3R 2
HEF B IR H 454, MR R AN EAE SR
fRRES AP AERY RS T, AWt T iR iEtb, BEREE
2k, BARCRUL, B o ok A () 28 ST BE ML= AR H)
GE 1 i 4, R PR AR SO HE R R B 4 T 55— AT
TR FORAAAE RS S48 b, 2 e R B B g
MY ZR A8 R G B Ak T 25 4R X IR A, 2 5 FIRIRES
AP AR R IR AR AR, AWt AT BRSSP IRE
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SRAF H A 80 0 Uk Sl vE A a3 A Y B G A 4

SCHR [15] 2t —Fh I T A B R B 1 2 B
PR RS 508, AP R T Pareto o 1L X ik
FR AT LA A2 BRI RS R 00 {0 1ok ot L st 72
W AR PR AT A, K 2 T AR X A B EE 1
% B VR 237 SR i i it — D B, 1R i
TSR AH QI fige 12 A 2 1R] (R 3R 5 PE B, Tk 3 A T 1)
P A Ko 3z 3 i A DB, R T PR AT ) A I i
HEAT G B, A 455 1k fige v] LN 38 ST 4 A 7E H AR

(22)

PRECHT VS b, VR DD N TR R B D ke A
12 B AR i) 1a) &

SCHR [16] #E H —F 3T Pareto HALHIE #Z
H bR SR 5, 1285 AE SRS HE P S mE
A% 1 i B HP 126 95 B I G A, B S HICIR A5 AR 46
2B MRk 4R, H it Pareto PR 4S5 N%
KR BN AR S AR AT IR AT FTIR BETE — 2R ML
A VR B 1) I AR G 1 R, RN A AR X
Eb PRSI 56 25 JRAGHIE Tz SR A A,

2) BT 2 HARIRES R ik

T o r 2 B 2 B ARl in) i
AR 2 A S B R H AR LA 1) AT SR A
A5 H AR AL ) 850 1) 5 I A 20 X 2 Ji i) S8 )
—™ Pareto S AL ME, S 43R5 2 H btk 7 @i
Pareto F L AREE. IR 71200 T

a) BUE ] &R FNVE

L SR ANE S X R — A H A5 BR 0 L — ML
0T 1 B bR R R ACE N, %0515 B A B
JUART 7 X, e ek Bl 55 T ade it H b ek £l m) = AE AL
H7 A BBy, HERIA T

min g**(z|\) = Z Ai fi(x) (26)

Hra, X =, Agyoo s A | RBUE FESRAE
B [ .
b) VI RT3 1%
BITEA S 2% SRR A, T8I e ME
A HFRERCE N 5 EE U AN ZE B, (15 a2
Artfe. Hfer Rk s
min g" (z|A) = max{\;(fi(z) — )} (27)

HA, X =[A, A,y Ay 1 VIS K0 772
AL E ) B, @ RARIEfE, 2% =27, 25, -, 25T &
AR S r.

c) S Sk

V2TV SRR AR 1) E bR R R AR E T
) [R5 A B RN JHL S5 R ) R 1) o PR S 1)
(RN, JPE 438 9 5 IS/ N RO B i, A543 g A AS )
i} Pareto f LI 77 Al EAT AL

min gpbi =dy + 0d>
_ NF () = z)"\|
([l

dy = [|F(x) — (2" — di )| (28)

HA, XN =, Aoyeoey A ] RTETTL SR E
W, 2° =[2f, 23,---, 25| REENZE N, d H
SRRAEAZLE AR 1) B A5 ek 25 3 AR S 2 S R ) =
TERCE & F SRS, dy H T RIEEIE M E

s.t. dy
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41 R, SCHR [17] ) PR R A R 0 5 R [ (33)

AR T LT R, 5 ST i 0 AR
5 L U
w- (F(zA) - =)
? = s T ) — =]
H w =[1/A, 1/ g, -, 1A\ 25, 3T
PLR, $ T AT ULRR LR E ) 0
min g™ (@|A) = ¢“(2A) - (1+6)  (30)

A LLIEY], 2R G RSV S R &
AR, BEARUOR, ZHEIER PR SR T 4
{0 28, A FH UL S B2 A2 IE VI EE T R 3R 45 R Kldt AT
083 i FA) 32 5%, G Ao T 1 B B PR, 2 BRI A
WAIE T AT A 2L

REEBEESROITSMIL

RSB EET, TESHURREH T
SRS DR ARG D)1 B v R AR D AR, IX 4
SO FIEVEREA — R, o, RS A R 1
I 7 0 H B B, R DR SR B TR B R AT 3K
/N BB AR R R ] B AR H R A
Hh, A R TAE SO I RE R 2 02 [ e AN AL, Teik
B b AL B AT RE P 2 B BUR SRR BE X E I 2
HORF IR ER, R A e BT ORGSR 1 B
82 AZ A SRS

Zhou SR T — P EAT B S HE Mk
PRI EBURE R FE. BRI SRR N ar,
g FERmE R

a* = arg min f(xy + &kcik)
ar€eN

Horr, dy, % FiORES RS FT 45 30048 R 7 1,
ar MR ZR DK RS HOE FEOF I R
AR, AR SR T ay FEARCE — A
[ % ISR Q. IR R, R R AN RN H
bR e BB 2 B0H, JE8 i 28U PR fp— BUR 1]

Huang 856" $2 4 7 73 —Fft & N AL SR, g
Bl D] R 24 D] R AR s R 5L 2 TR AR 24
HET S A BARORE, Ted% A1 o A4
T BRI 2~

n (29

2.3

(31)

fCXO((ﬁ)7 %C<Cmin
a(B) =1 £ xalf), Fesem ()
a(B), HoAh

Hdr, e FoRiH s, e Lk

Conin A Cmax BN THECAR (1T PRAT LR BIAE, fe AR
WA T, 7 RIGER A ZE, f(Besty) 25k KA
(K1 H AR R AUE. AR N T conin » MIZH 7K1 3R
PA fe Mgt & R R, WRTHEER KT cnax » 1]
TRERLA fe DMt Rt i,

RELEHME TR

BB FIRIRES R FIE M O E, &
T R R 1 5B E R DIAH OC. T4k,
TEJE e P A4 J b 1) YA B+ B R Ay |, — o
WA E AR W5 13047 TIRARIHR R 5T, DA
REIRS R FE R R I Re.

Zhou TR0 £ 0] e i 78 i B ATL AR B A2 AR 1)
i) R, B T e #% AR # (Fast rotation transforma-
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P 7}
Tp41 = T + QRTW
2

Hp R, R — AN AE -1, 1) Z TH R FEHLAS &,
w At — o 4ERE ML &, B TR A S AT
[—1,1] Z 6], 54146 () e i 28 4 51 AR L, PR e %
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DR]He LA A1 D ) 42 4%
Wang 5520 00k 1 e AR5 1, a0k pr
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Hrb, o AN IER L, WE N ERTE. Mk
HERE IR T RS Rk R 2o = [0,0,---,0]T
R,

Wang 500 SE Y 17— R 57 (Mutation op-
erator, MO) DA 9 2 PR e #2 FE M & Rl &R
PERE, Hge Rk T

Tit1 = T + ReeRax (36)

Hrb R & — o g E, Lo RB/FELE[0,1]
S, Rop &—NBENIAL &, IRATE [Lb — 24,
Ub— ) WA A, Lo AUD 43 5 NP 5648 &
(1 ETR S BRI, 7 BT RE AR S i SN 34T R
MR A TER T T2 EE e REER, 4H
AN 24 A 408 3% AR I B AR AN B0 T — 3 AT A R

HT.
Zhou % FEH T — AN PR AR, 40 R B
Tiy1 = T + BR (), — ) (37)

Hr g PRI T, R —NE(0, 1] IXTE R M%)

24

(34)

Tpr1 = Tk + R, (35)
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Wang S5127 £ 50 BREE I AR 5E Y T — PP B
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_ Y
i ﬁgg —YORAEER
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[1,2,3,4] —>
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Ko «UCRERE Hnk
Fig.6  “Second transition” strategy
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