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O 4geMm 3TOT JIOKJIAT

JIBmrkeHne akmuit <> PHUCK

Buner gemxkenmnii:
e Cucremarnyeckne, TeHCTBYIOMIE HA TPYTITY AKITHit

o Cuenududeckue s JAHHON aKIK
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Setup

Bceemennas: N axmit, rme N 70CTaTOIHO BEIUKO

[Mpumepsr: STOXX (600 esponeiickux axmuit), TOPX (1000
anoHckux aknuii), Russell 3000 (3000 amMepukaHCKUX akmmii), ...

3 /65



Setup

Bceemennas: N axmit, rme N 70CTaTOIHO BEIUKO

[Mpumepsr: STOXX (600 esponeiickux axmuit), TOPX (1000
anoHckux aknuii), Russell 3000 (3000 amMepukaHCKUX akmmii), ...

JIHeBHOIT TOPU30HT

3 /65



Setup

Bceemennas: N axmit, rme N 70CTaTOIHO BEIUKO
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JIHeBHOIT TOPU30HT

Opna reorpadust
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Puck: systematic and stock-specific

[Tpubsmkenne 1: Becb puck — creruuaecKuii, BCe [IBUKEHUS
aKIUil He3aBUCUMBI B JIMHEHOM CMBICJIC:

Ri(t) = &i(t)

Obo3HaveHmst

Rj(t): return on stock i over period t

gi(t): ciyuaitnast BejmanHa
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"Poccmiicknit (hponI0BbIN PHIHOK momes Bepx Ha 1.5%"

Bosmoxmo, IIpubamxennel He coBceM BEPHO.
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Puck: systematic and stock-specific

[IpubamKkenne 2: ABMKEHNe aKINA = JABUKEHNE PBIHKA +
JIBUYKEHUE aKIUU 110 CPABHEHUIO C PHIHKOM

Ri(t) = Fm(t) + Ei(t)

Ob6o3HaueHnd

Fim(t): return of the market factor over period t
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JIBUYKEHUE aKIUU 110 CPABHEHUIO C PHIHKOM

Ri(t) = Fm(t) + Ei(t)

Ob6o3HaueHnd

Fim(t): return of the market factor over period t

Ecin mporuats perpeccuio, 0KaxKercs, 9To 3TOT (haKkTop
CYLLIECTBEHHBIN.
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Puck: systematic and stock-specific

[Mpubnuxkenue 3: a 9T0 ecjiu JOOABUTH CEKTOP?

Ri(t) = F(t) + Fs(t) + &i(t)
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Puck: systematic and stock-specific

[Ipubsmkenne 3: a 4ro ecau JoOABUTH CEKTOP?
Ri(t) = Fm(t) + Fs(t) + &i(t)
[Tpubnuxkenue 4: a 9ro ecjiu JOOABUTH CTPAHY !
Ri(t) = F(t) + Fs(t) + Fe(t) + &i(t)

[Tpubsmxkenne 5, [Ipubimxkenne 6, ...
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Puck: systematic and stock-specific

JIBmrkeHne akmuit <> PHUCK

Pesynbrar: gBUKeHUs PBIHKA PA3IeIdioOTCT HA
® CcuCTeMaThvecKue, AeiCTBYIONME Ha IPYIIY aKIAi

o crenmrdeckne s JAHHON akImn

Ri(t) = Fm(t) + Fs(t) + Fc(t) + 5i(t)

7 /65



[Inanbr Ha OJMzKaMIINI dac

Hayuumca crpouts Fama-French style puck-momesn
V3naem 00 OCHOBHBIX (haKTOpax

[TocmoTpuM, 9TO MOXKHO J€/IaTh C TOMOIIBIO MOJIeeit
[Tocmorpum, Kakume MOTYT OBITH MPOOJIEMBI IIPU TOCTPOEHUT

HOCMOTpI/IM Ha 9YHUCTO CTaTHCTHYECKHE MOIesIN

8 / 65



Hayunmca crpouts Fama-French style puck-momenn
V3naem 00 0CHOBHBIX (haKTOPaAX

Hayunmcst oneruBaTh Mojen

[TocMoTpM, 9TO MOXKHO JIEATH € MOMOIIBIO MOIEel
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OO6muii BUJ paccMaTpUBaEMbIX MOJIeJIei

Ri(t) = 3 Lix(t — 1)Fy(t) + &i(t)

N3BecTHO:
e Lik(t — 1): exposure of stock i to factor k at the end of
(t—1)
e R;(t): return of stock i over period t
Onenupaercs:
e Fy(t): return on unit exposure to factor k over period t

e ¢i(t): residual return on stock i over period t
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Ousnuecknit cmpica factor loadings

Bnadenus L (t) ompese/sior, HACKOIBKO CUIBHO aKIH |
noaBepxkena daxTopy k

Cremaem HOpMHUPOBKY (/171 Bcex Kpome dummies):

e Bribpocum outliers

(L, (6) —E(Li,k (t)))
° Li(t) = kU(Li,k(t))k
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Cremaem HOpMHUPOBKY (/171 Bcex Kpome dummies):

e Bribpocum outliers

(L, (6) —E(Li,k (t)))
° Li(t) = kU(Li,k(t))k

Ousnueckuii cmbica Lijk(t) = 1: aknust ¢ TaknM mokasaTeseM B
MOMEHT BpEMEHH t OTJIMYaeTCd OT CpeJHel aKIuU B Halllei
BCEJICHHON Ha, OJTHO CTaHJAPTHOE OTKJIOHCHUE
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®usnuecknii cMpIca factor returns

®uznuecknii cvbica Fi(t): HACKOJIBKO CHIIBHO TOT MJIM MHOI
dakTOop B HCCIEAYEMOM TIEpHUOJIe MOBJIUI Ha returns.

@uznuecknuit cvbica Fy(t) = 0.01: akius ¢ e uHIYHBIM exposure
K aromy dakTopy, B cpeanem, numesa return wa 1% Gosbimmii,
qeM CpeJTHAsd aKIus Ha PHIHKE.
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[Tpo6stema: eciim B mojenu ecrb Market u sinbo Sector dummies,
sinbo Country dummies, y HAC eCTb MY/JIbTUKOINHEAPHOCTD:

Perpeccrnonnas mporemaypa

Market Countryl Country2 Sectorl Sector2
1 1 0 1 0
1 1 0 0 1
1 0 1 0 1
1 1 0 0 1
1 0 1 1 0
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Perpeccrnonnas mporemaypa

Pemenne — orpanmyenus na dummies.

Hampuwmep, ecim ecTh cTpaHBI U CEKTOPA, MOYKHO BBECTH:

YF$=0
YFE=0

Torja return cekropa/crpanbl — 9TO excess return 1o
CPaBHEHUIO C PHIHKOM
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YF$=0
YFE=0

Torja return cekropa/crpanbl — 9TO excess return 1o
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[Ipo6aema: small caps OyayT maBaTh CAUIIKOM OOJIBIION TITyM
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Perpeccrnonnas mporemaypa

Kak 6opoTbcst ¢ mrymom?
Beectu Becal
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Perpeccrnonnas mporemaypa

Kak 6opoTbcst ¢ mrymom?
Beectu Becal

e unen:

e PLIHOK - 9TO COBOKYMHOCTH BCEX aKIWii. 3HAYTUT, BECA CTOUT
JIaBATh B 3aBUCUMOCTU OT PHIHOYHON KAUTAJIA3AINN
(06bI9HO KaKOM-TO (byHKIIMM OT Hee).

e JloxoHOCTH - 9TO 3alllyM/I€HHbIE HAO/IIOeHUST "UCTHHHBIX
mapamMerpoB". 3HaUNT, B3BEIIUBATH HYYKHO C
HMCIIOJIb30BAaHUEM KaKOM-TO (byHK]_[I/II/I OT BOJIATUJ/IBHOCTU.
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Wrorosniit Bapuant: Generic Risk Model

Ry = Fy : Lii + &g
(1 xK) (K x1)
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Wrorosniit Bapuant: Generic Risk Model
Rii = Fy : Lii + &g
(1 xK) (K x1)

Marpuunas ¢opma GpakTOpPHON MOJETH:

R = F : L + E
(TxN) (TxK) (KxN) (T xN)

N — KoJIM4ecTBO aKITHIi.

T — KOJIM9eCTBO BPEMEHHBIX TPOMEXKYTKOB.
K — konuuectBo dpaxkTopoB.

[Ipumepsr 3HaveHMIA.

N =2000, T =500, K =100

16 / 65
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dakroper na npumepe BARRA

Market

Sector
Country
Currency

Price momentum
Volatility
Turnover

Size

Value

Growth
Dividend Yield
Earnings Yield

Leverage
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Factor: Sector

Hyxen, aTobbl 3axBaThIBATH JIBUKEHUE CEKTOPA

[Ipocroit BapuanT: sector dummy B KakoW-HUOY/Ib
kinaccudukanymn, nanpuvep GICS L1 (10) /L2 (24)

AibrepraruBa: cobupars cekTopa u3 0oJiee JeTabHON

kiraccudukamun (GICS L3: 68, L4: 154)
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Factor: Country

Hy:xen, 9To6b! 3aXBaThIBATH JABUYKEHIE CTPAHBI

[Ipocroit BapuanT, country dummy.
1 ecm xommanuMs 3aperuncTrpupoBaHa B cTpane, 0 ecan HE
3aperuCTpPUPOBAHA.

AbrepraruBa: dyHIaMEeHTAIbHBIN (HAKTOP, OCHOBAHHBIN Ha,
IedATeIbHOCTH KOMIIAHUM B PA3HBIX CTPaHAX
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Style factor MOMENTUM

wy - HWALF + wy - MOM1271 + wg - MOM(;J

HWALF Historical weekly alpha. Intercept, a; of a regression of
weekly asset returns R; ¢, against weekly returns of the
cap-weighted estimation universe Ry

Rit = i + BiRwms + it

E.g. use 2 years of weekly data (104 weeks) and exponential
weighting with a half-life of 52 weeks.
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Style factor MOMENTUM

w1 - HWALF + wo - MOM1271 + wg - MOM671

MOM2; 12-month relative strength. lagged by 1 month.

T-1 T-1
MOMiz; = Y In(1+Ris)— Y In(1+Roy)
t=T—-NP t=T—-NP

Rit : monthly asset return at time t
Ro,; : monthly risk-free return at time t
NP : number of periods in sum, here NP = 12
MOMs,; 6-month relative strength. lagged by 1 month. Defined as
MOM;j2,; but uses NP =6
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Style factor VOLATILITY

w1 - HWBT + wo - CMR1270 + wg - DSTD65,23

HWBT Historical weekly beta. Slope 5; of the regression for
HWALF

CMRi20 Cumulative range, defined as

CMRA = In(1 4 max(Z;)) — In(1 + min(Z))

t t
Zy =) In(1+Ris) — Y _In(l + Roy)
s=1 s=1

Ris : monthly asset return at time s
Ros : monthly risk-free return at time s
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Style factor VOLATILITY

VA HWBT + w9 - CMR1270 + w3 - DSTD

DSTD Daily asset volatility. Exponentially-weighted standard
deviation of local daily asset returns. E.g.
DSTD = DSTDgs,23 Uses 65 daily returns and a half-life of
23 days.

t t
DSTD65’23 = ( Z )\t_s . (Ri,s _ Ri)2/ Z )\t—s) 1/2

s=t—64 s=t—64

A= 0.57, and 7 = 23 days
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Style factor LIQUIDITY

LSTOA Log of annual share turnover; an indicator of the average
liquidity of an asset over 1 year

1 I vor,
LSTOA = 1n(ﬁ .t:g;PH NG St)

VOL; : monthly volume of shares traded at time t
NOS; : number of shares outstanding at time t
NP : number of periods in sum, e.g. NP = 12

LSTOQ Log of quarterly share turnover; i.e. LSTOA with NP =3
LSTOM Log of monthly share turnover; i.e. LSTOA with NP =1
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Style factor SIZE

w1 - LNCAP + wy - ASSI

LNCAP Log of the month-end issuer capitalization

ASSI Log of total assets; an indicator of funadmental firm size
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BTP

STP

Style factor VALUE

Book-toprice ratio. The last published book value of

common equity divided by the current issuer capitalization.

Sales-to-price ratio. Sales over the last 12 monthes divided
by the current issuer capitalization
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W1

AGRO

SAGRO

EGRO

Style factor GROWTH

-AGRO +w3-SAGRO +w3-EGRO 4+ w4 - EGRSF +ws - EGRLF

Trailing growth of total assets. Slope coefficient of the
reported total assets regressed against time over the last 5
years.

Trailing growth of annual sales. Slope coefficient of the
reported annual sales regressed against time over the last 5
years.

Trailing growth of annual net earnings. Slope coefficient of
the reported annual net earnings regressed against time
over the last 5 years
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Style factor GROWTH

w1 -AGRO+wy-SAGRO +w3-EGRO+wy-EGRSF +w5-EGRLF

EGRSF Short-term predicted earnings growth, defined as:

EPS12r — EPS12B
abS(EPslgB)

EPSioF : forward-looking earnings per share
EPSi9p : backward-looking earnings per share, defined as

EPS1y8 = (M- EPS) + (12 — M) - EPS;)/12

EGRSF =

EPSy : last reported earningsper share.

EPS; : consensus of EPS forecasts for current fiscal year.

M : number of monthes since the end of last fiscal year
EGRLF Long-term (3-5 years) predicted earnings growth, consensus

of analyst estimates
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Style factor DIVIDEND YIELD

1.0- YLD

YLD Annualized dividend per share divided by the current price
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ETP

CETP

ROE

PETP

Style factor EARNINGS YIELD

wy - ETP + wg - CETP + w3 - ROE + wy - PETP

Trailing earnings-to-price ratio. Net earnings over the last
12 monthes divided by the current issuer capitalization.
Cash earnings-to-price ratio. Cash earnings over the last 12
monthes divided by the current issuer capitalization.
Return on equity. Net earnings over the last 12 monthes
divided by the current issuer capitalization.

Predicted earnings-to-price ratio. 12— month

forward-looking earnings per share divided by current price.

Forward-looking earnings per share are defined as
EPSior = (M- EPS; + (12 — M) - EPSy)/12

EPS; : consensus of EPS forecasts for current fiscal year.
EPSs : consensus of EPS forecasts for next fiscal year.
M : number of monthes remaining to the end of current
fiscal year
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Style factor LEVERAGE

w1 - BLEV 4+ wo - MLEV

BLEV Book leverage. Computed as

BV +PF + LD

BLEV =
BV

BV : most recent book value of common equity
PF : most recent book value of preferred equity
LD : most recent book value of long-term debt

MLEV Market leverage. Defined in the same way but BV is
replaced by the most recent issuer capitalization.
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Yro ere MOXKHO NPUIAYMATh?!

Price reversion
Analyst sentiment

Analyst revisions
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Factor: Price reversion

Komnanuu, KOTOpble J0pPOKAIN HA MPOTAKEHUU TTOCTETHUX
HECKOJIbKUX JIHEl, moenieBeior. Kommnanuu, KOTOpbIe [IeIeBe I,
OYyayT IMOIOPOKAIOT.

[Ipumep: return over 3 days
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Analyst sentiment

B noBesennn axmuit, KOTOpbIe HPABATCS AHAJIUTUKAM, €CTh
9TO-TO ODITee MO0 OTHONIEHUIO K aKIUIM, KOTOPbIe aAHAJTUTUKAM
HE HPaBATCH

[Tpumep: nocunrars cpexnuit peiirunr (buy/sell /neutral) o
BCEM AHAJUTUKAM Ha PbIHKE
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Analyst revisions

Peirok pearupyer ma pakT m3MeHEHUS IPEICKA3AHUIT
AHAJUTUKOB
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Hayunmca crpouts Fama-French style puck-momenn
V3naem 00 0CHOBHBIX (haKTOPaAX

Hayunmcst oneruBaTh Mojten

[TocMoTpM, 9TO MOXKHO JIEATH € MOMOIIBIO MOIEel
[TocmoTpuM, Kakre MOryT OBITH MPOOJIEMBI IIPU ITOCTPOCHUHN

HOCMOTpI/IM Ha 9UCTO CTaTUCTHUYECKHUEe MOJEC/IN
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Cxema OIleHKHU IapaMeTpoB Mojiesin Ha rnpumepe Barra

Cross-sectional regression with weights proprtional to /mcap

Outlier stock returns detected and filtered with a two-step
regression scheme:

(1) Ri=Bim-Fu+ > fic-Fo+> Biy-Fy+ > fis-Fs +ei
c 7 S

(2) identify outlier component e;: set emax = 3 - std; (&i)
if abs(g;) > emax then set e; = & — sgn(e;) - €max, otherwise
;=20

(3) Ri—ei =B -Fu+X Bic-Fe+ X 8y - Fi+3 Bis - Fs + &
c ] S
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Y710 MOXKHO JIeJIaTh ¢ MOJIEJIBIO

[Tpoanannsuposars noprdens (craruka)
Baxemxuposars noprdens (craruka)
[Tpoanagm3upoBaTh CTPATErnuio (JIMHAMUKA)

[IpoanasmsupoBars u yayammrs discretionary crpareruio
(muHAMUIKA)

[Toctpors GakTOPHYIO CTpATEruio (IMHAMUKA)

40 / 65



Ananms noprderns: factor exposures

Ob6o3HaueHnd

Lp x(t): portfolio exposure to factor k at the end of period t
B oTHOCHTE/IBHBIX 3HAYCHUAX:
Lp i (t) = >_ Lik(t)wi(t)

QusnuecKnii CMBICI: Ha CKOJBKO CTAHIAPTHBIX OTKJIOHEHHI
daxTOpHBIH TTPOGUIL TTOPTMETST OTANIALTCT OT PHIHOYHOTO
opTde/ist
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Ananms noprderns: factor exposures

Ob6o3HaueHnd

Lp x(t): portfolio exposure to factor k at the end of period t

B OTHOCHUTEJIbHBIX 3HAQYEHUAX:
Lp k(t) = > Lixk(t)wi(t)

QusnuecKnii CMBICI: Ha CKOJBKO CTAHIAPTHBIX OTKJIOHEHHI
daxTOpHBIH TTPOGUIL TTOPTMETST OTANIALTCT OT PHIHOYHOTO
opTde/ist

B abco/roTHBIX 3HAYEHUAX:

Lp k(t) = > Lik (t)Ni(t)Pi(t)
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Anamms moprderns: factor risks

Obo3HaveHmst
Qp k(t): portfolio risk mo ormomrenuio x dakropy k B KOHIIE
nepuoga t

Qpx(t) = > Lixwio(Fy)
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Anamms moprderns: factor risks

Obo3HaYCHUYI

Qp k(t): portfolio risk mo ormomrenuio x dakropy k B KOHIIE
nepuoga t

Qp k(t) = > Lixwio(Fx)
B a6CO.HIOTH])IX SHaQYECHUAX:
Qpk(t) = > Lix(t)Ni(t)Pi(t)o(Fi)

DusnvecKuil CMBICT: Ha CKOJIBKO TIOJIEIIIEBEET / TO0POKAET
noprdenb, eciim HGaKTOP j MOWJAET BBEPX HA, OJHO CTAHIAPTHOE
OTKJIOHEHUE
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Amnaznir noprdes: portfolio risk

CrenaeM JBa IIPeIIOI0KeHHS:
e corr(Rg,e) =0

e corr(ej,gj) =0

Torma:
Var(RP) = VaIgsystematic + VaTgpecific
/
Valsystematic = LPZLP
/
Vargpecific = Wpvar(e)Wp
Ob6o3naueHust

2 : factor variance-covariance matrix
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Gopmupoanne factor tracking portfolio

Bazada: mocrponTsd noprdens ¢ LK =1 u LiFk =0
Pemenne

1. Bcomuanm, aTo
Lpx = > Lixw;
2. Jlobapum:

Swi=0>|wi| =1
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Gopmupoanne factor tracking portfolio

Bazada: mocrponTsd noprdens ¢ LK =1 u LiFk =0
Pemenne

1. Bcomuanm, aTo
Lpx = Lixwi
2. Jlobapum:
Swi=0>|wi| =1

MoKHO 1OIy9uTh MHOTO TaKuX moprdesieit
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Gopmupoanne factor tracking portfolio

Bazada: mocrponTsd noprdens ¢ LK =1 u LiFk =0
Pemenne

1. Bcomuanm, aTo
Lpx = > Lixwi
2. Jlobapum:
2wi=03|wi| =1
MoKHO 1OIy9uTh MHOTO TaKuX moprdesieit

He Bce n3 Hux Oy/yT onruMasibHbIMKU C TOYKH 3peHus residual
risk u He Bce OyayT TOPryeMbIMA
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Gopmupoanne factor tracking portfolio

AjibrepHaTnBa: ONTUMUBAIMOHHAS 33348

Qp — min
S.t.LRk =1

CMBICT: MUHUMU3HUPYEM DUCK, COXPaHAsd KOHCTAHTHBIN eXposure
K KejiaeMoMy (aKTopy.
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Gopmupoanne factor tracking portfolio

AjibrepHaTnBa: ONTUMUBAIMOHHAS 33348

Qp — min
S.t.LRk =1

CMBICT: MUHUMU3HUPYEM DUCK, COXPaHAsd KOHCTAHTHBIN eXposure
K KejiaeMoMy (aKTopy.

Sagada aHATOTHIHA, 33/1a9€¢ MAKCHMUBAINN €XPOSUre K OTHOMY
dakTOpy mpU COXpaHEHUH KOHCTAHTHOTO PHUCKA.
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Amnayms crparernm: PnL attribution

Hamo: ectb HEKOTOpas crparerus (T.e. MOCIEI0BATETHHOCTD
nopTdeieil Mo BCeX TOYKAX HEKOTOPOTO MEePHO/Ia BPEMEHH).

Tak:ke ecTb IIocjIe 10BaTe/IbHOCTD, JOXOJHOCTL CTPATEruu BO
BCEX TOYKaX I9TOro mepuo/ia.

3ajiavua: MOHATh, 33 CYeT 4ero noprdesib JeMOHCTPUPOBAJ TY
WU WHYIO JJOXOJTHOCTb.
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Ananus crparerun (PnL attribution)

BcemomunMm g single stock:

Ri(t) = Rsystematic(t) + Rspeciﬁc(t)
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Ananus crparerun (PnL attribution)

BcemomunMm g single stock:
Ri(t) = Rsystema.tic(t) + Rspeciﬁc(t)
st mopTdesiss aHaTOTHIHO:

RP (t) = Rsystematic(t) + Rspeciﬁc(t)
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Ananus crparerun (PnL attribution)

Rp (t) = Rsystematic(t) + RSpeciﬁc(t)

Rsystema.tic(t) = Z Li,k(t — 1)Fk(t)

spec1ﬁc(t Z WlF (t
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Ananus crparerun (PnL attribution)

RP (t) = Rsystematic(t) + Rspeciﬁc (t)

Rsystema.tic(t) = Z Li,k(t — I)Fk(t)

spemﬁc g wil' 1

PeSyﬂbTa.T: Mbl MO2KEM MMOHATH CUCTEMATUYICCKYIO KOMIIOHECHTY
PnL crparerun u stock picking kommonenTy
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Cozpanne haKTOpHON CTpaTeruu

Samada: ¢esaTh TaKylo CTPATETHio, KOTOPast ObI MAKCHMAJIBHO
TO4YHO (IO KpaiiHeil Mepe ampuopH) OTCIEXKUBAJIA, JTOXOJHOCTH
daxTopa uwian GHaKTOPOB.

Ocnosroe oramane ot factor tracking portfolio: menynesbie
U3/IEPKKY HA M3MEHeHe TopTdets.
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Cozpanne haKTOpHON CTpaTeruu

BapuanTbl, Kak MOKHO (HOPMY/IUPOBATH 33/aUy:

e JlumuTrpoBaTh, Kakag 9acTh TOPTQEId MOXKET MEHATHCS
[IpH KaXK 01 mepebaIaHCHpPOBKe
[Ipo6nema: transaction cost s pasubix akiuii Oyer
O4YEHb PA3HBIM

e JIUMUTUPOBATH MAKCUMAJIBHYIO OKUIAEMYIO CTOUMOCTH
riepebaJlaHCuPOBKH
[Ipobiema: dopmysta transaction costs MoxkeT OBITH
HeTPpUBUAJIBHONI

e Brriouarh CTOMMOCTH epedaIaHCUPOBKU B
OITUMUBUPYEMYIO DOPMYJLY
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Hayunmca crpouts Fama-French style puck-momenn
V3naem 00 0CHOBHBIX (haKTOPaAX

HayLH/IMCH OII€EHNBATH MOJEJ/IN

[TocMoTpM, 9TO MOXKHO JIEATH € MOMOIIBIO MOIEel
[TocMmoTpuM Ha 9UCTO CTATUCTUIECKHE MOJEJIN

[TocmoTpuM, Kakre MOryT OBITH MPOOJIEMBI IIPU ITOCTPOCHUHN
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Stepwise optimization

Sample covariance matrix

Q=(R-ER)' x (R—ER)/T, Q= (aij)xn)

First iteration step: find 1st factor loadings.

LY X Q X Li — max
(1 x N) (N x N) (N x1) (Ly)
subj to: { Ly > 0

As a result get first factor returns (scores):

Fq = R X Ly / N
(T x1) (T x N) (N x1)
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Stepwise optimization, k-th step

k-th optimizaton step, k = 1,..., K, where K is the number of

factors
Li X Q X Ly — max
(1 xN) (N x N) (N x1) (Ly)
Li X Lk =1
Lk71 > 0
subj to: Ft xF, = 0

Ft_ xF = 0
As a result get first factor returns (scores):

Fk = R X Lk/N
(Tx1) (TxN) (Nx1)
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Maximum Likelihod Estimation

Assumptions: {e;} are i.i.d. normal; cov(ej, gj) = 0,1 # j.

R, matrix of returns is de-meaned. In the case where the factor
returns F are observed, the MLE estimate of the exposures B,
and specific risks {o?} are calculated as

L=F"F)'72"R

o? = diag(R' x R)/N = diag(R' x E)

No assumptions on distributional form of the observed factor
returns F are made.
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Expectation-Maximization Estimation

Both factor returns F and factor exposures L are estimated
through some iterative procedure. The reason is to choose a set
of orthogonal factors that are optimal in some sense, given some
prior info about distributional form of factor returns F. As
above we also assume that e ; ~ N(0,07). We then have

(Ri|F?Li?0—i2) ~ N(F - Li’o'i2)’
Sufficient statistics for the above complete-data MLE estimators:
CFF = Ft : F/N, quadCFR = Ft : R/N, CRR = Rt : R/N.

We adopt an assumption for F as a multivariate normal prior.
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Expectation-Maximization Estimation

The conditional expectation of the sufficient statistics, given the
observed data R and current estimate of the parameters (L;, 0?)
can be calculated:

E[Crr|R,L,0%,Q] = F'-F/N+A
E[CFR|R,L,J2,Q] = F'-R/N
E[Crr|R,L,0%,Q] = R'-R/N
where A = Q—(Q-L)(¢?2+L'-Q-L) ' (L'-Q)
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Expectation-Maximization Estimation

Expectation-step:

A = Y —%-L-delta
F = R-¢

where
=02 LT -0 2. L' (T4 L0721 L0 2 LY X

Maximization-step:

L = (FF-F+N-A)"L.F'. R

E = R-F-L

0? = diag(R'-E)/N = diag(E'-E+L'- A -L)
Yy = F'.F/N+A
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Hayunmca crpouts Fama-French style puck-momenn
V3naem 00 0CHOBHBIX (haKTOPaAX

HayLH/IMCH OII€EHNBATH MOJEJ/IN

[TocMoTpM, 9TO MOXKHO JIEATH € MOMOIIBIO MOIEel
[TocMoTpuM Ha YUCTO CTATUCTUIECKHE MOJEIN

[TocmoTpuM, Kakue MOryT OBITH IPOOJIEMBI IIPU ITOCTPOCHUHN
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OcHoBHbIe TIPOOJIEMbBI U OMINOKI

OcuoBnas pobjieMa: JaHHbIE

OcnoBnag ommbka: forward looking bias
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Jlannbre: corporate actions

Corporate actions

Stock split
o JIwBUaEH B!
Rights

... eme 80 pasHBIX CHEMUATBLHBIX CIyIaeB
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Jlannbre: corporate actions

Corporate actions

Stock split
o JIwBUaEH B!
Rights

... eme 80 pasHBIX CHEMUATBLHBIX CIyIaeB

Brugror Ha ganHbie fjsg Apyrux pakTopoB
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Jlannbre: corporate actions

Corporate actions

Stock split
o JIwBUaEH B!
Rights

e .1 eme 80 pasHBIX CHENUATBLHBIX CIyIaeB

Brugror Ha ganHbie fjsg Apyrux pakTopoB

Bimusror Ha 11eHbI
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Jlannbre: corporate actions

Corporate actions

Stock split
o JIwBUaEH B!
Rights

e .1 eme 80 pasHBIX CHENUATBLHBIX CIyIaeB

Bausror Ha maHHbIe A8 APYTUX (PAKTOPOB
Bimusror Ha 11eHbI

Biustior Ha 10XOAHOCTH cTpareruii (quBuaeHbl!) u Ha
beHaMapKH
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Hannwie: backfills

Backfills

e OcobeHHO Y4aCTO BCTPEYAIOTCS B JAHHBIX 110 AHAJIUTUKAM

e Ciyuarorcsi B PyHIAMEHTAJBHBIX JTAHHBIX
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Hannwie: backfills

Backfills

e OcobeHHO Y4aCTO BCTPEYAIOTCS B JAHHBIX 110 AHAJIUTUKAM

e Ciyuarorcsi B PyHIAMEHTAJBHBIX JTAHHBIX

EnwncTBeHHbIil paBU/IBHBIN BApUAHT: CAMUM KaK/IbIll /I€Hb
COXPAHATD
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Omubku: universe

Universe
° HeJ’[I/IKBHﬂHbIe AKIINM1 (B IKCTPEMAJIbHBIX CJIyYdadX MOZKET
MeIlaTh U OleHKe (DAKTOPOB)
e Short sell orpanuvuenus

e Forward looking bias: Henb3s ucmnosib30BaTh OyIyIIINe
KOMITO3UIN BCEJIECHHON
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C ueMm HaJI0 CpaBHUBATDH CTPATErUN

[IpaBuaLHBIN OTBET: CO BCEM, C UEM IOy IUTCSI

e IMunexceor; g long only crparernn
e Universe: jys long only crparernit

e Factor tracking portfolios miga kmaccuueckux haxkTopoB
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['opmsonT backtest-a

lopuszonT mo/KeH OBITH TAKOW, ITOOBI:

e Bpuio g0CcTaTOuHO MHOTO IepedaIaHCHPOBOK

e Bouu pasubie nepuogbl (kpusuc, poct, quant meltdown,
Lehman crisis, QE, ...)

e Brouta BuAHA AUHAMUAKA aIb(MbI
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Risk Model Providers

MSCI Barra
Axioma
EM Applications

Most large investment banks
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