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3.1 uni: anudgeluldaaauned

o

unil 2 WaBL IR Lag NTELA L?Uﬁﬂlﬁﬁuaﬂgﬂiumamammu wn i W fonmse U1 waneuwny
Fananaliwiveuiissla wazarubiwiusuuvulafiamddy e msdndulanmu nsouiiugu
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ﬂﬂﬁﬂ’lﬁm%miﬁwﬂaa@ﬁau Yuedl tailrisk framework L%auﬁ'U’Jﬁmﬂﬁmmmg’mﬁ’m quantitative

risk management [61, 62, 34]
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Dispersion NaRDULNUNSEAN8INAINAINNLEla
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LPM / Downside Deviation
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Tracking Error / MDD
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azviounnudsidnudssvunasguiissiauisenauedaiviu

Tail Risk
VaR / ES

threshold vesn1svIayuIuLItegila wazillownd tail wiguusadiedn

sieazy confidence level, horizon wariuudnansiily
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relative/path wag tail risk 89n9NAY
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ANUBUTUTILLAEAI U TEAUUNATIUAD
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779814 3.1. AUURNANDULNUVDINANNSNETFan1UNT0I

(7"1, T9,T3, 7’4) - (_12%, —2%, 8%, 18%)
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LAY
(p17p27 D3, p4) = (0107 0207 0407 030>

azle

pt = 0.10(—0.12) + 0.20(—0.02) + 0.40(0.08) + 0.30(0.18) = 0.07

bbale

o? = 0.0089

o~ 0.09434 = 9.434%

HanaULNUAIANEWnAY 7% senilann vaiidnlesuunnsgiudseana 9.43%

3.2.1 mstlszmmmn%’agaﬁ'faa&ha
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Weldayananauunu R, ..., Ry Anadediegene
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s 838l sampling uncertainty g9 39A2351897U sample period Wa¥ATI sensitivity #19 rolling window
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Volatility Scaling

dwsudeyaseiudnld N &~ 252 fuseresiel

Uann ~ v 252 Oday

gnIiiifiNNR1NN1TUIN variance YBIHANBUUVIUMANENIALID covariance TubIaUszangud mnd
serial correlation 9%LAin cross-covariance terms Wisdusazng v N hinssdnsialy datiunis annualize

3994 model-based conversion lildifisanisiasuniiomilouwuRuasidumng

Useuiiaeeseds

ng V' N \finannauufgnuieniu dependence wazAnumsnves variance hilingniaday® min

namauWNUl autocorrelation, volatility clustering, structural break %3 regime change n1%

scaling wuullonavinlussunanadssin

3.2.3 Coefficient of Variation wazda311a

€

yUsEaANSAULUsHuteduy

cv onlilusuiisuanuiusiudevilamiisnanauunuaavineidle 1 > 0 uageginaaingudne

auads weidle p < 0 viselndaud duaviionaliaiesvielianumnelBuduiiiigedie

Moy wnduning A sl = 0.2% uaz 0 = 2% azld v = 10 wimnUszanuaiadey
wWasuieadntesdu 0.1% a1 v agnsylaadu 20 vieil volatility Liaeu Fslimsld cv dasusiu

v o e A N’ - A
NANNINELUD expected return fenanuieldiaios
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3.2.4 Skewness Lg% Kurtosis

Variance livenitnisuanuasiianudvizenanuniiieda Tudeyanisiu skewness duauuay excess
kurtosis Migeau1sayiliiAUEEIRUYIAYLIULTBNNNINLUUTIaeIUNRTe N153AT1eANEsIR

1 = . .
luqumw&m mean wag standard deviation

TulgefANI negative skewness Mg fsvmesmuNanaULUAm U lTNEIVEa JULINTIAULIN
Yz high excess kurtosis U3391n151anKAsH 8 UTDMUMILINAT NTLInuasUnATuusanuay
ag4ls finu A Uszanas moment ddugalasie outlier 110 Feestdfsauiu histogram, empirical

quantiles ag tail measures 11ANIIHAINAINFUAVLNEIANAL?

3.3 Covariance Lay Correlation

AU HURIU 999 Funsng 579 67 14 1a usn 1 dunswe @9 i wwasulnl s3u fu egals NS AT

dependence Fuiuiiugiuveansnszatanisasyu [33]

UNilany 3.2

AMNIUNDNDULNU Rz {5 Rj NUAR[Y L, WS [Lj

Cov(R;, R;) = E[(R; — 1) (R; — py)]
i 0;,0; > 0 correlation fio

COV(Ri, R])

0,05

pi; = Co(R;, R;) =

Covariance ntheidunanouwnuindsaes du correlation lifiviieuazeglugas [—1, 1]

Correlation FamaneAunsiUSeuisuauduTUS BuduvesFunInd Nl scale sneriu winslidl

A a

wihefvilideyaiFes “vuinanuidss” mell adunsndaspanunsadl correlation winfiu udigndl

volatility aeningenadne covariance wagHaraAUFsmaInNINNT
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nguun 3.1

i R; waz R; §l variance Uinuazinrin ua

X=R;,— uay Y=R,—p,

91N Cauchy-Schwarz inequality lu L?
E(XY)]? < E(X?)E(Y?) = o202
oN(o]

|Cov(R;, R))| < 0,0

iWlemsie 0,05 > 0 aslel

Pyl <1
]
3.3.1  MsUsznINtayaniagi
sample covariance fgnadu
1 & _ _
Sij = Z(Ri,t - Ri)(Rj,t - Rj)
T—1 p

waz sample correlation fe
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$;8;

Pij =

FnSuaunsng n 5181381013055 covariance tuansng

Y= (‘Sij)nxn

W¥3nd covariance AITANLINTUAL positive semidefinite S[.uL%\‘i‘wqwa Lwim'ﬁUﬁzmma'msﬁaaﬂaﬁq
= . . . A o a v & A a o o .
9198Ugy11 numerical instability LiaduILAUNINGNNLLDTEUAUTIIUIU observations
a wa . o . %) o o ea o a ~ X
TuneUus correlation €43l regime dependence 78 A AURUE A luAIzUNRBALTINTY
niouriulutng market stress vibviusgleviann diversification anaslunaifiesnisuinyian Asuns
19 correlation matrix Leas19nasnA15ing rolling estimates wag stressed correlations liaisa1demn

a = =
LRAAYITYTYIIN ENGQQL@"IEJ’J

faeene 3.2. Tnanauwuasdunsndludaounisaidu

R,y = (—10%, 2%, 8%, 16%)

bhae

Ry = (12%, 5%, 2%, —6%)

pruaNtnzdu
(0.10,0.20, 0.40, 0.30)
awle
pyg = 7.4% waz pg = 1.2%
23908
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Cov(R,, Rp) = —0.004128

Yo

pan ~ —0.9800

ARINAUANdNTusIBdumunsiuglugaaaunsalausd win1sliteyaisedemsivny

@589 correlation ANuLIAN

Uszhuniaeszda

Correlation Tndaudwunedsldfianuduius @adusudn Wildwneduludaszroiu uenani

correlation FuiugaIan ANUDTELA LaznIEAaIn wazeAURsUREINtUYIINgN

3.4 Downside Risk wa¥ Lower Partial Moments

Variance aslnuranauwnuiasnanadewaziniAnadenuvatinng wiluaedym gamuaula

wwiznsanIntvne 3914 lower partial moments

unileny 3.3

1% 7 19u target return %3 minimum acceptable return wazfi1nunA

(), = max(x,0)

Lower Partial Moment a1du g > 0 Ag

LPM, (T) = E[(T — R)]]

dmiug =2

LPM,(7) = E[(T — R)3]

k8 Downside Deviation #a
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DD(7) = +/LPMy(T)

dmsutayareagranield convention IMNsed 1IN observations N1avan

T

B(r) = 4| 7= (7~ R )2

t=1

& s P ° . A o ' & = v .
U9 DaNALIT 1113 A28 AU observations 71 A1 NI L{j'] VY IUR 9 ABY T8Y denominator

convention AausauLigy

wan9N denominator uds A1 7 Wudunisvesmamnisanu llldwmsdiwesiidenauniy
azmn mnidhmnefesnviiuduennld 7 = 0 wmniluneaudd required return wie benchmark
913 vun target sinsoanly Aunsndieaiuiaanunsadl downside risk sinsuneldidmanevedamu

71958

free1e 3.3. Tinanauwnuinnaly

(—8%, —2%, 1%, 4%, 7%)

wazfivun 7 = 0 agla

0.08% 4 0.022
LPMy(0) = + — 0.00136

DD(0) = v0.00136 ~ 3.688%
yquedi shortfall probability Wi
2

#993193 I URNUAINANNAY Iz shortfall probability UanAMuA @11 downside deviation

ALNDUIUINYVBINITHININ VU8RI
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3.5 Beta WAAULHHNYITIUU

anuhvesdunsndnaiadenainanunsnasuieniy market model

g Ry, fenanouwnunain waz €; Aoduiiwuudaswainesuilila

unileny 3.4

o Var(Ry,) > 0 wenvesduning ¢ Wieunannfe

Cov(R;, Ryy)
i = S0t ttar)
Var(R )
o
Cov(Rys,e;) =0
awlel

Var(R;) = 2 Var(R,,) + Var(e;)
WALINAB systematic component N18l§ market model @unaiingsds idiosyncratic component

f2819 3.4. 0N

cov(R;, Ry;) = 0.00024

ey

var(R,;) = 0.00016

awle
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~0.00024

©0.00016 15

Bi

A1 B = 1.5 nueds regression slope AananauLnuaaIawiniy 1.5 ldlanuneanuinnanuides

Fwvesdunindainitnain 50% ws1e total variance §4UuiU idiosyncratic risk

Beta Tuunililfusnsin dependence fupana @aunisilion beta U expected return agwmuly

Un asset pricing

o

v
VBELNA

Beta luld A1 sl vosnanndwg A9 Useanaiu iU market proxy, sample period, data
frequency Wa¥ corporate events #1889 beta 185U 1 U919519970 beta 518dUAM 5

Yognaflase n1551897u beta tngliluan benchmark wag estimation window 3ansagaugnlal

o

3.6  Tracking Error

a s A ao w I ) ' a a
BaneInNA benchmark AYULEEINAIALYDIATUANMUNUNIUYDINAADULNUEIULAWNYU benchmark

134

Ay =R Ry 4

p,t — b,

58091 active return

Unileny 3.5

Tracking Error LWUU ex post ﬁadamﬁmmumm@m‘uaﬂ active return

TE = SD(A;) = SD(R,, ; — Ry, ;)

dwiudeyamegns
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. 1 = .
TE = ﬁ Z(At - A)2

t=1

i1 active return T1gTusgngldauuAgusiedtu volatility scaling

TE,, ~ V252 TE,,

Tracking Error alilansneanuimmesainnudessiud wosnetatndaulmilng benchmark #1

finnuduniugdld Tracking Error 3y relative risk lally total risk

TunuUTMINesnAITLEN ex post tracking error AN active returns AAATULAD BON

91n ex ante tracking error #4.duAIAIANISAIAINLUUTIAD covariance WAy active weights ANY13ED4

8130197 uLdle covariance WWaguWSoNaINNUTUTENINNI N13AIUAN mandate F3AT5YTAIIAN
14 TE wuula

3.7 Maximum Drawdown WazA21utdeg9n1udunig

drudsruunnsgulildadiunavesansuuny widamundyanuddadudunis W W, Ju

wealth index wag

vJu running peak

unilend 3.6

Drawdown Tugudnduenudemenilusiviuuinde

w.
D,=1—-—+t
t Ht
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Tag

Maximum Drawdown @8

f79819 3.5. 81 wealth index \Hu

100, 108, 105, 112, 98, 101, 115

IAFIAANBUNITANAIFR 112 Wag trough Ao 98 Jalg

98
DD 13 0.125 5%

WIINBIRALIUN 115 GaNIINEEAAN WASEHINNIEAUABKTY drawdown 12.5%

MDD Furiutdunauazyisiiegisetiaunn JskiasTiiuseuiieulnglisey sample period

Drawdown fafiauliiausnas@isadinmans mnyarianasdadiu D 91n90gedn nanauwnuisios

' a A

15370 trough \ilendugaaiude

D
G_l—D

§ratiy drawdown 20% desiu 25% wi drawdown 50% dasilu 100% anuduiusiasuiednvily

M3AUAN drawdown dAnuningsieauegsenveswesa wl MDD gliliuinsianuinasdu

3.8 Value-at-Risk

Wl sign convention FaLa AuuARILUT loss

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 3: adlaAtansvaIAEEINITATIN 79
dniunanauunilugudng vie

o U = 1 a P < !
dusuanuidemgluniisRuidle VO Lﬂu‘;&amgwu

unileny 3.7

dwduszaumnudioiu a € (0, 1) fvun Value-at-Risk {u quantile a4 loss

VaR,, (L) = inf{¢ : Pr(L < ¥¢) > a}

Matiu VaR 7iszau 99% 1Uu threshold 7ifl probability mass egstios 99% egliiiueiuniels

LUV 809N Y

d13U 1-day VaR 91 99% wn distribution waz calibration Asiluszezena 51AMIUIUIUT
loss 1fiu VaR lnatadeUszann 1% veeiu lilydn “azldvinnuiiu Var” nisfinauil@on Var iy
backtesting lngnss lws1zuuuIaesisnsanu 99% uail exceptions UoetAuluiids understate tail

risk TuiBs coverage

Usziunfaeszd

vaR Tl “msvianugsgn 1ulula” wmse nmsvenuiinnnndn vaR §adedulaly tail

probability Uszanas 1 — o el distribution fiauaf

tail probabilit

Distribution ¥®4 Loss VaR,, 1]— ESq,
uav1ausaustdosluuin nsseritedunansiu tail Aadsanudsmely tail

VaR mou1 “tail Bufiszauln” dw ES moudn “dio it tail uan

o ade Juuse e ln” Fems 1o s fuidlo aula extreme loss

JUN 3.2: AnudNiusIBalLIAnTEndNe Value-at-Risk Way Expected Shortfall a1elél loss convention
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3.8.1 Parametric Normal VaR

v

a
R~ N(u,0?)
Lay
L=—-R
awle
L~ N(_:uv 02)
Fathy

Normal VaR

ez, = D7 1(a)

Y v 1 a Yo, . .
21799713 VaR Tumietuuezly linear return approximation

Ve v = Vo (—p 4 2,0)

719814 3.6. ANUANANDULNUITIETUL

= 0.04% waz o= 1.20%

fiszeu 99% 14

20,99 ~ 2.3263

3ale VaR Tusnsnanauwnu
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VaRy g9 = —0.0004 + 2.3263(0.012) ~ 0.02752

ysaUszann 2.752%

fnyaran Uiy 10 Auum

VaRg.g9.1 A 275,200

eldauuAgILYIL LIRS

3.8.2 Historical Simulation

19 realized losses i

Ly,...,Lyp

Historical Simulation Usgsau VaR #e empirical quantile

\BT%HO‘S — @\(X(Ll’ vee 7_[/71)

£
ad al wa I3

FoiliAvun parametric distribution W1 Normal Tnenss uafauu@inusyianaenidumunuues

o a4 o
AULEgsnedesluaunan

o v

A15L80n lookback window 3avdu trade-off d1Agy: winen981719 observations Tu tail LNV uLANEIL

Yoya regime iirfionalifiendes vafimihdduneuauessiennzaigaliisius quantile &I sampling
noise g4 lngtangnseau 99% Falidayaiiesdiutpeusinnmis
Ussiiufidassede

Historical Simulation ldlsiuUain “ladfiuuudass” msgnisiden lookback window, sampling

frequency, quantile interpolation, weighting scheme wag data cleaning aau Wy model

choices
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3.8.3 Holding Period a2 Square-Root Scaling

VaR N5180uA5s2Yet1tey

1. fudsitiauasmiag
2. confidence level

3. holding period
a4

. WUUIIABINTD estimation method
meleauufgiuivagay 019Useann
VaR, ;, ~ Vh VaR, |

usn13 scaling Jealiiun@eiiawie volatility lWasuauna nansuwnudl serial dependence 138

distribution wWasuny horizon

3.9 Expected Shortfall #138 Conditional Value-at-Risk

VaR vanaunils threshold wililsuaniingaainveq threshold wen n1suavusuLssiedle

Unileny 3.8

dm3U loss L fvium Expected Shortfall fisesu av #e quantile integral

ES, (L) = ! /1VaRu(L) du

11—«

01 distribution satilasluuinm quantile MAgITes

S, (L) =E[L | L > VvaR,(L)]

J

feuluu quantile integral Tolaainaneiu distribution Nliseiiiesias empirical distributions

WNNIINNT01FY conditional expectation tieegUReT [41]

dwsu distribution sielfiaani1eld loss convention laemalu ES,, > VaR,, w31% ES wdganizand

agsaus threshold TUN191191271904 loss inwaA 1wl ES a1ndn VaR egsiiiluddey A15as19 sign

Y
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convention, quantile definition Wag implementation ﬁauammmnmi"@gﬁﬁ] [34, 72]

3.9.1 Normal Expected Shortfall

v

81

R~ N(u,0%)

wag L = —R

Normal Expected Shortfall

18 ¢ fo standard normal density

729819 3.7. Tdvayav1ndiee1a Normal VaR 7

w=0.0004 o =0.012 a=0.99

YH

$(2.3263) ~ 0.02665
awle

0.02665
£50.99 ~ —0.0004 + 0.012= 7 ~ 0.03158

y3oUszan 3.158%

dmiuyar 10 duum wiriuuseann 315,800 U
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3.9.2 VaR AU ES AaUAI0INA9NY

AN57991 3.1; WIBUIlEU VaR waw Expected Shortfall

Usziiu VaR Expected Shortfall
AN threshold ¥4 loss agilla \flo1ing tail udh Loss IneladsuLs
Wigdla
Tideyanas threshold  lilaguarusunsilagnse 14 tail severity lngnss
N3AAN quantile tail average / quantile integral
optimization 2198 Jgm19u non-convexity Tu &l lAssadne g AU convex opti-
UN3al mization 1nnITluMAIBUTUN

3.9.3 AMENUAYEY Coherent Risk Measure

1nTInANUEe p(X) vuiuds loss 138031 coherent vnflaudavan [3]

1. Monotonicity 01 X <Y ifeuwiueu uad p(X) < p(Y)

2. Translation invariance dwiueiasii ¢
p(X +¢) =p(X) +c
3. Positive homogeneity diu A > 0
p(AX) = Ap(X)
4. Subadditivity

(X +Y) < p(X) + p(Y)

Expected Shortfall neldfienuunsgiuilu coherent risk measure @ VaR iy subadditive

sy distribution U19UsELIAM 90N biNaN li@enndasiunan diversification huulansel

ANUINERIUURAveY subadditivity fie “N155INaeINe A lIAIINUTEENINABIINNTINGTINYES

avudsnuen fulagliflvnne” auaudflaenndesdu intuition vee diversification uaziduineua

'
o v A

dAgy 7 ES gnldluamuuims tail risk waz optimization vang Usean wiinsldnuasedadesseie
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estimation error U84 tail distribution

3.10 EWMA Volatility wazanadesiiuasunianaa

v a o o

Joyananauwnun1n1sRudnd volatility clustering Aa%iafiaduiuNIug Il IMLAIEYIINAIY

Y

AURIUEN wartasuiiuwnliunumeyian wwudiaes EWMA Trihwidndeyadigaunnnindeyaii

uniley 3.9

fMuun EWMA conditional variance lag

of =Xof g+ (1= MR, —p)?

19

0<A<1

a8y recursion

o0

o = (1—=X) Z /\j_l(Rt—j — p)?

J=1
Meld infinite-history idealization

1minwed squared innovation  lag j e

(T—=X)NT

FeanasuuuTvIAtinauAIINves YA
A1 A F9uAN trade-off sewine analasadniaign fu AnuiSeuvasaiUszana A1 A sl
wiindeyalvaiinnuazaeuaussd @i A goviili volatility Wasudindn anunsaaguanudivest

winag half-life
n(0.5)

M = 20

wWu A = 0.94 1 half-life Uszanas 11.2 979 vu18mu31d1ninues shock 9anaandansanilanas
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Usgad 11 999

f1a819 3.8. 9

A =0.94

Ut—l - 15%

bhae

R,y —p=-3%

awla

0?2 = 0.94(0.015)2 + 0.06(0.03)? = 0.0002655

o, = v0.0002655 ~ 1.629%

Uszunaaesede

EWMA ¥1l¥ volatility waeumu deyadngn uimnld Normal EWMA Tu VaR w3e ES §sil

distributional assumption wuu Normal {udndunis Fslinisagudn time-varying volatility

uAteyun fat tails laviasviue

3.11  NISASIVEDULUUIIADIAMULEYY

ArAuLAsaAualALU forecast wa9 distribution %38 tail threshold 39f89msI9aRUME realized

outcomes

N3 validation ATLENDENUDYEDIAINIL: coverage 119U exceptions @9AARDIAUTEAUAINL

\Wesunsely uaz independence 71 exceptions Ns¥aNEMULIAIBENIMINE AU NTZANANTUNGY
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N exceptions Anfinfuluginings widniusuglndainin Aenavadiuuudaeneuausise

regime change uAulY

-
1. Data & Convention 1INV NARBULNU 128N corporate actions

978 Wag sign convention
. J

Y

P
2. Estimation window, mean/volatility, correlation, tail sample

Wag parameter choices
. J

Y

s Y

3. Risk Measure  SD, downside, beta, TE, MDD, VaR %38 ES l#inse

AuAiau
-

Y

P
4. Validation rolling stability, exceptions, coverage, independence

Wy stress sensitivity
. J

Y

s Y
5. Decision position size, risk budget, monitoring threshold uag

escalation rule
. J

JUT 3.3 1asandeyagnisdnduladimuainudes Inetsduld risk estimate Hiun1snsvaeunautily
T vunanuens09du

d1m3U VaR A exception indicator

I, = 1{L, > VaR, ,}

§uuUIae calibrated gnaesluiGa coverage lnguUswanm

E(l,) =1—«

wazd1uIU exceptions Tu 1" Jupaslng
T(1—a)

3.11.1 Violation Ratio

01AR exception 93 T ALY

o
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T

R

ANG 1 wnefeduIu exceptions Tnamfimaain nominal coverage ualdlaguduin exceptions

] & a
¥ ludasTy

Tu@susmsanudss VR > 1 dndanwuudiaedli VaR edulddlaWiounu realized losses dau
VR < 1 919in91nKUUs18049 conservative WulUMS091amadauasunInauszanuan agnalsiniusi

dosnsaldesgauliuiueudeaifuay clustering ¥a4 exceptions NeUARAUAMAINLUUTIABY

779819 3.9. VaR szau 99% iiveya 500 Tuuazifin exception 9 Ju I1uiuiAafe

500(0.01) = 5

9
VR=—-=1.8
)

wuud1aeedl exceptions 1A nominal coverage Aat) 80% lu@sdiuiu uan1sindudeedia

geso4ld formal backtesting

n1snAdau formal coverage Wag independence Wu Kupiec kag Christoffersen qeianluund 11
[29, 15]

3.12  AsAlAN®19INIUATY: VaR wag CVaR vadusuiaising

UITYV09 Witayakiattilerd LLazﬂmsﬁﬂmmmLﬁaamaaﬁuﬂduﬁuwmwﬁlmsLLazéfmﬁ SET Finance #¢
Foualuaad 2017-2021 TagiSouiitvy Normal EWMA fiu Historical Simulation fisguannuidesiu
95% waz 99% wiouns19@eUKUUTIABINE Violation Ratio, Three-Zone Approach wazn1sussiiu
CVaR [71]

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



Uil 3: AAIAFIAASYRIANMLEBINITAYY 89

NNUITEEN1sUsEENA: ann1saunsalifnemsUsziRaans

favluduilifunaain sample period ¥ 2017-2021 uay methodology vesaMUITeRINAT

Faldiiednwinulives risk estimates AELUUTIABILAZNNITATIVAOUAMNINVDILUUTIADY Lyl

msinulusuduanudsstagiunsemuuzideviendnning

A5 3.2: FregeAnafAIERITIETusERY 99% AnnsalAnyviusuiA1sing Y 2017-2021

Normal EWMA Historical Normal EWMA Historical

wANNSNE SD VaR VaR CVaR/ES CVaR/ES

(%) (%) (%) (%) (%)
BAY 1.83342 4.27498  4.81192 4.89627  6.58033
BBL 1.66791 390430  5.68874 4.46950  7.63402
KBANK 207678 4.85173  6.48606 555548  9.16025
KKP 1.74970 4.06866 558098 4.66158  9.06688
KTB 1.62364 3.80265  4.65200 435285  7.88938
SCB 1.95513 4.56549  6.03957 522802  9.21371
LHFG 1.59193 372377 4.34851 426322  6.51605
TCAP 1.75994 410823  4.50237 470461  8.23542
TISCO 1.66323 383718  5.24258 4.40079 847776
TTB 2.22489 520752  6.80535 596147 11.19225
SET Finance 130504 3.04015  3.73471 348238  6.98334

@ o
As1eansUsEudAaNUTENS

1. M3dndusuaFssansaUdsulaiasuiuudiaes wilddeyayniieniu
2. Historical ES/CVaR @1130g4n31 Normal EWMA ES ag1esnniile empirical tail Juusaning
Normal assumption &

3. WUUT AR AU aNIRAUNAS RN TN TI9aR U realized losses naululdass

e sumian BeUieuidieuas iunmdaiu wu TT8  Historical CVaR 11.19225% ey
Normal EWMA CVaR 5.96147% wieUszanas 1.88 i smedl SET Finance i1 Historical CVaR
6.98334% \fisuniu Normal EWMA CVaR 3.48238% wiauUsvanad 2.01 wih mausnssanaialy
1¢figatiin Historical Simulation “Andniawe” uitd suuRgruiietu tail Snadevuna risk estimate

2819170 wazhlimsnsahuuiaedlagenndesiu realized outcomes snnintuuIuniildeu

dndedunafie SD i tail risk 13l4A ranking 1deiulaednluli@ wil TTB 1 SD geanlumsnauwasiian

WNEININ UAAUUANANITENINNENTINGDY 9 WHsuml Normal EWMA 38 Historical Simulation
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Feldmasasy “vuladendn” Taglaisyyns metric, confidence level, horizon uag model

o '

KA 115 1539 aeu Tu 91U 398 S uana 31 acceptance %38 rejection U89 UUU 18I UAN A9 AL
confidence level uag35Usziiu Faatuayumndnnisdi risk model Lidl aun1nlng o1fe aududou

YosgnIieseE A [71]

3.13 Data Risk, Estimation Risk wag Model Risk

A5IPANLLELTANLLELUR LWL DIRE 19 RYEN LYY

3.13.1 Data Risk

Ainandayaiin Linsu viselidenndes Wu missing prices, corporate actions NklaUsvy, stale prices,

timestamp mismatch, survivorship bias &% currency mismatch

3.13.2 Estimation Risk

LANINATUTENNUNITIALRMBSAINAI9819971A 191 mean, volatility, beta, correlation way tail quantile

Feanusaasuilolasu sample period

3.13.3 Model Risk

\in A aundignuvise lassaiauuudas Wy Normality, iid assumption, fixed correlation, linear

exposure %38 lookback window 7lsinzivanznain

anuduilansaifiandeuduls feg1agusa1u1eiu stale (data risk) vl volatility gnuseanausi

(estimation risk) waztilainarsinaniluld Normal VaR fauufnisuns (model risk) AumAainLAdiau

v

913azaNaU risk limit AMvuAINHaENSUABAfBIIUASe AIll governance MIARBINTIVAIUAAUNIY

1%

Toya Wldnsimnegasanting
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wUIN9AUANLUUTHIUDZ

Data risk: 1% data dictionary, timestamp check Wag corporate-action audit ~ Estimation
risk: 14 rolling window, confidence interval, bootstrap 739 sensitivity analysis Model
risk: 19 challenger model, out-of-sample validation Wag stress scenario MNlULAATANBLUY

Widmeusaiunn anuuanadstuesdudeyaiieniu model uncertainty
G J

Minimum Risk-Model Record

N1331LUFATAIUALIAITTEYBE IR

1. #uUsiag sign convention

data source Wag sample period

frequency Wag timestamp convention

return definition Wag corporate-action adjustment
estimation window

confidence level Wag horizon

model specification

parameter choices 11 \

O I C R N

validation method

o

Jodrinuazian1saiiuuudtaesealdlile

H
e

3.14  NISLEABNNINSINANULFSS IRLUNIZAUAINIY

waniidAgyde Lifinnsialadu “Gign” Ineliszy decision problem {dnan1sneumudviionnli

ANuddnyU Tracking Error 1MnNIUNAWUARTIANTUIAYUAIN peak YauePIEinun risk limit szoy

o

duenald VaR/ES $auiu liquidity wae stress metrics m31emeluTsmseruduununidoninisile luly

FUAUANNNYBIUINTIA
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AN 3.3 LRUTINISLEINUINTIAANULEE

A1anY UIATIANEGN FaA25589
WA MOUWYU N3¥A1Y 910 A1 Variance / SD auNnIsie upside tag downside
BLIRIENG

Funindansmimaoulmsin  Covariance / Correlation  correlation 13wy independence
fAupgals

avuinIndmneiedla  LPM / Downside Devia- #esfinvun target Uaz denominator

tion convention
hsensindeulmnainiiiss  Beta Talla total risk
1o
\Jesan benchmark wiesla  Tracking Error 130 absolute risk
LAY am 1N peak UIN ‘17'1%361 MDD Fuiuidumauaz sample period
wihla
threshold 94 tail loss agjﬁ VaR laivon severity &4 threshold
1o
oeglu tail udguusaifios  ES/CVaR i tail model uaz sample
n
volatility ~ taqtu wWasu  EWMA gadpaiden A\ war distribution as-
e4ls sumption

3.15 Investment Lab: Risk Measurement Pipeline

Investment Lab: Risk Dashboard mﬂ%’ayjawaﬂammu

1Y

Uszasd aieeaunnudssiiannsansisaoudounduld

1. Wendunindedsioy 5 swnsiazinun sample period
2. AU mean, SD, skewness wag kurtosis

3. @519 covariance way correlation matrix
q

. A downside deviation 7 target agsioy 2 A
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1d0n benchmark wazAwal beta fiu tracking error
@319 wealth index wazAIWI4 MDD

i Historical VaR/ES 7 95% uaz 99%
Uszana EWMA volatility wag Normal VaR/ES

¥ © AN o U

@579 exception indicators @1115U%29 out-of-sample

10. a3u31 metric Tnlvideyain metric dulailv

J

Quality Gate fiauds Risk Dashboard

1 Il 2 1 . a @ a v &
F89UAITHINEEN TR 6 90 (1) 19 return convention Weafunndunswe (2) s¥y sample

way as-of date (3) #3799 missing/stale data (4) 5¥1 denominator/quantile convention (5)
uen in-sample estimation 411 out-of-sample validation uaz (6) a5ureindavuRazaily

Tsnaulanyls vn dashboard ffavannusnauds 6 Lile arsteindslindauldany
g J

Investment Lab: Research Reproduction: VaR-CVaR a2 Model Validation

mniidoyaduatutasd 2017-2021 Tvhensdfnufusumsinemuduney
1. @579 daily return lagudin price adjustment uag trading calendar
2. Uszan volatility s EWMA
3. s Normal VaR/ES i 95% uae 99%

4. Auan Historical Simulation VaR/ES ¢8l quantile convention fise J

5. @379 exception indicator tag Violation Ratio

6. \Wiuiaurafiumad 3.2

7. WNNAANINULAN TR0 calendar, missing data, price convention, quantile
interpolation Uag EWMA initialization Aguagy

vy ' A4 a4 . . - . ! q a
mﬂ‘UﬂJa;JUaEU’NL?a’lauﬂaLﬂu replication %38 extension laila reproduction U84 sample LAy

uNnagungun

unilWaiun adiarnans vesanuidssanuunafiugiulug tail risk TaeGuainnsueswanouwnudy
fiUsduuazInn1snIEeIe variance iU standard deviation 91n1ulY covariance uag correlation

Ii®edune dependence wagld beta WoTnanulinedadunain
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mwmﬁmﬁ"’maugﬂLwﬂaaﬂﬁ’m lower partial moments uag downside deviation Veug# tracking

error JANUEBNTEU benchmark kag maximum drawdown 3AANLLELAILLEUNS

&3V tail risk n15AmAUA Lloss convention Y% VaR wag ES finuaenadsaiiy Var 1u quantile
threshold @1 ES a§Uﬂaﬂu§uLL§dwé’Q threshold Historical Simulation 14 empirical distribution Inanss

ypuz il Normal EWMA ¥l volatility U§usudeyasigausdens distributional assumption

gaving N13InANLELRaIA1IaAs data risk, estimation risk Uag model risk AdUARURIAY F9A9T
31897 sample period, frequency, convention, horizon, confidence level, model specification Wag

W& validation y1nA3a7N risk estimate Luld

o/

ANANIIEARY

 Expected return

« Variance

« Standard deviation
 Covariance

« Correlation
 Covariance matrix
+ Skewness

« Kurtosis

 Lower Partial Moment
+ Downside deviation
* Beta

 Systematic risk

« Idiosyncratic risk

Tracking Error
Maximum Drawdown
Value-at-Risk
Expected Shortfall
Conditional Value-at-Risk
Historical Simulation
EWMA

Exception

Violation Ratio

Data risk

Estimation risk

Model risk

= -] v
LUUNNRANIEUN

1. Winaneuuwm (5%, —2%, 10%, —6%, 8%) asmeAriade sample variance wag sample
standard deviation

2. Wigawdn variance LilUagudlouinaasfilvisaudsgy
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12.

13.
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15.

16.

17.

18.

19.

20.
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oSueeuluiiviiliings annualize volatility fe /252 asmnasna

g1l |p;;] < 1 e Cauchy-Schwarz inequality

a¥aseg1smuUsguansianil correlation winfuguduslsidudasesedu

AwIns downside deviation dwisudeya (—8%, —2%, 1%, 4%, 7%) 7l target 0% waw
2%

o1 Cov(R;, Ry;) = 0.00030 wag Var(R,,) = 0.00020 93911 beta waginiy

971 active returns S8 12 A1 AL annualized tracking error lagseyaNuRgny

910 wealth index fifuue 9190 peak, trough, drawdown wag MDD

& R ~ N(0.0005,0.0152) 2511 Normal VaR # 95% uaz 99%

9ndaya loss 100 A1 9905UNETURBURIIN Historical VaR wa ES 71 95% wiousy quantile
convention

ﬁgﬁ]ﬂqm Normal ES 210 expectation 989 truncated normal distribution

a%mamqwaﬁ' VaR 013l3it8u subadditive Tuung distribution

WA =0.94, 0, 1 = 1.5% waz innovation wiriu —3% 23111 EWMA volatility s3neinly
wuudaes Var 99% dveya 500 Tuuag exceptions 9 1 291 Violation Ratio wazefiusede
inueIngly VR Lileee19he)

NeNT97 3.2 Benndnnindegnatios 3 fuaziUSeuliou risk ranking 5¥319 Normal EWMA
fiu Historical Simulation

A5UANUUANFANTEWIN data risk, estimation risk waz model risk WipNBNFIOE 19019 2
nsal

wuushaes AT Var 99% sfindiuuudiaes B ust ES gand1 esuieiimgniseiiasiious tail
firsfuegnsls wavasnsadeyalanoudenuuudiaes

a$4 rolling 60-day volatility uae rolling 250-day volatility anTeyayaiiediu uareiuse
trade-off 5¥1374 responsiveness U estimation noise

auud risk dashboard 51847 SD, beta, MDD waz ES Wiwundiagns decision rule fiwang i

wiazunsIn lagldlduinsIalawny risk limit Tnenss

ANDNYIUAA

1.
2.

Auningndl standard deviation Ai1N318191l tail risk gandlavselal imswinela

Correlation fsnlunzundanuisaasreanudulaiuasennu diversification laagnsls
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mngamuaulanisinuituiuinnnhenuiuniulaesin aslinnsialasuiu
VaR uag ES masunuiiiuvisendslisiuiu inszmele

WUUTIaRIALAENINY backtest TuefnAdsgnietialuauanlaednluifviely

A T

NI A5 1 lama Lien 79U o1 10N AU NS 18 viane 1aea 71 58U 9e e wWisu Wieu model

uncertainty wuINSlaWLNEAU governance N1nAAtUUTUNLA

Yy a v =
LNE19919DINYUNN 3
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