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

TWR Sy danan1susmsduninglagan svsnavesdruiuias Yome Rurn oeudagdansnese

a1anuAulila

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

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

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

NARNBUWNU subperiod A

_ J
Rj= 41
J

waz Time-Weighted Return naongi9fe

Ry = [ [(1+ By 1

J=1

2.8.1 MWR iU TWR finanuaensls

A15799 2.2: WSBuTieu MWR uas TWR

Usziiu MWR/IRR TWR
ANDIUNAN Wiveslulasunanauwnuasawinla  § 9an13 e a31e Ha naUWYIL AN
Aunswdinla
Naved external flow  flkalaunss AANANIUNITLUL subperiod
Ao timing a9 mniiled valuation au 90 flow
nslaan Uszaumsal ¢ amu w3 T A Wisuifeuddanisnesnvienagns
WIveIRuAIUAY flow \ilo flow oEjuNNIAIUAY

Ay e nfasRde AVIADAFENSLALEDR UNINYIFYTIIUAERNS



unil 2: ANAANEASYBINANBULNUNITAIYU 51

MWR wag TWR hﬂﬂiéfmamﬁLLsdnsﬁ’uﬁudﬂé’ulmgﬂﬂiw WMSIZADUAIDILAUAZWUU N1SHEBNUINTINFBISY

NNINgUITAIATaINTUTHIEY

ngLean MWR fiu TWR wuuldeauass

mnfaude “Wivssluldnanauunuwitlaandunldass” WEuan MWR mndaufe “g

Jansvizenagnsaiamanauinunduninglauinlalasdanavesiuninaew” ild TWR uag

dfeya valuation liazi8uawe o1ald Modified Dietz wiouszyindu approximation

2.9  HANBUUNUIIN WuWe ATRY LASHANBULNUENS

2.9.1 WANDULNUIIINAIUND

W4 R 18u nominal return uaz m 1Judnsduilelugiadieiu

Exact Real Return

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

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

Y 9

FIUIURUTIUY

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

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

2.9.2  WANBULVUYBINTAMUAUTEIALaTanTILANIUAY

W Ry, Junassuwnudunindluanatuiiesdu wazli S, Wudnnumheanatugusenianhedana

RumaUsena deny

Sp = Si1

RFX = S )
t—

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

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

unhedged FMMUENY wAZABITINAWNU hedge U basis/roll effect audyayIls

nanauunuluanagiu

1 + Rbase = (]‘ + RL)(]' + RFX)

R...=Rp+Rpx+ R Rpx

- J

f19814 2.10. AunsndsnsUsemelinanauwnuviosdiu 8% uazanaiusinsUsymaudeansiediuuim 4%

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

Uszunaaeszde

gnsdhuaniUdeuduiuiiswves S, mnwdeuain “umsenilieRusnsussma” Wudau

NAU IA3aIneuazansTifiauNsulaAazUAsunIY Fasiaedsznie FX convention 11nASY
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293  A1sTsuten 218 uaskanauunundamulasuate

Hamauwuiietosiunsindulavesiamuamssyyegadaauindu gross, net of transaction costs,

net of management fees %39 after tax

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

et Msuszanauugal

1+R ~(1+R,)(1—f)

nsvin R, — f Wusmdsznadaduiimnsdodhniivunndnuasgiumsansssuilouaennied

1Y

U

MEingazdeaduivussanuning aameganu waenguanglugisnaity dmsdadundinnis

mualaglifesnsnnisanizidusinaionns

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

39

2.10 NaﬂaULmumn%’agaiﬁm: Corporate Actions wae Total Return

NMIAMUIMKANBULNLIINGINTDATIAABITEIN corporate actions INT1E5IANBULAEVAY stock split,

reverse split, dividend, rights issue ¥3an1snszaneyarluguduevliseuiisuiulagnse

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

90 series s18alailausu

2.10.1 51A79U 5715V wazRulduwa

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

R

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

AWIad return 970 adjusted series lalnglaifututunagn

Useuifeeseda

A1 “Adjusted Close” lilaiiTsAunmiloudunngdlvideya nousiuteyaanvaeunassies

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

2.10.2 Wealth Index ta% Total-Return Index

fvium wealth index Sudutdu
W, = 100

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

#5199 return convention LAgniu

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

wealth index Mianagnsuag benchmark 210 pipeline Wenfiuliiasnw) benchmark symmetry

211 maassudeyasauaraiaunindnanauunu

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

corporate actions, currency, missing observations LAZAINADAARDITDY timestamps

o A 1 o

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

o

glsU warvansgUnauaziaan deya macro enausznavdinaInln warsiAuUssnndu indicative

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

U
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A ulNUSe

2111 mMsdauuriudevieuasdeyainmely

dunindrnnainenifiiungauwaziaiUanainlingaiu n15UnsAn “Juiliiediu” a1An covariance

Tngliingr3a1919a519 nonsynchronous-trading bias

nanufuanddgy laun

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

. m’;ﬁuuqmmmmmz missing observations W3aslun missing 91A no-trade/stale quote

. M977 corporate actions, delisting Lagn1stUasU identifier ¥0IUSNNINE

o

UINDUTINNALANAG

o

2

3

4. AnEEINg forward-Aill Tiadutsenilagliuszifiunase return was volatility
5

6. AFIVEANARY NIIWTIAN UazInN

.

.14 universe Naenafosiudeyaiiiagase s a1tuiavih backtest Wioan survivorship ae

look-ahead bias

2.11.2  INSNINANBULNU

dwsuduning n ensuazdeyananauunu 1 0 Amiua

Riy Ry, - R

R— Ry Rys - Ry,

Ryp Ryp - R,rp

= = = o ¢ = a o a e g w I v '
KU ILNUARUIYIIIATLAE R UIADANULLNUNUIAUNTNY LNWﬁﬂ%ULUu%amﬂammuﬁJaﬂﬂ’ﬁ‘USSN’]mm

& : : S o
1a@® covariance, correlation, factor exposure a portfolio risk Tuundaly

noua N3Gl guuudiaes msnsIvegetos Iudazaeduilly retun convention ey

Y

IWIULIINAT alignment donngesiu LiliAlaUn@ian corporate actions waylifitoyasuianunsn

@ v a

i wmnmsdnuwadeyaiin ulgns covariance %38 optimization gndes NaaNSAEATAATYEAALA
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1. Raw prices wag cash distributions

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

Y

2. Calendar / timestamp alignment

M599 7U Yo V18 timezone

uag information availability

Y

3. Corporate-action adjustment

split, dividend, rights, delisting

wae identifier changes

!

4. Return construction

finun simple/log, total/price,

currency Wag cost convention

Y

5. Validation checks: missing/

stale prices, outliers, currency,
benchmark symmetry, leakage

ey transaction-cost assumptions

Y

6. Analysis-ready 1" X 1 return matrix

w¥au data dictionary wag audit trail

v

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

wan Data Lineage Ya4Wanauwny

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

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

transformation rule wialiasanadnsiaugnle
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212 msenunsIananauwnulimanziulym

nmsiuesiavangsuiuuldlanineanuigamilsdiniBnanslunnnsd wilsdazgasneumaiusiieiy

a

madeniaunsinetavilvideasuiinusiruimgn wu 16 MWR dadugdanisiiniuauturinaeulsl

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

g1 M5 1selUTsmsenudu “decision map” 1NNITIEN1TEAT

AN5197 2.3: BEUTINTSLENUATIANERBULNY

AN0Y

UINFIANAUE

WaKan3atanlTIE e

NANDULNUAUNSNENTII979
SIUHANDULNUNAILIIA
dTMUAUAINFDY

ANLRAYNANDULNUNTIIN

fI1E1TRANAEU

Usraunisalianueatu

o

Usziiugdanisnese
ﬁﬁayja valuation i azdem

%A flow

1
o

A15UABULURIN 8T

NMsaeuAeUsEINa

URIUTUU

Simple total return

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

Arithmetic mean

BDY, HPY, MMY, EAY @1y
convention

MWR/IRR

Modified Dietz
Real return
Base-currency return

Simple %39 log return ii

DR

374 price change g cash distribu-
tion

simple 19 product @ log 1% sum
391 wealth endpoint

LAy CAGR Tnehly

f9471399 I8 5IA1 day-count wa
compounding

A¥VOUIUIALAL timing VDY external
cash flows

an Bvidwa w3 flows 1 9g uan A3
AIUAN

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

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

L% costs Nau
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AN 4 Yad1usuLian return measure

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

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

net return naeudtedila nsidenunsindiulrg s taauTu

2.13 Investment Lab wag Workshop

Investment Lab: Return Engineering Lab

1Y

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

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

4. & data dictionary uagtufinduneu cleaning/adjustment A1vingle

unaguvingun

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

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

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

9849 flows N1UNT5HUY subperiod

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

324 return convention agadALIURBUATIIUVENDHARBULNY

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

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

o o d o o

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

Effective Annual Yield

+ Holding-Period Return

» Annualized return o Arithmetic mean
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Geometric mean » Real return

Volatility drag « FXreturn

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

Time-Weighted Return

=R -V v
LUUNNKRANIEUN

10.

11.

12.
13.

14.
15.

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

yield wag total return

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

Ruamulvinanouunu 12% lu 18 iiau 2911 annualized effective return

Sn31luuny 7.2% siel Annudusigiieu 3 effective annual rate Wil

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

WgaUaNuATuSIznI1e BDY uag MMY dmsunsiansdiuan

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

winnesnuianu 30% deslinansuunuiiefifudisndugnuidu

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

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

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

aRutmLARNaInTiAnaNN1slY adjusted close uwandnEuTuas BnASs

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

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

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

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

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

ANDIUBIUAR

1.

wiala log return 33azAIntuNITTINHARDULNUANLLIAT WiliAdsTEuny simple return vasnesn
JGELLISNG

vngesnesuil arithmetic mean WAy neswuill geometric mean snidefiseylsifgiy
Eumeausafs

MWR 7isndn TWR Fududosmneanuingdnnswesauimshifviely

135 annualize HaneULUSEEYdUINNaINsaad1srudlaRnegsls

winla data engineering voswanauLuiLTuduvsvesuUUTABININTRY Lildlesduneu
wiseutoya

MNNANBULNUIIN backtest geun uwinadnSasuegdifuddaiield adjusted-price source

AuAzTIe W1AdsaTUeslsiNeafu model risk wag data risk YaanNagNs

Yy a v P
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