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This thesis proposes using a real-options approach to find an optimal
stopping time of genetic algorithms. The real options methodology is an evaluation tool
for making decision under uncertainty, such as analyzing various investments. Applying
this approach to guide algorithms decisions is a novelty of this thesis. The optimal
stopping time analysis using the real options technique offers us two pieces of
information: an algorithm value, which is the value of algorithms in searching for a
solution optimally, and a stopping criterion based on boundary of a fitness value in each
generation. This résearch proposes using an algorithm value as a quantitative measure
for comparing the efficiency of algorithms in terms of benefit. It takes a computational
cost, time and the possibility of finding a solution into account. The bounds of a fitness
value in each generation guide the algorithm on whether to terminate or to keep
searching for a solution. The experimental results show that when the genetic
algorithms follow the proposed boundary as a stopping criterion, the number of ﬁtr:ess
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' ' waa o o @ c. o LA AN o oA &
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TUAaUI TUTZUIHNITUINU (Estimation of distribution algorithms: EDAs) %30
i’u@au%ﬁ%aﬁugmwLL'i.li.lmia%NLLum‘haaommﬂszﬂu (Probabilistic model

)

building genetic algorithms: PMBGAS) saualas Mihlenbein Waz Paal (1996),
Pelikan, Goldberg Laz Lobo (1999) lutuaauitiudazaluds (eravasiisylanuuday
ﬁ@luﬁu@au‘iﬁ%oﬁugnﬁuLLUUL@&I) azdanannuiazsidulunsidudaen 1uns
> Qs 6 a dl U a 1 1 (= dl s %)

ANMURNNUINUAILLTDU LL&&%:%ﬂﬁﬂiUﬂﬂﬂmumﬁmﬂmwai.lim.l;amimzmUm"uaa
o a t:ll A é’
mmulﬂﬂuwﬁmamamamzummmmm:awgwu

g; a ] YV & 1 Q/ s J

JuaanIdUszunmnshanLasaIIn AL belln 3 NRURAN 9 AWANHIULNIIU
1 o s A g’ Aad dl s .J 1 a ] .
donuradauls Ao Tuaaudtszuimnisuantaduuunalnlslidudann (Univariate

. . . i | 2 ad A o L o

estimation of distribution algorithm) T%#aaWITUILUIWNITUINULAILUUNAILUIUUGANK
\ugl (Bivariate estimation of distribution algorithm) WAzTUABWITUIZNNHNITUINLAY

o o X, o L . . VR . i
LUUALUIRAN8aIUGaaN% (Multivariate estimation of distribution algorithm) lunfias
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2 & aa ' ' ;Y o '
‘q@maLamwumamﬁﬂi:mmmmﬁmumLu_lumﬂﬂq@ﬂa"l,uwmwmu@anuiumuﬂmm
8Z6n

& ad A o .;:3/ ' o A s a K A

mu@ﬂuﬁﬁﬂiz&ﬂmﬂ’]ﬂmﬂuﬁ]dLLHUYI@I’)LL?J?VL&JTRGIE]T’]%&I 3 8aNaINA A N9
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L%U%ELW&J“]J%LLUUmmllliz“li’mi (Population based incremental learning: PBIL) Uu@al
a A o R . PR .
ABuanuaIuTaunhiaaLLs (Univariate marginal distribution algorithm: UMDA) &g
& ad Aa > O . . & 1 adA
VBADWITLTINUINITNUDUNIZTY (Compact genetic algorithm: cGA)  TILARIDY
NUNLDUAAI

¥

1) NS5 AR INNTBLUUadalsznIns
u

sanasnubiiaualay Baluja (1994) Telumdaalunsltiiniaasainuinee:
1w (Probability vector) Lmuﬁmﬂ‘*ﬁmjuﬂszmnﬂmuLau LaaasaNazduia
Wuaanuulumsninmniszaisalvesiiaaud 9 lasudazl@ (Dimension) va9ia1a83
dudranuhanduiindaziozdu 1 maiududenuienduidmldlasinisgs
giearedsuasudranunaziuliidnlnaaaeg198 9 Tuaaun1IinIneInIg
a % AI J s dl di & o aa o a A
Soudiintuuuuandotzaniuaaslugli 24 Wa /1 Wudwandd $wonda) p, fe
ANz duluudazifvasinaiass o fie é’@mms(‘%ﬂuﬁ%aﬁma%iizwm (0, 1] Az

x, Ao aluudaziia (A1 1 ¥3a 0) VIA20EN90AN k

Procedure population-based incremental learning
1: Initialize probability vector (p)
with 0.5 at each position.
2: Generate /M individuals from the vector.
3: Select N best individuals, where N < M.
4: Update the probability vector p.
for 7 =1 to 7 do
1 N
Pi=(-a)pi+a= D X
N
5: Go to step 2 until a termination
criterion is met.

A & ad = o o
E‘].]‘Y] 24 IUGaWIDY a\‘]ﬂqiLiﬂuELLUU aneedse Ny

o QI v v v 6 1 [ J dldq,o v
NINNUILLIINARAILNNIRINILIALADIAMN UL T AU 1uwum%u@1vﬁ
' Aaa ' ' > ) o @ ° s
LmazmmaaL’Jm@a%ﬁmm’mm%uﬂmmﬂu 0.5 uuﬁal%mim:msmmadm@ausm
g a A A a J v o g; 1 v o [ t:ll | g
1w da 0 wio 1 NIQﬂ’WﬁLﬂ@“U%VL@]L‘Y]’] g Nk ﬁ]ﬂﬂ%%ﬁ]:q&lﬁﬁ%‘i@nGUWGVILU%@I'JLW]%“DBG
o & ' &) ¥ o ' o a '
fMaavdnunnaaaIaNuazdui M A0819 YINMTUTL T UAIANNLRUIZRUD DI

> ' L A e oA o a o o o P o & @
AIDUWLARTULRILABNATABDLA €] 4N N @1 LLa’J‘ﬂqu}au@laUYlLﬂ@ﬂll’]vlﬂmﬂu@]mmuiu
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nguenatvgah mIdiulpdianuhandulunameivhaugatluiuaeaun 4

Q?: adq l& o
(2) DHADWIDLLINLUIIATINVYD UK auls

Tuaauiuanuasuvaunitadauls hiaualas Mihlenbein  UAz  Paal
(1996)  matszammInazae@iveidnand 9 laviinsianduanuinudazie
Ung LLﬁdﬂ%’Uﬂﬁ;mﬂunﬂma‘fmmﬁ%ﬂumuﬂamﬁf?u Ftuaaumariauuaadlu
gﬂ‘ﬁ' 25 e Juswaudavasdineu p, fie danaveaduiudazinnin 1 uaz x

fa enluusazianuaiaiatinggln k

Procedure univariate marginal distribution algorithm
1: Randomly generate / individuals.
2: Select N individuals according to a selection
method, where N < M.
3: Estimate univariate marginal probabilities (pi)
for each X
for i = 1 to I do

1 N
Pi =W2Xk
=
4: Go to step 2 until a termination criterion is met.

A & aa A o
Eﬂﬂ 2.5 Tu@]aujﬁLL"ﬂﬂLL"%\?@]’]M"UE’JUV\%\‘]@’JLL“?

o lhl v ' v o [ o J o o a
miﬂ’mm:Limmmmsqmmwmamaﬂ’mau*’num M @ Yinmvdselin

° & [ % ' & o o 1 ' { ' a
?’]‘MI’I']WW’I@]?JU%%LLQ'JL%@TW]'J@U'N@ g YNNI N a1 fwrmdinnuiaziduiudazia

2zt 1 mwgmluiumauﬁ 3 lugﬂﬁ 25

(3) TWABWIDLBINUINITNUUUNTETY

o (g
o addA

TuaauIdhEualay Harik et al. (1999) msﬂ%’uﬂgaL'ml,@a%m’muw:l,ﬂu

1 2
=}

a o 1 o s a 1 v Qs 1 L J
azSuanudIgaun@aniIn luﬂﬂimmumaaaaﬂaiﬁuﬁﬁ]:ﬁmiqwmwmama 2 @7 YA
ANIALADTANUNIZL U LRINIITINTINAIABUALAGNIINK  LIAtaaTAINNazL Tl

' Aa @ A ° o Ao ' o A &£ Aa LA &
wiazdd rgnusuauiavasdinauainanin mludanudiaaunanindaidu 1
6 1 I = o £Z v " Y o dld 1 I 1 1 I ana
Lawasauazduiazlsutnlng 1 wddndeaunaninde 0 drenutazduluia
&< = ' ila & o = a £ o o & { '
BUNIZAAATRI Iamaﬁmum:gﬂaswmlﬂu 0 NALLANYUGINAIY AITULUDHTU
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Ao s & , ] & & o
ﬂizUlumi’nwu’]mﬂﬂi:U:V\ud LIRILEG aiﬂ’)qwuq"ﬂzLﬂuﬂﬂzLﬂTﬂN LAANIINICINYUAIVB

faaud 9 mMInuestuaedIBiiRuINIINLUUNIzTULEAsluIUN 2.6

Procedure compact genetic algorithm
1: Initialize probability vector (p)-
for 7.:= 1 to [ do pi &= 0.5;
2: Generate two individuals from the vector.
a = generate(p);
b := generate(p);

3: Let them compete.
winner, loser -= compete(a, bH);
4: Update the probability vector towards

the better one.
y 4= A atof 1} do
iT winner; » loserj; then

for 1

if winner; = 1 then
pie= pit 1/n
else
o = g N N
if the vector has converged.
i =1 to [ do
if p;i > 0 and p; < 1 then
return to step 2;

5: Check
for

gﬂ‘ﬁ 26 ﬁ'u@auﬁfﬁ'l,%aﬁuﬁqmiuLLuum:"ﬁ'u

21.2 ilgwnimasay
TywinasauningdunusallunisidSaufgunisvinnuuazngdnssuvas

= Aa K ] a o n‘lp
AANDINNAN 9 WAt
(1) Y131 ImnitanInNga (OneMax problem)
dymtdudgwipdmivduaewdsidanugnssy uazdnazgnladudynm
nagauWgAnIINTadaanaINuNalTauRsuausI T lwn LA wiing dieanw
& f e o P’ { = ' { & Y ’S & &
mm:am:muagnummumﬁmu 1 LLazmgoq@ﬁLﬂuvlﬂ"lmﬁanﬂumﬂu 1 NIRNA 11

ad = a P
nidiinumazaN NN gazvihiuaniezeslaslalay
wnalw X={4,%,..., Xy} Dulaslalauanuena N, lashudazia

% €{0,} mamdranumnanzanvedlasiulouhmunsasiwmisldannaunis 2.1



15

F(X)=) X (2.1)

(2) ﬂmuﬁ’lﬁ'uﬁﬂ (Trap problem)

Uaywinuen (Goldberg 1987) tdudamisndawiuduaawinFInwgnIm
d‘ 6 o 1 Y Qs dl [ a 1A
ihasannWanTuraanurNzaNazlvanulaslulaunlsznaualada 0 vinninde 1
] & o o o ~ o A &
megaq@maaﬁaﬂ"ﬁunaﬂ@mafmlﬂﬂﬂw‘nﬂs:ﬂaumsmm 1 NIRNA

winuaniazilsznaud2r8%iiua3ng (Building block) &y ¢ ixnysznay
) o o A £ ' o = b a '
danwdunuanen¥n nipaI9an 9 wahenr k- Ja wazaiuTaniIaIalu

LANERUUDILLG ﬂzﬂﬂ?ﬂﬁ%’]ﬂvl@?@]"lllﬁllﬂ’ﬁﬁ 2.2

frign & AR UK
Fk(bO"'bk—l): f

u fIow

;. otherwise
k-1

low

\Wa b, € {0, 1}, u = > b, » UAZ frigh > fow. lagUn@uan fg, 2eNTINAY k uaz fiy, Aei

WINAU k-1

o o i .
Wathniheaietundsznaudanulneni2n AUz aNaNITaaIwI

ldanmsshdnanumanzanaadudazniiegineges 9 aunnk WInTurAIA

ANNZRNTBINTHIRUILETIVING k NNFN% m RIIE Laad luaunsi 2.3

Fkxm(BO"'Bmfl): Z Fy (Bi )’ B {Oll}k (2.3)

(3) ﬁmuw’lﬁnﬁntmnﬁ’lﬁuf% (Hierarchical-trap problem: Htrap)
UNUaNaIaUTH  (Pelikan Laz  Goldberg 2001) iiuilgwndiaay

= ;&/ o Q g: o g: { &/ o 1 o Q g: 1 v ‘é
UIznauNUIBMNSIALTH mmaulumuﬁgwm:mmnmmauUaﬂlum@u*’mﬂauﬂm g
o s g; ,_-j’ £% v d'dy a o ] = a 2 g;
m@muummmLLamVL@i’lugﬂmamu"Lu luwu%zwmsm’lmmamama: 3 UG DINIRIY
A o o & A X v A LA v A v & &
el 0 nua IRQWQUﬁRWQGmHQZQﬂLLﬁ@GQQEJ‘IJ@] 0 wwwiasInuia 1 oudw 1 wuans 3

falurudaldfiuie 1 do lunididu 9 azgnuaesddisiaiasmane -
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AU RNITAIWIMANNAN Leanusaz Inualudnly  lagiSuRaison
= 3 o o d
anlrualy (Leaf node) Teenvadlnua i fia ¢ fwimslaanauniin 2.4

. _ [FxFbby) if b =forall o< j<2 2.4)
' 0 : otherwise

W hduenugaveslnua i, uaz by, by, by iulnuanedis asinans uazmeanlu
AOUTUAaURINVRILAUA i LaENAN Fy fUIMINENNNTN 2.2 T190% laumnua i
fign = 1 UAZ fioy = 0.9 &dulnuadu fmuald fig, = 1 usz fo, = 1

(4) TymarauswiuuniAaLila (Hierarchical-if-and-only-if problem: HIFF)

e & & { ~ o o & A
ywisauawiuuidatila (Watson et al., 1998) tiudnwistlanisiausun
sanvnuaadldlugdvesduld  Jymiignuaaslugdvesduldninne Binary tree) 1
Qj & A gﬁ 1 o > 3; dl Il ;3’ =3 t-ﬂl v A
Inuansmaadu 1 w30 0 nig ludduTuiedgaiunszununais 1 wia 0 aulnuagn
Vv oA P A L o & o o a
wao N lawe ko lrnuwaribatiuaran I%uﬂlum@umumvlngnLLamLmummmamma
' g ' ' A2 o 'Y d
2 dranumdzsNradlaslalauifanasnaasan e sz InuagIf1wI ol naun1IN

25 e h ﬁammgwaﬂﬂu@ i

2" -itnodeiis 0" or 1"
- f i (2.5)
0 ;ifnode lis -

2
&

Tymikiidnaeuangaag 2 dAaauda Maauinndaidu 1 Nowue Audaay

i 0 NInua

(5) fayn1 2 2w 6 i (6-bipolar problem)

w1 2 2200y 6 06 (Pelikan et al, 1999) fuilynimyariwwia 6 e
a 1 =) 1 =) & o v { {
mMifadaMuINzaNIzinIanINnguved 6 §a Ssdwinldnnaunan 2.6 e u
Ao a A Al &
Aadwandafidu 1 lungudanu

1 f U=0or6
09 fu=3
fB_bipOIar - 08 fu=204 (2.6)

0 f U=1lorb
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2.2 aaUruade

lunen13i3n aaddu (Option) Aa aTanTayWus (Derivatives) NazlhEnTun
U= 9 ) A o A & A v €y A .
Ateated (lavldldniszyniu) lunifiszaaduladoraduningd198s (Underlying
4 o e A9 va a 1 A & o '
asset) lumauazszozafimue laveaddunliansuddionsaslunisdaoni
o - v A9 oa a1 oA = :
naaaalTu (Call option) wazaaUTuilianiungiaasaslunisriuiSonit wn
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A ¢ o A a | o A A 1 i A Aa
wikngTeaalfudeiondt eatlfuniiliun (Option  premium) iWalduiduaauunu

° [ o d { = 7
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PUIUFINIITAIEINT (Exercise price) luamznanuzninaliiiaszlusiundtiann
g a J { a s v a e g: 0' 1 va =
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datatu suydiundaeseattusasiuluuisnnielilunanldans 100 v dviu
Ao AL I3 gl o '
2a9UTENRUULTU 150 un Li’]ﬁﬁ]:mmm%aguﬁﬁlé’mﬁm 100 LINANRYYINANSI
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TuvasuuTEnnislilunanldansn 100 v diuzesuisniansaunio 50 v 0
azananIneuldlunan 100 v aanudauitly 50 v ldunazidunadszlomiues
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éaﬁﬁﬂﬁaaﬂ%’mﬂuﬁﬁﬂulumﬂﬁﬂuméaoﬁa%'@mimwmﬁmmaaﬁfﬂamu
Ada AAEANTIUNIIINAVEULYAVDINNNTIRIBFIFA Tuvmenilanalasy
UseTomiislaidnia ﬁnﬂm’mmmmf:l,aﬁaﬁ@ﬁwaaﬂ%’umlﬁﬁumﬁme:ﬁmsamu
UaNAAA I(ﬂﬂmsﬂizqﬂ@ﬂﬁaaﬂ%’uﬁ'ﬂmiﬁ@ﬁﬂaamu‘tuﬁun%’wﬁﬁ"[&i"lﬁﬁm‘s%am orlu

AaNaATIT8NN 0aUTuaI (Real options)

a 3 1 o ad v [ ad A a % A
m‘nLmﬁwgammaaaaﬂﬂjuwmmmwnu LL(?'I'Jﬁ‘Y]%EINLLazlﬁdﬁuﬁz(ﬂ’mﬂa
MIMUULUIRILLAR-LT (Black-Scholes option pricing model) (Black and Scholes,
1973) lasfawudginimaadenlwivasnavesdunsndarsdanionlniuuuusnid
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a . . . = o )
LIVIA WA (Geometric Brownian motion) mu‘jumzmumimqu (Stochastic process)
2] \ = aade Aoy o o A a \ @ A A
R 1 [ST IS ag lsfeuAThdslidesnedn 9 wenanaunfigin 1w saUTulianslu
MIMANT e TWANABEUBINTYRY YT (European option) uazdaaantdunue
AMULUTUTIBU2I8 TN TIU R BUL 8 UBIRWNITW T 81989 ﬁaaﬁﬁﬁﬂoﬁmaa@awqmaa

RunnaalTw

& o aa ad Al ua (7 o o \ X% v a

wanIINuB muaﬂm’lmﬁ‘nlmLmq:m’]ma@ry’laaﬂmumu mﬂ,muvl,wm

U4 (Binomial option pricing model) (Cox L8z Ross, 1979) RIDMTLTIDITIA LAY
(Numerical approach) Lo MIMNTINRBILLLNERAANS LA (Monte Carlo simulation) T
= A ] 1 dld‘y 1 =3 o 1 ot v v v Aa &
Mﬂ?ﬁ&lﬂ(ﬂ‘ﬁﬂ!%?ﬂﬂﬂ?’] Mﬂm:ﬂa’nmmsmmm;&ammaaaaﬂﬁﬂ@ﬂmﬂummw I
\duiugruvaimiliuaaiies (Lattice) Ninsdnwusiazlfiduislunmsminanyainane

50 aaﬁumau’i%ﬁoﬁugﬂﬁm alil

msldnlimImuininannisasit amﬁiﬁuw%’wﬁﬁﬂaaaﬁﬁaﬁiﬁﬂﬂ S
na1 ¢ lwoe ¢+ At enFunswetiu 9 azﬁ‘[amaga“fmﬂu S, WI0aANILWRD S,
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é”ﬁaada%iﬁ‘uﬁuﬂ%wﬁifu ) allamaduldle 2 aghaunu aratragu lugﬂ‘ﬁ' 2.7 1
WINFAALA S, = 100, S, = 120 G28ANNIILTH 0.5 ez S, = 90 druaNNIzn
05 fhmanvasFwnswfudwdn 120 ABadaUTUALYAALYINAL 20 lunsasanudy
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C; = max(0, S; - K) (2.7)

A A o v ) ua a
We  C, fAa maealtu m ultand
A a s 6 L v a
ST A INARUNINEY T Qul‘ﬁa‘ﬂﬁ

a

K @a nenldand (Exercise price)

S, =120
0.5 B~ 20
S,= 100
05 S,=90
C,=0

gﬂﬁ 2.7 61"3asmmi@‘hmmga@haaﬂ‘*ﬁ‘umﬂéfuvl,ﬁﬂ%mw
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F(x) = max {Q(x), w(X)+ L s[F(x')|x]}
1+p 2.8)

Wa  Fx)  @e yadizaslamialunisnamu
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A
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U
1 dl Qs v Qs a
a gammﬂmummau’taamu

D

o

(x) fe Warnbsnazlasu (Profit flow)
p fla a@NAaaa (Discount rate)
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Procedure constructing the optimal stopping policy of genetic algorithm
Initial a set of matrix for collecting a fitness movement of each generation
for r = 1 to MAXRUN do
Initialize population
for g = 1 to MAXGEN do
selection
perform genetic operators
evaluate population
update profile according to a fitness movement from generation g-1 to g
end for
10: end for
11: real_options_calculation();
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Procedure real options calculation
1: for g = MAXGEN downto g = 1 do
2: for bin = MAXBIN downto bin = 1 do

3: (Note that the algorithm value is calculated using equation (3.3))
algorithm_value[g]l[bin] = max(g(x), ¢[F(X) | X1);

4: if LA(X) | x] > g(x) then (decide to continue)

5: decision[g][bin] = 0O;

6: else

7: decision[g]l[bin] = 1;

8: (Form a boundary of preference fitness value in each generation)
if decision[gl[bin] = 1 and decision[gl[bin-1] = 0 then

9: upper_threshold[g] = fitness value at bin;

10: else if decision[g][b#7] = 0 and decision[g][bin-1] = 1 then

11: lower_threshold[g] = fitness value at bin;

12: endfor

13: endfor
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5% 10% 5% 10% 5% 10%
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5-Trap x 6 9.80 9.02 9.32 8.77 13.54 9.45
27 bits HTrap 11.70 10.73 11.00 10.48 23.40 12.09
32 bits HIFF 49.68 47.18 49.31 47.06 49.39 47.07
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Problem sGA SGA with option-based stopping policy ::21;2?5

Fitness Evalﬁation » Evalu#ation a)p:\:llzs.)s if:\llg?

Best Avg. SHOL Best  Avg. S.D.

onemax30 30.00 29.85 0.37 1,095,550/ 30.00  29.50 1.34 988,600 -1.19%  9.76%
onemax50 50.00 48.67 1.09 1,538,450, 50.00 43.91 6.31 989,500 -10.84% 35.68%
onemax100 | 97.00 89.65 2.60 2,096,100 97.00 83.38  10.42 1,546,800 -7.52% 26.21%
trap3_10 30.00 28.85 0.95 1,213,450/ 30.00 28.00 2.57 1,050,650, -3.04% 13.42%
trap3_20 60.00 5381 213 1,668,700, 60.00 46.37 9.38 1,043,500, -16.04% 37.47%
trap3_30 84.00 7571 3.40 1,929,300 84.00 72.16 9.25 1,655,050, -4.92% 14.22%
trap5_10 49.00 43.68 1.85 1,551,700, 49.00 38.56 6.95 1,023,500 -13.28% 34.04%
trap5_20 90.00 7855 357 2,020,950 90.00 71.89 11.84 1,527,350, -9.26% 24.42%
trap5_30 124.00 108.57 4.75 2,240,250[121.00 93.01  18.04 1,331,050, -16.73% 40.58%
Htrap27 81.00 59.25 12.13 1,151,650 81.00 54.82 14.23 957,650 -8.08% 16.85%
Htrap81 18450 121.87 1431 1,779,950/ 184.50 100.86  28.64 1,191,000 -20.83% 33.09%
Htrap243 33150 251.35 18.41 2,385,550/309.00 238.65  34.29 2,057,750, -5.32% 13.74%
HIFF32 192.00 143.63 21.57 1,188,350/192.00 126.39  30.60 854,000 -13.64% 28.14%
HIFF64 352.00 24232 25.77 1,625,600(352.00 213.35 47.12 1,161,300, -13.58% 28.56%
HIFF128 520.00 402.14 27.72 2,095,050/520.00 374.70 57.26 1,673,450 -7.32% 20.12%
6-bipolar30 5.00 478 0.10 1,788,950/ 5.00 4.73 0.13 1,323,500 -1.06% 26.02%
6-bipolar60 9.90 9.37 0.14 1,948,550 9.90 9.16 0.28 1,180,250, -2.29% 39.43%
6-bipolar90 | 14.40 13.93 0.16 1,909,250, 14.40 13.65 0.40 1,267,0000 -2.05% 33.64%
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Problem Stop over upper Stop under lower
threshold threshold
onemax30 70 0
onemax50 371 0
onemax100 268 0
trap3_10 114 0
trap3_20 390 0
trap3_30 135 0
trap5_10 354 0
trap5_20 244 0
trap5_30 420 0
Htrap27 192 0
Htrap81 344 0
Htrap243 134 11
HIFF32 324 1
HIFF64 296 0
HIFF128 204 6
6-bipolar30 445 1
6-bipolar60 414 1
6-bipolar90 359 2
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Procedure Option-based GA with an incremental on-going improvement

1: Initial a set of matrix for collecting a fitness movement of each generation
2: for r = 1 to MAXRUN do

3: Initialize population

4: for g = 1 to MAXGEN do

5= selection

6: perform genetic operators

- evaluate population

8: update profile according to a fitness movement from generation g-1 to g
9: if fitness value falls into stopping regions then
10: stop the algorithm (exit this loop and perform real_options_caculation module)
11: end for
12: real_options_calculation();
13: update stopping policy according to the calculated algorithm value
14: end for
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Problem sGA SGA with option-based stopping policy aSna;/I;/r;?s
Fitness Evalﬁation Fifiess Evalu#fation é)?;r\lgs.)s ife\)l\llra]\?
Best Avg. S.D. Best Avg. Sib.

onemax30 30.00 29.85 0.37] 1,095,550, 30.00 29.85 0.38/ 1,087,400 0.00% 0.74%
onemax50 50.00 48.67 1.09] 1,538,450, 50.00 48.63 1.03] 1,529,300 -0.08% 0.59%
onemax100 97.00 89.65 2.60, 2,096,100, 96.00 89.55 2.60] 2,053,500| -0.11% 2.03%
trap3_10 30.00 28.85 0.95| 1,213,450, 30.00 28.80 1.02| 1,205,450| -0.17% 0.66%
trap3_20 60.00 53.81 2.13| 1,668,700 60.00 53.82 2.22| 1,649,050, 0.02% 1.18%
trap3_30 84.00 75.71 3.40 1,929,300, 84.00 75.68 3.37| 1,872,000( -0.04% 2.97%
trap5_10 49.00 43.68 185 1,551,700, 49.00 43.61 1.81] 1,531,850| -0.16% 1.28%
trap5_20 90.00 78.55 3.57| 2,020,950, 88.00 78.30 3.36/ 1,906,450( -0.32% 5.67%
trap5_30 124.00 108.57 4,75 2,240,250 122.00 107.96 4.61) 2,019,700 -0.57% 9.84%
Htrap27 81.00 59.25 12.13] 1,151,650f 81.00 59.75 12.53| 1,129,350 0.84% 1.94%
Htrap81 18450 121.87 14.31 1,779,950 184.50 122.27 13.95 1,693,500, 0.33% 4.86%
Htrap243 331.50 251.35 18.41] 2,385,550, 316.50 250.14 16.75 2,155,250| -0.48% 9.65%
HIFF32 192.00 143.63 21.57| 1,188,350| 192.00 144.00 ' 21.65| 1,146,700 0.26% 3.50%
HIFF64 352.00 242.32 25.77) 1,625,600, 384.00 241.07 25.10 1,517,350| -0.52% 6.66%
HIFF128 520.00 402.14 27.72| 2,095,050 492.00 399.38 25.76] 1,886,250| -0.69% 9.97%
6-bipolar30 5.00 4.78 0.10{ 1,788,950 5.00 4.78 0.10{ 1,670,050, 0.00% 6.65%
6-bipolar60 9.90 9.37 0.14| 1,948,550 9.80 9.38 0.14| 1,746,800, 0.11% 10.35%
6-bipolar90 1440 13.93 0.16| 1,909,250, 1450 13.94 0.16| 1,788,000[ 0.07% 6.35%
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-value
Problem t (Sig. 2-tailed)
onemax30 237 .813
onemax50 .883 377
onemax100 .852 .394
trap3_10 1.093 275
trap3_20 -.062 .950
trap3_30 213 .832
trap5_10 .840 401
trap5_20 1.646 .100
trap5_30 2.863 .004
Htrap27 -.889 374
Htrap81 -.643 .520
Htrap243 1.559 119
HIFF32 -.377 .706
HIFF64 1.062 .288
HIFF128 2.333 .020
6-bipolar30 548 .584
6-bipolar60 -.564 573

6-bipolar90 -2.732 .006
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Problem sGA sGA with option-based stopping policy aSna;/I;/r;?S

Fitness Evalﬁation e Evalu#;tion é)?;r\lgs.)s Zagl\llgi;

Best Avg. S.D. Best Avg. S.D.

onemax30 30.00 29.85 0.37] 1,095,550, 30.00 29.85 0.38 971,200, 0.00% 11.35%
onemax50 50.00 48.67 1.09, 1,538,450, 50.00 48.11 0.97] 1,193,700| -1.16% 22.41%
onemax100 97.00 89.65 2.60[ 2,096,100 93.00 88.38 2.13| 1,616,550 -1.44% 22.88%
trap3_10 30.00 28.85 0.95 1,213,450, 30.00 28.78 1.00] 1,069,200| -0.24% 11.89%
trap3_20 60.00 53.81 2.13| 1,668,700 59.00 53.58 2.16| 1,450,200| -0.43% 13.09%
trap3_30 84.00 75.71 3.40, 1,929,300, 85.00 75.46 3.13] 1,723,200| -0.33% 10.68%
trap5_10 49.00 43.68 1.85 1,551,700 49.00 43.42 1.72| 1,335,500| -0.60% 13.93%
trap5_20 90.00 78.55 3.57| 2,020,950, 90.00 78.20 3.56| 1,798,700 -0.45% 11.00%
trap5_30 124.00 108.57 475 2,240,250, 120.00 107.92 451 1,971,800| -0.60% 11.98%
Htrap27 81.00 59.25 12.13] 1,151,650, 81.00 58.57 12.38/ 1,123,800 -1.16% 2.42%
Htrap81 18450 121.87  14.31 1,779,950 199.50 120.31  13.79| 1,512,950 -1.30% 15.00%
Htrap243 331.50 251.35 18.41] 2,385,550 298.50 249.36 17.03 2,179,150 -0.80% 8.65%
HIFF32 192.00 143.63 21.57| 1,188,350 192.00 143.14 21.58| 1,157,300 -0.34% 2.61%
HIFF64 352.00 242.32 25.77| 1,625,600, 336.00 241.79 24.98 1,558,450 -0.22% 4.13%
HIFF128 520.00 402.14 27.72| 2,095,050, 496.00 399.50 25.18 1,869,300| -0.66% 10.78%
6-bipolar30 5.00 4.78 0.10f 1,788,950 4.80 4.56 0.08 151,050 -4.82% 91.56%
6-bipolar60 9.90 9.37 0.14| 1,948,550 9.40 8.94 0.11 242,550 -4.81% 87.55%
6-bipolar90 1440 13.93 0.16/ 1,909,250, 14.00 13.26 0.14 292,200| -5.05% 84.70%
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Problem sGA SGA with option-based stopping policy aSna;/I;/r;?s
Fitnesg Evalﬁation R Evalu#fation é)?;r\lgs.)s ife\)l\llra]\?
Best Avg. S.D. Best Avg. Sibk

onemax30 30.00 29.85 0.37| 1,095,550, 30.00 22.89 1.14 151,200(-30.41% 86.20%
onemax50 50.00 48.67 1.09] 1,538,450, 49.00 35.28 1.64 151,450(-37.95% 90.16%
onemax100| 97.00 89.65 2.60, 2,096,100, 89.00 73.09 2.39 438,700|-22.66% 79.07%
trap3_10 30.00 28.85 0.95 1,213,450, 28.00 19.89 1.58 151,100(-45.05% 87.55%
trap3_20 60.00 53.81 2.13| 1,668,700 51.00 35.48 2.28 201,350(-51.66% 87.93%
trap3_30 84.00 75.71 3.40] 1,929,300, 80.00 60.21 3.11 542,700|-25.74% 71.87%
trap5_10 49.00 43.68 185 1,551,700 44.00 28.68 1.97 151,400(-52.30% 90.24%
trap5_20 90.00 78.55 3.57| 2,020,950, 84.00 65.50 3.58 637,850(-19.92% 68.44%
trap5_30 124.00 108.57 4.75 2,240,250, 113.00 94.81 5.53 838,200(-14.51% 62.58%
Htrap27 81.00 59.25 12.13] 1,151,650 81.00 59.36 12.38] 1,100,350 0.19% 4.45%
Htrap81 18450 121.87 14.31 1,779,950, 192.00 119.82 15.06| 1,418,850| -1.71% 20.29%
Htrap243 331.50 251.35 18.41] 2,385,550, 307.50 246.48 18.36] 1,832,400 -1.98% 23.19%
HIFF32 192.00 143.63 21.57| 1,188,350 192.00 143.66 22.22| 1,152,250 0.02% 3.04%
HIFF64 352.00 242.32 25.77] 1,625,600, 336.00 242.86 25.71 1,503,700 0.22% 7.50%
HIFF128 520.00 402.14 27.72| 2,095,050 494.00 399.50 28.21] 1,880,700| -0.66% 10.23%
6-bipolar30 5.00 4.78 0.10{ 1,788,950 4.80 4.56 0.07 151,450 -4.82% 91.53%
6-bipolar60 9.90 9.37 0.14| 1,948,550 9.30 8.86 0.12 151,800( -5.76% 92.21%
6-bipolar90 14.40 13.93 0.16{ 1,909,250, 14.10 13.06 0.15 151,700| -6.66% 92.05%
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Problem No cost Cost =0.01 Cost =0.05
Stop over Stop under | Stopover  Stop under | Stopover  Stop under
upper lower upper lower upper lower
threshold threshold threshold threshold threshold threshold
onemax30 159 0 974 0 999 0
onemax50 178 0 972 0 999 0
onemax100 183 28 896 46 999 0
trap3_10 267 3 963 1 999 0
trap3_20 170 14 680 173 999 0
trap3_30 300 20 692 83 994 5
trap5_10 221 1 881 34 999 0
trap5_20 461 21 533 216 964 35
trap5_30 560 44 663 90 670 329
Htrap27 183 72 133 111 218 139
Htrap81 133 249 46 799 226 719
Htrap243 474 66 391 136 292 656
HIFF32 129 165 147 58 140 202
HIFF64 505 14 299 70 250 264
HIFF128 509 33 584 32 423 145
6-bipolar30 464 1 999 0 999 0
6-bipolar60 494 7 999 0 999 0
6-bipolar90 378 9 999 0 999 0
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Problem SGA No cost Cost =0.01 Cost =0.05

Mean Variance | Mean Variance | Mean Variance | Mean Variance
onemax30 19.91 6.10 19.75 5.97 17.42 6.76 1.02 0.57
onemax50 28.77 13.75 28.59 13.32 | 21.87 10.40 1.03 0.84
onemax100 39.92 32.61 39.07 32.75 | 30.33 8.88 6.77 1.46
trap3_10 22.27 11.52 22.11 11.39 19.38 6.03 1.02 0.48
trap3_20 31.37 20.54 30.98 17.14 | 27.00 9.15 2.03 0.73
trap3_30 36.59 28.30 35.44 21.22 32.46 11.98 8.85 1.39
trap5_10 29.03 18.29 28.64 16.86 | 24.71 11.94 1.03 0.78
trap5_20 38.42 32.17 36.13 26.34 | 33.97 14.60 | 10.76 2.49
trap5_30 42.81 40.22 38.39 30.52 | 37.44 19.33 | 14.76 3.89
Htrap27 21.03 16.59 20.59 1295 | 20.48 1456 | 20.01 13.05
Htrap81 33.60 24.74 31.87 2wl e7 5776 8.19 | 26.38 10.95
Htrap243 45.71 46.16 41.10 5485 | 41.58 38.40 | 34.65 19.12
HIFF32 21.77 16.30 20.93 NOSAN W21 5 12.46 | 21.05 8.74
HIFF64 30.51 19.16 28.35 19.18 | 29.17 15.19 | 28.07 17.71
HIFF128 39.90 32.29 35.72 33.01 35.39 30.82 | 35.61 29.95
6-bipolar30 33.78 164.04 31.40 70.58 1.02 0.44 1.03 0.84
6-bipolar60 36.97 161.97 32.94 53.58 2.85 1.00 1.04 1.29
6-bipolar90 36.19 90.41 33.76 40.44 3.84 0.69 1.03 1.15
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