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3ap,al4a BOCCTAHOBJNIEHUNA COCTaBa UHBECTULMNOHHOIO

noptdens

AkTuBbl — ueHHble Bymaru (akyum, obnuraunu, Bekcens u np.),
i=1,...,n, Topryemble Ha BMPXXEBOM pbLIHKE 1 XapaKTepusyMmble B
KaXKAbl/i MOMEHT BpeMeHU CBoell bupxesoii LieHOM.
JoxoaHoCcTb Ha HEKOTOpOM nepuoge BnafeHus t:
Xt,i = ZZ,’?CI b_ ijg
; g

Zy i

, OTHOCNTENIbHAA CKOPOCTb N3MEHEHNA LIEHDbI

AKTUBOE Ha BUPXXEBOM pbIHKE N — ThICAYM.

MNuBecTuumonHblii noptdens — gonesoe pacnpeaeneHne kanutana
HEKOTOPOI KOMMNaHUN CPean 4acTu LeHHbIX bymar A < n

(kak npaBuno, rnybokas TaiiHa)

B=(f1,---Bn)eR"; Bi=0, Yi;Bi=1

3apava — yrajaTtb pacnpeaeneHue KanuTana no COBOKYMHOCTM
HabnogeHnt 33 AOXOAHOCTAMI aKTUBOB 1 NopTdens B Lenom.
Returns Based Style Analysis (Vunbsim LLlapn)
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Returns Based Style Analysis no LLlapny

Nuneiinas mogens Wapna: y = Y7 Bix;

CosokynHocTb Habntopennii: (ye, x¢ i, i =1,...,n), t=1,...T
— LOXOAHOCTM nopTdensi, aKkTUBOB.

3apava kBagpaTuyHoro nporpammuposanus no LLlapny (RBSA)
B npenonoxeHun n < T:

(Brr-- - Bn) = argmin 1, (ve = 37y Bixei)?
27:1 Bi=1 (1)
B;i=>0,i=1,...,n

OgpHako B peanbHocTn n > T (TbICAYM NPOTNB COTEH).

B aToii cnTyaumn HEBO3MOXHO HalTV Masnoe NOAMHOXECTBO aKTUBOB
i < n, B B{eliCTBUTEILHOCTM COCTABASIOLNX NOPTMhEb.

HeobxofnmMo yunTbiBaTh anpropHbIe MPEANONOKEHUSI O TOM, KaK
aAAMNHUCTPATOP MOT Obl COCTaBUTbL UHBECTULMOHHDINA MOPTEsb.
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Factor Search

B maructapckux gucceprtauyusix Vnom MNyraya n Anekces Mopo3zoga, aTa
npobnema bbina Hassawa Factor Search: |I| = A < n = I

OcHoBHasi nges — npy OLEHMBAHNM SONIEBOrO PacnpefesieHnsl KanuTana
YUUTBIBAaTb CTATUCTUHECKYIO UH(POPMALMIO O JOXOAHOCTU UCCNEAYMEOrO
nopTdens n JOXOQHOCTSAX BCeX OBUPXKEBbLIX aKTUBOB.

BTEB =X B+c(y=XT8)" (y—XTg) > min(8)
1"8=1  B=0

y=(1-yr) €ERT  X=(xg,---x7) e R™T

3pect X (nx n) u X (n) — pe3ynbTaT TEXHUYECKOrO aHaNN3a;
KOBApPUaLMOHHAs MaTPULLA U BEKTOP MATEMATUYECKUX OXWNAAHWI
konebaHuii JOXOAHOCTEN aKTUBOB B MPOLLIIOM;

Npes paHHOW paboTbl — AOMONHUTL TEXHUHECKWIA aHANN3 MPOLLIbIX
AOXOAHOCTEN aKTUBOB SKCMEPTHBIM MHEHUEM O MPEANOYTUTENLHOM
CKpbLITOM COCTaBe NopTdensi.
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MaTemaTunyeckasi popMann3saumnst SKCNepTHbIX Cy)KaeHuii 0b

OXKILAEMOM CKPLITOM COCTaBe nopTdens

Mpepnaraercss — [ONOHUTL OLEHKN KOBAPULMOHHON MaTpuLbl 1
CpeAHero BeKTOpa LOXOAHOCTENR akTuBOB (3, X) MaTpuLE 1 BEKTOPOM TOIA
xe cTykTypbl (B;z), dhopmanusytowyx MHeHNe 3KCMepTa O pasyMHOM

cocrtage noptdens.
MycTb 3cknNepT BbIpasus CBOE MHEHUE OTHOCUTENILHO:

BonatunbHoctn  poxon- HecoBmecTHocTu nap ak- [lpegnoytutensHom

HOCTell aKT1BOB TNBoB cocTase noptdens
d1 1 2 ... nNn 7
d> N 1 rn z
c]n 1 Zn

ArperuposanHas matpuua: B = [Diag(d)]” R[Diag(d)]
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MaTemaTunyeckasi popMann3saumnst SKCNepTHbIX Cy)KaeHuii 0b

OXKILAEMOM CKPLITOM COCTaBe nopTdens

Arperuposannas matpuua: B = [Diag(d)]” R[Diag(d)]
CTpykTypa 3TOil MaTpuLbl aHAIOTMYHA CTPYKTYPE KOBapULIMOHHOIA
MaTpuLbl:

bii ... bin didini ... didprin
B=|: . = |= : : (3)
bpi ... bm dndirn1 ... dpdnrpn
0101P11 ... 010pP1n
CpaBHum: X = : 5 (4)
On01Pnl -+ OnOnPnn
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MaTemaTunyeckasi popMann3saumnst SKCNepTHbIX Cy)KaeHuii 0b

OXKILAEMOM CKPLITOM COCTaBe nopTdens

nyCTb 3CKNepPT Bbipa3ns CBOE MHEHNE OTHOCUTENBbHO!

BonatunbHoctn poxog- HecoemectHocTwm nap ak-  [lpeanoytutensHom

HOCTell aKT1BOB TNBOB cocTase noptdens
d1 1 rig ... nnp 7
d> " F2n z
d == . S R R = . : zZ = :
c]n 1 Zn

Arperuposannas matpuua: B = [Diag(d)] " R[Diag(d)]

dakTn4eckn 3T MaTpu-

Ubl ONPERENsItOT Cy>XXAe-

HWEe SKCMEPTa O CKPbITOM
noptcpene: 0 < p < ©© {
CTeneHb HeLOBEPUS K AO-
XOLHOCTAM aKTUBOB

BTBB — puz' B — min(B
TS NC
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[MprvmMep BbIbOpa MaTpuubl B

Bcero bupxesbix aktueos I = {i =1,...,n}, n = 650

MNpeanonoxum, 4To aKCnepT pasbun 3To MHOXeCTBO Ha m = 15 rpynn,
0bbeAUHSIIOWNX aKTUBbI, CXOGHBIE MO HEKOTOPLIM COLNANLHO-AEN0BLIM
npeactasnedusm: [ =11 U---Ul,, I, N =2, k#1 .

DKCMEPT NPeAnonaraeT, 4To B NOpTeNnt BPsiA SN BXOAAT bonee ogHOro
NPeLCTaBUTENST KaXKLOW rpynnbl.

B TepmunHax matpuubl R HECOBMECTMMOCTM nap akTWBOB 3TO O3HAYaeT,
4TO WTpad r;j ANSA i,/ U3 OfHONA rpynnbl AOMKEH ObITh OYeHb DonbLINM,
Hanpumep 0.9999, nockonbky r;; =1

CooTBeTcTBeHHO, fuaroHanbHble (a) u HegmnaroHasbHble (b) 6ok R
MMEIOT BUA:

1 1099 (---]0.99 0 0 0
099 1 |---[099 0 O[] O
0991099 |---| 1 0 0O [---] O

(a) (6)
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Expert Based Factor Search

Factor Serch Ha ocHoBe TexHuyeckoro ananusa (Iyray, Mopozos):

BT 2 B-uZ B+cly-XTB)" (y—XTB) = min(8) (6)
lTﬂ =1 ﬁ >0
Haw Factor Serch ¢ y4etom skcnepToHOro mMHeHus:
BT ((1—04)2—}—013),6—# ((l—a)i—i—az)Tﬁ
(7)

+c(y—X"8) T (y— XTTB) — min(3)
1"8=1, B=0
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Expert Based Factor Search

BT((l —a)X + aB)ﬂ — ,u((l —a)X + ozz) T,3—|—

+c(y—XT8)" (y — XTB) = min(3) (8)
178 =1; B8>0

Ecmy = (y:,t =1,..., T) — ananusupyemsblii noptpesnb, TO BCsiKast
koMbuHauust napameTpos (v, i, C) LAeT pelleHme 3Tol 3ajaqn Kak
COBOKYMHOCTb KO3uumeHTos B = (Bi,i=1,...,n) n cnegoBaTenbHO
coctas nopTdens:

f={i:8>0}el, A=Ii|— pasvep noprdens

DTO HUYTO MHOE KaK MapaMeTpbl Perynsipu3aumny MOgen.

[ns Boibopa nx 3HaYeHWn Ans LAHHOrO HabMOAEHHOro CurHana y
HEOBXOAMMO MCMOJIb30BaTh HEKOTOPLINA KPUTEPWA BepudrKaLmm Mogenn
(obowatoweii cnocobroctn). Hanpumep Leave One Out (LOO).
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KpuTepnii Leave One Out gnst Factor Search

Wrak, nyctb y = (y¢, t = 1,..., T) — aHanusnpyemblii noptensb.
B npeanonoxeHnu, 4T0 agMUHUCTPATOP NOCTPOU €rO MO NPUHLMAMY
PacCMOTPEHHOMY paHee, OCTAeTCsl HallTN 3HAaYeHUs MAapaMeTPOB «, [, C

Kputepuii LOO paeT KonM4eCTBEHHYIO OLIEHKY BCAKOMY BapuaHTy «, i, C

2
LOO(a, 1, c) TZ(}/r ZB%C, ) — min(a, p1,¢)  (9)

OgHa TpyaHocts — Bblducnenue 3 ¢ ogHuM nponyLyeHHbIM
HabNIOAEHNEM HY)KHO MOBTOPUTL OYeHb MHOro pas (T pas).

Ons npeopgonerus stoii npobaemsl MNyray n Moposoe paspabotanu
cneumansHyto popmy kputepusi LOO, yuutbisarowyto cneuundurky 3agaqu
Factor Search.
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KpuTepnii Leave One Out gnst Factor Search

CneunansHas cdopma kputepus LOO gns Factor Search:
2
1 Ll Ve — 2 oit1 Bayue,iXe,i
LOO(a, p, c) = 7 Z e — min(a,

-1
—_ Y T
t=1 \ 1 XHQ,H,C,t (xﬂa%cxﬂa,u’c) Rl pcit

3p/eck anist Kaxxgoro kombnHaumii Habopa («, 1, C) AOCTaTOYHO OAMH pa3
HaliTh BekTOp KO03chdbuLEHTOB perpeccun, obpaTB COOTBETCTBYIOLLYHO
MaTpuLy.
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3KCI'IepI/IMeHTaII bHasA 4acCTb

n = 650; T = 240
Ctpoum noptdennu:

o = argmin (a,@TE,B +(1-a)B"BB + ,uYT,B)
178=1 (10)
B=>0
MHoxecTBO akTuBHbIX MHAekcos: I}, | = {i: 5:;&;,- > 0}
Vit = ) B iXei + & (11)
I'GH:LQ

o?(¢) = 10%

Pbibka Enusaseta (M®TU) 28 utonst 2018 r. 14 / 18



3KCI'IepI/IMeHTaII bHasA 4acCTb

3asucumocTb pasmepa noptdens : [I [ oT «, p :

KOJ'H/I‘-IGCTBO AKTUBHbIX perpeccopOB
[
~
ul

600 800

u 1000 00
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3KCI’IepI/IMeHTaJ'I bHaA 4aCTb

u=30,a=01 1=30,a=05

H=200,a=0.1 u=200,a=0.5 u=200,a=0.9

Expert Based Factor Search

A Priori Factor Search
Blind Factor Search
cTusssie Ko3ppuumenTs:

bibka Ennszaseta (MPTN) 28 untons 201




Cnacnbo 33 BHUMaHMe!
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5T((1 AT+ aB)ﬁ - M((1 Q)%+ az) rn
+c(y—X78)" (y — XT8) = min(B) (12)

178 =1,

B=>0
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u=0 a=0.1

REAL
NAIV
RISK AVERSION
EXPERT BASED

=30, a=0.1

I REAL
e NAIV
|
|

RISK AVERSION
EXPERT BASED

u=200,a=0.1

I REAL
e NAIV
|
|

RISK AVERSION
EXPERT BASED

u=0 a=0.5

REAL
NAIV
RISK AVERSION
EXPERT BASED

PR A SRS

=30, a=0.5

I REAL
e NAIV
mm RISK AVERSION
mmm EXPERT BASED

ORI D ARSI SRR

u=200,a=0.5

I REAL
e NAIV
mm RISK AVERSION
s EXPERT BASED

A TR 2 2 S SN NI

u=0 a=0.9

REAL
NAIV
RISK AVERSION
EXPERT BASED

RS O o S S R

=30, a=0.9

REAL
NAIV
RISK AVERSION
EXPERT BASED

PSRRI

u=200,a=0.9

I REAL
. NAIV
B RISK AVERSION
mmm EXPERT BASED




