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Abstract Scale convergence is an important part of the computational process of intelligent optimization algorithm. The
uncertainty principle and quantum tunneling effect prove this importance. In the optimization iterative process of the
multi-scale quantum harmonic oscillator algorithm (MQHOA) ,by adjusting the scale convergence range,the algorithm’s
solution effect and computational performance can be affected. The scale variation was studied, and the optimal scale
convergence parameter corresponding to the function in the 2-dimensional state was defined as the scale factor of the

function. The scale factor can be used as a qualitative criterion for measuring the complexity of the function scale struc-

ture. The scale factor can help the algorithm to find the optimal solution by using the most suitable convergence scale

for different functions.

Keywords

w
il

RE#BET ZHAETE&ERITEERMNATE D, W
QPSO FYFFAEAR BT 5 TR B 1 (0 O J3E 388 0 ) L T
SRR T A 0 R T A B AE R R RUEE TR B i Sh ik
ARG D ) 4 J d U R A BT 0 o 3 O A RUE Y R R L AR A
78 S 1 W S R R 0 0 SRR R, L DT X A 1 1 i
Eocie SR

Wi & i S A AN BT K R AT 22l i i IR AR R
KT AR AE . 2 RE# TR TFHE MQHOA 2

F 5 F 9 :2018-07-20
A BB T

B 16 H#1:2018-09-28

Optimization algorithm, Multi-scale quantum harmonic oscillator algorithm,Scale convergence

— IR (5 kT3 iR T 04 PR KR RE O Y B4 O AR B 3R L el SOk (6]
78 2013 AR AR o 5 R4 B 4% R AR O BIORE 1 1 4t
TR RERE: QPSO B R 0 B BFAS B Y 4k % 6K
HORMI 5 . MQHOA B K 45 9 3138 Jk 7 % ik
I BR KR A B R SR L T I IR TR N IR BB R (Y
T RS T — R L S E IR AR 2 R
JBE SRR AR R 7 15 K 220 vR 39T SR R ) 28 o AR S B 3k 10 e Ok

oA R A O B E A A MQHOA B 1% R DL D
P4 3 A VR B A 2R B 4 Jm e A A . SCik(16 8F R T B

A2 R R A (A8 SR A 1) R, SCR (17 8F %8 T MQHOA

A7 EFEH RBP4 BT H (60702075) , R H AR 23 4 LW H (71673032),
2018 — I B (18ZB0623) , Fh F 5 A 2% Hh e v A S AR Al 45 2 % 100 9% 4 300 H (2019NYB22) ¥ Bl .

B &Q976—), 5 Wik, REFFR T A R TR R FRYE BB1975—) L B b B L CCF & B, BP0 =5
AT LR E-mail : wp002005@163. comGEEMEE) ;3 BA1983—) B W4k, TEAR T N IHE R TFEEE HA1980—),

FoW A RIS TR



o5 8 J&

BRI IRAT AR IR, SCERC18 A9 T MQHOA 53k 2 B 28
HrC Y ), [ . MQHOA 83k 78 4 & 4 160 L 2 04 )
AT SR 9 AT AR BRAS T AN 1 R

AT B34 . 78 MQHOA B3 540 1k 33 2 o, il
SACR FE R AT R 2 S B o Rk 1) M R R A (OR R AR . GE
S A v 3 o B S TR 4 B TR 1 R Wi SRR R AT L B AT
AR B, A [ B9 o K00 AS 8] 0 28 B R 39 — A fi A i R i
SEO BE Aare » 24 BRI BOAE FE BUAE S5 s At (EL UL X AR R BACAE . AR S
H 2 PR Aceae B SCR PRVBRY SR A R R B DL AE R e
PEHE HAR REUEE M 2 0 0705 . F S I DR A 1 L) 3
I % A OB HE A Ry X — T 0 I Al A

2 MQHOA EFMIERFEE & ELMITIE

2.1 MQHOA EixpyiB/RE

MQHOA 535 2 L5 5™ 2 o) #g Ik T R e B 17 5 %
FR T BS54 Y . 7 7 2 R R D 8RB (Wave
Function) RIEARFE Y MM ARLENRE. BEFREPWBEE
T 7 R K O T R REE 5 (0 4 3

_ k9
2m dx*

Ho n B85 H 8 m R R,V () HEBE, o) R 3ok
BLE RMAER . Z R T AR V() L3R TR F 1R
SAE AL . MQHOA FkGI AT 2 8 v 7 72 F A b 1)
M B bR R F o) MR B AR R 0y S Bk, B
V()= f(x), XFEEE AT LUK o B0 £k 7] 38 5% Ak Sk SRR 7
PR AR T RS R S, TR BT
23 L RAE 3R 8 B0 35 B S5 AT B 30, PR bt R 25 U8 o B0 A R
A3 A A A W LA R Ry H b oA B G A I HE R o A (R
BT BB TS TR ICE R B e B B B R A, e T
W B R T 7 S 0 A2 2R Bk B I R ok
IR . YL B8 A E 20 BT MQHOA 573 72 DL IR
Hhedy v 2e ) R T 0 i B ilh ok R — 2 2% H bR R
. HZBEBITIEE 2 Bir R £ 7 2w m R f AL E x
R B R, AR R .
V(o) = f(x)

+V ) ¢pla) =E¢(x) D

F()=flx)+ ' (x) (x—x0 )Jr%f”(xo Y(x—a0)% F e

(2)
Hobs o) T8, TERAUARALE 20 4 . FAR KB — B
BOr )BT 00 Z BRI, PR B R R A4 5

Vi) :fu-m%f”uo><1-—1~0 )? 3

TEE AL E o0 BT, ISR T 3HBRE MR R E A H
PR B () 3R SR AR AR BR B /(o) 19 S5 /)N 18] 8 5K T LA
BEAG R SRR IR T S BIE 29 BR T Y LA I ok B0 8 G PR 4
AN, ¥ F(ORAETEEES FRETER.

—2% a‘jﬁ%kﬁwm:w(r) W
Hodr . p RIEIR 7 0 05 5 R A, MR i B AT DL AR R A
PEHR T BE 20 R T 0 eR L R ] BB 9 B 3 IR T O pR
B 1S,

A T MQHOA AR5 125 i R AT 267
14

En

- ~/
10 g‘“
AN —~ F
08 S~ ~
N L
061 N iy
S o~ =
04 SN A~ A~ £
02 gf
0 ol £y

0 500 1000 1500 2000 2500

1 AEREHT 0l 3k F 5 ok 0K 2 &
Fig.1 Harmonic wave function at different energy levels
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Initialize k.6, ,L.B,UB,s,=UB—LB
Randomly generate x;(i=1,2,++,k)in domain[ LB, UB]
Calculate the standard deviation o for all x;
Do
Do
Do
Set Flag . =0
VY x;,generate x;' ~N(x;,0?)
Y x; and x;'if f(x;")<<f(x;) then x,=x;",Flag . =1
While(Flag .. ==1)
Update the worst solution; x"™ = x™“"
Calculate the standard deviation ¢y for all x;
While(oy >0,)
6, =0,/A

Output x*, f(xP=H)
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Fig. 2 Convergence state of wave function at different scales
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Table 4 Function images and corresponding A values
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