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A Study on the Stochastic Optimization of Binary-response
Experimentation

Donghoon Lee' - Kun-Chul Hwang - Sangil Lee - Won Young Yun

The purpose of this paper is to review global stochastic optimization algorithms(GSOA) in case binary

response experimentation is used and to compare the performances of them. GSOAs utilise estimator of probability

of success p instead of population probability of success p, since p is unknown and only known by its estimator

which has stochastic characteristics. Hill climbing algorithm algorithm, simple random search, random search with

random restart, random optimization, simulated annealing and particle swarm algorithm as a population based

algorithm are considered as global stochastic optimization algorithms. For the purpose of comparing the algorithms,

two types of test functions(one is simple uni-modal the other is complex multi-modal) are proposed and Monte

Carlo simulation study is done to measure the performances of the algorithms. All algorithms show similar

performances for simple test function. Less greedy algorithms such as Random optimization with Random Restart
and Simulated Annealing, Particle Swarm Optimization(PSO) based on population show much better performances

for complex multi-modal function.

Key words : Stochastic Global Optimization, Binary-response experimentation, Hill Climbing Algorithm, Simulated

Annealing, Particle Swarm Optimization
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2 ofatEe AL Fasle] 2A) Fokt &M 2ol

no

9] 1 AF8+E(population success probability) f, & F
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Table 1. Hill Climbing Algorithm

Algorithm (2", p")<hill Glimber(f)

generate random candidate =

estimate fitness p*<—p(x*)

while terminationCriterion() do
choose individual = by szuccessw(z*)
estimate fitness of = by p, <p(x)
if p, <p* then [az*,p*]: [m,pl_]

return (z*,p*)

7129 A 2" 5 FAHOE N2 HE Zh= TAR A
A2t we—successor(z”) E o3l ufe} chokgt otare)

+°] 7hsoith

kg7 ot o 27)0] Ithze] HpHo g 4wy et
A(PRS: pure random search)(Brooks(1958))= Y +
o] 2y ErA(Global Uniform Random Search) F+= W
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successor(z”)= uniform(ly,u,) 5)

uniformy(ly,u,)

;mformn(ln,un)
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Table 2. Hill Climbing with Random Restart

Algorithm (z,p, J<—hill Climber RR(f)

generate random global best individual z;
estimate fitness of global best ind. p; :p(a:;)
while terminationCriterion() do

(z",p")—hill Qimber(f)

if p' <p; then (x;,p;)= (x*,p*)
return (m;,p;)
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successor(x*): z + Tandomlgup(f%; (6)
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2.2.2 B3 7|H(Simulated Annealing: SA)
Metropolis et. al.(1953)+= B4 g oA w39
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o] = Kirkpatrick et al(1983)] %7-S o] 19809 o]
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P(:v,x*,T):{exp{_T}lfAE>O ()
1 otherwise

1714, AE= Haz)- Ha')

T—get Temperature(t) 5= 270l TS 2 5
€l

£ Heste] @ BEHOR AL BAS} AL 17}
AU WA A 7= 7,,, %o, a <18 AT
0% A% St AmelE st} St el
YA RS BAEe] et

Table 3. Simulated Annealing Algorithm

Algorithm (1:;, P’ )HsimulatedAnnealing( f)

1., : initial temperature

q, : acceptance parameter

generate random candidate m;

T(_Tz‘mt

while terminationCriterion() do
Te—get ]émperature(t)

resuccessor (z"
AE= Hz)— E(x)
if AE<O : 2z

elif P(E(%),E(%) T)

return (z;, o )

uniform(0,1): a: <«
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2.2.3 YA 3] 22 3KParticle Swarm Optimization:
PSO)

PSOL ZRo] 2] Ei ojgje] eje} e 4E et
A A AA"S] PEE ROshs T A S (swarm
intelligence) ] §t FEf2A] 1955 Eberhart & Kennedy
(1995)7} 7431911l Venter & Sobieszczanski-Sobieski
(2003), Cai et al(2004), Gao & Duani} Gao & Ren
(2007) et alof] 24 =2J=]aL 7HA &L A ol Llct
3ol Blo|E 22 uf 7 A= HAA s oE ¢
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PSO ¢il2]&9] 552 Table 49} k. YA=9 4
Al AAREE] BEF vl okl A Eh Y= W
32 HA(inertia) w, 1A (cognitive force) c¢;, AlS|E
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Table 4. Particle Swarm Optimization Algorithm

Algorithm (:U* N )<—Particle&1}arm Optimizer(f)

, : new particle velosity of " member

(%

v: - current particle velosity of #" member

g : best swarm position

w : constant inertia weight

s ¢, @ cognitive and social parameters respectively
ry, 7, : random numbers between 0 and 1

for ¢ in range(n,,,

:U;ngneratelﬁmdomf’artide( )
p; =plz;)
while tenninationCriterion() do

for ¢ in range(n,,,):

): # pinitial fitness update

P =p(w;)

if p, <p, : p =p(x), 7, =z,

if p, <p’ : p’ —p( 1), :r;:a:i
for 4 in range(1y,,,):

@ ey, — )

* * *
T;<—Successor (x7): z; Fvx; =x; +q}i

*
U W, +01741(551' -
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return (:r;, i )
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Table 5. control parameters for each algorithm

algorithm control parameters # of cases
PRS n, 1
RO n, o 2
RORR Ny, Oy Mpon 3
SA n,, Kgo, T . 3
PSO n,, W, ¢, G 4

3.4 ZHFIEE Al=3[0|Md Znt | nF

3.4.1 G M (pure random search: PRS)
PRS- 3A| tid geulel= £54 & A48 n,
9] x3lo| tiste] 2H| ZE AHL FPslqct n,of wf
2 23k Al Fig 33 Ptk Eﬂxﬂi n, o] HAAH
Jeol FoHAH HAE vt frd AR fr ARk

0.12 A w2 Aujgtss 7S % lck

0625 4

0600 R = - R —
0575

0550

fitness

£ os23

\\\%

0.450 — T

0425

o 2000 4000 6000 8000 10000
ny

Fig. 2. Results of PRS simulation for test functions
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3.4.2 WFA3Hrandom optimization: RO)

RO= Algl4: n, o FA A4A] TEBA oo
9J3}lo] eFs](exploration)y} ©]-8{(exploitation)= FA|5}
= o] 7hset ZHZIEE AlEdoldS fI%t + 7t

A sfepulele] 2gHe Table 63 2tk

Table 6. simulation cases for RO

# of
parms cases
cases
n, 50,100,400,1000,2000,4000,10000 7
o 1,2,3,4,5,10,20,30....,100,200,400 17
total cases 119
Table 7-> RO ¥4alg]5o] ZH7FERE Aladold 2
12 w2y 24 wepy 230 43hE g 2o
17 ohq.
S8 3 oSOl T A o0l 242 3

2 JIAEE Mol gk HAE P47t T
chEel 9] Brlel v ol 7] ujEo %%
Ake] FAR o] MBEle Ao sloler)

S —{o

Table 7. optimal parameter combination for RO

test function
parrns U m
f x fl‘
n, 4000 100
o 5 70
1—p’ 0.0017 0.0786
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Fig. 3. Results of RO simulation for test functions

3.4.3 99 A= WAF2Z3Krandom optimization
with random restart:RORR)

RORRZ A|#3814> n, 9} o2 A/dAFe] A2 oo
9J&lo] EFsl(exploration)d} o]-8{exploitation)2 EA|3}
= 7o) 7hssil BeIER ABAOAS et 1
sjetule]e] 23S Table 83} 2T

Table 8. simulation cases for RORR

# of
parms cases
cases
n, 50,100,400,1000,2000,4000,10000 7
o 1,2,4,6,8,10,15,20,30,50,70,100,200,400 14
My srart 1,25,50,75,100,200,300,400,500 9
total cases 882

Table 9% RORR &1el%2] Ee712= Ageold
22 w29 N2 ey 230 4388 e 0
o731 GIEk. T HAE @4 o] thstoli= fio] i
AGAE BAHASE n,,,,,,~101T 0=60]T n
~20000] %202 Heigo] RO At} A2 A
2 SIS 4 ek TS A n,,y,, =757 A

0=20, n,=200022 A= o] ARl Fiol| HT=

8

koo

Tl Aegro] WQTRS of

T T A=

s

+

Table 9. optimal parameter combination for RORR

test function
parms P ,)T
n, 2000 100
o 6 20
Thestart 1 75
1—p 0.0020 0.0489

—— uni-modal for 0=6 and Aresare=1 JE—
—+~ multi-modal for 6=20 and Nrexi=75 -

[ 2000 000 6000 5000 10000
n,

(a) fitness vs n,

(b) fitness vs o

i —— uni-modal 0=6 and ny;,=2000
—+~ multi-modal for 0=20 and ness=100

(c) fitness vs n,

restart

Fig. 4. Results of RORR simulation for test functions
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3.4.4 934 7|H(simulated annealing: SA)

g 7INME 0, & ool 7,5 F7IRECEHN B
(exploration)Z} ©]-8(exploitation)S FA|5k= A o] 7=
st EE7FER AlEYoldS fIvt Al7HA] ahetnlE 9]
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Table 10. simulation cases for SA

parm cases faszg
n, 50,100,400,1000,2000,4000,10000 7
o 1,2,3,4,5,10,20,30,...,100,200,400 7
it 0.001, 0.1, 1,2,3,5,10 7
total cases 343

Table 112 SA &1g|&2] BH7IER AlEF 0| 2
W2 =2H 2F ooy 23y J3EE e B
3tk B8 A9 7,01 0.10]3L o7} 42 A s
R oY A 7,01 200131 o7} 202 A E =

. oL e} ghR2o] WS A 55}
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jus =2 =
3 glon B A9t Bl Fa5h] fEos

Table 11. optimal parameter combination for SA

test function
pamls (a T
f.r fT
n, 2000 100
o 4 20
Tt 0.1 2.0
1—p7 0.0013 0.0326

—— f£0=4, Tjp=01
—en 0220, Tjy=2.0

[ 2000 000 6000 5000 10000
Nx

(a) fitness vs n,

' —— #,1,=2000, Tp=01
== £,0,=100, Tpy=2.0

[ 25 50 75 100 125 150 175
o

(b) fitness vs o

[ 2 a 6 5 10

(c) fitness vs 7,

init

Fig. 5. Results of SA simulation for test functions
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Table 12. simulation cases for PSO
parms cases cases
n, 50,100,400,1000,2000, 4000,10000 7
w 0.2, 0.5, 0.8 3
G 0.5, 1, 1.5, 2.0, 2.5, 3.0 6
C 0.5, 1, 1.5, 2.0, 2.5, 3.0 6
total cases 756

Table 13> PSO ¢112|&9] EHZIEE AlEH ol

stejule 2l 43eE ke 1

o3 Sty d5-d A9 n, 0] 20000|1L w7l 032 Al
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Table 13. optimal parameter combination for PSO

test function
parms »
I I
n, 2000 400
w 0.3 0.5
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Fig. 6. Results of PSO simulation for test functions
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Table 14. comparison among algorithms

test function
algorithm

1=f; 1=f

PRS 0.59 0.43
RO 0.0017 0.0786
RORR 0.0020 0.0489
SA 0.0013 0.0326
PSO 0.0016 0.0063
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