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unil 1 Aa1an15REY SUNIWE LaznIzuIUNITAINY

InguszaeAnITtau;

dleauunil ferumsanansn
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2. SMUNIATEINAIAIIUTOMITEANNY DILVINTIANT TUNBUMTOBNUANTENG uaz3Y
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3. AATERAUNINGMINTRUINAVENNNMINY NSEUARLAR UVdIHARBULYY ANLLded
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AATwRBIUTIRLA

8. Weaulswmdnnalmguffunisinauloamuats Inefdsdsiunuganssu 718 anmades

YNV LaLANULELUBILUUTIADY

1.1 unin nRusaugnsindulaamu

paansiudulasseinsiuguiviiliiusesasnsawdeudufuudmsunmsnan msamu waens
suduulonisvesmaiy vaefriunanndaudalenaligiduiuanivasuanslunssuatuan Tou
mudes uazUiuanuzanmagesmuALfesNs nMsAnwinainnsiudadlifissmsduunuszan
voIna1avisednsiud uillunmsvhanudilai dvs nssuaiiuan 5197 Jeya uayvoTIinvesnaIn

= 9 ! 3 a Ay a a
L‘U’emIEJQﬂuaEJNI’:T?J‘LIﬂﬁWEJLﬂuwamauLLVI‘L!LLazm’mL?IEJWIQaW‘}uLN‘UQJﬁJSQ [35, 9]
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Tuynue99IMIUITMINese nssuIumsrnaulanivssdnsamensisuaindniudl “Ruieuilily

ioazls salfidleln wazanunsasumsvieyuladiedds” feufiazaud “msdoduningdla” ez

o v =

FunsndriatfetuatauneiuLamus 1l i fudnsents wndvung szeznal Asend

U q

ANUABINITANNAGDY UIBVBINIANIINITWANFAIU

Unideny 1.1

Yy a ' a

Aa1ANT5RY (financial market) nuneia szuuvisenalnivi iR waIAY ARpIn1sR&unu

U q

N o a

(g

wazg NFpen1sleuvseSuAMudssanTagIn TR EUnSndvisedygy1manisiu Tnesia

o @

dnsmanauunu Rewlvwesdya deya uaznguesnanvimihidunalndnassminens

TuneUfii nsinszinanmsuesedistosddundontu liun (1) Andmuaseghauazngrune
lasdanslunszualuanteuvtends (2) nalnfdmuasim Msniianneaiauuulauazteyaiing
snegndls (3) mnusansalunstons hilanmades funu uazdednfnuieds uas (4) avmmang
audadnguazasdvaanasn Maunsngiurieaseneld Snuidudu nszneeuides vietestuau

dealaasaisely

o

17
VBEILNA

¥

31A1 YaA1 wazaumnIzauluAuazLLIRA 1A19A19 (market price) Fas1ATidevels o
nanils Yar17Usziiu (estimated value) FufvauuAgUINgINUNTELARUAALAZ SRTIANAA
druAnumangan (suitability) Bufuidmanguas ded1invesdamu dsiuduningn “siaui

aula” enadsluwangiunesafsedlddulussezdunsasu drawdown e

Capital Allocation

MUY LATEFN 1 . _ .o [ YUY LATEFNY
e N WuaBy / LUy AAIANIS U UEREEEER LU . -
VIZ.INU‘VI“L!ﬁ’J‘IJLﬂU NABINTITHNUNU

v o a o Financial Market R .
ATISeu / g3t / @n1tu 53M9 / Sguna / lasens
~ .- AN -
ATTUARUAR ) ) ) A31A15
E— Financial Claims & Cash Flows avtantaq

JUA 1.1: UNUATHULAAIAUMINEVRINAIANT TN TngULeniiAn19n1sindeuYedluyueenaNiiAn1aves
SEundeanavnanauULNY
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wrunwlugud 1.1 Alidiud “aann” dndudesmnefisanunidevisnanenin usiidunalnd
Ruuedioudnriersegia Nl Rueenldame idesnsRuyu vugNavsBenfouwasnszua
Ruaniafoudounduindesylitunu Tun1sldnuass nssviumsdnanaaiaiiusainlaensaviseny

FNaNeNeN1sRY Falduyu Teya uazaudsuaNneiy

1.1.1  Funsndasaazdunsngnianisu

AUNINGI3S (real assets) ADAUNTNENTUNUNIAUATIIBAITINITNENVDITLUULATYTAD WU 11U 91A13

a

159910 1A309305 nAlulad uazlassadaiugu @aduningn1enslu (financial assets) Adngisen
s

Sesiinandyavitelassaieenguung Wy viuatdey vug Wustng miteamu uazdyaneyius

ANuUANAidnadon1TIATIeReg @A InTzamvesdunIng N1 Rune Nandeuleiu

nszuaRuaniiinINdunindasaionnuannsavesyeantunisasnneliuaz d1se anse degiviuy

a A

Tsanududunsngasan o asedudiuas fils vz N nuvesusnduanslunssuwa [Suan Adwanved

q

v
v < a a 1Y

fans wagunluansiseniewudygdaduneudieu

AatunouysTllugaAdunsngenisiu amssvylidaui dawutednsesls nssuatuaaunan
T Tasiignsnou wazmanisailaviilinssuaRuanaey nseullasilugiuddyvesunnsusadiu

WaA1MTIEINU Al waveynusludiudaluveiim

a v =

Tudeauga funindnensRuvesgamuiingenndesiunse vise dvsdumuuetdeonasans 3
AITIATIZRTIERIAUNTaUM WU JTevuiiu “coupon” WWusesu uivsdneeniulunisydise
aonile anuansalunisadenssuaiuanvesianmsiadudideuseninadunindadsiuyarvesdns

$19ANTRU

[ <

A0NY 4 FanauIAsITRAUNSNG

feurwInNanauwnuvzeyan Wneuliladn (1) @vsvesdfiefieeyls (2) nsvualuaniin
Mnuvasle (3) AnudEeelayinlinseud Judan e onsAnanWasy way (4) MnApIvieneu
Muun wveflawazdduyuwinla nseuiididesiunisuewdnduaiantevsesnranauuny

e ~ ' =
“V]I"ZJ‘UN’] LWENBY LAY
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1.2 MNNI9LATEINIVANAIANITIEY

pa1nN1sHuYnuuInninisiiuaaunveviendnning niniwsassudinalaensisauseansaiw

N33EANYIU AUNURUY UazAan YN sindulanmu Al

1. miszﬂmmz{fﬂﬁiiﬁunu (capital formation and allocation) WusauaNATITOU nNoInu
wazantugnadludagsia masy waglassmsidesnsuny mnnalnmsUssidiuanudeuay
muanzay Ruyuiunlivlneluddasimsilinaneuunuseauidedini

2. msa¥eanmages (liquidity creation) nanasevilyiEawuaunsaasuduning Jutuan
Taglifesselvigoonnsiansldneu anmadesiiftisannansuunusaweanwadesiifamuiFen

389 UAzeIAARUYURLYLYRIBEN

v
a 1Y ]

3. NSAUNUSIAN (price discovery) M&TBY1Y 917815 SUNISHU 8RTInendy WazALAIARIY

o o o o a

voefamugnaziewinusn nszvumsiilinenatedudyaiadmiunsiaassiunu wl

¥
P

ﬁmmmmmm?ﬁ'aummgamwugmlﬁlumwm [19, 22]

4. mslouuazudstiuannuides (risk transfer and risk sharing) rﬁﬂimaumsmmsﬂaumm
doausduruseiusie Toweda soUdu viemey vz iifamuannsanszaennudssi
nstedunsndnaneuseian

5. msa%”m%’agaLLazﬁﬁamwmﬂ (information and market discipline) 5118819 credit
spread SUAULATAA WWN1TRY wag YeyagInsiudie iy amuUssiliuaunnvesy eon nsans
wazAnmunsidsuutaesnnudes

6. N3F15TIIMMATNNSEBY (clearing and settlement) Tasiadamdnsdoviefidussavsnm
Gdasammwm?imﬁﬁmwap aAAMUAANEINIINNNSENDY wazfinaudetusosyuunan

7. nsderiuuleviensiduuaniaiesnmszuunsity msdsudasnendeulsunedeinluds
aaadu SaTHanauWIURLsTRT Funuduide M Ruyu uaySnsuanildsu Jadnasions

AIVULAZNINTIUNUATEFNAD3Y [5]
a Y a
nngufgnisleass

WlonandanInAGeIgILAZNTEUIUNITAUNUTIAYIILR Jamuansaldsmeaindudeys

gedalafivszavsnmunndu wilidldvaneainuinsniay “gndes” taue nsdndulaasdiodld

v

Mdayanan NMIUszliugadIiiugu MyInnEss uagiuuNPeveTIuiy

P

winfwan dweuiuduilenaasegiia fegatu dnmagesdiddy e1van liquidity premium
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aamuiFenses vilil required return anas AunURUYUYBIoaNanas Larlasanisaayuualasenig

q
=

fenudululdunau lunenduiu WeanweageameltTunneings required return uagsiununis

sEaunuiNIUNSaNiu Fuiuldinnalnnainnisiudwmadeunduluduasughansa

1.3 lasedd19nananisu

nmsuuneaatiidnla i Ruyuiedeuniussuuegnls saninuiile waghawudeundangwse
suuuszianla nsduwunvisliasumudnnsduunnis wmseginssuigieveglunaeiifineuiu

Wi vunsrevenfioanlunaIausniazenaeuskuY OTC lunainses

1.3.1  NISHUNIIATIAZNISHUKNIUAINAIS

N15RUNN9AS (direct finance) Winlleviieiideinisiunuesnasianslidamuiiednsitunsadlaense
W YU YU vSeRusUng YaiuAseanaunsaifeiuunnanlaense uidedinisilamedaya

WAETUNIEAUNUNITOBNATIANS

M3RURNIUAINATN (intermediated finance) \inlilaanTuMIRUTIUTINRUINGTRUsoUUAL
i luinvSeamu Wy sw1AsSURUMNLEIUARE LD Y30N09UTINTIVTINRUIMNFAMULTIATS

wasn finansdieansuuiuteya N13ANNTEY WarMIARANED winelilinAuidssvesinaisies

1 credit risk, liquidity risk wag operational risk [35]

a o o o

TuRUun UsEniindadenurasduyuaisiUieouiiou AunuRunuens anudanguvasdynn
u

[ e

1

anuEatunisszaunu danmuadawedoua wazaaades refinancing lldiusaulfiouiiiesdns

AN ENLEUD

fegay Jugswiasenianusinsiuazuiu covenant Tadusensd wavinldusem fiam
fnansuazeulvaude vugiiniseanviunnszeuatiuuldsiamuduuminnls wienaldunu
nseen Nsdnduduashn uazn1szilamedayaiindy elifiveandla “Fndnawe” TnedosUsadiuli

#0AARDITUIUIATANIT BIERUNY UaTAIINFLIVDINTEUARUEAR
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132 AaNARULAZAANAYY

UNieny 1.2

AaARU (money market) \Junainvesmsansuazgsnssussesduiillunumdfesenisusms
anmadesuaznsdwuulevenisiu lnevhluldinasionglifumildiluwuma §OR wu i

Ruads asransmilszegdu Buseniteandu wavgsnssudonu
J

Unieny 1.3

AanNy (capital market) Wuszuuszaunuuazdersdunsndiatvayuduyussegnais svey

1 o o Y 6

813 viseRunuilidfuasuivun Wy Muady swustng vun uasndndueinanddunsngly

AAAYU

J

inausiviediduiies convention fitaeswunamansvil dlvideulailéesuedunindynuin lunis
JIanesnAsueraluils duration, credit quality, liquidity wazunuimvesdunindaardanaung wsg
#91815018dU0193 credit risk ga vETinTIANTOI1IVEIITUIRDRET credit risk susidl interest-rate
risk g4

foufnaseiiddie agdulsildvinduanudss uar angenliildviduarandesgandu ms
J14uN money/capital market UBnaNwMzveIRUNULar g lagUTEIM UWiNIARAUlIamUABILEN

Anudsaasin andlisiednsinenids Anuausalunsvig LarAaEeIRINnITaUieeana Ny

1.3.3  Aa1nLINLasnaIngas

Aa1Ausn (primary market) \udunaufindnnindgnesnlmivaziiuaniamulwadnddosn wu IPO
M3oBNuiiNgU MsEuevIeu) waznsuszyaiusing luduliusunudifyfenisinuasaiaue

18 MM A mMNMTUametoya warAuanTavesEeantunsntagamu

& & v o sd 1 o ¥ a
ARINID (secondary market) Lﬂuﬂqi"ﬁasu’]ﬁ]ﬁﬁﬂ‘l/ﬁwEJVlE]aﬂLLa'Jigﬁ']']\‘ie\lja\‘Wlu UIINTINITUY

Lidhddeanlaense uwinainseslinasogeaniiuanInAfokasAUNURUNY Mnuanvsnddevslaieg

a . L4 4

uazdl price discovery 17 Hasue198au5U expected return fimasllofisuiuduningidanmeass

U q

v ~

1 Bavhneiigrenatisandunussauyuluesian

q q

Fdldesuasmansasinduiiesiuiiiamls insiznainsesinminfniasne exit option Tigamuway
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afesmandsliniseannannindassinly vnldlinansesfiiisane fawmulzdesdeduninduau

WAZDITLNTBINANBULNUTALYLANINARDIFUUATUARAIALTN

b
LYY 1

1.3.4  @a1a¥ \'%NEJEJ’]\‘]L‘i‘ju‘lll']\‘iﬂ'ﬁLLazﬁla']ﬂuaﬂﬁz‘UU

o o

amafidnnsag1alunians (organized exchange) ingn1siiouns szuvaunTn szuuTuAmds N3

U

Miugua waglassadesiugiundinsdevieiduninsgiu Megnluvssmelve ldun SET, mai was
TFEX melalaseasnawes SET Group [57]

AaNAUINILUY (over-the-counter: OTC) L‘flummmﬁgﬁzyzym%a dealer ﬁwqiﬂﬁimﬁ’uINJM'iaLLas

anusavsuReulalaganeundt exchange Tunanansiansnillve gnssunainsesdnlugiidnuae OTC

WAZdlsTUUTIBUTINTIUAD ThaiBMA [54]

o w '

ANUUANANTEATY iR NS UTMSAMINIES N1 §INTIH OTC enadlanudnvguasusfoUseiiiy

o

counterparty risk, collateral, legal documentation uag exit liquidity 11U Yoz 7l exchange an

AnulikiveuUEINMBIIRTTIUdYY ke clearing WAEAM WD URAN margin uavdarvunves

126812

Tuga implementation N15ideNnse1ing exchange fiv OTC Fudunisuanivdsusening wasgy
wazaNIWARDY U AuBanduvasRauly Feg1awuy futures en3FevuuarUnaniuzlaasain us
YuIndILaE IUATUMUUANTLINTIAU exposure 939 Aady? forward U5U notional wag maturity 94

A39lANINNTY LALRLNNTEAULASARLAELONEN TR

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 1: AanAnsiL Sunind uaznszurumsamu 10

aa1nn1sRuIunlanane i

( N\ N\
s a AT RUNNN AN A5 RUKIUFINAS
VDINIEIU n
Direct finance Intermediated finance
J o J
( a N N
o a MNAR WY 25012 nu
218/ANWLRUNY
Money market Capital market
- J - J
N N\
" MNAA BbIN MNAM I3
vunsuMILen Primary market Secondary market
| J )
e . . N - ]
& naandnfsegraduniens AAA UDN TTUY
JUBUUN B VY
Organized exchange L oTc )
J

JUT 1.2: fiinmsduunlasainnainnisiu uiavuandunaiauasifuazauisainsauiulugsnssy
a ¥
Wwieale

JUT 1.2 WWuusuii@anrfudmsugmgsnssy uinisswunwaniliduauas dfuazenadeuduld
iegady Hunszezenludunindlusanyuy senasiusnlunaiausn uazndisenudionaderely
AAINTBILUY OTC MINUNTIATIEINERTN9a3IATTvyIiATUIUTELANRUYL Tunaunseen uasgy

LUUNSTBUNEY

1.4 USTANVDIRUNSWENIINIGEU

nswunduningliiivsvlevinon1samuaienisizuan ansBenfesuazlasasinanszuatuan Ll
NTaudndaeiiieeg1auied 15199 1.1 asunseviinsenldlanuaunindvaeusean
n39U 6 AMaudmsuAaianduning

Wenunansaeituyd Tausudinuin ansezls — nseuaRuananlue — wanauwnuuiaIn

agls — Wemeldanazls — vweenldedels — drewasnluunumla BUlElansiuiu

v ¥ YA a o e o
‘VEUQ ETF BUNUD LLa3NamﬂmsﬂﬂwumsﬂawqﬂﬂqﬁmaqﬂLLG\ﬂC‘]'Nﬂu
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A15799 1.1: NSaUNATITRAUNSNEINNENT NTLLARUAR LATUNUIMIUNDSH

Funing fNS/n3zuaRUan AL LAY UNUINLTINDIA

NUaa/Manku Wy Y way eantly  RQuWle 1ASAA Lay rein-  @nInAase Wud1599 way

svovdy vestment WY

AsIEIHi AUBI Wag [{U Au MY nenile wshn anmages 58 ld nsvane A des
dyan duration positioning

FRGREY ang Ay wde lu Mls  §379 wa1m valuation N5 vl wae @39 wa
LLa%iJuaﬂl']ﬁ%ﬂqi ABDULLNUITYTY

m«gﬁuﬁ‘ payoff @1 douly leverage, basis, counter- hedge, tactical exposure,
YOIFYYN party, liquidity convexity

nesyu/ETF avslunesnduning  underlying, tracking, lig- diversification waz imple-

uidity, fee mentation

v

a U L3 = = U ¥ . . . o . . . . .
Funsndmaden AU U lAseEsng valuation, liquidity, oper-  diversification, inflation

o ¢

Aunsne/dygn ational exposure, alternative

o

premia

1.4.1  HUFALASATIFITAAIALIY

Ruan Jurn wazasianseaintuduasesilofiugiuresnsuimsaninages mssnwRudmiunis:
Tndmsuimun warN1INnRNIENINTeTeamu ANURLRIUMUTIATINANIAunSndssaze1 ui

Lildvaenanudedlagauysal inszdad inflation risk, credit risk, reinvestment risk UarAILALI91N

= o

nsaenan1iurIaadygn

U

Tudseindlng suinsuislssmalnemeunideyanainldu snsinenildy uazdns19198e wu THOR
& v A A9 Y g o ) a ¢ a YA
swnseyanainn1siunlddugiudmiumsiinssiidalsedny [5, 6]
Y a a o a a a ) ' o @ Yo a a a a
st RudsewmniduiarRuiavldlussesdulimsgnisdulvsuanudessangauiiosive iy
2 v ° . L o & | = . 9 1
expected return 1@niloy n13imun liquidity bucket e.ludrunilsves asset allocation ladlvauuen

1NNISUIUITNBSA
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1.4.2 AIEINU

[

ASIENIYU (equity instruments) wanddnzanaduveslufans gheviuandyldnslunssuatuan

a ada ) '

wardunindasvdondenniiviiuasgiansnidduganinlasuiiszud nansuunurasiulaginlumn

o
o o

nRudunalazn1siuasuwUaessian Seaeneunimlsiinaduasaazanuainnisienseladuanly

BUNAR

AIUUNITBATILA U L AT MEA NINITAINNITAITIAN WAABIWEN ANEINTANIls MsEUln

'
wa ¥ a

Tasea$aliuny Auamnszuatudn uae valuation WiusiAidamudne lumsufoanuinduuian

dordunmsamunlifmnaangaiuyaafisessuls uagiuiisininlidndudes “gn” mnamunm
Nanismdadeuas

uysuansenadanuaz Ananseninamasyuiuasasniluuedid uddnsiuiasetueyiude

AVUAYBINTIANT F998987U term sheet W3pLNANENT LAITOYUILINTINANVTHEL N E1FE?

1.4.3  @578@15%U

¥

= . & a aa o Y] Ay A v ao a ~ I
NI@NINU (debt instruments) L‘Uua'v}ﬁlﬁﬂﬂimmuafgiijQaaﬂuwm‘wmizﬂizLLaNuammmﬁaﬂﬂl A

o °

UsgnaudAgy laun yariaald siandevne dusiaues Juasuimun didudns nanusedu covenant

JusulATAn Az embedded option

lu@eadinenans 5191051815 viligeules duyad Jagtuvesnseua Ruan uilunsamuasedes
s inegetesauaiu laun (1) risk-free term structure (2) credit spread way (3) liquidity/
option premium w512 yield figsiuenadunaneuunuaweanudes Wy “lenmaldnendegs” lae

Laidisunu

o/

1.4.4 A1E15DUNUS

q

% = a LY

AsENTeYILS (derivatives) Wudayey il payoff Tuegivduning sia dvil Sasmenide dnsuanuaeu

1]

o v 6

AuRUEIY viseUadednededu anuddgveteyiusegNinsuenuazaglouasAUsznauaALLdes Wy
mstesiupuidssaRulagldfesuedunsndansuseina san1sain downside Aae put option
(24]
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¢d‘ v tﬂy v s
AITNN 1.2: Iﬂ3\'1ﬁ'ﬁ’N‘WUﬁ’WU%BQWﬁWﬁWi@HWUﬁ

Uszinn Tassadnednd/mse mMsldaunazdanisszd
Forward Wwansdoilnszdevemuieulsly  §ensiA/FX 18 mseAm deans ud
UK o9 Uzl counterparty Wy exit
risk
Futures Fyy1 1esgIU L aa1m & margin hedge %S0 @379 exposure 14 3
ag mark-to-market UsanBAN UAADIUINIT basis tag

margin liquidity

Option Q'%aﬁﬁm%l,wﬂﬂﬁmiﬂ%’ﬁw% in downside #30 @319 convex
payoff wiil premium waw A LAss
310 volatility/time decay

Swap uanudsunseuaiuanmidonly Usulassasamenidevie Fx IdEavgu
WAABINAITT collateral Wwaz coun-

terparty risk

nanufjua: neuldewiusmisssymnudsssumalidainu \dendyg9il payoff @enndesiualy

o

\ee ivuA hedge ratio Wagfnnu basis risk aasnangvesaniug nsldeuiuslaglidfimua risk lUimit

q

pnadsunIesdietesiuanudssinaraiduunas leverage Tnglidsla

145 naeus ETF uaznandudinlianslunasnduning

newmuUTIM (mutual fund) seauRuangamunalseuazinluamumnuuleuis dasuiiemieau
uaziiavEluyaraunswdays (net asset value: NAV) amasuiumiae dw ETF Wunawmuiiniisasu
FovelunmmsznineTuuarldnaln creation-redemption Weu A mann fuyarvesduning §1989
(56]

MRS ETF AISLYN ANTWARBIULNTZATY DNYIN ANTWARDIYDIAUNINIS19D9 Laziansan
bid-ask spread, tracking difference, tracking error, A15333L M Lazlaseasns index replication lWsg
ETF 7 USuna@evisvunseauldunnena fadianmaaesidelaseadnedvin underlying liquid wag

market maker yinaulatiuseansain

A o cdg va ag a o \ | 2% Y = a I I
NaMﬂm%ﬂ‘VlawﬂuauVﬁ‘WﬂmﬁﬂﬁzLVIFT Y DR SU?EJFLM%aQVJULEU’]ﬂﬂauVﬁW?JmqﬁﬂigLWﬂN’]umaqmlmﬂ

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS
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WARBUILNITIATIEN FX exposure L1A1@8v1871linsaiu corporate actions WAgAMULASUAN TR

29NN3BLASIAS19M1ENS

v daa v

1.4.6 Aunswdnanawasadunsngniuian

U s o/

Aunindn1aden ATouaqu AUNNG NI WVEINA ABULYILLAY ATUIFBILAN AN U LEE ATIAS LY

o 1
v a ! =

AuRY WU adwsuning lassasnenugiu udnlaadue ned wagnagnsvnadon Usslevtianase

e

1Y

Juegiu correlation, liquidity, valuation wazngRnssuvesduninglunnzings ldldiesthemiuin

U
W “alternative”

saa o

AunSngAviaasuenImsziauansnnanguune walulad custody naln@evie uvasanInAges

o

wagnsauiiugua JUsenaugsiadunindadvalulsemelneegneldnsauniseugnuaziniuianie

v
o

Y9 N.a.6. [43] ﬂﬁamuﬁnﬁmﬂimﬁum market risk, custody/cyber risk, operational risk, legal risk

ke liquidity fragmentation

1.5 giidiusnlunaiauazlaseadianugiuy

aa1avhaulimsedfidusuvaedssnndaiusqdanazdedninseiu anudilaunummanivie

TigasuinIa order flow, liquidity wagAudBIvegINTSUlARTY
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M1599 1.3 Jildusmddnlusruunaianistiy

nqu UNUIMNTAN Ui&ﬁuﬁéawaumiﬂimﬁu

HeonwannIng SN UL AMUAFNSISENTeq AMNMUBYA creditworthiness gov-
ernance Wag dilution

AENATEREITEGR 98y a8 havawulmang suitability, liquidity need, behavior
IEEEAVAY

dnasuanuy US158uUA1Y mandate benchmark, liquidity, risk budget,
regulation

5UIANT/AINAN furin dude vmain wasld  credit, funding, operational waz

Broker/ Dealer/ Mar-
ket maker
AANNTBUEY

Clearing/Depository

PUILIUAINU

Usnng
AIANES FAMFNINAADY AT NIUUA

quote

'
o o o

%’U@jma ANUANANT Wag surveil-
lance

415¥51@1 @9NBU SURIN wazneileu

AuAsasauaradusssuTes

126812

conflicts of interest

spread, execution quality, inven-
tory risk

market design, tick size, trading
halt, transparency

settlement, collateral, default wa-
terfall, cyber risk

disclosure,

regulatory  change,

conduct standards

1Asas1aiugIUNAINITe v iiNafdaAINULEES0E191N I9E19U central counterparty (CCP) 11

o -

a o £ a

wdupdygnarsiieanaudesiiadyafunialadn wiaudsddldmeluimun wszgnuims

U

KW margin, default fund, collateral kagn)N13IANISNINAUTNAALR [57]

Jodunadenainfetevediidrusiulildtmununumened dnamuandunilsmeaaludamu

szezendtuginssuvils Wu hedger TuBngsnssu uazufianmeadesluudald nsfiaau order

flow 337739 U3e3ela dnuzAAIe wazdadnin unnigiitesUseLnveiay

1.5.1

UNUNUdY Hedger, Speculator wag Arbitrageur

Hedger anvisaauaAuAudesfifiodiiy Speculator SuadsdlagsislaionadsmtanauLny wax

Arbitrageur wepwldUsyloviainsiaildaenndasiuvesduning viedeyg Ndusi

v
v & W o

UBNU UNUININ

I

Ay e wfeshLie

AVIAMAAIEASLAYADR UNINYISLTITUAERNS
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augnunsainlunaafgiulasdsuaswan nAaesny price discovery

ae13l5AR “arbitrage” lunuudraeslinauuindevwlaviui Lufldunu uazamse short/borrow
10 Tulanasslenafigmilew arbitrage a1ameluiilosiu bid-ask spread, brokerage fee, funding cost,
margin, short-sale constraint, latency Wag model risk [22, 23] fatuAIsLen theoretical arbitrage

99n31N implementable arbitrage

1.6  AMsUSTUUAANIANISHULINg

szuuaa1n N5 [ lne Weuleenana Ry aa1n dnsuaniudey aamaTanIvi AaMATIENTNY Aa1n

v Y v 1Y |

UG wargsNdunIndAdviasieiu suimswisUssmelneiunumdAgauuleuienisiu aaim

Ru dasuanifsun ssuun1stse iy waglaiesnmssuunstiy euendinnu na.e. Miusaianu

v
s o/ I~ o

gsfandnning gsfvdyarvevivanint wasgsiadunindaivianunguunefiietes SET Group i

]
¥ ¥ ¥

a v =1 =l o & ] ] . ) '3 Y
Uﬁﬂ’]iiﬂiﬁﬁi?ﬂwuﬁﬂuﬂ']'ﬁ‘UE]‘U’]EJLLa%Maﬁﬂ"IS“lI’QGU’WEJWa"IEJa’JU #@U ThaiBMA LUU@QﬂﬂSLLangaVU@Ha

v
o ~

UVDINAANINANINU [5, 57, 54, 47, 43]

unuidayadmiugamulng

dmsunslduasimsifenunaideyamuUssinnainny: 8ns1nenide way nann Rulideua

én

5Un,; 91A19u full ETF wazdeyanis@eunely SET; yield, bond reference price uazvoua
asansvidld ThaiBMA; nginaut Tuaugs wasdeyamiuly nan. nislideyanrangunes

foenTI9iuil a1 wie warlienulvidenndesnousingadeys

v

flay SIUnanIng yareain USunudevie dnsiaendy dnsiuandeu wagdnsaa

£%

mouwnURusURTWRsULUaInua duauildlusuieeidedesdl as-of date unditoya

1% '

warIshatayastednau welinsivaeuuagyienle

Tumslideyalveriuiuaisseied “lunderiu” enldlinadunafediu wu yield 81989duiy
511U wagdnsaniudgwenall timestamp viselsAmwIneiu mntunsnlaglingia metadata

ANUALTUSANERRD 1AL B UAILARIALARDUTDIIAUNUANUFUTUSIN 1A YERA

Ay e nfasRde AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS
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1.7  NanduWNU AANNLEYY LazaNTNAGDN: ATULNUYBINTTAINU

A3AAEENAUNSNELUAITANFUINNHANDUMNUAIAMITLNLIFUAL WARITRINTUIBENLDYFIULNY bAKA
NaRBUMNUY (return) AMALEBY (risk) Laz dnwadas (liquidity) IWS1zAUnIWENlR expected return

a o & v | Ay v a a
Zjﬂﬁnﬁ]ll tail risk Mi@‘uwaafﬂmEﬂfﬂ‘u%NMQamummm’imummw?jﬂ

NAADULLNUY p .
Return AU LAY AN ARDY
Risk Liquidity
swld + s .
anulduiuey / nsviavu na1 + surunsdeviy

Wasuwlassm

\

HARULNUTIAIANTS

/

anugadsnvousuls ¥
v PmaINs0luNsTeuY

y
n1sanaulaau

Investment Decision

meldithmng dedirin sunu

WaE 388Y 1181 N9 adNU

JUN 1.3: nT0UKAnUUNU-ANUE-anmAdesdniunsanaulaamu IneUssiiunsauununiels
Wwne dodniin duu uwarsseziainsamu

] v I’ a o S X o = N W
sun 1.3 Luu]’]iuuLLﬂul@ﬂ?igﬂﬂigLﬁJuLLﬁJﬂcﬂqﬂﬂu NaG\EJ‘ULL‘V]L!‘V]qwua’lﬁ]mwwuﬂ’nuLaEN‘VﬁEJ”UE)

Y

o

Piamuanimades vaedunindniianudumumieadullanuidsinsinrionnuidssanmadosgs

nsAndenduninddwesiarsanmsauununelidmineuasdodnrinveamu

Fog 1 BIURUR windunsnd A Ii expected return gend1 B iwudntes uall bid-ask spread
nendt sedldamareiulunisvie wasdl drawdown @eni1 N1siden A A0 expected return L
Wenonaldiiuysglevinodanuass lnsamedenesaiiniseldRuudueu nswSeuiieuaasly wa

AIULNUEVEVIaWUULATAUEINHaAARBSRU horizon

W Py Jusianidusu Py usanvanean ez CF) unszuaiiuanssninemn nanauuuiiy
gudsuldednnsztuilu R = (P, — Py + CF))/ P, minswsiunugsnssy C, nanauunuans
Ao R = (P, — Py+ CF, — C,)/ Py wazeruilsnslanenadu W, = W,(1 + R, )

o
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AMNWIIUHNANDULNUNTIIN

PO
Rnet: )
PO
Wl :WO<]‘+Rnet)
\ J/

ay v a
LWG!NaVIﬁENi‘UNaﬁE]ULWIu@!VIS

naensNinaneuununeusuyuaini liliuvadnazadisanudsfslauinnd’ wn turnover as
wazide spread, fee, market impact ¥3an18u1n NMIUsERUNagNEBIUHTRTIfeIUY net

implementable return lalldranauunuainsimUalukuuiiaaiisseenafen

J

U‘Wﬁ 2 ﬁ]gﬁwuqﬂﬂjmﬂqﬁﬁgmaﬂmamaULLVI‘LJ@EJ']\TL%U?E’UU ?i’JUUVIﬁ’]‘Llﬂ'J']ﬁJLaﬂﬂ%zﬁ?‘uu’]ﬂ?’]uLL‘LJ?LJ?'JU
covariance, downside risk, Value-at-Risk waz Expected Shortfall Aeutvsassaulylglunisasna

4
NBIR

1.7.1 N15anUagussniItaNanauRNUNUAIULEE S

ein risk-return trade-off seydnlaeniluamusiesns expected retum gauiiovAENTSUAIN

¥

WEoa M iin Y wi Au duius 40U ex ante compensation lafla @1 SuUseiuna meuunu ex post

o
s a

AUNSNINLFLININEUITO RANDULNUIIIRN I LTI LAY 19T a e

Useiuddy vesnsuimsnesafe Anuidssudiuannsaanldfensn se91en15amu mnwa
nouwuvasduninglidindoulmniondusgrauysal wndntidusnguvemguinesnalivlnl (33]

v o a a o LN o e » “= o ¢ A = s
AIUUNITUTLLHUFUNITNEI AITOIUNI ﬁu‘l’ﬁWEJuLﬁENLWENIﬂ LAy “FUNINIULURIUANULFIUDINDIH

agals”

1.7.2  80IWARDILATAUNUNITYIUY

anmAaaIAaAMINEINNTalUNTTaVS o v e AUNS NS UL NIFaIn1sageTInE Tnsludesaususiad
@erlSeuanniiuly myTealdase laun bid-ask spread, trading volume, turnover, market depth wag

price impact [1, 23]
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' 2 A A a o e . . a a v X =
annadeadumudsiiasumunizaain Gunsndig liquid luneuniienadl spread nisuvse
depth melulugasinga datiu portfolio liquidity Asgnynaaaunels stress scenario llgusuidiuain

! d‘ a 1 :;
Anndglusfnviity

1.8 Uszamanudesigamualsinouaiimese

9 u

a & = 1 A o o o ¢ a o a o [V ' )
ANULASSIUUN UMY DS WAAINTN IR HAaNS 93 U89 UL FINAINUIY TILANANIINUINTIAAINY
LHLTIEDAN LWL IUUNEA LU NSHEN “WUaIANULELS” 88NN “ARarinAnudss” Fetaaiunis

fmuie wu volatility enldlavuneanuin credit risk wse liquidity risk fiese

1599 1.4 UssavanudesdAglunisamu

GRQHIEENY naln WMDY TR

Market risk sedasuanntadenan diversification, hedge, position
limit, stress test
Interest-rate risk ;‘J‘a?ﬁ’lwaﬂum’m yield curve duration/convexity management,

ladder, swap/futures

Credit risk default probability %39 spread credit analysis, diversification,
Waey limit, collateral
Liquidity risk welilanse price impact G liquidity bucket, size limit, stress
haircut
FX risk mlﬁugmwﬁﬁm natural hedge, forward/futures,
hedge ratio
Inflation risk MEstDUDNARBULNUANAY real-return target,

inflation-sensitive assets

Reinvestment risk  NIgLaRUARAUABLATIONIIAAS cash-flow matching, duration
design
Counterparty risk  adyaliufuRnudayan collateral, netting, counterparty
limit, CCP
daombiialy
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7139991 1.4 Usslomaudesangylunisamu (ge)

AULEEY naln IPTRNGRTRG
Operational/Cyber  ¥UU YAaIN3 WIDNTLUVIUNTAN controls, segregation, backup,
risk LA incident response

Model/Data risk

wuuaewisedeyaliaviouniny

validation, out-of-sample test,

A3 data lineage

Regulatory risk ﬂthJﬁEJULLazﬂiwmﬁﬁﬂiim compliance review, scenario

analysis
mMsendauladesuuanuleuney

Behavioral risk pre-commitment, IPS, review

process

TuneuiRanudsainaeulesiu Wy msvsududunsinerarilisiainsiaisanasmsauduanin
AFBILEAY WIBNSLiY margin TudaanuiurIugee il am Ui dunsndiientuan 39a33

PANALINISUSINTANUEsaRUUBenaIUlag LRS00 interaction way feedback effect

fee19704 risk amplification Fednsineniteiiudurilisadunindanas — yamvanuseiu
anas — 1fin margin call — fawmuvgduninditoniuan — market depth anasuag price impact
g9 dviuliuansiAnuidsinain aninades uay funding risk aansalesuiule uludazaideg

UsMmsladlanansanweniu

1.9  N3gUUNTAINULAE Investment Policy Statement

myasuegiuszuumssunnidhmneuazdediin Wldanmsidennanvsndsiedn investment

Policy Statement yhwihilwasuanusesnisveadamulilunfinfiamnsailuasuasfnmunese

e

unileny 1.4

Investment Policy Statement (IPS) Ag LanansNiinun nquUszaaAnsaeu risk capacity,
risk willingness, time horizon, liquidity requirement, tax, legal/specific constraints, strategic
asset allocation, benchmark, rebalancing rule LAYNSEUIUNTAAMUNUNIY LB LANISUSTNS

nosnaanmaasnurunekaznsIvaaula
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IPs A lailionansBsiignns usifu decision rule fithgannmsdadulanuesualifleifinianisl
AANATULSY fegrairy mndmuanseusiulifesas 40-60 uazld threshold rebalancing Wloidesiuu
w5 gndpsas fuimmesmazivdnufiRidanuninisinaulinnanuiininain “Guunly” uie
“aanty”

nsdadulaly IPS msiidwututanu Tay desriafiveduldass wu anmedes nguane uazansy
wil downnou WvseranauWY LAz quuammm:axﬁgu %N tactical view Tafudadnfinves IPS

msdn IPS Huudfigraifisamefiazumuulevisegradumans
1.9.1  asAUsEnauUNEnvas IPS

A15797 1.5: a9AUsENaUdIRE BT Investment Policy Statement

a9AUsznau ANDIUNAN NaRaNasn

Objective Ruillieozlsuay Aoens real/  Amum return target
nominal return wila

Risk capacity wanulaunedalaelinsegny  AmuamauAuEes

Risk willingness

Time horizon

Liquidity
Tax
Legal/Specific

Asset allocation

Benchmark
Rebalancing

Review

Wvane
YaUSUAIURUNIULEY drawdown
Toniesle

folydudlala

fodliiuansyrinamaiile
MBnsEnuNanauwugVsegisls
fngusetenle

th 1tn 181 vane way 93 aygyn
winla

aiananuiisveyls
Wudlonalavsadeauumiile

aglsvilvdaanuniu IPS

{Jaanu behavior mismatch

AMNUA maturity Wag growth ex-
posure

Anue liquidity reserve

asset location/turnover

o

3119 investable universe

v oo [YCE

AU risk budget FEAUAUNTN

ANMUA active risk wag attribution
AIUAY drift wazAu

YSuulgueidlawtmanalasu
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1.9.2  anuausasuauidssnuauinlasuauEes

Risk capacity \JudadniniBaasegia wu 1ol mnudeds 1senil szeznan wazanudesnIsanIn

o

ABDY @ risk willingness LHuszdugamusausuAUAUKILLAZ NSRBI ANTTH MNaDliAT
0 &

Llaenndetiu msinszauanudsanisnninlugiuauninesiinisussiliudiaay

Moy §amueny §itae 0198 time horizon #1auae i capacity ge usivn ld awnsa vy
drawdown Feea 20 ld wesnildeaiiu willingness 913t ludnsnedunindludmnendemengn lu
manduiiy glndinBene1adl willingness geaindszaunisaladyu wi capacity anunszdodlddululain

Y F5laimasla willingness unu capacity

1.10  2993n13UTMIWRIR: nuleunegnisuseiliuna

rasnsusmsnesailiunseviumssaiiesiido policy, analysis, implementation iLa¢ monitoring
CRLPRL!
1. mviun W vune waz o 310a wlasithvng U return objective, risk limit way liquidity
requirement
2. MruesuNAzIUna1n UssilunanaulnuaInnie AEes correlation way scenario lnysey
AnuldiduourosUszanmng
3. fivun strategic asset allocation @onthminsyeveniigenndosiu IPS
4. vion Funswe waz a1 wesn WNansan valuation, diversification, constraints g imple-
mentability
5. @dflunisdevne @en order type, venue wazawnrdalnefilsds spread, market impact
ke timing risk
6. aﬂmuﬂ’nmﬁm 7379 exposure, drawdown, liquidity, concentration Wagn13 L‘ﬁ&N LUUAIN
mandate
7. Usuauga Wisuisutsslesinnmandugimindmnefusuyugsnasiuag s
8. Useiliuma wunnaan asset allocation, security selection, timing Way ﬁunu Wi gy
benchmark

o

9. nunu IPS Wiaithwane gruekavu ninau viseauuAguszere1Ifsusg1lited Ay

nauaLiunsluLAaz UAMTIEN monitoring threshold 8a8n31n action threshold Wy W1nin

o o

vudosuu 2 yafevaverausziuidesinnu uiliduludesdevievuiimndunugs vaeinisides
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wuiiunseu IPS Wuszduidesinrsandiiunswisvesusi® nsuenaesszauiitaean tumover il

SuTuuagyili covernance Faau

1. Winune 2. @UURZIU [ 3. Strategic ]
. 3 )

wazdadnia Aann Asset Allocation

\

6. AR 5. aniunig 4. Gendunsng
AN LEES Fa 218 wazas1anese

| J | J |

Y

s - N s = N s

7. Ysuauna 8. Usziliuna 9. nuynu IPS
Nosn \Wigu benchmark wazuleuie
(. J | J |

Feedback
wadwsvoesanazimnefiuasuulas

e, —————————————————— -

JUT 1.4 193nsvimsnesa anuleviegmsanduns nsianin MIUssdiuag uagnsnuniu
ylguny

SUN 1.4 wansinnisuimanesadusyuuteundu (feedback system) ladlinszuiunisidenduning

Y

ASAAEY KA SALTUNY AIERY AUy wasnsiudsuslamesdmnedesgniindululdvumu IPS

waraunAgnuluseudnly
nannsAuANNsAngul

NsUIMsHEIAAAITHEN policy decision 88NN market view fI081918U N1saRdAEILTY

izdamuieddRus@udunisasuuleve winsaajunszainiinainizaniy tactical

decision NsapensdimsliinasioyiRuasnsussiunasineiy

111 91nAaagn1sasyudsUaunm

mMsamu@vinaEunmsulasdnumsawmuiidududsuas nssuiunsiiasnaeuld llyGu
INMIEeN LUU eI N dudeu ddunimingaufe Mo — deya — waneuwnw/Uady —

WUUTIRBY — dEYIa — Wase — N3PV — N1sUzIuNE

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS
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Tuusag Tull MU EHBIVRIAULEY WU survivorship bias Se%I9L@eN universe, look-ahead bias
symingasetady, overfitting SenIneaILILUUT a9 Lag execution shortfall sywinsihdygialy

Foune fetiuna backtest ARkiAIgNAALINTundng e mevesrLaITaaseilsase

wangufitnansldnuasanniusesneuiing dygranindela develdiiele dunuwinla Su
wnRuamuldiieds waznadsasagiliauasudisa/auuAgiunsalsl 9oeinesening prediction

ada

L . . . [ i = val "
fiu portfolio implementation \Juwmeranluwarinensailaneraliaimansuunugvsiaiaue

#%8nN13 reproducible investment research

wuudaesndudeuliannsavawedoyaia duwdudshita vienmnageuniiendls nuids
Usunaunihldlgasiasduiin data lineage, as-of time, cleaning rule, feature definition,
train/test split, transaction-cost assumption waz model version LiialHaILATIZ1ATIY

apuwazyingle

1.12 Investment Lab 1: a%’qmwuﬁmmmmz IPS

Investment Lab: Market-Portfolio-Data Mini Project

daudl A: Market Map
1. Fenudndndisgnetos 8 18n139nea1nn1stulve InelviaseunrquRuin/aandu
PIIENTE fu ETF/DR wazeyiusesiaiosunaussian
2. d MU wsiae nARAMe 52y market sesment, primary/ secondary, exchange/OTC,
issuer, venue, regulator/infrastructure, source of return, primary risk wag liquidity
consideration
3. Ssqiﬂwamﬁmﬁﬁummﬂﬁﬁ'a liquidity, income, growth, diversification %39 hedging
WazEDUNBLAANG
dauil B: IPS uazwasnfinagng
1. aunsdlfamuanninilng wioudminodnuazsiaaniitaou
2. WeN risk capacity fiu risk willingness wagsyyteadninanmagdes
3. NYUA strategic asset allocation Fugaaionin wea benchmark
q

. fuua rebalancing rule warRauluNfvaumu IPS AeuseuUnf

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 1: aa1AN1sRu Funiwd uaznszuaumsawmu 25

5. edunpimesnsdsusdislsmnin shock Wy ronidewiiu 29, uan 20% 1I0RUUM
WwWasw 10%
daufl C: Data Dictionary waz Audit Trail
1. \denteyasd1iey 8 MUUTIINUMEIMIINTT WU BOT, SET, ThaiBMA 38 SEC
2. 3¢y source URL, variable definition, frequency, unit, timezone/ as-of time,
transformation &g missing-data rule
3. seymNAEnY data quality eehteniliszifiudedeyanileiauys

4. \fiu raw data Lena1n cleaned data wazduiintumeunlasdayaiiialivingila

LNEUaNEINaUYAY Investment Lab

Nuntien “Wasdled” misliegados 4 naans lawn (1) market map Minsiaunastoyald (2) IPS

o

nffavkarngAnaulatniau (3) data dictionary N1seyiian e uazlieny uag (4) audit trail

=~ o

Buasanadnsla nsfimesnsmvienanouunulaglill lineage Salsliisanadmiy

SUTRVITN

113 wuInedutayanainatnaiuliayeu

neuihdayaluinumsnsivaeuegtoainusunu

—_

Ryufads wu close, adjusted close, clean price, dirty price, yield 1158 total return
'S'uﬁl,l,ama']é'wﬁa iU trade date, settlement date, end-of-day, intraday kg timezone
wisguazanaly ufinmsuamiedosas g uazdnuaniUasy

Corporate actions WU dividend, split, rights issue, spin-off Lag delisting

Missing/stale data uen “lifigsnssu” eanann “deyanie” uazsyia stale quote

Selection bias #3533 survivorship, backfill uag universe definition A1uLIAN

Ny bR

s’w’unuuax%’aﬁ']ﬁ'mnﬁ%ama U spread, fee, market impact, short-sale constraint, lot size
Iag margin
Tunuidsusyandesinudeyaegatiseaindu toun raw layer Mliudly processed layer i1

cleaning/adjustment way analysis layer N114@5195 L UTNIDNANDULNU NTUUNTUTILATIVTDUNAY

WenadnsRaunAuazannudssnnmsuideyasuadulaglinda
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dwmsudeyaiinnanvatenain nsdanuinandulssiuddy fMegruuselananiislszme
gnafinnasTinUnlulsendalne winthdeyafubediuinldlaelingiana 919ifia look-ahead bias
WUULR uildteyatuUseimadanssey timestamp ag information set Nawmuanunsanswla

939 2 naedula

Uszunaaesede

wanasIadaudedign Aonwd “u naiidesindulas Jeyanndiluwaliiliiusswudmseds”

mnAmeuliuude deadeudeyarie lag Mianzauvieas1a point-in-time dataset lvi fiagiiy

a ¢ o . ] ° Y &
NAILAI1E1D13U look-ahead bias LigATHALLUUINRDIYNABIVIANLA

4

1.14 Lmuﬁtﬁammnuwﬁéuwﬁﬂ‘lﬂ

uniimegudantiuues Bsmasadule Tne Guanavivesduning lasaiunan §idmsum ua
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4 )
unil 1 aanauazduning @S lassademn glldmsu wazdedriin
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. J

Vs

undl 2 waneuuwny  wlasnauagnsvualuanduiinsinnanauwnud

Wigudule
|\

undl 3 Anades  wlaseuliwdueuduuinsiea dispersion, downside
way tail risk
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1A59a519mann Wy direct/intermediated finance, money/ capital market, primary/secondary
market Way exchange/OTC fuason1smuuasinn anulussla anuansalunisdewie wagaiu
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FUNSNEI39 (real asset)
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DR

ASIENTEYWUS (derivative)

Funindn1ensiu (financial asset) Hedger
Aa1AdU (money market) Speculator
na1nyU (capital market) Arbitrageur

AANALIA (primary market)

AR50 (secondary market)

fa1n 7 30 o'%a 9819 1 Ju 1193 (organized
exchange)

panuanTsuu (OTC)

anmaaad (liquidity)

N13AUNUIIAN (price discovery)

Investment Policy Statement
Risk capacity

Risk willingness

Benchmark

Rebalancing

Market impact

Data lineage

28

NAV Look-ahead bias
ETF Survivorship bias
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Inadndieanlagnse

3. ﬁﬁ’ﬂLLUﬂﬁqiﬂiimﬁiaiﬂﬁmm money/capital market, primary/secondary market Wag exchange/
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4. Wisuifisufuaniiy ug wasmheamuluifavs nsuaiuan d1dunisdondes anudes uay
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6. @513608137 Hedger, Speculator wag Arbitrageur gsnssulunanaieniu wiesule sy
wsetedfinlneavinlinaensitmgugldasalla

7. famuieduningsiat 100 um wef 107 vin FFunssuatiuan 2 vm waydoduyugInss

593 1.50 U1 9AIUIE gross return WAy net return WIBLBEUNEANULLANAINTINTARAUL
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8. BRUNBAMULANANITEWING risk capacity way risk willingness nionennsalfidesdniilveuuzi
fuaandesliingeiy

9. 4 IPS wuu ge dwTu f asqu auud leg Amue 1 vane seee et liquidity reserve
asset-allocation range benchmark wag rebalancing rule Tsinsuaau

10. Hendeyanainet1atey 5 MuUsuarasns data dictionary lag sy source, definition, as-of
time, unit, cleaning rule way potential bias

11. 983u1831 survivorship bias kaz look-ahead bias ansavinlil backtest gAndtaluaield
ag14ls wioutaueIstloaiuy

12. aundwosilEunswdfianmagesilunnzunivimun esUIIwmelanesndieaundey liquidity

crisis TUAMY stress LALAITEBNWUU stress test endls
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feedback loop laegnals
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UNil 2 AIAAIEATUDINANDULNUNITAINU

InguszaeAnTteu;

loauund HBIUAITANIT
1. O5UNEANUVINEVDIHANDULYILLAZLENHARDUWUIINANSWABLLAIIA NSeuaduan
wazdunule
2. ﬁﬁmmLLazﬁjauIm simple return, log return, holding-period return UagNandULNY
avauviangaaling1egnees
3. WUAINANBULTINSENINTI AT UAZ UEN AN UAN Ae sEine dnaTuwy Sasfduwa
waznanouunuiivhividusedls
4. AnadllazlU3euliisu Bank Discount Yield (BDY), Holding Period Yield (HPY), Money
Market Yield (MMY) ez Effective Annual Yield (EAY)
5. A Money-Weighted Return (MWR/ IRR), Modified Dietz Return uag Time-
Weighted Return (TWR) wiasdionldamuinguszasdla
6. WisuiflsuAndsiavadaiuaindesnndn uazeSueravesnIsnuiuuay volatility
drag 16t
7. USunameuunuseiuiile sasuaniUdey esssuden n8 uazduvugsnssaldetnegn
9an
8. wisudaya 1A USU corporate actions waga31ewviindg wamouwnudmiuldlunis
Annghanuidsaznguinedald
9. denumsinnanauuniliiaenadosiuAniuveaiiveiu gInn1snesn wazwiasen
WeUsuna tngladuauszning gross/net, nominal/real wag local/base-currency return
10. ATIVADUANNAUVAFUHNATDINANDULIUIINTBYATI LAefia15aIansn9de corporate

actions fiunu way data lineage newdmalulindula
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2.1 unidn: e luguanauunu

Unil 1 919n58U3N5AnANTIAMUABITINTUINARDUWIY ANULEYY WavanmARDITINiY unilian
wnuwaneuwuliilunwadamans faunsaliiuseudisudunsng daena uwaznagnsnisamula

281989AAADY

nswisuulasvesnaiissegraietiiiesnadmiviananeuuny mszdamuealasutuiunes
Al aenly visenszuatiuandusynindienses wenanil naneuunuiegazifediuetaiinumng

ALY I9Ia1 TINUAU NTsuaRuannIguen A1RY Ruile wagduyuuana1iy

11 NOUAIUIUNANDULNUAISHOUANNNBENBEEYD Town Inanauwnuvasasls Tudlanaila

saunszuaRuaauazdunulatng wag dasnislinanauunuiunaudiaiule

TuluAsegeans nanoulnufanisitaey “yarfidenses” ThludnsmmadulaiinSeudisud
PN o Yo a v < o 4 v X a a Y
Aunindlel wilwdsdoya nanouunuily Aaudsnadradu 1IN0 nsvualiuan 11a1 wagnin1NsUsu
Joya Flififdn “retumn” Mluanalaglisyy convention fegagu price return i total return
° ' o . vy Aaa a & .
MOUANNNANNTY kA adjusted close MNEToyAAUaAY I8 1ANITTINRUTUNAYSD corporate actions

719U [59]

NIDUATIVEDUNDUATUIUNANDUKNU

neultansla msimualidau 5 Gas loun (1) wiwamu Tandnning wesn visednyd (2)
¥291381 W U Weu v3el (3) nszuatiuan sutuiuna avss uasRushnasuvseld (4) yu

2y WhvesduvSeddnnanesn way (5) §IULATEENY gross/net, nominal/real waranaliy

Tn M3neundeiineurwintiganteianainunnitnisiiengnsngudoudu
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511 NSUEARUER WA ADULNY NANBUUNUEHSEN
uazdoyadng w990 1agn1s annualize
\ 4 Y
External cash flows Kula FX
v
MWR / TWR / Dietz ANSITUNEN LAY AT

~a RetLIJrn series / matrix P
I v va <
nwdauld s

JUN 2.1: dunanndeyasaiarnssialiuangdyananauunuiinfenlilunmsiaset lnsuennsnu
fiu NIEuARUEanNIBUN wazn15UFURIUATYERIRENINURETRIY

2.2 NANRULNUNHIIIALAZDIAUIZNIUVDINANDULNY

W P,_; Juseduninddunn P, \Wusanvaenn uwez D, Wunszuaduaniifamulasuszwing

119wy Ruiunavieavas lagluduusndalivinaBuazdunugsnssy

fans P, fienumineddey insgvilliimlsvievinnugnindiesuiulunuiidedddiietiedunsng

a funn JemnsailSsuidisunsasuindssdunauanseiuld dmsuiu D, sinduiuiiuee dmsu

& & \ a v ean 1a ] a ' =
mﬂﬁ’]'ﬁmummﬂuqﬂm ﬁ']uaUVﬁWEW]‘lQJﬁJﬂ'ﬁ‘\]']EJﬂiZLLﬁNUﬁ@i%'Vi'YN\TJ@‘\]glI Dt =

undieny 2.1

INTINANDULNUITINNLIIN (total simple return) Heulay

R o Pt_Pt—1+Dt
t P
t—1
win D, = 0 azldnanauinuainsian

Rgp):Pt_Pt—l _h
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wamauLmuﬂummsmwmﬂu

Pt_Pt—l Dt

By P, P,
t—1 t—1
N —— —— —
capital gain/loss yield income yield

s aa '

MIuenasRUsenausinanieliiiudl Funsndfinansuwnusiwifue1aasananauwnuain
AUAZ WWEY WU uLAuln 019 i dadiu capital gain g9 vnuy i yiu Juna vise n91ans w910l income
component g4n71

TuneURTR N1susnundsuanouunL e nauMAINT “total retum” ifisafifeneulaly
HAPOULTILIAA 91N NIzE Ruanfi aeudreaiiaue wiolAnainnswasy valuation vessadundn
AuLAnssEinaten1sAnNsainsTLauEn NseuEYEnWAdeY warmsUseiiuaudfuvena

ABULNY

Aa9819 2.1. Unawuieruiisnn 50 v Wisululuna 1.50 U wavviedateainil 54 vn agla

54— 50+ 1.50

=0.11=11
50 %

R

1ne capital gain yield winiu 8% waz dividend yield wiriu 3%

Fagneillil total return Wiy 11% wimngasmudedddnszualuaniionsedin dm 3% a1n

Rudurail anunungsteanmlsansiandalilave lunenduiu mndhrunedensiiule

Y99AUNIAITTHLENT IARID3AUTENBUAITQNTINANELA total-return convention LRenfiu

221  HARBUUNUENIVAIAUYUTINTTY

W TC, wnusunugsnssuviouafiludwouiulung ¢ wu muewi Asssudey spread lay

Usvanas way market impact naneuunuansesniedeulaiiy

Tumsldnuass TCO, msuendunaswvessuunatndiu wu TC, = C. on T

Cfee +
Ospread + qmpact -+ Cother I@Hﬁ@ﬂﬂ?uLLiﬂllﬂUi%ll’lﬂJbl@]‘\]’lﬂﬁl’ﬁ'lﬂﬂqﬁiim,u&ﬂ VTN spread Ly

market impact Jufivanmages YNAME wardsna@euie elimsidmnaieatuynudnnindlag

RLUTR
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Pt—l

net __
R} =

dsunugnivuniludndiuvesduamusiunn ¢, = TC,/P,_; a¢ld

net __ gross
R =R, —¢

saa

Tua backtesting MITBMUERNIE gross return @nsavilinagnsfil turnover geguraulania

Asduass ﬁmﬁizqamagmﬁm transaction cost uag slippage NOUARIUNAANS [69]

NUTIUTEINY VR WeuNeIfuNs backtest nagnsuwviy SET50 €1inisiUSeuifisunagnsaig

U q

o '
=] =

aeldauuRgiunsdevenssyliuasnageurnumumu Wilvodenansuunuaindyayinnousiunu

Wiggaeafen [69]

210 gross signal guanauunuinilulyla

4
o a

dmsunagnsnwevied Minsiaeg1atiey turnover, bid-ask spread, fee, slippage, market
impact waent udavih sensitivity analysis ve3dunu Mnnagnsideaulaiusaudlomufunu

a @ L 1 1 (4 ' o Y a
Weeantas wanaiuaansenauszusnantsiluldass

Uszuifeeszd

KA ABULNU NBU AU waz Na nauwvugvs fos LTt adudulaeliisey 59199 benchmark way

nagnsasgninnels convention Milsuiuls wu Nsgesels total return 3o price return

lugnueaiiu
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2.3  Simple Return wag Log Return

2.3.1  Simple Return uas Wealth Relative

Unilany 2.2

i1 R, u simple return Y3una

136N gross return %50 wealth relative sizRuniamhedunnaznaiedu G, wielay

nadlalifinszuaivanniguan

'
a

dnSuseAutans W,_, asld

Wt = Wt—l(l + Rt)

Aatiu simple return yemfuausAtiunsam wealth relatives lwldnsuindnsmanauunu

PUnalaunTe

Foiaadsilifumanainvilunaneuunu +20% udy —20% Faldindraiu Fu 100 diadu 120
wenanas 20% vee 120 Wi 96 NMsAANANBULIUVANENIATIABIAAA1Y FruaateasiEsulun
990

2.3.2 Log Return

Wieldynsiafiaeyiow corporate actions WagNIeuaRUAAATL convention Mwidngau aunsalleny log

return lanadl

Unileny 2.3

a = - . 2
HandULNUaDN13NU (log return %38 continuously compounded return) Ag
r, =In
t
Pt—l
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81 R, = P,/P,_; — 1 u simple price return ¢4l

r,=Wn(l+ R,) ey R,=¢" —1

log return TautRwmurovindmunails ualinasii log return wesdunswdnarsviinunaisiivin
wifaudndu log retumn veanesnlaeSaludd insznanauwnunesAntnngninnuaan simple

returns WaguIMINAWMIA [13]

dlo |R,| flvwedn Tdounsuwmdiaaslei

R?2 R3
r, =In(l+ R,) :Rt_Tt ?t—

3f r, &~ R, dmsunanauwnuian o usauuansisiniudienaneuunuiivwisivg Tnsenizlugas

AAARUNIU [13, 59]

A2514 simple %38 log return Wiala

14 simple return LiafaN1IAUINHANBULNUNDSH AIULIAIDTI VTTIENUNANITAMUY du

log return @xAINABNITTIUHANDULVIUAIUNAILAZ ATASNUUUTIADINNEDANAIBUTZLAN WA

feudeasuadaasugiansuuainauidu simple return iednu

nguun 2.1

WRy,...,Rp > —1usgr, = In(1 + R,) 2&ld

T

1+ Ry = H(l + Ry)

t=1

{91

T
TO:T - Zrt = lﬂ(l + RO:T)

=il

figad. AN
Pt = Pt—1<1 +Rt>
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gdane £ = 1 8a T aglg

Faldpudunusues simple return dzau

d15U log return TaniRvesasni3viu

fa9819 2.2. MNHaNBUWNUEDINAWNAU +20% waz —20% wanouunuazauLuy simple Ao
(1.20)(0.80) — 1 = —0.04 = —4%

WIINAUINVBINANBULVILADIINAITI AU

lusy log return agle

—0.04082

Q

n(1.20) 4 \n(0.80) = n(0.96)
wazidlothndudu simple retum

e—0-04082 _ | o 407

simple return fveuwaans R > —1 dmsvdunindfsmiasnnlifinau dau log return

sl wealth relative Wuuinuazazdilnd —oo e wealth relative ilndaud

2.4 Wamauunudzdad Holding-Period Return wazn1svinlidusned

2.4.1 Holding-Period Return

Wi Py \uyaddusiv Py (uyadivatey wae D Wunszualuansiuiidamuldsuseninionses
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unileny 2.4

Holding-Period Return (HPR) naanv1iiiansadfe

P, —P,+D

RHPR = PO

frvranensaskuslunasainlaglill external cash flow WAYHANBULNULARLIINAENDUNTLILA

Huanag1adannane agla
T

1+ Ry = H(l + Ry)

t=1

J

HPR mauM1a1137 “Ruunienauiulainlnnasna9nie” 39wy funsinussaunisalinisie
AunSng fann duauay we S livilrdisnafaenulseuiieunulalnenss nMsseuisuiaindes

wlaadudnsselneld convention Wweafiu

242  nsinnduseduuunudu

i R, JWunansuununasnyeen h U sasriifunansUBali wealth endpoint Lieniude

Annualized Effective Return

Rnn = (1+Rh)1/h_]‘

a

fgasiionsesen d Tuwazimuagulidu Y u

Rann = (1 + Rd)Y/d —1

nmaden Y = 365, 360 %38 day-count convention dusiasaanadasiuingussasAuazinigiu

VINTIENT

f79819 2.3. MNRanauLnu 240 Juwindu 9% wazly 365 Tusal agle
R, = (1.09)365/240 _ 1 ~ 14.0%

Hadwsiaeannsas 9% x 365/240 w31z annualized effective return SnwiAnuiguinve

Ay e wfeshLie ANVADAFIEASLATENH UMINYIFUTITUFNERNS



Uil 2: AdlAANERSYBINARBULNUNTAYY 42

AINUAU

Uszunaaesz i

N z, « ' " | 61 a a © P~
13 annualize WUN1T “UUaInULNaN "Liﬂsﬂﬂ'ﬁwa']ﬂ'imthf}\lamaULLWHL@N"\]ZLﬂﬂﬁ?ﬂﬁaa(ﬂﬂ IWEJ

RWNIZNARBULNUIINTINEUNIN NISENNAIFLND annualize mmsaa%ﬁqéfuamqw‘%aﬁﬂmﬂLLas

19

bidldidlafiale 39psseutndeyassiniudiu

243 aanluuiuwazensiiiuna

v
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& ) Gudasluunusedfifanududay
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all
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=3
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o))
®
w
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Tumenaunu

j(m) =m [(1 + ieff)l/m - 1]

aosgnlonadifuavsneiunianedunenseualiuanifediy imsie nominal rate seysnsdalniou
d' v PN . v & Y A a a =~ o
ANUANIINUAY Vel effective annual rate @3UNaveININUAUTIMNAIMERNSIAUINAT T N3

Wisuieundndueidanisuuadlieguugiu effective Weariunou

f20819 2.4. 9n5luN 6% siot Arnudusietiou 19

0.06\ '
b = (1 + E) —1~0.061678 = 6.1678%

2.5 dnsmanauunulunaintu

ATIANTAAIARUT STTUHEN NS EUR TIAUAN AN AU NMTISEUTIEUNAADULUTIABINTIINT IR

AU FIUTU Loy ANNRFIUNITNUAY

AIUKANENSZIING BDY, HPY, MMY uay EAY lildudadinsiansiinanouwvumassugiaaisen

WALARYIN 35 quote AUAZWUU 119AI91T 91N TURBY LAY NISNUAN MITUATIANSIAEINY Bl 51A1
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a 9] . kY] 1 )
Weaiuausaseu yield vangiuaulalaglidaudeiu

el F@uyariiasld P dusiende C Wuyadildaeu D \unendevionssuaiuan

syvinadensed way d WJusunutuaudaiulonsy

2.5.1 Bank Discount Yield

unileny 2.5

dusunsiansduaniilaneuil F dnswansuwnudiuansuiaisiensiu

F— P 360
s

BDY Myarfins1ly F 1iuguuay annualize wuuidunsedie 360 fu Jadu quote convention

wnnIEanauLnUiiuNaIs e Iiuadyu

A79819 2.5. Asansiigar1ingtd 10,000 UM $1ATe 9,800 UM UazivEeDNy 120 Fu

10,000 — 9,800 360

Ter = 10000 120 000 6%

2.5.2 Holding Period Yield

%

dnsunsransnaensien P laneuin C waglasunssuaduanssninadionses D

C—P+D
THPY:T

HPY Junanauununasndistonsoawardalls annualize

f19819 2.6. A1EN5TRN 9,800 UM lanau 10,000 umludn 120 Tu wazlasumenly seninetie

98.63 UM
~ 10,000 — 9,800 + 98.63

Moy = 9.300

~ 0.03047 = 3.047%
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2.5.3 Money Market Yield

Unileny 2.6

13 annualize HPY wuuLdunsITegIu 360 Juli

360
Tamy = Thpy d
° o ' ~
dmsunsiansdiuann C = Fuage D =0

F — P 360
T ="

dmsunsiansaiuanifeniu

F
Ty = TBDYF
LLAZLNING
d
P = F (1 — TBDY%)
ala

A1swUad BDY Wu MMY

3607,y

dlo P < F agld 1, > Tpy dMSUATIENIUAT 0 NAS Y
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2.5.4 Effective Annual Yield

unileny 2.7

& 7y Wunaneuwnulugag d Ju waeld 365 Yusied

Tew = (1 + THPY)365/d —1

#9819 2.7. M51@15%87 9,500 UM baaaun 10,000 uludn 240 Tu wazlasunenide 400 UMW

10,000 — 9,500 + 400

Ty = = 0.0947368
HPY 9,500
A9TIU
Tey = (1.0947368)365/240 _ 1 ~ (.14758 = 14.758%
A15799 2.1: WSeuiigunInTInHanauwWNURaIALRY
1A FIURUAMY n13 annualize Yadann
BDY yarns1ly F 360 U LUULEUATS quote  convention U89
ASNEITEIUAN
HPY 113 P 13l annualize NANDUWIUAADAY 19D DATDY
MMY s11%e P 360 U LUULEUATS Waew HPY Ju money-
market basis
EAY %o P Toealy 365 Ju wuu 19 wWieu Wieu w1 91 WJu
NUAY na fe U e convention
ROIGELN

UNBUUSBULTBUATIEITNAINRUIS

131910 cash flow 33auasIAINTIE wdRwIn HPY Wugiu mndudaudandu MMY %

EAY muinguszasd Bildedesiunisifonasiansiieanszdiay quote gendn MsnAnaN

denominator %38 day-count M1f191 U
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Uszhundnese i

A1 yield, return, discount rate, money-market rate way effective annual rate laildfwes

iy MILUeuLfigunsansfesyiligutuawu day-count uagauuRgIuNIsnuRuaenAdesiy

Aoy

2.6 AN2AYNANDULNULAZNAYDINITNUAY

2.6.1 A2AYLAVANA

dwiu Ry, ..., Rp

AnLade lavAda i fun1sagunaneuwuiaie il vnuazidud Ussana iiugiuves expected
one-period return MgldauuAgiuivingay uwililydnmamainnudsnaaemaviiudeyass

NayIIn

v
[

f91u arithmetic mean WHNg AUAIAINTS “0non bl lagade” 11nni1 AN [RuLiulnasen
WoasiwudraUnaonvatsna mnianedeavame lU1didu CAGR 198ns998 U9t UKaURINISNUAY

LAZAIUNUNIY

2.6.2 ARAYTVIANN

Unileny 2.8

' a a 4
AVR[YLIVIAUAVDINANDULLNUY T JINAY

. 1/T
RG = H(l +Ry) —1

t=1

Faududnsmafisientisnniilyl wealth factor azauviniudeyaass
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ngufun 2.2

R, > —1vnam
Ro < R,
waztinwiiuiseile
R, =- =Ry
J
gay. MoaunsAuadeavadin-isviataiuinauuin 1 + Ry, ..., 1 + Rp
T yr 1z
[[a+Rr) STEG+&ﬁﬂ+&
=1 t=1
Wnndaisaestneazlenadns [

0819 2.8. naneuLnuEesdwiiu +20% way —20% feaadsavadaintu 0% us
Re=1/12(08)—1=+0.96—1~ —2.02%

FadtuinAnieavainlisne wealth endpoint

s

v
VBAINA

dmsunanouwu L uussnnuazinisnse e Aeudeadate ANuFIRUE I UsEIN ALY
@374 intuition A “geometric growth AN91 arithmetic mean LHBAMNRUKIUGITL” WWIAAT
Lailvgns exact M3l witweadushimImuauANLRuIuENasaNsEulnveIRNlIRITsee

g1

2.6.3 Volatility Drag

nsaaydeuasnisitudiliaunaslumiesevay dvevu L s 0 < L < 1 waneuunuiidesiaty

nndalliendugnuaume
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| a

fegu vane 50% deslifils 100% Fsndudvuidu Ussiuiiduasnulugnsiaeny

Y 9

NupUlUUNT 3

Tun1aUf iR volatility drag edungladvilunagnsaesnagnsnd arithmetic mean lndfiuenaada
wealth endpoint AN UIN MINKEUNINAABULNUTANUAURIUATY F9A5VIANRRE AIHRUAIY

e cumulative wealth 31U

2.7 Money-Weighted Return, IRR e Modified Dietz

ilefinsifuveneulusgningianu Ussaunsalianeuunuredvesiuiuiuiananisasmuuay

J9MzUd external cash flows

diduqadidesuen “nanouuvuvesFuveIfamu” 89n91N “HAaNBULMUVDINAYNE 3B E TAns
wosn” stwﬁu'«j”]mumﬂﬁgﬂlﬁmfﬁau‘dammﬂmmmmﬁﬂﬁ MWR 6 wiEdan1sazasng TWR wiriiu
benchmark Tumanduiu nmsiiuGunouraenainiuenasiily MWR FINTINANUTYINYEVBIETANT
[4, 14]

2.7.1  Money-Weighted Return uwag IRR

WiV, \ugarmesasudiu Vi Wugadmesavatevniing T U waglv C) \Jutuidndgnesn

nan by, Teefvun C), < 0 diadunisnoutu

unieny 2.9

Money-Weighted Return (MWR) fadnsn 7 > —1 fivhili
m
Ve =Vo(L+1)T 4> Cp(l+7) T4
k=1

A a 1 Y
NIBENYUNINY

= Cy Vr
-V, — + =0
0 ; (1+r)t  (14+r)T

A - = a o i
WY aIallul 9051 7 A IRR UDINTELANUAANINATD

J

aun15 IRR teegynldlifimeeunuuln 39@a9l935@afan wu bisection, secant #58 Newton—
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Raphson [62]

TuN1SAIUIAIAIIAIIAINUA sign convention T0INTTUARUANLATALIU LWAZATIY residual VOIENNS
naslarnauNTUTLNTY WU WwiuA1 7 ndu NPV equation wiideslaanlndeud ldaiswenasn
#eidu spreadsheet Inglinsiageu

Usziudidossz i

IRR 813 lyiflsnnaseneausula vseanaflunnninnilesindisnsewa duanUaguLAIaamuIg aney

0’.’} = 1 6 o 1
A5e Falaimssneaunaannilendu IRR 1918111(5]3’]"\]EU‘UENGJJﬂ’liLLa%ﬂ’J’]ﬁJﬁiJL%ﬂﬁﬁJNa‘U@ﬂi’lﬂ

2.7.2 Modified Dietz Return

1o Aoan13 Uszanal money-weighted performance lngldud@unis IRR a@w1saly Modified Dietz

Return

W C), 1 external cash flow i ¢, meluraa [0, T uae

T—t
wk. = —k

T
Modified Dietz Return @@

R — VT_VO_ZZLle
- Vo + ZZ; wy,Cy,

J

tin wy, asveudndiuvesyiafinseuatuanagneldnsuimsvesnetn dmugiie il
valuation MlaztBeanadnsu TWR NNIANTELARUER WiABINITUINTINNANIINITALIAY timing ¥4

flows

Modified Dietz 3918u738 Uszanauiuan anu aziden fuanusissnis doya aunfigiulng o fona
pouwnuinAeutvaaNe nelutUssdiy wnaaandoulmsuustlndyeill cash flow vunlng

ANUAAIAARDLIINTBNLY valuation 9399NADIANT [4]
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2.8 Time-Weighted Return

TWR Sy danan1susmsduninglagan svsnavesdruiuias Yome Rurn oeudagdansnese

a1anuAulila

nandAgyAouusrenlull external cash flow an chain-link NaABULVIUVBILAAZTWILIFIBAY 69
unAmMYas TWR Juiuauanansalumsussidiugadinesa e 90 flow vn valuation iavise

timestamp 204 flow ladnssius1A1 wa TWR fionadl bias 161 [14]

wistasUsziliueenilu m subperiod AifumMe external cash flows 15 Vjtl Jugariwedn
viudinds flow & 9asu subperiod way V™ \uyarmesaviudl deu flow a4 du subperiod

NARNBUWNU subperiod A

_ J
Rj= 41
J

waz Time-Weighted Return naongi9fe

Ry = [ [(1+ By 1

J=1

2.8.1 MWR iU TWR finanuaensls

A15799 2.2: WSBuTieu MWR uas TWR

Usziiu MWR/IRR TWR
ANDIUNAN Wiveslulasunanauwnuasawinla  § 9an13 e a31e Ha naUWYIL AN
Aunswdinla
Naved external flow  flkalaunss AANANIUNITLUL subperiod
Ao timing a9 mniiled valuation au 90 flow
nslaan Uszaumsal ¢ amu w3 T A Wisuifeuddanisnesnvienagns
WIveIRuAIUAY flow \ilo flow oEjuNNIAIUAY
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MWR wag TWR hﬂﬂiéfmamﬁLLsdnsﬁ’uﬁudﬂé’ulmgﬂﬂiw WMSIZADUAIDILAUAZWUU N1SHEBNUINTINFBISY

NNINgUITAIATaINTUTHIEY

ngLean MWR fiu TWR wuuldeauass

mnfaude “Wivssluldnanauunuwitlaandunldass” WEuan MWR mndaufe “g

Jansvizenagnsaiamanauinunduninglauinlalasdanavesiuninaew” ild TWR uag

dfeya valuation liazi8uawe o1ald Modified Dietz wiouszyindu approximation

2.9  HANBUUNUIIN WuWe ATRY LASHANBULNUENS

2.9.1 WANDULNUIIINAIUND

W4 R 18u nominal return uaz m 1Judnsduilelugiadieiu

Exact Real Return

1+R
]' + Rreal = + =
1+
Sty |
Rreat = + N -
1+
\ J
dle |Ry| wag 7| Svunsidn
Rreal ~ RN -7

an3 exact uwanaMsvsuRuleluaruduiusuuuaa Wlinsaulaendnadinmans nsaunse
& a . . P al X A . A, .
wJuiiles first-order approximation JsAanaLAGaUNINTULD nominal return %38 inflation g4 115379
wWhnnngsgezend wu Ruindeu asld real return sz d@alidamudeinsvneNanpeiaede lily

Y 9

FIUIURUTIUY

f18814 2.9. 91 nominal return Wiiu 8% wazRule 3.5%

1.08
= ———1~0.04348 = 4.348
1,035 %
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Yurinsaunsiy 4.5% Faduissauseunn

2.9.2  WANBULVUYBINTAMUAUTEIALaTanTILANIUAY

W Ry, Junassuwnudunindluanatuiiesdu wazli S, Wudnnumheanatugusenianhedana

RumaUsena deny

Sp = Si1

RFX = S )
t—

a' a ' <& =
L RFX >0 LQU@]T]W'N‘UiZLV]ﬁLLGUQﬂ']V]aaqaﬂ']u NamauLLWLﬂuaqaﬁ’]uﬂa

msuen Ry fu Rpy vlAiiudinisamu s Ussma T 0619 tos do9 unas na nounnuy fie wa
YOI AUNING Uar HA VDI AT IU AU hedge ARUUNAINILH base-curency return #1939 MNGAT

unhedged FMMUENY wAZABITINAWNU hedge U basis/roll effect audyayIls

nanauunuluanagiu

1 + Rbase = (]‘ + RL)(]' + RFX)

R...=Rp+Rpx+ R Rpx

- J

f19814 2.10. AunsndsnsUsemelinanauwnuviosdiu 8% uazanaiusinsUsymaudeansiediuuim 4%

R, = (1.08)(1.04) — 1 = 0.1232 = 12.32%

Uszunaaeszde

gnsdhuaniUdeuduiuiiswves S, mnwdeuain “umsenilieRusnsussma” Wudau

NAU IA3aIneuazansTifiauNsulaAazUAsunIY Fasiaedsznie FX convention 11nASY
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293  A1sTsuten 218 uaskanauunundamulasuate

Hamauwuiietosiunsindulavesiamuamssyyegadaauindu gross, net of transaction costs,

net of management fees %39 after tax

f wealth factor feumssaufoniiiu 1 4+ R, uazersssndonfniludadin f veayami

et Msuszanauugal

1+R ~(1+R,)(1—f)

nsvin R, — f Wusmdsznadaduiimnsdodhniivunndnuasgiumsansssuilouaennied

1Y

U

MEingazdeaduivussanuning aameganu waenguanglugisnaity dmsdadundinnis

mualaglifesnsnnisanizidusinaionns

TUgaAATIER AITHEN AUNUNAARINNITAB WU management fee 8aN31N AUVUNAAIINNITYD
Y18 U commission ez market impact WS IZ@9EIURBUALBISD turnover A9l ABEI1all path
dependence 3n{ame realizations 33liA33¥n “8ns1018AIN” 9N retumn NnaInlaglingialasadng

39

2.10 NaﬂaULmumn%’agaiﬁm: Corporate Actions wae Total Return

NMIAMUIMKANBULNLIINGINTDATIAABITEIN corporate actions INT1E5IANBULAEVAY stock split,

reverse split, dividend, rights issue ¥3an1snszaneyarluguduevliseuiisuiulagnse

wanAnfewsn NMSIURBUYAAMINATYENY 09NN MIWAsunteUyTvasnanning wu stock
split vildmuiuuazaderulasudna uildldaiwmansuumiligiioruil vnliusudeya sian
seguilousitusiiafianuladdlidey dutulunadunsyuaiuanasuazdosgnaiulu total retum

90 series s18alailausu

2.10.1 51A79U 5715V wazRulduwa

218 raw close wazRudunadilasinlusian dasAuia total return
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_ P +D—PF
Py

R

5’1@1‘12{%%65%’1& adjusted price Mi@zyau corporate actions /11 methodology NITAULAY d11130

AWIad return 970 adjusted series lalnglaifututunagn

Useuifeeseda

A1 “Adjusted Close” lilaiiTsAunmiloudunngdlvideya nousiuteyaanvaeunassies

#3729 metadata 11USU stock split, cash dividend, rights, spin-off Wazn18¥n w fideeesls

2.10.2 Wealth Index ta% Total-Return Index

fvium wealth index Sudutdu
W, = 100

waIBUAnAe
t
W, =W, ,(1+R,) =100][(1+R,)
s=1
wealth index HgliiunavesnmsnuduuagldiSouiieunagnsiu benchmark 16 evisasign

#5199 return convention LAgniu

13 plot wealth index §3¥iwnTiadeyadaunila win index nsglansgneldau v aunalyiun
31 split 50 dividend 919U3%31U5U corporate action 113elailausutas Tusu backtest Asa3ns

wealth index Mianagnsuag benchmark 210 pipeline Wenfiuliiasnw) benchmark symmetry

211 maassudeyasauaraiaunindnanauunu

mﬁmﬁwﬁﬁw%mmL’%;inaumiﬁmmqm JUMDUNITASN return series ABIATIVABY calendar,

corporate actions, currency, missing observations LAZAINADAARDITDY timestamps

o A 1 o

v @ a o « a v, M v 1 ) . . a U a
VBNAINEAYAD VRHUAMANIULAYINU Tailsuuaindu information set LAYINULEUD panaluleley

o

glsU warvansgUnauaziaan deya macro enausznavdinaInln warsiAuUssnndu indicative

quote lally executed price Mu@IUTIIAWBIEN trade date, timestamp wazkaivoyansauly

U
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A ulNUSe

2111 mMsdauuriudevieuasdeyainmely

dunindrnnainenifiiungauwaziaiUanainlingaiu n15UnsAn “Juiliiediu” a1An covariance

Tngliingr3a1919a519 nonsynchronous-trading bias

nanufuanddgy laun

1. AMuUM timezone Wag timestamp convention WioULYN event time pananiunlulng
. izqi”mmlﬂu open, close, VWAP, settlement price, clean price $3951ANDU

. m’;ﬁuuqmmmmmz missing observations W3aslun missing 91A no-trade/stale quote
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.14 universe Naenafosiudeyaiiiagase s a1tuiavih backtest Wioan survivorship ae

look-ahead bias
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1a@® covariance, correlation, factor exposure a portfolio risk Tuundaly
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1. Raw prices wag cash distributions

< v v o 1Y o
1 daya suadu lae i uf viv

Y

2. Calendar / timestamp alignment

M599 7U Yo V18 timezone

uag information availability

Y

3. Corporate-action adjustment

split, dividend, rights, delisting

wae identifier changes

!

4. Return construction

finun simple/log, total/price,

currency Wag cost convention

Y

5. Validation checks: missing/

stale prices, outliers, currency,
benchmark symmetry, leakage

ey transaction-cost assumptions

Y

6. Analysis-ready 1" X 1 return matrix

w¥au data dictionary wag audit trail

v

JUN 2.2 nseuiuns a1 doua Ha mauLnu AN 10 Au 8w vnd 1 nsen 1Y lae unsn msasianm
corporate actions ag validation fiauguuudnges

wan Data Lineage Ya4Wanauwny

N return series MsaNINIadeundulaildundsdayaln Yasnatla s1Auule USu corporate
actions 8gls 19 simple %38 log return s3uRudunanield Manatula uasindunula

ud U9 uenINIAISIAU raw data WenaIn processed data wagUuiin code/version 3o

transformation rule wialiasanadnsiaugnle

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 2: ANIAANENSVDINANBULNUNTAYY 57

212 msenunsIananauwnulimanziulym

nmsiuesiavangsuiuuldlanineanuigamilsdiniBnanslunnnsd wilsdazgasneumaiusiieiy

a

madeniaunsinetavilvideasuiinusiruimgn wu 16 MWR dadugdanisiiniuauturinaeulsl

161 14 price return Wipuiu total-return benchmark %3el% nominal return Mathmneiasdeszes

g1 M5 1selUTsmsenudu “decision map” 1NNITIEN1TEAT

AN5197 2.3: BEUTINTSLENUATIANERBULNY
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UINFIANAUE

WaKan3atanlTIE e

NANDULNUAUNSNENTII979
SIUHANDULNUNAILIIA
dTMUAUAINFDY

ANLRAYNANDULNUNTIIN

fI1E1TRANAEU

Usraunisalianueatu

o

Usziiugdanisnese
ﬁﬁayja valuation i azdem

%A flow

1
o

A15UABULURIN 8T

NMsaeuAeUsEINa

URIUTUU

Simple total return

Cumulative simple return
%39 sum of log returns
Geometric/ annualized ef-
fective return

Arithmetic mean

BDY, HPY, MMY, EAY @1y
convention

MWR/IRR

Modified Dietz
Real return
Base-currency return

Simple %39 log return ii

DR

374 price change g cash distribu-
tion

simple 19 product @ log 1% sum
391 wealth endpoint

LAy CAGR Tnehly

f9471399 I8 5IA1 day-count wa
compounding

A¥VOUIUIALAL timing VDY external
cash flows

an Bvidwa w3 flows 1 9g uan A3
AIUAN

Wu money-weighted approxima-
tion #ildf timing weights
USuRuieme exact multiplicative
relation

374 local asset return iU FX return
799490 LUI 1IN corporate actions

L% costs Nau
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AN 4 Yad1usuLian return measure

deudengns Win1wd (1) Indunindvsanvesdu (2) i external cash flow w3alii (3) ¢ias

Wisuigudiudaana/analu/Ruilaviali war (4) #9013 gross #3e implementable

net return naeudtedila nsidenunsindiulrg s taauTu

2.13 Investment Lab wag Workshop

Investment Lab: Return Engineering Lab

1Y

qUszasd ai19yn deyananeuunuiinsivasudoundulduasiUiouifivusnas Tananeuunu
NANYUUY
d9ufi A: One-Period Return
1. @enuanningegetioy 5 919013
2. Aamuazdeyaluiunanie corporate actions
3. ATUIN price return Wag total return
4. W3suigy simple return AU log return
daufl B: Compounding
1. @¥13 cumnulative wealth index 9ni3uEuFY 100
2. A1ulal arithmetic mean Wwag geometric mean
3. 79298V geometric mean N1 wealth endpoint
daufi C: Cash-Flow Performance
1. aeshogrmesaiidiuihnriensusgetion 3 Ase
2. AU MWR/IRR, Modified Dietz uag TWR
3. pSuneimARaTIATIaLEy
daufi D: Data Quality
1. @574 return matrix LALATI timestamp alignment
2. #3739 missing dates, stale prices, outliers Lag corporate actions
3. Uuiin data dictionary, return convention, currency Wag transaction-cost assumption
4. @%14 audit trail MhlHEBuUaBNIOToUIN return matrix NEULUER raw data 1t

NASINaUTUAN
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1. ead3suiiisu simple, log, gross, net, nominal wag real return 9g19tpenHEUNSNE
2. 091 wealth index YasdunINg/nagnsuay benchmark aele convention LRgariu
3. aT1UTEUTIgY MWR, Modified Dietz Uaz TWR wiauAeSurganvgitaaiy

4. & data dictionary uagtufinduneu cleaning/adjustment A1vingle

unaguvingun

unilimuadamaniveamanauunuanssiunisnalldnatsan Buan total simple return uag log
return wd@Wenluds holding-period return msviliilused danluwuuezdnnluna nasnau

convention U8M51@15AA1ARY LAlA BDY, HPY, MMY gy EAY

\iadl external cash flows ABILENAININVDILAIYLOBNIINANDINVBIFIANITNOTH MWR/IRR dxviou
Uszaunisalveadnvesiu Modified Dietz 1uiSUszaunaiiailata timing ¥4 flows @ TWR ansviswa

9849 flows N1UNT5HUY subperiod

nanauwnuildlunisdndulassadafosiansanuiile snsuanildeu duyu Asssullen wasand
MUUTUN YU INTIATIERBUTINadeesuaINTeyas1A17IUSy corporate actions IAUUILAT way

324 return convention agadALIURBUATIIUVENDHARBULNY

anszdfnludajifne “wansuwnulilliiiiosgns uiilunadnsues convention uazdoya” faiaw
return Mi@ediederetnauladnzuainsiala 53 cash flow ozls TWnawazanadula windunuesls
wazdnanyuuevaslas msshwideibiliunanudss nsafaness waznisussliunaluundalul

o = o 1
EquﬂaaawgﬂmaﬂLLaSV’ﬁ’Jg\]a@‘U‘lﬂ

o o d o o

ANANNEIAEY
« Simple return « Effective annual rate
« Total return » Nominal rate
« Log return » Bank Discount Yield
« Wealth relative » Money Market Yield

Effective Annual Yield

+ Holding-Period Return

» Annualized return o Arithmetic mean
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Geometric mean » Real return

Volatility drag « FXreturn

Money-Weighted Return Adjusted price
Internal Rate of Return  Total-return index
Modified Dietz Return « Data lineage

Time-Weighted Return

=R -V v
LUUNNKRANIEUN

10.

11.

12.
13.

14.
15.

Y a v ! a . .
- NUNTIATIAUIIN 80 U 51A1UaN8990 84 U Waz 318 RUTUNE 2 U 9990 price return, income

yield wag total return

manauunuanawiiy 10%, —5% waz 8% awwnaneuunuasauwas log return dxau
#gatlan simple return azaunatenIndedldnanmuYed wealth relatives lallinaunves simple
returns

Ruamulvinanouunu 12% lu 18 iiau 2911 annualized effective return

Sn31luuny 7.2% siel Annudusigiieu 3 effective annual rate Wil

Fiduadayarfingild 100,000 U Fail 98,500 VI wideany 90 Su 25 BDY, HPY, MMY uas
EAY

WgaUaNuATuSIznI1e BDY uag MMY dmsunsiansdiuan

naneuwuaTwhAY 15%, —10%, 20% was 5% 29 arithmetic mean uay geometric
mean

winnesnuianu 30% deslinansuunuiiefifudisndugnuidu

wasnEud 1,000,000 UM Tn9iindu 200,000 vnidleasuAsd wagUangUilyas 1,300,000
VI 39EUN1S MWR

4519510819 external cash flows ¥l MWR waz TWR uwanshsfueehsfidodfay ndevesune
GRi

nominal return Wiy 9% wazduiile 4% 291 exact real return Wa¥ATUTENULUUAUATS
HusaUsamalyl local return 6% vauglGuns1ssUsuimaseudsie fuum 8% asmna
poULNUlURUUm

aRutmLARNaInTiAnaNN1slY adjusted close uwandnEuTuas BnASs

@574 return matrix dmSundnnIndedeos ¢ S1BNTUALIZYTUABUATIVADY missing dates
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fiu corporate actions

nagns A T gross return 12% uae turover g¢ @wunagns B I gross return 10.5% uas
turnover f1 i vuAANNAIUFUUetey 3 nsdluarinTgiingaladusunanuuuans
Wabu

a¥ansdlfl MWR f1ndn TWR oesdaaulanlsidl external cash flow vunlve)Aeudisnanu
LLﬁaaﬁma'jwm@lmmmLLmﬂﬁhaﬁ"l.ajai"]L‘fluﬁmLﬁuﬂfgmﬁmaa;ﬁmmﬁwa%m

on tusng Ussinauilavdn nind uar sankuutunou fuamna nouLL RuUm i as1e deuld

flaus local total return, FX convention, fee/hedging cost aufis net base-currency return

ANDIUBIUAR

1.

wiala log return 33azAIntuNITTINHARDULNUANLLIAT WiliAdsTEuny simple return vasnesn
JGELLISNG

vngesnesuil arithmetic mean WAy neswuill geometric mean snidefiseylsifgiy
Eumeausafs

MWR 7isndn TWR Fududosmneanuingdnnswesauimshifviely

135 annualize HaneULUSEEYdUINNaINsaad1srudlaRnegsls

winla data engineering voswanauLuiLTuduvsvesuUUTABININTRY Lildlesduneu
wiseutoya

MNNANBULNUIIN backtest geun uwinadnSasuegdifuddaiield adjusted-price source

AuAzTIe W1AdsaTUeslsiNeafu model risk wag data risk YaanNagNs

Yy a v P
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Unil 3 ARIAANARTYRIAINNLEEINTTAINY

InguszaeAnITteu;

loauund He1UATANTH
1. euanudsavessansuuulugiusMuusdy uasduinmainmg ArmLlsUTIu
wazaudeauumasgld
2. AnMUazFinIIL covariance, correlation Waz covariance matrix Wisnlaod1 R
correlation
3. ueNANILEBITIN AMILEBIILAY ANadssdsEuy Anudsadieu benchmark AN
Aeemudunie uag tail risk sanannduls
4. A downside deviation, beta, tracking error Wag maximum drawdown Iﬁaﬂwgﬂ
RN IEREY
5. dvuaz Al Value-at-Risk (VaR) wag Expected Shortfall (ES/CVaR) ¢e738 w1
WA3nuaY Historical Simulation 161
6. 83U EWMA volatility wazinguaiiuuusiassnmidessiosldunisnsaasuseteya
939
7. @onumsdnanuidesliiaonados fumammsamu unumslifiauiiesfifsiumu
BTN S
8. @319 risk summary mn%a;&awamammuimmzu data lineage, convention, horizon Wag
auuAgIuegataY
9. WENATIUUANGTENINY uwideaades wnsTaaudes uay naeidadule/mweny
aruides elildfianfeiunuanudsmnia
10. AFIVEABUANUEAULNAFUNAVDY risk estimate mﬂ“ﬁ'@mﬂaﬁd Inea158u7 sample window,
parameter uncertainty, regime change uagna backtesting nouthluldAviunaauz
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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
UDY expected return, variance, covariance LWag correlation lﬁi'a:u A NN LONENT @.247 LAY A9
ﬂﬂﬁﬂ’lﬁm%miﬁwﬂaa@ﬁau Yuedl tailrisk framework L%auﬁ'U’Jﬁmﬂﬁmmmg’mﬁ’m quantitative

risk management [61, 62, 34]

71 “Audes” Tunsamuiivaiedd anudunuduiediinis gaauersaulaninuiiasdud
wanauwnuanIndmue anvhisenisirdeulmvesnain nmsidiesuuain benchmark N15aAadIN

'«mmqmﬁm ‘Vﬁaﬂ’l’mL?I?JﬁmEJ?LlLLNU%L’Jﬂ.!WN‘%”]EJ‘UENﬂWiLLQﬂLL‘«N

Aty MsinAnudssifdesuanAnuneudengns Wiltdengnsudneealvidiavieiesue

ANUFDYNYTA

ANUBUNADILYNNBUINANULEE

AFIATITNN T D39AITHEN (1) UWRAIANNLEEY WU Aa1n ANy LASAR Yisedn nAgaDe (2)
WINTINAUELS WU SD, beta, MDD, VaR uag ES uay (3) nganaula wu position limit, risk
budget %58 trigger dwsunsananuy Meanutudeniuudldlidufeaiu fegradu Var (Ju

119530 tail threshold lalldmaunsvianu waglilvamevesanudss
\ J

v A

nUszhufidifeyAenisuen ex ante risk 99n31N ex post realized loss A1 volatility %3 VaR

o

= ' & L. . v ° g ' S a
NUszaanouamuiunsagy distribution Mmelideyauaziuudnass & Bl dunavIAnuiliin
a & a = . . . . . o | o = ' P M Ya &1 °

Y30 duiienils realization 970 distribution fenas mMsitiundsldvayuidilifigadiuuuiiassgn
wagN1siinvInnUiY VaR Wissaiudenlilafigaiiuuudraesiinlaednlulf desfiansananuduas

5ULUUTDY exceptions AABAYINNADY

¥ ' ]
Yaulwnvasunil Wuinnsinanudsdussaudunindviseounsunanauwnu iaasun1winan

dnsuundnll M5TIUAMULELIVBINBSANANLFUNSTNIM8WUNSNG covariance WAL TUUN

‘171 6 @ portfolio VaR, risk limits, stress testing wag formal backtesting %W@uuﬂuu%ﬁ 11
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Dispersion NaRDULNUNSEAN8INAINAINNLEla

Variance / SD

Tiamnuifusnusi udliduen upside waz downside

Dependence PO L v oa o oed A .

a auwiwmﬂaaulmimnuﬂumwsaumammmamﬂi
Covariance /

uguwes diversification wazn13in systematic exposure
Correlation / Beta ) e T semate e

Downside nanauwnuinIlmingUsswar uusuiiodn

LPM / Downside Deviation

foaszy target retumn wasnmusinAInilidaIy

Relative / Path
Tracking Error / MDD

nasnliesnn benchmark viainpananaagedaiiodla

azviounnudsidnudssvunasguiissiauisenauedaiviu

Tail Risk
VaR / ES

threshold vesn1svIayuIuLItegila wazillownd tail wiguusadiedn

sieazy confidence level, horizon wariuudnansiily

~ ] o = ° A v . . .
gﬂ‘w 3.1: WRUNUNRSIRANULEIRNUAIDINTIADINISABY tALLEN dispersion, dependence, downside,
relative/path wag tail risk 89n9NAY

3.2 wanauwnulugiugauysgu

o

W R \Jududsduunudnsmansuuwnuniienn vn R (Jududsduliisieidenisvan ry, ..., 7, de

1 [
ANUanlu py, ..., p,, 08

m
p; =0 way ij =1
j=1

uniley 3.1

ANAIANUIYVDINARNDUBNUAD

"= [E(R) = ijrj
j=1

o
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ANUBUTUTILLAEAI U TEAUUNATIUAD

72 =var(R) = El(R — ) = 3_py(r, — 0

I

o = /Var(R)

& R Jushusdueeiloiidl density fr ()

p=[ riatr)or

bhae

= :<r 2 fa(r) o

drudsavumaspuliniefeiunanauwnuy 3aiaulaaeninninanuuususiu uiiaaesunng

TalrANUEAYAUAMIDELULATUUINLAZAUAULUUANNTAS

[

¥
VBEILNA

A1 a1a e lily wa souunu A d1aziiannean g a1 wde @eanu il aziduves
distribution lafldFwennsaluuuanvesnanauwnungn U luhususesiu o = 10% L
Tovneanunazeayuliiv 10% wivenswanisnszateangls distribution 7114 n1suuas

volatility +¥u probability of loss %38 tail loss fieserdedeyaifiuduieiuzunisuanuas

J

v v a

adindeuuiAnves variance fonanauwnuiiginiiAnadeningniuilu “Anuidss” wudeaiu
HamauwnumnAnaienn widamudnlnglife upside surprise Wupnudsme Jayminlumeua

97909l downside measures wag tail measures ludanal

caa ¢

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

{ =~

Weldayananauunu R, ..., Ry Anadediegene
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Ly

s = V52

#1115 T — 1 19 sample variance Wuy unbiased nelinsaunisdusiiegeunsgiu mndeyaii

anflenulidulszmnsiavuaiaula 919l88mns T 16 widessey convention Tdaiau

Tudauus nsden T — 1 wiiies bias Weivadinues estimator aeliauufgiuumnsgiu usladle
inlAnUszana “wiv” Inednluli® mndiegedu & outlier visensauARULEd regime Wed A R uay

s 838l sampling uncertainty g9 39A2351897U sample period Wa¥ATI sensitivity #19 rolling window

AIUARUAUTZINUALREY

NANATIFIUANANULTIINToY AR89

Funeg 1 erauLUUAIUATY: full-sample estimate WiBliunmMs3 rolling estimate Liie

] =

Wi sUaumnIuna uaz stress/subsample estimate Lo nA1ANuEsRRsuINWEda

@ Y

A Y 1 a %) a Py Y Y v = A . .
LN@L‘U’]QGU’N']ﬂqm VT']ﬂsUaa'l:ULﬂaﬁ]ul‘lﬁﬂLN@%SUVUWQWQ%BHE’ILWHQLaﬂua&] AITODIT estimation

o o

risk Htlvednfy

AN 1288 LAVALIN VB9 HA MOULNL UTl1 997 Lag A 1e8Y 1SY1AMA Y89 99151119 LAULA a1 9Ia ABU

Aoty und 2 wenaesunfnilivdy Tuundl p i R vhwhidusumisgudnans

YDINITUINUAINANDULNUAIMTUNITINAIALEES

3.2.2  nsvinlranuduruidusied

2

fHaRBULNULAaL IR TN LUSUTIU 0 wihdukar ldusius fumunalaeUszana anuwlsusiy

9@ N 19fe

Jaleing square-root-of-time
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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
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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]
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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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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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unil 4 AsUsEliugaAInsE YU

InguszaeAnTteu;

loauund He1UATANTH

1. W8N AU UAN A9 58WIN9 511 AATA U Yaen i Usudinle waz eBune unum ves Joya
aunAgIu wazwuuaedunisusziiugam

2. weulgsrlssioviu Guiluwa dnsimsdneduna sasmsiiumlsly ROE wagdnsins
diulmegnadadiule

3. AnadlazAnL BVPS, NAV per share, P/E, P/BV, eamings yield Wway EV/EBITDA 1oy
Lilddeaudana

4. Usziiluy yjaﬂ"] ﬁ:u #28 Dividend Discount Model fauuy finite horizon, perpetuity,
Gordon growth Uag multi-stage growth

5. Uszillugayiueig Free Cash Flow to Equity Uazaiuiennuunneiesening dividend
policy fiu cash-generating capacity 161

6. L‘dl'jl’em fundamental P/E wag P/BV AU growth, payout, ROE ua¥ required return aeld
auuAgiuiidaau

7. 95U18 an N3 U9 Residual Income Valuation way A1 duWus AU clean-surplus
accounting el

8. AT sensitivity #o k., g, payout, ROE uag terminal assumptions W3 a3
valuation range unuN1sT1BULAALTURALGET

9. 9avi valuation model Minsavaoudounduld lngusntoya auufgiu N1SANWIN NAENS

LareINNNDaNaINNY

4.1 unid: saeananazyarnussiula

UNT 2 WAILINISTANANBULNUIINTIALALNTELARUARN @UUNT 3 WaWIN1sInau bl kiuauvena
nouuwny uniiisuyunesainnisesunediiintulusfnlugmniuidain anglideya nsvuativan

AAEYY UarauuRFIUAA MU A1 uAdTHyad il
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Unieny 4.1

51AMa19 (market price) AB3IATIAAIINNTTOVIY B LIATLANAINT

yaAUszEiuld (estimated intrinsic value) AeAnfilsanuuuinaesneldyndeys auiigiu

nszualuan snAnan Maiuls wazReuludunUssliuimun

yarfisziliuliddllymaaindunalilaonse uidunadnsuuuiifeuly

—~ cash-flow assumptions, discount rate, growth,
Vo=V
terminal assumptions, accounting data

nsAguauugiuissviausavili V) wWisuann leganzfanisiyamdmingiinain

nsehatuanszezlna

a s a g a Y P ' o &
Tulasugmans n1sUseliuyaandunswon nauszlevidluswian fu siaiindssaudneluiuil
neldrnaneuunuifamusieinisiuiievaeanudss nandneg1ani valuation Wudymndudu
Y94 return: WeMnuUATIA IIAUIMRaRDULIUAAIAMINElE ualiomuuanseudRuanlag required

return 3a@NIAMIYaAdeRATRsUALNAF WA Ul

Ay 5 Yanauisy Valuation

neulanuudnassmsnaulunlain (1) Masuseidiu equity value %38 enterprise value (2) nszua
Guanlafuvesfieovu (3) aundgiuladushduindouyarivdn (4) discount rate aonndesiiy
nszuaduanviold uaz (5) nadnsezldiiie screening, target range, portfolio decision #3©
transaction decision W31z IngUsrasAsaiufeINIs STAUANazBEALAY margin of safety

AU
g _J
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s R
%’asda 2 Valuation Date
WNsRY 5191 i Juna waydeyagnamnssy
: X J
fuNAgIy ALY/ BnT1ANEN
Lo growth, margin, k., currency,
/ .
/) payout, reinvestment leverage, risk premium
/ \( LN > Z
/ Valuation Model
1
I L Asset-based / Relative / DDM / FCFE / Residual Income |
nunu : ). A
ausAgiu | Estimated Value Market Price
\ point + sensitivity Py + liquidity +
+ scenario range trading context
- ~
AN Interzretation / Degsion
\
S~ valuation gap, uncertainty, catalyst,
horizon Wag portfolio constraints
. J

JUT 4.1 nszvaunsUssiliugadnandeyanasauufigiudyadilieuiieusian neuwlaadunisdndu
Taneldanuliwiuey

Uszhunaeeszd

Reuly Vy > P, lildfigauhsevuazuiviu uae Vy < Py ldlaigadiisenazdivas

U q

ws1zgarNUssulavuiu model risk, estimation risk, data quality wagaulikiueuves

AUURFIY
] ] o < ~ . . Q1o o X ) wa °
AUANSEINNYaA fusIATuLies valuation signal lilimasdevglag daludi n1stild

493984610am1399 horizon, catalyst, liquidity, downside risk uazaudululdninainiezlsu

28197 uUINanedililaviiau

4.2 nITUARUAAvRINNRULaTAILUTNUFIY

foviuanilayavslu residual cash flows vosAINTUEIINATEARLHANT SN TRvdUgNIlATUNTS
calva v o Y v

15U KaUslevindfevudunalaonvegluguduluna nsuinduvessianiu ansFenuiiunu n1s

q q

A
Y
i

v '
v P

I~ A A
Fovuau wazn1sAuulugud

mngamueiun Py isutuiuna Dy uasen P; nanauunuvileninfie
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R0,1 = Po

mMyUsziiuyaresaunsiuiiamneanduiu nd1fe 61 cash flows wag required retum gamvualy

! N o q v Y o a Y
"ﬂgﬁqyjaﬂ’] 8 1381 0 ‘V]‘Wﬂ,‘VTNaWQULLWUﬁ@@ﬂaaﬁﬂUﬂ'ﬂqﬁJLa&]ﬂima?_ﬂ\i\lﬁ

Toinaassdfgy e Mlsnetyd Juluwa waznszuaRuanldldafeaiu dlsiinain accrual
accounting Ruiuwa unisfndulavesaae nssunsaeld do $1in su Rusn uaz Ruvu dw FCFE
wenew I duan fianunsaduvesd e vundinmsawmuias n1sdam Ruyuidnlu anuuansieididu

wignaunildedlivanewuuiiaaaununsiis ratio w3e cash-flow measure LilgafLAe)

4.2.1 EPS, DPS, Payout Ratio k&g Retention Ratio
Wi NI, duilsavziiluvesiiovuandy way N, \Juduwiuadyduededinimin

EPS = NV,

wa

& DP S \Juidulunasenu

unileny 4.2

Dividend Payout Ratio k@ retention ratio ey

DPS

DPR = ——5
EPS

bbEY®

b=1—DPR

J

dlo EPS > 0 @1 b uansdndruiilsifanisiiuliiiiesesiunisamu nsdsend nsifiuann
AFeY iselngUITAsABU

ae14ls1idl EPS fiasgusauiv quality of earnings wazdmuauiuuuguieaiu mlsansenisfiay
nsnduTIenIsdTes iemlsannisviedunsnde1avinli trailing EPS g493A517 vaue#l share buyback

wae dilution WWasw EPS sieviulsudiilssuunuliiuaeu Ay valuation 7l EPS masszyindu basic/
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diluted Waz trailing/forward/normalized EPS a8190m11

Dividend yield o 5719810 Py #i9

PS

0

Dividend Yield =

A29819 4.1. UsEmiinlsaeu 5 v Teluiuna 2 um wagdsnaviu 40 U

2
DPR = == 40%

b= 60%

bbale

2
Dividend Yield = — =5
viaen e 40 %

DPR Fauleunen1snsz1emls vasgdl dividend yield WisuiflsuRudusaiusanigamuidig 3
Luildunmsiadeniiv
Tudisindula dividend yield gedslallindngruinvuliyadntaulaaue vnsimanaansieilsuay

Anuaasaeduraidudey yield Adwinaniduiunadoundienadunanieriuituiunaly

pUNARIIANUEEIYNARAY

4.2.2 ROE way Sustainable Growth

W B, _; Ju book value of equity #uadn way F, 1Jurlsvasain
t—1 quity t

B,

ROE, =
By

ameldauufgiuifansiuilsdndau b uazaunsaiduiniulilads ROE Wusdnesiaiilos ax

lpgnsnmataulaiugi
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Sustainable Growth Identity

fgay. winlsnianadu

a @ o v 1 %4
wazdansiiulsdnaiu b agla

Faleomsnisidulnues book equity

[]

Uszhundnese i

gns ¢ = DROE \Ju model identity neldiynauufigiu lildvaneaudn ROE uay
reinvestment opportunity 9vAsfinasnly ﬁamiﬁLé‘m‘Imqa‘Luﬁi’Né’uﬁﬂ WTRY AT UUITU VU9
pan waznaneuwnuduiinfianauiioingsres mature

nsidulnag aayad e Guiliu1ianusa amusio fe e asuunud du fusumu Guyu mn
incremental return on equity #nd1 k, n1sifia retention o19viliinlsvide Auningidula
wilisndusondiuyarmansygio deumouiiddynd “Ussnlashla” Ao “dulnfena
nouwusiaRUamUlvitla”

Tun1aujuR ROE migmwmm‘n"um?iau 11 margin, asset efficiency uag leverage w31z ROE

=g X o v . . ' . 5
FEINNUNAINVUNAIUNNIIATIU valuation e risk 119910 ROE 9310 operating efficiency
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4.3 Corporate Actions LazAUABLLBIYDIYAAT

NSUANIU MI5WYY utuna uwagdnseuiiunuanIaUaeudnuiuiu sadeu Laggiuns

q

a '

fual EPS uan1sildeumhedinaldmisgniianuindunisaingarmiaasugiolaesniudf

wanAnAeusn MIAsuduIumiag 9ana1n nsaBuENSIMAATEERY Stock split LHufeds
vaansdsunihelagyarsaenaliiudeu vased rights issue, buyback %138 issuance 81UREUN

Ruan Sy ddiunnududives uasyarndeiu Judusaeen/Aefiukaznisliiuiamun

43,1 Stock Split

mnviud Ny vu 5101 By gnuaniiulugns m : n

m
n
v A A = A
LLagiﬁlﬂq@anulﬂNWq'ﬂ{]Llla‘llllmaauﬂa
n
*
1 — PO_
m
Vinlwt
_ *
NOPO — Nlpl

19819 4.2. Fawmuiie 1,200 viu 5187 20 UMHOYY USEMUANYIY 3:2

3
Ny = 1,200 = 1.800

9

2
P} =20= ~ 13.3333

w

YaATINBINanenaulasas split ity 24,000 um
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nann1suTudaya

msUszdiusioRuseslisuiuiuuasdoyanetadfeguugmuieaiu mndl split, rights issue,
share buyback %38 dilution #84953931 EPS, BVPS, DPS uagdnuiuugn restate seusuuad
wIalyl

dunsunudaunaimsnTameigudeyalaususadmsu split udvseds uazsun1stiudou

7a4lA restate per-share figures w3ald NMsUSUTGIERIASHINIA growth wag multiple Ralauin

wignsgnees
g J

4.4 uHUNIDUTEUYAAINTIETIY

Wuszdiuyarnsiansyuansadnduaunsegandn leun asset-based valuation, relative valuation

Wag intrinsic valuation [17]

wiaunsznaliladugudsiideadon fieswilsds widu yuussauazdtuvasfianis: asset-based

4

uINAUNSNIansiguyarvinle relative valuation anuineaalisiafuiansiiieuAeaiuagndls

q < U

Wwag intrinsic valuation anudnszuanaUseleviluewansesiugaruvila nisldvaneyuueeg1aiive

HeRTIVANLRFIUTRAUNALGRANIINSIALRaENSLUUNAlN

Equity Valuation: L&an73
f13 economics VB NINTS

s 0 N Y
Asset-based Relative Intrinsic
BV / NAV P/E / P/B / EV/EBITDA DDM / FCFE / Rl
.- A~ J J v J
' K v N * s P Y
wzile ( y N | winnzidle
. wianzile .
- asset value d@1fgy - - forecast economics #
o - U comparable peers o
- balance sheet 3@y ) o vy - cash flow/RI ugusn
- accounting Weule ;
#999: revaluation, ) #379: ke, terminal
#399: growth, risk, cycle
. J

assumptions
J .- )

liabilities
.

JUT 4.2: wsznandnvesnisusaliugannsansuuazteuluivilviuias slansemarsugia

o

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



uni 4: nsUsziliugainsEsu 107

M5N7 4.1: WSBUgULU MU THEUL ARSI T

5 gudoya wnziile Fagianan
P/BV, NAV balance sheet / asset yafin gunsng O annn 14 agviou  intangible
value MUNADAINTT assets WAz earning
power laasu
P/ E, P/ B, EV/ earnings, book value, 9 comparable ﬁrmsﬁ multiple Asviou
EBITDA operating data, peers Tnaru growth, risk ey
accounting #g
DDM dividends payout policy duius 14 e1n wlo Yuwa i
iU cash-generating @onAaBs AU ANEAIN
capacity uay o 91ukudn
L@d NN
FCFE cash flow to equity Foans Jn Quan 7 FesUssana reinvest

Residual Income

book value ag abnor-

mal earnings

anunsaduveaiionu

book value ﬁﬂﬁum‘w
uay clean surplus Tnd

LAE

ment, leverage Wag
terminal value
Tne accounting qual-

ity g forecast ROE

4.5

4.5.1

W B, \Judwvesiievuaiiynudniua

YGH

Asset-Based Valuation

Book Value per Share wag P/BV

N Gudrwwiuandyiiiedes

Bvps = 2
N

Ay e wfeshLie
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R
BVPS

A29819 4.3. UT¥nildurefeviu 50 a1uUm wagiviu 2 a1unu

P/BV =

BVPS = % = 25 vmsiayu

1 comparable valuation 1% P/BV winfiu 1.4 i1

P* =1.4(25) = 35 vwisiaiu

P/BV Alailawdadn “gn” Taednlud® mnfian1sasne ROE ANIsuyuRunuvediiouagewaios
MAIMB1TMIIAAINTY book value BENANMAHA

Tumenduiiu P/BV geenafimewaiile book equity Wugmufifanisanunsaadne ROE wille k, 161
9819858y wwnAndazgniilnduaunisluide fundamental P/BV newds Fsaasues P/BV 1lu 51a1

=) s LY = 14 1 ! Ia U 6 o
Wisufiugrununetyneldanninves ROE Lildsiaseduninduuuned

4.5.2 Net Asset Value

v
a

i A, Hugasszduvesdunsng L* {Jundfuuazaiseiiansin wag N Juswouiu

unileny 4.3

L*

NAV PS = AmL

v

Aa9E19 4.4. Funindnuszliulmifiyan 110 duum nllduwazn1sesan 60 duum waziiviu 6 du
Vu

NAVPS = w — 8.3333 uwsleviu

NAV i Uselewid unn Tu Aanis 7 yadn Gunsne awnse Usedu 1 laense Wy holding company,
property company #38ian1snduningdinaing198e udlufanisiiyarmadnlngiinain human capital,

brand, technology %38 network effects n5l4 NAV ag9figa91aUsediu earing power auAuly
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15911 NAV 71993935480 book value 8anann realisable/market value wagsinn15eMAgIT84

9 ¢

PENABAASDY WU nil MBS AlINeveFuning ednsvesdtendnninddduau mndunswdd

ANNAFDINIUIDI1AUTELIULIYI9NTE NAV ﬁﬂaigﬂiwmulﬂwﬁmLsziul,ﬁmﬁ’u DCF

4.6 Relative Valuation

Relative valuation Usziiuduninglag fisufusiaivesduningvide AansiiflaadnuvasIndiAss s
1Wunsuszidiuwuu conditional on market pricing

Fathu relative valuation lafléuen “yarilwiaidnedaszannnain” uiuenifansgnuszidiu uws
viagnilaifisufugiusimuasngy mnigaamnsugnisagaAuiiugiu uiid multiple siign
Tunguiigienadl absolute value Mninsranle

multiple usagdaunsauesdu DCF ﬁgﬂﬁué'm WzTinansaudIesentaiieves earnings,

book value %50 EBITDA @vioua11uAInwisfe growth, risk, cash conversion wag capital intensity

agn1elu Maflsu multiple JaprsoSursauwaneIes drivers lldiiieameAdsegiuves peer

4.6.1 P/E wag Earnings Yield

dle EPS >0

Py

P/E:EPS

bbeYE

EPS 1
P, PJ/E

E/P =

P/E 848194/in31N expected growth g4 AALEESN A milIas Wieanumanisiisnniiuly

Vaug# P/E f@1alina1n undervaluation w3etaymnugiu

wenndl P/E dalasieigdnsmls mnmlsvesgsia cyclical eglndynasgn P/E 019ganse
denominator getinun@ Tumenduiu P/E envgadlutieilsandmensaviulilaunedeigdng ansld

normalized earnings %@ through-the-cycle earnings ﬁqﬁﬂiﬂwﬂumaqmamnﬁu
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Uszhunfoeszda

P/E ladfienuvsne@auasegaansiaiile EPS finau uag P/E NFWInNAN trailing EPS liiAasgn

Wisuiflsunseiu forward P/E Taglsiszygiuna

4.6.2 n151@an Comparable Firms

N13La9N peer AITNANTAUN

nauAIUIN multiple MIMUUA peer-selection rule antiiie Josiunisidonusenivinlide

asunseiuanusensvesusiiu lnsanieiile universe HUSENIUILLN

+ business model Wa¥gAAINNTTY

. YUIAkATIAIATTIIUSNS

« expected growth

 operating margin Wag capital intensity

+ leverage Wag credit risk

« accounting policy Wag quality of earnings

s currency Lag reporting period

( 7
1. Define Universe
ﬁwuﬂqmm‘mmsm Usena Yu1n tay valuation date
|
2. Select Comparable Firms

business model, growth, margin, leverage, risk

3 Norm:;lize Data
trailing/ forward period,

one-offs, accounting differences

4. Comput'e Multiples
P/E, P/B, EV/EBITDA W5oum33a matching principle
5. Adjust lfor Drivers
88U premium/ discount 911

el DAV icl H N S H'™

6. Implied Vﬁuation Range

19 median/ range 2813 I Wik

uay M399 Wiy intrinsic value

L J

JUT 4.3 nsguiuns relative valuation 7151970 AMMLTEU LAY AUYBIAINTTNDUAMUIMULAL AAY
multiples

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 4: nsUsziliuyadnsEsu 111

4.6.3 EV/EBITDA

Enterprise Value Tuguiiugufe

EV = Market Value of Equity 4+ Debt — Cash

Tag 91U Useiiu 9599719 fas Usu preferred stock, minority interest, lease liabilities, unfunded

obligations e non-operating assets mui’mqﬂismﬁ [17]

Uszlovives EV/EBITDA AotieanAnnuuanAeaIn capital structure Ungaau e EBITDA lalla cash
flow 1512 dslaivin CapEx, NstUasusUasdunumyuion N8 wagdunuRuL USENTfeIaayuvmaLIy
geau1sadl EV/EBITDA ¢usl free cash flow anld 33a3sld multiple H5wuu capital intensity way

cash conversion

INUU

EV

EV/EBITDA = ————
v/ EBITDA

A29819 4.5. yaf1RaIAvuinTU 5,000 auUm il 2,000 GUUM IuaAdILAY 500 SIUUM uay
EBITDA 1,300 &MU

EV = 5,000 4 2,000 — 500 = 6,500

6,500 .

)
Matching Principle %aaé’a@m

a

MiAsuag fdudesed uug g iavsSun fesifvaiu P/E U equity value fiu eamings to

equity @ EV/EBITDA 4U enterprise value iU operating metric AauUNISLUINTELARUAA A

1% dy YN b4
RINURATHODU
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4.7 Dividend Discount Model

v

wanves DDM Aayad 1 viuwiniuyar Jagtuvesiulunaigioviumadiaelau lng discount e

required return on equity k, [17]

DOM lildauuidndamudndusesioiunaenly winnisfesiamiidamusedaliseudelusuinn

wafdeunnyardagiuveinszuaiuaandsaniuue mnueseiiiesudaine yar1ves equity 39

v v

wnfu distributions NgAeulasy Lillinsmeanisinasvedelusimaulagliigunssuatuan

U U q

4.7.1 Finite-Horizon DDM

ey n 9 lesu Dy, ..., D, wasvedaiennil P,

Finite-Horizon DDM

f19814 4.6. AAIRuturaauUTe T INAU 1.50, 1.60 way 1.70 U kagsiaunelansUi 3 winiu
35 vmwn k, = 10%

1,50 N 1.60 N 1.70 + 35
110 1.102 1.103

Vo

Vo =~ 30.26 um

4.7.2 Infinite-Horizon DDM

fnafuRuTuNa e TIg N

> D
Vo: =t
;(1+ke)t
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511 terminal Tu finite-horizon model ladlanely usagviou present value i 11a1 1 989 cash

flows #aI91NTIY

v

o 0 o v a o ' ' . . <, « @ a y A & X
Paau il Uesiuanuilale 1wy Uss i terminal price WWu “Mudsdase” Namnsansdu
Wil valuation laA17ABINTT WNASILA terminal price AasdpnAdpIiUdnIUEAINTTIAL valuation

assumptions &4 LIa1 N

ngufun 4.1

v

a1
_ i Dnij
j=1 (1 + ke)]

wag series giin U finite-horizon DDM Wae infinite-horizon DDM TvieuAg i

J
ﬁg@ﬁ wnu P, adlu finite-horizon equation
o0
— n+J
dlosawiu Dy, ..., D, agld
—~ (1+k,)"
[

4.8 DDM n3id Aty

4.8.1 Constant Dividend Perpetuity

ondeduiunansi D aaealduas k, > 0

v a
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Fogal UYSHANSIE 0.80 UMYN 6 WiBuuAE required return Aiamsathviniu 3

0.80
Vo = 003 = 26.6667 vn

4.8.2 Gordon Growth Model

anuARulunaliulneaai

bhae

awla

Gordon Growth Model

#gay. a0 DDM

Weulnddu

series 1T 1ANAGIULTR
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1+g

1
11k, |©

melgusunilui k.,g>—1 Rouloilv k,>g

AU

v, = D, 1 D
= T =
1+k61—1—+k% kfe—g

frade 4.7. madRdulunalnih Dy = 2 v Wulessezend g = 4% waz k, = 10%

v, = 33.3333 v

~0.10—0.04

Uszhundneszd

v g > k, Gordon model lugtsnasgrulsilfyasdriaiifamnemansugmans dam
HlaimsuAsensunusariBana widesUdu long-run growth assumption #3814 multi-stage
model

Tu steady state A g msidudasfiAansannsanunldlaglifesfivdrmuiinandena
noULML A Fuamuoeeliis1in fadu longrun growth Fesmsrnsafuruafams ame
gaavinssy Buile n1siAulnveslAsugha way reinvestment Ay laiensld growth 92

high-growth 1Ju terminal growth Tagnss

4.9 Sensitivity 999 Gordon Model

7N

awla
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av, D,
= — 0
8ke (ke - 9)2 =
1531
av, D,
= >0
ag (ke - 9)2
5']1J‘1;]j\‘1
2 2D
a VO . 1 > 0

ok (k. —g)?
o D, >0uazk, > g
ﬁﬂﬁuyamaﬂauﬁa required return gl LLazLﬁmﬁmﬁla long-run growth iy W%@Mﬁu’ﬂﬁ nonlinearity
gudle k, — g uava
arhiifimumneda g wae k, uas g Duaiidunalildlaenss wn k, — g mdoiiodld
Ayndesas mnuAaalAdeY 0.5-1.0 Inesazanunsadsugaretsituddny dlimsnenudiu

NAlYLLIINNIANULIUG VD IAILAFIU

annsaiuauhluded@ngdiuain

ok k.—gqg’ g k,—qg’

e e

Famong1iile spread k, — g UAU ANURANAIAYDIANNAFIUILYNVENEIUE valuation

57971 4.2: Sensitivity 984 Gordon value e Dy =2vwm

ANk, | 8% 9% 10% 11%

2% | 3333 2857 2500 22.22
3% | 40.00 3333 2857 2500
4% | 5000 40.00 3333 2857
5% | 66.67 50.00 40.00 33.33
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Valuation Range

dioyadnhasie k., waz g u1n A3 5989°U sensitivity table 38 scenario range w3au

assumptions WNUNIUAAS target value LilE9AATA

4.10 Multi-Stage Dividend Discount Model

Aansdulagainllanansaduladednsnfeinaenll Jauvinmsuszdiuduy explicit forecast wae

stable-growth phase

M3uUITIAITaLTaY economics of transition lilgidenduiulifissifionnudsain wu 93
high growth mi?:uzjmﬁa margin, growth, ROE wae leverage Budnlndsesuiiudsduldluszozen nns
Wasuantaiulngad steady state sgrsdunduiiulueivaihs terminal value 7iliaenndesiusud
gnving

d%3U two-stage DDM auuARutunaiiuls g lu n Yusn uae gg fouwst n + 1 Juduld Tae
ke > ds

D, = Dy(1+ gy)t t=1,...,n

Rulunat n + 1 fAe

Dn+1 = Dn<1 +gS)

terminal value a4 1381 1 AB
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Two-Stage DDM

dags 4.8. 1% Dy, = 1.20 um divla 15% sied 3 T visndwdivla 5% uae k, = 10%

D, =1.38
D, = 1.587
D, = 1.82505

bbae

D, = 1.82505(1.05) = 1.9163025

1.9163025

TV, = —— =
370.10—0.05

= 38.32605

dlofnanRutunaautuag terminal value ndugian 0 azldyamuseanm

Vo =~ 32.73 um

Uszauiifoeseds

Terminal value dnidudndulvg veryansau Fadeansia terminal growth, normalized

profitability, payout Wag required return eg19ILMIA N1TE519 explicit forecast TN

a0 terminal assumptions liauwinHa
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nilslu diagnostic iMITTIBUAD

PV(TV,)
7

Terminal Value Share =

mndndauiigenn nauseliuidafenauufignu steady state snnniseagiBen forecast Svoy
i Qﬂsuﬁumuﬁu sensitivity #19 gg, k,, normalized ROE uag payout WU NS LN A
azLdATDIULIN 9 LNBIDY1aREN

Tu steady state wnld g = bROFE waz ROE > 0agle b = g/ ROE wag payout ratio

= 1—g/ROE vl growth, profitability uag payout gnisAulidenndesiunisadineans

4.11 Fundamental P/E was P/BV

FAEINIaeNNgUg intrinsic valuation lan1eldausfignu Gordon growth

1%

a
LA
EPS,(1—b
P0: Sl( )
k,—g

ale forward fundamental P/E

Fundamental Forward P/E
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agle

Fundamental P/B

Py, ROE,(1-1)

B, k,—g

e

wazily sustainable growth identity

g=bROFE

3 v LR Y ope . . 1 )
LNUIIAUENNUSAY profitability, reinvestment, growth wag risk a9 0UTEUY

¥
=

lounu b = g/ ROE lu fundamental P/8 aglsisuiitasiinmnalddniu

Py, ROE—g
- T4
BO ke -9
meldauufgubeiu duduleevan vin ROE = k, atld P/B ~ 1 uavwin ROE > k,
ag9838u Avnsanunsall premium wile book value I ruduiusiiduazniulig residual income

model lnensa

<

fundamental P/E uaz P/BV 1Uu model identities neldauufignuaniz 1ld threshold ana

o @ A 1

dmTuveninvugnuteuns IeddtyAetisesuneinmelafianis ROE g4 growth g4 wag required

o

return ARYENLINTOUNLMIE multiple FIDE1AUAHA

4.12 Free Cash Flow to Equity

DDM 1 duunafinanisidendne us FCFE Jntuaniiaunseiduvesdiioiundininnissnsasuuay
m3damRunuitdnu (17]

ANnuuana1eilyily FCFE fiusylewiifie dividend policy lalagviou capacity 1w uSEmiliulduan
o 4 & v ' ' < 9 1A ' a i »
IunLNvTeTeuAuuuNITeduna agrslsfiniy FCFE Wl “Ruandiuifuwuuusmanitouly

W312N15UsEUNad CapEx, working capital kag net borrowing AesdenAassnuunuiulnLazlATasng
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Huvu

dwsuAansnaluluguiugiu

unileny 4.4

FCFE = NI + Depreciation — CapEx — AN W C' + Net Borrowing

lne

Net Borrowing = Debt Issued — Debt Repaid

i1 FCF E, 0 FCFE 52109793 yaAviuisviunfe

vE i FCFE,

0 t
— (1+k)
WA reviuAD
E
Vshare — VE)
0 N()

Wednnuiuasivsedinisusu dilution egrsaananes

FCFE Anaulidndusipamneiafanislifiyad erafinainnisamuninlugiaiuls us valuation
fesesueliiRuamuiinanazdisuunssuaduanvindielauarmenansuwnuwitla lumendu

fiu FCFE gsannisguiiuanniaun@limsgniieaudndu operating strength ngliingaa leverage

4.12.1 Constant-Growth FCFE

FCFE, = FCFE;(1+ g)"!

war k, > g
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5 _ FCFE,
0 k —g

e

f18819 4.9. A1 FCFE Yntdviniu 120 aruum wiulessezen 4% way k, = 10%

. 120

= - = 2 =t
% 010 —0.04 ,000 auum

Y

ondlviu 100 duvu
Vghere = 20 vmdevu

4.12.2 DDM fu FCFE aaslsinadanndasiialn

minlusgere1iianis e udunawiniu FCFE wagly growth fu k, Nidenmdesiy DDM way FCFE

valuation 335 converge lUdyarfgniulaevaniasugaans

vn DDM Tiyam1d1nd1 FCFE 11n enaaeviouinfanisineiudurasmniiauaiunsaaialuan us

AUTEIUAIansNNIe7 retained cash gnasuassyarvseazaulagliiussdnsnm

3 reconcile @eismsnmduniwesiuaniililddrelutuna: mngn reinvest Menanauumy
wille k, yareatinn1u growth lueuian usmnazauilu excess cash wisognldlulasinisfina

AOULMIWANTGT cost of equity d@uA195EWINg capacity ffu distribution limasgnliyaandulaednludd

UszhuNfoeszda

FCFE 993an10unsRudeefianuwansdeaInuseninaby ins1ent Suyunyuilsu wagluavu

WeulgaiufanssudiiunuwazdemiulRunasu n13ldans CapEx-NWC Luugnamnssunily

AusuAslnensiea iz

4.13 Residual Income Valuation

Residual income Wouyarnudaydiiu earning power lngdnrlsadiunainiduyutunuveiionuy

Aufeyaidunilagnanlifn book value Full udd forecast Wy excess profitability Tu

auAn FadiUseleviille dividends 5o FCFE Hunau Ul book value kag earnings Ja135ennaLAsugia
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Ingwwifnlaenadadfiunsey residual-income valuation lulssaunssudayuasnsussidiuyad (38,
39]

T B,_, 0u book value of equity fusin uaz F, lurls

RI,=E,—k,B, ,

RI, = (ROE, — k,)B, ,

ol clean-surplus accounting

By =By +E,—D,
wazoulvguinianzay agle

Residual Income Valuation

VO_BO+Z 1+k:

Vy — By = PV(future residual income)

4

6" expected future ROE whiu k, naeauas residual income 1dugud yarnelduuudrassay

Y Y
WU book value
Tiluvanalduasugmansuasnuduiusszning P/B uay ROE: premium wile book value Tuilst
\inan ROE galutlifien uwilinanyad1Uagiures mnuaunsadnen ROE wils k., lusuian vinns

usdurinlef excess ROE fade aai52 premium masanasmiulusae

¥

a1

v a
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ROE >k,
Ay excess return JANGIEU AzLAA premium wile book value

A99819 4.10. auud By = 100 vwsieviu mlsUnth 14 v uae k, = 10%

RI, =14 —0.10(100) = 4 vm

710 residual income 4 vmasnnaoaluludisgiadena

4
1/0:100+m:140m14

fhagratlilinandlassasnavaauudiass Lilevunennuin residual income azmsiilnasanasnld

Uszhundneseda

Residual income model haiaﬂzumwmaa book value Waz accounting adjustments #1ndl
dirty-surplus items, write-offs, share-based compensation 3en1sUuiinduninglufisanud
unneingfiu fesusugruneudiaay

lusuasamsaianufgu fade of excess ROE agntnau wu Wi ROE, — k, ananu
LAUNUNIIAY residual income Lnnaanly WI1E economic rents UNQNNTUTITULAL NS

wWasuwelulagnalviaeas Luudiivarasessuanuliuioudalasaing

4.14 Required Return &g Valuation Consistency

8n31 k, A8 required return vedddeviuiiaenadadiuanudedves equity cash flows Lilwiiiesdngn

&I a =) ! ¢ﬂl A lﬂl £ 4 ! 1%
916]ﬂLUEJN“L!E\hﬂﬁ‘iaﬂ’]‘l/]LaaﬂL‘W’ﬂI%%aﬂ’ﬂﬂﬁiﬂﬂ’maqﬂ

Tu valuation k, vihwihfigesegnendouiu deilu opportunity cost of capital wazidusiasiiou
AMudIvaInTELaRuanigievuiuey Alun1susu k, e “Winandwnesavnua” lngliesue

risk assumptions L‘idJumSéTaumslmasuadt,muﬁ’]aaq

nsuszanas k, 91304 asset-pricing model W CAPM
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k.= R;+ B [E(Ry) — Ry]

WAN1SIRILY CAPM wawn13Useunad beta agnaluszuuazegluuni 8
dmsuun il Useipudn vﬁyﬁa valuation consistency: winasu leverage, currency, inflation

convention %i3eANEENUBIgIAA forecast Amsnsiadan k, nlidiaenadesegwiol liasaa

discount rate LAuAELADANUALAIN

Consistency Principle

1. cash flow 0w nominal #a4 discount $e nominal required return
. cash flow .U real #s discount #ae real required return
. cash flow Tuanadumilsaisld required return denanedfivanatuiiy

2

3

4. FCFE wag dividends 14 cost of equity lala WACC

5. FCFF T4 WACC wazlw enterprise value lalt equity valuelpanss
6

. growth, reinvestment Wag profitability fiasaonAfafunIATYgAIERS

4.15 Valuation under Uncertainty

A

ﬂﬁ‘ﬂixLﬁumuamﬂ/lﬁﬂmmwmmam uncertainty 989 assumptions Ingle sensitivity analysis, scenario

q

analysis %38 probabilistic valuation fMusEAUAUWILIZEL

& S - ° | Y e . . a o a o oA
14 813 1A384 Ho MauU AnN Ae il sensitivity analysis Waeu fuUs 7 ax e g A b,
. . a a D a A Y T .
scenario analysis uJasm‘mmﬂaumgm’hmﬂumwmiwgmmaaﬂﬂamﬂu ae probabilistic valuation
YUANITWANLIIVDY Inputs LlBas1e distribution vedyar nisidenTsasduiusivaunndeya lally

diuAududeueliguaiug

4.15.1 Scenario Analysis

ANNUA scenario s € {Bear, Base, Butl} gl
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lay 6, L“T;Jusqm assumptions U84 scenario U

WNUNILIIBU

V, = 37.50
LﬁENﬂ"WLaEJ’J 193183U
‘/OBear — 28
Ve = 37.5
Ly
VOBUH — 48

WFBUTBYMANAYDS growth, margin, payout way k, Tuudagnsdl

scenario N1A#o4d internal consistency 11 Bear case limsansonv1uws iy margin Lazan
risk premium lag il e 59950 n dnua izl p, WWusag scenario awnsa Awim
>, pSVO(S) \Uu probability-weighted value ¢ usiniss1eeu distribution/range Aue fiusiteldly

expected value LiigaALAgIoU tail outcomes

4.15.2 Margin of Safety

P A a Y o Tr a . ~
fyaenfivssdulaviiu V) wazsinimain Py aunsailenw valuation gap wuuwiladu

—

o Vo= P
VO

WA NS AMUA LA margin of safety liasidulavaei sy msduiusiu uncertainty 909

business model, forecast horizon, leverage, cyclicality tag model risk

AIUU margin of safety AITUINTULDYIYAAININ terminal value share a9 qUNTRUTAIY
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Bear Base Bull

growth/margin 61 central forecast growth/margin 4%u
k:e qﬁu normalized economics risk aﬂada'&mﬁmawa
payout/ROE Qﬂﬂﬂﬁu assumptions ¥&n ROE/payout ufauss

Valuation Distribution / Range
Bear Base Bull
VO - VO - VO

Y

Decision Use

margin of safety, position sizing, key
risks Wag trigger 1 ABINUNIU valuation

L J

JUN 4.4: Scenario valuation lUAgUVANgANNAFIUBE19ABAARBINUINDUARIYIYAATLALANUFEI VRS
nsindula

¥
a = o a

lsiutueou leverage g visegInaTuivaunfigiuszerlng waymstosadiile cash flows dunnlidn
auuAguianuatios wazindngiudassvae3glinalnanu vl margin of safety lduwnu position

sizing #3® portfolio risk control

4.16 Valuation Reconciliation

dleldvaneas hjmm,a?is%awiwm DDM, FCFE, residual income uag multiples lnganlud@ Aaum1g
seninisiludeyaaitady

Fregnagu wn DDM sndn FCFE ann Timsa payout policy; wn residual income gendn DDM
110 1n993 persistence U89 ROE Wway book-value quality; 1 relative valuation T;j\‘lﬂ’j’] intrinsic
valuation 1nn Wnsaadnin peer group ﬁwﬁagﬂé’ﬁy’aﬁﬂmuu growth/risk assumptions ﬁqqﬂ'jwmmafg
w3l N3 recondile Fadunszuiumsdum auuAgruiiviliuuusiasssneiu neudnauiioylmi

wiIn3sla
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AN5197 4.3: AenUd@InSU Valuation Reconciliation

ﬂiglﬁu ANDNUNSIAEU

Cash flow dividends aviau FCFE visoll

Growth growth 911 forecast @AARBINU reinvestment way ROE v ld
Discount rate WISl k, fiaenndeartu risk wag currency wielsl

Terminal assumptions long-run growth Wag profitability aumamaw%ahj

Accounting EPS, book value W&y EBITDA g0 normalize ely

Capital structure leverage 714U peer wax forecast IndiAeatunioll

Share count dilution, options wag buybacks gnazvieunselyl

Date alignment price, statements Wa forecasts 8¢ o valuation date tfignfiumnselyl

Valuation Reconciliation

ANNUANANgsErInuU Saes i AN dosmdnse msaeviud wiJudygraulidounsia

cash flow, growth, risk, accounting iLag terminal assumptions

4.17  9u3gveeyWeu: 2 Financial Ratios §n13AnLaanuany

¢
LAEUN

Kesamoon wag Witayakiattilerd Anwinisdnidenviunigldinaeinmenistuvaneifwazauiinig lng

14 Fuzzy Analytical Hierarchy Process flutayadoundsvaiulu SET50 [28]

UseiiuiiBeutuuniiae n1sld P/E, P/BV, ROA, ROE 38 ratio LieeiiAenanunsalst ranking 14n

AU INSIZWEAY ratio HasNanNITAuALLR

TuBsUfUR ratio-based screening aunsaviminiilu upstream filter Liiafin candidate universe

Aauvih valuation 134dn waldasuuas score vanenuaildu target price laemss e score Wunis

Y v v a o o ¢ =

OUNUTIEUINS YUzl valuation Fesdigiunszuaiuanuas required return AinTumheRulA
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31NULgn1sUszend: uniSeuan Multi-Criteria Stock Selection

nsAndeniukazmMIUssliugadiliasgniiiiivindulaense

» valuation a1 aeldauuAguiiianisiiyadiile

'3

PEUTUR DU DU ULANBUANDNALRL TEAU

« screening/ranking 21131 Aelagainauaidunindladnadnuasiauni

« portfolio construction 87131 msIaUMInAUNINesmiusg1elsnela risk constraints

4.18 Data Lineage uazdafananafinuiag

#1397 6.4: Checklist @113 Valuation Data Lineage

Yudaya faatuiin A79E19AURANAA
Price/share count valuation date, adjusted/unad- 14 511 U0 fiv Sruau viu auae

justed price, diluted shares

Earnings trailing/forward/normalized EPS
Dividends DPS, special dividend, payout
policy
Book value common equity, revaluation, in-

tangible adjustments

Debt/cash debt definition, leases, excess
cash

Forecast revenue, margin, reinvestment,
leverage

Discount rate risk-free, beta, premium, cur-
rency

Terminal value growth, ROE, payout, steady-

state margin

q

9
Tiils one-off uguszazen

v special dividend 1Ju recurring

19 total equity i i preferred
claims lagliusu

EV definition lainss peer

growth a4 usi 13l 5045U ¢ rein-
vestment

1% nominal cash flow iU real rate

terminal growth gan3naanduly

laszezenn

Y a a o Py
JaRanarninulavsy tawn

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS




unil 4: MsUsziliugainsEsu 130

flousen1stoianaIn AISLEN data date 88N3N information date wWu sulasinadugaiun 30

fgweuenameunsluiioudanan mnyh historical valuation w38 backtest fipdliiunvoyaUnixgasa

v
a 7 a

fagtuaziin look-ahead bias uonandldoaAunia originally reported wag restated data Wiansudly

Foundsiinasiedgamus a nantuy

Y 9

—_

double counting Rutlunanu adjusted price

14 trailing multiple Wiguiu forward multiple Tnglidusu

14 £ps ARnaulu P/E

14 FCFE usl discount ¢e WACC

. 19 enterprise multiple udmvaady equity valuelpglsivin net debt
. 14 terminal growth Indwseasni k,

. 14 ROE Qﬂ‘u terminal period lnglins1a competitive convergence

. U84 share split #39 stock dividend Lflumsa%ﬁq;ﬂam,%qﬂa

O O N N RN

. Tyarngafenlagliuans sensitivity

4.19 Investment Lab: Equity Valuation Engine

Investment Lab: #319uuuanaas DDM / FCFE / Relative Valuation

d2ufi A: Data Sheet

1. L @9NUSENAANZLTUUNTILAT

'
:4

2. Uudin valuation date, price, diluted shares, EPS, DPS, BVPS, debt, cash LLaxéijE];JUa
Judu
3. 984 source, period kg accounting convention ¥8n input
dudl B: Valuation
1. fwid P/E, P/BV uag EV/EBITDA
2. \den peer 88 1URY 4 USENNTOUMAHA
3. @319 Gordon DDM MNauuAgIuLvseay
4. @374 two-stage DDM %39 FCFE model
5. @513 sensitivity grid 904 k, 4ae g
dufl C: Reconciliation

1. Wiguiiguyamanusiag s
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2. STUANMATDIAULANAN
3. @519 Bear/Base/Bull scenarios

4. 37897U valuation range WLag key risks

Investment Lab: Python: Valuation Functions

afnilenduegatoy
« gordon_value(dl, ke, g)
« finite_ddm(dividends, terminal price, ke)
« two_stage_ddm(d0, gh, n, gs, ke)
« fcfe_value(fcfel, ke, g)
« sensitivity_grid(...)
n3ou unit tests v819UBY 5 NIl tnedalinisnadeunsdl g > k, W function Ufias input

P3O DRANAINDE T ALY

nadsNaUTLAIYas Equity Valuation Engine

wuudnaesnnsevldaisiieg1atios Input sheet vy source/as-of date, Assumption
sheet 7luein base/bear/bull, Calculation sheet #ili hard-code auwfgiugi, Output
dashboard 71u@n9 valuation range Wa¥ terminal-value share, uay Audit checks

12 k:e > ¢, numerator-denominator matching, share-count consistency Wag

reconciliation S¥%31935
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420 n1staan3suseiiulimnNzAURANIg

AN 4.5 LuImnadenuuuaesUsEliiuygarn a1y

AnwaenaNg FWitaasasan LAANE

Hunaashiaueuarassiou FCFE  DDM cash distribution &aneuay fore-
cast 1o

Hunasiug cash generation uls  FCFE wen payout policy 89nN31N capac-

W39 ity

Funndfiyar1naing19dedn NAV / P/BV asset value HlanseidaAsugiage

i1 peers IR Relative valuation 14 market-implied pricing ¥®4

comparable firms

book value fAan WKaz ROE  Residual income Wou book value U excess
forecast @1Agy profitability
Aansiulngeneuwng steady  Multi-stage model wen high-growth Way terminal
state phase

mseliasgnléilu starting point lildngaess Avnsiferenaseddivansds wu suimsensld P/Bv
waw residual income LuuNU vauzNUSEnanamnssuiill CapEx gae19ld FCFE/DCF sauriu EV multiple
Wil cross-check N15188NT8AI9MIU economics wazAmNNTaya lallinugnsiilyl target price Uaula

o
&R

unaguvingun

uniiimnisUsyugannsasyuanrannsiuguiyarlumuszananiglideyauasauufigiu

ldldsmnannndanalalaenss

WWINNY asset-based 14 BVPS way NAV e ua9g uduning vaiz ¥l relative valuation 1 P/E,
P/BV uay EV/EBITDA 1ag6iog$nu1Au sy LAL989 peer Waz matching 5¥1319 numerator Ay

denominator
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Intrinsic valuation TyamUagiuvesnszuaiuan DOM wngilleiulunaazviouanuainining
Rudn FCFE ugn cash-generating capacity 80n41n dividend policy @ residual income 1Wes book

value AunanoULVUEIUAUMLD cost of equity

Gordon model uansegadnluinganlise k, —g uagsieall k, > g vaie?l multi-stage valuation

wentIAulageeanan steady state LieanAuliaumaraveansly srowth Wenaenaly

N5 Useiduyam 1A 39 Ao9vannnd NS unuges fesdl data lineage, accounting consistency,

sensitivity analysis, scenario analysis wa¢ valuation reconciliation eugaAlUldUszneunsindu

« Dividend payout ratio
 Retention ratio

« ROE

« Sustainable growth

« BVPS

« NAV

- P/E

- P/BV

« Earnings yield

» Enterprise Value

Toaanu
o o ¢ o0
ANANNEN ﬂq]l
 Market price - EV/EBITDA
« Intrinsic value « Dividend Discount Model
« EPS Gordon Growth Model
« DPS Terminal value

Two-stage DDM

FCFE

Residual income
Clean-surplus accounting
Cost of equity

Sensitivity analysis
Scenario analysis

Margin of safety

Valuation reconciliation

=R -7 v
LUUNNAANIEUN

1. ¥s¥nil EPS = 6 uvwm DPS = 2.40 v uag31a19u 48 U 3391 payout ratio, retention

ratio Waz dividend yield
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2. 01b = 0.55 uag ROE = 16% 29 sustainable growth wageaiusietaininuesminay
3. Usnildiuvestieviuandsy 12,000 a1uum wag diluted shares 600 S1UYW 2417 BVPS
4. §fuileedl 1.8 wiwes book value 9nderiau smsIA7 implied
5. ﬁuﬁiwm 75 U EPS trailing 5 U wag forward EPS 6.25 U 999 trailing fiu forward P/E
uazeSUIBImANaTTLadUF Y
6. USHNH market capitalization 18,000 &1UuU il 7,000 81U SUdaaIuiuL 2,000 a1UUIN
wag EBITDA 3,000 81Uu 2991 EV wag EV/EBITDA
7. fumainazdietusa 2, 2.20 wag 2.40 Uviluani® uazievanei 37 2 ummn k, = 11%
M1 finite-horizon DDM value
8. ‘Wijﬁ]ﬂ Gordon Growth Model 310 geometric series
9. Wi Dy = 2.50 um k, = 9% uaz g = 4% wnyaruag derivatives sie k, fiu g
10. @14 sensitivity table ¥8 Gordon value iie k, aglutas 8%-12% uaz g ogluting 2%-6%
1. Uidndeduiiunaangn 1.50 um wiuln 18% 4 U andhuiuln 5% wazdl k, = 10% asad
two-stage DDM
12. ‘Wgﬁ]ﬂ fundamental forward P/E 970 Gordon model
13. 61 ROE = 18%, b = 40% waz k, = 11% 2am g uaz fundamental P/BV aels
Gordon assumptions
14. vsendl N1 = 500, depreciation 120, CapEx 200, ANW C = 50 waz net borrowing
30 auuv 990 FCFE
15. FCFE Unth 300 duum iuln 4% uae k, = 10% anidiviu 150 duviu 2smyadiseny
16. ¥UBNIEIT DDM waz FCFE TiyaAuanA e iuLIn Lazlauesenns assumptions fifens9
17. Us¥nil B, = 80 vwsteviu am ROE Unih 15% uag k, = 10% 23 residual income U
N
18. 85U clean-surplus condition warendegnisenisfienariilvidessu book value
19. %19 Bear/Base/Bull valuation dwiufanisuilauislagrimun assumptions ag1silmgsa
20. 9%U10 Yo fnwanmegnatios 5 Uszan sl valuation model g wsiugn ust lsl aonndes ms
\ATUgANAnNS
ANDNNYIUAR
1. wlaviuiisl P/E silanlugnanunssudeenslaliuiigniiae
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afIn1sludreiuliunaiay DOM §allanuvanevnanguivisel
winla terminal value Fainiduuneas model risk Niddgyfignuas DCF valuation

61 ROE geni k, maiumlsbiunnduadsannasensely

bR kN

AITIN8NU target price WuAwilan3e valuation range LLaSLWS’meﬂﬂ

Y a v o
LBNEN19919DINYUNT 4
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UNN 5  ANAANEASASIEISUULATAULEYD AT

InguszaeAnITteui

loauund He1UATANTH
1. usnesiusznouvens1asuil thun yarAin 1y yarnldaeu sangues eufinisdne
Aues Juasuiwug wasdnsmansuumuilliAnan
2. Uszidiusmanansldfiaveskazasiansiavesnnnanyar Uagdu lnedngunaiuas
anudnmsnuiuliaenadesi
3. Wgaw uag And1u A dus semdng coupon rate, yield Wag@nug premium-par-
discount
4. 7 Yield to Maturity (YTM) 9naunissauazesuiededninves YTM Tugiusunsinua
ABULNU
5. @379 discount factors wag spot rates A8 bootstrap wag@AIwIal forward rates 310
Gouly no-arbitrage
6. AyaAaudyd N13Fnd1e premium/discount waguen clean price, dirty price fiu
accrued interest
7. A Macaulay duration, modified duration, convexity, DVO1/BPV wazlduszana
M3nsUAsuLUasTIAN yield shock
8. 98U"Y key-rate duration kagled11nvBY parallel-shift assumption
9. @319 immunized portfolio nne et douly present-value matching Wag duration
matching WiaNEBUNBUNUIMVBY convexity
10. wyn interest-rate risk 88NN credit, liquidity, reinvestment Lag embedded-option
risk
11. L%'au zero-coupon curve Uag forward-rate representation ﬁULLUUﬁWamﬁmmamﬁa

CRGIGIGAE

¥
v

12. @519uuudnaeinsa1snilaig Excel %39 Python AinTiadeudounaulsauagzdl unit checks

UBI71A1 yield duration Uay convexity
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51 unid: asnamilAeyanssuatuaanilaseainanad

asasnilidudnsSen Seamudgyafdmunnseuaduanlueuian famuisauisavesnsiasniilu
YAas cash flows MNT¥a18RgNNIaT WAl discount factors MwsnzauklanITEUARUARWATIUNGY
wnduyaditagiu

LNUARNUDIUNAD

\ Bond Price = Present Value of Contractual Cash Flows

1
N o

A o o va a a = a =~ o & a Y
Lllaaﬁi']%s[fﬂﬂﬂaﬂLUaﬁJu 51A1LUAYUAN UAAANULALIDATINDNLUY VULLABINU ATIAITNUEL
a a ' | A o v o . & . a o
AULAYIAINLATIAG FNINARD NIINUAD LLaSLﬂauimLLBJGSLu gUeY1 PNUU duration %38 yleld LWEIRT

werldanusaaSuneanudsswianuale [18]

%‘aﬁmuﬂé’gyggq Cash-Flow Timeline Discount Curve Bond Price
coupon / principal CFy,...,CFy yield / spot rates P
L
Interest-Rate Risk Portfolio Decision
duration / convexity hedge / immunize

JUN 5.1: ndeimusludyaludsan anubesnsnendes wazn1susmsnese

Uszuiaaesede

A3 “onsmenidis”, “coupon rate”, “yield”, “YTM”, “spot rate” wag “forward rate” laflden

ey wiiinuaiinhedudnsronan nsrwnseszygiuna Aun1snusiu day-count

convention Ka¥NIELARUEANIRSIHUITANUATIAELD
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undl 5: atladEnsAsIEsHtLazANEednTInanle

o

P399 5.1: dydnwal

¢
tu

panflgluun

139

Aeyanwal AUNNNY UL
F Yarfng1l (face/par value) guAnagUadlunsaiinly
Y p o9 Y
M yari1ldney (redemption value) anaimielsiviniu F
c nominal coupon rate Aol faaswy frequency
m uuAsInTegUawiet wWum = 2 dwmiuased
K Alawenileng el K = c¢F/m
T o1gaundeluniied uduawtla
N Hruuneguasivie duludnnudy il N = mT
y(m) nominal YTM ¢sio¥ viudu m A3 periodic yield 7 = (™) /m
i yield sianilsainauas 19U cash flows Mviariuniiann
v discount factor 111443 v=(1414)""!
P 511951813 2 TuUTEE fiodsey clean vise dirty senineiuguas

_>w
A_>N
_>N

53 saesaEsulianyadilagiy

K+ M
Ales + lanou
K
T ! > 999
5 6

E‘Uﬁ 5.2: WHUNIN ﬂi%LLE‘1lﬁuﬁﬂ“ﬂaﬂfﬂi’]ﬂ’]i@ﬂ@\m’miiﬂu

53.1  vanyafrUagdunaly

Winsansienseuaduan C'Fy, o van ¢y, waeli d(0, ¢, ) wu discount factor 910 ¢, nadughaan 0
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nann1sUsEiusIAINS1E15Hl

aunstdundninlufignueaun gns YTM, spot-rate pricing waznns bootstrap dudunsdivionts

Uszandvasaunisiieany

53.2  aseshiigues

Unideny 5.1

3115 liflUas (zero-coupon bond) Seiesgarldneu M a a1 T’ fhensuanauwnui
Wunasedindu y

M
(I+y)*

Aa9E19 5.1. asasliinuesdiyadildneu 100,000 um 01y 5 U uag yield 10% siel
P = 100,000(1.10)~5 ~ 62,092.13 vn

533  asssiaves

i1 yield slenilaninauaainiu ¢ uazmde N vn

N
K M
P = — + :
; (I+9)F (149N

P:Kami—kMUN
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1ng

ay; = ——— v=(1+4)"1

0 M = F uavdeglotlazass K = cF

P:cFami—i-FvN

A79819 5.2. aansyarfasbiwavyanlaneu 100,000 um dasiaues 10% e1gasnde 10 U YTM

8% uwavdtuaveslarns

P = 10,000 agg)g og + 100,000(1.08)~1°
P ~ 113,420.16 vm
5.3.4 ﬂfnuﬁlmsai'laqﬂamazgﬂu yield

mndeavedlag m a3

wardn YTM taueidu nominal rate (™)
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Bond Pricing with 1 Coupon Payments per Year

pP—=

U cF/m M
_l’_

NI effective annual yield /4 W01 periodic yield GRIEERRNGE

i=(1+y)m—1

1l 3./ m Taevialy

5.4  Premium, Par a2 Discount

fiun modified coupon rate Aenisnadlafisutiuyalaneuiy

K
9= M
N
P = Kag; + MvN
bhae
11—V = ay);
azlel

Base-Amount Formula

P — M = M(g—i)ay,

P =M+ M(g—t)ay
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= = A
BALUUNUIAD

Makeham Form

nowun 5.1

awua M > 0,7 >0 LLaz@anmﬁ Lan
g>i<—=P>M
g=i1<<=P=M
oy

g<i<=P<M

J
Aigayd. 2N
P—M=M(g i)y,
LAZLNE
M >0 ey any; > 0
wiomeves P — M Fwsefuiaiomsngtes g — i []

lunsetl F = M uag coupon frequency fiu yield convention @enmassii ausailiesuiiisy

coupon rate fiu YTM lalagnss

" Y
A '

aansndevieganimisiilauvadn “unafuly” warasasianimsidlauwdadn “gn”

a01uy premium 938 discount Wunalnfvinli present value vo9nsEua Rudndonndos iU
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yield inaanvun

5.5 Yield to Maturity

UNiey 5.2

Yield to Maturity fie periodic rate % Fiilo present value ¥4 contractual cash flows t1AU

INAIRNINET

. X K M
f(Z)zk;(Hi)kJr(Hi)N—P:o

(&

YTM Fau IRR vesganssuaiuanniald convention fifmun [62]

NOEUN 5.2

o CFp, > 0 ynonuag i > —1

N
P(i)=> CF,(1+i)*
k=1

) & o ' ! o
Wuientuanasos1nIansn e

N
P'(i)==Y kCF,(1+i)*1<0
k=1

At vnsiafinvuneglutavesileidusin 51 YTM diendnwel

|

Bisection @1%5U YTM

1 @enip waz iy W f(i)f(iy) <O

2. Mmum . ,
;T
M 2

3. \H9NAIYNTIATINITIN
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4. yngnau residual ¥30ANUNINYIAINIT tolerance NANAUA
Bisection i convergence Anumuuazimngidu reference implementation @ sunsaanaan

spreadsheet %30 library A

Uszunaaeszd

YTM 13l realized return #15UUseiU wInVIBABUATUAIMUA 1N reinvest coupons FEBATIY

A19910 YTM %509%1A cash flows 1UaBWLNT1 default %139 embedded option NARBULNIUAI

o w

9719619910 YTM ag1edldudAey

5.6 91A1Lag Yield: Monotonicity was Convexity

AnSunTTLaRUEAUIN

P'(i) <0

bbEY®

P'(i) =Y k(k+1)CF(1+i)*2>0

N
k=1

AU price-yield relationship 81 plain-vanilla bond # cash flows AsMilaNwLzanAdLaTYU
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Price
A

VRG]

duration approximation

> Yield

U7 5.3 WdusIA-yield fdnvazanaiwaryy vaedl duration Wuenuduanizi

5.7 Spot Rate, Discount Factor was Bootstrap

YTM T 8nsthgduniunselatiuannaisna win13nImuAsIAILUY no-arbitrage 19 discount factor

laWIZUAaE maturity

Unieny 5.3

9% s, 18U spot rate wuy effective annual dwmsueny ¢ Y

1

dt — d(O,t) — (]_—I——St)t

bbel&

P=) CFd,
t

5.7.1 Bootstrap

AURA zero-coupon 21g 1 U1 spot rate 3%

1
d, = 103~ 0.9708738
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NTuEngans 2 U yaeildaou 1,000 U gues 40 umsisl wagsiA 1,000 um

Y

1000 = 40d, + 1040d,

1000 — 40d,

= ~ 0.9241972
d, 1040 0.924197

sy =dy? — 1~ 4.0202%

nan bootstrap velagly discount factors M laud9n present value 909 cash flows AUNIg

paNNauLA discount factor ¥4 maturity fald

UsLauiinaesed
13 bootstrap Tumain aSedpaAilafa instrument conventions, settlement, day count,

coupon dates, interpolation waz market quotes NwANAIAY N151ERIDES annual cash flow

WUUBEUNeIingUsEasAliiowaningsnevendinmans

5.8 Forward Rate wa¥ Term Structure

W fo. WU effective annual forward rate dmsutae m s n
)

unileny 5.4

mela no-arbitrage

M +s,)" =1 +8,)" A+ fran)"™™
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(1+s,)" }1/ )

1+ = (T

311 s; = 3% waz sy ~ 4.0202%

2
£, = L5

= — 1~ 5.0505%
’ I+ s

Wield continuous compounding e instantaneous forward rate

Continuous Forward-Rate Representation

yield curve @1afldnuae upward, flat, inverted %138 humped wisUnsaLiedae1afied il

AweINIaliAsEgRa kLo InsIzasyiou expected future rates, term premium, liquidity,

supply-demand waztaduianidusiuiu

59  daAImuUnazn15@nae Premium/Discount

¥
ad

auuAze bond 157101 By = P uasly effective yield soniisain i n1elé3s effective interest

aandenenmndansvesnn k Ao

Iy, = 1By

v

favssilasuvindu K

Y
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Book-Value Recursion

&1 bond u premium bond 2zll K > I, ludanusnlaevluwas book value anim
redemption value @ discount bond 9zdl I, > K lagvinluuas book valueliiud1m redemption

value

NoBUN 5.3

N yield ¢ Wag contractual cash flows A3l Book value asdngaUasninfl k Wiy present

value fd 1I@1HUVBY remaining cash flows

Bk‘ — Kamh + MUN_k

J

Agod. Buan

By 1 = Kay g3, + MoV
14 identity
(I +d)agp; =1+ az=g;
ld
Bk)—l(l + Z) — K — Ka/mh + M'UN_k = Bk

]

510  51A1A5IE1598NI99UINegUes

o settlement date 985119 coupon dates Aauen dirty price i clean price
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Unieny 5.5

¥

Dirty price 3® full price A® present value U84 cash flows ﬁﬂ%aﬁﬁw%lﬁ%’uaﬁﬂ settlement
date tHuduly

Accrued interest fiodiuguasiiazananniudieguasanani settlement date A day-count
convention

Clean price #®

P, Al

clean — Pdirty -

neld simple fraction approximation 61 o udmaiuves coupon period NauUlULA?
Al ~ aK
WnaLMaeis coupon falUiniu 1 — « 998 uae periodic yield Wiv 4

N CF;
_ § : J
Pdirty - / (1 4 i)j_a

J=1

Tusuasededld settlement rule wag day-count convention ¥esna1Atu liAISUNU o AI8FIUIY

Jumsuiulunewuuladlileglinseuasgu

f9819 5.3. @uui coupon AeAIIUWwiNY 3 um wazuull 40% w83 coupon period

Al =0.40(3) = 1.20 um

01 dirty price Winfiu 102.75 U

P

clean

=102.75 — 1.20 = 101.55 v

5.11  Macaulay Duration

Macaulay duration TaAadsalsiminveanaflasu present value v8s cash flows
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W ¢, Wunalunbied PV, Ju present value ves cash flow fivian ¢, wae

P=>"PV,
k

untieny 5.6

ANVUA
PV,
W, = ——~
=P
awle
wy, >0 uay E wy, =1
K
SR

DMaC = Z wktk
k

a0y weighted-average time 984 cash flows Tunigd

#1%3U zero-coupon bond finsuiiuua T’

DMac:T

#1130 coupon bond % cash flow @unilalasuneu maturity azd

DMac<T

diegvaanduuin
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5.12 Modified Duration a2 Price Sensitivity

Tunsdl yield y(m) waueLu nominal annual yield nugiu m ﬂ%zx‘i

UNUeu 5.7

DMac
mod 1 + y /m

wazdmsu yield shift Lan

First-Order Price Approximation

Aym

mod

anstld Ay(™ Tumihe decimal wu 25 bp ity

0.0025
f0819 5.4. 01
D, , =68
ey yield i 50 bp
Ay = 0.005

awla

AP
—5 ~ —6.8(0.005) = ~0.034 = ~3.4%

151A15UAY 105 U sienUseanadlulie

105(1 — 0.034) = 101.43 uw

v a
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Uszhundneszda

Modified duration 1Uu local linear approximation 3311z yield change YUIALENILATANLRA

71 cash flows liiUBsuny yield wn bond & call, put %38 prepayment behavior Amu&uRLLS

#919AaNALAABIUNNN

5.13 Convexity

Y]

Duration T¥euius dudunils @ convexity ldayiusduduasiiioasviounulAsves price-yield

relation

fN%UA convexity #® nominal yield y(m) Hu

e 1 O0°P
- Poym)?
d13U cash flows ﬁLﬁmﬁmmqﬂm k=1,..,N

e =
m2P

1 i k(k+1)CF,
= (14 ym m)"

Weld Taylor approximation susiuaes

Duration-Convexity Approximation

&3 plain-vanilla option-free bond # cash flows As#i convexity Luun Fevinldsmantiosnin
iy duration tangent A1ALD yield LY wazs1ALNNLINAIIN linear approximation AALLS yield an

Tusgausualnanu

5.14 DVO1 %58 BPV

DVO1 Fanisiasuilasessialneuszanande yield wWasunils basis point
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1 bp = 0.0001

971 duration approximation

Unieny 5.8

DV01 ~ PD,_,(0.0001)

Taeily DVO1 seuduiruuiuuinunuauinnmsasuudas mn yield W 1 bp s1A19zan

Uszuad DVOL wagnn yield an 1 bp senaesiindszana DVO1 neld first-order approximation

f18819 5.5. 151AMAU 10 a1uumwar modified duration winfiu 4.5

DV01 ~ 10,000,000(4.5)(0.0001) = 4,500 um

5.15 Key-Rate Duration LLasmiLﬂﬁlﬂug‘dwm Yield Curve

single duration auuAlagiei1N1sUGeY yield MAgteaninsaasume parallel shift niladn us yield

curve 939919 steepen, flatten, twist y3aLUABuLaNITUNe tenor

i 2; 1Hu yield/spot rate i key maturity J way Azj WHu bump YUIALAN

Unieny 5.9

Key-rate duration 71 tenor j anunsauszunaeie central difference

P(z; + Az;) — P(z; — Az;)
2P)Az;

KRDj ~—

1o bump rate 8uAN interpolation rule AiMUUAAILAL

MNHuUNSUABULUaITIASUAUNTISAIN nonparallel curve shock Useanalase

AP
— ~— ) KRD;Az
J
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Uszhundoeszda

Key-rate duration Juffu3s bump wag interpolation ¥84 yield curve slafldfiaafidudasy

910 curve construction methodology

5.16 Immunization

%én immunization 14lAs3a519w89 present value wag duration LeanaulIves surplus sewing

auninduazniseynituieonisivdeundasdnsnenie (62, 18]

v

1% A Ju present value vosduniwiuay L 1u present value voandiau

Weauly first-order wuuiugIUAe

A=1L
uay
ngufun 5.4
eld small parallel yield shift Ay wn

A=1L
e
uén first-order change 984 surplus

S=A-1L
fiendugudlaeuszune
J
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ﬁgﬁ?‘lf. 14 duration approximation

AA~ —AD Ay
GE

AL~ —LD; Ay
srarhy

AS =AA—- AL
oN]

AS ~—(AD,— LD;)Ay

o A=Luaz D, =D,

AD, = LD,

A
Lo
pmd)}

AS ~0

5.16.1  @esduninddmiuniseyniunileiou

Tiduniwg 1 uaw 2 § durations D way Dy laefesn1s duration wWhve D

AUALINLN
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bbEYE

wy Dy +wyDy = Dy,

agla
w _DZ_DL
! D2_Dl

LLay
w :DL_Dl
2" D,— D,

§1%183M13 long-only solution Agfesl Dy egsening Dy uaz Dy

5.16.2 Convexity Condition

v
s ] v I~

Wedunsnduwasnilaudl value wag duration match fu WaulvaSuninAsanisa

>0,

WeliA asset value il second-order response lispaniwiiduniela small parallel shifts

Uszhundneszda

Immunization laildn1sindnauideseensa1s Duration lWagumuan yield curve wag cash

flows 39A83 rebalance way §IABIUTINT curve risk, credit spread risk, liquidity risk tag

optionality Len@9AIN
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5.17 AIULAYIVRINTIFITUUN Duration 13Jﬂi§J‘Uﬂ?qI3J
57 5.2: ﬁammL?%&Jqﬁﬁzysummwmwﬁ
AULED S naln WINSIR/MuIeTitneates
Interest-rate risk risk-free/benchmark curve L‘Uﬁla‘u duration, convexity, KRD, DV01
Curve risk tenor Asfumasuliivintuy KRD, scenario shocks
Credit-spread risk spread “Uaaﬂaamﬁm/am spread duration, CSO1, credit

Default risk

Liquidity risk

Reinvestment risk

Embedded-option risk

Inflation risk

Hoanlidremudayan

¥

A A %
FOUYHINNID spread NI

coupon gnadvusiaiians1lvl
call/put/prepayment Lagu cash
flows

purchasing power ag

analysis

PD, LGD, recovery, rating transi-
tion

bid-ask, market depth, liquidity
premium

horizon return / immunization
effective duration, OAS, scenario
models

real yield, inflation-linked instru-

ments

Interest Rate

Credit

Reinvestment

Yield Curve

Liquidity

Embedded Option

JUN 5.4: anansviliienandsvaneiiidediedldinasinunnimilaszny
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5.18  #¥w1uge1uIY: Zero-Coupon Curve Wag Stochastic Rates

1UYeY Witayakiattilerd wazamzAnwinsivunsninsasvmiinaznisulasaninsasdutuanniy
van lnewSsuflsuwuudnaesdnsinenide Vasicek, CIR uag Hull-White Tudayanainnsianswitlng
[70]

mnmu%ﬁ'ﬂﬁﬂﬁﬂixﬁgﬂﬁ: 970 Discount Curve g Stochastic Interest Rates

ANAAENSIUUNTYaUAUINUAINAINIUAUFUNUS

T
P(t,T) = exp —/ f(t,s) ds

o forward curve f(t, s) nanardusuusdu s1an zero-coupon bond Fuiduileriduvedu
gnsmenleiuasuniunan
WUUI1@89 Vasicek, CIR way Hull-White 1ulaseas19anadnli short rate %38 term structure

wividn present-value/no-arbitrage fldluunildnadusinguvesnisimuasian
(& J

v

Han1sAnw@Uszdndvesuuudtaemialy sample period limsgninnuduuudiaetuifan
TunnAaIn 3o NN 46381 NM3IEEN interest-rate model faeiaTAU TngUseasA calibration target,

instrument set ILag out-of-sample validation

5.19 Data Lineage a2 Pricing Convention

M3AInmsINsUillse convention 11NNIINNIRGATIIESRENAEY
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15199 5.3: Checklist dmiutoyauag convention ¥eIns1a15Ml

§1815 9332y auRawanadinulasy
Settlement trade date, settlement date 14 maturity fraction &
Coupon rate, frequency, coupon dates 4 annual rate Ju periodic
coupon
Yield nominal/effective/continuous 113 effective yield e frequency
Tnems
Day count ACT/365, ACT/360, 30/360 %38 accrued interest i\
convention du
Price clean/dirty Wisy market clean price fiu
model dirty price
Redemption par #38 redemption premium duud M = F laglinga
Curve source, interpolation,  bootstrap/integration basis lainss
compounding i
Credit risk-free, government, corporate 14 government curve U risky
spread cash flow lagliusu
Option callable/puttable/prepayable 19 fixed cash-flow duration U

option bond

5.20 Investment Lab: Fixed-Income Analytics

Investment Lab: Excel: Bond Pricing, Yield a2 Interest-Rate Risk

present value

@513 workbook agnetiee 5 I
1. Inputs 32y settlement, maturity, face, redemption, coupon rate, frequency, YTM
ey day-count assumption

2. CashFlows Wang3u#/93m coupon principal total cash flow discount factor uag

3. Price-Yield @313 yield grid 59U base yield ag13tios 4200 bp wazA1UIU exact price

e Ineufeshiae
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a519n3 price-yield curve uawlU3BULTIBU exact repricing fiu duration Wway duration—
convexity approximation @1w3u shocks 425, +50, +100 waz +200 bp
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Risk AU Macaulay duration, modified duration, convexity, DVO1 uag
approximation error
Curve bootstrap discount factors/spot rates 31AA1@157I9819 WA forward

rates

J

Investment Lab: Python: Fixed-Incomme Companion

ahwseuulugalviitanduet ey

A58l unit tests ag1stlpadMIUNSAl par bond, zero-coupon bond, premium bond, discount
bond,

YTM udaldl yield iunnglu tolerance

bond_price(...)
ytm_bisection(...)
macaulay_duration(...)
modified duration(...)
convexity(...)

dvo1(...)
clean_dirty_price(...)
bootstrap_discount_factors(...)
forward_rate(...)

two_asset immunization(...)

duration ¥®4 zero-coupon Kay round-trip test M1 NHIATY pricing naulum
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521  nis@enunsdnlimuansiudemn

A157991 5.4: BEUNNSLEBNLATRDIATIEYIATIENSTY

A0 wdasilandn JoA255239

37A1 910 contractual cash PV / discount factors convention #0M39 cash flows
flows Winla

Snsndenfivhlisimuindude  YTM 1314 realized return Ai¥uuseiiu
Wil

snsuany maturity Wuwinla  Spot rate ADYAIIN curve PYINEDAAADY
9937 implied 321119899 ma-  Forward rate Furfy compounding convention

turity Aiowinle

s1m1ase parallel yield shift  Modified duration / DVO1 \Ju first-order/local measure

Wigdla

Aslasvassimnduedsls Convexity cash flows s lal wWasw a7n
option exercise

curve Wasuanz tenor 10 Key-rate duration s’fu il bump/ interpolation

naogals method

”U@jﬁuwwwéuumﬁauashﬂi PV + duration matching M4 rebalance uazg convexity/
curve risk

credit spread Wasuiinaa e Spread duration / CS01 NN risk-free rate movement

1s

unaguvingun

v v

unilimuadinmansasasuniianuanyariJagiu lneuesnsiansiduga contractual cash flows

fRIRAnNanAI8dnIINID discount factors Ni@anAaBeRULIAN

Tunseu YTM 51A1%813 plain-vanilla bond 1Juilsiduanasuazyuues yield Auduius premium-
par-discount {ina1NN15LUIEULIEY coupon rate U required yield UNgIULAIALITUY Ve YTM

vJu IRR v84 contractual cash flows LLaxlaiﬂaiQﬂammLﬁuwamammm%qﬁ%’uﬂisﬁu
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M3 Aua 51 N azdenAuly spot rates waz discount factors m1d maturity LA @319 term

structure ¢1e bootstrap 21n1U forward rates LARA1A no-arbitrage identities

yar1nudnyTeSuiensandng premium viseazau discount A effective yield dunsyaung

5¥9319 coupon dates @asuen dirty price, accrued interest Wag clean price @13 market convention

ANUEEERIInenUe Inae Macaulay duration, modified duration, convexity, DVO1 uag key-
rate duration 1ag duration \Uu first-order sensitivity Lag convexity ¥ second-order correction
Immunization 14 present-value matching iU duration matching Wsi@as rebalance way&1AdLuTey

curve, credit, liquidity lag option risk

gnvineg N3 AT AT il i nsaa aeule fea Judin settlement, day count, compounding,
coupon schedule, clean/dirty convention, curve construction taz model assumptions ABUUI

favlUlglunsusmsnease

o/

ANANIIEARY

 Face value « Dirty price

Redemption value
Coupon rate
Yield to Maturity
Discount factor
Spot rate
Forward rate
Yield curve
Premium bond
Par bond
Discount bond
Book value

Accrued interest

Clean price
Macaulay duration
Modified duration
Convexity

DVO1 / BPV
Key-rate duration
Spread duration
Cso1
Immunization

Reinvestment risk

Embedded-option risk
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=R -V v
LUUNNKRANIGUN

0 o N o

10.

11.

12.
13.

14.
15.
16.
17.
18.

19.

20.

. avaslidnuesdiyadnlanau 100,000 U 01y 4 U uae effective annual yield 6% 29ms1an

WusUnsyaringll 100,000 vm ales 8% 1eTazasa 818 6 T wag YTM 7% aamsian

ﬁqfﬂﬂ base-amount formula
P—M = M(g—i)ay,

ﬂgjﬂ‘ﬂ Makeham form 91ng#3 coupon-bond pricing

o5u1g 119ily coupon rate 8% fu YTM 8% 019l fianeiiaz asu 1 A winms wn
compounding conventions laingeriy

WARYI price function vas bond il cash flows WWuuinduilsituanasmes yield

a%14 bisection algorithm wiew1 YTM uagnadau round trip 91n51a17iad1ede vield 5.5%
14 zero-coupon 1 Tiag coupon bond 2 Fiidmuaiite bootstrap dy, ds Wag spot rates
‘Wgﬁ]ﬂ forward-rate identity 910 no-arbitrage

@319 amortization schedule 989 premium bond Kazn33371 book value W1lNA redemption
value

Aaseales 4 vmen3ad settlement 1wy 35% wos coupon period wax dirty price
103.20 U U1 accrued interest LUU simple fraction wag clean price

A28 Macaulay duration ¥89 zero-coupon 7 U

»35781548 modified duration 5.2 Wa31A1 98.50 UM A yield Wil 75 bp AsUsEIuIIA N
#78 duration

Lﬁu convexity 42 Tidonsunazmuln duration—-convexity approximation
wasnnsIEnsuiidiyac 25 AuuImuay modified duration 6.4 23Us¥aM DVO1

a3ungivily parallel duration 8198uwaaLile yield curve steepen

319 key-rate shocks 71 2V, 5Y way 10Y wdresueisussanamansenusenadn

AUl duration 6 U 1d8n3n bond duration 3 Yuay 9 Y savnthwiin long-only 7i match
duration

#igaid1 PV matching fiu duration matching ¥l first-order change @3 surplus ugudne
1% small parallel shift

a5u18319ily callable bond #esld effective duration 11131 modified duration wuu fixed
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cash flows

ANDNYIUAA

1. wila bond figewmesnimiSslisuiusedinaneuumuiiunaulandy bond fidewegani
W%

2. YTM fifosinezlsthadiothluieuiieunsiansiisl embedded options

3. w1 yield curve llvdunuuvuu duration matching Ligeg1afeieanenial

4. Positive convexity SinauAsiaiio bond ae1als uazwnla bond #ifi call option ©1ail negative
convexity Tuuna9

LYY .

5. Tumsudimswesaasiasnidauinlng msliaudiryiu curve construction wse security

o

selection 1NN vSesaRsdLWaNlaauaEgls

Y a v P~
LBNEIN1TDINDINYUNN 5

[18] Frank J. Fabozzi. Bond Markets, Analysis, and Strategies. 8th ed. Pearson, 2012.
[62]  Wichai Witayakiattilerd. aglamansnsiduuaznisuszend. ssintwlneg. 2025,

[70] Wichai Witayakiattilerd, Kammanai Phothong, Kanticha Sudtinont, and Panisara Bundasak.
“Instant Exchange Analytics: A Compelling Mathematical Model for Real-Time Debt
Instrument and Cash Conversion Rates”. In: Thailand Statistician 22.2 (2024), pp. 390-406.
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UMY 6 HERBULNULAZAULEEIVIINDIANITAIM L

IgUszaeAnITteu;

loauund He1UATATH

1. ﬁmuwa%mmiamuuazﬂfwwﬁ'ﬂwa%maﬂwQﬂﬁaq saustauen long-only, short position
ua fully-invested portfolio et

2. figninansuunune$nan simple returns wazeBuneimanadi log returns lalamnsniian
saaiminludnvasiioaildlnerly

3. AWI0LHA ADUWNL AR VY AL LUSUTIU A duLDes LUy nmsgu ved weadn ded
Aunsngd auduning wazwesn n duning

4. 14 covariance waz correlation e3unalnaes diversification wazAsizingll p =
1,0, 114

5. Weuaunswaialugunnnei-umsng

R, =w'R, By = wlp, o2 =w'Sw

a s o

6. Wq«’\]u’i’l covariance matrix 1{u symmetric positive semidefinite wazaSulaaudIFsy
AONTIATIZINDSALA
7. w31z diversification limit Tu equal-weight/common-correlation model wazadune
AYULANFII5EIN naive diversification AU covariance-aware diversification
8. A3y marginal contribution to risk &% component contribution to risk W@a3u
s ilneudsenase
9. UssiNau A1 mean vector WAz covariance matrix N YOLA 39 WIBU ATIV data
alignment, corporate actions, missing observations Wag estimation risk
10. 9318 covariance shrinkage, correlation stress testing LLazLMG}Naﬁ sample covariance
limsgnusafummsiiinsunivey
11. 31A51294 international diversification lngsIuKaRBULILAINSNEAIUsTIMARUATIIEDS

gnsuanUAgueE1NgNsBY
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12. w38 risk inputs ﬁﬁ@mmwﬁm% Markowitz theory gz portfolio optimization Tuun
dnly

6.1 uni: nFunindeflgizuuvaswan

UNT 3 TAIUILIATIAAIIULESIUDINAN D ULNULAL ANUANNUSTEUINaFUNSNE Unilildsumiiedasnyy
a o & ) I s =& o v o o W IR | | a o ea o | |
ndunsndsemlvilunese deiliamaudngylildiissinusas dunsnddinnuiuniuinle wesiu

fandunsndwaitiundsulmsiuniuegigls

laveansuImneindegiiaueduszneu

‘ Portfolio Risk = Weights + Individual Risks + Dependence Structure

namdntenils AudesvesnesnlilaiinanAedsvesmuLdsesefa wiAnaIn quadratic

aggregation KU covariance matrix [33]

o w o '

Uszpuiiduanuunnsa@awnfnfdfyunn Medrewiy Funsndassviinenad volatility Wiy

o

NUTEMT wrlvimnudesveanesnsnaiueg1eunnmin correlation A AeumMATIzineindwos

4

Y v A y o« | . «s o Ay = ' ) ' ” 9 .
nounsauiudl “fosrls” “fowinla” uay “Gunindndewmdeulmsiuiuedidls” lildg volatility s18

FLenaNAU
Asset Returns Dependence Portfolio Weights Portfolio
R Z, Corr w Hpsy Op

~ A

-~ Portfolio Design

diversify / optimize
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Diversification llavunefsnisfedunindvianniign udvanefianiseenwuunisswduning

Tngilsfialassaiamaadeulmviuiu mndunsnddrmaunnil correlation aslunanifeiu

o

Usglgrannnsiiu I uIuaUNSNg0183nn

6.2  WAIANITAIULAZUININNTA

Tinasaiidunsng n s1ems o dutieaan ¢ lae V, , Wugariiamuluduning ¢ uas
)

n
V;D,t = Z Vz‘,t
i=1

Juyarnsanveamesn dmunthminduaindy

fnese fully invested

vIelugunnines
1Tw=1
untleny 6.1
oy
w; > 0 nn ¢
nasadu long-only portfolio
f1oUYN

Ay e wfeshLie ANVADAFIEASLATENH UMINYIFUTITUFNERNS



unil 6: mma*uLmul,l,azﬂ'nuLﬁﬂwaewa‘iﬂmsamu 172

wmin@nauunu short position Aelddeauuiinagnsannsavesesnle

Gross exposure Wag net exposure ausaienudy

n
G = Z |w; |
1=1
LbeY®
n
i=1

AUAGU

_/

&5V fully-invested long-only portfolio 9gil G = N = 1 usinesn long-short 13l G > 1
wiN=1uweo N=0

Tumsldanuase msuend1in “fully invested” @anain “unlevered” Tidaau Weuly N = 1 Ju
Reulvnatydvesiminans uiluldniuauawin position 538 MINFBINIIAIUAL leverage ABIMMUA
To311inves gross exposure il wiu G < G, dwnsalf y . w,; < 1 dwimdesvgnianuii

1 U

JutuanSedunsnduasnmnuidss Tadeassylilunuuiastegietaa

Uszuifoeseda

Bouly 1Tw = 1 lildwladn il leverage vndl short positions feghay w =

(1.5, —0.5)T il net exposure WU 1 ust gross exposure Wiy 2

6.3 WNANDULNUNDSH LUNLIY2949a7

W R; ;1 w0 simple total return ¥esduming 4 91n ¢ 8 ¢ 4- 1 mnlalil external cash flow sening

439

wisne V, 4
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n
1+ R, = Z w; (T+ Ry iq)
)

e Y w; , =1
Portfolio Simple Return

n
_ T
R, = E :wi,tRi,t-i-l =wgRiq
A=l

-
\.

NQuumN 6.1

HamaULNL simple retumn apewesnluntstianandunasiniBaduaes simple retums 518

Funsndilaldundnauen

\

’sjmﬁrf]u@m WUU exact @1M3U one-period buy-and-hold return 1o R, Ju total return 9
dOnAADINUNTTUARUANYBIAUNING WNTN1TANNTENURUTENINNNA WIeding rebalancing Aylu
0 ARWUNNAIINNITAWUBBNIN external cash flow feu Havdunansuwnuiaulassdsduiu

NsAsULUaUDIR LAY

Uszhunaeeszd

Toesialy
Tpt #+ E Wi 1175 ¢
i

o 7 1u log retumn w1z logarithm Liwanuasiiunasmveyamduning aunsiuduves
WOSNIIMITAIDIN simple returns AoU

&3 fully-invested portfolio Mlifl external cash flow azdANEUNUSIUY exact

— Celit+l
Ty t41 log E w; 4€
7

Laily Zl W; 4T 441 Tng weighted average w®d log returns 19 14 18u first-order

approximation lfiflenameuwuiivunaidnuas dispersion sewinvdunsndligaunn usiliags
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THunu exact portfolio return lun1snsrananse backtest J

6.4 NANDULNUAIAKUIYVDINDSA

bhae

= (e )"

970 linearity of expectation

E(R,) = Ew'R) =w'p

v o

naillifpsanuAindunsnd Judaseraiu g expectation Wudandunsi@adu selsfnim
aun1shuguifieny widudwdndidvueliamivieduimidnfideadinieldfeyanldmuin win
wndndudulsduituiunaneuuuluvnifeatu faedasigi conditional expectation wag Ay

v '
' ° o o a

YNUNNUNAURNAAD UL NULALAL

s
=
(=) TN
all
ee

Expected Portfolio Return

f10819 6.1. 9

,LLA:8% /“LB:14%

1 9H
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w, = 0.60 wg = 0.40

awla

11, = 0.60(0.08) + 0.40(0.14) = 0.104 = 10.4%

SR expected return §elaifedld covariance uan13AIUIN portfolio risk S1Tufesld

6.4.1 Scenario Representation

ddflaorunsal s = 1, ..., m Aflanuiezidu p, wesnnnesuanouwnu r,

m
> P =1
s=1

Wan

bbe1E

Inegnsiiidu population-style scenario covariance e p, \Huaruinasidufidnuals lddmns
m — 1 wuu sample covariance

gﬂLLUUﬁ‘ﬁUiﬂa“UﬁLﬁa expected returns e dependence structure 419710 economic scenarios

a

WU NS UsENININ AN LG Sou nds it 0g9ifed war P nseiasialadn scenario lvina
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nouwnugaauinnsauiuludunindlatng

6.5 Covariance Matrix wazA21uLUsUIIUVDINDSH

% = var(R) = E [(R— p)(R— )]

aundnsuna (4, j) fie

LaZENITALUINUYIAD

_ 2
2 =05

« . 4wy
We o;,0; > 0 covariance wag correlation WWaUNUAE
Zij = Pij0;0;

Jauealadn covariance matrix ST “VUINANURUEIL” wae “Aanenisiadeulmsiudu’ Tiluing

NIAMAANERSIRYINU

NQEfUN 6.2

dusuiudnnesa w

2 — Var(R

o, p) =w'Yw

n3elUFUHATIY

= " iww Cov(R;, R;)

=1 j=

v a
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figad. AN

Rp_#p :WT(R_H)

var(R,) = £ [(Rp — Hp)2]
=EW (R—p)(R—p)"w|
=wE[R—p)(R—p)T]w

=w'Yw

6.5.1 Lwﬂ,ﬂ Covariance Matrix fiaatllu Positive Semidefinite

nQufuN 6.3

Covariance matrix 1Ju symmetric positive semidefinite nNanAe
T
X =X
wazdmiunn a € R™
a'Ya>0

Agay. AVLANLIATANIN

COV(Ri7 RJ) - COV(Rj, RZ)

YGH
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a'Ya= Var(aTR) >0
alenanudaInis ]

Natiddryn1e variance 04 portfolio 1n 9 Fedlilfinau uenanil sample covariance matrix #
FILI0i97N return matrix gaLAeatufegrsInasguasdy PD Tnslaswadnegud dafumnuving
ﬁa%amﬂ%’a;ﬂaﬁ negative eigenvalues vundtudADY a%mﬁmimamﬂuﬁné’uﬁu 9 leun pairwise
deletion #il# sample Auazds Msdaiey correlation sAAUlY M3Usu correlation iazqlaglisnu
AVINADARADY WEBAMUARNAIRUN1TUTENEUWYSENG du eigenvalue RnauvtnAdNUINe19RAIN

numerical roundoff wagAIsHasauieuiu tolerance MmdNzaw

6.6 WaINABIRUNSNELAZUNUINVBY Correlation
1% w Wurvinduning 1 uar 1 — w @udvendunswg 2
fp = wity + (1 —w)py

Y

Two-Asset Portfolio Variance

= w’of + (1 —w)?03 + 2w(l — w)p,0,09

ABE19 6.2. AYUA
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bbEYE

w4 = 0.60 wg = 0.40

NARDULIUAIANLNYAD
p, = 10.4%
AuANULUTUTIUAD
02 = 0.6%(0.12)* + 0.4%(0.20)* + 2(0.6)(0.4)(0.25)(0.12)(0.20)

on = 0.014464

bbale

7, ~ 12.03%

Yuzil weighted average volatility Wiy

0.6(12%) + 0.4(20%) = 15.2%

AMULANAN9EINe 15.2% fu 12.03% wananaves covariance i diversification

d113U long-only two-asset portfolio Wawas correlation Winldlnenssann

do?
P = 2w(l —w)oyoy >0
dp12

Wo 0 < w < 1 ¢fudud weights waz volatilities AsLAx N15an correlation 9z lailfis portfolio
variance uazlaeluasiiinusgloviann diversification dilumgraniendinmansinviludunings

volatility ganindntiorenadafivszlevisionasn mindl correlation smsailuaufivaunsnediiu

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 6: NamuLmul,l,azmmLﬁmﬂuaawaémmsaw‘m 180

6.6.1 N3l Correlation winnu 1

o, = lwoy + (1 —w)oy)|

d1m3U long-only weights

o, =woy + (1 —w)oy

= = ¢ o v = a v
QQIﬂuﬂﬁgiﬂﬁﬁuﬁnﬂﬂqfﬂﬁﬂarmﬂﬁquLafJ\TLGUQ LU

6.6.2 ns8d Correlation winnu 0

ol = w0} + (1 —w)*03

] . I3 s a s 1 4 . VB2 I a o & &
wil covariance Wugug anudsinesndslilumug uas zero correlation laildudadndunsnedu

daseranulaeyily ws1e correlation JaLanIzANUFUNUSIDLEUY

6.6.3 n3al Correlation Wirfiu -1 uazwasaAuuUTUTIUAUY

9 2
o, = [woy — (1 —w)oy)]
Fathuivn

bhele
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1w = %1
01+ 09
yiloA
o, = 0

mMelduuinans
dwiv oy = 12% waz o = 20%

w'? = 0.625
WAy

w' = 0.375

A expected return Wiy

j, = 0.625(0.08) + 0.375(0.14) = 10.25%

v el wmw ' v «s o v a w Uy a o ¢ a ) | a
naanstlulavuneanunausaase “Gunsndlianudss” lnandunswadssldiauald waiia

PNANNAgIUAdLINI p = —1 wuuAsiiuay covariance structure MYSAuFUNABAT IR

Useuifeeseds

. . a' 1 I3 aa ad v . |
Perfect negative correlation iAsagAaDANANTUNTUTNABYNLYLLIN Sample correlation 7

Ind —1 Tugdayandsldlondnuseiuinaeasegluewan nganielugag market stress

6.7 WasnAINAUNSNIRATNOTANAwRUNSWE

dnsuaudunsng
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2 _ 22 2 .2 2 .2
0, = Wi0] + w305 + w303

+ 2w Wy0 19 + 2W W30 3 + 2WaW50 93

A o a v & a A &
LUDATUIUAUNIWYLNY E‘ULN‘Vﬁﬂ‘?J

o2 =wlEw
P
Frwannudutouas notation waziugiuues optimization Tuundaly

f1a819 6.3. 19

w = (0.40,0.35,0.25)T

p = (0.08,0.12,0.10)7

ey
0.0100 0.0036 —0.0014
=1 0.0036 0.0324 0.00756
—0.0014 0.00756 0.0196
agle
Py = wlp=0.099 = 9.9%
hay
012, =w'Xw = 0.008845
Sty
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0, ~ 9.405%

910 diagonal ve3 X agld 07 = 10%, 05 = 18% uaz 03 = 14% vauz# correlations 9
donndsiuAayszana 0.20, —0.10 wag 0.30 dwsun (1,2), (1,3) waz (2, 3) susdu faegns
URauaneliiiuinaifl covariance Anaudiewnans risk aggregation Unvd Widunindnn iy el

. I3
variance tJuuan

6.7.1  IUIUNI51TLAIVDY Covariance Matrix

covariance matrix VasEUNINE N 5181158 variance N AN Wag covariance N lgniu

n(n—1)
2

A1 F9NTe 0 DATTIIVILA

n(n+1)
2

' o

e n ng) Jymdrdyiavasuanmsiwanuvindluidunsdszinaumindduunsfimesgs

o o

o

NTayandnfin
galundniu mn sample covariance Muundaya T' ¥anasinaiade rank vasuningazlyl
wWu T — 1 dstiudle n > T wvisng sample covariance 3¢ singular ag1swanideslils Jgymiding

=~

Inensssia portfolio optimization AB91ABNITLATZUUANNIIUID inverse Y84 covariance matrix way

'
aaa v ¢

< ~ Ay v . N s °
L‘Uumﬁc\lawummaﬂﬂi shrinkage %58 factor structure Tunwesaffidunswdanuiuuin

6.8 Diversification: nalnnisaginAnans

6.8.1 Naive Diversification

Naive diversification @9 concentration sgn15nsEeRulUFuNSNgIwIun 35denazervan

idiosyncratic exposure uslailald covariance structure lngnss
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1afly portfolio volatility Taenialy szl cross-covariance terms

6.8.2 Covariance-Aware Diversification

WUIAM mean-variance 983 Markowitz 14 expected returns, variances Wag covariances wiosfiu [33]
Aadunesnnflidunsnddunutlesnineradl diversification AAnawesaaualng wndunsndlunese

= q' !
3N dependence structure MWNNZEUNIN

6.8.3 Equal-Weight/Common-Correlation Model

auuRdunIng n 5990158 volatility Wiy o correlation sewinavnaAWIiY p Way

awla

1
o2 = = [no? + n(n —1)po?]

1—
:0’2 |:p_|_—p:|

nQufun 6.4

nuld equal-weight/common-correlation model

1—
0'12720'2 (p—i——p)
n

{ﬁpZOmﬁ"

Ay e nfasRde AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 6: NﬁﬁlE]‘ULWI‘ULLGSF"I'J’]SJLEEN‘UENWE]%GIﬂ’]iaﬂ‘iq‘u 185

. 2 2
a1
L—p
0_2
n
M a P
ANALUD 7 LNH YUEN
po?

v
a

ldmeluanmsiudnnudunindiiessgiufien luwuuiaesiiddianuldinnaiiianasnu 1/n
& ' ~ . . . v A o a YA a s a
Wudwd diversification aunsnanlaainnsiinduuduning g naliifinan common co-

movement §3rsay winsinudliasgnuengluunu systematic risk vae factor model lngdnlus

Uszhuifaesz s

dw3u equicorrelation matrix vua 7 [WeulvAwnsadidu PSD fe

<p<l1
n—l_p_

asduliausaiivun common correlation Anaua1asi wu p = —0.20 uardes n — 0o

Ingdsfiadn covariance matrix gnesdmiunn n

6.9 Marginal Risk wag Risk Contribution

QREFSTIIN o, YBNYUNINANILELSTIY wadslduanindunsndlaasisanudaslynesaminle

7N

L s 1 A
BUNUTAD W,; AB

o

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



a ' 3
Unn 6: NamaULmuLLazm’mLﬁﬂwaﬂwaimmiamu 186

Marginal Contribution to Risk

M .= —
RC; = 5,

v component contribution to risk tHu

Ip

Ine Euler decomposition Tv

NOBYUN 6.5

o, >0
Z RC; =0,
i=1
J
gl
Yo wi(Ew);  w Yw
RC - L = —

[]

Percentage risk contribution fig

Y51

> PRC; =1
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Y o

UVDEILNA

thwinduasuuasiminenudsaiuauasiuin Funiwgiisl capital weight #e19a3na risk
contribution g4 ¥ volatility g3 covariance fudiuduvemesngs

wonanil MRC;, RC; v PRC; anunsofnauld snnduning i funumidu hedge was
Y7ean volatility vaswesa A1 risk contribution AnaudalsiliauRanalanepdnaans uades

Annusiuiuiasesmungvestihutnuas covariance structure @ M RC; Wunansznuiany

Mnnsilasuy w; nteslaedsldlavadu budget constraint T weights Suiasun

6.10 International Diversification e Currency Risk

dmsudaaulnefitedunindanvszma W R, -, WunaneuumidunindluanaiusinsUsene uaz
W R, Junaneuuuvesanaiuausymeiieutuum tnelealianfunefadusaussmeuda
ANRBRUUM

HWaRBULLNUANAUINLUY exact o

Foreign Asset Return in Domestic Currency

1+ RTHB = (1 + Rasset,FX)(l + RFX)

Ry = Rasset,FX + Ry + Rasset,FxRFx

ANTUNANDULIUIUIALEN
RTHB ~ Rasset,FX + RFX
v gy a o a a  a o P o o &
014 log returns wagflonusnuaniuasulufiFinediu aglanudunusuuy exact

Trie = Tasset,rx T Trx

= aal Ay vy A v v s o ' ! Y o v
FAUTUNTUN lOg return llsUa‘lﬂLU?EJU@']Uﬂ’]?U’JﬂSU']lIaﬂﬂﬂﬁgﬂauLLUU@JN LL&J%hJﬁ’lmiﬂmdeUﬂmu
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Funsndlunesauuulaennu simple return g
F94ud1 international diversification ®19an dependence ¥WingMaM YU WA LY currency
v s I a = a . v v
exposure [ tunasn 113 hedge AiUINUREY covariance structure varanauunuiigamulngla
Fuass
Uszinufidaeseds

fosrmuaiiAnwesdnsanildeulidn winllew FX quote ludiangduiu in3swneves Ry,

d' v 1o . o § val A a
zilasu mﬂmgm‘lmﬂmmum quote convention mwﬂummmmamammumﬂm

6.11 n15Uszunad Mean Vector wayg Covariance Matrix mn%’agaa‘%a

Triinanauwnunankuyiunsaiu 7' 9290a1 dmsu n dunsng

R, = (Ry,...,R,)T t=1,.T

sample mean vector 9

uaz sample covariance matrix fig

Sample Covariance Matrix

o w (5%

14 i uag X Yuriu sampling frequency Wag estimation window aghailiuddsy nslideyasetu

<

v
=

Iduudunaunduuslisie microstructure wag asynchronous trading 1NUu vauzidveyasieiiou

an noise UNEIUUATITIWINELNAToEas Feldfianudbeinunsanduyningussasd

13 annualize volatility My v/ K way covariance ¢y K ilungfionduaunfgiuiinanauunu

'
aa o

Pu923l3dl serial covariance MdltiadnAy wnil autocorrelation %38 overlapping returns N5 scaling
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LUUSI819ARALARDULALAIST 1Y long-horizon variance #1921 autocovariance terms

6.11.1 Data Alignment

NoUUTZU covariance ADINTINDYNUDY
1. Wiundunadedaiunnduning
. 1 adjusted prices %3® total-return data #idgieu corporate actions anuingUsasd

. i forward-fill snndufunlaifinisdevelagliiarsuwane volatility wag correlation

2

3

4. 14 return frequency e

5. #1599 missing values Wag asynchronous trading
6

. #1599 outliers 1 Tumnn1salna1n3wm3e data error

Usziuiaeeszds

Pairwise deletion 813%1lW covariance usiarAgnUszanaaInNAuag sample period kagiuning

fUszneutuenalididu PSD wil covariance matrix Meguifondu PSD

6.12  Estimation Risk a2 Covariance Shrinkage

Sample covariance tu estimator ladldAm1Anuaseinsuudueu We n Saualugdewieuiv T
estimation noise @w15avilA portfolio optimization lasiedeyasgeun uliwmingazidu PSD e
adinenans uanenadl eigenvalues dnunway condition number g1 vilyinadwsa1n optimizer WWasy

A v ~ 2 v
EuLLiQﬁnﬂﬂ’ﬁLUaﬂumai&aLWENLa NUBY

WUIAA shrinkage @319 estimator

Linear Covariance Shrinkage

S, =1—-NS+AF  0<A<1

e F 0u structured target 19 diagonal covariance 38 constant-correlation target [30] dau
A muAw trade-off seninedeyatu sample Aulassasaiadiosndt Tunisussgndlialsdon A wies

A v o & a ' v fa aa A ad a % o o '3 . . .
L‘WE]IMNﬁﬁWﬁQLﬁEJ‘U LLfﬂﬂ"]{[ﬂjLﬂm‘ﬂL%Qaﬂmﬁﬁa?ﬁﬂi%mqmmﬂaﬂﬂaaﬂﬂuqmqﬂﬁgﬁﬂﬂmaﬂ risk estimation
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NQEUN 6.6

13 way FifuPsDuay 0 < A < 1 ud1 3 vfiu PSD

igay. dmiunn a

aTika =(1-— A)aTia + Xa' Fa

Nagpanavlifinau J9la

aT/Z\Aa >0

Shrinkage lildas1adayalvy wigeauiiia bias unsduLNawaniy variance v84 estimator fian

a9 1munefeAuLEde T4 risk estimate Wag downstream portfolio weights

6.13  Correlation Stress Testing

Correlation liinsinuiian Ingianizluyiingn dependence seninesdumsndidssenagadu 39350539

nesanauauedelsyin correlation structure Wagy

3B stress wuudIga1aNINUA candidate correlation matrix

(Crstress — (1 o n)C + 7’]11T

ne

0<n<1

Faeu pairwise correlations W1lna 1 vaug? diagonal dspaindiu 1

dusu stress construction i mn C' 1u correlation matrix gndesar 0 < 1 < 1 ui O
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azfadu PSD ws1z1du convex combination w83 PSD matrices C' waz 117 3uuds stress 15w

global consistency 489 correlation matrix laani1n154fid correlation ﬁas@LLuuﬁaiz

o1 D = diag(oq,...,0,)

Estress — DCstressD

LAANWIEY

= V! Ylstressyy

g

p,stress

UsauNfeeszd

Stress matrix ABHU validity checks 1 symmetry, unit diagonal @145U correlation matrix

war PSD liasusu correlation flazalnedasyudauuiinusndfiladulu corelation matrix

6.14 Diversification Ratio

wasianiafivasuen weighted standalone volatility ®8n91n portfolio volatility e diversification

ratio

unileny 6.2

#1m3U long-only portfolio

970 triangle inequality Y83 standard deviation

o, < E w;0;
i

We w,; > 0 3sla
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DR >1

A DR qa-ﬁuasﬁaudwmsim covariance #1l¥ portfolio volatility sn31 weighted standalone
volatility 3nniu usilailduonin expected return gediuvioiwesnimng aufign vnduningyn i
Lﬂﬁaulmiauﬁ’ua&mauyﬁﬂuﬁﬂLﬁmﬁ’uwiﬁ DR = 1 dwe DR > 1 azviau diversification
benefit meld metric 4 ﬁ&ﬁﬁmuﬁma’nmmsﬁqmﬁ’u long-only portfolio isnziiled short positions

frAwonaliazyiou standalone risk aggregation TuanumunaLfgIiu

6.15 nIANY19IUIY: Correlation wazn1sadranasnanvannsne
SET50

Witayakiattilerd waganuy Anwividnniwdlu SET50 9w 41 viannsnd e lddoya e fuluti 4

1ATIAN 2017 69 30 Sunau 2021 wazld correlation, beta WwiaAn modern portfolio theory tag

[

afi LAy short selling iefnwinisinandnnsnduaznagnsinisau [68]

NMUTREgN1sUszEnd: unSeunwauiuunil

HaN1sANwIAINaTlRnAlug e Bt 1lIUsEdnYUeLwIANTT dependence structure kg
Aon1sasanesn winansdnauanningluiasteyadinaadu historical empirical finding Taila
Auugihnsamulagiu

danmsinldlgsefansyuiunis

aligned returns — correlation/covariance estimation

— portfolio construction — out-of-sample evaluation

wnnihmstihsedeananninglueinlulilnunse

6.16 21 Risk Aggregation g Portfolio Optimization

& ° ' A o v s . | A &
UNUABUAINTINLT WHDNTUURN W, L haS Y ua? wesndl expected return wag risk LVHSLG] na1IA LY

Uymuy “forward evaluation” 911 inputs lUgnaidnuaizvematn
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uninlwdsuiaaesdywidu “inverse design” Ao Buandnuaung MuNaRDULNLLAE ALLEDS

Wi utnfidennassnustnnun ety

undnluidsudiauesguudu

ien w
melaeuly wu
1Tw=1
wialit
w! Sw

PRI target return wiseLievIwesauL efficient frontier

e ~

Inputs Risk Aggregation Optimization Efficient Frontier
% Hps Op choose w portfolio choice

L J

JUT 6.2: und 6 i Aduasnuainnisussananudesiugnguiinesauaz optimization

o
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6.17 Data Lineage 8¢ Model Validation

M157991 6.1: Checklist @m3U Portfolio Risk Model

¢ ¥ o e a a '
29AUIENBU ABIVUNN AIMUNANAIAVINUUDY
Price data source, adjusted/ unadjusted, corporate actions A return Rn
currency
Calendar common dates, holidays, time asynchronous observations

Return definition

Frequency

Missing data

Mean estimate

Covariance

Correlation stress
Currency

Validation

zones

simple/log, total/price return

daily/weekly/monthly
deletion/imputation rule
forecast

window, estimator,

source

sample/shrinkage/factor estima-
tor

scenario Wag PSD check

FX quote ey hedge assumption
rolling window / holdout / stress

test

14 log return 1Ju exact portfolio
return

annualization ld@enmass
covariance W#aY @JI 1% sample
AUAYYA

historical mean gn W 0u ex-
pected return laglduseifiu un-
certainty

near-singular %39 unstable ma-
trix

U%’Uﬁas@j%u matrix invalid
\w3aaine FX return fn

Uszidiu uay vadeu Ul Joya In

WYV

Minimum Validation Set

nouds 1 waz X W1 optimizer misnsiaaEsion
1. ¥ = 3T aelu numerical tolerance

2. diagonal entries laifinau

singularity dloasld optimization

3. eigenvalues liAnauiiu tolerance N1o3uUNla Wa¥MII9 condition number %38 near-

e Ineufeshiae
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4. portfolio variance 31n matrix formula m537U direct calculation Tu test cases 51919
A579%ULI1 daily, monthly %39 annualized @onAaDIiu
5. waansliGeueg19gulsiaInnisiden estimation window antiee

6. WU correlation Wag volatility stress scenarios MNgITB4

6.18 Investment Lab: Portfolio Risk Engine

Investment Lab: Excel: mniﬁﬂ’fl‘dfg]' Covariance Matrix

WondunsSnges1atios 5 S18n15kayas1e workbook 7idl

adjusted price data N9ATuUNTIAU

—_

simple-return matrix
mean vector
covariance matrix
correlation matrix
equal-weight portfolio

portfolio variance Wag volatility

® N o u kB WD

risk contribution UBausiAZAUNITNG

9. correlation stress scenario
naapufinduIuAunInell equal-weight portfolio wéhadnansaw n fu o, wieuedureiwad
Winiinanduiudunsndvie dependence structure wazlUssuiisuegativeaestienan wu
normal period fiU stress period Lﬁ'aaﬁ'ﬂ diversification benefit Waguiile correlation regime

Wasunsely

J

Investment Lab: Python: Portfolio Risk Functions

ahwseuulugalvilitaiduetdey

- portfolio_return(w, mu)
« portfolio_variance(w, cov)
« portfolio_sd(w, cov)

« cov_from_corr(vol, corr)

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS
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correlation case, PSD test, shrinkage PSD preservation L& Euler risk decomposition
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is_psd(cov)

linear shrinkage(sample, target, lambda)
risk contributions(w, cov)
diversification ratio(w, cov)

stress_correlation(corr, eta)

6.19

74

Y931NAYBINTDU Mean-Variance

v . . < o w . INY o W
Wil variance—covariance framework 1JUs1ng UERAYUDY portfolio theory unNTDINA

1. variance Ujjifsie upside uaz downside deviations uuuaus1ng Idhiwenaruiusuigamu

¥8UeaN31N downside risk NEAUANA

2. expected returns LWag covariances é’fadﬂismmmﬂ‘fﬁayjaﬁaLLUUﬁwaadLLazﬁ estimation error

3. dependence 819 nonlinear il tail dependence wazlUduunu regime @3 covariance LiNgdLL

vndiignenvaulaliasy

N ok

sample correlation Tugisun@enalaagyiou crisis dependence
transaction costs, taxes, liquidity wag market impact gslaiogluaunisnugiu
short-sale Way leverage constraints LUAeU feasible set

multi-period investing & rebalancing uag path dependence i one-period modeliﬁﬂiaUﬂqu

YI9UUA

Jadnnmuanillilavinlet mean—-variance framework MuAUSElEYY WAMAUAVBUIANITAAINU WAL

Juussgelaliimwuuudiaesiiauysaliuluussly

unaguvingun

unflafeasniuananudesnedunindludanuidesvesnesn lnananauwnu simple return veq

NosantarrandunasId LU
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T
Rp =w R
wag expected return Av
T
f, =Wt
YL NANULETINTLATIAS 9N EDa
0']% =w'Yw

¥ v

v
LY

Feguiuviamin variance SeEUNING way covariance s¥MIYNg

Diversification benefit Linan dependence structure ldlgdnuudunswdiissegrasion Tu equal-

weight/common-correlation model

1—
0123:02 <p—|——p>
n

FILANIINPNULELNAIUNLANIN common co-movement L lUilgamnsziiusuIuaunsne

Risk contribution Hieugnumasfiunwes portfolio volatility Ing

bbE1®

Z RC; =0,

TuiBsUsydng covariance matrix foegnuesiduaiszanaiiill estimation risk 3369m539 data
alignment, PSD, rank/conditioning, stability W stress scenarios 5317981314 shrinkage toLiNAL

= a4 o a v sl A A v o o
LF0Yq Ifﬂﬁ]LQWWSLN@‘\]W‘U’JU?IUVI?WEJQJ‘UU']@IMQJ]LNE]LV]EJ‘UﬂUﬁ]']u’]‘LIﬁQLﬂfﬂ

A oA~ Q[ v 1 o Yo A A e & s o s '
bR U LAY pM 1®§Uﬂ’]§(§]i'§"ﬂa'€]ULLa'ﬂ “U‘V]mlﬂﬁ]ﬂ‘*UmLLUiLMmuLWE]ﬂﬂHWmiLaE]ﬂu']“VIUﬂWE]WlEJFJN

Wuszuuneldnseu Markowitz
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AANIIEARY
« Portfolio weight « Diversification
+ Fully invested « Naive diversification
« Long-only « Common correlation
+ Short position « Marginal contribution to risk
 Gross exposure « Risk contribution
« Net exposure + Diversification ratio
« Portfolio return « International diversification
« Expected return « Currency risk
« Variance « Sample covariance
+ Covariance « Covariance shrinkage
« Correlation « Correlation stress
« Covariance matrix « Estimation risk

« Positive semidefinite

=% -V v
LUUNNRANIEUN

1. wesndduniwe 4 18015 Yadn 200,000, 300,000, 250,000 Wag 250,000 UM FninNe s
wazas1adouly fully invested
2. Wasw long-short fuwmiin (1.2,0.5, —0.7)T 9% net exposure WAL gross exposure

3. figaud simple return vosweianilsaanaiiiiu wi R sldmindune

4. pniegradsiiauiiuansin weishted average ve9 log returns Talwiiu exact log return ves
nosH

5. Ww=1(0.3,0.4,0.3)T uaz u = (0.06,0.10,0.14) T 291 expected portfolio return
6. Ngarlgns 012) =w'Ew

7 ﬁqmﬁdﬁ covariance matrix 10u symmetric PSD

8. wosmaesdunindil oy = 10%, oy = 18%, wy = 0.55 waz p = 0.30 .m0,

9. Miteyaludonouduim o, Tmlidle p = 1,0, —1 uaghnnuna
10. ﬂqaﬁﬁmﬁﬂ zero-variance portfolio e p=—1
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11.
12.
13.
14.
15.

16.
17.

18.
19.
20.
21.

22.
23.

24.

25.
26.
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dwdunesnauuning awens w! Yw 10u scalar formula

covariance matrix 183AuNING 20 T sEimTineidaseie

ﬁgﬁ]‘ﬁ equal-weight/common-correlation variance formula

a%mmmwaﬁ equicorrelation matrix si93il p > —1/(n — 1)

wosail w = (0.4,0.35,0.25)7 uagld covariance matrix a1nsheganesaanudunsnddia
A1 9AIU MRC, RC way PRC

g1l Euler risk decomposition Y. RC; = 0,

Aunsndadsmmealinanauuny 8% luanaiusiosiu uazanaduduudddoum 4% e
exact THB return wag first-order approximation

a5UNgIvilu pairwise deletion 812%11W covariance matrix laitdu PSD

ﬁgﬁ]ﬁiﬂ convex combination 483 PSD matrices §aiu PSD wazifieunariu covariance shrinkage
9NLUU correlation stress test dmsunasn 5 FuninguazeSune validity checks figaavh
\W3suifleu naive diversification iU covariance-aware diversification lnga31aseesiinesn 5
Funnddanandewinnimesa 20 Funind

a%mmmwaﬁ sample covariance matrix liiA3sgnaadn optimizer Inglyivi stability analysis
figatiin sample covariance matrix AfUINAN return matrix gaLeIfudy PSD wageBurein
vy pairwise deletion Ssenaviangaudin

enflduning n = 120 yens wilideyasiedeuiies T = 60 LWeou 2105u18 rank limitation
294 sample covariance matrix kaznanan13vin portfolio optimization

uamsitlunsdl long-only two-asset portfolio § doa /D5 > 0 uazinnudenisasu
wanId1 exact log return ¥@9 fully-invested one-period portfolio fe Log(zi w;e™) uay

Wiguwieuiu D w,r; mefediadiiay

ANDIUBIUAR

—_

B

FrunBunindlunesadumnsin diversification Adisle
winla correlation seninsdunsndiuinaeulugivings uasiinasenasnogials
fnAUNSNEN expected return gausias risk contribution genn AIsaRUmnLENeVIe LY

vy v ) A . 9 ) s a Py v o a
nslideyadounds 5 YieUszana covariance dmiuneainludn 1 Ythamhiauufgiuwlseyls
g

Tunsadranesnseninalszne n1s hedge ARuenatinaudssluusnsallavieolyl

e N
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6. LWJGLG] portfolio optimization 39 o713l sie expected-return estimates 11171 covariance

estimates

Yy a v =
LBNE1TDIDINYUNN 6

[30] Olivier Ledoit and Michael Wolf. “A Well-Conditioned Estimator for Large-Dimensional
Covariance Matrices”. In: Journal of Multivariate Analysis 88.2 (2004), pp. 365-411.

[33] Harry Markowitz. “Portfolio Selection”. In: The Journal of Finance 7.1 (1952), pp. 77-91.
DOI: 10.2307/2975974.

[68] Wichai Witayakiattilerd, C. Neaimsri, T. Atthaphichan, C. Boontam, and P. Senarat.
“Unleashing the Potential: Exploring Cashless Investment Strategies through Short-Selling
Technigues and Modern Portfolio Theory”. In: Thailand Statistician 23.4 (2025), pp. 875-892.
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unil 7 NuweaInuas Markowitz

InguszaeAnITtau;

Wieauunil geruaisanunse
1.

4=

a5Uny feasible set, opportunity set, dominance Wag mean-variance efficient
portfolio 1gi

é’?ﬁﬁiym target-return minimum variance Lagiine Lagrange multipLierIugULﬁﬂLma‘f—
wn3ng

1 Global Minimum Variance Portfolio (GMV) waggaaudfdftyvesmaingiingr
a579dUn1S minimum-variance frontier wuuUasuuazuen efficient branch 8anain

inefficient branch

5. figatl two-fund theorem d1m3u frontier YosduUnING dns
6. 14 mean-variance utility \ierToul risk aversion fumsidennasauu efficient frontier
7. Aipssiravasdeasiia no short-selling #ae quadratic programming waziiauly KKT
8. 85Uy comer portfolios kag active-set interpretation 8
9. AATIEN sensitivity V9 optimal weights #18 expected-retumn vector Wag covariance
matrix
10. wan in-sample efficient frontier 8ana1n realized out-of-sample performance
11. 99NWUU robustness analysis #18 shrinkage, resampling, constraints Wag rolling
estimation
12, WSEUUIANANN risky-asset frontier TUg risk-free asset, tangency portfolio wag CAPM
Tuundnly
.
7.1 und: Msianeiagnisiaanwain

UNT 6 wan9I aMuuUANTANDSA w a7 HaNBULNUAIN N LarANULUSUTINBINesn@eule

WJu
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oy = wl i, 012) =w'Zw

unilnduiiAnsvesdanu aefiodn p wag X 10u inputs udnwansiasiden w agslsnmeldii

' v
v a a

nekarUaiaNnvue wwiAnildulnuvemguin1sdennesnves Markowitz [33]

Tudamsdndule desuenaosdusenanfulidaeu Juusnie estimation layer Gﬁqiﬁﬁaaﬂa i
Uszanal 1 uaz 3 dwduilansiio optimization layer 67}"&‘1,1”1ﬂ'WﬂizumeﬁéﬂﬁuLﬁﬁéﬁmmﬂﬁLﬁaﬂwai‘m
§n optimizer mmsaLLf’w’{]zymmﬁmmamﬂﬁgﬂé’amﬂ%ﬁ; uwinesniildsaenalimnz anluouanmn
inputs i estimation error g4 Faduin “optimal portfolio” FaesfnumUARUANANYBITRY ALY

LUUIIADLEND

(w4, X3, constraints) — feasible portfolios

— efficient frontier — portfolio choice

' 7
Inputs Feasible Set Minimum-Variance Efficient Set
~ |
j25 DX constraints Frontier non-dominated
N\ J
Selected Portfolio Preferences
w* utility / mandate

JUN 7.1: Tassasumsidenweselunsou mean-variance

UszuNfoeseda

o 1

A191 “optimal” Tuunilnunedls optimal nel@ objective function, inputs Wag constraints

4’ m v ' s o ' 19 aa . . a
fsvy Wldmneanuiinesadinanazlinaneuwnufnagalueuan waz efficient frontier 9

Uszanandeyailu estimated frontier liltidunsiivenain

7.2 Feasible Set, Opportunity Set wa Dominance

Trdidunsndides n 579015 lne
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H= (,UJla ) /'Ln)T

bbE1®

Y = Cov(R)

i’ﬁm«giyw short-selling Lagwesn fully invested

WZ{WG[R”:ITWZI}

Wedwdar w € W TUasgunu risk-return oag

w (\/ wi Xw, wT,u)

azlA opportunity set Faudunmues feasible weights Tusgunu risk-return

[

v
VBFAINA

Feasible set way opportunity set Lyl@adeaiiu Feasible set aglu weight space wagueni
Wwtinyalavinlaniele constraints @3 opportunity set aglu risk-return space uaguani
wosawmatliig (o, 1) lnths wesamiinsnsiuenagnaaludage risk-return iwigaiuld 3¢

Liensldansdiunuiulaglissyuiun

|

undieny 7.1

I3 o s . v
wosn P; aseuimese P, luaumuny mean-variance i

3k

Tneflagnatiesnilapaunsiduluudy
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wasalidnwesndulu feasible set AsaUIIIENIT mean-variance efficient portfolio

7.2.1  U9dUNALATVIUNIAYBINGAU Mean-Variance

N59U mean-variance 1% expected return Wudunu reward wag variance Wusuny risk Lﬂm%ﬁﬁ
sudanquiidaauneld quadratic utility LLazﬁmmasmﬂ:maLﬁamamammuagﬂumzqamsLL’«mLLaN
fiosueldenmfiwesiuniuaznmsnszae Wy nsdund egrslsfin 1usﬁagaaﬁqﬁﬁ skewness,
fat tails 38 downside asymmetry nsiiftesaeslumudusnesldasfounnudonimun Sipsues

mean-variance tJusuudtaessnedanivselevd lilvdesusanudeiiauysallunnaoiunisal

nsUszenalifedsyyegietios investment horizon, return definition, 38Useana p, FBUssanu X,

universe, short-sale rule, leverage rule kagUadnfnsmuanInAass sznsUasussrlsznaulnesn

Usgnaunilsaninsawieu feasible set wag efficient frontier 16l uitoyasAyaiinazlibou

Mean-variance efficiency tJu conditional statement wasa# efficient nel@ /1 wag X YAl

213l4 efficient 1la estimation window, estimator, constraints %58 market regime Wasu

7.3 Target-Return Minimum-Variance Problem

auud X 10u symmetric positive definite wagfainisuanouwnuiimg Ko

Mean-Variance Optimization

1
mn  —w'Zw
w

1T

W:]-7 /’LTWZMO

subject to

fgu 1/2 liwasudeaeu wivihleyiusasainiu aeldnsd unconstrained Nougy1n short-
selling w1n p ldiuApsivindunndunsng avanunsoains target return liviannvianeundu long-
. ] o, v a a e v wm oy ] s w ] o a Y a A a

short positions i AL TulU TR Bsadaans dldlauneanuiinesnasnanaudunislaasdied

leverage, borrow %38 position limits
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a514 Lagrangian

1
L= §WTEW —A1Tw—1) —y(u"w— )

Houlvdusunilsio

SWwW—Al—yu =0
Sty

w= 271()\1 + vp)
ANVUA

A=1Tx"1, B=1Tx"1y, C=u"s 'y, A=AC—B? (1.1)

1A constraints

A Bl [A] [1
B C| |v Ho
MmA>0
C'— By
N\ =
A
uay
N A
lonadAry
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ngufun 7.1

i1 X positive definite waz A > 0 wesnANUWUTUTIUAEANIN expected return WU L

o~

A8

(7.2)

4 C—-B Au, — B
() =57 [CBloy y Ao =B

J

X o w R ¢ X o -1 = ' .
gns 13 A vang drdgy aes Usenns Usenisusn intdnwesndudu X Felasde covariance

'
=

estimation Iaglaniziilalun3ngil condition number g¢ Usen1siiaes target return WgasHUU

¥ '
=

W vilW frontier portfolios yismumaguy affine subspace AfARMnIHUAUIMINGY Fuduitugu

284 two-fund theorem Tutedaly

gay. Reulvdusunilelviguves w Auuu uag constraints Tszuuidadudmiu A,y e A > 0

sruvilAnauenanwal

\l8331n X positive definite lariduinguszasa

1
“whSw
2

W strictly convex vzl constraints 10U affine faty feasible stationary point W global

minimizer fidlondnwa ]
74 wala A >0

NQufun 7.2

01 X positive definite udn

A=AC—-B*>0

waz A > 0 1 p Lidudedauiv 1

figod. fAmua
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x =N 1%
uag
~1/2
y=35""24
agld
A=x"x
B=x'y
uag
C=y'y
3710 Cauchy-Schwarz inequality
B? < AC
opito)
A>0
waz equality WAnidle x AU y Wudunsadentu Fadeusiiy p ifudndidu 1 []

nstl A = 0 nwld X positive definite Wiguwindu pu = c1 dusuainsil ¢ nanfe expected
return VeAFUNSNENNAIWINAL Astunese fully invested NNesnil expected return Wiy ¢ 1N
nun fy = ¢ YedfinruranaulnuazE1iu budget constraint luildslaya wasvnimiun g # ¢

Ugymazlaldl feasible solution Uszisuiladurednilugns frontier wuulnguissosauud A > 0
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7.5 Global Minimum Variance Portfolio

mnlifmun target return Yeynas

min —w' Yw
w

aela

w=1

208

NQeUN 7.3

Global Minimum Variance Portfolio fi®
D Dl (7.3)
W = = .
oty A
oy
B , 1
Hemy = A Oawv = A (7.4)
Y,

W91l Lagrangian fe
v

L= EWTEW —A1Tw—1)
Fale
Yw = A1
VD)
w= Y"1
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14 budget constraint

1=1Tw=)\A

wagliignaunntn GMV 910ty

@1 variance f®

[]

YadunadrAtyfio we,,, Tuiu X wilitudu p leenss Jsdndanuadesninnesniilaniy target

return %38 expected-return forecasts lan13UsENNA1 mean & noise g3 agslsia GMV dilasie

o w

covariance estimation waganafiumtingalsalsmnaugin short-selling lnglaifidednin

7.5.1 nsolaasdunswg

£% < S v a LY 4
1w Wunundunsne 1

o7 = w0} + (1 —w)*03 + 2w(l —w)o,

moyusiiey w awld
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fdu 07 + 02 — 205 = Var( R, — Ry) Seaviiounulde e snanauumueiusneseninges

Auning vndruieunulidiunau dunindnsaedideyadiu diversification AlndiAgaiuinn uaggns

JntinazlinemUseunal covariance 1nNTU

7.6 Minimum-Variance Frontier

91N optimality condition

Xw=Al+yu

)}
Zo
pid }

0'; =wSw =+

WNUAT A hay 7y

NQEUN 7.4

Minimum-variance frontier 984 risky assets A18l@ unconstrained short-selling @®
Ap? —2Bu+C
o (p) = e x = (7.5)
warannsaleusey GMV 1u
W =5+5 3)2 79
o = —qp == = = .
W=a7a\l" 24
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aunswdwhlidiuiuiion variance sgaiinidlo

B
H = A = Hemy
{53}
1
o’ ==

Tuszuu (p, 0?) aunsidumsiluan dwluszunu (o, p) aunmsfudulewesluan uslunianis
Ruinsaniamzaseesuiu o > 0 JLAuLULULAZWINENNNIUTSIUAY o GMV wwuuiduduiili
HanBULNUEININEMTUAIEITEAULAEINY

I

A

efficient frontier

\nefficient branch

E‘Uﬁ 7.2: Minimum-variance frontier ilag efficient branch

unileny 7.2

@89 minimum-variance frontier

B2 ey

fa efficient frontier
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B< Heyy

< . . ° o ' a & Ao . W '
W inefficient branch LWﬁwﬁWﬁUVJﬂﬁmUUqua’N UNBINUUBIUUUNU variance LNINULLR

expected return genin

J

M3uUs efficient/inefficient FelildiFosves “Anuidsamioge” Wevegafed undubeaves
dominance #0131 WasH 711 ANEEIEINTT GMV 8713 83l UsgdnSam wn bl wese du A v

expected return 88 NURIIAUMEANNLEDITAINI

7.7 #9819 tavaugunsne

NATUN

0.06
w=10.10
0.14

bbae

0.0064 0.00192 0.00144
> = [0.00192 0.0144 0.00756
0.00144 0.00756 0.0324

v

wvsndlannnasnu volatilities 8%, 12%, 18% uag pairwise correlations 0.20, 0.10, 0.35

nnsAalausEu

A =197.7324, B =14.7551, C = 1.29864, A =39.0718

d1m3U target return
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to = 10%
(5
0.3149
w(0.10) ~ [0.3703
0.3149
WAy
o, ~ 9.12%
d1 GMV fa
0.7082
Wy A |0.2181
0.0737
Tne

Loy ~ T.46%

bbeY®

O ~ 7.11%
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AN 7.1: é’haemagmu minimum-variance frontier

Ho Wy Wa W3 Ip

8% 0.6248 0.2503 0.1248  7.21%
10%  0.3149 03703 0.3149  9.12%
12%  0.0049 0.4902 05049 12.44%
14% -0.3051 0.6102 0.6949 16.34%

fhegeiiuandliiiuingle tarcet retum qq%u optimizer fieg 9 anthninFunsweiiil expected
return Suaziintmndunngia expected return g4 e target Wity 14% @iy expected return
qnqmﬁuaqﬁum%’wﬁﬁy’aam wosm long-only Tushegireadu w = (0,0,1)T 3 volatility 18% wsi
unconstrained optimizer anansald short position TuFuningd 1 iedn covariance structure Tl
wazan volatility asmdeusvanm 16.34% IsliastransUngululdiu long-only mandate Tnglsiud

constrained problem Tus

7.8 Two-Fund Theorem dMusugunswdiaes

N@UN1T (7.2) mmm%’mgﬂlﬂu

w(p) = g+ ph

1y

i -BY 'y
T A

hae

- AY - BT
B A

fatiu frontier portfolios aguu affine line Tu weight space
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ngufun 7.5

\donwesmuu minimum-variance frontier aaanadn w) uay w(?) il expected returns 4, #

Lo, WiV frontier portfolio 713l target return 1 aunsalowdu

w(pto) = aw® + (1 — aw

a:HO_Nz

M1 — Ko

J

v

#1731 combination lunguijuniilu affine combination nanafie o lidludeseglutae [0, 1] win
target return 9guUANYIITENIN f1q 4 Ly Wl o < 0 90 o > 1 Fsfiarnundunis extrapolate

#18 long-short positions ladln1suauuy long-only 555uAN

igad. wie

w(p) =g+ ph

)}
Zo
2D

aw(pg) + (1 —a)w(pg) = ¢+ [apy + (1 —a)ug)h
=8+ poh
= w(p)

Useuiiaeeseds

Two-fund theorem lugufinamiian1sadns frontier 70 risky frontier portfolios @asnosn laily

mutual-fund separation MAASUNY risk-free asset FyazWALTUUNT 8
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7.9 Utility wazn1sidenwainvadtinanu

Efficient frontier szy%awesa 71l gnaseudr ue §ld ssy i famuasidengala ududeciiiu
preference %39 objective

W215841 mean-variance utility

Uw) = p"w— gWTZW a >0 (7.7)

198 a v risk-aversion coefficient

NQEfunN 7.6

nelé budget constraint
1Tw=1
ANMBUVDY
max 3 (11w — —WTEW}
w 2
R
)
Wo = Wowy T EZ (4 — o) (7.8)
J

gal. FOC Ag

p—aXw—A1=0

I
=y Hu—
W=~ (1 )

910 budget constraint
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1=—(B—M\A)
a
Fad
\ = B—a a
T4 Hemy A
wiunaukardngUagliaunis (7.8) [
wananil

Mo = Hauy + WA

bbEYE

1A
A a?A

2
O-CL

Aaulile a iy wesnilidenazdnlng GMV wazile a — 0o ald w, — wy,, Wensa Tuns
nduiu e a anas Unasulvidmiindu expected return 1nTu vilinesandowsanain GMV lunu

efficient frontier waglagludaulise estimation error 499 p1 ANTU

dunadniie a > Ouag A > 0asd 1, > fig,, MUAINBUYRS Utility problem aguu efficient
branch lafldusuane uazaunns variance figndiosie o2 = 1/ A+ A/(a? A) Fdenadesiunsunu

1, adbuaunis frontier Inemse

a0 t%

Utility parameter liinisgnifeniitesiieviliinadoundinf A1 a AIsasview mandate, risk

Y

budget %38 preference AinmunnouUTEIRUNATNS

7.10  No Short-Selling ttag Quadratic Programming

A | . A Y o o
Wialalougy1m short-selling Liadadin
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Jymnanelu
Long-Only Mean-Variance Problem

1
mn  —w' Zw
w

subjectto 17w =1, e o>

lunsdl long-only wag fully invested A1 1, fieaeglu convex hull ¥e1 expected returns ¥4
Funing nanade q Aedmsudunsndseduaslifivednindu deall min, p; < py < max; p; 3998
il feasible portfolio Weulvlif1931n unconstrained case % short-selling vi1l%%24 target return vee

aanldlaunn

gm3 inverse LUU unconstrained liansalalanaen frontier NSy active set Wasulile target

return Wagu

7.10.1 KKT Conditions

\Feu inequality 1Ju

waslii 1, > 0 10u multipliers

Wouly KKT Ae

Ay e nfasRde AVIADAFENSLATEDR UNINYNFUTITUFAERNS



unil 7: nuiwesnvas Markowitz 219

XW— A —yu—v =0

].TW =

-
HoW = g
w>0
v>0

unileny 7.3

Aunsndd w,; = 0 aguu boundary ve1 feasible set Tun1w active-set optimization ¥®
fin w,; > 0 yesduningiudu active constraint mmzﬁ%uw%’wéﬁﬂgﬂﬁaﬂ’jw inactive asset
wszlalldgniielunesn vn w; > 0 complementary slackness Sadulv v; = 0

ﬁgmﬁ active set WAsUYMK frontier WUU constrained ilAsadng L‘f;lu%u 9 WagLiA corner

portfolios FelimsAanivinihminasasuseaiaunaenyn target return
J

Uszhuifaesz e

YN unconstrained solution Huwiinfnau nMsumnhvdnmaiumegudud normalize Tnal

lallgAmau long-only optimizer lngviald iwsizasiuasuiivdnuidsdiUasuns budget, target

return g covariance interactions

.

v A

7.11 999 m‘tjx‘iﬂﬁﬁlaﬁl,ﬂﬁlﬁlu Efficient Frontier

m%amuﬁdmﬁ]ﬁ constraints U

sector limits

Ay e wfeshLie ANVADAFIEASLATENH UMINYIFUTITUFNERNS



unil 7: nquiweinuas Markowitz 220
gross leverage limit

Z ’wz‘ S Gmax
A

kae turnover constraint

Z w; —wi| < 7
i

ey constraints feasible set azuad sati frontier MIululdnield constraints Tndldanunsa

A59US unconstrained frontier Tui@s mathematical opportunity set e

noeuUN 7.7

o feasible sets apayAiinUAURUS

&3 minimum variance 7 target return Wearuneld W, Litdesndineld W,

J

figoy. n15 minimize Hledduidesiuuuwniidnnirldawsalidfndiadgauwien ilug ndn @

ATEUARLLATIY []

9813lsAMY constraints ©199281# realized out-of-sample performance fYu IWs1¥an estimation-
error amplification, concentration Wag turnover wal in-sample frontier %Qﬁaaaa ﬁLﬂum"ﬁ@&JNﬁﬂﬁiy
YDIANULANANNTEWINS optimization efficiency fU investment robustness: nM3uauLdYUTEENSAN

Wawuuinassdniagaiataniunasaiaiunislaasuaziadesnin

7.12  Estimation Error uazanulaidfesves Optimal Weights

gnsUaguvliiiiuindmeutuiu
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9813311 01 covariance matrix i eigenvalue 180 MsNAULVSNFITVEIY noise TuiiAdsnan

1% eigendecomposition

Y = QAQT

1ng

A =diag(Ay, ... A,,)

LA

>l =QA QT

1 X\, w@nun At 1/ agilenunn il perturbation Wanludeyaaieinisideundasoniminld

1 Jaymilsinasumie condition number

dlo k(X)) gan msua inverse wivhldludsiiavionaliiaties lunsdlfl sample covariance
Ju singular Wy Sruudunindunndiadisuiuswaudeya nsld pseudoinverse ssagnudealiud

estimation risk Ineenludf F3A15WA15847 shrinkage, factor structure 3e regularization 33397

Uszuifeeszd

Efficient frontier figAuintu sample e1adunaves estimation noise Ineanizille expected-

return estimates wanseuLsadntiesus optimizer 19 leverage 138 short positions Liie

LAIIWIAINULANANITY

7.13  Sensitivity 989 Optimal Weights

19 6 unu input parameter iU expected retumn, volatility 50 correlation wagli
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w*(0)
Ju optimal weights

N9 sensitivity @u15ald finite difference

ow' w0 +h)—w(0—h)

00 "~ 2h

d15U unconstrained problem fifnouLlUdsusE1a3eU finite difference Tn1suszanu local

sensitivity fiAIuving sl constrained optimization Ameuanalyl differentiable oy 907 active set

o

Waeu dslumsgnseniusideitlaruaznsiudsuniaued active constraints ATUAY
Tumeuoplddndudesssnusuiusynds urmsnsivegton
1. expected-return perturbation

volatility perturbation

correlation stress

2.

3.

4. estimation-window shift

5. universe inclusion/exclusion
6.

constraint tightening/relaxation

Weight Stability Diagnostics

o

frdiadenldlssuiisunesagiuiunesnnas perturbation kA

Wt —w(@]y

Wt — w1,

ILeE maximum absolute weight change

max |w;!) — ()|

v
o [

N input WasudnieeumihminiUasunnn amsiaufneu optimizer fapusydnTe s
(& J
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LUININY Robustness
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AN 7.2 UIN19anANLUS1E U989 Mean-Variance Portfolio

bbUIN

Nann1g

P a
Jauantlagu

Covariance shrinkage

Expected-return shrink-
age

Weight bounds
Long-only

Turnover penalty

Resampling

Factor structure

Rolling validation

A1 sample covariance 1M
structured target

an dispersion U84 i

10 w;

#in short positions
aﬂIVIEﬂ"IiLU?iIEJuﬁI"Mﬁﬂ

a579 vty samples/ parameter
scenarios

anilFvee covariance estimation

Ysefiunadnusan

Wiy bias tiWe wan AU estimation
stability

an extreme active bets

frontier Tu sample wavas

an leverage uldy flexibility

an trading cost WARNDUAUDITIAY
14 computation 1nTuuar Uiy
resampling design

1 factor-model risk

an sample d1m15uusiag window

WwIAA shrinkage @4 covariance WauAUUNT 6 Uay MUY Ledoit way Wolf [30] 9adAay

= oy = Yasd d o v a{' i = I .
A8 robustness imlﬂwuqﬂﬂﬁﬂqﬁisﬂ']ﬁV]GUUGUE]quﬂ LLWWﬁJqﬁJﬂﬂﬂqﬁaﬂﬂﬂNTﬂmaﬂNaaWﬁma noise e

assumptions 1AgaNYILIANANLATHTAANSWALAINAINITALUNTATINFOUEBUNGY

7.15

N15a3 frontier wagmsUssillunanaawentatoyastadniau

~

In-Sample Frontier AU Out-of-Sample Portfolio

Estimation Window — (i, 2;) — wj — Future Holding Period

NARBUWNY realized vaanasmlursdnlufe
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R, = (W) TRy

Tailw

*\T ~
(Wt) My
UseLhunaeszda

—~

3 W Joya owrmn Tu ms sz o vise X newadedrwin iy look-ahead bias n13

518914 efficient frontier Ml¥dayans sample Jshilyndngiuves out-of-sample investment

performance

d 13U rolling experiment @25 Uu¥in estimation date, rebalance date, holding period,
transaction-cost assumption ag benchmark 1nATY NINTNTTBUIBAI realized portfolio return
AISTINAUYLAN turnover MARTUAIY Hazuueainnsalil optimizer giilendn benchmark Tuigs

gross return WARBENILEIONANTEUN net return

7.16  nItlAn¥IUILVRIITEY

NUVBY Witayakiattilerd wazamzAnw1nsly correlation, beta wagn1sainanesnainuannswg SET50
Tudeyadounds lnsuandliiiuinanuduiussenirmdnvinduasdorimun long-short awsawie

feasible investment strategies & [68]

31NUTgn1sUszend: Correlation Structure fiu Feasible Strategy

a 0 ) a s 9 1 o ' o v & . a Y] 1A
unBeudmsunguf wesalilinsiiguannindain sample period wnanldludagiu wide

A3YUIUNTT

return data — dependence estimation — feasible-set design

— portfolio rule — out-of-sample evaluation
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\Wieayay1n short-selling feasible set Wasuagansy uavdoiiutadninnu borrowability,

leverage, liquidity wag transaction cost Tunslgauass

UVBY Kesamoon Wag Witayakiattilerd 19 fuzzy analytical hierarchy process Lﬁaiw%yjalﬁ\m

Usnauwazidanauninluniseadanmanning [28]

nnuITegnisuszand: Security Selection iU Portfolio Weighting uauazu

N13AALEDN universe @11130%1MNBU mean-variance optimization

fundamentals / qualitative information — screening or score

~

— candidate universe — (ﬂ, E) — portfolio weights

35 screening lallAwwu Markowitz optimizer wag Markowitz optimizer lilanauAinininaasin

dunsndloawding universe Aausdu

717  sgwrugiunswdusiaannanudesuas CAPM

frontier luunila$na91n risky assets Wity undl 8 sztiiwdunindusiaananudssilinaneuunu R

\onaw risk-free asset U risky portfolio P sreuniln y Ingtminluuningusiaanaisndes

wihiu 1 — gy

pe = Ry +y(pp — Ry)

G

oc = ylop

v '
o 4

Aatunesananagudunsluszuy o-p Weiansandu y > 0 uasymneuga y > 1 nned

NINNENT Ry WLy leverage @ 0 < y < 1 vunsfsfions risk-free asset wag risky portfolio

va o o

HaldunsiifseguuannAgiuimMsinuas g Buhlandns risk-free wWeniuuaslifidedniniudi

Fadu idealization Nazdosyiudlothluldas
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q

pp — Ry

%Qﬁﬂlﬂ&j tangency portfolio, Capital Allocation Line, Capital Market Line ez CAPM

>
>

wosndula 1"

Inefficient frontier

nsdennosnduiawas CAPM

funluundaly

> 0

JUN 7.3: maliidunindunannaudssiliidudnassiunu (Capital Allocation Line: CAL) dur

AUV URAUSEANS AN URIFUNSNELFea

o
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M157991 7.3: Checklist §5U Mean-Variance Portfolio Model

29AUsENaU

v
ATy

AULHBINaZLaY

Universe

Expected returns

Covariance

Constraints

Rebalancing
Transaction costs
Validation

Benchmark

Stress tests

Versioning

inclusion/exclusion rule
estimator, horizon, annualiza-
tion

estimator, window, shrinkage
long-only, bounds, leverage,
sectors

frequency, trigger

commissions, spread, impact
train/holdout/rolling

equal weight, market, policy
portfolio

mean, vol, correlation, liquidity

data/model/parameter version

survivorship Wag selection bias

optimizer lana noise

unstable inverse matrix

theoretical weights TH91uasalaila

turnover gew3e drift 1Aty
paper frontier gaLiua39
look-ahead W@ overfitting

131591 complexity \iiuauAmsoll

el fragility ves solution

yidwalale

7.19 Investment Lab: Efficient Frontier tta2 Robustness

Investment Lab: Excel: Closed-Form Efficient Frontier

@313 workbook agtles 6 A
1. Prices @115 adjusted price data
2. Returns d1113U simple returns 7idnfunseiu
3. Inputs &3 i, ¥ ua¥ constraints
4. ClosedForm d@wsu A, B, C', A, GMV wasg target-return portfolios
5. Frontier dw3SU target-retum grid 8g1atioy 30 30
6

. Checks d1%15U budget, target-return, variance wag weight diagnostics
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11005 o—p YINLATEININY GMV Wazlen efficient AU inefficient branch anuuLUSaULTiBy

unconstrained frontier iU long-only frontier

Investment Lab: Python: Markowitz Solver Validation

asmseusulugalysiilaiduetetos

. frontier constants(mu, cov)

- gmv_weights(cov)

. target_return_weights(mu, cov, target)

- frontier_variance(mu, cov, target)

« utility_optimal_weights(mu, cov, risk_aversion)

- long_only minvar(mu, cov, target)

- weight stability(base, perturbed)

« rolling frontier_experiment(...)
unit tests MITMTIV budget constraint, target-return constraint, GMV minimum property,
closed-form versus numerical solver, two-fund identity wag KKT residuals lag Avun

numerical tolerance ag19tnLau l1iA150913 floating-point equality LUUATIFA
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7.20  9931NALAZNISAAINBENSURAYAU
an5797 7.4: Yesaindfeyues Mean-Variance Portfolio Selection
Uszihu NANSENU wuameantlaywn

Expected-return error

Covariance instability

Non-normal returns

Transaction costs

Liquidity

Shortability

Regime change

Model risk

wmtinhuazeagals
inverse matrix Y818 noise

variance lal Wiy tail/ asymmetry
Ve
theoretical optimum 219
turnover g3

Jrntinfmuiailaoratevielula
short weights @1amiunslale
frontier 91NoARLARDUT

in-sample efficiency laiwinfiu real-

ized success

shrinkage, views, bounds, scenar-
ios

shrinkage, factor model, eigen-
value checks

downside risk, ES, stress tests

turnover/cost constraints

liquidity caps, market-impact
model

borrow constraints, long-only
model

rolling/regime/stress estimation
benchmark

ag  out-of-sample

validation

unaguvingun

UNTRINTIATIERINNNSAIN risk-return Yaswesnludnisiiennesniiivsyansnmneldnsou

mean-variance

d19U target return Mg Ha¥ covariance matrix il positive definite A199U unconstrained fio

1ng

1 [C—B
(o) = 571 | =501 +

A H
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A=1Ty""1, B=1Ty""y, C=u"s"y, A= AC — B?

v

GMV fiuutin

1
Wemv = A
nsay
B 9 1
Hemy = A’ Ocwv — A

minimum-variance frontier Jauns

2

2= L 4 A ( B)
g = — —_ PR —
W=ama\""a
uazuvuiiegimilo GMV A efficient frontier

two-fund theorem w431 frontier portfolio 1a ¢ a@1u1508519971 affine combination ve4 frontier

portfolios @panasniidl expected returns sineriu

WLy preference ﬁlﬂamummamﬁaﬂwa%méj’m mean-variance utility Inedu3u risk-aversion
coefficient a > 0 fmeull p, = pgy + A/(aA) uar 02 = 1/A + A/(a®A) dwdlo
W no-short, weight bounds, leverage 38 turnover constraints ‘f]zym%vdﬁﬂulﬂu constrained

quadratic program Waze13LAA corner portfolios

[

ToasuesluRndAnyAe efficient frontier Yufu estimated inputs 8813110 N151E91URBIATI

estimation risk, weight stability, constraints, transaction costs W& out-of-sample performance ol

NTUANTE in-sample frontier

undialuaziiiy risk-free asset wazWaLI9N Markowitz frontier 1Ud tangency portfolio, Capital

Allocation Line, Capital Market Line Wazlhuug1a03n15ivuasIA@unsng

o/

AANIIEARY
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Feasible set

Opportunity set
Dominance
Mean-variance efficiency
Efficient portfolio
Minimum-variance frontier
Efficient frontier

Global Minimum Variance Portfolio
Lagrange multiplier
Quadratic programming
Positive definite matrix
Frontier constants

Two-fund theorem

P= Y] v
LUUNNAANIGUN

1. 95018 AN WAN AN 551N feasible set, opportunity set, minimum-variance frontier uag

R e S R A

10.
11.
12.

efficient frontier
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Mean-variance utility
Risk aversion

No short-selling

KKT conditions
Complementary slackness
Active set

Corner portfolio
Weight stability
Estimation error
Shrinkage
Resampling

Out-of-sample validation

Tiwesa P & (o, 1) = (10%, 8%) waz Py &1 (9%, 9% ) asfiansaun dominance

$19 Lagrangian 984 target-return minimum-variance problem Wag#1 first-order conditions

WgUgns closed-form va3 w(fyg)

figadin A = AC — B? > 0 y Cauchy-Schwarz inequality

gauEANIINENIATEgAansTaensil A = 0

a ' o 2 .
fgatans GMV way og,,, = 1/A

M GMV Yaenaingaddunindannsmeuiuslnenss

ﬂqaﬂaumﬁ minimum-variance frontier

2 e

1

A

(%)

FBUNUMARATILYUEIIYDS minimum-variance frontier Lyifiusz@ngnm

Tideyasiegnamdunsndluuniuwamesni target returns 8%, 10%, 12%, 14%

AT NeIn target 14% Tuded1adeosd short position sl
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13. #gaw two-fund theorem &3 risky frontier portfolios
14. WA mean-variance utility problem Ll,azﬂf;j%ﬁqm w,
15, Wanedn pu, = oy + A/(aA) uaz 02 = 1/A+ A/ (a?A) whouiigaiinile a — oo
il W, — Wy
16. Weu KKT conditions @115U long-only target-return problem
17. 83U18 complementary slackness Tupmsnevesdunindfiiim ineug
18. WAAIMBIBE1IINIIAN negative weights WuAududs normalize ludndusoadu long-only
optimum
19. ﬂgﬁ]ﬂ’i’uﬁ'a feasible set gnyiliiénas minimum variance i target Wldanunsoanas
20. e8UeMe eigendecomposition 11wnla covariance matrix #i ill-conditioned vl vmin
optimizer luliatios
21. 99UV sensitivity experiment 1ag perturb expected return YAUNSNENTash 450 bp
22. Wisuiigu sample covariance iU shrinkage covariance Tuus frontier wag weight stability
23. 890U rolling out-of-sample experiment #il3ifl look-ahead bias
24. 95UIWANULANAINTEIIN in-sample efficient portfolio U realized best portfolio
25. a%maiwmaimﬂmﬂ'u risk-free asset Tuundnluviliitam efficient portfolio lWaBuANIEUIAS
Tugmavnidududia
ADINYIUAR
1. wosnileguu efficient frontier snududioadunedniiidmivinanuynauviol
2. wnla expected-return estimation error ﬁea%ﬁ\‘iﬁmﬁﬂqﬂﬁiﬂﬁdw
3. constraints 73 in-sample frontier ugasenarilinassaituldegils
4. vn covariance matrix JANUUIUEIGIUA expected returns ununensallails AseanuUY
wasnagals
5. n5l4 historical efficient frontier Lﬁaﬁlamiﬁuﬁ'ﬂamuﬂ’ﬁﬁﬁﬂLaau‘vﬁa uncertainty information
wuule
6. Markowitz theory msgnuesiliu “Aneuanyine” wieilu mathematical benchmark d1msu

ASWAILITEULUSINSNBSANT UL U
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Uil 8 N9l AN NU UaT WUU 31889 AT AU 51A"
funng

LY s =} b4
INQUILAIANIITEUS

dlesuunil Q’émmaimmm
1. Wgn AN KU1 UBY market competition, market efficiency 8y asset-pricing
equilibrium 1gt
%19 Capital Allocation Line aandunswsuseanaadesuasnesaides
ﬁqfﬂﬁqm tangency portfolio lag maximum Sharpe ratio

83Un8 two-fund separation, market portfolio Uaz Capital Market Line leiagiagnsias

oS BN

g9l CAPM 9 niieuls tangency ves market portfolio wazfiny beta iu systematic-
risk exposure
6. wen Capital Market Line 98n310 Security Market Line uazagurgdnmsla CML 14 total
risk e SML 1 beta
7. Uszan beta Way Jensen’s alpha 28 regression wiau Usilil uncertainty uag
parameter stability
8. 1 CAPM 18u required-return benchmark Tunisusefiugarlaglifiaau pricing gap
1Ju arbitrage nednluld
9. @5uny APT Way multi-factor pricing ¢y factor exposures Waguan no-arbitrage
10. wW3yuLisu CAPM, market model, APT wag empirical factor models Imw&mam@gm
wazinguszasd
11. 99ALUY asset-pricing model validation LuU out-of-sample findnide look-ahead wax

multiple-testing bias
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8.1  uni: 310 Portfolio Choice g Asset Pricing

unil 7 Anwinisidennweinain risky assets gl expected-return vector f4 lag covariance matrix 2
unilindunindusirnnenudssiiinansuw R wdviaunaindawdn “dhamunisidenwese
o7 Tgmnmdagasnindt “Wedamudiunndadulaniouiu anudsialanisladumyanely

expected return”

o A

UseliuddgAenisuenauseaiuaesnsinseiiidnau laun opportunity set @ausninnesnla

o

o v . . = W A ' = e . ..
a513la portfolio choice szwam1uﬂamuLaaﬂf\gmslmmmmmmawaﬂmuLam wag equilibrium pricing

¥
o o a

Fageunsdndulavesinamuivamaunindlunain mnauseduiignduau azifnanudilaiinliig

wu nsi ML Wldundnnindsess wien1sininu regression beta iluwaiigai CAPM lngnse

Markowitz Frontier — Rf — Tangency Portfolio
— CAL/CML — CAPM/SML —> Factor Pricing

Markowitz Risk-Free Tangency CAL / CML
Risky Frontier Asset Maximum Sharpe Separation
Regression APT / Factors CAPM / SML

Validation No-Arbitrage Beta Pricing

UM 8.1: WHLTIvRIUNAIN portfolio choice lUg equilibrium asset pricing

CAPM U benchmark model #1iday expected return iU systematic risk neldaunRgiu

e ladlingnsudseiu realized return wazlallghuudnaesfedniliiinsz expected returns
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8.2 JenuuRvIMaE)RaInuLas Efficient Market Hypothesis

8.2.1 dedunAlLUUAANEaNYBY Capital Market Theory

-:4' 1 a a a o a
LW@Im@NaLGUQﬂaEJﬂF]WLLUUﬂ@EU NIBUAANFANUNTUUAIN

1. nawuld investment horizon LAgariu

nsnnaulannde expected return wag variance

1nasvuil homogeneous expectations Feaffu g uay X
Funsndudomhelduazdoneldlaglaid market frictions 7oty
laifin8uag transaction costs Tuuuustansiiugu

short-selling LLaxﬂﬁiﬂ%’uﬁmﬁfﬂmmsaﬁwlﬁmmaumagm

UnawuanansaliguasgBui R ¢ deafiu

G N o kW

o ' < .
UnawmuuAazs1eiduy price taker

Ussunaeeszd

v
@

ToauuRanilldaing theoretical benchmark NM3nuazli)NensALITU unlimited leverage

Y

v <

Liififunugsnssu wag homogeneous expectations lildamaudAnsouluaidunainais

Tu@enaln homogeneous expectations sl risk-free rate Ligniuvilinasmuueiu tangency
. a o a . o g v s A a P a o
portfolio Wil YUz market clearing ylvinesnidusNynaudeinisiiolas SIunseivaumuves
a o ¢ o = A « s o =] y ¥ @ « . v '
dunind @ lunain 9N “wosn Nl inung au ygn” winu “market portfolio 19 winssumaY
AU3IAgI1I589 borrowing rate, constraints, taxes visotoyantnamulisuiu nadansiBanaenme1s

wWasugUuazlidndudesld CAPM wuudunssluguiiugu

8.2.2 Efficient Market Hypothesis

NIOUVDY Fama WUs market efficiency a1l information set 151AN@gviau [19]
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51991 8.1: JULUUYeY Efficient Market Hypothesis

g‘tJLL‘U‘U Information set UYPIN15NATDU

Weak form A arTyanaIntuain nagns a0 Yeya nan ofn L Als
a513 abnormal performance 8g14
ashuase vds funy 0 auuAgiugn
LN

Semi-strong form Gﬁa%amﬁﬁmzﬁyﬁwm public information m'ﬁgﬂﬁzﬁ@ulu
FIARENTINTINUNTOUANAFIU

Strong form Foyaramelufembmgui Gy 9o 1eue 7 14 i waz lai mas gn

o 9 = 4 v
aUﬁuﬂUﬂ{]ig LUHULﬁ@QTaHaﬂ’]Eﬂu

Y o

VBEILNA

EMH fiu CAPM Jupuazdaiaus EMH nanfiansazieudeyalusini d@im CAPM nanadisniny
FuiusiBanaenmazning expected return U systematic risk ALENMAYBILUUT GBIV
dlildgauiBnuuudrasmilidagsnlusia

TusuiBadszdnddadl joint-hypothesis problem: msuenin return tawfu “abnormal” fas
91fBUUTIaBY expected retum Wu benchmark Faihuin1sny abnormal return envezieu
market inefficiency, Wuus1aes benchmark filsiasysal yi3ensansasny ManaaeuUsEAVEAM
aam 391 awnsa wen een 10 auuAgiu fien AU wuy $1aeen13 Aun 51A 9183 abnormal

performance l¢iagngauy sl

8.3 Aunsndusiaarnainusdeauas Capital Allocation Line

Uniany 8.1

funind Usmnnanuideslunseunisnn Ao duningf terminal retun gnivuawiveuly

horizon W&y currency LgnAuNleIATIZAIneSH Al

Var(Rg) = 0, Cov(Ry, R;) =0
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Y

dmu risky asset ¢ ndlunsoulieaiu mdn “risk-free” FudunuAnfituiu horizon way

currency Lilldnnandfduysalveswmatsnnanunisal

1% P {u risky portfolio il j1p = E(Rp) uar op > 0 uagli y ifudadnlu Paw 1 —y

g/l risk-free asset awld
Ro=(1—y)R;+yRp, pe =Ry +y(pp — Ry), oc = lylop

Wi 0 < y < 1 dnasmuuialusendng risk-free asset fiu P ils y > 1988l 1 —y < 0 fauny
borrowing %38 leverage ma’[,s%’famagmsuml,l,wﬁﬂam du y < 0 wuefians short risky portfolio

wagil risk-free asset 1NN 100% Falallddrunes upper efficient CAL lunsdundd pup > Ry

dmsu y > 0 awnsariidn y eenandessaunisudanaziBeuanuduiusluszu (o, p) ey

%
LAUR T

Capital Allocation Line

AMUTUTDY CAL Fip
pp—R f
op
Fa.0u ex ante Sharpe ratio ¥4 risky portfolio P fatiun1su efficient CAL Sawhdunsmnesaides
V9 excess expected return sianilaviiag volatility gefian duiituninagaseudndundutosninluda

mean-variance @MSUSEAUAINILELLAEINUY

dreene 8.1. W Ry = 4%, up = 12% uaz op = 16% azldl Sharpe ratio iy (12% —
4%)/16% = 0.50 &1 y = 0.60

fie = 4% + 0.60(12% — 4%) = 8.8%, oo = 0.60(16%) = 9.6%

fegiluanadndioideulunu CAL 713 excess expected return wag volatility gnususiedndiu y
ey 399l Sharpe ratio 489 complete portfolio asAuns1UlaNldy risk-free rate Whgaiuwazlif

frictions
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8.4 Tangency Portfolio ka2 Maximum Sharpe Ratio

ANNUA excess-return vector

&S risky portfolio w Aiflanuudsusauduuan Sharpe ratio e
T
W
S(w) = —F==
wl Zw

ngufun 8.1

auud X > 0,9 % 0 uaz
h = ITZ_lq >0

Wi tangency portfolio 91 normalize T 1TWT =1f®

_ = (u— Ry1)
TS (4 — Ry1)

W

Reuly h > 0 vhlvinesn# normalize uiiogluiiAn1aves maximum positive Sharpe ratio

MelinsauNnggI

J

gay. Nansaunnees x # 0 laedilal normalize budget constraint L8430 Sharpe ratio liludgy

\laRa x fMganasuIn Mnun

,— 21/2)(, _ Z_l/2q
W&31n Cauchy-Schwarz
T T
X' q z'a
e
xTox |zl

equality tAaLlle z = ca d@msu ¢ > 0 dsilu
~1
XXX q

waziile h > 0 @wnsa normalize ¢e h el 17wy = 1 Tnglidndufirnisves Sharpe ratio [
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nQufun 8.2

melaReuludnesiu maximum positive Sharpe ratio ¥037iAN1aNesALELIRD

St = \/(M - Rf1>TE_1(H — Ry1)

wae a2 = qT8 'q

a —1 a —1 1 . t% S o [ 1% 1%
sl 1TY g = 0 #ifme X q ldaunsa normalize Winasastiwiinwingu 1 AILFATUNS

fu daunsdiiAnananfinau M3 normalize wuuinRuawuaznduAianIsuazvild Sharpe

. oa = v A ' v a a ' v ' .
ratio finau Fepinsiaieuluneuldans@ieln linislignslaelingaa denominator

Uszhundneszd

GLK 110y unconstrained solution 0 & long-only, leverage, liquidity, turnover #%®
transaction-cost constraints Aa4lA constrained optimization sl Talmasein negative weights

ué2 normalize Tnafioindu maximum-Sharpe solution

8.5 Two-Fund Separation wazn1staan Complete Portfolio

e tangency portfolio T' Qﬂﬁ’muml,é"s complete portfolio Feouladu

Rc=(1—y)R; +yRy, fe = Ry +y(pr — Ry), o2 = y*o%

M3Beusig variance vhliwiudadn y anwnsadudiussanmelinseufiougnis borrowing uae

short positions @1 o = |y|op Wuraiinuun

NOwun 8.3

malﬁamagm frictionless borrowing/lending 7 Rf 1Reafiu efficient complete portfolios
aus0adnInaeInenu laun risk-free asset uaz tangency portfolio
AULANAIIATU risk preference maaﬁfﬂamuasﬁauﬂm ¥ 11nNIIN5LA8N risky portfolio AUAY

Y
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214 mean-variance utility e a >0

ledmiuy € R

a
Uly) = Ry +y(up — Ry) — §y20?r

\Wlown d?U /dy? = —ac% < 0 Seulvdusunildsligaguaniiesgaiien

Optimal Allocation to Tangency Portfolio

§19tlu risk aversion a flnanadnaIusENINg risk-free asset AU T uAn el separation theorem i
Wasussduszneunely T vin 0 < y* < 1 dhamunlinuazfienesades i y* > 1 azdean
i Ry suuuudnass uavindl borrowing/leverage constraints Fmeuazgnanredediiauarlddnlu

Aosviugasuuulidnhn

8.6 Market Portfolio wag Capital Market Line

mels equilibrium assumptions 5Wﬁﬂaﬂﬁqunﬂﬂuuauﬁu risky tangency portfolio Lhgaiu N334

demand v4tinamusiBIaenAdasiu aggregate supply vad risky assets T market clearing fatiu

' =2

wosndenielne siudeliesrusenaunuyarnainvesdunindg et wagdesey tangency portfolio

Y

fiu theoretical market portfolio M [48]

& V; JBuyadinainven risky asset 4

Theoretical market portfolio AT AUNSHEFINamulauAmunTauNgus] ildanie

viuaanzidou msldiuiliu wu SET, SET50 visesuilnandu 1Ju market proxy FevilviAn
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market-proxy problem wagyinli beta v alpha Fufiu benchmark Miden Useihuilinalagnse

AaN1INAEEU CAPM lws1 “market portfolio uyiase” llaunsadunalansudau

Wie T = M du CAL nilanudugegaisendi Capital Market Line

Capital Market Line

Uszhunfoesz s

CML 4 efficient complete portfolios MtBunsuaw risk-free asset ffu market portfolio
Lufleins required retum vawmdnnswds1efmnd ndnnIndsednliiivssansameaegle
CML Tuszuu (o, 1) Ialaglidaiu CAPM i1 total volatility vesudnnineil idiosyncratic

risk luilasuaawelugaenm

8.7 971 Tangency Condition § CAPM

W31z market portfolio U tangency portfolio Safiawnans k > 0 fivilw

_ 1
wy = kS (- Rj1) = p—Ry1= Sy

aunsilllunnuans CAPM s1zaugiafe expected excess returns @auauaI1Ae covariance 89
Aunndiunesnnainnnsieafisiuiy

@il ¢ 403 Tw,, Ao (Swy,); = Cov(R,, Ry daifu

1
p; — Ry = ACov(R;, Ryy), A=
d1m3U market portfolio 189
—R
iy —Ry=Ao2, =A=MY
IMm

ANNUA
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/6 o COV(R,L',RM)
i Var(RM)
wla
mala CAPM
E(R;) = Ry + B; [[E(RM> - Rf]
Tag

Cov(R,;, R op
Bi: OV( M>

Var(Ryy) Moy,

J

aun131uanadn expected-return premium gnitvualag covariance fiu market portfolio Ll
total variance vsdunIndswd lae By, = 1 wasfunindusimnamnudsdl 5, = 0 lunseuiu

o w s Aa o o X%
§1u dmsunesn P fldmiin w, §ilé

B Cov(Rp, Ry) B
Bp = TValRyy) ;wiﬁi

=% o

vl caPM W Wuanuduius@adunldleatiundnnindsadvaznesaiioteuluvaawuuinasids

8.8 Systematic Risk wae Idiosyncratic Risk

NA15041 single-index representation Inefinnum excess returns
waz e

Xzzaz+ﬁlXM+€17 COV<€i,XM) :O
2zl4 variance decomposition

Var(X;) = ﬁlz Var(X ;) + Var(e;)
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v
v o

1 Ry Wueasiilunilenn 9l var(X;) = Var(R;) uew Var(X ;) = o3, duilu 202, du

2

market-related systematic variance n1glu single-index representation @u oZ \Ju residual %se
K3

idiosyncratic variance

msueniviweSureivhlundnnind il volatility gelidndusieadl expected return ganu CAPM
k

mn volatility daulug)iinain residual risk Aidnansaanadlasie diversification

Uszhundneszda

i systematic risk Tufuuuus1aeeild lu CAPM ianefis market beta risk usihu multi-factor

model 8193l systematic exposures #anedlf 1y size, value, profitability ¥38 macro factors

8.9 Capital Market Line U Security Market Line

AMLLANANSENIN CML ez SML \Jugaiidesusnagiansensn

ans97i 8.2; Wisuieu Capital Market Line uag Security Market Line

CML SML
LWNUUDY total risk o systematic exposure [3
it efficient complete portfolios nan niwg vise wesn la 9 ae la
CAPM
AFALAY Ry R,
AT (s — Ry) /oy par — Ry
LNUAIUAR portfolio efficiency equilibrium pricing of beta risk

TuBesuadn 9a market portfolio M 18ugn Wou veddesuwifn: uu CML 9a M fifidn
(s ) $8zUU SML gaudeniudifide (8y, = 1, py,) windnnindsedmmlulddnlusos
agun CML usinngld CAPM vaugi expected return vevianniwegi correctly priced Aipsaguu SML

Security Market Line fig
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Security Market Line

E(R;) = Ry + B; [E(Ry) — Ry]

f12819 8.2. 01 Rf = 3%, E(R);) = 9% uaz B, = 1.25 azld market risk premium wirfiu
6% waz CAPM required return e

3% + 1.25(9% — 3%) = 10.5%

A1 10.5% 18u model-implied expected-return benchmark laflgfmennsalin realized return Tuaan

faludaainiu 10.5%

8.10 Market Model, Characteristic Line tLazn15Uszu1ad Beta

dmiudeyaniuiian a1nIausEan regression

Ry —Rpy=0a; +B;(Ryre — Rpy) + €4 (8.1)

neld OLS if intercept

5 Cov(R; — Ry, Ry — Ry)
’ Var(Ry, — Ry)
o Ry Wudnsiily sample gnsilanguidy
) 60\\/(sz RM>
Var(Ryy)
wimn R, wasununan limsadusewing raw-return beta fiu excess-return beta lngliinsaaaey
W51z covariance terms Mgy R, o1alsimngly

Beta \JuAfilifivissuaslaifies annualize usi & Snthenuenuivesdoya wu etuniesefiou

nsU3euLiiey alpha tuanuddsdesliisulammheiaenadasiuiions return
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JunauUseue Beta Nnsaadausile

1. A%uUA market proxy, risk-free proxy, horizon ag currency
TH51°171U5U corporate actions wazdn trading dates linsafiu
uUad risk-free rate Tilunmhenaieaiu asset returns

@579 asset wag market excess retums

Uszau Q, ﬁ standard errors, confidence intervals LLag R?

o T -

7539 residuals, influential observations, heteroskedasticity Wag autocorrelation #13
AINULNNITEU

7. 93739 rolling beta way structural breaks

o

nagauANlIfie market proxy kag estimation window

-
-

s

v
VDAINA

Time-series regression YBNANNSWENTIIIYI8nTIAN excess return tndeulnasIuiu market
proxy o814ls waz ¥ae Uszanas oy, B; uws CAPM U 99 18U W cross-sectional 1Ae i
expected returns ¥psdUNSNEvane @ FatunIswu regression vosAunindnilsfill R?

g vi3e [ fedAgy ldldmsveaau CAPM egnansuiiumemiiuies

|

Uszhundneszda

mysenuiies B laglddl standard error, confidence interval, sample period wag market
proxy irlinausyanafnulalinsudau Beta 1Uu estimated parameter lailagamsfingu
WU Wag standard errors AISERAARDINUANYME residual 1 heteroskedasticity %39 serial

dependence (adAHALTT0aTOITY

\

8.11 Jensen’s Alpha wazAad1unu18UdY Regression Intercept

Tu regression (8.1) A1 population intercept Ag
o, =E(R; — Rf) — BiE(Ry — Rf)

Tunseunilanian Ry WJuppadl anunsalewiiouiu CAPM benchmark oy
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Jensen’s Alpha

nele CAPM ffieagsauysalluusyvinsuasly market portfolio igndes axil a;; = 0 usiluteya
939 &i 75 0 21900910 sampling error, omitted factors, benchmark misspecification, changing beta,
transaction costs %38 genuine abnormal performance A4tu alpha Wunasmves “performance”

waz “model specification” ullgums¥a skill Musgndladmlulia

Uszaunaaesed

Positive estimated alpha ldwirfundngu arbitrage wazlimsgnasua1idu skill el

7339 statistical significance, economic significance, multiple testing &g out-of-sample

persistence

8.12 CAPM Required Return uagn1sUssiliugan

CAPM anunsaltfasna required return vasdiugiou
ke = R+ B.[E(Ry) — Ry

udldidu discount rate Tu equity valuation lne@ealsh horizon, currency, nominal/real convention
WaYANULENIYY cash flows @onAaBIiU AIB819eU constant-growth dividend model
D
_ 1
PO - k 9 ke > g
e 9
Rouly k, > ¢ lWdldifigaouluniefivade uwivilli present value vesnsziatudunaiiiulngidsg

W wawidle k, — g fr1tiay yarnazlhinie estimation error ¥ k, wag g 11N

Uszaufoesed

R L. ey . | ' o ' o 1 .
21 intrinsic value 7l@a1n valuation model A991n51A AN AULANAIIRINET3 LT arbitrage

Tneonlud® 1wee valuation Juiuuszanunis cash flows, growth, beta, market premium uag

model assumptions wagdlinuidesfisia1enali converge mufinig
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8.13  Arbitrage Pricing Theory W& Factor Pricing

CAPM 1% market factor 1higa APT [Wannsl expected returns Beurfu systematic factors #angfane
1évdn no-arbitrage [42]
aud factor model
K
k=1
e B 10u matrix 999 factor loadings waz b, 30 sensitivity vesduning ¢ sie factor k aneld
normalization #iien

1 idiosyncratic components @u1sansgatgeenlafissne Sdunswdsruiunin wazlifl arbitrage

Wi expected returns fiadaenAapsiiu factor exposures Tuguladuneldteuluves APT

Linear Factor Pricing Relation

e \,, Ao factor risk premium yoTiAATAEsanTlanae factor exposure 94 factor k n1e
1# normalization ifyun 7 factor LU traded excess-return portfolio U1sNsfMUABIAYINLA A,
\Weulnemsaiu expected factor return uidm3u non-traded factors liimsfinnu A, Swiriudade
¥4 factor Ingdnluia

8.13.1 uuIAnA No-Arbitrage 728 Factor-Neutral Portfolio

AITUINBIA X N

1™x=0

bbEY®
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1 & < . . =
naAaLlu zero-net-investment portfolio wagladl factor exposure

& idiosyncratic risk vasmasnanwazlgnnszaeIuilvuInEn U

xTE(R) # 0

2%1AA pricing inconsistency fla@unsaaseadunesndilnnudesanaundsng expected payoff laiilu
Qu&ﬂ.u asymptotic APT argument Flatiu expected returns é]’mag“lﬂéj affine span ¥®4 factor loadings

v a
melddoulvremeud

Uszunaaesede

APT (Juwa no-arbitrage 1@ asymptotic nelddeuluifedudiwiudunsnduaz nsnszane
idiosyncratic risk n1sViwesa finite-sample i factor exposure Iﬂé'ﬁ]u?jl,l,azﬁﬁ”lLaaawamammu
T Uuaud Je 8l e wefi oz Ussnimdnidu “riskless arbitrage” Tnelaing39 residual risk,

estimation error Wy trading frictions

APT ladldiszylasfanguiiesdn factors desilusila nsiden factors Jufuvis economic-

modeling problem Wag empirical-validation problem
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8.14 CAPM, Market Model, APT wa2 Empirical Factor Models

a = = ° a a Y o A
M15197 8.3: WIPUWEULUUINaDINNEITnURanaulnuLazUad8Ldes

KUUIIADY WNUEN Aefiesune 48A73539
CAPM market beta equilibrium  expected  strong assumptions
return Wy market-proxy
problem
Market model statistical market re- return co-movement Talld equilibrium pricing
gression model lngfagiues
APT multiple  systematic  linear expected-return  factor identification i
factors + no-arbitrage  relation lanuaniam
Empirical factor observed factor port- cross-sectional/ data mining, factor pro-
model folios/signals time-series return  liferation, instability
structure

U empirical asset pricing 3inl% factor models M1981891n market factor W1 Fama—French three-
factor model [20] wuudasataUszinddnvazilonaltiioaduiensoin exposures YDINARDULVIU WL
limsgnisendn APT lnednludi@ifissnsizivians factors ins1e APT iungud pricing 910 no-arbitrage

Yz empirical factor regression Ju specification ﬁcﬁaﬂéﬁ"umimaﬁ]aauﬁfm%’aga

084 representation A

R,y —Rpy=0a; + By MKT, + 8,6 SMB, + B,y HML, + ¢, ,

Tnevialy M KT, unu market excess return @ SM B, waz HM L, lu factor returns 4

a5199nnesnaNde1ueluUIIaed
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Uszhunfoeszda

M3y factors ud R? gedulyiles wedl v agunuuudansfind1 fpsnsia economic
rationale, parameter uncertainty, factor correlation, multiple testing Wag out-of-sample

performance usnani factor Nfided1Ag@e time series lilauuainazdl risk premium 1Bs

cross section Mvanesiaualy

8.15 nsSaiAN®I9IUIRY: Beta waz Correlation Tunannswe SET50

MATevee Witayakiattilerd wazauzlitoyananninglungu SET50 Wefnwanuduiusseving beta,

. 14 s s
correlation kagNTEAINNAYNTNDIN [68]

31N9UITeEN15UsZENA: Beta 1Ty Sensitivity Estimate lail9 Ranking Score

a o

UNBeudadsine1fiddiyfe beta Aosgnenudu sensitivity sio market proxy nelu sample

waz specification NIN1MAUA

aligned returns — market proxy — 3

— stability diagnostics — portfolio use

A1UsENUAN historical sample 14l beta Uaqtuladnlud® uay beta gavsomlallinig
in duiuudnning Avse i lumsihluasanesn beta Jaamsgnla s correlation/
covariance structure, estimation window LLaﬁquisaaﬁmaqwa%m lalansTodu ranking score

RTERGIGHE

8.16 Model Validation &1%5U Asset Pricing

wuUsaes asset pricing AIsgNUstiuannng1nTsg coefficient way R Tngfousunmamnewinly

luwnative pricing, performance attribution, risk exposure #3e prediction s zinagin1sUsEIHULAAY

o

noUsrasdliviloudy

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



Uil 8: NOBHARIANULATKUUTIRRINITAMUATIANEUNTNE 253

374971 8.4: Asset-Pricing Model Validation Checklist

29AUsTNaU

ANDIUNTIAEDU

ANUHBIINaZLAY

Question

Market proxy

Risk-free rate

Return data

Window

Inference

Breaks

Factors

Multiple tests

Out-of-sample

Economic significance

A94n15 required return, attribu-
tion %3® prediction

proxy WU theoretical market e
Wiedla

tenor, frequency, currency #%9
wsoll

total/price return Wy corporate
actions

sample period ez frequency
SE, Cl, robust errors #14 AY
NV FUREAAHL

regime %39 structural change
economic rationale Wag redun-
dancy

§117u hypotheses 7laes

A §aAI0g A estimation period
wsoll

984 costs daflununevseoly

Tflunatiningusvasa

beta/alpha \Waeuss benchmark
excess return WAL

coefficient biased 31nYayARN

parameter instability

stulalu coefficient unaiuly

full-sample beta UaUa dynamics

factor proliferation

false discoveries

in-sample overfit

statistical significance Flafasalalle

Validation Loop

P Svy &
ﬂigU'Juﬂ']iV]G]S?ﬁ]?lau‘mlfﬂﬂ'ﬁlﬂu

Question — Proxy/Factors — Estimate
—> Diagnostics — Sensitivity

— Out-of-Sample — Decision/Revision

wiauduiin data lineage, transformations, parameter choices Lag model version G LN

uenlAtnIzINg time-series fit #491579 exposures/alpha fiu cross-sectional pricing FIm52971

v v W

AULANAINYDY expected returns sEWINAUNTNGFNRUSU priced exposures MUNGB1Te
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v J

8.17 Investment Lab: CAPM wa¥ Factor Model

Investment Lab: Excel: Beta, SML was Rolling Stability

Wenndnniwgdaensiios 5 518013 Wiow market proxy wae risk-free series WAIAII
1. adjusted-return matrix 7isnunsariu
. asset Wa¥ market excess returns
. beta 910 covariance/variance

. beta ez alpha 210 regression

2
3
il
5. standard error uay R2
6. CAPM required return
7. Security Market Line
8. rolling beta 8&19tiae 3 window lengths

9. sensitivity i@ market proxy
25U AU UANFNTERIN realized average return, CAPM required return wag regression

alpha Tnglafltenin arbitrage Liuusiigatitouly arbitrage laas

Investment Lab: Python: Asset-Pricing Validation

asseusulugalvsiilaiduetetos
« tangency_weights(mu, cov, rf)
« capm_required_return(beta, rf, market premium)
- estimate_capm(asset, market, rf)
« rolling beta(asset, market, rf, window)
- factor_regression(excess, factors)
+ parameter_stability(...)
- out_of_sample_pricing test(...)
unit tests AITMTID tangency normalization, maximum-Sharpe direction, beta covariance

identity, CAPM pricing identity Tu simulated equilibrium data wag consistency 984 periodic
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units J

x4

8.18 9931MNAVaI CAPM waz Factor Models

1. theoretical market portfolio lianunsadanaldlaeasysal

beta L‘fJ‘lJﬂl’TlJiSQHQJLLaSE]’H]LU?:EJUW]EJL’Ja’W

expected market premium lalgnsuiuueu

borrowing rate tag lending rate Tulana3se1anieiu

taxes, transaction costs, liquidity LLag leverage constraints \Wasu feasible set
returns 813931 nonlinear dependence, asymmetry Way tail risk

empirical factors 919LAn31A risk compensation, behavioral effects %30 data mining

L N o Uk W

statistical fit lai§uUsziu economic validity

£
1 A o

Foin a1 vl asset-pricing model migﬂi‘%uﬁu benchmark wag diagnostic framework
w5au uncertainty analysis 11nnIgnldidugasneinsaluuuimuauiueu lngwniy CAPM a1du
equilibrium statement g1 AU expected returns 1adla short-horizon forecasting equation s

realized returns

8.19  d@zw1ug Portfolio Optimization

Uwﬁiﬁimqa%ﬁq@wqwﬁmaq tangency portfolio
wp o X (p — Ry1)
WANIAMUITIFDAUHTEY constraints Wag costs LU
w; > 0, l; < w; <y, Z]wi—w‘;‘d\ <T
i

5289 transaction costs, liquidity limits wag estimation uncertainty @il closed-form tangency

solution {ugadadannnitmmeufithludeviglaviui

UNN 9 F91UABY maximum-Sharpe Wag risk-based portfolio construction 110U numerical

optimization problems A&u1505035UT9I1NUT
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uNaguneun

MWty risk-free asset \WaBY Markowitz problem mﬂmﬁlﬁ@ﬂﬁm‘uu risky efficient frontier Iﬂgjﬂﬁ
Jen risky portfolio fia31e CAL %’uﬁ?jﬂ
dms risky portfolio P
pp— Ry
pe = Ry + ———0¢
op

uay tangency portfolio A®

S (u— Ry1)
1T N — Ry1)

W =

Mele equilibrium assumptions tangency portfolio a53U market portfolio wagla CML

E(Ry) — Rfa_

E(R~)=R
(Re) Fr -

C

CAPM LWaBuR1n total-risk relation wes efficient portfolios 1Ud beta-pricing relation dmsunan

NSNIUATNDIA

E(R;) = Ry + B;[E(Ry) — Ry]

19

/8 o COV(Ri 5 RM)
v Var(RM)
CML 391 o weusdt SMLTH 3 waznsaeudulimsgnldununiv

Regression U84 excess returns 918UseaU beta Wag Jensen’s alpha Wi coefficient fod318911
59U uncertainty, sample period, market proxy Wag stability diagnostics wag@asluduausewing

time-series market model fUTaL@UBIY cross-sectional Y89 CAPM

APT ag factor models w81y systematic-risk representation 910 market factor Lamiﬂgj
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wane factors WANISLAN factors fiagdl economic rationale Wagu out-of-sample validation lag

no-arbitrage relation 909 APT liwiiiun155us58991 empirical factor Ta « 1Ju priced factor lng

ORLUNR

anseddnyvesunildiliiesnisinans CAPM usifenisidladndiv

portfolio geometry — equilibrium — risk pricing

— empirical estimation — model validation

o

ANANIEARY

» Risk-free asset

« Capital Allocation Line
« Tangency portfolio

« Maximum Sharpe ratio
+ Two-fund separation

+ Market portfolio

- Capital Market Line
 Capital Asset Pricing Model
« Security Market Line

« Market risk premium

+ Beta

+ Systematic risk

= o Y
LUUNNAANIEUN

Idiosyncratic risk
Market model
Characteristic line
Jensen’s alpha
Required return
Arbitrage Pricing Theory
Factor loading

Factor risk premium
Market-proxy problem
Rolling beta
Structural break

Model validation

1. 95UI8ANULANFITENIN market efficiency fiu CAPM equilibrium

bR LN

oy = 0.75 ludenou 91 i wae oo

81y = 1.30 2sfanuuminues risk-free asset

% Ry = 3%, up = 11%, o p = 15% aaTyuaunis CAL uazi Sharpe ratio

ﬁqmj tangency-portfolio formula #n8 Cauchy-Schwarz inequality
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a 4

NFIUGNT maximum Sharpe ratio

Y

a%mamqwa‘ﬁ tangency formula Uy unconstrained 141U long-only problem Tnansslile

14 mean-variance utility figaid y* = (up — Ry)/(a0?)

0 o N o

83U18 two-fund separation LLa33314auuﬁgﬁuﬁﬁmﬁﬁﬂﬁmaﬁﬁmﬁu

10. 85U market-proxy problem uagkase estimated beta

11. ﬂgjﬁ]‘ﬂ CAPM 310 tangency condition 98¢ market portfolio

12. wansd B, = ping0i /o

13. wanninddl B = 1.20, Ry = 2.5% uag expected market return 8.5% 2311 CAPM
required return

14. Wisuidleu CML fu SML Tuduunuueuuasveuwnvesmesafilild

15. figa variance decomposition Tu single-index model aeld Cov(e;, Ry,) = 0

16. o85utwIvlu beta lalldunnsin total risk

17. Wgu CAPM excess-return regression LagasuIsANnNeved o, 5 uay €

18. a8uwInhlu @ > 0 lildnaad arbitrage

19. 98nKu rolling-beta experiment Inglallitoyaouinn

20. e3UneNaveIn1siUELY market proxy %9 beta Wag alpha

21. 14 CAPM 1 ke WATEU constant-growth dividend valuation formula W%famsqﬁ'aulsu

22. 9FUNAMULANAINTENING CAPM U market model

23. @y multi-factor return model Tuguininas—wunsing

24. 95U18 intuition U89 APT WU zero-investment factor-neutral portfolio

25. Wisuiigu CAPM, APT uag empirical factor models

26. esuEIWluMSIY factors lewiy R? eghaifirenatilug overfitting

27. 99NWUU asset-pricing validation pipeline i estimation, diagnostics, sensitivity Wag out-of-
sample stages

28. ©5U1Y joint-hypothesis problem lun1snagau market efficiency Wazunimeae1sitAuRaNaIn
999 expected-return benchmark v1##A213 abnormal return RAnlsoensls

29. A 178 (p — Re1) <0 203U ln e nsia Heuly ieultgns tangency

portfolio WUy normalize WisRuasu
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ANDNYIUAR

N R

FlifiFunsnsiiusmmannaudesasdly horizon fifinw aasie R otndls

N borrowing rate g9n11 lending rate 919110 two-fund separation agtasulUagnsls

#1n theoretical market portfolio dunaldld 15ramnsanaaeu CAPM aehadnvialsnialsl
Positive alpha ﬁﬂﬂagjua’]aﬂmmﬁﬂmﬂ skill, omitted factor #38 benchmark error leiognsls
Factor premium ‘171LﬂaLﬂuuaﬂiuaﬁmmigﬂﬁamﬁu expected premium Tusuianusoll
CAPM HmauAnaeinalswsl empirical evidence azlilatiuayuauufgiunndostsauysal
mnudnning 1ol volatility geus beta 1 wnlandnvingduoiveginin CML udd

danmananu SML neld CAPM 1a

Y a v P~
LBNFAITDIIDINYUNN 8
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1
=

UNA 9 NITMINBIANITAMUNNUEEUTER

InguszaeAnITteu;

dleauunil He1UATANTH
1. LLUaﬂ‘fjiw”lmiamuIﬁagﬂugU decision variables, objective function, constraints ag
data inputs
2. 41kUN convex optimization, quadratic programming LLaz‘szymmaiLflu convex Fany
vaglun1suImsnese
3. @319 Minimum-Variance Way Target-Return Portfolio n1elavadninass
4. Witeuly Karush-Kuhn-Tucker fioaSune optimality &g shadow prices
5. @319 Maximum-Sharpe Portfolio a8 T o 911in 1o 1 19 ans tangency wuu
unconstrained agnsAndouly
6. 85U Maximum Diversification, Marginal Risk Contribution, Component Risk
Contribution k& Risk Parity
7. ladosiagumiin NANRREMNTIY leverage turnover liquidity Uag transaction costs
aslu optimizer
8. AAIIZN estimation risk, covariance shrinkage, conditioning LLasﬂ’nﬂaJLaasJi“uaﬁ{fﬁ
7AUN
9. o5U1BMANUDY Black-Litterman waz robust optimization Tugugiaiesiiodnnis input
uncertainty
10. 579 feasibility, solver status, KKT residuals az numerical tolerances nauliA1nay
Tuld
11. a9aluU rolling out-of-sample experiment fiUseuidieu optimizer v benchmark

1 [
2819 JUTITU
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9.1 unin: MNnngewaingnisindulaisArun

UNT 6 ASAMAANANTVDINANDULNULALANULFLIUBINDIH UNT 7 WU minimum-variance frontier

uay efficient frontier @uunyl 8 WNAUNSNEUTIAIINAMUELILAY tangency portfolio

v
] = a a =

uniidsuanAniudt “nesniifiussansamiautfsgndls” Tdranudn “ded

[ @

291NN 1519

muahminnilUlglaegnals”

v
o

Indeyanualiugmuvestgywiu

)T

w=(wy,...,w,)", p=(phyy s pi,)7, Y = Cov(R)

n

F9NANDULNUAIANLNELAEANULUTUTIUVDINDIH
My = wl i, o2 =wlEw

Tunufon nmsmen w* ldldifissnisds o waz X W solver wilunszuiunmsdnduladiden
Toya NMsUsEINA1 TngUszasd Tadnin Ay warmInsivaeutenisgadimeiy ANuEANa1R
Judnldegetesaiuseau lAuA input risk nAUSEINUNAAALARABY model risk 910 objective %3
constraints 71lin33fUIUATe Wag implementation risk MNFUNY anNATes uazdodndnlun1sdee
o3
dviouny

ynnailu objective foslintheuavynanieiiu fegnu 1 p Wunaneuunuainmnesed
¥ Amsidu covariance 5187 uag transaction-cost term Fihunvinsiasgnuadlieglumbenanauunu

GRGRGERNA]

Unilany 9.1

Ygymnmsmnesafivunzauigafensideninmesuimiin w iiveyily objective function ffign

Meld feasible set F

min f(w) e max g(w)

M7 “wngauiian” Fdlanuninelaniziile objective, inputs WAz constraints gnIEYBLN

ASUNIU
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Uszaauen Objective Solver
Prices / Returns / Costs ﬁ, by + Constraints + Optimality
Validation Implementation Candidate Portfolio
Stress / Realized / O0S Trades / Costs / Liquidity w*

U7 9.1: 9933 Portfolio Optimization fawsdaya N1sUszauA1 n1saemetn n1stluly wagnisnsa
ADUUDNAIDYN

Usauifoasede

Solver @usamAmauvestlymnivualaegisuiugn waliauisaundgm input Aldmung

a@u objective Nliasatuiuang %38 constraints NliazNeunsTevIeasala

9.2 lAs9a319999 Portfolio Optimization Problem

Yymmilsmsgnuenidudesduseneu

1. Decision variables it thwiin w; v3e trade vector Aw

2. Objective function WU variance, utility, tracking error, transaction cost w39 risk
concentration

3. Constraints % budget, long-only, position limits, sector limits, leverage, turnover uag
liquidity

4. Inputs LU /], Y2, benchmark weights, current holdings kag cost estimates
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o

9.2.1 Convexity uazingladedAgy

UNilay 9.2

wn F 1u convex set tdmiu wM, w® € Fuay 0 € [0,1]

o) + (1 —0w? e 7

Hertdu f 1 0u convex i

F(OWY + (1 —0)w?) < 0f(wV) + (1 —0) f(w?)

J

& objective 1Uu convex uag feasible set 10 convex asngaianzitla 4 Nilegazilugasiian

B

viawe drewanad ANy minimum variance wiaudadningadulasuanudioy insganunse

m339 optimality lsegadusyuuwagliifieatviaiv local minima naregawuuieym non-convex

ngufun 9.1

X > 0udn

fw) =w'Sw

wJu convex function
J
gay. ws1e X symmetric

Vfw) =2Xw
wag

V2f(w) = 2%
idla X > 0 Hessian 1du positive semidefinite 331931 f 10u convex ]

g1 2 > 0 ity strictly convex fatiudn optimum Teguu convex feasible set Anauzdl
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ondnwal @usu long-only fully invested portfolio feasible set U simplex Uauavivaun 395U
Useun1si minimum ie objective foiiins @utymfdl leverage w39 short selling wuuldfvouwn

ABINTI existence Ay boundedness WENAIUN

9.3 Minimum-Variance Portfolio anel@daana

UJgym long-only minimum variance Ag

Long-Only Minimum Variance

1
. T
min —w' 2w
w 2
st. 1lw=1
w>0
/

s 1/2 Liasurmeu wivinli gradient iy Xw

ekl long-only constraint uaz X > 0 aznduludrmau GMV Tuund 7

Wemvy =

waildledl inequalities gnsUnsullenalally feasible solution wnumtnuMARAUYSeLAY position
limits Ao9uf constrained problem lnid gaddy e “dodrin” luilddu duneu uily i wilh wda
optimization usiudiunilavesfiomgymeussu nsdnntnfraulidugududs normalize Tny

Tmgli re-optimize Tneynluladlvid1neu minimum variance aelavasninlma

9.4 KKT Conditions LazA210%u18UB9 Active Constraints
d1m3U long-only minimum variance AMum Lagrangian

1
L = §WTEW — )\(1Tw —1)— vTw
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Tne

v>0
Hewlw KKT A
Yw— A —v =0, 1Tw=1,
w >0, v >0, vw,=0 (i=1,..,n)

Tawaun1susnile stationarity aunisfidesiie primal feasibility euly v > 0 fe dual feasibility wax

viw; =0 9 complementary slackness

Unieny 9.3

o1 w; > 0 complementary slackness Usful

v,=20

7
1 w; = 0 constraint YasdUNSWETWe9 active uaz v; awsaduuanls
AM3LUABU active set 1o parameters ED! target return L‘U%ﬂulﬁfﬁluﬁﬂmﬁmﬁﬁﬁﬁﬂﬁ constrained

frontier & corner portfolios

J

f?h@f,u Lagrange aig KKT multipliers E"J’\‘lﬁmmwmaL‘Tmmiwgmamﬂugmz shadow prices Na1A®
venmsisuulasesmiunzauiignlneUssinandlodeuniorili constraint Wudwintes ogsls
fifl 13eeMIEYeY shadow price TuiusURHleu constraint uwaznsindseuiusidlaneluyied

active set lalasu

nule convexity wag constraint qualification ANz an KKT conditions L“fJuLﬁaui‘Uﬁsl‘i’fizq

global optimum ¢ el adeulrdusiunilsves local optimum

9.5 Target-Return Portfolio a2 Constrained Efficient Frontier

144 target return winiu
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Target-Return Minimum Variance

min 1WTEW
w
st. 1Tw=1
Tw > g
l<w; <u,
& J

sduuu plw > pg masiemdndu minimum required return &1 1o gininnaneuLNUTBS
constrained GMV portfolio waztlayn iy convex mudoulvunsgiu desiananauunuay bind 7if
nou 3le puTw = g widn p1y MndaneuLnuIes GMV constraint ozl active wag optimizer

9%AU GMV portfolio LA

AIUUNITA3 constrained efficient frontier aunsavilalaeuddaymanuuninues py NEuN
HARBULNUYDS constrained GMV Fuly %3eld equality pu'w = Lo WaUssasdlinesndl expected

return WiNAU target lnumss

NOWYUN 9.2

(%

a1

UAEMSU target return LAgIY

min w! Zw > min w! Sw
weF o wed |

Wosanstlynd feasible solution

J

Natladunein constraints vl9A in-sample opportunity set uauas walilAnnea113d constraints
laifiusglewidl s constraints @unsaan concentration, leverage, turnover ugg estimation-error

amplification

Ay e wfeshLie ANVADAFIEASLATENH UMINYIFUTITUFNERNS



unil 9: NMsINATANITAUNMINEaNTIgR 270

9.5.1 Feasibility naw Optimization

#1m13U long-only fully invested portfolio

miin W < /LTW < max 7y

Aatiu target return Migendn max; p; \Uu infeasible il
\iodl upper bounds %38 group constraints feasible return interval e1auwAUNIE WBAMlUNIUaY

p59daulafaAILIN

F i T F T
M = min [ w, Mo, = max [ w
wedF weF

neud3a target grid 61 F Henumedediindady Jymassteililu linear programs wag3ieuen

“target MIUUIILA” wona1n “solver MuAdgmiliidr3a” Iaedredniau

Uszhundnese i

anug “infeasible” liildvaneainuin solver auwaiauely usenavangfisderimunvesylddn

A3 WU target return gaiulunsauriu position caps MdaAuly

9.6 Maximum-Sharpe Portfolio ngldtadnnn

dlof risk-free rate Ry uaz w e risky assets 71 fully invested &My Sharpe ratio d1115u
wasndil o, > 017u

_ pw— Ry

B wi Xw

FLAuRaIINaNDULNULAY Ry 73 horizon way convention AU WY nominal satye

U

S(w)

Tunsel unconstrained uni 8 1% tangency direction
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WHLed constraints ABIWA

max S(w)

Tnd

Uszhundaeszd

Sharpe ratio 11U fractional objective 3alalld quadratic objective lnenss n15ld Sharpe ratio

1 quadratic-programming solver laglal reformulate WudeRinnaraBauuuiiass

wBsmIUnlElaTunudednie wu nonlinear optimization #3on15UA target excess-return

minimum-variance problems viang seAULAIEBNANE Sharpe ratio gefian Fandsildesidsnsasu

ENTEAIU907599 feasibility kag variance “UENLLGiazf«gﬂU‘u constrained frontier lalaensa

i expected excess return vawNwesn feasible liiduuan A1 maximum Sharpe onaLdugudie
Anau uazuwnfn “dududaan R, desfimnudioriusedinseds limsdeduligns tangency Tne

auuAdmesniill Sharpe ratio uInsiesiiogiaue

9.7 Maximum Diversification Portfolio

-
0 = (017 . 70n>
Diversification Ratio fignau
-
w' o
DR(w) = —
w! Yw

Maximum Diversification Portfolio kA
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D
max DE(w)

[

v
VBEILNA

@wsu long-only fully invested portfolio #ifiw w' o Ao weighted average ¥4 standalone

s

volatilities d@usadufe volatility 189593 covariance 3vinUsglertannlassadeAnudunus
1NN WU FunSng e 0819107 61 Aunind wdeulnd duius v auysel Tu fame hed
Diversification Ratio a¢lsi@$19Useleviann correlation wsiila correlation fnas ens1auil

aunsngandn 1 ld

J

mele long-only wag fully invested a@wsaly numerical optimization %39 reformulation i
wgaufioud Uy Tne#e1ns39 normalization way constraints ved formulation 71l MNOUY N
short selling fawAwa1alally weighted average fifaunuedi J9iD952Y domain UaENIIAAILVEA
Diversification Ratio Tdntau

UTIUSEINYAU risk models wag diversification waMIN151Y Minimum variance, maximum
diversification W@ risk parity fiu covariance estimators nangguLUY W¥o3 upper bounds Lﬁ@muqu

concentration

9.8 Risk Contribution wag Risk Parity

portfolio volatility #®

o, = VwlZw

p

dmsu o, > 0 Marginal Risk Contribution YDIAUNSNE ¢ A

MRC, = 2% (B,
' Ow, o,
Component Risk Contribution fie
(W),
Tp
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10 Euler’s theorem

n
Z RCZ — Up
i=1
finum percentage risk contribution
RC.
PRC,L — L
9p
a8
n
> PRC; =1
=1

uniley 9.4

Fqual Risk Contribution Portfolio %3® risk-parity portfolio Iugﬂﬁuﬁsmﬁmmﬁ

dwiudunindneglunesa
nsidl risk budgets b; > 0 waz > . b, = 1 agrmuatwne
(2

RC’L = bia'p

wiolugunlisesmsie o,

J

wi Y. RC; = o, \emonnu Euler decomposition ust RC; ustagdlaidndudoanduuin Tunese
Miougy1w short selling vsefidunina7viving hedge a1aiin M RC; < 0 uay RC; < 0 ¢ da
UUNI5a574 risk-budgeting portfolio LLUiJmmgmﬁﬂﬁmum long-only tag positive risk budgets Li®

TAnsfay “drunisnnudss” nsalunsaun
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Uszhundneseda

Equal weight lalwiiiu equal risk contribution Taevalu wae inverse-volatility weights 9%

WA risk parity lawzneldlaseadng covariance vensdl ldenanwalinly

9.9  FaAMNANNUTIUNITUSHISNDINDZY

9.9.1 Position Bounds

0 <w; <wuy

upper bounds Fg/an concentration LaganAulavas optimizer A input errors

9.9.2 Group Lag Sector Limits

g, Junguauning

L;< ) w;<U,

iegj

9.9.3 Gross Exposure Way Leverage

#1m3u long-short portfolio

||W||1 - Z |wz| S Gmax
1

Tu fully invested portfolio

1Tw=1

net exposure U gross exposure 3uUuAUAZLLIAA FBE9UNDIANEl long 150% wag short 50%

il net exposure 100% usi gross exposure 200% MsAUANLEs 1Tw = 1 Fsldifeanadmiunesn
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long-short

9.9.4  Tracking Error Constraint

9% benchmark weights 131 w;,

_ T
TE(w) = \/(w—w,)TS(w —w,)
ANUN50NINUA
TE(w) < TE,,
g Y A5y covariance fi@enAdaanu active retumns wag horizon Y84 mandate 81Wa3M way
benchmark fully invested viag 928 17 (w — w,) = 0 ¥l active risk s1nanmsidesiminen
benchmark lalldanmsifiuvseanduanlaglisila

9.9.5 Turnover Constraint

1% we [ Jurimtinnau rebalance

LaZANNRUA

TOw) <T

s

v
VBFAINA

vaanTuilens one-way tumnover WuaSawilsesmasiy absolute trades

1
TOoneway = 5 ; |wz _ witd|

= v . ' = a ) A
D958y convention feulUSeuWisuRLaY turnover laganziliedl external cash flow 1ws1g
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Reuly “yarndewinuyarvie” onalidusddunaty

9.10  Transaction Costs uazn15anaulaain Holdings 1Ay

\Wedl current portfolio n1sAndulafuviaseAe trade vector

Aw = w — w

linear transaction-cost approximation Ao

Cin(Aw) = Z ¢i|Aw|

(2

WAL UUIIABINLAN market impact 91314

C(Aw) = Z [Ci|sz‘| + %(sz’>2]

oo ¢; > Ouay g; > 0wl ¢;| Aw, | anansaldunuaisssuiluuuas bid-ask spread lnguszanm
drunarraaaesldilu local approximation w84 market impact funuasIesliauuInssenindeiu

ewarenaliiiu quadratic famsUssanainndeyanisdorieiiviinziurunds

Ueym utility wdssiuyuanunsodemdu

Return-Risk-Cost Optimization

A
TS {/,LTW — §WTEW —C(w— wOld)}

dlo A > 0 10 risk-aversion parameter uagnnuaulurndugnuiaddeglumienanauunures

horizon e win X = 0 uaz C(+) 18u convex flsiduil maximize 419wy concave objective

o

%&&N@gﬂ,uﬂsau convex optimization Lile feasible set I convex
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n193 transaction-cost penalty ¥11l# optimal target weights ¥ufiu current holdings Aae Al

UnamuaeeseNil expectations wileuiue19dl optimal trades AieiuNI 1251310 holdings

ALAZYN

9.11 Liquidity Constraints

dyadnesadu V wagdunind ¢  Average Daily Value Traded wiriu ADV, e1ariwiua trade

limit

V|Aw;| < k;ADV,

dle k; WWudndu participation fiveuiuls

VERITEM]
Kk, ADYV.
A < SR
wazaIlsaRAY “TuiuiulasUssunandedddlunistens” Wu
5 V|Aw,|
ays, = ————
k. ADV.

(2 (2

melsanufgiuin ADV, wag participation rate AssenIngyeaniuns

Uszunaeeszd

Liquidity constraint A3l trade size lallaiiies target weight imsngfuyuLasANaINNTa Y

nsaliun1stuivwInn1siUasuy position 910 holdings LA

9.12 Covariance Estimation, Shrinkage ta¢ Conditioning

. .o
sample covariance matrix A
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1 < _ _
S = T_1 Z(Rt —R)(R, — R)T

t=1

e n Svwnlugiieudv T wvisndgerauszunalaliiaios wazdh n > T sample covariance

9gdl rank ldiAu T' — 1 39 singular

WUINNTIAD covariance shrinkage

Ss=(1—06)S+0F

way I 1y structured target

NQuHUN 9.3

MS>0,F>0uz0<6<1umm

5= 0

gay. dwiux e q

xT/Z\(;x =(1-— 5)XTSX—1— Ox"Fx >0
]

WUIAA shrinkage THiflean estimation variance Tnsgausy bias unsdu uazilunumddayly high-
dimensional portfolio optimization [30] 61 F' > 0 uaz & > 0 agls /E\(; > 0wl S 2z singular
FagelFnsufssuuiBadunas inverse-based calculations fliafiesnmanndu ogslsfia shrinkage
intensity flanniiullenaaulaseade covariance Aiflansy Samsidensendnadnvie validation Tulld

Wavihlmunsngndumulaiieaagnaie?
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9.12.1 Condition Number

v

a1

0 < )\min(2> S )\max<2)

condition number LUU spectral Ai®

_ )\max(z)
R W)

A1 K @9U3TT1 inverse-based optimizer 81al3sie perturbations £1 X singular 9¢dl A, = 0 wag

. L o ¢ =% ' = . ! . . o~
condition number Tuanumneililueiud Jsldasfiniu inverse Tnunsinou regularization #5013

andlF

9.13 Estimation Risk L@ Error Maximization

mean-variance optimizer il vinasiuaunsndn estimated return @4 estimated risk #1

158 estimated diversification benefit 6N

fATUSEINRINGTILAAIN noise optimizer 8199818 estimation errors TUllu extreme weights

p=p+e,
Lag

Y=Y+¢&5
a9l

W = g(ﬂa E)
LANFANGIN
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agaannle

Sensitivity Analysis

dm3U parameter 6 @1u1509573 finite-difference sensitivity

W (0 + h) —w* (0 — h)
2h

isawSauigu

I — WO,

[t —w%]

{5

1) (0)|

max |w£ — W,
(]

AelA mean, volatility, correlation Wag estimation-window perturbations

d1w3U constrained optimizer #a35¢ 3131 w* (#) 8194l differentiable tu 907 active set WAy
faifu finite-difference sensitivity msgniaaaiu local diagnostic lafldeywusiifiagyngn n1s
iwmuﬁu’ﬂ weight change, turnover Wag objective deterioration i mauszunsdiasu

' . = oA
n319) gradient LWEIALAYD

9.14  Black-Litterman: 910 Equilibrium g Views

Yy uilawes mean-variance optimization Ao expected returns Uszunaulaenn Black-Litterman

framework 151970 equilibrium-implied returns WaNELAU views i uncertainty

A market weights \Ju w,,, uay risk-aversion parameter 1u & nelé reverse-optimization

convention ¥84¢ Black-Litterman equilibrium-implied excess returns Beuldu
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Il =0%w,,
19 views a&ﬂug‘d
Ppu=q+e

Togludnd p uay ¢ fosld convention Wenfiu IT nandedt IT 10u excess retums views Arsgn

L?U‘EJ'L!UU excess-return scale L‘UIUfQﬁJ

1ng

e~ (0,Q)
neld Gaussian formulation AdAulU posterior mean aansaleuu

Black-Litterman Posterior Mean

po = (7)1 + PTQ-LP] ™ [(r) "I + PTQ ]

We ™ > 0 AIUAN uncertainty U84 prior mean Way Q Ju covariance w09 view errors Qmﬁ
AULRA Gaussian prior/view structure waziuyisngNAITesaNIsaLAszUURLEUla TunsAumase

A3 linear solver 139 factorization M@fiusNi1N158579 matrix inverse WUURTY 9

s Wu posterior mean ly realized return 7 %u Useiu uaz 6191 w3 gevsiwas e g 14
convention @afuluA15U posterior uncertainty TUUSU covariance 7il4lu optimization Fssipstiudin

Tdnn optimizer 1 X hunse posterior-adjusted covariance

Uszunaeesz i

Black-Litterman lail@finda estimation risk wi¥i1li assumptions WAgafiu prior, views way

v
S w =

confidence gnWgURENTARUTY NaaNSEWui d, 7, P, g wag

9.15 Robust Optimization

UNUNILhDIN 14 kag X NIIVLUUBU robust optimization fMuA uncertainty set
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pwel

~
NI

Y els
§79819 robust mean-variance problem @@
A
max min {/,LTW— —WTZW}
wed uell,, 2

winfAnfedenwesndiweusulaile inputs wwasunely uncertainty set unuAs optimize Ay

point estimates \iiaagaiien fogriiiunalnladadie ellipsoidal mean-uncertainty set
— I . TH-1 2
U,={p+u: u'Q 'u<p}, Q>0
Fal9A worst-case expected return

min p'w = /fLTw — pV/wQw
HEU,

95U robustness ¥utinfinane penalty e exposure MhneAnuliniusuaes expected-return

estimates lagns3

Robustness Llaviunefisn1sviilviness conservative 1n¥ign winuefian1sinmum uncertainty

! % ° YR a
E]EJ’NE!JJL‘Vi(i}lklaLLa’J‘Vi’]ﬂ’161’a'U'WllJWﬁﬂ']USBJJ’]@ULQW’]%QG]@J’]HLﬂ‘ul‘U

9.16 Solver Validation 1&g Numerical Diagnostics

v
o

Aslannwesiugnan software liifieane Aaensiarnouss19tpnatl
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M99 9.1: F18N1INTIVABUAINBUVDY Portfolio Optimizer

I8NT

F9ins1a

ASAAIN/ANUIATIVERY

Solver status

Primal feasibility

Covariance

Objective recompute

KKT/dual

Units/scaling

Concentration

status Ly termination reason

budget, target, bounds, group, leverage
symmetry, PSD, condition number
return, variance, Sharpe, TE, costs
stationarity, dual feasibility,
complementarity

u, 3, Rf, costs

max weight, HHI, group/factor exposure

gausulanzanueiiunziu solver; Talld
weights TngonlusiA

residual/violation G?aqa&”imsflu tolerance
vastgym

negative eigenvalue 7iftfen3e
near-singularity fadlasunsiasesi/uile
fuansnan weights LiladU unit waz
coding errors

14 diagnostic finsaiiu convex/non-smooth
formulation

horizon, annualization wagnilefag
AonARBAN

fosdonnded mandate WagiANAL

LATugenans
Turnover/liquidity Jw— weld |1, trade size, participation ﬁaﬁaiﬂu limits wazandunslaass
Sensitivity weights, active set, objective e input 3%Y unexplained jumps WIoAMUUTIZUN
Wby YDIAINDY
9.16.1 Numerical Tolerance

ABUNADIBIIAUATU

Tudleymn long-only Faoraudu numerical tolerance Tyl economically meaningful short position

mssndulainnztaandugudsosede solver tolerance uag verification ladldngaess uagndanis

v

UnA1ADImMI23 budget, bounds Way objective BNATI LWTIZAIUA post-processing 91AVIARIABULAL

1ai feasible w3nlal optimal

o
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9.17  AIBEINIIANUIULUUATUINDT

PSUNFUNSNG 4 ¥

0.07
0.10
0.13
0.09

volatility vector

0.08
0.14
0.20
0.11

wag correlation matrix

1 025 0.10 0.20
025 1 045 0.30
0.10 045 1 0.35
0.20 0.30 0.35 1

@579 covariance matrix f7¢

>=D_PD,_, D, = diag(0)

0.00640 0.00280 0.00160 0.00176
0.00280 0.01960 0.01260 0.00462
0.00160 0.01260 0.04000 0.00770
0.00176 0.00462 0.00770 0.01210

wy3nd il positive definite dmsuaiimvua 3avl% minimum-variance objective 10U strictly

convex
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d1115U long-only minimum variance wal@smaavagliiminussanu

0.6394
0.0800
W, =~
" 10.0190
0.2616
wavdl
1w, =1, p, ~ 7.88%, o, ~ 6.93%

wndnyndnduuin Famunea1udn long-only constraints §alal active lufnaull uaz constrained

solution M$9AU unconstrained GMV solution ﬁm%uﬁayjamﬁ

Q19UA target return

aglanesn long-only target-return Tnguseanu

0.1739
0.2156
W ~
10% ™ 19,2831
0.3274
N30
Twigy = 1, pTwyey ~ 10.00%, 0, ~ 9.90%

v
o

ieldrnlsidaewazld o, ~ 9.8955% wavdhuinvisddaaaduuin fatiu target-return constraint
Wuiwuasduvsuu frontier ws long-only constraints §sla bind feensiiamunzdwsuiinasa
active constraints, budget identity wazn13AuIag193Tu spreadsheet Waz numerical solver laila

a 1Y) .
INgIARaDN weights
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9.18  nIANYIUILUATNITWRINGN1TITY

NUIBIUTEINELIABI AU quantitative portfolio construction wanen1sLUSBU Y risk models Wag
diversification strategies 1 minimum variance, maximum diversification wa risk parity w3ou

covariance shrinkage wag position upper bounds lun1svageauueNAIDENS

¢ a

1N9UITBEN1TUsEENA: HeiAdsiBeuianmulsEdny

anszddgdmsuin lldnisihnansuunudoundivesnagnsuilannlumusesnaluswian

LAABAITWEN

risk model — optimization rule — constraints
— out-of-sample test — robustness
29NINNUBL AU
dlowdew covariance estimator willd optimization objective L#i3 ﬁﬁﬁﬁfﬂ ey realized risk

ausalasulauin
- J

v a adav A b a s v ¢dl (3 = ! 4 14 1 =<
SZJE]G?U 915798 AB NNT LU L‘VlEJ‘UﬂﬁEJV]ﬁG]ENLUaEJ’L!?Nﬂﬂ'ﬁ%ﬂ@UVla%ﬁ’JusL‘lﬁmi’ﬁ]ﬁaU‘lﬂ XV IIPN

objective uaLUABU covariance estimator #3734 risk model WaLUABYU constraints N1siUasUMAY

asrUsznaundouiwiilianusassyldimadnsnfvurioutaainaindrulaveinssuiunis

9.19 Out-of-Sample Portfolio Optimization

ASEUIUNSTIMUNZAUADISNWIEIRULIAN

~

-~ *
Dy = (figy Xy) — wy — R, 41
g D, fanzdoyainsiu a Jundaauls

o1 rebalance %n h 13

wp = g<ﬂt>
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uaz realized gross portfolio return Ao

gross
Rp,t+1:t+h

yndoyandsiudndula windunuiiia o an rebalance gnuvandudndiuvasyarinesn awnse

FeNUNaRDULTLENSIneUsTandy

net __ pgross —C
p,t+1:t+h — T Upt+1:t+h t

g fiaa 14 cost convention LAgafiunn nagns uaz o1y holding periods 1 ¥iu dou fiu sio s¢ds

dependence 984 observations Lipunalunadeuaia

Benchmark Ladder

fiouagun optimizer WfinAuA AsiUSeuisuateliondu
1. equal weight
2. current portfolio #3e policy portfolio
3. long-only minimum variance
4. simple inverse-volatility portfolio
5. strategy fifudoutunungusyasd
NN nagns fiea 1Y deya o 180 AU rebalance schedule ey uay transaction-cost

assumptions LAgafiu

9.20 Investment Lab: 310 Spreadsheet Q Reproducible Optimizer

Investment Lab: Excel Solver: Constrained Portfolio Optimization

#5719 workbook ag9tiae 7 I
1. Prices @5v adjusted prices
Returns @13V aligned returns
Inputs &MU [, i Rf LAY constraints
Optimization RV weights, return, variance, volatility lag Sharpe ratio

Frontier @1%3U target-return grid

O

Trading d1%3U current weights, trades, turnover ag costs
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7. Checks @su PSD, budget, bounds, target return Wag sensitivity
WIBULEU minimum variance, target return wag maximum Sharpe mela long-only wag

position caps 91ntuAsw estimation window w&¥3n weight instability

Investment Lab: Python: Portfolio Optimization Validation

asvseusulugalvslilaituetatios
- check_covariance(cov)
« minimum variance(cov, constraints)
« target_return(mu, cov, target, constraints)
- maximum_sharpe(mu, cov, rf, constraints)
- risk_contributions(weights, cov)
- risk_parity(cov, budgets)
+ transaction_cost(trade, parameters)
- solver_diagnostics(result)
- rolling optimization(...)
unit tests AIT7M533 budget identity, PSD, target-return feasibility, KKT residuals, Euler risk

decomposition, transaction-cost sign Wag absence of look-ahead
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9.21  U2AIMNAKAZTNANNITAAINUDLISURAYIU
Gl’]i']ﬂﬁ 9.2: ﬂ']'llllﬁﬂﬂ‘ﬂ@\'i Portfolio Optimization LLa%LLu’JVI'Nﬂ'JUﬂﬁJ
ﬂ']"lllLalﬁN Naﬁa"lﬂlﬁﬂ LLU'JVI']\?ﬂ'J‘UﬂlI

Mean estimation error

Covariance error

Ill-conditioning

Objective mismatch

Infeasible constraints

QOver-concentration

Turnover/cost error

Liquidity

Nonstationarity

Look-ahead bias

Solver/formulation

misuse

extreme weights, error maximization
diversification/risk contribution luliafias
perturbation Léﬂgﬂ‘usﬂamu inverse

optimum nsadinFnanslinss mandate

laifiwasaivimuideulunsouiy

model risk nanendu position risk

gross alpha gnAuuiu

target trade Ailunislailanunan
historical optimum dewle regime Wasu
backtest gaiiuass

MnouRnvnvsSe residual a9

shrinkage, views, bounds, robust sets
shrinkage, factor risk model, stress tests
eigenvalue/condition diagnostics,
regularization

38y investment objective Wag loss
function T4

feasible-range check, constraint audit
position/group/factor caps, concentration
metrics

calibrated costs, turnover control, net
test

trade-size, participation, days-to-liquidate
limits

rolling estimation, stress/regime
diagnostics

point-in-time data, decision clock, audit
trail

7333 convexity, scaling, status, KKT/dual

diagnostics

unaguvingun

Portfolio optimization Judumneuiluvasuuuirassnanauwnuias anutdesliidunisdndula@e

UIA

. . & “
minimum-variance problem WUg1UA

1
min —w' Sw
w

Ael@ constraints ANNMUA

o
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die X > 0 uay constraints U convex Ugyy1 minimum variance \Ju convex optimization

problem tag KKT conditions fiunumadgylun1snsia optimality

target-return problem iis i1 7w > 11 WAzHBIHTIN target ag/lu feasible retum interval fiou

m optimization

Yaugdl maximum-Sharpe problem 14

,U,TW — Rf
w! Yw
wazApadan formulation TwungiU constraints

N15NSEIBAULFLIEIUNTONBEY Diversification Ratio wag risk contributions

19

ZRCZ- =0,

GRS RER NN position limits, group limits, leverage, tracking error, turnover, transaction

costs wag liquidity constraints

Auveddylilaegn solver Lileaaeafien usiog?l estimation risk lngamz [ wag X 113

15 shrinkage, Black-Litterman, robust optimization, constraints Lag sensitivity analysis FIANAIY

Wszuavesmnaule waklaiunsaiidn model risk 19vian

n15UszIiU optimizer 3379314 rolling out-of-sample design wag benchmark 7z as Ingsnw

point-in-time information wagNAUNUNITTRUYBENEDAAREY

uniinlazdmeiniilian optimization lglaymidisuleutenisasu laun strategic/tactical asset

allocation uag rebalancing

a/

AdnNNdAgY
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« Portfolio optimization
« Decision variable

» Objective function

» Feasible set

» Convex set

+ Convex function

+ Quadratic programming
« KKT conditions

« Active constraint

+ Shadow price

+ Minimum variance

« Target return

« Maximum Sharpe

« Diversification ratio

+ Maximum diversification

« Marginal risk contribution

= s v
LUUNNAANIEUN
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Component risk contribution
Risk parity

Risk budget

Position limit

Gross exposure
Tracking error
Turnover
Transaction cost
Liquidity constraint
Covariance shrinkage
Condition number
Estimation risk
Black-Litterman
Robust optimization
Solver tolerance

Out-of-sample validation

1. wyn decision variables, objective, constraints &g inputs Y89 long-only minimum-variance
problem

2. g w' Sw 18y convex ile X = 0

3. BBUIUAIUUANAINTENIN positive semidefinite fiu positive definite TuuSunaes portfolio

optimization

\Weu KKT conditions 484 long-only minimum-variance problem

a3un8 complementary slackness d1uSuaunsndia w; =0

W target-return minimum-variance problem 70 < w,; < 0.30

N ok

#g91i71 long-only fully invested expected return 883¥%iN4 minimum &g maximum v8s
asset expected returns
8. @319610819 target return 9 infeasible

9. ’e)%mﬂt.wﬂﬂ constrained frontier 13J'mmma§jmﬁa unconstrained opportunity set Tuaau
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NUIBUYBI Minimum variance ‘ﬁ target LRENAY

10. 88u183WWAlA maximum-Sharpe problem lily quadratic program lngnss

11. Wy Diversification Ratio lazo3u18 numerator fiu denominator

12. v MRC;, RC, uaz PRC; wosmainiituun

13. ﬂqmﬁ Euler risk decomposition

14. 95UIUAMULANAINTENIN equal weight, inverse volatility wag risk parity

15. WWeu portfolio problem i sector cap 25%

16. 95UIUAMULANAINTENIN net exposure U gross exposure

17. @8 tracking-error constraint gU benchmark

18. 3yuiiigu two-way turnover fiu one-way turnover conventions

19. @514 objective fisau expected return, variance Uag linear transaction cost

20. a’%mam@wa‘ﬁ' liquidity constraint mi%ﬂﬁ'u trade vector

21. ﬂqaﬁﬁﬁ shrinkage covariance §4A3 PSD o matrices dumadu PSD

22. a%mam&;ma‘ﬁ' sample covariance singular gl n >T mﬂﬁ%’amﬂaﬁ demean wa

23. 95UNENATBY condition number gjdﬁia inverse-based portfolio weights

24. 9BNWUV sensitivity test #io expected returns 4+-50 basis points

25. 98UN8LUIAN error maximization U84 mean-variance optimizer

26. fund equilibrium-implied returns II = 03w, , ﬁ]’lﬂéﬁ'a;ﬂaﬁﬁwum

27. 95uwunumues P, ¢ uaz  Tu Black-Litterman

28. Wy robust optimization problem le expected returns 'P]‘c;ljs[.u uncertainty set

29. 98nWuU solver-validation checklist @%3U constrained portfolio

30. 99nLUU rolling out-of-sample experiment W38 ULEU equal weight, minimum variance was
maximum Sharpe a4 transaction costs

31. edutwIwmeladesidn uTw > 1, 01ald bind e Lo NI NARBULINLTBY constrained GMV
wazLUIpuiisuiunisly equality

32. unfog1eanIuNIaif RC; < 0 umafuiganumingide hedge WagNason1sfnIm risk
budget
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ANDNYIUAR

&M optimizer Wirnaudiil Sharpe ratio qammwiLﬂéauﬁmﬁmﬁauﬁg&mmﬁ'a expected returns
Waswilsadnios msidermeuiuiiade

M3y constraints Wun1sviiane optimality wiewdunisiieny optimality Iiaenadastulantd
ey

N expected returns wennsedlaliif us covariance matrix Aeudnaadies nagnslamsTddu
benchmark

Black-Litterman uAilayi estimation risk #ieLiesdnlaTIas1s assumptions Tdnau
LM@I@W@%Wﬁ%uﬂu sample 39919UN equal-weight portfolio uan sample

Tuqﬂ‘ﬁ' optimization software Tt udng mm%’ﬁim convexity, KKT Wag numerical diagnostics

v o &

Fagndunsely

Yy a a
LNAITDINDINYUNT 9

(7]

[30]
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unil 10 n1sARasTEUNINdLaznIsUSTUaNganasH

InguszaeAnITtau;

dleauunil He1UATANTH
1. wyn Asset Allocation, Security Selection Wag Market Timing VL(%’E)EJ'NQW’]JEN
2. 93U Integrated, Strategic, Tactical, Dynamic k@ Insured Asset Allocation
3. @379 strategic policy weights wag policy ranges 3N TnqUsvasALarUadinvaEamu
4. \Wyu tactical tilt HAEAIUAL active risk \iwu strategic benchmark
5. AL Buy-and-Hold, Constant Mix wag CPPI @agaun1s wealth dynamics
6. ®onWUU Calendar, Threshold way Hybrid Rebalancing w3eu ia turnover uagy
transaction costs

7. 93UN8 no-trade region wag trade-off s¥wing policy drift AusiunuAIsUTUNEsH
8. @519 Core-Satellite Portfolio Lazn active exposure 84 satellite
9. uiaq target weights 1ugarn $1uaumiie uae trade ticket Filuldlsess

10. @9nLkuy rolling simulation WieLUSeuiieu allocation way rebalancing rules pg1adu

BRREY

10.1  unu1: 310 Optimal Portfolio ’g] Policy Portfolio

un?l 9 AnwIsAuuhninvangaungls objective Way constraints LANTUIMTNBSNISIT IR
PaUI asset classes laasiduwnundn twinasidesandmunglawinle wazdlalndanisteviendu
g policy target

uniley 10.1

N153nATTAUNTNE (Asset Allocation) ApnsivuAdndILRUAUIENINg asset classes Lilg

TinesnaennaosiuingUszad nanauwnunfenis Anudsansuld ssesian anmeages N5y

BN wazdadninlunisayu
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\Weu policy portfolio Ju

WS = (WS, wH)T,  TWI=1, 4 <wd <y

dmsU asset class uiazUseuan tnevialy policy portfolio veatinamuanItuvsedawuszazen?
Anmuuatednne long-only WsenseutmunAnNlmTuleuy walunsadnmansuininfinaumnse
leverage anunsain@ulann IPS uazderiniveygin feliuidn “fully invested” Munefianasiutnein

winunile lalaudainladl leverage tauoly

IPS Capital-Market Strategic Tactical Tilt
Objectives / Constraints §° Assumptions Allocation (83)
5
&
§/
s
Policy Review Rebalancing Monitoring Implementation
Goals / Liabilities Rule Drift / Risk Trades / Costs

JUM 10.1: 1935M1530assauningan IPS uagauuRguaaingnisaiiunis n1sinniu nsusuauga
wagnsnunIuuleuy

U7 10.1 wen rebalancing ®8n91n policy review agnsdiaau msuiuaugadunisninesanduidi
dnysuuloviedunauin market drift @u policy review Wunsawdinseududaumanz duithmng
3wy LarauRgIusTazenvisell n13AeY strategic weights LN 1¥3HNDIMAINTEEEAUTIAITYN

Joudu tactical decision snnndtnisud 1PS Tngldfivmuadaulauie

Useuifeeseda

Asset allocation llgnsimupdndiuasaseudilinasaly policy portfolio Aosgnnuniuile

wWhviane AseRniu risk capacity ¥38 capital-market assumptions wWaguegailansydfny

10.2  Asset Allocation, Security Selection wag Market Timing

mssndulaasuanunsousnduautu

1. Asset Allocation Ldanuvinseau asset class
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2. Security Selection \danuannsndusoinsesianialu asset class

3. Market Timing %38 Tactical Timing \Wasy exposure AU

nsuenautuilddgysie performance attribution Waz governance SIZHAANSIINNITLEDN asset
class Timsgnduauiiunaan security selection %38 tactical bets
10.2.1  N15AATU9IU Asset-Allocation Attribution

91UP83 Brinson waz Auy 1Ju g dAy 1931135 3ATIEI policy allocation WUzl Ibbotson waw

Yo

Kaplan #1dtaednisendn “Ussana 90%” WaBuAMUMLNEaUAa NN @t anldia [11, 12, 25]

Uszhunaeeszd

Taimnsagudn “Uszanns 90% vosnanauwniinain Asset Allocation” Wunganna nan1sAnyi

919U NEITRINUNTBSUNEANULUSUSIUVDINARB ULNUANLNAT L UAaE 1 e waylawindu

AMUBNIT security selection #3e active management a@319wanauunulalieadiuiinge

10.3 Integrated Asset Allocation

Integrated Asset Allocation WeanuzveInaIAivanIuEvasLayu [50]

T Z; WU capital-market state U expected returns, covariance, yield curve Uag valuation Lag

oA T, U investor state WU wealth, liabilities, horizon wag risk capacity

ngnsinassdeudaunusssulmniy

w, = g(xy, 245 0)

o 0 \Ju policy parameters

189470 realized returns wag cash flows @1150U99995 @R U tA T

(T4, 24) —> w, — R, — (Tyi1) 2e41)

Jaifin feedback loop ndnAtyAeng ¢(-) amsimunandeyaiidled s vandndula lulyein realized
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state TuaunAn Dardun1snnasudaunadaziina look-ahead bias

Integrated Asset Allocation lilavineanuinfesusunesauoy wanunefien1sRansan market

state waz investor state wieufunelanginsrsaeuls

10.4  Strategic Asset Allocation

Strategic Asset Allocation %38 SAA fia policy mix 5&E17

fwena formulation WUU mean-variance A

Strategic Asset Allocation

A

T T
WZ =arg max W' fl; , — —W' X w}
weF S { L 2 LR

S

e My way ZLR Hu long-run capital-market assumptions 71 esl% horizon way wie
nan ety war X, p M9y positive semidefinite i T watl au des dl aau vane waz Jeym

optimization HlATsas19TMALZE

'
:4

aunst1adiudu policy design model laildfwennsalindmindnanasifignluowian Anuaain

\apuLiasantpgues expected returns anunsaildsuimvdnuangaulaunn 3smasld policy ranges,

shrinkage, scenario analysis %39 robustness sauAUTad AN IPS

us SAA lidudufeeanain mean-variance optimization eqee19ien 919a351991A liability

structure, risk budgets, regulatory limits %5 policy governance

10.4.1 97 IPS g Strategic Policy

S

Aouinun w® AI5IEYRL ey

1. required return Wag investment objective
2. risk capacity wag risk willingness (risk tolerance)

3. investment horizon
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liquidity requirements
liabilities Wag cash-flow needs
legal, tax Wag policy constraints

permitted asset classes Wag investment vehicles

G N o ok

rebalancing wag policy-review rules

10.4.2 Policy Range

WUN1IAVIUA target LENRALFET @nansafmMUA

l; < W, < Uy

Tow target w? agnelugae £; < w? < u,; dwiuns@iflifles budget constraint uaz box

constraints e wiinagdl feasible portfolio lenmeiile

<1<y

Rouly U Jugnnsan e N asviineu optimization vniide S1inngudunsnd anmades wie

leverage LiiLAL ABINTIY feasibility VastodnAANIRLATINAUDNASS

79819 10.1. a@uud policy portfolio &

w® = (0.45,0.30,0.10,0.15)T

dWTUTL AT1ENIUll Ruan wagnes

ANRUAY9

v

u p31Ensuil Ruan nesdn
¢; 1035 025 0.05 0.05

u; 1055 040 0.15 0.20

v ¥

policy ranges viuiiniviadu governance limits wagiuAd U market drift %39 tactical tilts
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10.5 Tactical Asset Allocation

Tactical Asset Allocation 1158 TAA ABN1SHUIUINTNTIASIIIN SAA

w, = w6, |, 17§, =

& w® 18y policy benchmark wagsiaweiniu benchmark ldyanansuunutfieniiu active retum

lunilanadeulanss 9 Ju

RA,t = Rp,t - RS,t = a;rRtv ‘7,24,15 = 5;r2t5t

901MUA active-risk budget wag policy bounds TanSeuiudu

5tTEt5t < 0,24» l; < w; s < Uy,

AMUNHBITIUIMNIAD tactical tilt TumsgnUseliuanfiameiinaiiesegnaudes uidenudn <14
active-risk budget Tuwinlationiands active return Wila” wagdasRnaininAnudunussyning asset

classes wWasuauvinli active risk gendfivszanaliviselyl

#1819 10.2. 910w = (0.45,0.30,0.10,0.15) T fwun tactical tilt

5, = (0.05,—0.04,—0.01,0)T, w, = w46, = (0.50,0.26,0.09,0.15)T, 176, =0

Aatiu tactical decision Wiy composition usiliasesduasuiinluwuuinaes fully invested way
gaagnngldl budget constraint il
Usziaufifiaeszi

Tactical view #9dl horizon, signal definition, active-risk budget wag exit rule Ns¥yaant

a & P S o PV Y I3 . . . . '
Uazuumsilasulivun e viuNaanseananeldy discretionary hindsight 41nNI1ASEUIUNT

aamuiinvaeula
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10.6 Dynamic e Insured Asset Allocation

Dynamic Asset Allocation fuuntminiuilsiduaes state variables

w, = f(sy)
Tne St 219UsENBUAY wealth, volatility, drawdown, valuation, regime 7139 funding ratio

Insured Asset Allocation LﬁumSmUﬂm downside wealth ¢ floor %38 risk budget MUALUAIL

nan MegdRyAe CPPI

M7 10.1: Wisuifisunseu Asset Allocation

nsau Anchor wiawa Tu n1s Wasy i AuLEs sy

wiin
Strategic long-run policy policy review assumption drift
Tactical strategic weights relative views/signals timing/model risk
Dynamic state rule state variables regime/model risk
Insured wealth floor cushion/ downside  gap risk

rule
Integrated market + investor feedback process model/  governance

states complexity

10.7 Model Portfolios nazdaa1navag Risk Labels

feghafionsSeudanunsafiivun asset mixes 153ty 100%
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A15799 10.2: $18819 normalized asset mix WiBSUNETLAUAIIULEES

JUnuy i ariEanl  Quan  vesdymadon
Conservative  15% 55% 25% 5%
Income 25% 55% 15% 5%
Balanced 45% 35% 10% 10%
Growth 65% 20% 5% 10%
Aggressive 80% 10% 5% 5%

Usziundaesz i

A111 Conservative, Balanced Wwaz Aggressive Lifl Aanu vinne @1na vwn lal Avium horizon,
liabilities, liquidity, drawdown tolerance uaz@unswgfnliase ogvesramuiieddifes i

Wganadmsurimun policy portfolio sz enelilysunuves liquidity need, liability, risk

capacity kag willingness to bear drawdown ¥14%i9

10.8  Wealth Dynamics wazuinwiind Drift

1w, , Wudwiinudsmsdadule a nan t uas R, ;,; [Wunaneuuyunadaly

noU rebalancing au t + 1

it = Waw, (1 + Ry yq)

Wi =W, Z w;(L+R;,00)
=1

uaz drifted weight Ao
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Drifted Weight

~ w; (1+ Ry 4 yq)

w. g
. Zj w; (L+ R 4iq)

aunsiliduiilaves rebalancing insnzusladiins@evns weights Alasuny relative retums lng

gnyauui 1l external cash flow wagliifidunusendngis ¢ fs ¢ + 1 ninfiQuhnaeuvie

sysuilendasimuaddumgnisallvidanuneuuin drfted weights tieldliiuanneuengnininy

L%UNGWGULLWU‘UBQW?J%G]

10.9 Buy-and-Hold

Buy-and-Hold l3iU5u weights naunas market drift [40]

Wi 441 = Wi 41
729819 10.3. FuNesn 60% Vuuaz 40% [udn Yae 1,000,000 UM
fviuanas 20% wazRuanliiudey ald

Vy = 480,000, V. = 400,000, W = 880,000,

Buy-and-Hold luieriuisiilenduly 60%

10.10 Constant Mix

Constant Mix U5undud target w* Wilafianamseeuluiivun

01 wealth fiow trade Ao W~

480,000

YE = 380,000

= 54.55%
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Rebalancing Trade

MAV,, >0 fiodo uavh AV, < 0 fevy
NneuN 10.1

dmSunesnansdunsndq target risky weight winfiu w* € (0, 1) uaznanouwNUYDINIaas

unsnduinnin —100% Constant Mix Fadunsndideaiiio dunsne d@eslinanausnumnnii

a v eal .:4' B !
AUNINYDNUIELAN LLagle’]EJLN@IWNaW@ULLWUQQﬂ?’]

gay. vdwmilsnn

~ w*(1+ Rg)
I ——
P w (14 Rp) + (1 —w*)(1+ Ry)
NNN5IAFY
ot
JaestoAunindidendug target []

79819 10.4. NNOTH 60/40 NaVUan 20% wealth Wiy 880,000 UM

Constant Mix #iaan159u

0.60(880,000) = 528,000

¢

)}
Lo
=
S
»e
=
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528,000 — 480,000 = 48,000 um

waranluaniuds 352,000 UM

fendaluiuiin 25% waviduanliiudey wealth 9ziu

528,000(1.25) 4+ 352,000 = 1,012,000 v

YUzl Buy-and-Hold agnduidiu 1,000,000 vviludunel

) | v v . . v A ) v v X Y Y a & 1
AIDYNN VN AU LN rebalancmg premium Iu LEAUNNEN AT F@AU I LLAIN AU VU ‘LﬁJ‘lﬂWiﬂf\]uqq

Constant Mix Tinanauunugindt Buy-and-Hold Tuynaan aannduuwilidusieiiiesearinli

Constant Mix 18@unswdfnnias outperform Saunuly

10.11  Constant-Proportion Portfolio Insurance

CPPI fwium floor F, wag cushion [8]

C, = max(W, — F,0), ER =mdC,, m > 0

TuneUjun F, sealianuvineasnadesduidivineg mindesnisduaseayaniewan o uan T
floor sEninnnmIsazvieuyartagiuresdmunedunelddnsvesdunindvasnsde dlidenday

Aalnelaidl convention AuLIaN

2194 leverage waglilianurdunsndvasnsefnau agla

CPPI Risky Exposure

E, = min{mC,, W,}

1N mandate augy19 leverage inau IV, Aaaunusig exposure limit NMvunase datiy multiplier

~ v LA o o a a v =
LWEJQG]'JLWEJ']IJJLWﬂﬁwaaqﬁiuaﬁuqﬂﬂ'ﬂquLa&]\isﬂaﬂ CPPI (RAREAY] Leverage cap LLaZﬂ’J’]NﬂIuﬂqi rebalance
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AR Y

adeg19 10.5. T W, = 1,000,000, F;, = 800,000 uaz m = 3 3alg

Cy = 200,000, E, = 600,000, B, = 400,000

MAUNSNOFLNY 10% wavFunsnaUanaiaiy 1%

W, = 600,000(1.10) + 400,000(1.01) = 1,064,000

i floor 19 1% 3zl

F, = 808,000, C, = 256,000, E, = 768,000
egailuaningAnssu procyclical ¥es CPPL: Wl wealth Hinigan31 floor cushion aziiiy wazng
LY risky exposure Tusaudall asetuiu Constant Mix Misinene risky asset w3511 USUTULD
Wisunuaunsngsnuseian

10.11.1 Gap Risk

CPPI i Suuseiu floor Tumaia 151a71WasUL wUU nselan 130 L @13nsa rebalance 1o viu 19 risky
exposure fiou shock Wiy E, waglv risky asset vinnudndiu L € [0, 1] Ingauu@luyis shock 31

Funsndlasnionay floor deluidou aglalneuseunn

Wi =W, — E,L

el wealth sindn F, = W, — C, deadl

Aatiu o1 B, > 0 Qeuly gap-loss Mliingg floor Ao
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ngufun 10.2

t

L<

ISIke

wazlugaei CPPI liifin exposure cap &1 E, = mC, azanguilu

1
L < —
m

J

& exposure gn cap 7 B, = W, Joulvazilu L < C,/W, Fwonauandnain 1/m Fslidaas

Tdng 1/m nglinsinimesneglugig uncapped w3alyl

Uszhuifaesz s

a9ty local one-period condition Mmeldanufgiuegieie laldnsfuuseiutuauly

1ana39 ins1z84dl overnight gaps, liquidity, execution delay, transaction costs, safe-asset risk

waznsilasunlaseead floor SErINaIan

10.12  WSyuLieu Buy-and-Hold, Constant Mix & CPPI

M1319% 10.3: 1Asead1aTangfingsuuad Dynamic Allocation Rules

4 X 4 o
naq‘wﬁ‘ LD risky asset YU LD risky asset a4 GHICH
Buy-and-Hold risky weight LfigLa4 risky weight anLaq Uany drift
Constant Mix YIUNAU target Fonau target contrarian
CPPI exposure 3Nk exposure LiNan procyclical;
convex e 18

ideal rebalancing

1aidl strategy 1n dominate N price path NAAWSUUNU trend, reversal, volatility, gaps, rebalancing

v

frequency, safe-asset return Wag costs #191uNIS Wisu e deq 19 price path uag amuag’lu

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 10: nsdnassAuninduaznisuTuaunanasn 308

implementation LAy

10.13  nfn13 Rebalancing

@ & & U a 1 . = =2 & 1y
nsuSuaunanesafenisiinduladn market drift unniiiedladsndsdevendu

10.13.1 Calendar Rebalancing

o Y U ' L4 1 A =] =
MuuaTunTILazUSUa1mN Wy sneweu elasung viesned

= '

Jonnsliaudteuay audit lade waausaiin unnecessary trades 1ile weights §3lna target

10.13.2 Threshold Rebalancing

v tolerance band b; > 0

W, ¢ — wi| > b;

dnsuoenetpenils asset class 39 trigger NMSUTUNDIA

73014 relative band

~ *

w; ; — W;
it v rel
%

10.13.3 Hybrid Rebalancing
Hybrid rule #57aWesAMU calendar W# trade wavnziile breach threshold

~ *
@i, — wi
7, 7
]tzl{tEfTreview}l{mfxT > 1}, b; >0
7
Wie I, = 1 Fadilunis rebalance JUilifigu deviation vesusiazdunsnwdiu band vewmuLedate

v P~ oA Py ' v & a o ea ”
RN wazguwinnuteuledn “Tegnatiagnilsdunsnegy breach band
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10.14  No-Trade Region wag Partial Rebalancing

Wiadl transaction costs M3INEUg target nAIR1AlIMINTAY

fN%UA no-trade region

an
w, €N
agliienne
0199NUBN region A1LNTALEDN
Wnew — W*

%39 partial rebalance 1‘U§'ﬁﬁmmaslu band

n13 rebalance §3 boundary UNUN1INEU target Wudwuausaan tumnover e 39Aasu09

rebalancing Ju optimization problem $£#314 policy deviation fiu trading cost mﬂﬂ’.i'lm;]

WanawiedagnaLhien

10.15 Turnover way Transaction Costs

— new ~

two-way turnover fe
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TO, = Z |Awi,t|

WA one-way turnover convention fig

1
TOz(sl) 9 Z ‘Awi,t

fuszneu 1/2 Sanumneaseluassandiofunisusunesauuu self-financing il external
cash flow kaENATINYRINITTRINAUNATINYBINITVILABUAUNY InTRuIRenNese deyiusnin
exposure 7y notional #38in15Heny turnover NliivdunIngusUseLAn fiaasey convention T

ILau

linear transaction cost approximation fio

TC, ~ W, Zci]Awi7t|

e ¢; Wusunureyadouenilaviae gnsilllu firstorder approximation W31 transaction
cost LY post-trade wealth anad MnFUUTVLIALINYTE target Foauiug MIsUA budget uay

trades W5aURU

Y

"3l fixed cost %30 nonlinear market impact annsaveneduy

Te, = Z [ail{Awi,t#O} T 0 |AV; | + qi<AVti,t)2}

Uszunaaesz i

81 fixed costs, minimum lot sizes %3® integer units Ugy1 implementation 8134l W

convex Lage19mesly mixed-integer optimization #se heuristic insvaouls

10.16  Policy Deviation U Cost Trade-off
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— *
dy =w, —w

tracking-risk approximation L¥igu policy portfolio A

TE? = dJs,d,

rebalancing decision ansnsa@emdu

Cost-Aware Rebalancing

e c(-) asfenundudunulugudndiuves wealth el scale w01 objective Annulddng winld

¥

) 13 a a v 3 1 4 ¥ '3 . . . 1 4
WUHULUUQ’]N’JUNUQN ADINTVUANUIYUD )‘C Taenndes W’ﬂJULLiﬂaQIV]H pollcy deviation @uUnNIU

Ndosasing trading cost

e Ac @t optimal policy averalyil weights drift 1nTuneu trade

10.17 Core-Satellite Portfolio

Core-Satellite wisnwasaliu core portfolio ffu satellite portfolio

W s € [0, 1] \Dudndau satellite

w=(1—s)wo + swg

8 core WU benchmark Wy, = W

w—w, = s(wg —wg)

91U active variance A
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Fla

ngefun 10.3

1 covariance matrix way satellite composition A3¥ tracking error w83 Core-Satellite

Portfolio wUstuTaEunu satellite share

TE = sTEq

dmsus >0

nalldiuimunaug satellite 910 active-risk budget lalaemss

10.18 31N Target Weights §31u7uRUa34

nswlastihminidum &g ve fasunennsal n'aum”m;/u 29N970 wa”wi’mgu yndalidsiy transaction

costs wazyarnasAnoau trade fis W target dollar holding fie

Vi=wiWr, AV, = Vi =V

WnINABIN1SIH post-trade weights M3afiu target nasinAun Aoy

WH=W-—TC(AV),  Vi=wW?' AV, =V -V,

Fadusguudl T'C Yurfu trades o9 Jsonadosuinioniuly optimizer w39vi fixed-point iteration

UWNUNITAIUIN target values 310 W LilsnFafen

fsImsienieRs P, 31uiumhedmguluasinuiunidienddinu Lot size L, fio

v . H
g ==+ q; = L, round (%)

i
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9184 rounding AziAA residual cash

Co=W~=) Pg—TC

Tuszuuassenalden £floor, ceil %39 integer optimization unu round MudediARUAALAL

lot size ing1znsUawuudassnndunsnglusulseiu feasibility

Uszhundneszd

N5 round YN AUNINEG 0819 BasE 819V 1Y Ruiiu wealth w3anga policy limits Yuneu

implementation 9 A8IMI79 budget, lot size, cash residual, minimum trade size Wag

transaction costs %4 rounding 8nA33

10.19  Liability-Aware Asset Allocation

dnsugaamuiniinseyniu N33R wealth Wigsegadetonaliiiiesme

Mmun surplus wag funding ratio 1Wu
A,
t

We A, Ao asset value wag L, fio present value ¥4 liabilities N153naTsNWIHNEauUAUNS
ANuLAgavasdunsnd war muhives labilities Aednsinends Wuwle visetladedu yn assets way

liabilities Ldpulmdunudiu n1sam asset volatility Wissegraisrnialilaan surplus risk

Wuunga1aldguannniswivg

<
Wunismauan

Pr(Sp < 0)
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%38 surplus volatility

Var(AS)

Asset allocation dwSunasuiiug us¥nuseiu vivedamuni cash-flow commitments 34

AR50 liability characteristics $a3fU asset risk A5l asset-only efficient frontier (Ju

o ¥ Y wa
Amauanvinglagdnludi

10.20 Governance Wag Policy Review

nM15LUAYU strategic allocation AISLUNAIA tactical rebalance

ANS99 10.4: wen Rebalancing @ana1n Policy Review

Rebalancing Policy Review
A0 naudn policy aendls policy ihndamnensoll
Trigger drift, calendar, risk limit goal/liability/regime Wasu
Horizon &udsnana NaheE?
NAANS trade weights gndsu target lLaz ranges
Governance execution rule investment-policy decision

19819 policy-review triggers lAun liability change, large wealth change, liquidity requirement
change, permitted-universe change laz material change in long-run assumptions Usgihuwianl
dunswdeu state veavgaaunsoulevre llvdies market drift Fsmasimunszuiuniseyd@isnemin

A9 rebalance Un#
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10.21  ASUANEINUITHAZVIAITIZIN

v
=1

NUDY Witayakiattilerd uazanzfnuin1sainaneinanudnning SET50 wagnsnansnilannmeniy

leinsou Modern Portfolio Theory [68]

1n9uITegn1suszend: AnkaBaUsEdngg Policy Design

Toyaitaszanyanunsaldaniansyuiunis

estimate inputs — construct feasible portfolios
— select policy — implement — rebalance
Wi optimal allocation 910 sample ﬁfjﬁhjmigﬂam’m \Ju strategic allocation Jagdulng

DRtuLTR sy expected returns, covariance, yields ag investment constraints Wasumu

£381

10.22 Investment Lab: Asset Allocation LLaig Rebalancing

Investment Lab: Excel: Policy Band tla¢ Rebalancing Ticket

a5199135908910 4 asset classes Inadl
1. Target Weight

Lower Bound

Upper Bound

Current Value

Drifted Weight

Breach Indicator

Target Value

Trade Amount

¥ © N o v B W DN

Estimated Cost
10. Post-Trade Weight

#3579 budget identity, policy ranges, residual cash Wag turnover &4 trade
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Investment Lab: Python: Dynamic Allocation Simulation

asseusulugalvsiilaiduetetos

- drift_weights(weights, returns)

- buy_and_hold(...)

. constant mix(...)

« cppi(...)

- threshold rebalance(...)

+ hybrid_rebalance(...)

« turnover(...)

« transaction_cost(...)

« trade_ticket(...)

- rolling allocation_backtest(...)
unit tests AIT91393 wealth conservation dauﬁuvﬁm, weights sum to one, CPPI exposure cap,

turnover convention, policy-band logic iLa% absence of look-ahead

10.23  n1snagauuy Out-of-Sample

d@nsu allocation rule A

w, = A(Dy)
lng D, deslianzdeyainsiu e a1 ¢

PHINANNLARDU

‘7Vt+1 = \9(Wt7 Rt+1>

97n1U rebalancing rule R i

Wir1 = ﬂ(‘z’t—&-la 7t+1)

v

dle 7, Wudeyaifegads s nansndula desdmun decision clock Wi wu TsianTniun

U
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t + 1 Wieadndyauuidensldisifigadels wedestunisldsayniferiuiaaiedyyinues

duuAin execute lolaglil latency 139 slippage

AARAUYULAYNTELARUAANEUDN AITUUTAN wealth recursion wenTu LWy

. — ext
Wi =W —TCy +CFY

TeAa9nInue convention 31 external cash flow LAnnNaursenaanis rebalance W lvinanaulnu

WA turnover ANWIUUUF A ITU

AN55189 U889 UBY annualized return, annualized volatility, maximum drawdown, turnover,
transaction cost az policy deviation 1%39 tracking error IngAI3189IUNY gross wag net performance

WatdnueAen1sUsziiiu implementability

Uszhunaeeszd

n1siden threshold, calendar frequency 138 CPPI multiplier wiaaifiuna backtest Msuunvinld

a

\Ain data-snooping bias AI5UA calibration period Wwaz evaluation period 3ol rolling design

AMMuANYAImT

Y
= 1

1024 unuilanunilgunil 11

unilmaudn “asiivun policy mix egnslsuasazUunesaidioln” uwidslildnauinenasngninluly

LLE’h%mUﬂm tail loss, drawdown, scenario loss, VaR, ES lLag hedge exposures agals

o o o o ) . !
UNN 11 98U risk measures INUNY 3 UITIUAY weights, exposures Ly rebalancing dynamics

\ieas1ansou Portfolio Risk Management

unaguvingun

Asset Allocation Aiansimuainvinszdy asset class Waeandaariu IPS ualiadsgnduauiu

Security Selection %58 Market Timing

Strategic Asset Allocation A policy mix ee817 @ Tactical Asset Allocation Weuladu
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w, =w + 6, 17§, =0, 612,08, <o}

market returns ¥l weights drift a1

. _ wi,t(l + Ri,t+1)
R Zj w;(1+ R ,1q)

Buy-and-Hold Uaee drift 9adg 91 Constant Mix &@e nau e @unsng underperform wag w18 Lile

outperform

cppI 14

\ieau risky exposure iU cushion widdl sap risk IneReuly L < 1/m 14ldnss 9 wnizaain
exposure lifin cap wazvauufignu one-period wuudreiduass

Rebalancing annsaidu calendar, threshold %38 hybrid WazAI3Ha1581 no-trade region Lol

transaction costs

Core-Satellite Weuladu

w=(1— 8wy + swg
uazLile core WU benchmark tracking error LUSAUAU satellite share Ae'lA covariance Way
compositions NIARAUA

TUABUEATINETR asset allocation Apn1suUad target weights \Uu trades MUHURIA93 lnansa

lot size, liquidity, residual cash, turnover uag costs

M3 Usziliu allocation rule ABI¥IUUY out-of-sample wazuen rebalancing decision ®8n 210

strategic policy review

o/

AANIIFARY
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 Asset Allocation

« Strategic Asset Allocation
« Tactical Asset Allocation
» Dynamic Asset Allocation
+ Integrated Asset Allocation
« Insured Asset Allocation
« Policy Portfolio

« Policy Range

« Tactical Tilt

« Active Risk

+ Market Drift

» Buy-and-Hold

» Constant Mix
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Cushion

Multiplier

Gap Risk

Calendar Rebalancing
Threshold Rebalancing
Hybrid Rebalancing
No-Trade Region
Turnover

Transaction Cost
Core-Satellite
Tracking Error

Trade Ticket

Residual Cash

« CPPI Liability-Aware Allocation
» Floor Policy Review
= o/ L%
LUURNUAANIEUN
1. 95U18AMULANATINTZINING Asset Allocation, Security Selection tag Market Timing

S

10.

Q%UWSLMQNaﬁﬁQLa‘UUSzMWm 90% 9N91U asset-allocation attribution Limsgnaaudn 90%
YBITEAUNANBULNUNADIN allocation

\Wey Integrated Asset Allocation \Ju state—decision—feedback system

#3574 strategic policy weights 4 asset classes fisrnduniandon policy ranges
DBUIUAIULANAINTEIIN risk capacity U risk willingness (risk tolerance)

Ww® = (0.50,0.30,0.10, O.lO)T @579 tactical tilt ViLﬁmﬁu 5 percentage points 1ng
$nw1 fully invested constraint

gt 176, = 0 ¥ tactical portfolio §3a3 fully invested &1 strategic portfolio fully
invested

\Weu active-risk constraint ¥4 tactical portfolio

D5UIBAMULANAINTZNIN Tactical ag Dynamic Asset Allocation

pduededninuesnslUa1in Conservative wse Aggressive laglaidl IPS
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18.

19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

29.

30.
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a 4

NejAUgns drifted weight nadLAin asset returns
fuans drifted weights Yaamesn 60/40 Wlaviuan 20% wazAuninduasafeliivdey

1wl trade amount kie rebalance wasRinNaINdU 60/40

Wg91i31 Constant Mix fing@Anssy contrarian lunsalaesduning

W3BULigu Buy-and-Hold fiu Constant Mix lumaia trend wag oscillating market

I W = 2,000,000, F = 1,500,000, m = 2.5 231 CPPI risky exposure

figayl generalized CPPI gap condition L < C,/E, wazuansiile B, = mC, ald
L<1/m

93871 exposure cap wWasu eap condition 483 CPPI agals wazwala CPPI LiSuuseiiu floor
ledl price gap

99NULUU calendar rebalancing policy selasuna

29NKUV absolute threshold bands @3y policy 50/30/20

W relative threshold trigger

95U18 Hybrid Rebalancing LLazLﬁn@Naﬁmﬁ]aﬂ unnecessary trades

WIsuLBU full rebalancing 11U partial rebalancing

ARl two-way kg one-way turnover 91 trade vector firfviun

@574 linear transaction-cost model @msunasn 5 dunsng

a3u871 fixed trading costs ¥l optimization structure Wagwegnsls

\WeU cost-aware rebalancing objective fivau policy deviation fiU transaction cost

Wg1l91 tracking error ¥a4 Core-Satellite Portfolio wUsHUAY satellite share aeldauufigIu
Tuun

wUas target weights U target values wazsuaumthaneld lot size fifuun U EOHLRITREINYE)
19 transaction cost ¥11l9 post-trade wealth AoauAnsauny trade ticket

29NUWUU rolling out-of-sample experiment LU38U Wigyu Buy-and-Hold, Constant Mix,

threshold rebalancing wag CPPI #&4 transaction costs

ADNYIUAR

1.

2.

Strategic allocation A35LUREU LR I UAAAINN W3R AT IURBU N WD TnqUavadd uas
long-run assumptions LAY

3l rebalance waefioilunagnsniasedumslifiuleuie
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N transaction costs L1ugud N3 rebalance Useiiandoudfignuselil
wieiln Constant Mix Wag CPPI Janauauasie price path Tuiirnimsatnuiu
Policy bands AsnInaiiunn asset class MsoAIsAURUSAY volatility wae trading costs

dmiuilamuind labilities vunalug) asset-only allocation fiveadninegnsls

Y a v o
LBNE199199INUNN 10
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Unfl 11 N1SUSHISAULEYIUDINDSH

InguszaeAnITtau;

Wieauunil geruaisanunse
1.

a9 fuus AU eI NesH AW Portfolio VaR waz Expected Shortfall fe 35
Parametric Way Historical Simulation Waz@31s conditional covariance fag EWMA
LLEJﬂmWLa"EJ\‘ii’JJJG’hEJ Marginal VaR, Component VaR tag Euler decomposition

m379 @U VaR model M28 exception rate, Violation Ratio, Kupiec test uag
Christoffersen test

98NUUY historical, hypothetical Wag reverse stress tests LLazL%auNaé'Wﬁ‘ﬁU risk limits
Useilu concentration, liquidity, drawdown, factor wag basis risk Tuseaunesn
99NLUU hedge @78 index futures, minimum-variance hedge ratio ey protective
options

WeN AU AN 69 581919 risk measurement, risk limits, risk appetite Wag risk
governance

@514 risk dashboard ﬁL%an measurement, validation, stress, liquidity llag action

28nLUU rolling backtest Tnenanides look-ahead bias az@533 model deterioration

111

uni: 3INATTINAMULETEIGN1IAIUANAULHES

= o 1Y = v o v ¢ - = ' . a 1%
UNT 3 WALINIRTIAANULESSIUSEAUEUNSNEG UNTT 6 S2UAULE—INIY covariance structure Unil 9 14

Anudsadudiunilares objective waz constraints Wagunil 10 Weuwesaiu policy wag rebalancing

UV]ﬁﬁ’]llENﬁ‘Ui%ﬂaUL‘Vial”l“l:!}uL‘ﬁu’N’\]ﬁﬂ'ﬁU’%Wﬁﬂ’ﬁﬁJLﬁﬂﬁ‘uaﬂwa‘gﬁ

‘ Positions — Measurement — Validation — Limits — Action — Review

‘U‘mﬁm%ﬂqm VaR/ES, Component VaR, backtesting, stress testing, liquidity, concentration ey

hedging Ingdnanuduiusvesininsiiowariiliuen risk measurement 0n7n risk management
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289U NENMAD AtavAaNUdsslinniuananiuzkas ANy lliuuauYeINesn d1un1suSITAIY
desssathdaviiuluiisuduanuaiunsafuanudemes dad1in aninades wavdunueInIsaiu

A5 nousnaulainareausy an 1o MIONANALIANULELS

WV, > 0 Quyarmeindunn war R, ¢ \WDunaneuununesanilena denmviauilds
)

P
yar iy

Lt+1 - _VtRp,tH

fanu L, > 0 vangdenanu uag Ly, < 0 vanediarils

J
Positions & Data Measure Decompose & Stress Validate
Weights / Greeks VaR / ES / Drawdown Drivers / Scenarios Backtesting
Governance Action Compare with Limits
Review / Escalate Rebalance / Hedge Risk Budget

JUT 11.1: 2aasmsvimsanuidesvesmainandeyauazanugasalignisia mnsiageu nsifleuiu
Y9N A warnN1sANIUNIS

v Y%

JUN 11.1 Whinsiaanudeslidlyvaenisvesnssuiunis duaviilasesdeunsindudeyauay
WUUIIABY WU stress/backtest WA lUWBUAU limit Aowfin action n1sdnauuiitieantleym
“duavgnusinisindulain” Wy var eglunseuudnesndanmeadeshinedmiunisananiugiiiofin

ngm
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11.2  Risk Appetite, Risk Capacity g Risk Limits

Risk capacity fiamnuaunsamaasygialunmssuanudenelasliinliidimnewianisy
dAgyidenig

Risk tolerance faszauauliuinaunrion1svInnuigamueensulalumngingsuwas s

U q

wewe Ingluusundamusgyaraianumanglngiv risk willingness Mldluunduvaingm,

Risk appetite AoUSunnuuazUssianvesrdssnosfnsviegamuadlaiuiioussqingUszan

a wvaa

Risk limit AadodinlesufiRniudas risk appetite TUilludan nsou vie trigger insrvaay

wazUaaulsla

/

wwIRnsdeg auazseau 3ThinsTdunuiu fegrady dnamuenadl risk tolerance a¢ uddl risk
capacity sinsgaealdRulunadulng lunsdldl Umit adsgnAmunandedindiaasegianduni

Tildananudnlasuanuduniuiissagrafen

M5 11.1: dviutuananuansaiuanudemegdiediinildauaunesa

WUIAR Aauman fnagnen1sun Y

Risk capacity Suanudemalawinls liability, liquidity,
Tngldnsynunisyvsedvune drawdown budget

Risk tolerance HOUSUAIIUN LRI suitability,
LLazmSﬂmV!uiﬁLﬁ‘&Jﬂm behavioral constraint

Risk appetite éﬂﬁummtﬁﬁﬂﬂ strategic risk budget
Wieusqinguszasd

Risk limit AAIUANYID trigger VaR/ES, beta, issuer,
TolddsAunasn liquidity, leverage

$e4 risk limits @unsalisusgensetuu
VaR) g9+ < Ly ESo.975,t < Lis, TE, < Lpg, 18] < Lg

PN position, sector, issuer, duration, FX, leverage, drawdown uag liquidity limits
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Uszhundneseda

Risk limit laiAasgniden ain A1 luna Yagduanmnsanmulddie udesdeudu loss-bearing

capacity, mandate, liquidity t.a% escalation process

11.3  Portfolio VaR
W R, € R™ Wunnwesuanauunu uae w, \Wulminvie exposure weights insureuiinga
nouwulunndnly Azl

Rp,t+1 = W;I—Rt+1» [Et<Rt+1) = My Vart<Rt+1> =2

T 2 _ T
Fop it = Wi Hys Opt = Wi W
gnstildlavianase long-only wavwesnidl short/leverage nsulaiilieny w, denpdesiuyadigiu V,

ey sign convention UBIENUL

dm3U loss variable L wagseauanuweiu « € (0,1)

VaR, (L) =inf{l:Pr(L <¥) > a}

VaR 10 quantile 984 loss distribution laild maximum possible loss waglilavanauinming

devefegdnningm quantile 1y

J

nelél loss convention # 1 VaR mspdamanseraiduaulsvin distribution vesnanauLnuey

Tuwpurilsegnaunn nMssenudalfifdsfosssy convention lidn limisteuli var Wugudlagla

25U18 Ws1vaziUasulenuvadiain

11.3.1 Delta-Normal VaR

1%

01
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2
R, ~ N(p,,05)
warllonn L = —Vo R, agld

pr = —Vohyp, or = Voo,

Normal Portfolio VaR

Za =27 (@)
729819 11.1. WasnyaA1 10 AU i
p, = 0.04%
way
o, = 1.20%
o
ZO.99 - 2.3263
wld
VaRj g9 = 10,000,000 [2.3263(0.012) — 0.0004]
fathu
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VaRg g9 ~ 275,156 um

nsAAuAe 1eld Normal model Wag horizon 1 1 quantile Y83 ANUAsEAU 99% Bgusza

275,156 uwm

Usznuiifoeseds

VaR @89 5189 U N8 confidence level, horizon, currency, position date Wag model
specification falay “VaR = 1 duum” Inelifideyaarlidsldanysal uenainfinisuuas
one-day VaR \{u h-day VaR sheng v} feserdeausgmians wu snandudassuazau

wusUTIuA aldmslilnednlud®lutaei volatility uas liquidity Waswsa

g

11.4  Expected Shortfall

Expected Shortfall fiszdu o Aenilae

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

11—«

dusu distribution satllasnegldeulvunfanunsadisudu

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

&

21 portfolio return \Ju Normal

Normal Expected Shortfall

. v {_Mp . ¢<za>}

Pl — o

dmsusiegnany 1 o = 0.99
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$(2.3263)
I~ 2. 2
0.01 665
Jale
ESo.90 ~ 10,000,000 [—0.0004 + 0.012(2.6652)]
wsaUsrun

VaR naui tail Guiila @ ES noudmaudng tail udianudemedesuuseiiodls antey

Wuudufinsauag monotonicity ¥e4 quantile s ES, > VaR,, Wieraavnglu tail o

ANNEUTUSTIIU sanity check fid1Atyues risk engine

Expected Shortfall #unuméddeylu tail-risk optimization wag awnsa@Weudu optimization
problem {1 auxiliary threshold aMunsaUVBY Rockafellar ag Uryasev [41] wanant ES AGLVGHIG)
coherent risk measure malﬁﬁaulsummgm yauzd VaR 919l subadditive @115y distribution
veila Feesdiladinisden var vise S lluifisanisidonseau confidence usiiunmsidenauantd

984 risk measure A28 [3]

11.5 Historical Simulation

Historical Simulation 14 empirical joint-return scenarios WnuASaUNA distribution awz3u fqmlfﬁﬁ
drAgyRen1sldnnmesHanauunuvesiukieliuniyn 335nwn dependence MARTUATISENINEUNTNE

Tuusiag scenario RN sduusdagaunindusnainiu

19 historical return vectors 1u
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14 current weights fgﬁﬂqﬂ scenario

L, =—Vyw'R s=1,..,T

S

NTULSE9 losses

uazUszanad quantile Nsediv o

Historical ES fip@1tadaues tail losses 1y quantile convention 7ifviua Tudiegrsauinian
quantile interpolation wazn153ANTS observation Magnsa cutoff @ansavilyl VaR/ES ssfiuld

A5UUTIN convention T1ATu model specification

dusunesa @@y N5y current weights U historical returns 1Junns revalue Nifigane ua
mnwesnd options 38 payoff lu@adu A1 historical factor shocks U full revaluation 3ol

approximation 91513 gamma/vega fiagtiu Historical Simulation 8198%Usgiiiu tail AuAuasls

Uszuifaesede

¥

Historical Simulation laiauu@ Normal distribution wsilil@usimainauufigiu msiznadwsuu

AU sample window, stale prices, missing data, corporate actions, survivorship wazANUduY

funuves historical regimes

11.6 EWMA Covariance a¥ Conditional Risk

Tusgsuneasn EWMA a1unsasuian covariance matrix yu
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EWMA Covariance

Y = )‘Et—l + (1 - A)“t—lu;r—l

0<A<1

-
(&

i o, . . . { o
) U, WU return innovation MY mean convention NAMUA

nowun 11.1

oy
X120
waz
0<A<1
1P
5, = 0
J
igol. dwiualn q
alY,a=Xa'%, ja+(1—XN)(a'uy,_1)2>0
[

Conditional portfolio variance f®

2 _ T
Opt =Wy 2w,
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1191INYaY observation ANANAILUULSVIAMA A9t half-life TnaUssunaesimin@e
b in(0.5)
1/2 = Ty
27 (N

i A figahbilieafinnudienuasnouaussiindy vueiian A isneuaussie shock railsandt ws

3l estimation noise 1N

EWMA 1l covariance nau awed sia doyalual s lileud heavy tails %38 nonlinear

dependence Tngdnlud® covariance dynamics fu distributional assumptions \Juauaydu

YDILUUINADY

11.7 Marginal VaR uag Component VaR

#5001 delta-normal VaR #fiag mean term ity risk contribution Ineuas w 1lu exposure vector
fNanunsa perturb lalawiz nsAam derivative 130U local sensitivity lalin1sdsdulinasiuves

WwinAsEnINenIsmauius

V(w) = Vpz, VW Ew

Marginal VaR @&

MVaR; = 8—V = Vyz @
ow;, »

Component VaR Ch)

CVaR™™ =w;,MVaR,
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ngufun 11.2

mele delta-normal homogeneous VaR

> CVaR?™ =V(w)

=1
Y,
figayd. 2N
do,, _ (Xw);
ow; o,
98
w, — = Z, — = z.0
: zawi 0~«a o 0~a“p
7 p
[]

dlo V(w) > 0 awnsadeudadiuanudssvosduning ¢ 10

comp
rops = VOl S pow
' Vw) . !
K3
Component VaR Unasanafinaulanin position Wu18 hedge MIMMLAENTIUANIY covariance structure
v O A % ' L. Mo a » | | P ) a
muuLﬂiaﬂwmﬂauiﬂmma’n position VLllllﬂ’J'WlILaEN LeuUan Waﬁmﬂﬁ]ﬁ!uu NM3LNU exposure

WBnisetiean Var lukuuiiasadl

Uszhundneszda

o

fga CVaR e1avmanedls Conditional Value at Risk Seinldlunnumanglng Expected Shortfall

aauluunilazi@eu Component VaR uAisdilonaduau

11.8 Factor Risk Decomposition

19 factor model 1Ju
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R=DBf+e¢
19

Cov(f) = F, Cov(e) =S5, Cov(f,e) =0

neldaunfignudn factor AU idiosyncratic shocks Taiduiusiu

¥ =BFBT+5)|

portfolio factor exposure g

uwaz portfolio variance A9

012) =w'BFBTwW+w'Sw

02 =Bl FB +w'Sw

Jauen factor risk 89n37N idiosyncratic risk la Uslewilieausmshonasniia diversified audnuiu

nannindonadadl factor risk Ns¥ANFI WU UNaNEAI8193 exposure o equity-market, duration %38
FX factor Tuiievnadeniiu

11.9 Concentration Risk

weight concentration @11303as18 Herfindahl-Hirschman Index

HHI, = i w?
=1
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d1m3U long-only fully invested portfolio

L mmr, <1
n

wag effective number of positions Ae

1

Ny=—r
" HHI,

nowun 11.3

#1m3U long-only fully invested portfolio

1
HHI, > -
gay. M Cauchy-Schwarz
2
Su) <u¥ el
A 7

bbel®

1<nHHI,
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Uszhundneseda

Weight concentration lalivhffu risk concentration wesmiitiniinnszarewinfuenadsdl factor
exposure N3¥ANaslavnduningdauduiusiuin uaﬂmﬂﬁgm 1/n<HHI, <1
waz N = 1/HHI, fimnunnsasslunsandmsu long-only fully invested portfolio
Lvhﬁ?u a5 long-short portfolio MI5WA38UN gross exposure, factor concentration %38 risk

contributions LiuLA

11.10 Backtesting VaR

fiNnun exception indicator

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

duuUUTNaeq calibrate gnAedlayileny quantile/horizon aenAdaIil
E(,)~1—«

dwsu distribution siasies Msld > vve > unulisneiu uiludeyaliserliowse historical quantile

1l ties fon1vun exception convention TitnLau

11.10.1 Exception Rate a2 Violation Ratio

931U exceptions 1Hu

t=1
exception rate Uag Violation Ratio Jadu
T T
p=—= VR= ————
P=N N(1—a)

Alnantlananefediuiy exceptions Inamaianune ui VR 11in5399134An exceptions nseand

ERIRY
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11.10.2 Kupiec Unconditional Coverage Test

ANUA

pp=1l-a

153}
A_.T
P=N

1o & APIUIU exceptions

Kupiec Test

- N—x,
LR, — —2n [(1 pP)N_ APO]

meld H,

LR, ~x?

& J

Kupiec test #1373 unconditional coverage [29] Tun1sAuiuassdesinnisnsal x = 0 Wse © =

N ¢ log-likelihood Tngld limit convention fwnzea ununisuszdugy 00 lnense

11.10.3  Christoffersen Independence Test

1 1, ; luduau transition

de i, j e {0,1}
fiNnuA transition probabilities

Mo ~ T

. ~ Nop + Nqy
) 11 — ™=
Nog + N1

b
Nyg + Ny Nog + Nop + Mo + Ny

To1 =
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% . < a ' < A a B o , X o ' v &
01 exceptions WWudasy anutaziluiagiia exception lunndnluliastuiuinneneunindu
exception visol naafeasdll Ty, = 7,

likelihood M&lé independence wag first-order Markov alternative @eulsidu

L,= (1 — 7’{-)”00"‘”10%"01‘*’”11,

Ly = (1 — @y 00 Ro 0t (1 — 7)Moy 1

L
LR, ;=2 (L—(l)) <3

uag Christoffersen conditional coverage statistic A

LRcc = LRuc + LRznd ft\l’ X%

[15]

o

¥
VBEILNA

WUUT18B9919 WU coverage Wi laisi1u independence £191U3U exceptions TIUQN FBA A
exceptions nszqn M lugaedngn M3k VaR backtest fidalally wdn gulaensadn €S gn

5 . ° 1 . & Y a v a
calibrate w512 exception tests @519 ILAUS quantile LUUKAN VLN ES ABIUITLAUIUIN

ANULEYelu tail aALrs ol joint VaR-ES validation Musngau

11.11 Three-Zone wa¥ Model Governance

U exceptions @NWNIOTBUAY

K ~ Binomial (N, 1 — «)

19
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WUIAR zone classification ¥18UaIIIUIU exceptions \Ju escalation framework u# threshold
foaszyliinseiu confidence level, 31U observations wag framework 1489 Tlasih cutoff
Mnnmsneaeuyanisluiiiudnynlnednluid Tuidenadinaansausafmuniunain tail probability
489 Binomial distribution wWd1deunsazuaiuszRUNS review, model override e capital/risk-limit

action Nfvualia1antn

NUTWITINYUREWETBUTiEY Normal EWMA fiu Historical Simulation uagld Violation Ratio,

Three-Zone ka¥n157m573 tail loss taUsyiliukuuinasa [71]

NMUTLgnITUsEEnd: ndnn1sauranImadaudounds

Ha N Fvg Ut valuefinmsgnldidunsd@nwives model validation laldnisdn

uruaaseUagduy

a o ° Yo
danesihldlgsefanszuiunig

Forecast — Realized Loss — Exception

— Statistical Test — Model Review

11.12  Stress Testing
VaR wa ES «Ju distribution-based risk measures vzl stress testing fasna1uin
61 shock JuusHARYY NosnazFemewinls

11.12.1  Historical Stress

1 shock vector :MNMANTRIATA

Ax(8)

1liiu exposures Yaqiu
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11.12.2 Hypothetical Stress

@379 scenario 91N economic narrative Wy

Equity = —20%

Ay = +150 bp

FX shock = +10%

191

Credit spread = +200 bp

11.12.3 Linear Stress Loss

& e 1w exposure vector way Ax 10U factor shocks n1sildsuyarnasalaeUssunafie
AV ~ e Ax

neld loss convention ¥asuUNil stress loss FedpIndUAIBILNeLTU

stress —eTAx

#1350 nonlinear instruments A3t second-order terms U delta—gamma approximation
1
AV ~ ATAS + §ASTFAS +vTAco
\lo scenario i volatility shock @18 wazdiasly LU = —AV fiesnhw sign convention i
a9nAaBINY VaR/ES
11.12.4 Reverse Stress Testing

Auun loss threshold L* Aau w@3n1u31 scenario tavinle
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undleny 11.5

Reverse stress testing 131311 “AuaNIaIisoAUIEemeNlilgonsu” WaAUNT scenario %1

Wluganiu Jselame vulnerability fienalidegly historical scenario library

wn T 105 3 A Juuss vie A du Tl I ves scenario wu d(Ax) Jayvn awnse Beu g
optimization Tondu

min d(Ax) st L(Ax) > L*

o

FenoUAInINI1 “scenario Nlnan1zuningaudduitlvinesadumeiiussiuingareesls”

11.13  Correlation Stress ttag Diversification Breakdown

Tuga9ingn correlations @19 WuNTaxAU 35 stress NSnw1lATIaT14 correlation matrix LAlaensafafs
WNSNGLANILN perfect-correlation matrix
Pstress — (1 . 77)}) + ,’711T’ 0 S n S 1
gaudwmiu i # j
stress __
P = (1 =n)py; +n
way diagonal fapaviniunila 1ieaannsis P uag 117 18w positive semidefinite wmindg P> Jauiy

PSD wuiunelansnauwuy convex i

NUUAS WAL AU

t t
ES ress _ DUPStreSSDU, o — WTES ressw

P,stress

Uszhundneszda

Toazuizes PSD 1196uld iU stress construction Uy convex blend Wlngianiy Uiy

correlation $18AKUY ad hoc ¥3BfmuA shock AefUUsaee FBINTIA symmetry, diagonal

uay positive semidefiniteness Tusdnauinluly

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



Undl 11: ASUSWITANNULEHEIYRINRIA 342

11.14  Liquidity Risk

Market-risk number NANWININNTIANNANBIIAINIIANU LAY T TLBNBSNAIV Y IURAIA AN N
AADIAN
Tiyaraauzveduning ¢ 10u V'™ uaz Average Daily Value Traded lu A DV Fsoglumiie
a a 9] . . . . I~
WULMEINUY days-to-liquidate approximation A®
pos
v
' Kk ADV, |

DTL 0<r; <1

e r; 1 participation rate figeusuld wnldSuwiuunuyaat fesdsuriadumsuas ADV T4

aglumbigduuiuuReliuiesne dimensional consistency

simple liquidity-adjusted loss @ansa@suiu

Léiq _ L:nkt + C:pread + C;L'mpact

Usziunaaeszde

DT L, u capacity approximation ldmsuusziuinazaneldasumeluduuiusing
w31z ADV, spread wag market depth a1snsaanasmiauiuluniig stress N1 one-day
VaR Mg v/ b iiea$ns multi-day VaR Aendeauufigiu scaling ionaldmnnzidle volatility wWasy

MUK returns i serial dependence #3e liquidation itself 3 market impact

11.15 Drawdown Risk @z Path Dependence

191 wealth process Ju

running peak #o

M, = max W

0<s<t °
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drawdown @9

DD, =1— —t

WAz Maximum Drawdown

MDD = mtax DD,

vaR Ju distributional measure # horizon #ils @ drawdown L{u path-dependent measure

JwWoUAMNUALAEITN NoIRABINESND13E one-day VaR Tnaiuusil MDD @eduunn mnwesnnile

1Y

Ainn1svIanuseiliosvatevn wenani MDD Livenseesliafiliiundugnaanidy 3sarsiansan

drawdown duration pugLileUsziliuadsald Mg SzaveN

11.16 n15 Hedge A28 Index Futures

1% equity portfolio value 1u Vp wag portfolio beta iy index 1u
quity p P P P
o1 futures contract #59a1 Fy wag multiplier g

notional siadayey 1A

VF = Foq

1% B WU beta slo notional a3 futures Lisuiudsiifiediu FslaeUszanasinlndnis mndenw

]

Iy nuuiinissine g Ny > 0 vunedis long wag Np < 0 wunsds short S1uiudyagnd

il beta Wi lnaithwne 5* fe

Beta Hedge

¥ o v a o v v i d £ '
gnsilvinlifien1a hedge dawau: 61 B* < Sp avld N7 < 0 wagsioa short futures dauns
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W beta 2zl long futures

A79819 11.2. WosnvuLac

Vp = 50,000,000

it}

o )
naIN1sanL U

B* =0.30

o1 futures price iU 900 wag multiplier Wiy 200 UMFBgn

Fyq = 180,000

aud g ~ 1 azlel
(0.30 — 1.20)50,000,000
180,000

Femnald short futures Uszann 250 &gy wasladruudygyniuduauduaiseui residual beta

= —250

signed
Nz =

Indd w512 hedge Nvhlaassenalinsadmnened

Uspiuiidesseds
Beta hedge lilaf1dn basis risk, tracking error, nonlinear exposure, liquidity risk #38n13

WasuwUauas beta way notional ¥e4 futures LUABUMILTIAY F35DIAAAIN residual exposure

waan13 hedge ldldruiauiieansufeudifionnanudegnionaias

11.17  Minimum-Variance Hedge Ratio

W AS Wunsiasunlasues spot exposure hay AF lunswadsundasves futures
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hedged change #®

AH = AS — hAF

AMULUSUTIUAD

Var(AH) = 0% + h?0% — 2hogp

v 6
meyusa h

0
h Var(AH) = 2}?,0'% —20gp

fainiugud wardunadeyiussuduaeariiiu 20% > 0 dle 0% > 0 Judugasiign azle

nowun 11.4

Minimum-variance hedge ratio #®

. Cov(AS,AF) s
 var(AF) PsF op

J

= v

UIUFYYI39609UTUMY hedge ratio Laz LI exposure NLABIUBY N A% Uszunaainns

o

q‘ da 0 a o o & £ 7% o .
wWasuuUasnaidmbeiediu Snnudganleemlliisy N* = h*(Qg/Qp) We Qg uaz Qp
ADVUINNUIBVDY spot exposure ag futures contract MNa1RU 9Ty returns Wnu price changes

fosfimn A* 10U notional hedge ratio wagasianiieliaenadssnsunlasduduudyan

11.18 Protective Put

° v a o ¢ = ' = ' P .
FANRIUAUNINYNUINUIYLLAY pUt RUINUYN strike K

terminal payoff nausn premium fAe

Sy + (K —Sp)*
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ST + (K — ST)JF == maX(ST,K)

J9a579 terminal asset-value floor 91 K naufiansain option premium uag financing cost oesls
< « | ' o ° a,, P o ' . & X%
finy “floor Yesyar1Uaeain” Ll “floor vaeilsans” s edamuiesdng premium Aaudsy

Ny a v o = ~ o 1 v v a v & = o
LAZDIAUAUNULUIU ﬂﬁuuﬂ’]iLUiﬂULWﬂUﬂUﬂanﬁﬂlu hedge W@\ﬂsuﬁunuLimmuWﬂuﬂﬂiuiquLﬂﬂ'ﬂﬂu

terminal value

A underlying S

floor

! ST

§‘U‘17|i 11.2: Protective put @513 floor ‘Uadﬂ,ﬂamﬂmm’mﬁ K nisuin option premium Wag financing
cost

11.19 Delta, Gamma a2 Vega Limits

dmsu option portfolio @ansain local sensitivities nanleidu

v Y ov

AP:%, FP_Wv Vp—ao_

61 hedge instrument nilsniied delta A 5
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UIUNNBEMIU local delta-neutral hedge A

u delta lWaBUAINTIAT 187 Wa volatility 39A8INATAUT re-hedging cost, gamma, vega uay

liquidity nMsiwue limit Jsenad@isulugy |Ap| < La,

I'p| < Ly wee |vp| < L, lngdnasey
wihslaz shock size NAAAIN Greek UAazda
n13 hedge wuuldseiilesdsll gap risk s¥n119a1MUSU hedge g5 Imansanselannnsolnaou

wnfeuyhgsnssusaudntul Aty delta-neutral i a1 ¢ lildnanennuimmesnUasnnnuidewann
99 [t, ¢+ 1]

ﬁnnmuaffﬂémiﬂizqnﬁ: Parameter Uncertainty was Hedging Range

dm3u derivative models 1 parameters Tins1uuiusu NM1551897U point Greek LiveNALAE?

pnalausiulanniiuly wuafa robust 38 ambiguity-aware hedging &@111505189U

Ae [ALv AU]

bhae

VaR € [VaRp, VaRy]

udeeNUUU hedge Nwonsulanel@nae parameter uncertainty

11.20 Basis Risk ka2 Hedge Effectiveness

01 spot fiu hedge instrument luitpdoulnamniloununaun residual risk %89 hedge fo

Var(AS — hAF)

A h=h" s
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Var(AH*) = 0% (1= pp)

fadungle simplified two-variable variance framework

B var(AH*)
HE=1- var(AS) PsF

wa HE = p? 1ifu minimum-variance linear hedge meldanuigruvasuvudassi laildng

anadmiu hedge vnvilia e |p| = 1 residual variance Wugudluuuudasaduduil uslu

lana3edsonande liquidity, rollover, discrete-hedging az model risk

11.21 Risk Dashboard tag Escalation

risk dashboard NiUselevinisnausgnatiaannAIy

1. wasmdsailsneld normal conditions
avlsfusdupmuides

fuin stress azidaninls

position &11150918%50 hedge lAasananli

risk model §4 calibrate fvsalal

A T

Wle limit gn breach fiasdniunserls
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( N ( N
Normal Risk Risk Drivers Stress
VaR / ES / Vol Component / Factor Historical / Reverse
- J - i J
[ 1 Validation ) Limits & Action
Liquidity
— VR / Kupiec / —| Escalate / Rebalance /
Spread / ADV / Margin
L ) Christoffersen ) Hedge

JU# 11.3: Risk dashboard MiwauszRuANUEEY MYTuAILLEYS stress @n1maded N13RTIFRULIAS
way action AU liarantin

Dashboard N1aA35wanIne value, limit, headroom, trend, as-of time LLﬁ&:ﬁ%’Uﬁm%aU action 1il®
\in breach n1suansfavduusnnlaglisey threshold %38 owner enaiiindayaudlaldiiugmuan

N13AIVANAIILLFLS

11.22 Model Risk ttay Data Governance

v
o

Risk engine flogstioe@turasnuLdes

1. Data risk 19U missing data, stale prices Wag incorrect corporate-action adjustment
Estimation risk 19U covariance uay tail quantiles litafios

Model risk 131 Normal assumption %%® linear exposure #luiiang

Eal

Implementation risk WU wrong position sign, multiplier, currency conversion #3©

timestamp

Point-in-Time Risk Data

dmSuwn risk report AITULTN

position timestamp

market-data timestamp
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model version

parameter version

confidence level and horizon

currency and unit

Welsaunsa reproduce risk number Ais1eaulusinls
N\ Y,

11.23  Investment Lab: Portfolio Risk Engine

Investment Lab: Excel: Daily Risk Ticket

@519 workbook 98191y 7 sheets
1. Positions

Returns

VaR-ES

Contributions

Backtest

Stress-Liquidity

N R WD

Hedge
ien hardcoded assumptions @8n31n formulas LagmII3 position date, confidence level,

horizon, covariance convention, risk limits e hedge multipliers

Investment Lab: Python: Portfolio Risk Management Engine

asevseusulugalvsiilaiduetetos
- portfolio_loss(returns, weights, value)

- historical_var_es(losses, alpha)
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normal_var_es(mu, sigma, value, alpha)
ewma_covariance(returns, lambda)

component_var (weights, cov, value, alpha)
kupiec_test(exceptions, alpha)
christoffersen_test(exceptions)
stress_loss(exposures, shocks)
days_to_liquidate(position, adv, participation)
futures_hedge_contracts(...)

minimum_variance_hedge ratio(...)

11.24

Rolling Validation a2 Model Comparison

d1115U forecast vian t

\7a\Ra,t+1 =9(D,)

g D, dealianzdeyaivnsiu o van ¢

NAINNTUIIFILNR

Lt+1

LAYESNS

Ly =1L > \Z'J‘\Ra,tﬂ}

NFEUIUNTUIG UL rolling

D, —VaRy 1 — Lyyq — I, — validation

nsiSeuiigulaaalimsgiileadnuiu exceptions uAAsHaANTUN coverage, independence, ¥u1a tail
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loss WaLiin exception, responsiveness #ie regime 1, numerical stability Wazaugugdouveslung
T2 13U horizon vaneiu mnle overlapping forecasts @iy exceptions 8131l dependence 134

IAssasuiny Jdeudenisnageulidenndssiu sampling scheme

Uszhundneszde

nsUszanalueameteyanTiniuimamaasuagyinliiin look-ahead bias wagyinlvi backtest

ladlYn5Useiiu forecast 339

11.25  a@gwiugn1sussliunanIsusnIswase

n13an VaR 5o drawdown lildidmunsanvieiauely imws1en1s hedge uasnisan exposure ffuyu

LaED13an expected return

AIUTEINNTIARAZ ATUANANULEEILEY ABIR1NRBT1 portfolio manager af1ananauLnulaANiy

AadgInsunselal duiluguni 12

t%
0 ERREINT
Portfolio Risk Management lailinsAuan VaR iigsdaaiien uaduasas
Measure — Decompose/Stress — Validate — Limit — Act — Review

@95U loss variable

L=-WR,
VaR 18w quantile w84 loss distribution Uil Expected Shortfall Saanudemeadslu tail
Mele Normal model
VaRa = VO(ZaUp - up>

bhae
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ES, = VO {—,pr + o'pf(_zaoz]

Component VaR 918en risk budget wazneld homogeneous delta-normal formulation & Euler

decomposition

> CVaR?™ = var

VaR model o4 gn backtest 79 coverage Wag independence My LATDIED WU Kupiec uay

Christoffersen tests
Stress testing, concentration, liquidity wag drawdown \RURAT VaR/ES lidpsaunquyisviun

113 hedge e futures #131130AIUAL beta exposure Wz minimum-variance hedge ratio Ao

. Cov(AS, AF)
Var(AF)
Protective put \Wasu downside payoff 1Ju floor usidl premium ez model/market frictions

risk dashboard % @asi@en risk numbers WA limits, escalation, rebalancing way hedging

actions W3puLAU point-in-time data L audit way reproduce walg

ANANIIEIARY
« Risk Capacity « EWMA
« Risk Tolerance » Marginal VaR
« Risk Appetite « Component VaR
« Risk Limit « Euler Decomposition
« Loss Variable » Factor Risk

» Value at Risk

Idiosyncratic Risk
» Expected Shortfall » Concentration Risk

 Historical Simulation Effective Positions
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Exception « Maximum Drawdown
Violation Ratio + Beta Hedge

Kupiec Test - Hedge Ratio
Christoffersen Test « Basis Risk
Conditional Coverage « Protective Put
Stress Testing « Delta Hedge

Reverse Stress Testing « Gap Risk

Correlation Stress « Model Risk

Liquidity Risk « Risk Dashboard

Days to Liquidate

LUURNAANIgUN

—_

D e L T

R T N ==
W N - O

14.
15.
16.
17.

DBUNAMULANANTENIN risk measurement U risk management

eI risk capacity, risk tolerance, risk appetite &g risk limit

Tnwesayarn 20 auum i p, = 0.03% uas o, = 1.5% 23w Normal VaR 95% uaw 99%
TidayatanauntiiAuan Normal ES 95% wag 99%

a’%mam@ma‘ﬁ' ES Taimaseinngn Var n1eld Loss convention way continuous tail setting

@314 Historical Simulation VaR 911 loss observations 250

95UN8NAVDY quantile interpolation rule 19 Historical VaR

#g91191 EWMA covariance recursion $nw1 PSD

Wisuisuraves A = 0.94 Au A = 0.99 sia responsiveness 183 EWMA

11 Marginal VaR llag Component VaR YOINDINAWAUNTNIDIN covariance matrix AHUA

. ‘Wgﬁ]ﬂ Euler decomposition U84 delta-normal VaR
. 95UVl Component VaR ¥83U4 position 39819RAaU

. 970 factor covariance F', loadings B Wag idiosyncratic covariance .S 998319 total covariance

matrix

waal HHI,, > 1/n dmsu long-only fully invested portfolio

Awad effective number of positions ¥8snasa 40/30/20/10

19 VaR 99% backtest 500 Tuuazil exceptions 9 a%s 99 Violation Ratio

2BUNBAULANGITZIIN exception rate AU independence
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18. 1Weu likelihood 983 Kupiec unconditional coverage test

19. @34 transition counts Moo N1, N1 1011 3N exception sequence firviun

20. eBUNEWANATILUUTIABID1MU Kupiec uslsiinu Christoffersen

21. @¥ historical stress scenario dusunesawu na1aswil uag FX

22. @319 hypothetical stress scenario fifi equity, yield, FX way spread shocks wiauriu
23. 93U"Y reverse stress testing wazr A loss threshold ivianzfuseg 1wl

24. @319 correlation-stress matrix WazA$33 PSD

25. AU days to liquidate 911 position value, ADV Way participation rate

26. WisUWiBy VaR iu Maximum Drawdown 3100UAa 8 ueesls

27. Fwansuau index futures contracts iewdsw beta 910 1.1 18 0.4

28. #g91 minimum-variance hedge ratio

29. figat31 minimum residual variance Tu simplified hedge model wihiu o (1 — p2 1)

30. 98nkUU rolling VaR backtest ilaif! look-ahead bias wazil model-escalation rule

ANDIUBIUAR

—_

61 VaR model 511 backtest w# stress loss gaiiu risk capacity A3stia31 model THaulansalal
13 hedge 7ian VaR wsviiy liquidity risk foi1annnudesaiseiissdeauides

£ exceptions (Aatamztsingn wuusiaesdiil coverage gnifedlnasindafimonselsl

Risk dashboard msiifalavsnilgnuienisiiameiiaviideniu action

Tunesn?il options mﬁﬂm delta-normal VaR 381al#inm downside ﬁlﬂﬁuyiiﬁ

S

A risk model wag portfolio optimizer 1% covariance model AURLYR ziintgymi governance

aenals

Y a v P
LNFAITD19IN1YUNT 11
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UM 12 N159a8azUselunNanIsusSuIswese

InguszaeAnITtau;

dlefnuumiiuga ferumsanunsn

1. deniinnanauunuuay Benchmark Taenadasiuingusvasd S29UEn TWR, MWR,
gross return Wz net return 151’@8"1@@5{@4

2. AUILATRAINY Sharpe, Treynor, Jensen’s Alpha, Appraisal Ratio, Information Ratio,
Sortino, M2, Calmar wag RAROC

3. 9BUNPAUUANAINTZIIN total, systematic, residual, tracking, downside, drawdown
ILle¥ economic-capital risk

4. fgaudanuduiusdtysening Sharpe, Treynor Wag Jensen LLasa%m&Jmeaﬁmmi’m
ansrlinonadnsusunesaliiuniliouiu

5. 91 single-period performance attribution lne wen Allocation, Selection Wag
Interaction effects wazn39980U reconciliation 11U active return

6. Usziliu U La@ties Ue9 Wa 91U e1e rolling analysis, out-of-sample validation,
transaction-cost adjustment &g bootstrap uncertainty

7. 99nWUU Performance Dashboard fiieunanauuny amnudes attribution éfu‘lqu 1GH

nsenauladnae iy

12.1  n59UN1SUSEEUNANISUSUISNESH

nsUsiukanIsUSIsnasallAITauNAI1uI “nasnlinanauwnuiUasud” IWSIZHANBULNIUN
AnTuealasuBnEnaInNnIvuatuan svdumudes Benchmark d@n1ienann Auvu wasyanaily

Uszidiu nsuszdliuiiauysaifsnsifunszuiuniselies

Tu@aszuu 115 Usediu A35 AU AU 819U 910 11T IR ABUWNY 71 Qn convention T gns \dan
Benchmark n15USUMEAMULEES NSLENWAAINNIVBINAUE NSATIVAMULEDYS LAIUNNITARAU

Tansavaeudaunduls fsgun 12.1
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Validate
ATIVANULEDYS

Measure Benchmark
NAMBULNY FrulSeuidiou

Appraise Attribute
USuenmnde wenfin

|

|

| Decide

———————— feedback = = ) ) <
retain-revise-stop

JUN 12.1: 2995m3in Useidiu e5une wavasivaeunanisusmsnesanauilldinduls

U “performance” llyduan Uang maiiiesA1ifies mndu Measure 1¥nseuaiuania
convention %58 Benchmark lain59 mandate U appraisal Wag attribution AR1ULNAB1DLUUNIS

ARIAFNANSLARAAIIUNUENIUATYFANENS 6

Unideny 12.1

o A

AEARYAINANTUNUINGY
. Performance Measurement SaiNanauLuAnTuvils wu TWR, MWR, CAGR wag
active return
. Performance Appraisal Uszidiuinaneuunuiuiifiedadiomisdnmudomdewuy
918849 WY Sharpe, Treynor, Jensen’s Alpha Lz Information Ratio
« Performance Attribution 85U1871 active return inainn1sanauladiule wu asset

allocation 3@ security selection

J/

ANDINNDULRINNINTIN

1. lasudriuaudameRudiuazRuesnainnesn

2. wosadu standalone portfolio visetfudiumnilsvemesaiinszasanudssina

o

3. Benchmark @anmassriu mandate, currency, asset universe LAY UDINAVDINDSANID
lai
4. famulvinaudAgyiu volatility, downside, drawdown %38 economic capital 11n71gn

5. wanauuvuAisenuly gross 13 net of fees, taxes, slippage Way financing cost

6. nMsUszliuiiidmunaiesieauna dadudu vieldindulausunagns

-
.
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12.2 NandULNUNDSH TWR wag MWR

W Vg Wugadmesadunn V) Wuyasnainlaienn fousiy nszuaduanfitigesnainwese wazli
D Juselsandunindnelunesn wu Gulunaniogues winliil external cash flow 581319930 wa
MBULNUNTIIINAD
Rp = (12.1)
Vo

femfifesszansiugn win V3 Ju NAV vise wealth fisauRuduradaiinduinamuuds limisuin

v v
° o

D $18nass UssiuddnyReegiinissey valuation convention 1nn31n1s31gnsiiiesetiafien

drsunanean MsiulnvedANUtenIfaIlinISNUAL
T

t=1

fae819 12.1. dnaneuunuassviniy 100% uae —50% Aadsavadawingu 25% dol us
(1+1)(1—05) =1

AatiuanudsAtlaelnasinduaniEusy Lasnanouwuavaniiuaud fegnelluanddn arithmetic
average l¥noUAONITDINANDULNULRAEI189IA VaUE?t compound return TmauAInILiEnINIsAvls

VBIIUAIVIUDIY

WeodlnIzud RUanNeusn Wi RUAINANIoNIT09URY Asusn Time-Weighted Return (TWR)
89N91N Money-Weighted Return (MWR) agnsdaiau T V™ | uyarmesniiufinds external cash

flow  AUNERY LAy Vi Lﬂuaﬂamﬁuﬁﬁau external cash flow dalU HamdULNUTIEDBWAY TWR

o~

A
V- K
Y = Vf —1, L+ mwr =[]+ (12.3)
k—1 k=1

o

MIUUIF1NALAA external cash flow v1lA TWR andvswavesdamern-neuigdnnswese kil

@

= U a aa v
AIUAN ﬁ]ﬂLMiJ’]%ﬂUﬂ'ﬁﬂi%LiJuNﬁJa%l N3

115U MWR T Cj vJu external contribution #lvia 17wass o nan t; Tngn1sneulidiAseanuny

au 8n91 r MhligamUaennaenndediunseualuaniaiuauiain

J
Vp=Vo(l+n)T+> i1+ (12.4)
=1
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=

Fadu IRR meldmhenaiiivun MWR saeviaulseaunsaivotdnvedliu ing1s Y1 idkuaamuunn
fdnEnasienadwsuNnd el IRR o1aldfidmeunseiivansAnauiiionszuaduanUisuinsomune

YA18AST F9AITATIILATIASNE cash flow NBURAINY

TWR waz MWR Talaudsduiuin “fhluuinin” winauauazamiail wndoauselugannisnla

U

rupuRurinaeulirld TWR Wundn windesnsiaradnsndivesiuadelasuliiansan MWR

UMY Lazilidofasld valuation timestamp U cash-flow timing AidenAdsaiu

12.3 Benchmark, Active Return wae Tracking Error

Benchmark 71fa3silugiuiseuiiieufidenndediu mandate warannsamuinldegnalusda e

v

AsMsInuegateslua1y investable universe, currency, total-return convention, duration/factor

o o

exposure kazUadnANdAY N Benchmark SuAnuldssauazsdaiunesn nsAAL “vuznain”

213lufianuvaneg

W Ry, ; \unaneuuyiuves Benchmark flgnw arithmetic active return 1y
— 1 &
A, =R,,—R,,, A= DA, (12.5)
t=1
ae Tracking Error Lﬂudaulﬁmwummgmmm active return
TE = SD(A,) = SD(R,; — Ry,) (12.6)

Active return s1endunasi ulLavain WinanauLNLaATaLARINUALLENNBSALAY Benchmark

fou Fslimsih A, suinvsenuduaiiowdu standalone return Tnglsiszy convention

Uszhundaeszde

Benchmark mismatch @1u15a%119 alpha, Tracking Error #3® Information Ratio @‘qqﬁas‘h

HAINANUELNTNT9vReg I3l uenanil Benchmark A3l total retum ynwesnlasu

L?uﬂuwaﬁag‘daﬂ Tzt active return 3xUrUUNaUDa income convention WU skill
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12.4  Sharpe Ratio: NARBULNUAIUAUADAIMULHYITIN

Sharpe Ratio Tananeuunudiudemiieves total volatility [49] lngvnduusdesegluaruiiuag

iagnaAgINY

S =2 7 (12.7)

T ex post R, — R, fiefniade excess return uay o, Avdulsauusnnsgiuvestansuinumess
. ~ P . a Yo 1 gy a
A convention AUszM ALY 10 risk-free rate Wasuamnan msTeswlidahlidiedeves R, ,
)

wazdn volatility ¥4 R, WIDVBY excess return

v A& a 4:4 . . a . =
ﬂ’lEJngNaWQULLWu'ﬁ']EJQFJWWLﬂuaﬁig 1l finite variance Wai mean/variance V’NV]I@EJU?%QJ']ZU GREVEPI]

Sann = \/% Speriod (128)

dlodl serial correlation %38 volatility clustering ng) 4/m 91319 annualized Sharpe finanapdeu [31]

drete 12.2. 1 R, = 11%, Ry = 2.5% ues 0, = 16%

0.11 — 0.025
Sp = 0.16

ANUNLNEADNDINEINT excess return asUszanu 0.53 wieseunilaniigaes total volatility nels

= 0.53125

9390amay convention Ak

Usiaunfaasede

Sharpe Ratio 1% symmetric volatility 33aslvus upside way downside variation Wirfiulay

1A59a579 Laziilo excess return fnau n1siU3sulisuneasnme Sharpe LilesaReonaliaRiou

preference suaqp:iawau ﬁqmi@ drawdown, downside risk kazg9ANRBLIUUTENBU

12.5 Treynor Ratio: NARBULNUADAUIAYATITZUU

Treynor Ratio 1% beta Wusunu systematic risk [58]

R, — Ry _ Cov(R,, R,,)

R — 12.9
ST T TR, 1z
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o S - < a < 1 =t P AT . . Y
wnsinliivsuaenesngnitarsaniludiumilives wealth ins¥a1e idiosyncratic risk lad way beta

gnUszanauiiguiu market proxy figeaansafiulam

Treynor W4 residual volatility Tudams fatlunesnassnainiiil beta winiuuwsil idiosyncratic risk

Anafue1ald Treynor Tnanusnn w1a?l standalone risk Arsiuagesdniau

Usuifeeseda

i B, Indgud svsshli Treynor Ratio HvunngsiinUni waziile £, < 0 wEomungves

dn3d U9 dRAARBINUNTISINBUAULUUUNR AI551897U beta, standard error wag total risk

19

AIUANY

12.6 Jensen’s Alpha waza21ulsiiuauvas Alpha

Jensen’s Alpha 39 abnormal performance Liguiu CAPM [27] W11 time-series regression 984 excess

return
R, — Ry, =a,+B,(R,;—Rsy) +e,, (12.10)

Wl residual fiAadeaudlag construction Tufiaaea OLS 91l intercept 1@ mean identity

a, = (R, — R;) — B,(R,, — Ry) (12.11)

f70819 12.3. T Rm = 9%, Rf = 2.5%, Rp = 11% uaz 5, = 0.85
o, = 8.5% — 0.85(6.5%) = 2.975%

neldrudiieiu wesel excess retum 1NN CAPM w3ay beta Wesunelauseanns 2.975 qn

¥
IDYAY

v

nsseau @ > 0 Lidfissws wee alpha iWur1Uszannfiudiu market proxy, sample period
LAZLUUTIaDd A58 standard error, t-statistic, confidence interval wag residual diagnostics
Tneun residual 3 heteroskedasticity %3® autocorrelation A5l inference i robust sielassadnass
na7 Alpha fduuaneraaeiiew omitted factors, benchmark misspecification %38 data mining il

skill WiesaivnLfe
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12.7  A2UFUNUSTZHINY Sharpe, Treynor wag Jensen

A dunius sie T 90w identity ane 1 nsld g deya A risk-free rate waw market proxy
Weatu wayld beta 3naunIs single-market-factor 4196u JekiipnsihaArainauag sample wsoAuaz

Benchmark {naauiu

1N

Rp — Rf - Oép + 5P(Rm - Rf)
M B, # 0 9:ld

nowun 12.1

a
_ p
Tp = Tm —+ B— (12.12)
P
e 1), :Rm—l_%fl,ﬁaﬁmzl
/
wawiilosan
o
_ p
By = Ppma
ale

ngufun 12.2

P — P
Tp Tp Tp
B, = ppmap/am azla
a R, —R, «
S =Ly, M TP, g
p pm pm~m
o8 Om Ty
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[]

NataSuignuns I e au il Tn wde iy we Lt aud Ay l@gasna iy w0 residual risk A1 wag
correlation fiupaings M3dnduduealnaiu uddn idiosyncratic risk gevise beta HAUNG WaN13A

FUAUDIVLANAAUIN

12.8 Appraisal Ratio wag Information Ratio

Wo,, Wuddesuuunsgiuves residual 910 factor model ildasns o, oW Appraisal Ratio
)
Ju

AR = —2 (12.14)

= o

3937 model-relative alpha 19 residual risk nLUawU factor model 119 o, Way o, p1aLldrunTou
)
i

@ Information Ratio 14 Benchmark Lﬁugﬂﬂm&lmﬂ

R, —R A
P b _ =2 (12.15)

R, = —————
P so(R,—R,) TE

Faneudgdan1sasne active return wisldunniiedlanendamiieves active risk

Uszunaaeszde

Appraisal Ratio wag Information Ratio laldunasiaieniu Appraisal Ratio ¥uiiu factor model
uag residual risk ¥aue Information Ratio IUAU Benchmark wag Tracking Error v19@@ 851871
gasizunaiile denominator dAteaNN F9AITINBNUFNAY FIFIU LAY uncertainty AIUA

o

nu
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12.9 Sortino Ratio Lta¥ Downside Risk

% R Ju minimum acceptable return (MAR) 98¢ Tutie nadifen funa nauwny wag fnue
T P 9

downside deviation lugu Lower Partial Moment usuaas [52]

DD(Rp) = \/E [min(R, — Ry, 0)?] (12.16)
dmdutoya N v dhusmsnaitaenadesiuiiouiide
1 N
0D(Rr) =\ % > min(R, , — Rp,0)? (12.17)
t=1
way Sortino Ratio A9
R,—R
Sortino,, = i (12.18)
DD(R7)

Joluseupelitonanouwnumiodhmnadu “anudss” uiAfldduiu Ry wae convention
484 downside deviation UMUMEMNSAIEI1UIU downside observations wnu N Gslyirnsnaniu fsiiy

FBNUTNNTINARITEUTUAEYNATY

12.10  M?, Calmar wag RAROC

12.10.1 Modigliani-Modigliani Measure

M? utas Sharpe Ratio ndulllumhenansuunu lngAnBauwianiwaunesn p fuduningusieain

ANULEBIAU volatility innuaaia [36] win o, > 0 dadrulunesen p fio y = O'm/O'p oM

Mp2 :Rf+a._<Rp_Rf) :Rf+Sp0m (12.19)
p

waz performance differential tigunainae

AM2 = M2 —R (12.20)

m

defves M? Aefoanslumhenanauunulddienin Sharpe wifidunenteoausiuazdodinves Sharpe

WL
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12.10.2 Calmar Ratio

1% MDD, Wy 99120 999 Maximum Drawdown ag CAGR LU compound annual growth rate

CAGRp
Calmar,, =

p
MDD,

(12.21)

mnszuutudin drawdown WurAnaudesld | MDD | Tusnns Calmar azviounisiiivlase path loss
wahasiatadayaun ws1e MDD gninunlaemnnisaiisuussigniiieatanis 3amssey lookback

period Haz31897U drawdown duration Usznauwlaimnzau

12.10.3 RAROC

Risk-Adjusted Return on Capital @Weounan1saniunuiu economic capital uilifideuanaiiessy

e tnensauiilufe

Risk-adjusted net income
RAROC = (12.22)
Economic capital

#et13 convention nilserafmvundaaulusaldgrivas funding cost, operating cost way expected
loss Weug 7 economic capital 589950 unexpected loss 7192AU AL WD tU Az horizon 91A%UA
n3wW3guisy RAROC sewinuiiegsnadesiedld loss definition, confidence level, horizon wa

diversification convention wganu
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12.11 BHUNNIASINNUTUAAIULEES

A157991 12.1: 1195IaNan1sAENaU JRnNuEe Lagtanl55Eiabun1sang

1953n ueudsyisioudioy  nsRmmuuazdeenssz s

Sharpe Total volatility excess return ma total risk; Tasie serial correlation uazliuen upside/
downside

Treynor Beta excess return #@ systematic risk; Tzl 8 Indaudvsonasalii
diversified

Jensen CAPM expected return model-relative alpha; %uﬁ'u market proxy Wag model specification

Appraisal Residual risk alpha #® residual risk; fasld residual 291 model 1 alpha

Information Ratio Tracking Error active return f1@ active risk; lasie Benchmark mismatch

Sortino Downside deviation return ile MAR #ia downside risk; éfaﬂizu target iz DD convention

M? Market volatility Sharpe finUasnduifuviheraneuuny; duneatesiinves Sharpe

Calmar Maximum Drawdown CAGR #® path loss; s lookback LLa?v’LW]m‘Sifl extreme Mﬁdsd’N

RAROC Economic capital income #lo capital at risk; fiasld capital/loss convention g

Lifl 11ms 30 To O pzuuu anna 7 wanz Aun wese 113 18en 11ms 3 6a B 990 A9 Vg

\ATHgATANSWAL mandate fawdanans

12.12 Performance Attribution

Performance appraisal UsnInesnAnsouLdiedla ue attribution nouI1 “szezls” T segment
i =1,...,n fuwminnesn wp ; Wvtin Benchmark w g ; HaRBULNUNBIALY segment Tp ; waw
HanaULNY Benchmark 7 g ; Iagauufin weights 1w beginning-of-period weights wazl3idl residual

cash Aldladn segment

RP - Z WpiTpis RB = ZwBﬂ‘TB,i (12.23)
i i
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12.12.1  Allocation Effect

n8l@ Brinson-Hood-Beebower (BHB) arithmetic convention [11]

A= <wP,z' - wB,i)TB,z‘ (12.24)

Tu BHB A A, 19 uamauunuees Benchmark segment lagnss 39 3ana v83A21% 69 11 vitin s
convention 4 udlaisAAudluns overweight “segment fiwug Benchmark 59u” lagonlusii
W31 Brinson—Fachler agltnanaunni segment iisufiunaneuwnu Benchmark sauuazlit allocation

effect 518 segment Aseonly

12.12.2 Selection Effect

S, = wB,i(TP,i - rB,z') (12.25)

= A 1 U 6 v ﬁ(‘)’ CY )
Jawenaannsdenrannindnigly segment Ingltniin Benchmark 1ugiu

12.12.3 Interaction Effect

I = (wp,; — wB,i)(TP,i - TB,i) (12.26)

(2

Interaction \Anwlogdnnsviaudeutmin segment wazidenvanningflinasiean Benchmark wiay

noEuUN 12.3

nel@ BHB arithmetic attribution

n

Rp—Rg=) (A, +S,+1) (12.27)
=1
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figa. dwiuusaz segment
A+ S+ 1 = (wp,; —wp,)rp; +wg,(Tp; —Tp;)
+(wp; —wp ) (rp; —Tp;)
=Wp,Tp,; —WB;iT"B;

= 14
53UYN segment 34l

Z(Ai +S,+ 1) = Z Wp;Tp; — Z wg,rp; = Rp— Rp

%

[]

o619 124, auud  Benchmark i th wiln  (50%,30%,20%) uaz wesn & i win
(40%, 40%, 20%) luau segment muardu Tinanauunu Benchmark winiu (8%, 4%, 2%)
wagnanauwunainluldag segment wiriu (10%, 3%, 2.5%) ald Rp = 5.7%, R = 5.6%

way active return 0.1%

AN 12.2: Faeed BHB attribution wazn1sms1a reconciliation

Segment  Allocation Selection  Interaction
1 —0.80% +1.00% —0.20%
2 +0.40% —0.30% —0.10%
3 0.00% +0.10% 0.00%
5 —0.40% +0.80% —0.30%

kasaiAy —0.40 + 0.80 — 0.30 = 0.10% %4 recondile fu Rp — R woft saoehsiing

WU active return AduuIne1aLinann selection NAvawe allocation 7Ldee

Uszhunfeeszd

Attribution convention fiangluu W BHB Wag Brinson—-Fachler n15iUaau convention 819
\Waeu allocation effect 378 segment il total active return Txi@eu sspassyansily siu
71991579 beginning weights, cash, derivatives Way currency overlays TinnuIng19aanAdD

nauasuna
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12.13  Multi-Period Attribution &g Linking Problem

n15U1 arithmetic attribution anavANIUINAT 9 Tnevluliindu active performance azau 1wy

NAMBULNUNUAUESI interaction 91unan ikanauwnuazauanasaway Benchmark vJu
T T

Rp o = H(l +Rp,y) — 1, Rp o7 = H(l +Rp,)—1 (12.28)

t=1 t=1
J4dl arithmetic cumulative active performance Wiy R p o — BB o Unue¥l geometric relative

performance femlaiu

Goyp = — 20T 4 12.29
PIB= 1+ Rpor 1229

AnsAntinauAusNetuLar A Senaduiu

1. A single-period attribution 19 reconcile Tuusiazinnau

2. ANUAINLIIBINU arithmetic cumulative active performance 38 geometric relative
performance

3. 14 linking algorithm eafunaensieny uazszyde/gastinsiaaould

4. 9137975 linked effects reconcile fiu cumulative performance #13 convention
fiden

5. wndl residual 910 cash, FX, derivatives, pricing #3® rounding Tilansuen limsgou

Tu allocation/selection Iagwanis

12.14  Rolling Performance 1a2 Regime Stability

'
oA

AMAUININ full sample 919UnTUan1siUABuLUAwes performance munan Tinthasuun b uaz
1874 rolling Sharpe a4 a1 ¢ Inglddeyaludnt —h +1,... ¢

R —R

(R, 7) t—h+1it

S . — (12.30)
bh SD(Ry,) t—pi1:t

wAnReRulgiu rolling beta, alpha, IR, MDD uag turnover e LANTNANEUADUAUBIAD regime

change 53nduagdl estimation noise genn dwnthaendaniusneuauesdingd
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Uszhundneszda

wiei rolling Nviudeuiuwilvirsdeliiesdl dependence a¢ Falindsiu rolling observations
wiadutaiioudu independent evidence 1w nanseatdunufiniany full sample us

\@ousaiiiaslu rolling windows 814@gvi9u regime dependence, structural break 39 strategy

decay

12.15  Out-of-Sample Validation uagaiunuN1samu

13 18en nagns a0 Teya 4a gl (U 1 14 Useiu il iin selection bias 39A33imua in-sample,
validation Ua¢ out-of-sample flaugHagAye wiautuiin decision time I7eyaladlvlyase o nian
a319d e
winduruusazsensgniniludnsmaneuwrusie NAV fiusin naneuwnuansuu first-order Weu
1At
net __ Qross fee spread slippage financing
R =R - C—-C"" = C - C (12.31)

N execution price 71l¥a314 gross return 534 spread 130 slippage a8uaa dosliiving18nass Tunasn
NA1BUTD performance fee AISILYN investor return N3N Manager gross/net return T

dmTunagns NI turnover ge ANUUANFNNTENING gross kag net performance 91aAgudaasy

vianun Tnetaniziliedunuil market impact Avinwuuld@aduniuvuindnds

YURAIVaY Performance Validation

1. wus in-sample/validation/out-of-sample fieuagUNa uag freeze rule nawdag 0OS

2. 18U KA ¥S1 AN 5355ULHBL spread, slippage, financing, tax Way market impact i
\Aeadiedlaglal double count

3. 14 rolling #s® walk-forward windows \ensa9 temporal stability

4. 37897U uncertainty U89 Sharpe, alpha, IR &g active return laile point estimate Lilgx
AR

5. ¥N AABY A8 NaYNS w38 vane  parameter W AIUAN  multiple-testing  wag
data-snooping risk

6. 7153971 Benchmark, risk-free rate, return frequency, holdings WLa¢ corporate actions
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L Ju point-in-time consistent J

12.16  Bootstrap Uncertainty a2 Multiple Testing

Sharpe Ratio, alpha Wag Information Ratio tJu e Usyanasain fegrs 3aArsUseidiu sampling
uncertainty lallisnaauiies point estimate 35 percentile bootstrap WugIUARA319FI8E1GITIUIY

B a3t dan 05 uagldl empirical quantiles iJugisnnaundesiu

Cll—'y = [Q7/2(é*>7 Ql—'y/Q(é*)} (12.32)

Usuifeeseda

ID bootstrap 115w serial dependence mnwameuuwnuil autocorrelation M54 block
bootstrap #3876 time-series resampling NNz an LaziiloUszidiu beta, alpha wse IR A9
resample Yayanesn Benchmark nann uay risk-free WuuugmuIA1Lie Y1 covariance

structure

J

dlenadeuvanenagnsnieuiu anuthaziluiaeny “uus” TneUudyaiu 89 model search
1119 ANUMENEYRY p-value 130 Sharpe gegailidannieviadigagouas 3amsly holdout/O0S, false-

discovery control #3® data-snooping adjustment ﬁmmsamaua'gﬂdmaqwéﬁ skill

12.17  n3alfne131n91U7398: Robust Backtesting

1NUITEN1sUsEENA: NHanauunudoundgiadrennsiaaeula

nsfiAnwIn1snageu Bollinger Bands vuviu SET50 T¥n1suvsdayailutsadeuuudiasuay
out-of-sample W3gUisURaRBULNY AIUEST Maximum Drawdown wag Sharpe ndssuny
§INITU W391 bootstrap confidence intervals kazn13U3u multiple testing [69]

UnBeuidaisinende performance claim fndedonsiumanedundeniu ldun profitability,
risk-adjusted performance, drawdown, transaction cost, out-of-sample persistence gy

statistical uncertainty HaUAULANIE in-sample Sharpe Fedalaiiisanadniudaazuida

A1SUSUITNBIH
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12.18 Performance Dashboard Llas Governance

Performance Dashboard MiAAsvinligAnaulaiuma “nadns e anudes Auades wazaunu”

Tuminifen
A15197 12.3: 1A59@519 Performance Dashboard Jusin

0 T TnfeEns maudnsunsanaula
Return TWR, MWR, CAGR, net return naneuwufinTuiily uazlasaiuau cash-flow timing
Benchmark Active return, TE Uy Benchmark fusnyauvsolal way active risk tinls
Risk-adjusted Sharpe, Sortino, M?2 HARBULNUAY total/downside risk wsald
Model-relative Beta, Alpha, Appraisal HaULALESA factor model aunewnioll
Active management IR active return P’]:u tracking risk VERIY
Path risk MDD, Calmar, recovery time Wnamusiean drawdown Snuagunuiiedla
Attribution Allocation, Selection, Interaction NauunnNNsinaulala wag reconcile visoly
Implementation Turnover, fee, spread, slippage edge nousiuvuwdowilindniludevisasa
Validation Rolling, OOS, Cl, stress nasuEnesusaLuNalRNI sample/regime
Governance data cut-off, exceptions, sign-off farnadeundunayidouiu action lewiold

Performance Review Ticket

189U UsEan 9Im A5 Uudin 819 Uee valuation date, data cut-off, return convention,
Benchmark version, risk-free source, fee convention, corporate-action treatment, portfolio

holdings timestamp, metric values, attribution reconciliation, exceptions LLasQ’awﬁaﬁﬁ'amﬂa

Welvanuisadounsiale

12.19 Investment Labs

Investment Lab: Lab 12A — Performance Metric Dashboard #1128 Excel/Python

wiseNaLaTI8LaUYeY Portfolio, Benchmark Wwae risk-free rate 9gtiay 60 130 Wi
1. A TWR, MWR/CAGR, mean excess return, volatility, beta wae Tracking Error TR
$379 CaSh-ﬂOW convention

2. AU Sharpe, Treynor, Jensen Alpha, Appraisal, IR, Sortino, M? uaz Calmar
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3. @57901979 metric-risk denominator-interpretation
4. W3yuWigu gross AU net-of-cost performance
5. WewleaiUlaevinuly metric wendindunsvun

Python companion: code/ch12_performance_lab.py

Investment Lab: Lab 12B — Brinson Attribution &% Reconciliation

aiedeyasdatey 5 sectors 13 wp, wg, rp, Ty MU Allocation, Selection wag
Interaction ANENNIT (12.24)—(12.26) LAINTIVFDUI
Rp—Rp = E (A;+ S, + 1)

(2

NUUASS waterfall chart WWeaSunekraINuve9 active return

Investment Lab: Lab 12C — Rolling, OOS uwa¥ Bootstrap Stability

1% rolling window 12, 24 lag 36 LWBUAUIN Sharpe, beta, Jensen Alpha, IR uwag MDD wWsgu
Wiy full sample 11U rolling estimates AMNUULUY train/validation/test WUU point-in-time wa
a%19 block/bootstrap confidence interval fiviangfiu dependence Lﬁaﬂimﬁu’iﬁaaiﬂﬁnm

Al a ' v = '
angaLﬂaau%a&%ayjawwM

uNaguneun

a a s o ' ~ A &
miﬂizLuumaﬂ’]'i‘U‘iW]‘i‘Waimwaug‘imﬂlﬂﬁmﬁmﬂzLLumWENmm&J’J WAL UUNTEUIUNTT

’Measure — Benchmark — Appraise — Attribute — Validate — Decide‘

T Measure fBaugn TWR 891310 MWR Waglen gross 310 net return lvign convention fauiden
Benchmark 21n1u Sharpe 1% total risk, Treynori‘ff systematic risk, Jensen 1% model-relative alpha,

Appraisal 14 residual risk, Information Ratio tracking risk, Sortino 14 downside risk, Calmar 14

drawdown wag RAROC 1§ economic capital Falsifisnnsinlansaunquynilis

Attribution WL A1IABUIN active return LAinan allocation, selection 58 interaction wayAvd
reconcile Tulmazsannauin multi-period linking vaug rolling analysis, point-in-time out-of-sample

testing, transaction-cost adjustment Wag bootstrap uncertainty %78 an AL \d8990 M3aguuu
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'
AN v o

sample gy MsUssduNfAddesingn Wisuieugn esuiels asianuliniuey uaziieunadns

Y

U action nsageudaunauls

ANANIEARY

Active Return Ham19sE#ININaRBULIUNDIAAU Benchmark

Appraisal Ratio Alpha ¢ residual risk

Benchmark guuiSeuifisuiiaenadosiu mandate vaswodn

Calmar Ratio CAGR #i8 Maximum Drawdown

Information Ratio Active return #io Tracking Error

Jensen’s Alpha amaULVURAUNATIUAULUUT @Y CAPM

Maximum Drawdown ﬂ”ﬁamaﬂ@ﬁqmmm;ﬂﬁaqﬂdauwﬁﬂmé’um&mmﬁqﬁ"a
Money-Weighted Return HAMBUWILTIA T UALaE A1 TBINTELAR AR
Performance Attribution NMSWENWIAITINNT8T active retum

Performance Appraisal nsUszifiunanaunnulagmilsdinnudsssonuusians
Performance Measurement mﬁmwamammuﬁﬁmﬁu

M? n1sudas Sharpe Ratio ilunanauunuvasweiniusu volatility sivinfunain
RAROC Risk-adjusted net income e economic capital n1&/l§ convention firviun
Sharpe Ratio Excess return #9 total volatility

Sortino Ratio Hamauwnumtialmueme downside deviation

Time-Weighted Return wasaulnulluy chain-link fiannaves external cash-flow timing
Tracking Error ?hiJLf'J'EJQl,UiJmmgmﬂJaﬂ active return

Treynor Ratio Excess return #io beta

=R -7 v
LUUNNTANIGUN

1. 98U AN UANKEIITENIN performance measurement, appraisal Wag attribution Wiau N
F10E1998198LABIIIUNNT

2. wosniinanouunu 12% risk-free rate 3% wag volatility 15% 23A1uatu Sharpe Ratio uay
AR

3. 91079 2 01 beta Wiy 0.9 231U Treynor Ratio
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fmaalinanaulny 10% uag risk-free rate 3% 2391 Jensen’s Alpha vaswesalude 2-3

=

g T, =T, + «,/ B, meldaunis CAPM mean identity

figaud S, = /0, + Ppm S,

a8uwIwilu Sharpe wag Treynor 81adndununesnaaIne I laimdounu

a$1ufetanesndi beta Indauduauanslymves Treynor Ratio

01 alpha winiu 2.4% way residual volatility iU 6% 2911 Appraisal Ratio

wasnil active return wde 1.8% way Tracking Error 4.5% 2311 Information Ratio
DBUNAMULANGINTENIN Appraisal Ratio wag Information Ratio

wesninanouunuade 9% tarcet 4% uaz downside deviation 7% 231 Sortino Ratio
W3suLigy Sharpe AU Sortino Tunsaifinaneuwnud positive skewness g4

&1 Sharpe Wiy 0.55 risk-free rate 2% way market volatility 18% s M2

1 CAGR wihiu 11% waz MDD winiiu 22% 291 Calmar Ratio

oSueimaRaiinesn Sharpe gind1e193l Calmar mnindnwesandils

9eNUUUTlem RAROC dwiuminggsiafiil expected loss wag economic capital
BULNANIZNUUDY Benchmark mismatch 619 alpha wag Information Ratio

Iswesauaz Benchmark i 4 sectors a¥1sdoyatwiinuasnanouuny wdadm A, S;, I;
nnde 19 Wgdidwnavh Rp — Rp = > .(A; + 5, + ;)

W3suLigu BHB attribution fiu Brinson-Fachler LLazaﬁﬂiwmqwaﬁ allocation effect 5%
sector 919RNNAY

85118 linking problem ¥84 multi-period attribution

aiedoyananauLUTILiou 60 NIALAILUTEULTIBU full-sample Sharpe fiu rolling 12-month
Sharpe

WisuLiey rolling windows 12, 24 uag 36 ol Layaiuse bias-variance trade-off

11 1ID bootstrap 5,000 adadmiu Sharpe Ratio wara$1stasanadesiu 95%

a3une31ilu block bootstrap 91aWingAT1 IID bootstrap wilenanauunuil autocorrelation
a519610813 gross performance ﬁ@ﬁ s net performance 1ad transaction cost lalausawug
Benchmark 1¢1

95U18 data-snooping kag multiple-testing risk Iurml,ﬁaﬂﬂaqmémﬂ parameter 31UIULIN
98NLUU Performance Dashboard d1w5unasu active SET50 Ingsyyegatios TWR, net return,
beta, TE, Sharpe, IR, Jensen Alpha, MDD, turnover Wag attribution

Weunananauls retain-revise-stop ﬁ’m%’una&mﬁmﬂ% OO0S performance, drawdown, cost,
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attribution wag uncertainty 391U

ANDNYIUAA

1. fwesavuy Benchmark s Sharpe #1131 Benchmark aastiedgdanisimaauivselal imse

wigla

Alpha Tifuuanuslsifideddymadiasgnlflunsdnauladaassiiuogisls

MNEIAN13aI4 Information Ratio g4A18n153U active risk iun falaudsnaniiisanadmiu
aquind skill v3slyl

Attribution 7iuanain allocation uuanus selection Lflua‘umaﬁwlﬂgjmﬁLﬂﬁsuﬂszmumi
awmuaels

wlanagmsiigaty full sample 3so19dumariuiiiloding out-of-sample
Tugaflannsonaaeunagnivansiiuuuuse Al ldegainEa ssuy performance validation

AsNnTuluaulatg

Y a v P~
LBNEIN1TDINDINYUNN 12
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unil 13 ABUTIN ETF Lazn15auuuunyll

InguszaeAnITtau;

dlefnuumiiuga ferumsanunsn

1. odunenasusmlugiug portfolio vehicle uazusnduauning miwammu MsMAugua
waznalndereoonaniuld

2. MUIMYAAMINGAUGVS Yarieyiig NARBUUNUTIN UALHAYBINTHUARLANYDINDMUY
iaeiagnies

3. Wibuiiisunasuda neayula Index Fund uay ETF lnauenliidnin index Fund \Ju
WUINNINTANU & ETF Dulassadromhefidenelunaases wagdiaseisa anm
Aass N1soen/lanauning way premium/discount e

4. auuazfianudiuvumshminfoyeeaaiauas uwuthwineh fu nufeesuiese
Y94 rebalancing Uy index construction

5. 85U1® Full Replication, Sampling Lag Optimization-based Replication LLazL%auﬂiym
index tracking iU quadratic optimization

6. AUl Tracking Difference, Tracking Error, Information Ratio, Active Share Way
premium/discount to NAV

7. AAsEh Expense Ratio, Turnover, Bid-Ask Spread, Market Impact AE wag cash drag
Tagusnsunuilazsiousglu NAV senansuyuiifamudeiiandy endnidesnsin
Fuyugn

8. wSyuwiau Active, Passive way Smart Beta Taely benchmark, factor exposure, cost,
capacity wag style drift

9. 3Lﬂi’]zﬁmm%ﬁamwiwﬂamuﬁasJ holdings similarity wag factor exposure

10. W3ruiBy Lump Sum, Dollar Cost Averaging wag Share Cost Averaging Tneuendoiiia

FMAdinmanseonINToasulianginssy
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Y
UDEINA
LAUVDIUN

& | a o ¢ a & PN ¢ a o v | N
UVIUQJ@\'iﬂENVqlu‘lﬁﬂ.‘ULWHQNaﬁﬂﬂJ“I/WI'Nﬂ'ﬁNU LLG\L‘Uu’i%‘U‘UV]LLUﬁQW@iWﬁUWiWEﬂMLTJUMU')EJGQV!UVI

Fav1eld N15IATILATIAITANTURIUSIFU

Structure — Value — Track — Trade

— Cost — Evaluate — Select

v
v

NN U 1 urae A ee sne Ay Aaust valuation risk uay tracking risk U auds liquidity,
governance, factor L% behavioral risk

ludsinmzinsuendmaueonduaudy Tiun nawuiioesls Faftwun economic exposure,
Mmiteamugnaduazdavisagngls Seiimun liquidity way premium/discount way Fasmu
Fefunuerlsnis famuananouwuand mauenawduitisdestumsasunniendnis

WNE9EN9LREN

13.1  namuslugiue Portfolio Vehicle

NOMUTITIUTMEUNNLawuLarTaass i ddunindmuuleveidmun ghemheldlafeduning
winzs1eMslagnse udtiednimaasugialuyargniveanesanudtuiumiieiie lassasiailvilvides

wenanudueenaNiu toun Gunswdanelunasu wileamu war nalndavievseldnauniae

a

W A, Wuyaeisiwvesduning L, Juniidu waz N, Judnnunbeamu a wad ¢ ga

ningauarduazyannemedenndu

NAV, = A, — L, (13.1)
NAV
n, = —= (13.2)
Nt
J

stulassassiiugiuvesnamudeulmiu

Portfolio Assets —> NAV, — NAV per Unit — Investor Wealth

lunisAnnmass A, uae L, desldndninai valuation uas cut-off time Whenfiu dunsndassiu
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Ruan gnuil uazyargisTsuvemanning vaeiviiauaissundmil alddngaedneg msssundoudng
1y uwarnsrduiiiuvenemu o eUseidiu NMsisuudaives NAV 33919391 vkanauwnuLes

gunsng s19le AlYane warnsELARUINNNTRRNVS DS UTDAUNLNY

s

v
VBFAINA

NAV sianiagiunszuaiuitiaen

mnnseenuar iUt Aumhevfinmgisssuuar bififunuiinnuigdonhedu msluadhesn
vosduldasaimansuuwnuligiiomiedulaesdues agelsin Tulanads transaction cost,
market impact wazN3geUBATIMAeINYyar gRisTsueNad dilution Tsflietesile Wy

swing pricing #1%@ dilution adjustment Tuunslassadraiednassiunulvivanzay

.

s

v
VBEINENA

N3N 3% 91 8113 AU KU NBNU AR 910 Buning N nesmudiesds Wldnnaned “newmu”
log daluil® newunszan i lugeaivnssu Useinea U3y v3e feon As1a1s U nguena

concentration risk gﬁlﬁ’f

g

13.2  1AS9E519555U1AUNARAZNISHENALN

mMsvsmsnamudussuuraneing nsuenuthfvivanaudennnsnuanansoesnsfieiniuay

nsenaula NMsiAusnwmSngau nsTuRNANS warn1INIIvEIUILANS LY
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M15799 13.1: GHAMNEITBmMEN UNUIM UarANUEEAIIATIR

Mieu/YARR wihiGaasugmans By Usdiunsdeu

U3endans My uleny sEUUamN MIMUAN uagMIUJTAMIM  investment process, compliance, conflicts
mandate

gian1snasmu Bondunswg fmunthuiin uazAiun1Iamu selection, timing, implementation, key-person

% qua wa Uszlewd/ §3u shn  quavie Surn nindduuag nsanny wihlveslassadns  custody, segregation, governance

niwdau eIy

wevelou Yuitndaumie and uagganssuvesiienine record, reconciliation, operational

Haoulnd ardoLIUNMIRuLaing uiifedesnuungiu reporting, valuation evidence

gindnmine/gamnevne fuddauazliuinisdamu conduct, suitability, distribution

AdBUAIAU/MAA muaning nsdawedeya uaglasaiinan investor protection, market integrity

AP/Participating Dealer ¥83 1 creation/ redemption fiu NBIY MU lfiauh U9 basket execution, funding, settlement
ETF ARt

Market Maker/ Liquidity lauas1mlunainsosuazu3nis inventory spread, inventory risk, quote capacity
Provider

Uszuiifoeseda

nounaet AsIsNLen A saUNITOUIY wazinIaliausMTan nAaeIAsuMUaTldnILLaN

nslideyananiueiasdeiomsanisdotiviu enaisnamu wasdemiuatulagduiaue

133 naswuilna nasuin uag ETF

nawuilln 1alideuassutofumhemuseuuar deulvreslasinis Sruoumeiaddeun
subscription/redemption

nawula lnelaswadandnimundwiumewas onglasinistinnnituvunemude wagl
F5uieAumhenusdaiomheludnsusionty mnisanses mandersoiaseain NAV
ogsseiiladlsl

ETF T lasea$rs nesyu 7 e o 118 Tu nanm 509 sewhe T waw § nszuaunis creation/
redemption Tunaausndwmsudiihmildsueyaamulassadandndasi nszuaunsenadu

in-kind, cash ¥3aLuUUNay
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Uszhundneszda

ETF Lildfiadnunaneideaiu Index Fund
Index Fund 83une J5U5175 Msjadanusvil diu ETF eSune lasiasianisdevigveyiae ETF
Iunanfeeuaell ud ETF aunsaldnagvs active wiaininiduldlguiu n15insenidswies

87U mandate Wag benchmark lin3seuuIuaINAI1 ETF iiesag1adied

J
M37 13.2: Wisuimeulassaianesmute neawuln way ETF
a4 nauia naavuia ETF
ERivein el Wabua subscription/redemption  Inestalufmuanalasamsinniiuuy  wWabu sy creation/ redemption Tu
\Un ARIALIN
m‘s%vamwaaéamuﬁﬂﬂ %ua/mﬂﬁummamaxﬁaulmnamu forprmnsesmniinsannaiow/dn  Ferenamsessywiaasiing
fan
Rt T Eue e/ fude Aumunin NAV  s1eaanndsenamnenn NAV 5901 A0 89 919 619 N NAV/ INAV
uazASIIILEN I
Premium/Discount lilldnalandnuuumanases inuazasegliuu \in 16 usl creation/ redemption 49
$itndusaile arbitrage vile
ANNAGDS 50U FU B0 Ay + anm Ades Auning depth wag spread Tumannses order book + MM/AP + underlying
el basket
ﬁuwuw}'u fee, dilution, dealing terms fee, spread, market liquidity fee, spread, tracking, basket/creation-

redemption friction

fsmeamves ey P, wasyan 81999 sie nie Nl denndes du nanbedrdiudu n, e

premium/discount Ju
P, —n P,
g =-—"—"t==-t-1 (13.3)
U Ny

We g, > 0 Ao premium waz ¢, < 0 Aa discount lun151ATIERIENINNIU n, 8139004lY INAV %50

v

yaraznsAwIn o nanlndifesaiuuny official NAV dudu fagtu “premium” AiueI1aLinain

stale valuation ¥38ANNANNVBINATBVIBUINNIIAILARIALAZDUVDITIAT

JUN 13.1 wennansesdegaayuiludevieniiaana1nnanusnds AP w3e Participating Dealer
¥ creation/redemption funNawu MIkeNABIRANTAIARY 1512 market maker YwALaUaIIAN

d' ° v oA ! Y Y o LY & aa
YULN AP MRUINYBURUIIAUNCAIIFAUNINE LLa%ﬂ@\‘iU‘V]‘U']V]E]'ﬁ]Lﬂuﬂuaguﬁuﬂﬂa

o
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AAINTN: HAMUTDUENLIBUAL Market Maker LeuasAn
Market Maker
Liquidity Provider

ETF / noanu

faau AaATes ETF
Y|

Retail / Institutional

s Py

A

Y

AP / Participating Dealer }4»

Underlying Basket
W3e Cash

AAALsN: AP 71 creation/redemption wazasuaunzn3u3aiiusn

Creation-Redemption

dusnesImAnuse arbitrage Wasnnnewawe spread, fee, fi

unding, hedge, tax

uaz execution risk lngunum AP iU Market Maker 2190gAUATUAYAAA

JUN 13.1: lassaieaesnannves ETF lnswennisgevienielunainseseanain creation/redemption
Tumanasn

f19819 13.1. 81 ETF & NAV fauule 10.00 UM wagsiainain 10.15 v agle
10.15

7= 10.00 0.015 =1.5%

nauitu premium ladlindngiuveariilslianuides isznisvi arbitrage 1 spread Arsssunilen market

impact a1 LagAudssInnsieaeulmvesmeni@unsng

13.4  NAV NafdULNY LaznSehataudan

win ng waz ny Ju NAV denthefunnuazlatsnn waz d iWuldudweronbeslunatu leedauu

basis Weniukaz liTinsUSUmiIe duAa A LNILAN HANBULNUSINNTNINAD

Ry = (13.4)

L)

'
a ' o 1

infinanennuasly total-return convention MRudrenduluamu i yeiiivunegvaenAdIiU Na

POULNUALEUANLIUAIEAS chain-link
T

1+ RE =[] (1 + Rp,) (13.5)
t=1

N a

A18819 13.2. NAV Aaut1gauenvinay 10.00 U Uangaim 10.60 U wardlduany 0.30 U1nfeanuie

awle

R 10.60 — 10.00 + 0.30
B 10.00

a1 iARNIzNSINYes NAV azlaiiies 6% warlseliunanaulnusininnantas

=0.09 = 9%

o
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Uszhundoeszda

Ruiunaannemulilinaneuwnuiiiindules lianyadinasyu Welin1sdneRusen Funsng
gviztananasmunalnUa® nsiuSeuiieunamuinisly total return MUSunTELaRUaAnDEN
donndeaiu uarsssyidlidnAldienamudn mn NAV/HaneuwnuiHewnsasieuA1lidny

neluNeImuLn

J

dmsumsUssiugInnsnesumsIHHa neuLnu T anNa 8ITNILHIN D8UVBIH AN WU Time-
Weighted Return d@umyinuszaunmsaiasevesamuninszuatiuanvalsnise1ald Money-Weighted

Return muinguseasd

v

13.5 ¥UAD Rule-Based Portfolio

v

ot Lol T 10w il faaw 81989 us LU ng ad1a wase 9 fviua universe naus Ao den 35 T 1 wiln
corporate-action treatment Wagsaun1susuasAUszne avisiaumnsgudnideulusy

n
Zizl Pi,tQ;,t

t

(13.6)

dlo QF , wnuduuddinds free-float/capping adjustment M1y methodology waz D, 1lu
divisor fignufuiiiesnuanusieendleinmanisalthicmsgniudunansuuny wu n1sdeusd
US¥NBUNIO corporate action UNUTELAN

v
°

Umiinuuuyannain o kan ¢ Jadu

P' tQ%t
wi” = LA (13.7)

n *
> P54
auwingnimun s dunauarlifinisiudsuesruszneunisluna manauununesaayilunaty
Weuladu
n
RI,t = E wi’t_lR,i7t (138)
i—1
g R, , #9314 return convention fign fiudwil windl rebalance, divisor adjustment, tax
%38 corporate action Aglu v NI @39 series 239 Aol methodology wes sl la aas 14

weighted-average formula wuudelaglinsiamsnisalivaiiu
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d1m3U Equal-Weight Index

(13.9)

A8 13.3. viu aw 67 3 s meuunu (4%, —2%,6%) uaz W1 widn @1W yarn aam
(0.50,0.30,0.20) aglé

R = 0.50(0.04) + 0.30(—0.02) + 0.20(0.06) = 2.6%

mcap

Uzl equal weight 19
0.04 — 0.02 + 0.06
R, = 3 + ~ 2.67%

AULANAINNIAIN weighting rule Wil universe Aginilauniy

13.5.1 Price Index wag Total Return Index

Price Index \Wun1siagus1A1 @ Total Return Index aus@lvinssuatuan wu Ruiuna gnindu
Tamumunguesduil wazudlviusnsdaneuns Net Total Return Index 71%in withholding tax #1x
convention M1fAUA millimﬁuﬂamuﬁaﬁuq return convention, currency kg tax basis ¥aINdINU

flu benchmark Tiaeanadesiu fagiiy active return waz alpha 3zgnindeusiaussnu

13.6 Index Tracking Lf]u‘i']iy‘vi’l Optimization

ﬂamuﬁﬂjﬁmﬂ%’ Full Replication, Stratified Sampling %38 Optimization-based Replication n138i®

constituent MRl ziloTuIUANNINGLN dnTnAGe 3 Lot size viSadAuYLES

T w dudhmdnwesafiassiu wy Wuihutdh benchmark waz X 1y covariance matrix voswa

MUY NANNITNUFIUYDY tracking optimization g

min (w—wg)"S(w—wg) (13.10)

mgla
1Tw=1 (13.11)
0 <w; <wuy (13.12)

waEANNTRIINAAIU turnover, liquidity, cardinality, lot size Wag transaction cost

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 13: Na9UIIM ETF wazmsasmuuuuavd 389

die X = 0 wazdedrindud@adu Jymugiudu convex quadratic program wsinng sl
cardinality 39 lot-size/integer constraints ﬁﬂﬁ{]zymﬂmmﬂu mixed-integer optimization Waz®1Q
Taiv8u convex wuuiia TuneuiRZeanswen tracking objective 8onan implementation constraints

LAzAT29 solution quality 89 solver YIN91ULALD

mndesnslikuudnaesayiounsdevieannesaay w anansaiusuulaeUssinald wu
min  (w—wg) T S(w—wg) + Ao C(w—w") (13.13)
w

g C(+) Wuilardusiunuuas Ao fviun trade-off sswi13 tracking quality fiu implementation cost

LIgRAYeY Tracking Variance. % active weight Wua=w—w B azl§l active return

RF_RB :aTR

Var(Rp — Rp) = Var(a'R) = a' Ya

34l¢ objective Tuaunns (13.10) []

Passive investing lailavanaainuanlaifl optimization uAlUasu objective anmsmwesafli

HamauLnuAIAnEIegslunsanAuAaInAGeuaIn benchmark Mmelddediinveanisurluly

39

13.7  Tracking Difference W& Tracking Error

% active return s189a0u

#1711 Tracking Difference TolAMIAUNaAINARDULNUTIDITI VT UAL Aadea1e IR Tuunilimnun

mean tracking difference Juraieves active return tilelvidenadasiiunismuau Tracking Error
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Mean Tracking Difference f®
TD=a==> a (13.15)

e Tracking Error LL‘U‘UGTQ@ﬂﬂﬂﬁadaulﬁmLuumﬁﬁg’m‘ua\‘l active return

1 T
TE =\|—> (a;,—a)? (13.16)

T'—14e

J

Tracking Difference 1n fiAn1suazseauvaInuAaIamasulagaag @ Tracking Error 1a A24
HUKIUYDIAINARIALARDY NBYUD1RE TD Anauanalddneus TE swnld vied TD Indeudud TE

1% o

Q\‘lﬂ’lﬂﬂi)’mﬂa?ﬂLﬂéﬁ]ﬂU’JﬂLLﬁZﬁUﬁﬁﬂﬁ’Nﬂu

il m vnsel M3 annualize wuvasgudesulidu TE,  ~ /m T E winuduiusiondy
Reulufgafiunsfianiumuiaan win active returns i autocorrelation @4A3Us¥NM annualized

risk 9ndeyalidenndasiulasaasianm

dmiuneamnu active flgnal Information Ratio vuntignanfsanuy

a
IR = — 13.17
TE ( )

dle TE = 0 e IR Wignilenu wazdmiunasu passive wWmianewdndinidu TD/TE suazdunumung

A UINAIINSAY IR

Tracking Diagnostics

DHITNYNUNEIALALT AITATIVDE9UDY

‘TD, TE, IR, Rolling TE, Costs, Holdings Deviation‘

LazATIANUAAIALATBULALTULUYI rebalance, corporate action, market stress #389397

underlying market Uavinnsnseli
. /
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13.8 ETF: Creation/Redemption @ Arbitrage Band

ETF Wouna1nsednunznit@unsweduiu AP #3e Participating Dealer analAsas19naniuel Wodumi
FEMINTIAMILAULAAINENTINNNBVAYEAUNULAZAULESITIN U arbitrage Tuulliufesiauay
warmgni i wilisuuseiuindwsiaslugudnasnna

W q, = (P, — n;)/n, \Ju premium/discount wuudngau wazlii k, Jusiunu arbitrage 521
Tumbednaiu Fasau spread, creation/redemption fee, funding, hedge cost, tax, FX lLag execution

. v a 1A
risk AaNAALUUEDAD

lg,| > Ky (13.18)

=% a

Fasudusepdlagaasugmanslivii arbitrage MNgsnssuamnsaandunslease dsdusaansaey

nulu no-arbitrage band Iaglidnaiuuszd@nsnimmain

Uszuiaeeszds

v
o

\lle underlying market Uavinn1s wsl ETF fa@avigeg official NAV viios1aneni1unediuens

¢

stale lunsaifisnm1ves ETF 912viwiiyl price discovery 1nnninnisilu “s1eniin” msiasy

premium/discount 39049539 timestamp, FX wagiaa1vinsvemnaaIafiieIdas

13.8.1 @NMNAADIVBY ETF Uviatedu

v
v 19 '

anmagesngamuiiuly order book Wuifisaduusn Anuamsalunisdeviessidluivaninades
299 underlying basket A2MUAL10VD9 market maker/AP AUANNNATDUIE AR NE WAy market

impact

Liquidity Look-Through

A13UsZLIUN ETF Aasany

‘ Screen Liquidity — AP/MM Capacity — Underlying Liquidity‘

v Y Y a

ETF 91 volume wi3g ligeenadsdovielafinznidunind Tanmadeuaz nalnasranile

el Tunanduiu volume aslaivinlvinnudesves underlying 1 illiquid el waglunniy
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stress AIUAINITAVEI AP/MM 91398RaIn5aniU spread U84 underlying AiN119Tu 33A73 stress

P9EDITUN DU Y

13.9 Leveraged ua¥ Inverse ETF: Path Dependence

81 ETF saithuamauwnusiedudu L 1wiiwes benchmark

T
1+ RELF = [[(1 + LRg,) (13.19)
=1
Falaeiluldwiiy
T
1+ L (1+Rp,)—1 (13.20)
=1

aunsidunuudaessgauniiauuRinnesmusin daily target lamu L uazdslin fee, financing,
rebalance slippage #3898911IANWANITAITULIS AULANFIAIN “ L winvesnanauunuasau” iin

21NMT reset UIMHNNNTUKAZNTNUAUANLLEUN1TIAN

dmiunameuunusieTufiflowadn log(1 + LR,) ~ LR, — +L?R? Suuihaudumy
19 1 € 0o W 1 U § a o dy Y 4 1 U
@131508579 drag HUNANMAIEY UinadnSAT s uAuLUIlTvenan TiAsasUdn leveraged ETF

wV1ANUN volatility AnTel

fa9e19 13.4. dviliiu 10% wiman 9.0909% Fandulnagnizuiu udndndom 2x ald 20% uay
—18.1818% azilnanauunuazay

(1.20)(0.818182) — 1 ~ —1.82%

Natllinan daily reset wag geometric compounding

13.10 él'uv!u: 910 Gross Return g Investor Return

nanouunufiamulasuasdivhiunanauununousunu 1 R \Ju gross return uazliduyusiuse

Framandu ¢ wuudndiu amnuduiussusunilede

R_.~R, —c (13.21)

net g
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usin1sAwInLuunuauaslianauLugvaiinasduusasnn mnltuuudtaessielednaiei gross

retum Asfl T, waz expense ratio f gavinuuudndiu axle
T
Wy =Wol(l+7r,)A—f)] =Wo(l+r,— )" (13.22)

Tnenatindadu first-order approximation wagldmsliununalnnisinAsssudenasaiiosndudeanis

ALIUENEA

A79819 13.5. awu 1,000,000 U Wuwan 20 U dmansuwnuneuasssuileuwiniu 8% sel
nsdlAnsssuilen 0.5%
Wio%) = 1,000,000(1.075)2°
nsdlAsssuilen 1.5%
(1.5) 20
Wii®) = 1,000,000(1.065)
ldf approximation 7, &~ 1, — f axldszanm 4.25 Swuum Weuiu 3.52 duum seunneins

57 0.72 duum wirsssudeusnsiuiemilsgeievassiel degeliuaniiaras compounding Ll

mngaNIImanauwy 8% agaiazanny

uniley 13.4

AUUAITHENBE N DEADITY

Fund-level cost :  management/operating fee, trading, tax, cash drag,

Investor-level cost : load, brokerage, spread, tax, FX waz platform fee

Tracking friction 1Junasiularevmevesiunuuazdesiinvaneaiia lesgnuindrfualdaig

V18374 tracking difference agud?
J

Uszhunaeeszd

N total return fidnwanann NAV Wuraneuuumdsaldarenasmuuds n1sth expense ratio

WWnG1aEI net retum ANIIANNATE NMsUSusuudesszylitnisenslaeg inside NAV

war31en15tREAUINY outside NAV

-
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13.11 Active, Passive a2 Smart Beta

1% ar,, 10u gross alpha uay ¢ Wuduyudmiiismileniaden passive

Qe R Oy — C (13.23)

a’fo YV @ ' . 1o & o/ « = 9y =2 v XY a
aunsUvlAuI active management liddndudeos “lidfivinwe” J3uW benchmark HAANITD19Y
gross skill wsilslannwernwea1sssuilon turnover uag market impact vauzieniu passive lailang
fa “lifinsdndula” wsig index construction, rebalance rule, tax treatment uag implementation
P & | o Al ) v
Mululvaaansnsneiula

miwﬁ 13.3: WSguiiiegu Market-Cap Index, Smart Beta Laz Active Fund

am Market-Cap Index Smart Beta Active
NNNITANUY benchmark weights systematic  alternative  discretion/model
weights
W fanumnann U factor premium %38 @39 WA AOULNU LWille
Uiulaseasnsaudes benchmark
o ¢ X o | s
turnover RRNIRaREN UNU factor wag rebal-  WHNANAIUNAYNG

ANULEBIEN

ANsUTZLY

concentration/ reconsti-
tution
TD/TE/cost

ance
factor cycle/ crowding/
model

factor exposure + TD/TE

skill/style drift/cost

alpha/ IR/ Active Share/
00s

13.111

Smart Beta TugnuzaswIusEndng Passive waz Active

Smart Beta lgngirvunaimtiniedeaininluds factor wu value, size, quality, momentum %38

low volatility Fafimanantu systernatic wiilailgilu market portfolio wuugasyadnaie

= o a v
1] HUUWVUﬂLﬂJQUWNﬁﬁﬁlJVLﬂLUU

w, =

g(z;)

' 2?11 9(%‘)

(13.24)

\le x; \Ju factor characteristic waz g(-) Wunguiuas score Wuiwmtn dwmsu long-only portfolio

rosimunli g(x;) > 0 vield transformation Minlvidmtinlifinau Mineyyn short position fas

e Ineufeshiae
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WA normalization wazdedninlidennaseiu gross/net exposure NINBINTT

Uszunaeeszd

Factor premium luadin lalldnamauunusuuseiu Smart Beta # model risk, crowding risk,

turnover, valuation risk Laz%1949a79 factor underperform TAguu

13.12  Active Share wag Style Drift

W wp ; wez wg ; Duhwinvewmanning ¢ Tuwesawaz benchmark fienu Active Share 1Ju
1 n
i=1

YOULIAYEY Active Share. W31z wp waz wy Wuihwidn long-only Uy union universe Wigniunay
LLGiaSL’mLmE]%i’JJJL“T]uMﬁG

§ ‘wP,i - wB,z" <2

7
e

0<AS<1

fwesawmilen benchmark yneaagld AS = 0 d@uwesait holdings liviudeuriu benchmark taelu
nsau long-only agla AS =1 ]

Active Share 19A11ULANAT9YDY holdings &1 Tracking Error 1AAMALANGINV return path 19
aosdalinaunuiu uag Active Share galaildiigatl skill insznasnenaunns1991n benchmark sNus

1d0n exposure NlHARDULNUAINITLA

Style Drift Check

AISARNUBENLBY

AS,, By, Factor Exposures,, Sector Weights,, T'E;

dl o Wﬂl & a M v ' 6 o A a
mwmamuaﬂwanaqwamﬂﬂmuﬂam exposure NNLATYIANERILILNUDULAY
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13.13  vangnasuliliuvadinszaneadnuides

19 w; uaz w; Wunnines holdings vesnesugesnes e cosine similarity 1

T
W, W
— (13.26)
||Wz' ||2 ”Wj ||2

Ccos __

hae weighted Jaccard similarity 1Hu
SJ o Zk mm<wik7 wjk)

= (13.27)
Y Zk max(wika wjk:)

dwifutmidn long-only lsifinau A17geUsT holdings overlap g4 lag cosine similarity aglutas
[0, 1] waz weighted Jaccard aglluzas [0, 1] angld convention & winwanil short positions fiaald

11MTINN5095U signed weights #3KaA long/short books NauURAAI

ae19lsAdl holdings overlap \Juifisatuusn nsAmszifiauysalalsg factor exposure $dIe

wsznewmunteuauaziieadiiuladenain gnaminssu Useina analkiu v3e style Whgdriu

13.13.1 Effective Number of Funds

fnbmhwidnduasulunesmu m neadu uy, ..., u,, Bewdwunsaulszadnduauy Herfindahl
Ju
1
Neff == W (13.28)
j=1"J

' & o a H o ) v oY . =
agalsfiny N Inidieanisnszargdindn senandeneasmu lldnsdn holdings overlap 38
correlation 330121 A W diversification 6N AN39 MITIESImAY look-through holdings, similarity

matrix, factor exposure Wag risk contribution

13.14  Fund Due Diligence: mnwamammuémsﬁﬂﬁﬂa

nMIARLEeNNB WA IAITENN ranking KAaRBUWMUdounTiEteEedel uiAITENIINANIND
benchmark kaz mandate WMzaNr3oll WAITINTIMANDULNU AIUFE FUYU exposures UAEAIIY

GARH
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Fund Due-Diligence Pipeline

1. Mandate: n53339QU5¥a3A universe benchmark wagdadiin

2. Return: 1% total return waz net return Tu convention 1egafiu

3. Risk: #3733 volatility, downside risk, drawdown Wag stress periods

4. Benchmark: %1373 alpha, beta, TD, TE &g IR muﬂizmmamu

5. Holdings: #3533 concentration, Active Share, overlap W&¥ factor exposure

6. Cost: #9739 fee, turnover, spread, market impact AT WaTANUANNTENRIN share
classes

7. Stability: %533 rolling windows, regime dependence uag style drift

8. Implementation: #513 liquidity, dealing terms, AUM Wa¢ capacity

9. Governance: #3319 process, key-person risk AYALELaYDY mandate wazn1siUAsY

benchmark/methodology

13.14.1 Capacity

' v
s Y P o o ¢

W AUM sy nagnsifes@evienannindaninaaeswine1ail market impact 47U \Weu net alpha

Wuilariduras AUM Tendu

a (A)=a,(A) —c(A) (13.29)

g

net
Tut9 strategy BusudadnnauanINAaRIiAWUI1 marginal implementation cost [iNA AUM 34
a

i c(A) > 0 weUsznm wiauduiushisiduseaduduasadoiutunaonn v wsizerad

economy of scale TuAuyuu19EY

o
UVDEILNA
Capacity liild AUM gegniatny®

Capacity NanuvEIeMINIsamuAsEAudusngneldnsusmsnnagnsdaiwanauuny

qvisnAuiuANUIAs AW ULaY market impact Lilldifisduiutugegannesyuanansasula
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13.15 DCA, Share Cost Averaging ¢ Lump Sum

13.15.1 Dollar Cost Averaging

a a o d' d' ] ' = a &
ﬂuuﬁa&numuﬂ’lu%um% C N3IA Pt > 0 IULLWaQJJQ?ﬂ IﬂﬂazﬁﬂﬁﬁmuauLLa%ﬁuuGl’J’]muﬁﬂ“Uam‘w

o

mheld Suumhendeds

C
qt =
P,
uunigsIvas T 9Infe
.1
—cN =
Qr Z 7
=1
Funuindesoniheiaiy
- TC T
PDCA = = (13.30)

Qr Zil 1/P,

DCA uag Harmonic Mean. a1n q, = C /P, a¢lgl
1
Qr=2 a=C) 5
t t b,

Ruamusiuinu T'C dwliy

p TC T
DCA -
Cy, 1P >, 1/P,
F9ha harmonic mean ¥8331ATIUNTAAIWURUYIAUNNIIN L]

Usziuiaeesede

a

Joinadeiisuyuadeu harmonic mean liiléfigaidn DCA 2za319 terminal wealth gendn

q

Lump Sum tawa ull harmonic mean Liifiu arithmetic mean dwsugasimuIniesiu us

Lump Sum &e7 5977 &/ 13875091 Tildesme arithmetic mean vegaLAeIiu n1siSeuiiiey

'
a

NONABIFIRBITLUI RUNIVUANS DU A LA AUNS DA TUAIUNTERATIE L SIUNINANDULNUYDS

Y 9

RUANTYNINGTD AUNU kATAINUFLIVBUAUNINTIAT
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13.15.2  Share Cost Averaging

v
v

FedWILMIEAIN ¢ NnIn lngazAsssuidey Juildlunn ¢ Ae

Cy = qb;
Funuindesionnendu arithmetic mean
_ 1 &
P, == E P (13.31)
SCA T ot t

At DCA uag Share Cost Averaging muAlAUazaILUS DCA MUAN RUaMUABIBY d3u Share

Cost Averaging ATUAN IMUIUNUIEABTOU

o . v
13.16 Market Timing LAZAUNUVBINIITID
Market Timing fiosn1sbidndiuauiudsumudyaia win s, € [0, 1] Judaduiiamuluduning
e oy s, fiosgnimuaandoyaiingu Aew nanouunu R, , 1indu iiedeiu look-ahead bias
R,;=sR. ,+(1—5)Rs,—c¢ (13.32)
Audnsadstuiurinanmdayaias decision clock, execution latency wazdunu lalyifissnis

e iianiagnueeass snsanuwiug1vesdyainengwsdelinanouwnusls mnnangiena

naUWMUIIALEvTaLURBUAN UL U IUAUYLES

nsedluliuandl opportunity cost Wieduniwddeslinanauunuuin AstunsIeuiiey

timing strategy ABITIUNANDULNUYDIRUANKALAUYUNTAT UAD UL
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13.17  Risk Map vadnauuas ETF

v '
v

A5 13.4: WHUNANMABIYRINa LA ETF MUY infin5nsi9

CPRE RN naln/fMeg W InEeN15ATI

Market/Factor beta, duration, FX, value, momentum exposure, stress, factor attribution
Tracking/Benchmark sampling, rebalance timing, wrong benchmark TD, TE, rolling TE, benchmark review
Premium/Discount ETF price ﬁhammﬂaﬂ'ﬂmn%ﬁ gy, spread, timestamp, underlying-open status
Liquidity redemption pressure, spread, underlying depth spread, ADV, days-to-liquidate, stress liquidation
Concentration issuer, sector, theme, country top weights, HHI, effective positions, risk contribution
Counterparty derivatives/synthetic replication counterparty limits, collateral, legal terms
Operational/Data NAV error, stale price, corporate action reconciliation, valuation controls, incidents
Governance/Style style drift, key person, methodology change mandate review, factor drift, turnover, process
Path Dependence leveraged/inverse ETF, daily reset scenario paths, realized leverage, rebalance drag
Cost/Tax fee, turnover, impact, investor tax net return, TD, implementation shortfall

13.18 Fund Dashboard ttag Investment Labs

Fund Dashboard

Dashboard TusinAIsHans

FLAYNNYA AT TEYFIIA ANUDTeYA benchmark, currency Wag return convention lag
alpha/beta é}’aqisq asset-pricing model &1y TD/TE G’faﬂﬁz‘q benchmark methodology L&y

A5 annualize Tdaau

Net Return / Volatility / MDD
Alpha / Beta/ TD/ TE/ IR
Active Share / Concentration / Factor Exposure
Fee / Turnover / Spread / AUM / Liquidity
Rolling Stability / Style Drift

13.18.1 Investment Lab 1: NAV wa% Total Return

a@5190157198unsNg niladu 1wy [ulune warnseldkuaEn walemuIn NAV fentieway total

return W5pUAS39 reconciliation

o

e Ineufeshiae
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13.18.2 Investment Lab 2: Index Replication

1d0n benchmark %ﬁﬂﬁqﬂ @574 full replication tag sampling portfolio WaLU3suLiBy TD, TE, turnover

Way transaction cost

13.18.3 Investment Lab 3: ETF Premium/Discount

Tidayasian ETF uaz NAV/INAV viseyarnenifiil timestamp aannaosiu A1 premium/discount

LAZATINAUENNUSAU spread, volatility, FX wazaniuzila/Uaues underlying market

13.18.4 Investment Lab 4: Fund Similarity

@319 holdings matrix Yaaman8N®yu A1 cosine similarity Wag weighted Jaccard wavin clustering

WoRuNguNa Uittty

13.18.5 Investment Lab 5: DCA vs Lump Sum

a

1809%ae price paths WIBULTBU terminal wealth 989 DCA Waz Lump Sum lasuennsal “diku

TINUARLAAU” §BNN “RuinTumuselawsasiau”

x4

13.19  Y9MNALALHANNITAAINU

Uszuifeeszde

1. wampuunudounaslilinissuuseiunansuunulusuian

2. ﬂamuﬁﬁ Sharpe #39 alpha ijﬂmmﬁu’ummﬁmmﬂ sampling variation

3. Benchmark 7 13l e au vl alpha way Information Ratio Ll A3 viane 13
WISYgAIEnS

aldanedisldvinlindasasivneaulaesalud® win exposure linsadhune

ETF #devnedrelallgvinler underlying risk waly

nstievangnaaulimifiu diversification #1n holdings wag factor exposures 9111

N B 2

Smart Beta LU rules-based active exposure f factor WilinanouunuaiuNsu
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Useniu
8. DCA iflunginasanseuaiiu lallinquinisuuseduivug Lump Sum
9. ETF «Ju trading wrapper lulgfvioswes Index Fund way ETF LU active fosusuiiiu
M13 mandate YDIAULDY
10. M3Uszfiudumuiesszds double counting sewinarnldnefiazvioustlu NAV udiu

AUUNEAUIELTULAY

13.20  unagUTingun

UNURRLINTOUMITATIEN NN “Tondnduel” lUg “lassaiamaiasugmans” Tng5uan
Aunind uaz il du nneluneanu Weu WU NAV wae i asu feu ia1san naln Fo 11 dunu

benchmark LagAINULEe

Index Fund ¥l benchmark gnihanlfidungwesnfiamuldads duw eTF iulassairomie
Fovslunainsesdsonnidusie passive way active dmsu noaud Annnu dadl Qmmwmaﬁwsﬁgﬂﬁaq
Useiliume Tracking Difference, Tracking Error, cost wag implementation constraints laﬂ,%@Lﬁm
%aﬁﬁuﬁ Passive investing aﬂmiﬁﬂw discretionary security selection we 693l index construction,

concentration, reconstitution, liquidity tag tracking risk

Active management FBIEINNAABULNUAILAUNE TN ULAZAITONUTHEIUNAI8YINAIA Smart

o

Beta 8¢ ¥1914 market-cap indexing iU active discretion lngldngiiesu factor exposure Fa8ail

factor cycle, model risk, crowding Wag turnover

N3 vane newuazNIzNe AN Ee L a39seLile holdings wag factor exposures g iugin

¢

Active Share, cosine similarity, weighted Jaccard Way factor decomposition Fstaeln1siaTe

look-through fAMUMINBLINTU

@nviny DCA, Share Cost Averaging way Market Timing Lﬂungﬁﬂ’mﬂu@\’mﬂwﬁﬁu DCA ﬁamuﬁu

1

o o

wirdiurhliisiunuadedu harmonic mean vas51a uiildlasuusedu terminal wealth igand1 Lump

Sum msidenTBawudsateNiunTrLatuan Amdss lWvany uagitevesamu
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ANANIIEARY

NAV sjarmindaugnindsinmiian

NAV per Unit NAV #1568 311uniieasu

Index Fund nesuilsjsainsranouunilng benchmark asingdifmua

ETF nesuiimiisdonslunainsesuasiinszuiums creation/redemption Tunaausnanslassaing
RERE

Authorized Participant / Participating Dealer ﬂL‘Z’h S divh creation/redemption iU ETF @y
Foulvyosningdasi

Market Maker ;jmuaawm%’u%yauasLauaﬁmas[,ummmaqLﬁaaﬁuauuamwmaq

Tracking Difference WasnaladszninananauLmunesuiy benchmark

Tracking Error AMURUNIUYEY active return

Active Share FEAUANLANANYDY holdings Serinenesniy benchmark

Smart Beta msliimini@esyuniitosu factor exposure wiausulAstad1enanuides

Premium/Discount @3usi195¢13931A19A1AVRINIRENY NAV Aiaviiig

Capacity vun @uning i nagns Saduiiun1slélae wa nouuwnu avs lu gn dunu ey market impact
hang

DCA msasusiednuiunsiiduszes

Holdings Similarity n13insyiuaMugIdauredunsngiinadyuie

13.21  WUURNRAYINEUN

a

1. nesyuiiaunng 820 v wiAu 25 AU wasvieamu 50 Funng 20 NAV wag
NAV fioniiey

2. NAV siamthegsutuidu 12.40 v Yaned 13.10 v waydieidu 0.25 UIMdeMIY WWIHA
MOULNUTIY

3. ETF & NAV slontiag 8.75 UM WagsIAImaIn 8.92 U 29d Ui premium/discount

4. gsungdwhlusianaInenemulaiseunsnn1anin NAV 1a

5. WiguLilgu uvasanmadesveeneauila v ETF wag 05U18 AU WAN A 5819 UNUIm ves

Market Maker fiu AP %39 Participating Dealer
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v
v o

WA TNVTNANYaAINAIALALHARDULIUAINEAU

= (0.40,0.30,0.20,0.10) T, R= (5%, —1%, 4%, 8%)T

PWNARBULVIUATE

Tideyate 6 AMIUNARDUWNY equal-weight index UaraTUIEAIATDIAULANANS

igauidn tracking variance Wiy (w —wp) T3 (w — wp)

sonuuudiadin optimization d W3y index fund faieuiiu 8% seustm

95U trade-off 581319 Full Replication fiu Sampling

noewuil active returns Teviou (—0.2,0.1,0.3,—0.1,0.4)% 21 TD uay TE

9109 11 23RN Information Ratio laglivhgnanfeiu

93UNALUANANASEINg Tracking Difference way Tracking Error wienen@egnsdl TD sus
TE g9

191 premium/discount ¥ed ETF wirfiu 0.45% wagdunu arbitrage 53uUszanas 0.30% a9
Anreiiniussgdladaasygmanslivi arbitrage 3ol wazszyamidssiidainligansalyl
wyuoU

WERIMIEAIDE19ATI1 leveraged ETF LUU daily reset lailviniu leverage voswanauunuaya
nosu A i gross alpha 2.2% sedl LLax&’unudauLﬂ'm 1.4% 2sUszanau net alpha
Wisuiisuanusisds 25 Yveaneanuasinesil gross return WiAuus expense ratio iy
0.75% sied warvesureiniluldmsin expense ratio G1mnld NAV return iy net-of-fund-
expense BELAY

#g9131 0 < AS < 1 dwsu long-only portfolio kag benchmark Fwinsaundunils
wosedithwiin (0.4,0.3,0.2,0.1) uag benchmark (0.25,0.25, 0.25, 0.25) 231 Active
Share

adungdwila Active Share gelalsuuseriu alpha gq

noswuasanesdl holdings vectors (0.5,0.3,0.2) uaz (0.4, 0.1, 0.5) 33 cosine similarity
Tidayata 21 Al weighted Jaccard similarity

aSuensaif holdings similarity B factor exposure similarity g4
Hasuuvsiulunasyudneadasdmiin (0.50,0.20,0.20,0.10) a5 effective number of
funds

aduwIwinlu effective number of funds laitisswedusuin diversification

amuiiauay 10,000 um N151a1 (10, 8,12,9) umseniiy 2 IuIUMNYTILAL AUNY

v a

Iy

)
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\adesieving

fgauddunuedsves DCA eldiRuninfuynandu harmonic mean 1845701

W3yULEU DCA iU Share Cost Averaging Iué’mé]’mﬂiﬁgﬂmmm wavesungvhludeiiaass
harmonic-mean cost wa¢ DCA lailsi#gatidn DCA vug Lump Sum

99NLUY Fund Due-Diligence Scorecard fiilegnstio 8 i LLaxa%mamqwaﬁuamfmﬁfmwiazﬁﬁ
\Fonnaauvide ETF aundviladnsios udadoussnuniaohimsnsatoyalatsnoudadu

Iﬂam‘u Taguen Structure, Return, Risk, Cost, Liquidity Llag Governance

ANDTNYIUAR

S

fnewmu passive § Tracking Error 1Hugugunll Tracking Difference finauxn ﬂamuﬁuﬁadﬂﬁw
wihilgaviolal wmszmnle

ETF 71l volume Zomemsnudesianmadesianandels msnsia underlying liquidity,
AP/MM capacity kazanuzia/Unvosnaindnsdiotsls

61 Smart Beta T¥ngeed wisladadsdiadnd model risk
N3LHBNNBIYUANSUAUNARDULNUGBUNAIBNENY selection bias ag13ls
Tuﬂifﬁﬁﬁamuﬁﬁuﬁauw%mﬁqLwﬁfuﬁ DCA uag Lump Sum il opportunity set ansiuagsls
YN NBIYU MAe Ned Do viu Auae AIWA il factor exposures nd LA i §awmuads e

“AsEangAUEse” agals

Y a v o
LBNE19919DINYUNN 13
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unil 14 MIamURUTINMLasNIsUIIN TN sAaie

InguszaeAnTteu;

dlefnuumiiuga ferumsanunsn

1. a'%mzﬁswawaul,%w%mméfqLwi{l'a;da foyayros wedn nsdadnds nsUssdiung warnns
AAULUUTIRDS

2. @579 factor/alpha score 778 winsorization, z-score, ranking, neutralization, volatility
scaling Wag liquidity gating

3. Wou Value, Momentum, Size, Quality wag Low-Volatility fiu factor models wag Smart
Beta Ineuenlvidnsenindadeiliiioosuienaneuunusudyaailiasmesn

4. Uszflu predictive content #e IC/Rank IC uazuuas signal Wuthwtnnield risk,
turnover, liquidity Waig cost constraints

5. 99ALUU backtest ﬁﬂ’mﬂm look-ahead, survivorship, leakage, execution bias, data
snooping kag multiple testing

6. 14 walk-forward, purged validation, bootstrap, sensitivity kag regime analysis e
#9939 robustness

7. 334 alpha nanaiudu portfolio of alphas lngfasauHanoULNIY AuAes correlation
turnover Wag capacity Wiauuy

8. 98u1e prediction-to-portfolio gap ¥4 Machine Learning Way Us 311n 989 Deep
Learning, NLP/LLM, alternative data & reinforcement learning

9. @%193¥UU 3TE 1 v 91 16 e experiment registry, model card, audit trail, drift
monitoring LLag human oversight

10. dupsizviuni 1-13 Wunesnisamudalunainsvaeula

Jagann

LAUVBIUN
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Data — Signal — Portfolio — Execution

— Validation — Governance — Learning

Backtest uifissdiumnilevasseuy aunmeanagnstuiuaugndesemngnesiuims

14.1  amnmsidenvannindgniseanuuuszuuingula

& s

nsasudsUTnamsgnuestu szuudadulanmeladednia annndnsfumgasnensalitesiaiie)
WsIgNanoULNUTANTWISWuiuIdeyaiiied a naidinduls Bulasleyadudyaa msfmuaii
W ANUEEY AUV wazT1ATIRevelaase
Wi T, Wu information set Mdndialease aw van ¢t waz X, C J, Judeyaniszuveygnlild
AU
s; = f( X3 0,) (14.1)

—~

wy' = g(sy, Xy, C3 Ay) (14.2)

\la s, Ao signal vector, wi Aetwiinilwing, X, fe risk estimate uag ¢, Astayadunuivann

AaesiAInll au aAeatu nswen wi' esnanuntinNesselianudidny insededndn Lot size,

partial fill, market impact wazsiaadeulmsyninsdsmdearilinesanasdovisarsanitmune

6= <)
JEUUELYIINTU

Jy—= X, = sy = wi" = ¢, = w* — R}, — Validation — Governance

lng g, fio trade vector wag W™ ARINMINTILAATUNAY execution AINUAIUAANAINTENIN target

fiu realized holdings 1Jusumilsves implementation risk lally noise fimsgnazias

Data Signal Portfolio Execution
point-in-time feature/alpha weight/risk order/fill

A
Validation + Governance + Learning
0S, stress, drift, limits, research decision

JUT 14.1: sruvamuidalsinantenteya point-in-time lUdnanauwnugvsuardiman1sngivdeundu
Ngreasidy

Net P&L
cost-adjusted
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[

v
VBFAINM

A1 alpha signal TuaudalSinamueiiaiiulsieuamunainiiagll predictive content d@3u
Jensen’s alpha tfu abnormal performance Afamendsnielduuuiiasssisds msil alpha
signal F9lu5UUsEAU ex-post alpha uag signal Anensallarenadasrawesniliffiosmaau

\eauazsiuny

14.2 Point-in-Time Data a2 Decision Clock

Joyalu backtest spadudeyaidauaunsadiuldase a nadnduls Wlideyafiuiludoundaudy

,Ta\/ail S Tsignal S Torder S Tﬂtt < Treturn

Uszhuifaesz s

mnlgsmUaiu ¢ a5 signal udaunddelanaUaineanulaelall execution mechanism

5893 2#iAin look-ahead 1130 execution bias wilans signal Az lillidayasuian

‘Z’J'am“aﬁugmmilﬁuasmﬁaﬂ period end, announcement date, effective date Wag revision
) ' o a o v o o P o o a o & v =
vintage g1z A1vRIMILUTIREIIUD1RgNUA founas msldA1atudangn iuefinyililumaliudeyan
wnawuluefndslinsiu dm universe ol historical constituents sumanynIe# delist w3ooan

MNATLANNAIDIUNOWANLABS survivorship bias

Tudsdeya Feuly 72 < 79 fasnsiaiisedu observation lilldnsiaiiestonadun faograu
waulasunalildualinainiteya o Judulasung uidessetulsznaAssauasiie processing lag Ay

ngiivualiaimin

Point-in-Time Data Governance

7N feature A4 data lineage 384 source, frequency, timezone, publication lag, adjustment,

missing-value rule, corporate-action rule, universe rule, transform version Wag snapshot

date
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14.3  Signal Engineering

14.3.1 Winsorization way Standardization

dm3u cross-sectional feature x; , 819anBNENAYD outlier ¢y winsorization 91 quantiles g, , wae
) )

qut

a:m = min{quvt, max(q&t, xi,t)}

1n1UI9 standardize Melu cross-section LU

aV —zlV
Lt t 0
Zz',t - T S$W7t >
SgW ¢

YN cross-section N30 AAUNABEIIJULTY 21214 median WAz MAD unu mean wag standard

deviation wsisiesimua convention linsiinaann1smaass
rank score 1 map a9939 [—1, 1] #a
rank(z; ,) — 1
=W N, >1
7,t ) t
Rank an 8vnaves outlier wax i auls szes viasendeAruntdn vaue?l z-score $nwn Toya W
anauINNd1 M3 LEeN 38 39 Fd @anAded i AN NNE N9 LASYEANENS vee feature wazms fit Ny

winsorization/normalization Mgl training information WituiledikUsdnisdiwesniFeuiainia

14.3.2 Composite Signal

W%l normalized features z;;. , 9113 K 62

K K
Sit = E ARkt E la| =1
k=1 k=1

N a;, 81311310 economic prior, equal weighting MSoKUUTIRBITIETA WARDIUTEUINAIN

training information winiu Geuly Y, |az| = 1 Wuiies normalization iielvianafininude lally

[%

ainUANIIMG YY)

N features vianefagTioULIAAATYIAARSIALINULAzavduiusas mslidminuiduenaliu

1%

agaeﬁﬂ NM38519 composite signal 33AI5M399 feature correlation, incremental IC tag ablation test
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Wag sty feature Tvdlvideyadiuianswizoiisuiiunnududou

14.3.3  Neutralization Ju Orthogonal Projection

W X € RV*P Jy exposures M1fBIN13A19AB0NAN signal S 191 sector dummies, beta %39 size

wazeu
s=XB+u
a1 X & full column rank 1visng residual maker fe
M=I-XX"X)"'XT, s =Ms
dunsaiilanusndeuetisUaondesae Moore-Penrose pseudoinverse i
s, =(—XX")s
Orthogonality of Neutralized Signal. lunsal full column rank
XTs =XT[I-X(X"X)'XT]s=0

fatiu residualized signal #3a1nAU column space ¥83 X Tui@eangns []

mndesnsiiuilianmademseyarmaainssiuitndnlunig fit ldwiiu a1ansald weighted
least squares slviReuly X T Wu = 0 unu X Tu = 0 Tusuuinaisld least squares, QR %38

SVD ununsa3s inverse tagass lnglaniziile exposure matrix Tna singular

Uszunaaesz i

Neutralization Mdn exposure Anvualy lalaiidn “Audesisnun” wazetaan predictive

content 90 exposure 913 ludunilavesunaINanaULNUTNAslatie F9ADILUN YIS

unwanted exposure U intended factor bet ¥4

14.3.4  Volatility Scaling wag Liquidity Gating

wialdlyidunswdndl volatility estimate Indaudliainagaiaund aasld volatility floor

S.
2,t
- ﬁ7 O min >0
max U’i,t’ O in

2R

it
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mﬂﬁ?uﬁﬂ{f liquidity gate

Sff,t = gi,tgi,w 0< 9it < 1
ng 9it 919uiu ADV, bid-ask spread, volume, days-to-liquidate %3® liquidity regime wagenaidu
hard gate (0/1) %38 soft gate Tut [0, 1]

Volatility scaling 1un1susuanaves signal lldnsfigainnesaiinnuidesmnzauuds wse
covariance 5¥wINAUNING concentration Wag factor exposure §idipagnarunnludy portfolio

construction

14.4  Factor Signals

Factor signal A75519INTEWAUINTANUNUIENLATYFAIERS WAL ANUITOAT MUY point-in-time

19 Mg Value Nldlalnenssdio earnings yield
™

By
VAL;, = D
iyt

7’7
30 book-to-market vsil P/ E ldwwzidusdiegnfithly log Inglinyin mswdledlsilugudvie
Anau P/ E anlimvuavsednginssulusdeiiies nsld earnings yield 93811 negative earnings 4

ANNINEESURULE LAAS winsorize waTLEN sector ANUANADT
Momentum wuuiigasiuangn K — 1 niadeuldidu
(J,K) .
JK) _
mom;yt = T[(0+ Ry, ) -1,  J>K>1
=K

gnslATauAUYIY momentum TN IAEGALAL JUWUUNIUYNFULNBaA microstructure/reversal
effect Inowansuunudildfoadu total return AUSU corporate actions agvdBAAFDS

Size score oMUy
SIZE;, = —\og(ME; ), ME;, >0
ey Low-volatility score Ju
LOWVOL,;, = —5,,

Quality 1314 profitability, ROE, margin, accrual quality #58 balance-sheet strength wﬁqm‘uau
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publication lag, accounting comparability, leverage Wag sector effects LLmﬁde’]ﬂﬁﬁﬂi’mh

1530UNTI factor investing win1siinanauwnuduiulueda lilendnUseiudn premium zasegly

auAn [20, 26, 37, 2]

= o ' . v ' ° P s
19197 14.1: AI9819 factor S|gnals LLagﬂﬂWﬁa\imiaﬁ]ﬂaUﬂauuﬁlﬂai"lﬁwa'ﬁm

Signal Proxy #7981 UisLﬁuﬁé’mmmm

Value E'/P, book-to-market negative earnings, sector mix, stale fundamen-
tals

Momentum cumulative total return corporate actions, skip period, turnover, crash
risk

Size —log(MFE) liquidity, investability, micro-cap effect

Quality profitability/ROE/accrual leverage, accounting definition, publication lag

Low Volatility —0 beta/sector exposure, volatility regsime, crowd-
ing

Jadann

Factor Model fiu Factor Strategy

Factor model l4a5unensonunsinNaneuwnu @i factor strategy 19 characteristics %3®
estimated exposures B @319N)MIAMU I d09LAEITD fuwe Ll @ Lfeaiu wae factor

strategy 8193 exposure sovanatadulaglalasilaninlaill neutralization %38 risk control

14.5 Technical Signals 1u§'mz Filter Design

Technical indicator @ansauesidudnses@anarnulasawu sy state e signal ws

indicator toeditlailinagns aundtagimun entry, exit, sizing, execution WAZAWYUBEATUEIY

SMA sz8g n

SMA,(n) =

n—1

5

=0

S|
<
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a7 EMA AMWUALUU recursive

EMA,(n)=a,P,+(1—a,)EMA, ;(n), o, =

a v o

Inefpernug initialization rule IWs1zANTUAUINAIUYIS warm-up
ilevdanidssnnuimuvesdynsal W €[], vanefs EMA seog 1 veseynT = udn
DEMA,(n) = 2&,|P]; — E,[E0IP): (14.3)
TEMA,(n) = 3E,[P); — 3E,1EnPl: + EnlERIE RPN (14.4)

Bollinger Bands l#dufsnans M, wazdiulosuuunsgiugaumnds sgn)

= & .. . v =t v . A o 1 & a
440U volatility-normalized envelope soULAUNINaNelA convention iimun ag1alsnANITLAL
band lilafianumnedisdenseuslausnlusi® Wiz breakout iU mean-reversion 14 band LAgariu

wARAURTINUT LA
MACD Tganuneuas EMA @899
MACD, = EMA,(n,) — EMA,(n,), ng < ny

wazonariuue signal line 1Wu EMA w3 M AC D, 8ntunils msiUeulfieu technical signals fadld

warm-up period, corporate-action adjustment, decision clock taz execution convention LAgafiu

[

agnsuszend: nsnifinyn Robust Backtesting

N9

nsdiinw191n9W3de SET50 lidayase Turiaunsiau 2018-5uaau 2022 wus 2018-2021 1Hu
drawauuazl 2022 1y out-of-sample Wiguliisu SMA, EMA, DEMA, TEMA uaz WMA 19
next-day-open execution k333 commission 0.15% U slippage 0.05% M1UN1T9DNKUUVDY
UAUNN W0 bootstrap, FDR, parameter sensitivity, cost sensitivity Wag rolling stability
[69]

ansyithanldlusi1snfie nszuIunns robust backtesting lildmaihdwuzludeyauseifmans

[ J o Y
wluAuunihamuiagiu
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14.6 Predictive Content: IC wag Rank IC

W s, ¢ vUu score insww aw vaan ¢ wae R, 4, ), W0 forward return lu horizon h fiEundsiand
) )

a1u15098918l@ AvuA cross-sectional Information Coefficient
IC, = Co”i<5¢,t> Ri,t—>t+h)

Rank IC 14 Spearman correlation ¢34 rank 984 signal fiu rank ¥4 forward return 33nusio outlier

1&g monotonic nonlinearity 11NN Pearson IC

Lﬁa@mwmaﬁaﬁmmnm 919731837U

— 1 & Ic
IC=-SN"I1C,, ICIR=——n
Tt; t s(ICy)

wi ICT R lsimsgn annualize wuunalnidle 1C, 3 serial dependence %38 forward-return windows

Foutuiiu n15Uszidiu uncertainty A5l HAC %39 block bootstrap Ashwilassas s ImILENA2s

Uszhundaeszda

IC @ 1Ju van T I $u Useiu dls wds dunu wsne signal-to-weight mapping 919 @319
concentration, factor exposure, turnover WLag market impact wona1nd IC MAnan it
wselifnguanamnssuealiiadesiile regime Wagw 33A339 breadth, dispersion, hit rate

uay stability s9unU

J
14.7 910 Signal g Portfolio
0814 long-short score mapping LUUS1EAD
* ok
w. . — Sit — St
it * =k
Zj ‘Sj,t — 5l
o denominator WWuwin gastild 35 w;, = 0 uae Y . w; | = 1 meldmsmeaniade

= v o= & . . ' 1o = = A o LA
UULAEINY 394UU dollar-neutral gross-normalized mapping Lmlﬂ%mmaummqumuaaumwa

§i covariance, liquidity visevad1inunnsiniu wagdn scores yndiniuayliaunsald normalization
gt

fiou rebalance lsiwiinidy drift aunaneuwnuaudu w;” | degrlunsdlill external cash
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flow
wh = w; ;1 (1+ R, )
i,t—1 1 _}_Rp’t

Famsdnnn trade 910 w, — w; | Wldsnhwmindudeusainndeuln

msthluldassanunsaundgm

. AT
max {,u;rw — §wTEtw —nllw — wj—l”l}

aeld leverage, position, factor, sector, liquidity, turnover Wag concentration limits 19¢ n éljadagﬂu
nhefgenadenunanaulnulu objective Waznnd nonlinear impact 5L cost function NidonAas

Auvwiaddauny Ly penalty Wigsog1aimen

d1m3U fully-invested self-financing long-only portfolio 674 one-way turnover ldesiie
1 +
T0, = 2 Z |wi,t - wi,t—1|
7

usili long-short portfolio i gross exposure Wasuls Asseay gross traded notional ZZ |sz‘|

Wiadn sz factor 1/2 Tlafimnumnedu “Hedonsoilanis” lngdnluid

14.8 Portfolio of Alphas

@uu alpha strategies K il expected retumn vector 1, Wa¢ covariance matrix €2 dlvidmiin -y
T
7 Mo

VT

IR(y) =

Maximum Information-Ratio Direction. I

T = 91/275 Y= Qil/2uo¢
awle
zTy
IR(v) = — < |vl
]|

970 Cauchy-Schwarz equality LAaIle & o< y A9t

v o QM
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Weldfidediaiuiunay Q 10y positive definite []

a

& Q 1n& singular w3e sy alpha wn die ey fuUseiRdeya fame Q 1, oalasie
estimation error 11n A1 covariance shrinkage, regularization %39 pseudoinverse W3 weight/
risk constraints 11NNI1@3579 inverse 1AEATY UONIINT Lo ﬁmgﬂﬂismmwu out-of-sample-aware

[WULREIAU expected return V09EUNSNE

¥ L
UDEILNMA

Alpha Novelty

v
1o o

alpha Tnimsiiindoyaiilisndu alpha i Lildifissd sharpe guilonndeuiien msnsa
correlation matrix, residual alpha #&4 regress Ul alpha library, turnover overlap, factor
exposure wag performance Tu stress regimes Snienssan alpha Aeudsddsenaiin trade
netting ﬁﬂﬁtﬁuﬁquimﬁmdﬂmimﬂﬁuvgwmLwiaz alpha wenfu feiiu portfolio of alphas

'
o o

AIYNUTHIIUNTZAUAMATINMY

14.9 Transaction Costs, Market Impact wag Capacity

v v < o a v ' v o 4 < Y
ABDILLYN munumummuwu 28NN muvgu“luwu'wwamammu Tdim 9 Gt Lﬂu;ﬂammuﬂqumnmi

rebalance a4 3@ ¢ uay A, Wi AUM nauBioans fmue cost rate

P Y a oA gross a v v v
‘VT’]ﬂ@]uwugﬂuﬂﬂauﬁﬂsﬂ?ﬂﬂ@ﬂiaﬂ ey Rt+1 ANUVUNUNUAIAUN U "ﬂgiﬂ
o gross
Wt+1 - (At - C)t)(l + Rt+1)

v & ad o a Y i & N
fﬂﬁuuwaﬁauLLVluE‘]IV]ﬁLlIE]’JC"IW]EJUﬂU AUM Nau«saueme

net __ pgross gross\ ., poSross

i =’ — o (T+ Ry =~ R — ¢

1ng approximation gavhewnziie ¢, dvwadn mednduyuifesduiusiunanfunuintu 1
AIFAUTILIRLUIMeEBNIN return Tnensalagld normalize MeguRuamu

wWUUANARIRUNUlUMIENAND UL LRI 1TE Y

¢, = c,TO, + cyTO?
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drnvudiaesssaudds W Q, , Wuuardmdway ADV, , \0u average daily traded value luniae
’ )

RuLReaiy

Cit ™ a;|Q; 4| +b;0,,1Q; |

WAUUTAUNIY spread/fee FadulneUszann dunaunasadu square-root impact approximation &4
WisSindnduile participation g wuudassiidu approximation iﬂ‘ziﬂ{]mﬂa UarNIILNDIAIT

9N calibrate MuRAIA YUIAAIES Uag execution horizon
e
Wt T AP
"t ADV,
A9 participation rate itEoNUUIANDIAAU market impact

unieny 14.1

Capacity AaseAu AUM Tinagnsdiasiananauwnugvsnauiuanudesuazdaniiunislanie

161 liquidity, participation, borrow, leverage wag risk limits liliiiesdnuintugegafissuuiu

81 h Bu required net-alpha hurdle 81aflanu@aiulfn

A* =sup{A: o, (A) > h uag constraints €4 feasible} , Qi (A) = g (A)—c(A)

Ay e nfasRde AVIADAFENSLATEDR UNINYNFUTITUFAERNS
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---------------------- gross alpha

net alpha after costs

A*

U7 14.2: Capacity \Jugafinaneuunugnindsiunuuazdesiinanasdisseau hurdle Aifmun Tl

AINILENIIN AUM

14.10 Robust Backtesting

14.10.1 Bias Checklist

Backtest Mi@eiiaAsoaniuy chronology neuAwIa performance wagtuiinn1snaassiavun Ly

WA bias vidawiung [53, 60, 32]
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M37 14.2: AnuansesdAglu quantitative backtesting wagIsaauau

Bias

nalnPvi liamiuase

REERTGH

Look-ahead

Survivorship

Leakage

Execution

Data snooping

Selection

Cost omission

Tiayandsladlame

THanesndnninsiisen
preprocessing/model selection Liiu
validation/test

A fill price Aliimaiutodons
1

VIAABY IIUIL LN UTI WHON T8
YUy

\den¥39/benchmark wdaiiuca

laisau friction 13 impact

point-in-time timestamps g pub-
lication lag

historical universe §34 delisting

fit aelu train wez 10 nested
selection ios1du

explicit decision clock, latency e
fill model

search log Wag multiple-testing
control

pre-specified protocol wag holdout

spread, fee, slippage, borrow Wag

impact N&ua39

Corporate action  l¥s1Av/mansuuwnuniusuliaenades  point-intime  adjustment  uag

delisting return

14.10.2 Walk-Forward Validation

Expanding window

{1,..,t} = {t+1,..,t+h}

Rolling window

{t—L+1,...,t} > {t+1,...,t+h}

01 labels douviuiuvse features M doyataen A3sly purge/embargo tean information
overlap 5¥%374 train Wy validation 1ag purge fin observations # label interval viufiu validation

@71 embargo FIUI9MAY validation MUAILEBIUDY leakage

n fold Avsa31e preprocessing, feature selection wag hyperparameter tuning an9ewad fold
9 Y

v
o

Tuoug R lAuYINTL snden hyperparameter 9MnNaved test fold Laa51897u fold sy 00S 2y

the]
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\in model-selection leakage wiiMmsuusIanazggneies

14.10.3 Multiple Testing

amadeu M nagnssasenels null wazwsaznagmnsil false-positive probability a
P (athatleenils false positive) = 1 — (1 — o)™

dlo M iy anuthasiduny “douglaetedy” Wntuegnsing aasthssiudunmdsznay

meleauuigmudaseviniy lunuasainagnsdnlanduiusiu Jamsldisnaenndesiu dependence

1 resampling-based reality checks M%E]m“uq:u false discovery rate wiauduin search history uay

FIUIUNISNARDINLITT
Robustness Stack

OO0S + Walk-Forward + Bootstrap

~+Parameter Sensitivity ++ Cost Sensitivity
—+Regime Stability + Multiple-Testing Control

nagnsnalidndusdesnnanlunnis wilimsiangansiwes 91081 veauufgiudunu

RTHNCIIEH.

14.11 Benchmark Symmetry

= a o v vy ' o . a
N3WIBULTigU strategy iU benchmark fiaalidaya ¥3912a1 NM3UTU corporate actions AMA N3

AUINHARDULINY kagAUUNaNWnauNalusAsT LAY

Same Information + Same Horizon

~+Same Return Convention + Comparable Costs

favilu performance difference 81311970 measurement asymmetry lala investment skill /i
11 comparable costs WlamneanuIndesdadu strategy way benchmark Tdunuwiniu uwadedld

AUNUNANITATU turnover wazTs implementation vadusiasrng Wi benchmark wuu buy-and-hold
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9138 turnover AINIINAYNSTITNDLETIAI

14.12 Machine Learning: Prediction-to-Portfolio Gap

TuudnaoInensal

Yit+h = fGt(Xi,t)
oy 6, fisaFeuian information set Nioygy1n o4 1381 ¢ Wil Uae target horizon h fesdenAdeaiy
holding period &g decision clock

ATNYINTUNR LUVNTUNDIATIA LN IZA DI

Prediction — Ranking — Sizing — Risk Control

— Execution — Net Performance

] '

sty RMSE, AUC w3 R? #dduenalifigaurmadsugismnanuiiananinludunsndildldie wie

q
v
=%

Tuwmags19 turnover/concentration AR

Uy portfolio-aware ML annsadsudu
AT TS +
max {Mt Wy — Ewt Yyw, — nllw, — wtl”l}
t

muld constraints wweafun1sinlulgass iWmneivinlidiuan prediction layer Wuiies input wilswes

portfolio decision 14l objective gnving
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LULAARASUNUN

M13247 14.3; unumvedliea Machine Learning Tuszuuamuuazaudesineaiuny

nauluea UNUIMAMEY AN ARY
Supervised regression, classification, ranking leakage, overfit, calibration drift
Unsupervised clustering, PCA, representation unstable clusters, economic inter-

Deep learning

NLP/LLM

Alternative-data

nonlinear/ high-dimensional map-
ping

text features, classification, re-
trieval/summarization

nontraditional features

pretation

parameter risk, sample efficiency,
governance

timestamp, provenance, halluci-
nation, licensing

coverage drift, selection bias, pri-

models vacy/legal risk

Supervised leamning 19 regression/classification/ranking {ieWeNIAINANBULNY EIRU ViSOMANITHL
@1 Unsupervised learning 19 clustering, PCA Wag representation learning oAU lAsasenlud

label lngnss

Deep learning 91awsnziilatayaiilassasedudourioUsunnmnn widuiu observation Waianty
nandinAndduILLITRLARULTBIRIN cross-sectional kg temporal dependence 346837150

effective sample size ladlduau records tigsogafen

NLP/LLM @nansaudastni tenans wsedeaudu features Lwié’aamuau timestamp, provenance,
model/version drift, hallucination Tutu generative, revision wag licensing @u Alternative data f99
ATIVANAINVDY coverage, selection process, legal/privacy constraints wazAINaINTalUN1TE519

Joyadoundauy point-in-time

Uszunaeeszd

Mstaenlunaan metric N1INYINTAILNBIAILABI819LAR prediction-to-portfolio mismatch

AT USTLUTIS predictive metric, IC, turnover, exposure, cost-adjusted return, drawdown

uay stability nele protocol 1henfiu
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14.13 Reinforcement Learning a2 Objective Alignment

-

L fnviun state sy, action ay, reward 7, 1 Uag policy 7(ay|s,) lay state desiitoyaifivanelinig

(3

naulaazvieuanugveneainuaztedinfitietes Wy holdings, cash, risk exposure Lazdoyanain

=).

YA
reward dwsunisawuliasdu gross return aghaiien fegreduwuafia
__ et ~2
rep1 = BT = 2,000 — AroTO; — App DDy 4
coefficients i iusunieuas trade-o objective lallgnsfmosniia
0y coefficients A, Ao, App Mnhfiusumiieuas trade-off a1 objective Tlgmsfiwasidian

WnsgruieIdmsunn Ui vn reward 19 drawdown @3¥ufiu running wealth peak A353ufIMUs

¥ path dependence Hlaglu state 3aanUUY environment Tishwdeyaninaieggneies

Uszhundnesz i

RL i A2 1@e991n simulator mismatch, reward hacking, unstable policy, off-policy
extrapolation tag regime shift N34 reward éjﬁu historical environment lailauuain policy
vzUaonnslunaina3e 33ma5dl hard risk limits, conservative deployment, paper trading uay

human override WgNAIN reward optimization

&

14.14 Model Governance wa¥ Quant Research Gates

Research Gates

1. GO Problem: hypothesis, objective, benchmark Lag economic rationale P9

. G1 Data: point-in-time, lineage, universe Wag data quality N1u

2
3. G2 Model: specification, ablation, leakage control Wag reproducibility #1u
4. G3 Risk: OOS, stress, cost, turnover, capacity Wag failure modes NI

5

. G4 Impact: deployment, monitoring, governance Wag decision usefulness N1u

s

J

Model card A33%1Y purpose, data, features, assumptions, training period, validation period,
benchmark, costs, limitations, risk limits, retraining policy, drift indicators, owner Lag retirement

criteria
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14.14.1 Drift waz Kill Criteria

v
o o

MTT drift 919UsTNBUNLE

I1C,, Sharpe,, TE, TO, Cost,, FExposure,

N a

srUUASHinTianANLEs veadamds visaitng model review Wedeyavionginssuvesluing

v v

ponuanyIveusula us kill criteria Liasende Sharpe ¥38 IC YALRe7 INs 1w Inszevdull noise

'
=

6N A5lY escalation Ma1w5E6U WU data-integrity breach %39 risk-limit breach U4 hard stop Uty

performance deterioration 14 persistence, confidence interval Wag regime context Usgnau

nsidguliaanda deployment Agagn versioned UagkH1U gate Mivzandnasa dagiiy adaptive

tuning @1awAeu live system Tinaneiunisvi research vudayassalagliil holdout
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14.15 Integrated Quant Research Architecture

Investment Hypothesis

\J

Point-in-Time Data

1

Feature / Signal Engineering

3

IC + Economic Validation

3

Portfolio Construction

l

Execution + Costs

1

QOS / Walk-Forward / Stress

3

Governance + Monitoring

3

Learning / Retirement

HfeyningufMnnaaunaduuvhaunieuiu lauinanouwny AULEeE covariance N13UseIU
yjaﬂ'? Markowitz factor models optimization allocation VaR/ES performance evaluation uae fund

implementation

v A '

a1ty Feusar tureddasie NeA1UszunauazaNliutuey TUditudnly fse1amy expected

return ldudueulirmsgnulanduihningales uaz cost estimate #ldutueunlsgn stress nouwiiu

AUM mseoniuuszuudadutlymaes error propagation way feedback control we ¢ iy prediction
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14.16 Investment Labs

Investment Lab: Lab 14A - Signal Engineering

@519 cross-sectional features 8&19108 3 #3 1n winsorization, z-score, rank L neutralization

Wiguieu IC, Rank IC, turnover ag factor exposure YDILHALID

J
Investment Lab: Lab 14B - Leakage-Free Backtest

574 strategy ijwmiﬂaﬁ’muﬁ availability time, signal time, order time waz fill time 2819

Fatau WIsuisuNaues same-close execution fiu next-period execution WaLiu execution

bias

J
Investment Lab: Lab 14C - Portfolio of Alphas

@319 alpha egtley 5 61 Useanm p, wae Q wimwSeuiisu equal weight fu inverse-

covariance combination #W5au shrinkage Wag correlation stress

\

Investment Lab: Lab 14D - Cost and Capacity

Wl spread, commission, slippage kag nonlinear market impact 11 backtest udas1answ

net alpha gy AUM Wiouszana capacity

Investment Lab: Lab 14E - Quant Research Audit

@579 audit package W89 backtest Usenau #78 README, data dictionary, code version,

environment, random seed, experiment registry, parameter-search log, final holdout,

benchmark symmetry check, cost assumptions, limitations Wag one-page model card

/

HAFINaUVDIYN Lab AISUEN research artifact 89n91n decision artifact: research artifact fiu

v

Joya lAn Wil way diagnostics wiavenle d@wu decision artifact asUdnnagnsnunselitiu

gate o sz le wazdeululavilisaamuniung
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14.17  unasuvingun

msamuiBaUiinalilinisfumansiili backtest asfign widunisesnuuuszuudndulaiidoyauay
nalisilva dygudvanamnaasygeans nonAuANAMNIELY AuUNTUOLINENTTY LAZHAGNS

NIUNNTASIVFBUUBNGIDES

LLﬂuW’Nﬂiﬁmmﬂm%%ﬁzUUL‘%mﬂﬂﬂ’liLLUa\‘i%u‘JaLﬂu signal N3 neutralize e projection A1
uwuas signal tunwesnneld covariance ay constraints 1559 alpha Mane@nu expected alpha

flu covariance 984 alpha returns uagn1svinsunulumieNaenAdesiuNanauLNy

anududoures Machine Learning llananusiluvesnguiiness asetudw lunaneinsalfos

H1U prediction-to-portfolio mapping waggnUssliunaIRunY ANUELT kaztadninn1sTeeY

Robust validation fsuen development 89na1n evaluation 14 walk-forward 3@ rolling design
AIUAN multiple testing Wa¥MTI sensitivity ¢i@ parameter, cost Wag regime wW3ay benchmark

b=l = 1
WIHUEUDENANLNT

ﬁwﬁ?jm quantitative investing Mdaulaasesod governance, reproducibility, monitoring iLag

retirement rule szuunnvsldleies “lumanviunele” widulas

Data — Signal — Portfolio — Execution

— Validation — Governance — Learning

AANIIEARY

Alpha Signal sudsviiensuuuiiairenouasuuazainitagil predictive content
Point-in-Time Data sﬁaganaﬁ‘%’uﬁﬁﬁﬂé’ﬁa u navnaula

Neutralization n15r3n exposure ilidasniseanain signal

Information Coefficient @duWUSNIARAYINTENIN signal AU forward return
Turnover USinaimswasutmdnmeinssninsou

Market Impact navesdstevesesaiiannsasiunsle

Capacity 90 AUM finagnsssasrananouunugnaiauauides
Walk-Forward Validation n1suszdfiusuuideunalagldianzednadsluma

Purging N15An observations 9131 information overlap 5¥1374 train way validation
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Data Snooping NMSAUNMUAIBLUUIUNUNARLABTILDEY

Model Drift MsiUaguuUasvestoyansannuduiusaulumaiden

Model Card tenansasuingUszasd deya auufigiu validation Ta911in wag governance vadluina

14.18  WUURHNAANI8UN

N R LD

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

DBUILAIULANAINTEIIN ex-ante alpha signal tay ex-post alpha

a

\Ieu decision clock @nsunagnsildsalnasne signal uazdefisalaiudaly

v

onfeg19 look-ahead bias MiAnanToyatad
AW z-score Vastaya (2,4, 6, 8, 10)

map rank Ya3dayavinAaie [—1, 1]

#g91i31 neutralized signal feaniu exposure matrix

a3unen3aifl rank transformation Wsgndn z-score wazNIET winsorization eMALUAELARY
Toya

@379 composite score 310 Value, Momentum wag Quality wSeurmuntmidn

25UBNAUDY volatility scaling #1a position size

anLkuU liquidity gate 910 ADV e bid-ask spread

AWM momentum 3 $IA 91N KA ABULLT un e way a3une 119z 1Wasy gnyegnalsvn
ADINTILIINAIER

DIUIUAIULANAINTENINN factor model wag factor strategy

A EMA e n = 9 waglinadeiiies 5 fn

a%mmw;waﬁ next-day-open execution an execution bias Tunsel signal T51A1Ua

AR IC 91N signal wag forward return vaaviu 5 67

85Ul IC N1l net return Anau

waa signal (2, 1,0, —1, —2) 1¥u dollar-neutral gross-normalized weights

AU one-way turnover TnimidnreuLaznds rebalance

(5?3 optimization i expected return, variance Wag turnover penalty

g1 maximum-IR alpha combination Sfien1es Q1

D5UNAUDY alpha correlation #io diversification

51350814 alpha luilfi Sharpe gawslail novelty dlewfieuiu alpha library

A net return e gross retumn Wiy 1.2% uagsuyusiu 0.35%
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25.
26.

27.
28.
29.
30.
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BT AL UAN B9 TERINAUNUTIUNRY €, AU cost rate ¢, warIEnIN linear cost fiu
nonlinear market impact

9ONLUUNTUTEINAL capadity Yednagnswilayn

fumarutasduny false positive agatisenisnduilo M = 20 waz a = 0.05 aeld
AUURFIUDATY

Wisuiey expanding-window U rolling-window validation

DBUNGLMANAYDY purging WAy embargo

99NLUU benchmark-symmetry checklist

¥4 Model Card dwi¥unagnsiausinauilanagns wiewdwua drift indicators wag kill/

escalation criteria agnatipgaNUTTLAN
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C.5 Tangency Portfolio
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A Decay factor Tu EWMA %39 multiplier anuusum
Y Yield voemsaswi
D,,.. Macaulay duration
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IR Information Ratio
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TE Tracking Error
VaR Value at Risk
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