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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”
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UseliuddgAenisuenauseaiuaesnsinseiiidnau laun opportunity set @ausninnesnla
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a513la portfolio choice szwam1uﬂamuLaaﬂf\gmslmmmmmmawaﬂmuLam wag equilibrium pricing
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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
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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
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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
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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
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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

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 8: NeaInNukazkuUTIRaINITAMUATIANEUNING 256

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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Part IV
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