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ABSTRACT

This research uses Genetic Algorithms to manage portfolio in Thai stock exchange. As
the procedure of the securities selection for investment may result in investment risk, the method
of genetic algorithm is applied to solve the problems in order to obtain the portfolio which
contains least risks in each investment period. To attain the appropriate investment fund apportion
within the acceptable risk level and effective compensation rate for the investors’ decision
making, The process is done at the required reliance and is also used maximum investment fund
in the specified range.

The simulation program can arrange N stocks in the portfolio (the stocks are selected by
the investors who want to invest in their portfolios). Considering the domain of the same capital
for each stock of the portfolio, the capital cannot be adjusted to reach the highest investing weight
in each stock in the portfolio as we define. The objective is that the portfolio must have the risk
value at the confident level, and have enough reserved capital for the next period. The findings
reveal the effectiveness of the scheme, and show that the investment using the proposed method

outperforms the market during the down-trend.
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Ao ldlimsihmsdnsWauuuns (Gray Code) lvwananimsdhsiauuyluudnld
1
HAZMSINIHAUDUAIN3Y (Real-Value) Hierue Iag Wright [5] Taomsdhsvauuuniesaasdl
Poan lideshmsudamininlas Iulawdui Tu'nd swnmsdhsialuitan 9 oy
o oa o ad o o ] J "ar  ar
Uszaniamlumahanuvesisnugnssumans wievuegnuanvazvesilyniuazms 1y

U

2.4 WansuthmneuazWandudlama (The Objective and Fitness Function)

ar o § &
Handudmiogasmuanmvenvauazilymivzud lvTasd1d Fuiuqm
anvazmwizvealsznnaudazal lumsmmandilgmnimdiganiemgagavesilym

: o o o 4 o ' Y '
uudsmsordeilanduilamaiiludifarazvealsznnsudosda uazdesiiauiuun

" : o ar U ™ "y as P
LU !.I.FITLI1J'l\1ﬂ‘i\1'w~iﬂ‘lmlﬂ1ﬁuwﬂ'li]ﬂzﬁﬂ'ﬂ'ﬂuﬁﬁﬁw‘lﬁ,{aﬂ'ﬂ'lﬂ'lilﬂﬁUUﬂQtTlJﬂTJ"VI (2.1)

F(x)=g(f(x)) (2.1)

Tay F(x)fe miauaild gde msnldsuudasswesilenduimmnaie Lildiduau
uaz  f(x) Ao milansuthvune lunsdina o Tmsssudamasziinnuduiuisy

o 4 o & o & 1 o <
mu’mﬂswmsqﬂﬁammzmﬂw“lunwﬂnuﬂiuma'lﬂ AIAUNITN (2.2)

F(x)= Tiﬂ 2.2)

Zf(x,)



o

Tao F(x,) fio milamaveadszansusaziimortessulszaninanua f(x,) fAom
Henduthminovenlsznnsudazdr s N, fosmmnlsznsianua uag x, s Ty
nil

msendsznnsudazdvinanuingiiu wimsideneneziinuianaiasing
anduthminsvenlsznnsiiduiuay vazerveziimsgiinousmuaiaimsudilymi

=Y J
INAYU

2.4.1 ANAAMVUIT ITH(Linear Scaling)
Iilizdwasnansznunnmsgidineusivua udvzdesssTaimsiamiamai
= ' =@ 9 = U a 9 Y
onsziiluaunnmsidensia uaz b TadosRinsavouavesmlammALdIn [2] 49

aumsfi (2.3)
F(x,)=af(x,)+b (2.3)

Tawi F(x,) AemiamavoudazIns IuTouiimsmnaduuuidadu Aanudunuso

Wudadudy £(x,) Mdumiladdutmne uay o Aesvsaumamesanafidauiivuan

b 15 umsAse (Offser)
2.4.2 MINAAYFNIN (Sigma Truncation)

qﬂﬂy v A o = P o =
15“1‘5&‘"8“ﬁﬂlﬁUs‘lﬂﬁlﬂﬂﬂﬁluﬂ‘mﬁuﬁU ANTUNITN2.4

Fx)=f(x)-(f(x)-co) 2.4)
Wo X Ao AundonSelfydimavndia F(x,) Aenundsvesilansuimng o fedu
= A o 4 dar ¥ 4 =3
WBAVUNIATIZIUYEIE1NT 1A ¢ ArsauAuniiATos 9 (55MI19 18595)
2.4.3 AINARWVVENMNA
Qdd’ o o @ o ar a ~
Wiwwimseniaslandudhvune dsaumsi (2.5)
fx)=f(x)) (2.5)

4 4 ﬂl J L H 4 1 H
dio kiflusnezuegiuilymiidosnsudly niesiinsnldounlasa 18 luvasfting

U [6]



2.4.4 MINHUAR KUY (Ranking)

'“Jﬁﬁai'wnﬁm?iuamiq'n’hfiauﬁmuﬂ wozFawiuanuE lumsdum (7] Tanil
nsosmilandudhmnoiifisfamaioogaezegluddui 1 uazezGosidusoliez1d
Aanannfigaegiifugaie saumsh (2.6)

Fitness(pos)=2—SP +2(SP - l)%iv—_i (2.6)

ind —1

lau SP ADAINIWANDYY (Bias) N30AI1W0IHAANH INe¥05 (Selective Pressure) Pos D

o @ ar d' i N o :
MAvvelszrnsdImiuaz N, , Aeswmilszanniianua

[V |
2.5 Minalaan (Selection)

. | o L | = -:: 4 -~ = " Y
msfadenilunuusiassmssaidonmasssuna ildmsidenauFnudazdalu
Uszmnsdmiunszuaumsi Insdndu Taonalnnsdadeniiilumsiugiszannsvew
¥ ' v o N ' .; a '
Wudunuuluiemziug Mating  Pool) vumamaRuguandvedazlszang
dmfunszuraumsmsmimeainlszyinsjugnnaiudely msdmdenludsiugnssy
e’q’: o o 1 " @ 1
mansiu sxilszneudionsiimuadumia msuiaiu uazdad AN EE Schema (8]
-~ alé‘., ad o o Y ¥ woa v
HINOUYAUFINVEITWUERTsumMans Tavezldmnnummeauiludidaduiniszyins
o - - ' v & Ao Ha ° '
d InuiiTemagnideniludszynsneni dulszmnsifisunmzauiinzgnimuan

[ v v
muninziuinzgridenusazais szgenu U@ ennaumsi 2.7)

Prob select = —F:— 2.7
- z Fitness

¥ v
Tav F, Aoalamavosdlszannsudazda uaz Y Fitness flonasamvoamfamaianuad
° v A ' v o & o @ ° an W M A a
vnAmaenlwemiziug dilinasmsianmsmauvesismsnadoniisai
) A ' ° Ao P -
Selective Pressure D AANmuziluvesswnlszmnsiangaiigniden Tae
' [ ¥
nJ‘s’uumﬂnnuﬂ1maummmmmwi‘lummﬁmauﬂszmnsﬁqmﬁﬂﬂﬁwuﬂ
. . ar 1 ar e ! ' ' q’:
Loss of Diversity Ain d@aauvealszyinidmila 7'l 1dgnidenluszninatuneu
YOIMIAAIRDN
AU MU UYDINIAMAON (Selection Intensity) AD ANALARAVYD529NS

Ma391nM5 1H3ITMIAARNUIVNITNTL0H UL Gaussian
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ANuMlssauveInIsAaaen (Selection Variance) 719 AWus51s51mv09n13
NILwAIMHALAYDI52HnT M99 1HITMsAAIRBALLDNT NI 18RIV
Gaussian

ANWAUDYA (Bias) AiD AIFUY50IV0IAMIANLIANAITEN AN IR UMANL
uiimanis Bdmiunssadenmndnilszannsusazda

M3N3ZI (Spread) Ao Arnuninziiu sz v nsandndanilzgniden
MNYNVITIUNMINAEI 01 £() WuswauvesmsnageulsnsmnIndsui i i

Imsnsznwiiiiga iunsnszewidesiiqadensinnudidoaiuguinumoui

[y e {let et ] (28)

- | o n:i [ 9 - o9 oW é = A =) 1
o er(i) Ao Suaumaassiimands vonlsznnsmnindduii i, [er(i) | Ao vouwaaa
uaz[er(i)] Ao vouravy vuziinnudidssaiaumiveundinsnszaosziludaianny

[ 4 ¥
Wesveadtmsdaiden Tavdsz@nsnm szduegiuanududeuvesnamuadiniy

v
DanNvs dUY

2.5.1 M3AAIRBNNUYIIABIaN (Roulette Wheel)
AmsAmdenuuulsdogianedisie umsdenuuudu Taelinsunudi (Stochastic
. - " ] J LK) Al
Sampling with Replacment : SSR) [9] Tﬂﬂwmwmmaz‘mwm’nﬁmzwﬂgﬂumﬁmuﬂ

' ' L o 3 ' J 1 ar 1 "
dusevndesziismimninziumiiy 1 uazswauaislumsguinegivilszannijune

1y Y

- ] L4 ] i '
uNNneIms 3% SSR Hvmaveusnwuitazainiiulumsidenszafinasariams
@ & = o = ' ) ] {

Amden el iy ldanudideaduguiiimsnsznehildianeviiqa
msAadenuu gy Taslimsunuiu1adIu (Stochastic Sampling with Partial
adda a - o

Replacement : SSPR) 1iu3sniin1sUsunladsuvuiaveusnuusivesins Iulay Iag
o A ' o = ¢ v T

Tns TuTauniimsgaidenlundazaingiimsaavinaveusnuniiudournmefamils
4 v ¢ a 7 0 ¥ s
hvnanmuivesIas TuTeufisuiuay vuaveusnuniivszgadmualhiugud
P o . (- DL s & ° S
IBUITMHUAVOVINAVUYDININGZNY [er(i) | nazvouvamatisuiugud devein 14

o - J as | Y - s 9 A‘
ANUAUDBINGIVU TBMsAAEENIUYNTDIaNTnNNFUGeuveInauilu NlogN iile

N 719 vu1v03152%1n3

s ¢
2.5.2 m3Anaenuuugiine¥ealaugy (Stochastic Universal Sampling : SUS )
A @ M da o " w o ¥ ¥ A &4 Q“;ﬂ
IBMINANBNNIANUGUBsMIAURUD tazaz ldmmisnsznodeoiga Fa35 il

Y = . | a n!: ' ' ] @ as
nmsunilymivesisaadenuuuasdegian dniulundazyesvesins Tulauszmilouduis
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@ A v a o ; . Ao ' @ o =y
ARLADAIYYIIRDFAN TAVILINAIY N-pointer NS WIIRDI I TR T TsuRidesns
A i s ﬂw L s o " s q" o
1enAT 20219909 HMN I 1/N-pointer TAsdmmiausnvesfiFozfimuaninnis

fillhl‘lhd [0, 1/N-pointer ]

2.6 MIAUUUMINUFAIINMETAS (Genetic Operator)

2.6.1 M33IUAIVOIIU (Recombination)

v
a a

Wumsiinlsz@nsamlduniiiugnssumans fzfumdsiianilulas Tulsy
rheweuazihousi ﬁ"lﬁmnmsﬁ'mﬁaﬂuﬁ'aﬁﬁag‘luﬂm‘uzﬁuﬁmv‘hmsﬁ’v@:dwmﬂﬁuum
Uszyinsvensi mwdasianuuisziuvesnissaudivesdunienisnsealones
(Probability of Crossover : Pe) iNoa319lszansjuln Tasszunisnssoudrvesduinii 2

sz An MssawavestuTasldm luuis uaznssiudvestulasldaess

2.6.1.1 M339ma29030u Iav19m1 U3 (Binary Valued Recombination)
P ° &
- Myasoa oI HULAIALI (Single point Crossover) wimsnsealonesniliga
Tu¥99 [1,2,... Nvar-1] Taoh Nvar fedwaudau)svesudas Ias 1nTaw nie Uszains Azl

2.3 uamamsnasoa TeresuuuyaiAe,

Uszansjuniou Useynsjugnuau
42 7
I

3N 2.3 msnseaTenesuuugaiRen

Wsaaas e luusvestszannswens 2 @2 Tasdszyinsneulusaz a9 iiaa

w510 @ TavdumiavesmsaseaTones gy Idmiv 7

Uszanswewi | 1 01 0 0 1 101 1
Uszannswou 2 01 01 0 0 1[1 0 1
Usznnsgnuaiu | 101 0 0 1 1|1 0 1
Uszinsgnuaiu 2 01 0 1 0 0 1[0 1 1

P Y 3 " q’: - " a 1 ] é Y '
Usgannsgnuanui ldvsgiinssiinnuuandreiulsznnswous Fadlszannse

wisiawaangaszgnasan lunsduidadall udauiudmdosiilszansgnai1é
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3 ] ' [ o a d
iusziianuminzauninilszannswew) msizmisasea Tonestuu Idueysnideyania

“

wugnssuenaasnilulns Tulawhowenasfhousl minnsasedlenssuvuyaiidedoly

A a o i o y
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Il
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o
—
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*
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p—
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Il
*
*
*
*
—
—
*
*

S2

a [ o

Tao# S1, S2 iluadu uay « * » Ddyanual “don’t care” 11a3 1y lwy 2 42 Ao C1 uag C2

AN S1 1ay S2 MudAL

Cl I 0 0 0 1

Il
<

C2

Il
(=]
—
—
o

1 1 0 0

o o a ] { [
drhmisasealenesuuuyamod sz litime 18 Tas Tu Tauhassiuaiun S3

4 S v ¥ ' e a

Faansounilymitlalasldnmsaseaesnuunarsganiimsmunnuaiunse lu
msadalas TuTasugnuaiu

o d 1
- M3ATOA 11IDSUVUHAIYA (Multi — point Crossover) N3N0 1911050 1UF
{ o ar ' ar d i o
[ 1,2,..., Nvar-1] Taoh Nvar findwaudauilsvestlszannsuaazaa Fesgiimsidengainegi
¥ "
msasoalones lasmsguamiuiu m aenmiudaunlsszsimsuan)dsuiusznin
' ' n’: 1 g; a ' o o '

dszpinswouiniaes Taves lusinisuanldoudusznitednis ludwmansnves

¢ =
minsed lones udaslugli 2.4

Uszannsgunen Usznsgugnran

%
D%

31 2.4 msnseaTenesuuunatoya

C———

o ° v A4 M o " A e
1IN Cl uag C2 E’]"lﬂﬁﬂ‘iﬂfﬂilnﬂillﬂ'u 2 A AUHUINTUADAMNUIN 3 1AL 5 4

i lW1d €3 uaz ca MdluTns TuTsugnnaiui €3 szasaiuafun 3
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1

0
0 0

0 1 asanuanuS3
0

Ca=0 1 1 0 0 O 0

¢ e @ . ¢ o o
- M3nsealevsuuuYHesH (Uniform Crossover) Msasod lanasuuuyiinesy

é U L) o 1
[10) Fuilumsadralszansiugnvaiu Tasmsguuoamsadiassydumis  (Mask)

NS0

Uszansneny 1

o
o
o
-
p—
p—
o
o
p—

Uszansvon 2 0 1 0 1 1 0 1 0 1 1 0
Mask 01 0 1 1 0 0 1 1 0 1
Uszgnsgavaur 0 0 0 0 0 0 1 1 0 1 1
Useywmsgovau2 1 1 1 1 1 1 1 0 1 0 0

o = o - 9 J - ] [
msasea lenesuuugiivesuiunsuanndoudeyasznieia vosdszmnswens

g d'n a - ° ] [T ) A a o VoA
nriolia vea Mask Adwmiiuilu o uazee liadudeyaiiiotin Mask iWudumiaii 1

s = Y =
2.6.1.2 M3TWAIVRIBU IaulHa19ss
a =l [ - . . . as - v
- M33WATUIY Tiidniios (Discrete Recombination) iilunisisunlasudoya
| ar 1 4 o =Y " L 1] -] s J "o
mdulsidumdnmnusiavenlszansiurien Tavazsimsl#doyadunls lnuiuegiy
" ' L4
manuheniuiiquld uazezlfunlfoutunogdumisdortuminiu s 1 18dszans
JugINaIY
s =t n’: 5 . . Yo o A
- MITIWANIVDIUUDUYUNANY [11] (Intermediate Recombination) T¥nudaulsn

o 1 £y \ : 1 d' - J .
WhsWauuuanainiu Taodszannsjuganamiifiadusinadumsi (2.9)
Usznsugnua = Uszmnswewi 1 + a (szannswewi 2 - Yszansviens 1) (2.9)

Taoit & ifhumninesaina (scaling factor) ﬁqﬂfima”ﬂﬂiﬁﬂﬁfim:jswha [d , 1+d] &
ﬂuauwmmﬂszmﬂﬁﬁmaﬂifuaqjizﬂ'jN 089 1 dau d sziludvoioveuwaveslszng
iuqﬂwmuﬁﬁﬁmmﬂiwﬁwmi’fsuﬂaﬁouﬂsﬂswmsﬁauﬁaﬁwﬁuﬁwm a figniden miia
ﬁqﬂﬁgmﬁaﬂwﬁﬂH d=0.25 mssauﬁ'sﬂuﬂa?lutmmfuﬂa1aﬁ1n1mﬂ§’1mnw‘1u1auﬂa§ﬁaﬂ
(Hypercube) Tﬂv‘ﬁﬂnmﬂ"hwzi‘fua;jﬁ'nﬁaﬂ5xﬂnn5v€auﬂ=‘§aﬁluﬁ’af‘imuﬂ 31 2.5 ueras

VOUIAMIA LAY TEHINTJUgNHaIL
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@ o ad A P i ¥ 1

- ﬂ‘]iﬁ'JNﬂ')ﬂﬂﬂ?lullUUlﬁu (Line Recombination) lﬂu’]'ﬁ'ﬂﬂ31ﬂiﬂ1 a ﬁqullﬂﬂ'l

=] - " e 3 1 d’ _ J = ﬂ'
woranumaulsveslszyinsnanua IﬂU‘lJiS‘lﬂﬂijuﬂﬂﬂﬁ"mWLﬂﬂﬂu%%liU&lﬂULﬁuﬂQﬂ

fmualaslsznnswens dwuaaslugili 2.6
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Bu2

1
14 2.6 m3swAvestunuudu

2.6.2 M3NAWNUE (Mutation)

iy rfﬂ ¥ Vo ° ' “
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1 2.7 mananeviug

s

Taona Tudanisnansiugazesnuuy Bdmiudszmasidisiauun luus
" e ' v & ' ‘i‘_l ad & da o o ‘i‘_'
Wiy uamsnaeRuguuugy [12] iWu3sndeiims ldaulunsdindsevnsiiunny

$mauese wulamwaumsa (2.10)

g=g+y(u,0) (2.10)

A A A A " a A I | . A '
e g Ao tuiiluanis v Ae Handudy ¥a01992iifunUY Gaussian 130 Maqu
uUVUNTZWUNA (Normal Distribution) w0 A Aundsuazdmisauuvesilandugy

MR

2.7 MSUNUN (Reinsertion)

A ] @ o o o o 9 " £ = P
Werumdudumiugnssumans s ldszmnsjugnuadeszimsunuinlu
1 ' ar ' - a J @ A o Ey .d' " d’
Usznnsnewmiiligivde dszmnsjugnnamiifaiunad Saihldmsunuiieisiions
b L

midiAaanudomeilszanns lumsduiiansade ) dniudadesiimsduuszans
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Maeunange dimndmuaduduunlsznng ldedravingay

2 ¥ ' o ' ° Y 4

weannlumsadialsznnsjugnnainivuialng wi ¥ ldnanmuvulums
o 1 ad o R aaa = A4 4 v
Analuudazseuveditiugnssumans Saliitmsunuinuudunadinlszannsganaiu
iisawiesas iesromunnui lumsimrn 1y nsunuidszaniwewidae
Uszrnsgonaiulasass Avvzidenunuinlszmnsimingadielimsumsndszrnijuln
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W vieeunumlsznnsherdoegilunaiu

ar ad e o' “ o 9 o ar o =

AuAnYUITRUEASIunaasluunin - 2 azgmi llldlszgnanumsiaassidu

amu  uansdaassuamulunquudnnindnadesiannudss  tazasiiumumAY
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3.1 unin

U 1 o r 4 C: 4 - J

AN (Value at risk : VaR) 1udaaviadinnudssvesmsnanuizifaiy
namanaeu Ivivesilidvamia w szauanuieiuiidivua waznmelugieszeznaila

A q' 9 as ] - ar d'l & aa &8 o 9 = dl.
il ideams laserdoanuinzilunieszauanuoiumaada s lvanumdei 14
o = L | ° N ' [ ar a o~ Jdaa
Wudrauiiosduder inliieaemadhle uazfuamalumssaassdunindanluns
\ ' o i o - 2
amuldidueded uansdauanudsniuszdeslddoauyigunnlszns Feo1eme
" ar et r.i =1 oy ar d'. ::4 " NA

uanaiu lamasmsdsiinandt o szauanueiua 9 molditeu luazana

v a ' a0 w A 4 dgy a a

manudss WudnnlszneuidiAyveuniesdeilFusmsanudos msiziiu
nFeaiionlFanTinunnudeeas lumalfiidnmsldmanudssiifaguss asmiteld 1y

v - (= o q ¥a A A aa -
mimalszinaaununeaNudsieiiimana M ldinamsidenaissudenisnms iy
4 [ [ [ o d 4
A3 Negedenanuale lumsianisndnnindluasounses  (Portfolio) 1ive
] ¥ o

Uszlonilumsidenassedrsdnga luumiszifunmminaueysaduae q oot

=
ANULTYS

3.2 MIIAOATINANDUUNY

BATIWANDUNNUAINITONT Y 2 SNYUY AD LUIAYARA (arithmetic) LA
HUVITYIANA (geometric) TasuuvavAsiARiuMIYI2TUY0IBAT IHARDLLNUS ITUAI5 T
(3.1)

_P-P.+D,
! ¥ oo

-1

R (3.1

saznuusnasiadiunsUssiuvessasIHaR D LN LS IAUNIS T (3.2) Dunvuudanessy

YDIDATI5IA

R, =In——— (3.2)
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Firinnemyana1 wizesunIaIANT Y

die P, P, Wlusimveanand ¢ uag 1 awawy D, Whuduilumain 185u5znin
nAMdeATeY Azt AevNNAINMIMsienses  Mauwdld D =0  ud

v
R, =In(P,/P_)=In(1+R,) uazdweuwananiluszezdumsilsziiu R, widhlnd o

willd R, = R, Tauldmanszais Taylor [13] Favzilidasmaneuumuszezna n iy

P P P
R, =In 7 =In| — |+In| =/ [+---+In| =L |=R +R_, +-+R_,
. I)rfn PJ-I [).'—2 R’—n

dMTVOATIHARDULNUVBINGUNANNT WG

R, =) WR, (3.3)

2 ’
=WR + W, Ry +--+wy Ry =[w, w, - wy] [=wR

A ar " s o (d’ : LY ar
Wwe R, {ludasmaneuunuveangumdannindi t ,w Fhhiminmsaanu R, wusas
HARDUUNUYDINANNINGTN i 11 A tuaz w' Tunsua Inaveuuasny w

' 1]
3.3 manuulssau (Variance) oz uiioauusnasg I (Standard Deviation)

msiamauulsdsiunazaniisauunag umsuaasi Tenaisns

" 4 [l
HanoUUNY Nazinatuesaazd Temaiu lawdaswaneuunuiina 1unieedisdla
o s w & s
- NIRHANNSWE T8
N D2
2 (R, -R)
ol =y (3.4)
=1 N—

dl L s s a; - L ‘3‘ L o
e o iWumanuudsysivvesnanmindi i, R dusasmaneuunumaslugig N Su

dwandsannnasgziiumsoeagniiasavesmianuulsis

N (Rr _E)z 1/2

=1

63627
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N N N
2 2 ,
=Ywa +2) Ywwo, (3.6)

i= i=l y=1j<i

awermanuulsdsnluglwesndannsodon @i

Oy On2 "0 Oy || Wy

i 9 s { a v o ] ar
Tuaumsi 3.6) dmsuwaianudsanmelundnniwiveudazdd o, = o uaz
ot o w 1 U ' [ o o [ a
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yafusuAY AITIAAANING (Delta-Normal Method) Fa03110Turiadoi 3.5 T5yanuiuTae

it = . . . » = A o o o =
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¥
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3.4.1 nuuyaAuAann@ (Delta-Normal Valuation)
TavdnAudrismsaayanisudu wiatemeldauyaguniansonluguileie
" ¥ " v
anudvald Tasmwiznsasauyagmdmanuulslsudumsnlfounlasiduny
a 4 o 3/ o da dAa - a oA [y
Und Fezilineaninedunimanlasundawwulndnuaeiny
4’ kY t:l’ ] EY 1 " 9 a o do @ o
Tudiesduilsggaiuegimsmauaad TasRarsamwizeyiussuav 1 lums
a a o d' - J ar ' ns‘J LY |9 d‘. g
pfuouuIfa  Tasmsiuaiesiledeiayan S nvuegivileteanudss Tasluiuaou
a § " a o w d [ {
usniunyaniluyanisuduvesmsasuluvesndnnindluasounsos daluaumsn

(3.7)

vV, =V(S,) (3.7

"
L |

smuald A, Wumsmeyiussuduii 1 vesiladdu ¥ iolinsumannindly
asounseainwsen lnadensuldouutlaswessim ¥, de yamilegiudiesn dmsy
wannindlunseunseit135uswldnedt dmiunidi WA=0.5 uazammuzmsde (long
position) 1fluieu lvedadne Taonlaou 50% Wumnilamizeniwldduning nannindlu
A58UAIDY A dunsomudn ldedisie lasldnasuvewnazinai

szavvesnmgapdnluyam av s ldsaunsi (G.8) i

av =2V 4s-a,xds

as|, (3.8)
A o ' o ; ar a =
Faamih llgszduveamsnlasunlasvessia ds maziluanuduiuiuouid

¥ ) ' - ° 4 '

du vouwavesnnugydoves ¥ ludiuiniuguld dundayasives S duilunis

nsznouuulng manudsavemannindlunsounsesaunsam ldnnnaguuealona

wazmnnuaeaneladulsnimua asaunisn (3.9)

VAR =|Ay|x VAR =|A,|x (a0S,) (3.9)
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e o WluanunlsdsunasgdissyBessdunnudeiu deee o - 1.645 i
sERURMUFOIY 95 % i 151 o(dS/S) a anuulssumaIgIuYesnsInig
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anndssansoudilaymiluzilasd (closed-form) #26n153A3 121 (analytical) A1ANMEDY

" ¥
Wunseatiolumssiuyasmdnniwdluaseunsouiivs 1 a5s a narilegtiuves ¥,

f0819 TUUAINDD “ﬂgfmcﬁaaaﬂfﬁuﬁm%mﬁuw%ﬁ smuald ¥V =028 ile
S dusnilagiiu (Spot price) ¥09051815 Az ¥ iihuyamduninduesenidu Tassia
ogiudmiuFunind $100 nazmanudvsdmivesyFuaunsom1daai

FnszammuaEn : A, =0.28

yassmiagiiu: S, =100 vm

"J'ﬂfhﬂ'nmﬁuamumm1§1wmﬂmﬂﬂqﬁu . o(dS/8)=1 ulesiFua/iu
fmualiveuananiusodu uazdassdunnuideiu ¢ =99% s IWIZ @ = 233

TasmsiunavesTunaialminvesn ooy
VAR = |A,|x (@08, ) = 0.2x 2.33x 0.01x 100 = 0.466 1%

o s ar ot PP - ) - =
dmsuvannindluaseunseanisieldnnuavesilesonnudssnidunanouuny

y tazanudunusvosnaneuuny 18do31A1 (price-yield) Harasdsaums (3.10)
dV =-D*Vdy (3.10)
& x 2 . " ad < v da A =
(e D * Ao modified duration TUN38IH MANUFVIVRINDININITUAD AUNIN (3.11)
VAR =(D*V)x(ao) (3.11)

iiie O (dy) Aemsulavulusziunaneuumuiinlaounlasldie Tavaumaling
wasunlasvesraneuumuiiiumsnszaelnd 3§ffﬁﬁaad1mﬁmuiﬂugﬂﬁ 3.1

ield5umls mwiladduFadunoldsailegiuveans1ansdrada (spot price)
wansdaguudodiunaiinansgnlnd lugldwen waddem lsinisnsz oy
Unddosauansdagidnan manudssdmiui lsuazmanudoavesnmanson 14

P @ tw & = ' A M a = o
Tl’]ﬂ'ﬂllﬁﬁqvl% lﬂuﬂ'ﬁﬂnﬂﬂullﬂUHUQﬂﬂﬁuﬂ ITHIUATDINUDIAAIANULTYL 2 917
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Payoff Frequency
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' ; ,
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S i “
VAR |
>,
Payoff

317 3.1 dnvazAayanuaadng [13]

J LY 4 ar o o
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' = ' 3 - qy a ad df ) .
9U1IMINNTUIVGNNYYBINTAADIUEMIFOANTNIZFOAI 11500141 (call option) u
b
U o v [ U [
pIdHIMIIINIZNeYamIveInIMTeeldu nsizhanuduiuisznin ¥ du S
(e T 4 4 v P o o o (I

Wunnuduiusuuuniisdoniia nandemssimuailadduvessinuazmaiegves S

awsamenenliilumves ¥ lduuiReadiu dagihlsznougili 3.2

Option value

Distribution of
option values

Distribution of
spot prices

months

30 3.2 dnvmzAayanuaaa)nd Tuasiaseoddu [13]
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VAR =V(S, - a0S,) (3.12)
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34.2 umugaﬂ'uﬁu (Full Valuation)
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uamﬂ%uuﬁtywﬁ'uﬁ'tgﬂpﬁ‘lﬂn"nuﬂmq fivzdere lfamsnszneiimnnasvesmaouuny

A9019veeilymivenisuniemvessin lussezen Auafunsdeuaznsuoves
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agiiuvesdyg lindouiillnaea Taoia 1 hirfivawefiszmidrvesndnanindly
ATOUATOI 1Ja1uqm';:a 290 gafhs:wiwﬂmuqm??a 2 92A0INMAT DY
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FZAUITINIAY AUNITN (3.13)

dv =V(S,)-V(S,) (3.13)
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S, Wuyassmidluiliisanuioalmi annson 181ae3551a04 (simulation
ad o a o R )
methods) 7591009V VUOUA AT 1A ( monte carlo) M¥ede lduuMInIzIoNULIIZ Y

A9019MINTTNOULVUNTI UMUAUTN (3.14)
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3.4.3 HUBIADM-UNAN (Delta-Gamma Approximations or “Greeks”)
tanudhu T 18 lumsvoemsinsiziatuuueadng een'liegiedie Taen1sua
" w 4 & § i a -
oyt luszdugaan ) midmusodfulgsnuammsdsznunmsiFaduTaomsiy

MoNYIHINFUNIINTZIY Taylor AUMITH (3.15)

2
=6—Vd.5‘+la [deI +6—th+---
oS 2408 ot

=A¢1’S+%l“afS2 +Odt +--- (3.15)

dv

4. - a o ar lv ' ar @ =1 w L4

e I' AvpyWusouAY 2 veyaiivesnanmindlunsounses uay © Avoyius
[ o o w a o s - ar @ o
gosvuiuna lumsmvuamisaaduledimsusioldnsivemsnnineluasounsos

ANuFuRUsvaswanouunuA U ug U (3.16)
dV:—(D*V)ajz+%(CV)afv2 +oee (3.16)

4 s ql ar o L : : = o
iiednlszandvosoyiuioudui 217y ¢ TdnvuzTAwonduuen (IRadmiga
fuila) ad1ody T' 30 3.4 efvwmsiszinunsdfofidensimsanioedu uaasia
wuudrasaFuduinlims1d uliivensufounlasfivudniosseuyamaudy dmivns

ﬂﬂi ] " Y ] '
nlasunlasvinalvg msdszmnunumuaad-unui szminzaun

v W
Ve M a

Taol4Msnszaouun Taylor lumsdmnmmanudos dmiudaefidonsiansans

o1y Tuaumsh (3.12) wanldRsaunsi (3.17)

VAR =V (S,) -V (S, - acS,)

=V(S,) - [V(S,) + A(~aoS) + %F(—aoS)z] (3.17)

= |Al(@oS) - % [(aoS)?
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' o a £ o 1 | ] o
aAmANUITvIVDUFUTY Fauananigili 3.4 uaasnnudesiionasvesnsiaseeliuion
[ [ =1 @ w do 9 =
nnmnmbszinunsuuuead d T duay wazlianuduiusiusomzduognsluas
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Delta+gamma
estimate

Delta
estimate

I I I T T T T T

T T T
80 100 110
Current price of underlying asset

U 3.4 msdszanamsaliFudu nuead-unui [13]

-

Arees auudagieasicseedduldyasiduninaidiu ¥ = 0.25 +0.025? o
v o

Siiusiailegiu moldduninduaz ¥ duyamdunindvesnsiasestdu Tassia

Pagiiudmiuduningdiu 100 v nazmanudssdmsumenFudrsnuumadilng

¥
o 4

11 0.466 1 Tuedsfings munsammniTuuuaad-unui faii
Wnswnanls : A, =02 uazT = 0.04
yamilagiiu: S =100 vm
'i'ﬂfhs‘ﬁmmummgmumﬂmi’lwﬁu : o(dS/8) =1 wesiFua/iu

smualdveuanandiunoiu uasdaszdunnudeiu ¢ = 99% sz W1 o = 2.33 14

qumsh (3.11) Annumanudssdmiunemingaues 18
VAR = |A|(aoS) - %F(a'aS)z
1
=02%x233x0.01x100- 5 x0.04x(2.33x0.01x 100)2 =0.358 um
Faai ez foun 0.466 1
manldougiles lidalss Towmd $17(S) uilsdduigudoumnludunsiFady
MUY dS UAY dS? MINMINITTNIWUUYTaylor [AUNISH (3.15)] fi‘ﬁ\iwﬁqﬂﬁ‘ﬁ%'

¥
1AM-INUI1AAAT (delta-gamma-delta method) TAuN13111ANL51)5919 3 2 $13904

AumInyANANA a0 [aunsh (3.15)) 91214 aumsi (3.18)

o’(dV)=No’(dS) + (%r)z.:yz(ars2 )+ 2(A%l‘)cov(d8, ds?) (3.18)
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fduls dS Tinmsnsznounuilng@ uazdunouganovesaumsiiauilu o nie

wiollmulddeauudn v(ds?) = 20 (ds)? s 1¥aumsi (3.19)

ol (dV)=ANoc’(dS) + %[Faz(dS)]z (3.19)

¥

¥
a A o " a o e da
auyAlivazidnls dS uag dS? annimsnszanouuulnd daiu @V Aiims

a 4 o v = 4
nsznouuUlnAdle Famuasanudes Taoaunisn (3.20)

VAR = a\/(ASo)? +1/2(T'S?6?)? (3 .20)

dudivamsdsznad dS Wudndmsenmdadiu ds? Tiawiseiinisnszae
Whued lAumiideniuiudauls Chi-squared

mafnsandulss@niarmaiadoives & Taeiin1314 skewness f1uau'ld
E=[EV?)=-3EdV*)E(@@V)+2EdV)*]/ o (dV) fifde 3 vee aviilu
E@V*)=(9/2)A’TS*c* +(15/8)S%c® fhﬂﬂmﬁuaﬁgﬂ#’fm Taoms 195 oniush

& = a o -
Cornish-Fisher expansion F392@11150 laounun o luaunisi (3.20) ladsaums 3.21)
a' =a-1/6(a’-1)¢ (3.21)

o as = = ' ¥V ¥ a A

dmsuanuaradoaiilu 0 12 ligndeanisldnsnszneuvulng Weanuaia
= -::d J ¥ d' n‘: qr 43,
Pesiiinniluay manudsniuvzis [14]

Aot a, ] - o

51 2 ADIBIAAAI-UNUII-UBUAMS 1A (Delta-Gamma-Monte Carlo method) 11um3
MasuFaguaniletoanumdsaves S uazl¥msdszmumanszanouuy Taylor nldad

. " ¥
wupiraeamsindeunluyadivesaiasesddu  I3H{TnAud msdaeunmzdiu
(partial-simulation)  Tasfansyaniniolu imsiznannindlunseunsesiiyadudy o
a 9 1 z " 4 Qs [ "

WATUAN ¥, iy sanudssmnsam 1d Taserdunguanueansnszaoninyamives
wannindlunseunses

aaa ¥y

lumanguIsuuuwadi-unui nsanseunqullfeimnvesnnudsssy

" @ o

vamnnae Tulasesedssziu ldnnaumsi (3.22)
dv(S)=A'dS + 1/2 (dS)'T(dS)+--- (3.22)
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FaTtuvuaadmamh himngauivai 1985 siuamndssiiinannaoinn
mazduifudounudoyailumasuiada drecramu 14N - 100 5d8at)szinamves A
100 A1 A3ENMANNI5159U39 (Covariance) ¥BINATIMIAUVATAF 5050 A1 LAY
M 5050 MdmTuwaing I TasmsmeyWusaaud 2 veadazdumisiifoadeaiy
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£

o

v ) ar o [( "
il ldnaegeamedmiundnninglunseunsesvinalng [13)

3.4.4 manlSeumeunaazis
4 o = o Al A:i 1 n’: 4 ' -
’cﬁﬂ Tum13199 3-1 SIS IamANuAsIUUA1 S MIHUA HIADZITUAINY
1 @ o ¥ -
mnzauuanaanu lauaoiunisal HAZMSIADNYBUIVAYDIAA MUY [13]

v v v
M3199 3-1 1oNLEZ I3 IAMANMTEUUVMI 9 NIHuA [13]

Risk Factor Valuation Method
Distribution Local Valuation Full Valuation
Analytical Delta-normal Not used

Delta-gamma-delta

Simulated Delta-gamma-MC Monte Carlo (MC)
Grid MC

Historical

dmsundnmindlunsevasesvinalng uazidlomsldani hileesuddy 53
wumadninasziiuiiisans 145 awasiiszangnm

dmiundnmindlunsevnsosiifinvesnuidvetios uaziidszneuvesan
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3.5 Inimann@ (Delta-Normal Method)
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mmannindlunsevaseslsznovdrofuuazinisnszaniodnd nisdszuw
ar Y o [ ' 4 ar 1 dl ar ar
ANuduNuTed13d1e TaoldiniesiloTaninnudssveananouunuveananninglu
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N
Rrr.Hl = Z ‘wr,r R,,n—l (323)

i=|

v : o A = o ; 1 ar o 4
o w,, Wwhminfiamuluduning i vesnsdenendnnindlunasovnses e
s as o [ - ar =Y
HAABUUNUYBIMANNI WY Tuasouasoudlud unmFuduvessnsundvgiinisnszae
= = ' ar ar o't o .:i
Unantemsldwasns manuudsdsivvemannindlunsevasesimua lasaunisn

(3.24)
O-Z(Rp_u»l): W;Z 1+ wr (324)

4 o a 3 ' .
e Y, Wumsdsznamssivesuaindmanuinsliousam  (covariance
4 { 1 o o Y [ w o
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lupseunsesntivinlnguazdudounasanar madnlndrzefinenszurumsediaie

¥
o s
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AIUUTUADUMINDINUIAIT AD
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- a1 a Ci
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o { v da
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nszuaumsugiuise Tomily x, Wumssusgnihaniosdenanuadmivud
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a:ﬂwummmm ﬂ']FI'J'I)JI'C'TUG'IJBQHﬁﬂﬂ?“ﬁﬁluﬂ'jﬂﬂﬂiﬂi ADAUNIIN (3.25)

VAR = aq/x:z . o (3.25)

Tao x; fie nswainaves x, molundaziszinnueauusiass 2 35 dana
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KBANK Portfolio
aforl | KBANK BBL Value BBL Value Value %VaR
1 16903.33 | 1903.333 | 463031.319 | 126972.316 | 590003.635 | -3.2557%
2 9986.66 | 1186.666 | 273563.762 | 79163.129 | 352726.891 | -3.2984%
3 9930 | 1256.666 | 272011.497 | 83832.864 | 355844.361 | -3.2515%
4 17730 2030 | 485676.117 | 135422.315 | 621098.432 | -3.2692%
5 10980 1290 | 300774.042 | 86056.545 | 386830.587 | -3.2513%
6 16576.66 1990 | 454082.973 | 132753.895 | 586836.868 | -3.2518%
7 19300 2380 | 528682.97 | 158770.99 687453.96 | -3.2687%
8 17630 | 2063.333 | 482936.827 | 137645996 | 620582.823 | -3.2556%
9 17576.66 2230 | 481475.873 | 148764.415 | 630240.288 | -3.2556%
10 11780 | 1403.333 | 322688.362 | 93617.046 | 416305.408 | -3.2506%
Al
8w | 14839.33 | 1773.333 | 406492.374 | 118299.951 | 524792.325 | -3.26084%
FH‘JN‘ﬁ 4.2 ﬂ1's*i'm¢'fwm?muum°funan
. KBANK Portfolio
afort KBANK BBL Value BBL Value Value %VaR
1 17520 | 2143.333 | 479923.608 | 142982.836 | 622906.444 -3.257%
2 15193.33 | 1923.333 | 416189.459 | 128306.526 | 544495.986 | -3.2496%
3 4866.66 656.666 | 133312.122 | 43806.564 | 177118.686 -3.2%
4 16880 2060 | 462392.152 | 137423.63 | 599815.782 | -3.2638%
5 9963.33 1170 | 272924593 | 78051.285 | 350975.877 | -3.2537%
6 19243.33 | 2283.333 | 527130.705 | 152322.306 | 679453.011 | -3.2527%
7 13190 1500 | 361312.351 | 100065.75 | 461378.101 | -3.2827%
8 16780 | 1986.666 | 459652.862 | 132531.529 | 592184.391 | -3.2728%
9 12053.33 1660 | 330175.754 | 110739.43 | 440915.183 | -3.2534%
10 5243.33 610 | 143630.105 | 40693.405 | 184323.509 | -3.2545%
Al
8o | 13093.33 | 1599.333 | 358664.371 | 106692.326 | 465356.697 | -3.25402%
M9 4.3 MITIEIVBIBURNIZI WV LN AR
KBANK Portfolio
afoll | KBANK BBL Value BBL Value Value %VaR
1 13410 | 2083.333 | 367338.789 | 138980.206 | 506318.995 -3.257%
2 17573.33 | 2016.666 | 481384.553 | 134532.844 | 615917.397 | -3.2496%
3 12553.33 | 1446.666 | 343872.204 | 96507.859 | 440380.062 -3.2%
4 17010 | 2026.666 | 465953.229 | 135199.949 | 601153.178 | -3.2638%
5 20016.66 | 2386.666 | 548314.549 | 159215.729 | 707530.278 | -3.2537%
6 19396.66 | 2226.666 | 531330.951 | 148542.047 | 679872.998 | -3.2527%
7 19073.33 | 2443.333 | 522473.912 | 162995986 | 685469.808 | -3.2827%
8 8366.66 956.666 | 229187.264 | 63819.714 | 293006.978 | -3.2728%
9 19806.66 2400 | 542562.040 160105.2 | 702667.240 | -3.2534%
10 13410 | 1596.666 | 367338.789 | 106514.434 | 473853.223 | -3.2545%
(20
w8y | 16061.66 | 1958.333 | 439975.628 | 130641.397 | 570617.025 | -3.25402%
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KBANK Portfolio
afoft | KBANK BBL Value BBL Value Value %VaR
1 | 20103.33 | 8243.333 | 550688.598 | 549916.886 | 1100605.485 | -3.5252%
2 | 19733.33 | 8243.333 | 540553.225 | 549916.886 | 1090470.112 | -3.5299%
3 20020 8240 | 548405.85 | 549694.52 | 1098100378 | -3.5289%
4 20020 | 8213.333 | 548405.858 | 547915.571 | 1096321.429 | -3.5283%
5 | 19833.33 | 8276.666 | 543292.515 | 552140.574 | 1095433.09 | -3.529%
6 | 20156.66 | 8276.666 | 552149.555 | 552140.574 | 1104290.129 | -3.5284%
7 | 19703.33 | 8193.333 | 539731.438 | 546581.361 1086312.8 | -3.5266%
8 | 19656.66 8290 | 538453.105 | 553030.045 | 1091483.15 | -3.5283%
9 | 20183.33 | 8276.666 | 552880.030 | 552140.574 | 1105020.605 | -3.5345%
10 20190 8050 | 553062.651 | 537019.525 | 1090082.176 | -3.5336%
Al
Wl | 19959.99 | 8230.333 | 546762.283 | 549049.652 | 1095811.935 | -3.52927%
ﬁ]ﬂ@ﬁ 4.5 maswﬁwmﬁusmuﬁuﬂma
KBANK Portfolio
afoil | KBANK BBL Value BBL Value Value %VaR
1 20190 | 8293.33 | 553062.651 | 553252.411 | 1106315.062 | -3.5303%
2 | 20196.66 8143.33 | 553245.271 | 543245.816 | 1096491.087 | -3.5295%
3 |20163.33 | 8266.66 | 552332.172 | 551473.469 | 1103805.642 | -3.5299%
4 | 19703.33 | 8166.66 | 539731.438 | 544802.419 | 1084533.858 | -3.5332%
5 |20153.33 | 8186.66 | 552058.243 | 546136.629 | 1098194.873 | -3.5286%
6 20130 |  8293.33 | 551419.077 | 553252.411 | 1104671.488 | -3.5285%
7 | 19773.33 | 8293.333 | 541648.942 | 553252.411 | 1094901.353 | -3.5317%
8 20150 | 8223.333 | 551966.935 | 548582.676 | 1100549.611 | -3.5259%
9 | 20186.66 8200 | 552971.342 547026.1 | 1099997.442 | -3.5291%
10 19810 8290 | 542653.349 | 553030.045 | 1095683.394 | -3.5385%
A
\adn | 20045.66 | 8235.666 | 549108.942 | 549405.439 | 1098514.381 | -3.53052%
M3 4.6 MITIWAIVBITURWIZI WUV UHA WA
] KBANK Portfolio
afort | KBANK BBL Value BBL Value Value %VaR
1 | 20193.33 8220 | 553153.959 | 548360.31 | 1101514.27 | -3.587%
2 20160 | 8123.333 | 552240.864 | 541911.626 | 109415249 | -3.5351%
3 | 19806.66 | 8286.666 | 542562.040 | 552807.679 | 1095369.719 | -3.5295%
4 | 20186.66 | 8256.666 | 552971.342 | 550806.364 | 1103777.706 | -3.5233%
5 |20183.33 | 8283.333 | 552880.031 | 552585.306 | 1105465.337 | -3.533%
6 | 20183.33 | 8023.333 | 552880.031 | 535240.576 | 1088120.607 | -3.35204%
7 | 20043.33 | 8266.666 | 549045.025 | 551473.469 | 1100518.494 | -3.5291%
8 19520 | 8256.666 | 534709.408 | 550806.364 | 1085515.772 -3.52%
9 19510 | 8013.333 | 534435.479 | 534573.471 | 1069008.95 | -3.5314%
10 19640 | 8283.333 | 537996.556 | 552585.306 | 1090581.862 | -3.5317%
a1
Wy | 1994266 | 8201.333 | 546287.473 | 547115.047 | 1093402.521 | -3.51721%
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. KBANK Portfolio
afofl | KBANK BBL Value BBL Value Value %VaR
1 18503.33 | 5073.333 | 506859.958 | 338444601 | 845304.559 | -3.39045%
2 14860 4715 | 407058.494 | 314540.007 | 721598.501 | -3.41415%
3 14975 | 4748.333 | 410208.677 | 316763.691 | 726972.369 | -3.3902%
4 18875 | 5121.666 | 517040.987 | 341668.943 | 858709.930 | -3.39875%
5 | 15406.66 | 4783.333 | 422033.279 | 319098.559 | 741131.838 | -3.39015%
6 | 18366.66 | 5133.333 | 503116.264 | 342447.234 | 845563.498 | -3.3901%
7 | 19501.66 | 5286.666 | 534207.204 | 352676.175 | 886883.379 | -3.39765%
8 18643.33 5176.666 | 510694.966 | 345338.020 856032.986 | -3.39195%
9 18880 5253.333 | 517177.952 | 350452.494 867630.446 | -3.39505%
10 15985 | 4726.666 | 437875.506 | 315318.285 753193.79 | -3.3921%
A
o | 17399.66 | 5001.833 | 476627.329 | 333674.801 | 810302.130 | -3.39505%
3190 4.8 NM3TIWAWBIBULVVTUNA
) KBANK Portfolio
afodl KBANK BBL Value BBL Value Value %VaR
1 18855 | 5218.333 | 516493.129 | 348117.623 | 864610.753 | -3.4001%
2 17695 | 5033.3331 | 484717.365 | 335776.171 | 820493.536 | -3.3882%
3 12515.00 | 4461.666 | 342822.147 | 297640.016 640462.164 | -3.40715%
4 18291.66 | 5113.333 | 501061.795 | 341113.024 | 842174.819 | -3.3917%
5 15058.33 | 4678.333 | 412491.418 | 312093.957 | 724585.375 | -3.4164%
6 19686.66 | 5288.333 | 539274.891 | 352787.358 | 892062.249 | -3.3913%
7 16481.66 | 4896.666 | 451480.646 | 326659.080 | 778139.727 | -3.4007%
8 18465 5105 | 505809.898 | 340557.102 | 846367.001 | -3.3975%
9 16120 4930 | 441573.548 | 328882.765 | 770456.313 | -3.39015%
10 | 12526.66 4450 | 343141.727 | 296861.725 | 640003.452 | -3.43545%
A
wdn | 16569.50 | 4917.499 | 453886.656 | 328048.882 | 781935.539 | -3.40186%
M1319N 4.9 N33IUAIVDITURWILIWHVUNIBYA
. KBANK Portfolio
aoil KBANK BBL Value BBL Value Value %VaR
1 16801.66 | 5151.666 | 460246.374 | 343670.258 | 803916.632 | -3.422%
2 18866.66 5070 | 516812.709 | 338222.235 | 855034.943 | -3.39235%
3 16180 | 4866.666 | 443217.122 | 324657.769 | 767874.891 | -3.36475%
4 18598.33 | 5141.666 | 509462.285 | 343003.156 | 852465.442 | -3.39355%
5 20100 5335 | 550597.29 | 355900.517 | 906497.807 | -3.39335%
6 19790 | 5124.999 | 542105.491 | 341891.311 | 883996.802 | -3.30237%
7 19558.33 5355 | 535759.468 | 357234.727 | 892994.195 | -3.4059%
8 13943.33 | 4606.666 | 381948.336 | 307313.039 | 689261.375 | -3.3964%
9 19658.33 | 5206.666 | 538498.759 | 347339.335 | 885838.095 | -3.3924%
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; KBANK Portfolio
afofl | KBANK BBL Value BBL Value Value %VaR
10 16525 4940 | 452667.672 329549.87 782217.542 -3.3931%
A
Laﬁu 18002.16 | 5079.833 | 493131.550 | 338878.222 832009.772 | -3.38561%
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] KBANK Portfolio
afoit KBANK BBL Value BBL Value Value %VaR
1 19406.67 | 1423.333 | 531604.880 94951.276 626556.156 -4.6431%
2 13830 816.666 | 378843.807 54480.244 433324.050 -4.6415%
3 19590 | 1086.666 | 536626.911 72492.079 609118.989 -4.6408%
4 16040 900 | 439382.116 60039.45 499421.56 -4.6406%
5 12316.67 673.333 | 337389.219 44918.401 382307.620 -4.6416%
6 19310 1160 | 528956.899 77384.18 606341.08 -4.6423%
7 15926.67 923.333 | 436277.588 61596.026 497873.614 -4.644%
8 19640 | 1113.333 | 537996.556 74271.021 612267.577 -4.6424%
9 19200 | 1113.333 525943.68 74271.021 600214.701 -4.6464%
10 12276.67 666.666 | 336293.503 44473.669 380767.172 -4.6504%
A
wdy 16753.66 987.666 | 458931.516 65887.736 524819.252 | -4.64331%
] b
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3 KBANK Portfolio
afoit KBANK BBL Value BBL Value Value %VaR
1 19646.67 1303.33 | 538179.176 | 86946.0161 625125.192 -4.6415%
2 12360 780 338576.24 52034.19 390610.434 -4.6646%
3 15993.33 1090 | 438103.779 72714.445 510818.224 -4.643%
4 19583.33 1116.67 | 536444.290 74493.394 610937.684 -4.641%
5 18050 963.33 | 494441.845 64264 .446 558706.291 -4.6504%
6 11933.33 820 | 326888.605 54702.61 381591.215 -4.6466%
7 18836.67 990 | 515990.927 66043.395 582034.322 -4.6438%
8 19556.67 1123.33 | 535713.815 74938.126 610651.941 -4.6418%
9 19666.67 1056.67 | 538727.034 70490.763 | 609217.7981 -4.6448%
10 11013.33 946.67 | 301687.137 63152.608 | 364839.7466 -4.6455%
A
adn 16664 1019 | 456475.285 67977.999 524453.285 -4.6463%
M31aR 4.12 M33 WAIVDITURWIZTWHVUHAIWYA
KBANK Portfolio
afal | KBANK BBL Value BBL Value Value %VaR
1 14456.67 970 | 396010.025 64709.185 460719.210 -4.6423%
2 15986.67 | 1036.667 | 437921.162 69156.554 | 507077.7161 -4.6424%
3 14133.33 733.333 | 387152.985 48921.031 436074.017 -4.6432%
4 17753.33 | 1013.333 | 486315.283 | 67599.971 | 553915255 | -4.6465%
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. KBANK Portfolio
afoll | KBANK BBL Value BBL Value Value %VaR
5 15860 | 1063.333 | 434451.394 | 70935496 | 505386.800 | -4.6424%
6 17653.33 | 1066.667 | 483575.993 | 71157.868 | 554733.862 | -4.6465%
7 17853.33 1160 | 489054.573 77384.18 566438.753 | -4.6408%
8 19586.67 | 1096.667 | 536535.602 73159.184 609694.786 -4.642%
9 17503.33 966.667 | 479467.058 64486.819 543953.877 | -4.6408%
10 15966.67 1140 | 437373.304 76049.97 | 513423.274 -4.611%
AN
wds | 16675.33 | 1024.667 | 456785.738 | 68356.026 | 525141.764 | -4.63979%
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KBANK Portfolio
afol | KBANK BBL Value BBL Value Value %VaR
1 20186.67 8266.67 | 552971.342 | 551473.469 | 1104444.811 -4.8308%
2 20090 | 8136.67 | 550323.361 | 542801.104 | 1093124.465 | -4.8273%
3 20180 8293.33 | 552788.722 | 553252.411 | 1106041.133 | -4.8241%
4 19786.67 8193.33 | 542014.182 | 546581.361 | 1088595.543 | -4.8148%
5 20196.67 8290 | 553245.271 | 553030.045 | 1106275.316 | -4.8276%
6 20183.33 8213.33 | 552880.030 | 547915.571 | 1100795.602 | -4.8244%
7 20193.33 | 8246.67 | 553153.959 | 550139.259 | 1103293.219 | -4.8291%
8 19763.33 8136.67 | 541375.012 | 542801.104 | 1084176.117 -4.825%
9 20053.33 8296.67 | 549318.953 | 553474.784 | 1102793.738 | -4.8197%
10 | 20183.33 | 8076.67 | 552880.030 | 538798.474 | 1091678.505 | -4.8254%
A1
1dn 20081.66 8215 | 550095.086 | 548026.758 | 1098121.845 | -4.82482%
A19197 4.14 NITIWAIVOIDUUVVTUNA
i KBANK Portfolio
afodl KBANK BBL Value BBL Value Value %VaR
1 20146.67 8200 | 551875.626 547026.1 | 1098901.726 | -4.8293%
2 19850 8210 | 543749.065 | 547693.205 1091442.27 | -4.8247%
3 20000 | 8256.667 547858 | 550806.364 | 1098664.364 -4.852%
4 19163.33 | 8256.667 | 524939.272 | 550806.364 | 1075745.637 | -4.8256%
5 19680 | 8293.333 | 539092.272 | 553252.411 | 1092344.683 | -4.8238%
6 19630 | 8116.667 | 537722.627 | 541466.894 | 1079189.521 -4.8248%
7 20166.67 | 8286.667 | 552423.484 | 552807.679 | 1105231.163 | -4.80193%
8 20186.67 | 8193.333 | 552971.342 | 546581.361 | 1099552.703 | -4.8225%
9 20080 | 8236.667 | 550049.432 | 549472.154 | 1099521.586 | -4.8215%
10 | 20183.33 8290 | 552880.030 | 553030.045 | 1105910.076 | -4.8261%
28]
wds | 19908.67 8234 | 545356.115 | 549294.258 | 1094650.373 | -4.82522%
A1919N 4.15 MITIWAIVDITURNIZS WLV AU
KBANK Portfolio
afoll | KBANK BBL Value BBL Value Value %VaR
1 20113.33 | 8173.333 | 550962.527 | 545247.151 | 1096209.679 | -4.8291%
2 20140 8253.333 551693.01 | 550583.991 | 1102276.997 | -4.8252%
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] KBANK Portfolio

afoil | KBANK BBL Value BBL Value Value %VaR
3 | 20113.33 | 8293.333 | 550962.527 | 553252.411 | 1104214.939 | -4.8258%
4 | 20183.33 | 8133.333 | 552880.030 | 542578.731 | 1095458.762 | -4.8311%
5 | 20096.67 8280 | 550505981 | 552362.94 | 1102868.921 | -4.8229%
6 20100 8180 | 550597.29 | 545691.89 | 1096289.18 | -4.8237%
7 | 20186.67 | 8283.333 | 552971.342 | 552585.306 | 1105556.648 | -4.8259%
8 | 20183.33 8260 | 552880.030 | 551028.73 | 1103908.761 | -4.8267%
9 | 20193.33 8290 | 553153.959 | 553030.045 | 1106184.005 | -4.8314%
10 20100 8150 | 550597.29 | 543690.575 | 1094287.865 | -4.829%
120]

s | 20140.99 | 8229.666 | 551720.398 | 549005.177 | 1100725.576 | -4.82708%

o v é Y Yoy ¥ Y a{o Q2 2 U au'
'Ll'lr»lﬁuﬁﬁﬂm‘llﬂﬁN’V]vlﬂﬁ'lﬂﬂ’li‘nﬂﬁﬂﬂiﬂﬂ‘l"lﬂﬁlﬂﬁﬂ1ﬂﬂﬂ NATHIDINIA NULT

WundndagdumilfuiuamuidudidguswsuieRnsenlunsdenislunissud

voIouUNIeMInsoa 101103 szuaalunis1ed 4.16, 4.17 uazaseii 4.18

A1519N 4.16 Miswavessunuy ludeiio

KBANK Portfolio
afofl | KBANK BBL Value BBL Value Value %VaR
1 | 19796.67 4845 | 542288.112 | 323212.372 | 865500.483 | -4.73695%
2 16960 | 4476.667 | 464583.58 | 298640.674 | 763224.257 | -4.7344%
3 19885 4690 | 544707.816 | 312872.245 | 857580.061 | -4.73245%
4 | 17913.34 | 4546.667 | 490698.149 | 303310.405 | 794008.554 | -4.7277%
5 | 16256.67 | 4481.667 | 445317.245 | 298974.223 | 744291.468 | -4.7346%
6 | 19746.67 | 4686.667 | 540918.465 | 312649.875 | 853568.340 | -4.73335%
7 18060 4585 | 494715.774 | 305867.642 | 800583.416 | -4.73655%
8 | 19701.67 4625 | 539685.784 | 308536.062 | 848221846 | -4.7337%
9 | 19626.67 4705 | 537631.317 | 313872.902 | 851504.219 | -4.73305%
10 16230 | 4371.667 | 444586.767 | 291636.071 | 736222.838 | -4.7379%
Al
Ao | 18417.67 | 4601.333 | 504513.301 | 306957.247 | 811470.5488 | -4.73407%
A1919N 4.17 NMITIEIVDITULDVIUNAN
KBANK Portfolio
afofl | KBANK BBL Value BBL Value Value %VaR
1 | 19896.67 | 4751.667 | 545027.401 | 316986.058 | 862013.459 | -4.7354%
2 16105 4495 | 441162.654 | 299863.697 | 741026.352 | -4.74465%
3 | 17996.67 | 4673.334 | 492980.889 | 311760.404 | 804741.294 | -4.7475%
4 | 19373.33 | 4686.667 | 530691.781 | 312649.878 | 843341.660 | -4.7333%
5 18865 | 4628.333 | 516767.058 | 308758.428 | 825525487 | -4.7371%
6 | 15781.67 | 4468.334 | 432305.616 | 298084.751 | 730390.368 | -4.7357%
7 | 19501.67 | 4638.334 | 534207.205 | 309425.536 | 843632.742 | 4.72287%
8 | 19871.67 | 4658.333 | 544342578 | 310759.743 | 855102.322 | -4.73215%
9 | 19873.34 | 4646.667 | 544388233 | 309981.458 854369.69 | -4.73315%
10 | 15598.34 | 4618.334 | 427283.584 | 308091.326 | 735374.911 | -4.7358%
A1
Wwdn | 18286.34 4626.5 | 500915.700 | 308636.128 | 809551.829 | -4.73576%
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. KBANK Portfolio

afoil | KBANK BBL Value BBL Value Value %VaR
1 17285 | 4571.666 | 473486.276 | 304978.168 | 778464.444 | -4.7357%
2 18063.33 4645 | 494807.084 | 309870.272 | 804677.356 | -4.7338%
3 17123.33 | 4513.333 | 469057.756 | 301086.721 | 770144.477 | -4.7345%
4 18968.33 | 4573.333 | 519597.657 | 305089.351 | 824687.008 | -4.7388%
5 17978.33 | 4671.666 | 492478.687 | 311649.218 | 804127.905 | -4.73265%
6 18876.66 | 4623.333 | 517086.641 | 308424.879 | 825511.521 | -4.7351%
7 19020 | 4721.666 | 521012.958 | 314984.743 | 835997.701 | -4.73335%
8 19885 | 4678.333 | 544707.816 | 312093.956 | 856801.773 | -4.73435%
9 18848.33 | 4628.333 | 516310.509 | 308758.431 | 825068.941 | -4.7361%
10 | 18033.33 4645 | 493985.297 | 309870.272 | 803855.569 -4.72%
A

WAy | 18408.16 | 4627.166 | 504253.068 | 308680.601 812933.67 | -4.73344%
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] KBANK Portfolio

afofl | KBANK BBL Value BBL Value Value %VaR
1 803.333 | 2903.333 | 22005628 | 193682.816 | 215688.444 | -4.0661%
2 396.666 | 1656.666 | 10865.851 | 110517.063 | 121382.915 | -4.0422%
3 | 1436.666 | 5886.666 | 39354.467 | 392702.478 | 432056.946 | -4.113%
4 666.666 | 3043.3333 | 18261.9342 | 203022.286 | 221284.220 | -4.0693%
5 1680 5290 | 46020.072 | 352898.545 | 398918617 | -4.1401%
6 1170 5790 | 32049.693 | 386253.795 | 418303.488 | -4.1065%
7 1670 | 7256.666 | 45746.143 | 484095.863 | 529842.006 | -4.1176%
8 2150 | 6913.333 | 58894.735 | 461191.921 | 520086.656 | -4.1296%
9 | 1213.333 5340 | 33236.717 | 356234.07 | 389470.787 | -4.1187%
10 | 1136.666 | 5003.333 | 31136.597 | 333774.866 | 364911.463 | -4.1246%
(201

Laﬁu 1232.333 4908.333 33757.183 | 327437.370 361194.554 | -4.10277%
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KBANK Portfolio

afoll | KBANK BBL Value BBL Value Value %VaR
1 536.666 | 7916.666 | 14700.857 | 528124.793 | 542825651 | -5.3392%
2 600 | 7926.666 16435.74 | 528791.898 | 545227.638 | -53497%
3 190 | 8196.666 5204.651 | 546803.733 | 552008.384 | -5.3491%
4 110 | 8193.333 3013.219 | 546581.361 | 549594580 | -5.338%
5 826.666 | 8136.666 | 22644.798 | 542801.103 | 565445.902 -5.343%
6 113.333 | 8223.333 3104.527 | 548582.676 | 551687.203 | -5.3459%
7 | 1313.333 | 7853.333 | 35976.007 | 523899.791 | 550875.798 | -5.3449%
8 433.333 | 8066.666 | 11870.255 | 538131.368 | 550001.624 | -5.3349%
9 330 | 8103.333 9039.657 | 540577.416 | 549617.073 | -5.3214%
10 216.666 | 8246.666 5935.129 | 550139.258 | 556074.388 | -5.3153%
120

Wde 467 | 8086.3333 | 12792.484 | 539443.340 | 552235824 | -5.33814%
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ABSTRACT

Genetic Algorithm (GA) has been a successful tool in
optimized communication networks, routing problems,
and many optimization problems in telecommunication.
In this paper, an example of applying this engineering
optimization tools for the field of finance is presented.
Genetic Algorithm is employed to manage portfolio in
Thai stock exchange. As the procedure of the securities
selection for investment may result in investment risk, the
method of genetic algorithm is applied to solve the
problems to obtain the portfolio which contains least risks
in each investment period. The process is done at the
required reliance and is also used maximum investment
fund in the specified range, in order to attain the
appropriate investment fund apportion in the acceptable
risk level and effective compensation rate for investor’s
decision. The results show a promising paradigm yet
conservativeness for the investment.

Keywords: Optimization, Genetic Algorithms, Value at
risk, Engineering Economics, Engineering Tool

1. INTRODUCTION

For two decades, the emerging of multi-disciplinary of
various fields has been enacted. For example, fields of
mechanical engineering and the electronic one create a
new field, namely, “mechatronics. [7]” Likewise, the
fields of finance and engineering are also jointed in using
tools in engineering computation to solve financial and
investment problems [8-13].

Genetic Algorithm (GA) is considered as an
effective tool, which has been employed for solving
engineering optimization problems [2, 5]. This paper

uses GA to manage portfolio in Thai stock exchange.

As the procedure of the securities selection for
investment may result in investment risk, the
method of genetic algorithm is applied to solve the
problems to obtain the portfolio which contains least
risks in each investment period. The process is done
at the required reliance and is also used maximum
investment fund in the specified range, in order to
attain the appropriate investment fund apportion in
the acceptable risk level and effective compensation
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rate for investors’ decision.. Next section describes brief
review on the method of historical simulation.

2. HISTORICAL SIMULATION
This technique is a method for calculation of value at risk
or VaR [1]. The method uses distribution of change in
prices for calculation in which the distribution of the
return in the past that will be repeated in the future. The
procedure are as follows:

2.1 Calculate the value of the port using
Mark-to-Market method by summarizing all values of
securities:
n
Vp = Z Vi (l)
i=1

where n is number of securities, Vp is value of the

port, and \f is the value of each security.

2.2 Find weight for each security using formula in [1]:

V.
w, =—— where i=1,23...n (2)
1

Vp

2.3 Find return rate of each security using formula in

1

P.. +D.

R. = ln(_’.’t—"t) 3)
it P

i,t—1

where P. is the price of the security i-th at the date t.

and D, is the dividend yield of the security i-th at the

date t.

2.4 Find return rate of the port:

n
zw,

Z,Yia Ry @

Rpt=
where w; | is the wieght of the security i-th at the date

t.and R p.t is the rate of return of the port at the date t.
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2.5 Find return rate of the port at the k-th percentile:
Confidence Level
100

k=(1- ) * Number of Day (5)

2.6 Caluclate Diversified VaR and Undiversified VaR:
Diversified VaR = R pk * Vp (6)

n
Undiversified VaR = - _ZtVaRi @)
1=

where R pk is the return rate of the port at the k-th

percentile.

3. GENETIC ALGORITHM

This section gives a brief review of GA. Excellent
treatment and more detail about foundation of the GA can
be found in [2, 3].

A solution commonly used in industrial process control to
cope with a time delay phenomenon is employed a Smith
predictor shown in Fig. 3. The idea is to eliminate the
time delay output of the system. In this paper, parameters
are used as follows:

3.1 [Initial settings: We assign n securities in
consideration and number of genes m. For m = 500
population (per day), initial number of chromosomes is
40; and m = 300 for 30 chromosomes. This calculation is
based on the data backed for 100 weeks.

3.2 Objective function: The objective function in this
paper can be easily found by equation Eq. (1) = Eq. (6).

3.3 Crossing over: We use the two-point crossing over
method by letting the rate of the cross over equal to 0.7.

3.4 Mutation: We use the real value type with the rate of
mutation is 0.33.

3.5 Selection: The algorithm uses the stochastic universal
sampling [4, 5] with bias = 0 and the minimum
distribution between [0,1/N-pointer], where N-pointer
equals to number of the selective chromosomes.

3.6 Ending criterion: The run time will be ended at the
1500-th day and the 500-th week.
Next section presents the simulation results.

4. SIMULATION RESULTS
In the simulation, we consider Thai Stock Exchange
dividing by investment distribution in a portfolio. The
port has three different stocks, and dividing the
simulation in three portfolios which have different stocks
by using the Genetic Algorithms and the valuing method
at risk in Historical simulation. That is for adjusting the
amount for investment in each period (as in buy-and-sell
time for adjusting investing portfolio without calculation
for any loss of commission fee and tax). Also, we select
the value at required risk in a period which has different
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weights of stock investment in the portfolios, that is for
finding out the result from efficiency of portfolio
management in accepted value at risk to compare with the
index values in the stock

exchange (the selected stocks in the different sector),
included with the index values in each sector (the selected
stocks in the same sector) to show how much the loss can
be reduced in the portfolios and how difference result
presented in each portfolio.

The stimulated program can arrange N stocks in the
portfolio (the stocks are selected by the investors who
want to invest in their portfolios). As we determine the
domain for the same capital in each stock of the portfolio,
so that the capital can not be adjusted to reach out of the
highest investing weight in each stock of the portfolio as
we define. We want the portfolio to get the risk value at
the convincing level, and arrange the balance of the
investment portfolio arrangement to be the reserved
capital for the next period through the processing time is
in conservative fashion.

In the simulations, we have two ports with three
securities for each one, which are KBANK, BBL, and
KTB for the first port and BBL, KGI, and SHIN. The
abbreviations of the port are the standard of the names of
the Thai securities. With 95 percent confidential and the
data back for 300 days and 100 weeks. The results show
as follows:

4.1 The first port: KBANK, BBL, and KTB (pure
banking group

Figures 1-6 are simulated based on information
obtained from Thai Stock Market from June 2, 1992
to July 14, 1998.
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Fig. 1: Profit-loss scenario of the first port vs the SET
index of bank group for 300 days

Fig. 2: Money (in Baht) in investment port per day for
300 days
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Fig. 3:

Back Testing for 300 days using the method in
[1,6]

Fig. 4:
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Profit-loss scenario of the first port vs the SET
index of bank group for 100 week

Fig. 5: Money (in Baht) in investment port per day

Sor 100 weeks
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Fig. 6:
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Back Testing for 100 weeks using the method

in(l, 6]

4.2 The second port: BBL, KGI, SHIN (mixed group
between banking and communication groups)

Figures 7-12 are simulated based on information obtained
from Thai Stock Market from June 2, 1992 to July 14,
1998. As we have seen from those Figures obtained in the
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simulation in both groups of the ports of investment that
the port investment using GA outperforms the SET index.

I S—

Fig.

et

7: Profit-loss scenario of the first port vs the
SET index of bank group for 300 days

| l

Fig. 8: Money (in Baht) in investment port per day

Jor 300 days

Fig. 9: Back Testing for 300 days using the method

in[l, 6]
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Fig. 10: Profit-loss scenario of the first port vs the

SET index of bank group for 100 weeks
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Fig. 11: Money (in Baht) in investment port per day
JSor 100 weeks

by
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Fig. 12: Back Testing for 100 weeks using the method
in[1, 6]

5. CONCLUDING REMARK
This paper presents genetic algorithms for port
management in Thai Stock Exchanges. Based on the
historical simulation approach and the backed data in the
market place, the simulation results show that the port of
investments using GA outperforms the SET index
compared to the same group. The back test [1, 6] yields

the satisfactory results to verify the validity of the models.

Even though the port management using GA
outperforms the SET index of the same group, but the
profit gains in the periods of consideration are not quite
impressive [14-16]. This is because the strategy is
focused on minimum risk scenario rather than maximum
profit. Nevertheless, the proposed scheme can be used to
understand the trend of the direction of the near-future
price. Combining this proposed technique with
consideration of the solid foundation of company
performance would definitely raise the profit.

The paper also shows that engineering tools can be
employed to solve problems in finance; this would be the
trend in merging fields between finance and engineering
in the era of inter/multi-disciplinary. It would be
challenged that such problems in other fields can be
solved by using engineering tools in telecommunication.
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