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snooping kag multiple testing

6. 14 walk-forward, purged validation, bootstrap, sensitivity kag regime analysis e
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Learning, NLP/LLM, alternative data & reinforcement learning
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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

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 14: nsasUBIUTINMuazNsUTInswesaalielul 410

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

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



unil 14: nsasUBIUTINMazMsUTINSwesaalielul 412

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?

Ay e wfeshLie ANVADAFIEASLATENH UMINYIFUTITUFNERNS



unil 14: Msamulslinaumaznmsuimsnwesaadielnal 418

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)
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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

ADIUYIUAR

A O

nagNs# Sharpe genniu backtest usifl economic rationale 8ouAISHIU research gate 3okl
N ML model § RMSE sinndusias1a turnover gandt lunalaaisgnidend msunisasmu

nsiiiudeyaduILLINYILan model risk lauevseo1ALY data-mining risk

o o

Alpha 7 correlation #infiu alpha library widl capacity snunnésfinauasienasavialyl

aa 1 @

misvgaldlunaiie Sharpe anawwila wiendsliinarivaredfsiuniv

Tuga Al AnulaIeundeduaisegiluma Jaya execution %138 governance UNTIan LWL

T

Yy a v =
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Unil A 4R399 11 119 AAAAIEAT §I1UTU N1T 89U WAL N3
USNITND3IA

Al UNUINVRINIARNUINT

Yy v

MAKNUINTLSIVTINATBI LB MIANAA1ERS N 1590 Tunang unveemnst wie N e1uaIunsa gounauLIm

Y

unuldlne lidesvens easideniugiu Tuunwdn WemIsdidnvazilu mathematical reference

1NNINUNBHUARAAIANSWUULALT IV

A2  FyYnIalNaTIuLaTNARN

dwiudnnwe Ty, ..., T,

n

n
E T, =21+ +2zx,, Hxi:xla:Q---xn.
i=1 i=1

& . ~ v | a ) a
Nl Rt ABNAANBDULLNULLUU S|mple return IUQQGW] t a2 N“ﬁﬂrlwuﬁﬂwu‘waﬂ T vnpe

N

Vip=Vy H(l + Ry).

t=1

A3 aaN1STULAZNANRULIULUUADNISNY

Tenu log return 1Ju

91naudd In(ab) = na + nb azla
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Uszhundneseda

Simple return WiNEAUMITINKARDULVILYBAUNSNENansviinnelunafied @ log retumn

TauUd additive nunan Ialimsaduldaestoulaeliseylvdaau

A4 IInmashasunsng

v

Tinnwesintnvasnasmdu

wq
w= , 1Tw=1,
wn
LATNNADSHANBULNUANAMIN LT
M1
M pry
Mo,
FIUUNANDULNUANANLNYVDINDIAAD
T
oy = W' L.

A.5 Covariance Matrix tta® Quadratic Form

1%
2
01 012 O1n
2
o o o
21 2
E _ 2 n :
o o o2
nl n2 n
1o
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ANULUSUTIUTRINDIARAD

Jg =w'Yw.

wnsngAuKUsUTINTIdU symmetric positive semidefinite fatiu
x' x> 0

dmsunnmes x nnnnnes

A6 MImayRusvaIrantunasn

dniu
fw) =w'Sw

dlo X Wuamsndaunnns
V.. fw) = 2%w.

v g
e @& A

NﬁﬁWﬁuLUuwugmwm minimume-variance optimization UAYATIATIZY marginal contribution to

risk

o

A7  faAnaInsess

v

Ny
1
mn  —w'Yw

w

mela
1Tw=1
ANAUA .
L(w, A) = —wSw — )\<1TW —1).

Foulvsusunilsly
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dlo 2 anduly
w=AX"11.

THvadfnvnmingauwindunts agla

Global Minimum-Variance Portfolio

A8 nsalliNanaulnuiviung

PNANTDINA
Uayn Markowitz wuuEAsEILAD

aela

1w =1, w'p = p*.

Jg v o v a ¢ 1 a . . Y a '
ﬂ’]ﬂNU’JﬂUI‘MLWUQIﬂiQai’NVINﬂmG]ﬁ"Iﬁﬁﬁ #@Un13nAU efficient frontier LLa%ﬂ’ﬁl‘Uﬁ]ﬁﬂa%lu‘UW

AANVDIANSN

A.9  Convexity LLﬂ%LWQNaﬁﬁ'} ARYsia Portfolio Optimization

X = 0uin
fw) =w'Sw

< ¢ o o I .. . YV o v a v < . . .
WDuilsrdu convex f3u minimum-variance problem aelgtagninmadu Uy convex optimization

problem
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Uszhundneszda

1139 objective WU convex Wldnanaaiud input data gﬂé}’amua Covariance estimation

error, ill-conditioning, constraints Wa¥ transaction costs ganunsasilinesafle litatiesly

NIUFUR

. oy 0 dl Y
A.10 Matrix Identities Nlduae
A vsunninesuasuysnaRinRaenada iy
T TAT “INT T\—1
(AB)' =B'A", (A H =),

wazen X 1Ju symmetric

A1l &3

9

wiasilelunianuinilaseunqudynsal Rnwes wWvisng quadratic form ayus Lagrange multiplier

way convexity Fuduguadacmaniveinsiinszinesnnaenriaan
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Nl B AUl U LaS d0RA 8IS URNE A ULNULAZ AN
Ve

B.1  UNUINUBINIANUING

MarwIndsunuwwifanuhaslunazadd Alfduiugulunisiesizinanouuny pudes nsn

5¥18ANUEYY NTUTTUUATNIIIARDS Wazn153n tail risk

B.2 AjuUsguuazAraiavang
W R usudsduununanouunu aainvingfe

E(R) = p.

& a, b \Jueasil
E(a 4+ bR) = a + bE(R).

ASUNBRULNUMANLEUNSNE

3

)}

Lo

f=d)}
S

B.3 Variance wa¥ Standard Deviation

SOTIEY

Var(R) = E[(R — p)?]
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bbel e

SD(R) = +/Var(R).

dmsuread a, b
Var(a + bR) = b*Var(R).

B.4 Covariance wa¥ Correlation

813 covariance wu
Cov(R;, R;) = E[(R; — ;) (R — py)].

Correlation g (R R )
Cov( fv; .
Cor(R;, R;) = —
0,0
o 0;,0; > 09:d

Uszhundnese i

Correlation fi1¥wadns diversification 161 usi correlation Wuenfivszanaandeyauazanunse

wWasuuwlasesrann Tutisinga Jshimsiiodnduainsiians

B.5 A2MULUSUSIUVAINDIA

dusunesnaasdunsng

2 _ 2 2 2 2
0, = Wi0] + w505 + 2w Wy075.
) a U 4
NI 1 @UNING
n n
2 _ W7
i=1 j=1
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B.6 Sample Mean, Sample Variance a2 Sample Covariance

dwiudeyananouwnu Ry, ..., Ry sample mean fg
. 1<
R —_ — Rt.
3
sample variance #®
1 & _
2= —— R, — R)2.
8 T_1 ;( t )
sample covariance f®
1 & _ _
5 = 4 Z(Ri,t - Ri)<Rj,t - Rj)'
t=1
B.7 Normal Distribution
a1
R~ N(p,0?),
W R
z=""1_N(@,1).
o

Normal distribution im1ud1AylugIueuuUTIa09971989 UiNaNaULIUASI1AY skewness, fat tails

ae volatility clustering

B.8 Lognormal Price Model

o1 log return vJu normal

Pr
—_— Y 2
n (Po) N(m,s?),

wd Py i lognormal distribution wazfAnduuiniaus
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B.9 Skewness way Kurtosis

Skewness TinAML LU @UL1MTVRINITHANKAS @Y kurtosis T InAMURUIVRIdIUMNLagUAUNNS
LINLDID19D
dwsutoyan1stiu Arasna1diiuselerilunisnsdandn mean-variance description WieagaLfe?

o1alilieanevisely

B.10 Quantile
W F, 18 COF wosduusuiau L quantile sziu ar Sy
q, =inf{l: F;({) > a}.

g &

wwIRniliuiugIuves Value at Risk

B.11  Value at Risk wag Expected Shortfall

@ nSU loss variable L g3
VaR, (L) = q,,.-

Expected Shortfall Tunsalseiifesdeuléidu

ES, (L) = E[L | L > var,(L)].

dnfleundauiluunnninld quantile integral

11—«

ES, (L) = ! /IVaRu(L)du.
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Uszhundoeszda

AD4MTID sign convention YNATIIUUUTIABITEIN “HARBULNY” YT “V1ANU” INT1¥ VaR 71

AN return distribution U VaR Aidu3auann loss distribution 81314A3a9vu18m19iU

B.12 Conditional Expectation

i F, wnudeyainsu a van ¢ Aaavaneuuuiiteulude
E(Ry1 [ T)-

LLmﬁﬂﬁLﬂuaswvaﬂéﬂ’ﬁwmﬂiﬂj factor models, volatility models Wag quantitative strategies

B.13 Law of Large Numbers a2 Sampling Error

Wowunmeg 1Nty sample mean fuwwaldudilng population mean meladoulufiviungean ualu

%a;gammﬂmsﬁu observations e1aldidudasy uay distribution 019LUABUAY regime

fanunsidwIudeyaiissegufel lisulseiuhmininesiszanuasiaiesiueuan

B.14 &sU

9

¥

A wuIN 419 0w anu i 9z 1w las ab@ Wu g @S expected return, variance, covariance,

<3

distribution, quantile, VaR wag ES Imﬂiwazﬁaﬂﬂﬁﬂimﬂﬁmu portfolio construction &g risk

management agluunyen
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unil C gasanAfaInTUNITAIULAZNITUINITNEIA

C.1  wuInNnNIs g

nprwInildu formula reference dmiudugnIogeTING MuaziBunauuiigiu n1sfidgay N1shaw

v o w ' v Y £ Y
LLaB‘U’ﬂf\]’]ﬂﬂsﬂaﬂLLWa%Qﬁﬂ%U’QUﬂa‘U‘L‘U GAUNYAN

C.2 wWanauUunNUy

Simple Return

-
-

Cumulative Return
T

-
\\

Log Return

-
-

i m nesed

o, ~ MR, o, ~\Vmao

ann

AeleauumgIuiazay

-
N
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C3  WasANIAIMU

Portfolio Return

Expected Portfolio Return

Y,
Portfolio Variance

O'g =w'Xw
. Y,
Portfolio Volatility
_ T
g, =Vw >w

Vs
(&

C.4 Markowitz Portfolio

Global Minimum-Variance Portfolio

Sl

Naww = 1T5-1q

AU
A=1Ty"1q, B=1"%"1y, C=pu"Sy,

uaz
D= AC — B?
WO$A minimum variance MlviNanouwnut iy p* Ao

1 C’—Bu*1 Au*— B

w(p') =% o 1T

1
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C.5 Tangency Portfolio

\edl risk-free rate Ty LLaza“lgfgmGL‘m‘ﬁ' unconstrained risky-asset weights

o Eil(lu—rfl)
T TS (e —rp1)

C.6 CAPM uag Beta

5 _ COV(RZ'?RM)
i Var(RM)
. /

CAPM

E(R;) =r;+ Bi(E(Ryr) — Tf)

-
.

C.7 Performance Measures

Sharpe Ratio

Treynor Ratio

-
\

Jensen’s Alpha

-
\
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Information Ratio

R —R
_ b — _
IR = — TE = SD(R, — R,)
\ J
R —R
Sortinop = 2 MAR
DownsideDeviation

Vs
(.

C.8 Drawdown

W,

Ao wealth index wan
Wt - mangt WS

maxg<y Wy

DD, =

Y

Ly
MDD = mtin DD,

C.9 Risk Measures

Parametric Normal VaR

#95U loss L Auszanandu normal

VaRa = Ky, =+ 20071,

114 return convention fasUsuLAIBIINgl@RnAaaItUtEY loss

Normal Expected Shortfall
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C.10 EWMA Volatility

U? = )‘Ut2—1 + (1 — /\)Rf—l

C.11  Fixed Income Reference

dm3u bond niinszualuan C'F)

p_N\~_CF
—~ (1+y)t
Macaulay duration
> tPV(CF)
DMac = —
P
Modified duration D
Dmod = o
1+y
nsUszanansiUasuulassasusunis
AP
? ~ _DmodAy
LﬁaLﬁu convexity
AP 1
—~—-D A —C(Ay)?
P mod y + 2 ( y)

C.12 Rebalancing uag Turnover

TYULUURTEBY turnover fig

n
T _ l | target  pretrade
urnover, = 5 wi,t wi’t

=1
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U

6 cost rate vosAUNSNY @ Ao ¢; @w1saUsEINA transaction cost 1Tu

n
~ target . pretrade
Cost; =~ E C; ‘wi’t w; ¢
=1

C.13  gnInsIEdUNUIY

Uszuiaaesede

nouldanslalinsivedatos 4 Fow: (1) retumn u simple 3o log, (2) snsnluseiu 518

WU M%E)i’lEJTJ, (3) 19 return %38 loss convention, Wag (4) covariance/volatility an annualize
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Unil D aAsIUANWN deydnual hazAee

D.1 UM

MARINITIUTINdYanual Age wazdnidAyusngeaendis ievielideunsvaeuauming

Teeg195057 Tegliunuindeuagradunisnisluunudn
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D.2 HyanwanINAAfAIEanHazNITRY

Heyanwal AYIUNUY

P, F1FUNINY A ¢

D, Rutlunania cash distribution Tusn ¢

R, Simple return Tuan ¢

T Log return Tusn ¢

L HARBULNUAIAYUNEYDIAUNTNE 1

o HARDURVILAIAVUIEYDINDTH

o, drudoauunnsgiuvemanauwnudunIwg i
» dudsauuinpsgiuresanauLunedn
id Covariance 5¥W3INHARDUWILAUNINE © Uay j

Pij Correlation S¥WINNanBUUNUAUNINE © wag j

w nnwesimdnnese

w; dwinvesduning ¢ lunedn

1 VNLADSHANDULNUAINULE

by Covariance matrix

1 nnwesvnesAUsznauAUnil

Ty Sarmanouunulinrudes

B Beta vsduning ¢ Wisuiumnain

a, Jensen’s alpha %38 intercept MUUTUN
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Heyanual AURUY
Ry, NARBULVIUYBY market portfolio #38 market benchmark
Ry NaRaULNU benchmark
VaR,, Value at Risk fiszdiuanundesiu o
ES, Expected Shortfall fiszfuaidesiu o
A Decay factor Tu EWMA %39 multiplier anuusum
Y Yield voemsaswi
D,,.. Macaulay duration
D, 4 Modified duration
C Convexity amufignuitldluunnsansuil
AEaEARY
AED AUNUY
APR Annual Percentage Return %39 Annualized Return a1uusum
CAPM Capital Asset Pricing Model
CML Capital Market Line
CVaR Conditional Value at Risk; TunangusunldlnaiAes Expected Shortfall
ETF Exchange-Traded Fund
ES Expected Shortfall
EWMA Exponentially Weighted Moving Average
GMV Global Minimum Variance
IR Information Ratio
MDD Maximum Drawdown
MPT Modern Portfolio Theory
NAV Net Asset Value
PSD Positive Semidefinite
SML Security Market Line
SR Sharpe Ratio
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A8 AUKUY
TE Tracking Error
VaR Value at Risk

D.4

dnvilne-sanquiildnaniay
Alne English term
NSINETIAUNSNG Asset Allocation
ﬂ’l'ﬁﬂi%ﬁ]’]&lm’m@m Diversification
nsUSuaunanesn Rebalancing
NM5UTEIURANISUSITNESA Portfolio Performance Evaluation
NARBULNUAINVLNEY Expected Return
ANUKUTUTIUY Variance
damﬁmmummgm Standard Deviation
AMNLUTUTIUTI Covariance

FudszAvisandung
W@%ﬁmwmmiﬂﬂuﬁwqm
NOIPFUEE

@ URUTEANEA W
PTE: NG TRl
I AN a0
onadINTU

ANAINULEE

Correlation Coefficient
Minimum-Variance Portfolio
Tangency Portfolio

Efficient Frontier
Systematic Risk
Idiosyncratic Risk

Sharpe Ratio

Value at Risk

ANMIAYMLIBVDIAMUELMIBEIUNS Expected Shortfall

N38AAINYAFIEA Drawdown
ﬁunu@iﬂiiu Transaction Cost
AUARIALARDUIINAYTD 19D Tracking Error
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D.5 wannsluAazdyanyal

Uszaunaaesede

doyanwalideiuenafinnumneuandrsiuludmsnmiBuusiazian nsldgnsanumainiguesnds

AI3R5381Y MII8LIAT sign convention Wag normalization feutanlsiudvanslusiisieay

D.6  MuEWMAFIMIUNITEUIWAUUNAAN

Y v
v A w

Asudnidadlaliniduge Aumednasings winseinisdommeadamansinsudiu auufgiu n1s
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