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Constructing ESG Portfolio with Factor Investing for Dividend Yield and Volatility by

Machine Learning

Student : Chen-Hsin Lai Advisor : Shih-Kuei Lin
Department of Money and Banking, National Chengchi University

Abstract

In response to the needs of investors, the scale of global asset management has
grown rapidly. ESG, high dividends, and low volatility are popular choices for investors
in long-term. In the study, data from U.S. securities market from 2003 to 2019 are used
to predict the characteristics of future dividend and volatility factors through machine
learning XGBoost model and historical factor investing method. Furthermore, PSO is
used to construct optimized portfolio with limits of the number of assets, maximum and
minimum weight. The empirical results and main topics are summarized into the
following three points: (1) Compare the predictability of dividend and volatility
between historical factor investing and machine learning methods, both have great
predictive ability and ability of machine learning is better. The important characteristic
variables of machine learning prediction are historical dividend, volatility, and price-
to-earnings ratio. (2) The performance of portfolio with dividend yield and volatility by
machine learning is closer to correct data than historical factor investing method. (3)
Using PSO to construct portfolio with a limited number of assets can achieve the
performance of Markowitz's full sample portfolio. (4) ESG combined with high

dividend and low volatility has a positive relationship with portfolio performance.

Keywords: XGBoost, Particle Swarm Optimization, Factor Investment, Portfolio

Theory, ESG
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1
where 0(f) = yT + 5/1||W||2

MEBL BB LEE W XL E DA () =w(x) g & A
FIE A BER T on LFAE » v RS RS EIHE Y - BESRRL

nEFHARITHEEY L ={lqG) =j}j=1..,T &»7T3p

n

T
Obj* = lh 2] +yT 1A 2
j [ giwq(xd) + 5 hiwi ] +YT + 2 w; (3.7)

i=1 j=1
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T

=1 90w 450 bt Dwl4y1

j=1 iEIj iEIj

G = Yier, 9 Hj = Dier, i B 7 WP RSB BREL fra B0 B RS

FoenE AR > A FA R sk AR

T
1
Obj* = Z[ Gjwj + 5 (Hj + wi T +yT (3-8)
j=1
L
Yi T TH 2 (3-9)

J
T
, 1
Ob]optimal 7 EZ + YT (3.10)

% Boosting £ ¥ 7 e L 3 NS o EAE BEAY E R, > BB E
Fxm AP s E (Gain) P AisciE s L 3 E o P RS E N
TOPHERAPNF-HR LRI AL AR F L LA A BN F B LA

m/,,\g,: ygl xri;&\a%c/ﬂ\)\ }g% }iifkfﬁ :

. 1| Gf Gh (G, + Gg)?
Gain ==

| / 3.11)
2|H,+2 Hy+1 H,+Hp+2

A2 #F % XGBoost Hd] RAFRPR LA B FEDBIR > 3 L ERERS
(Accuracy) ~ # F£ 5 (Precision) ~ 2. % & (Recall) ~ Fl-score 17 2| ¥rHi-3] 2_ 3¢ P ¢

b A A RR T B AR Y e PR R

% = & Markowitz L T 2 & A2 R 73 AL

P =¥
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— ~ Markowitz X 3 2 & 12345

Markowitz (1959) #% 13 F 4 & 3234 15 18 T o % B Bhi ] 2 »a s 3 4heh
PE R FTASHEEMER RGP RT L 22 TI-H R BN 2
2SR

N N N
min 1 ZZWinGij -1 —ﬂ)[z wit] (3.12)
i=1j=1 i=1

subject to Zwi =1-:0=sw;£1 (3.13)

i=1

He NR4AF T AKE S w s RFLE? FAIPRE T FARL &0
A1 HE-FARESFAROIN IR 50,5 FAIFA L 28

A A DTEHARE A5 b AR Sl % LT R G B AE N h Sl 490 0
Bl 2 B MR R AT AR RABE A= I T A S R 2 b AR A=

OFF A 2 R 2R "G4 b 'GABE R R PAST BRI T A b SGARE R

% Markowitz P &S #ic?® » iR ) it P RS EAERGFCRT 2L > $(3.12)
R R DD Y R TR e BRC NN R I e S WA TIEE . - )
R FILRFAATE P R RARBAERAL > TV EESL P RS ENE G
FFELoarApdlEg A2 2P Rddlic 27 PP RIE2ZT o0 §2 4

- RAEEHER G L IR T L pE B LBAA X ARG E

—=h
i
<hul

B S GTH AR T AR Rl R AR AR R R

EAEH AR 0 A A B T L
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» Markowitz # i i L F 2 & 2 F i+ 3

Markowitz T $ofic- % B B2 B MR F R S PRARAR SR ¥ N F AR
¥+ > #X@ > Michaud (1989) #& ) & Markowitz A F 2 & B i It H A4 £ F 1%
P e T AL R T R R N E - A A AR
FTEREFAKT w8 Y iRt €87k 48 %+ Fernandez & Gomez (2007)

25827 5 @ gk b A B0 ) eh Markowitz T 3odc- % B S §

N N N
i=1j=1 i=1
N
subject to Z =1 0<w <1 (3.15)
i_
N
ZZ‘ K (3.16)
i=1
lZiSWiS(SiZi, l=1,,N (317)
z,€{01},i=1,..,N (3.18)
B AHH L K R ART AT ANE - A%z € {01} 1 84

FAIAKFTEEY »F2 3 0 gafhFTosdh | #H HE SihFTrsh
FFRE Ak R AT 08BN P RSB I AT (B16)5¢
FAFTAEE KN $GINDNR LT E - FA 4 x50 2 4 E

Fo o B R T UEARTEEREER Y BT A -

dv o F 5RIH] 5 15 eh Markowitz T 3o % B Bl BRI T R LR
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T F 5 3 2o 2 F Dengetal. (2012) & i+ Eh i b E iz o * AT
Fefz A B T S Markowitz T 5Hc-% B B A A2 @ * B EF Y XGBoost
BEALE RN B LML B RS 0 R AR R HA 1 1% Markowitz B i 1V F e

%
£ X B BT AR UL AT UHHFT L BB 102030~ 40 22 50

BB (K)o d fFHhditpEdhgimyeso

& Markowitz & $o8ic-% B #cho] 2 P ddic? o o b AR % BAB bt
BUEALF A 0 B FREADET A S - T TR P Rl S RS
it Sharpe ratio > { #72. P &S Hc 2 * 4| ;N 4o T o

>N owi(u;—r
max Sharpe ratio = —x 1 Wit = 77)

i=1 2] wiwjoy; (3.19)
N
subject to Zwi =1:0<w; <1 (3.20)
i=1
N
Zz" — K (3.21)
i=1
EiZ; < W; < 6iZl' ’ i = 1, ,N (322)
z;€{01},i=1,..,N (3.23)
B~ A B4 T Markowitz B P F S 2 P RS T B2 it R

(3.19)5% » 8228 % (3.19)7% #& ~ i* Sharperatio P #3285 (3.14):% & * 7 P &

SN F oo w2 F 44 v Sharpe ratio ¥ F_ R A P RS- B BB

7T

#(3.19) 5 =L

N
21_12 =1 WiW;0ij

PO I 4 T B H S A &R G 1% 0 1 Sharpe

ratio % f b ' 13 2ok F s 0 M 8o LT H B 5 Markowitz & i R T

Lenf v - gk
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AT hp o licd & A2 S22 BT R L PR3 RIEA R

m-h—’g

B2 AT AR Y 0t 0 @A X S BAR R0 > Sharperatio » 3R 5K 4
£ Mg R £ 0 AR 4K ESG F3 Y o b T Gl bt

p S

Dy

B FR kv MR M 2 K25 (3.19)-(3.23) P S B N @ T

FAERT P L h- R ERFT RS o

R IFEEREFLAR

Kennedy & Eberhart (1995) #% dik 3 ¥ G i L BMA R R EEL 8
e TR BRAEHMY > BHELZEXIE D L ERPL 2 gRT)

BAEFARNE R TEIEAEBFERD {ATEE o B AR F Y I

n+l _ W.n. + v.nfi'l (324)

Vi‘}j+1 =X* Vij+Cy 1y * (pi,]- — er’]) + ¢g * 1y * (Pg — Wij) (3.25)

HdowiddnZEET jRRTRST DDEE (w8 Markowitz Bk
SBE AL NP Fw, AR AT F) Vir}j REn AT AR TR 0 auk
Boippp A ] AR 1A PR 4 0 FIREIEHE P BT g py
g R A PR e FIEEEAE P R T h Y iy By A B 430 )

L2 B erig s e o 8 cp & BB Bt 8 2 e R R O Tl

e

W~ ik iR

Y

GHARF o AR BEE R LBl § R X

19

DOI:10.6814/NCCU202100788



PERERM IR ER REEZ A XxSIF R BEE R §EIOR T
0 FFfear A SERFE SN LHPT R TR AR B I

&
-+t

*
1<

=
Eid
(=
W
£

FOAF A E IR AT JRAT RS DR wif R
BUMIIL AT R wii e B o $(3.25)5 1 B vETL L ATRR] o F BT R
g

ks FFEBRFTEL? FTAEL TR RS E TP oy 18 * 3t Markowitz

Be-% R #F Peng L2 Fanihd o A2 Bp SR TS R
it Sharperatio> P e 5 b "G IS5 B 2afmihd M2 28 2 FAEL 8
e o g iUE R e @RS FHRE R{ATEE R TR E HERT B

& EEY b 'k 0 B B Markowitz X F e EI2G Y 8 7 L BlACE 4 -

Return

4 Markowitz

P ETITE

.j ®

° ?ITH’JEEEE#E“"
Risk
>

Ui

B4 : f+ &Markowitzdk 3 2 & %5 & 2 7 & B

RS RO K2 A U] T d Markowitz B i PR F S
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£%

dohF F Z F A7k > Markowitz B i PR F S Ao 2 FALFLIEE (L 0 H P
o e LN 2 5 A 22 5V f2 0 Dengetal. (2012) e+ #HE i g E 2 R
FRURRE > FIR A @ APk 202 0 A ES Y XGBoost FERINF L Mg o P

6 BEFL PG HEEE M R E AU T o Markowitz B i Y 3K F

*‘m}%

BE G T
ERRlFEy FAKE FTAREDRFTES L TEARRT L RS
BT P AR T G B o F A AR 2 B RS Sl
Fo AR ESR L ARG EAR TP 0 g m B A
AR FapIE AE m BRFEEPN DT A E LG TTRIEL - 522 R
ERFINFAEKEK P eBEB~ G LR T TR FE -+ BB T P g

FUEALY 0 F - SRR RAF G FTAREK =K KL S UORT ARD

I

WK <Ko WA G E ST AR CRT RSP X AL B L dod
K™ > Ko 403 § R AR T e P AR Ed b 2 T A B EN D K = K-
%

BT bPN FA B | g8 b 50
L., N+ PR FlespEGF A D] B

P4 EESF A 001 2F0< g7 <

S

W; <8z, <1 B - B REAR? DFABLE QR doka; <go

BT E PR drka; >0 RIFATES ¢ 1450 T 38 F £ 473

w; = &+L.*(1—Zei) (3.26)

z: i ~>c. A
€Q,a;>g; i -
J o JEQ

i

T
/e
3 <
55
R
|3
e
=
)
’N>

FTADEL » 53205 i A ° £ & PR DT

Boid- B ER AL SRR ¢ e - R ATE R R T REX

A W] AR s B >R S ?fjrﬁfi St ke By oxFE o w - i RO
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g X

o

Mo TR B FRREASS R ARG

]

CERGBE o F L BREP

=& R

-
Py

&
FRAR] RS § AT PTG B8 A RfRhd R T L R
BE b b Rt R RS 4 e B R P aA R
AR R T S LR IR R ¢ AR R AT
BT R AR | 45 FERIT 0 8 ehd 8 0 8 R I BB BT R xR B ik 45 Shi &
Eberhart (2007)45 1 # % 5E:% i% =t #c 4o SR 5 0 I BB PAER XS 0 2 ik

X Heenhd

w(n) = [W(0) = wl,)] * —o— + w(Ny) (3.27)

Hvwh)igdx#in gL  w0)i4 4L & > %3 Dengetal. (2012) » &

FKE09 wiV) s ¥ fEE > ¥ 5 04 Nyl s B~ it

Foob o @RS 2 2Rk S ?),%ﬁiﬂ}:m; e, B, BEEF K S AP
FoRPLEUHPFOERRT ELEES A Y RREL o F oD
;% » 4r Ratnaweera, Halgamuge & Watson (2004) #-c; ¥ ¢, sniE K 5 L3 =0 #ic

MR o o T N

n
C1 (n) = (Cl,min - Cl,max) * N_ + C1max (3.28)
n
n
c,(n) = (Cz,max - Cz,min) * N_ + C2max (3.29)
n
H 'F)‘r}tclmax_CZmax_ZS Clmm_Cme_OS’Cl(n)g L‘Tg{i‘?ﬁ%‘?”’

B MRIARF A AR BEA 0 § LERA LB AR A A

AR P RSP 0 R g RERFH DT FRR -
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o
f
Fos

Eidn=x oz

T REFTALFF HEKELFEEN T > P HRadkf GE
IEf(w) <)), pij = wij P LATB BT b iz ¥

Iff(p;;)<f(py), Pg= pij* LATEF Fend =}

{ATR S ##

B R R
Els ‘]’% Sl :&x /:ﬁ\-’—n e ﬁ_f_
hwE R SRR A i

>

- RRIE S R AR

Ao BRR Y A RTRL LA F R A S AL A g L kA
B A SRR Y o L amTR IR 4 49k 5 Accuracy -~ Precision ~ Recall £ F1-
score » iz 7 g 2t 8 &k p R s (Confusion Matrix) -

TFdwBpaLiiesR
/%:{.F_'Ki ) '&f'%\» 1 E"i‘ﬂ? o

ve
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# 1 3”7 % (Confusion Matrix)

. . True
Confusion Matrix — -
Positive Negative
Predict Positive TP (True Positive) FP (False Positive)
redic
Negative FN (False Negative) TN (True Negative)

H ¥ True & % F 2 4 4F > Predict i* % 3f |4 %5 > TP (True Positive) & it Fx¥f P

EF LA @AY Y LI ATERIEF 53 L M B% 5 TN (True

i

Negative) & & F/EFERIE F 5 f otk & > i.%%u FEFE R 2B A Mk % FP

(False Positive) 548 :&FFRI 5 1 » R B S fthd RAFE S2AFLMABR

o FPARGEA KT L B 4 Mt o b 23] 3£ (Type Il Error) 5 FN (False Negative)
7

Zr AR aniRA o NEAFE L SR L MGk e g s 2t

N T o

B4 Mk B o gt 54— £ (TypelError) » Accuracy ~ Precision ~ Recall £2 F1-

score = I8 ¥ BTG 4 a4 tafhd B ﬁxiz*f#m &

TP+TN

Accuracy = 45 FP Y FN 4 TN (3.30)

. TP
Precision = TP+ FP (3.31)

TP

Recall = TP-'-—FIV (332)

2
F1 — score = 1 1 (3.33)

Precision + Recall

Accuracy 3 #7F fhA FIRRI T ARt Fo AR A A THET 0 B 4 230
A5 5 BoendE e~ B Accuracy PR 4 o (e { Se ML enE_ D oA S EE R
Flt A € @ % podn R Precision R AFERIZE T 05 SO BRFEL LR ALK
# sRecall # % EZF 23 LML BWRT >3 5 BRI LT Fl-score B 5
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Precision ¥ Recall 7733 frT 358 > % & 7=%7 Precision ¥ Recall o & A& F Sk 3+
PR FIFRFTEBREEY S BIFRORLAREE LR B L MR
PR R A B LML 0 FIt ML Precision di& IR 0 X 5F £ 4 ik F-

score KFEiG FRIP[ET o Ay 4 o

SEWERY SR TSR R LR LR E G S AR
BRAEHRLMARTEE o N F L MR DT I RT AR L RS
R G B ER AT p e R S ontg 0 R R IR AL E ) bR

AR b R S B iR KRR Bk

Rp_Rf

Op

Rp—Rf

Sharpe ratio = (3.34)

Sortino ratio = (3.35)

Up—negative

B3NN R, GE T B RS ARG F A @Y £ 10 £
NFAEAF o, KT 2 b * > Sharperatio 7€ # K- ¥ i=hh % > €
EESARGFEP EZRFTA I HFERpELe R dgthe - %3355 ¢ >
Op—negative & 3~ F 2 & 0T > b % > Sortinoratio % % % KyE— H =7 2 k% o i

FIER 5 S Ag3E3R Y 0 Sortinoratio  BI R tRaAE o A3 L MAM T RS

PORFERRR T R LM E LS Y

o
L&
S
A
4y
e
=
o
>
b
—=h
I
V)

%
Sk de o WS T - MR R TR LR R ok B EA T
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Yr¥ FHEELR

A AFALL 2003 £ 3] 2019 EER P AP FA IS EEY S 2 A A
ZHESG R LMK FT s » FRE Ao L F ATt - 2 XGBoost # E & ¥
GEBEREFIFRFT R LA BOR RS S F 2 AR 4 T
Markowitz fie § + i# 5 $2 4 Fio s - ARG 3 K80 R LU SR T
8 S kebl % ¥ 10 PSO $:f2 Markowitz A B 4| T b LR F R L
AR A T A BR 57 PSO af 2 Markowitz pif sk Fie g 5 B

554 r ESG FHL B I RESG 8 R ARBHEDRF R EHFP2 BB e

B

épifﬁﬁﬁﬁaﬁ’ii$#¢§1+$’¥—%é?%ﬁﬁﬁﬁﬂ&i:
Y SR LT STt T S P RUE SRy . ERTE g
BE Y g0t ¥ e & Markowitz 2k F #Eh G Frot i %1 & 5 ESG

%

LRI S oF NGRS S EUS

A FHETER T E R 2P MRS BSG A TR METR L X

=4 s;;;%:

7o kR & Center for Research in Security Prices (CRSP) 2z p F3 » pAdR oL @

St

7 % Wharton Research Data Services (WRDS) ¥ &3 Compustat & 3 4 >

7z #t3 Compustat ¥ 4t F > B4 P v R > £ 75 BRE BE G v T
% & (Valuation) ~ & | (Profitability) ~ F * (Capitalization) ~ P47 4 > (Financial

Soundness) ~ # # it # (Solvency) ~ /i 4+ (Liquidity) ~ »<Z (Efficiency) ~ & &
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B R Tt R T lF o w - FAEH W P o dotiter
#7577 «-ESG 4 #icF 2 % /&R % Eikon with Datastream - Thomson Reuters -7 ESG Scores
EFH & 4T3 5 Rds ESG A #ESG £ 3% A #c2 2 ESG 52 A #ke
FALRE G 2003 £ % - F3 2019 # 5w HY > ESG AL RBBRLA S
PRERE UG- £#3 R ESGAMk: T- Er BEABRAS L ESG TR
FARIE © bl4e 2018 & § ESG A Bk 0 2019 # ¥ - 6w F i fakipa
% ESG F# B ? »ESG FHETI5800 3207 » a 2MFHREN LA A5 - &
7 & BESG TRz 2B 3 FRMe 2 rrdrd 3 b #rorg 3 o F > Ti5

% %] 3566 F 7
~ AR

&< XGBoost 7|7 A > L& R *FiEI w FRERMILFTR 0 RIERIA
k- T LCEIS) ke (E I HREAL) B R EE Y RS2 P
Tl ® 0 3 LM 2 HER LA ST 30% AR 1S 30%2 Bk P

FHGK ThrT

If Dividend Yield = Dividend Yields,, & Volatility < Volatility,, (4.1)

thenY =1,elseY=0

XGBoost #7342 R B 2 plR g VR E 7 30%FREE VN
FEH N (Rolling) 2" > e & 5 — 2B > X FEH 63 T HVIRE (S -
FREFPEVRIPE S 2003 5 - T3 2019 = F 5 PR F L 2003 5 - F

312019 % = £ - XGBoost %#& Tt » $ * gbtree #73] (XGBoost % # &K TA%
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;% 3 Hc ¢ booster) ~ ek * 7R (XGBoost $i-7)] %83k A7 ;Y B ¢ max_depth)
&5 10~E & 85 ] # A i (XGBoost -7 % #icik 425 & B min_child weight)
5 3 Al 2o € (XGBoost #-73] S #ick T A2 Snficteta) 5 020 @ Y FlF
FEZEME I e FTTEFENF D 30%EAFREE 30% T FL B IFLAKRR

WiB LML B2 IER -

P EEGM RIS PRI EEVFRNE T LR BRE £
PSO 2144 102030~ 40 £ 50 4 Bk chd i 4R F il b » B2 - FHEPER
#5 & k3t H & iF i Sharperatio o H % ¥k T_5 & X =t #c (Iterations) 100 =% ; =+
i # (Swarmsize) 500 > & % 4745 T S00 B E 2 & (R FT o b F A LEK (K)
51022030408 S04+ 5 F ML G AT AKE 0wk B ATTRID kB
LA B2 BARK TR KT L FTALESEK 9 B 5 FER
Mk LML B G H- FTASSEE (Maxweight) X 5 15 - T2
B[ ¥ (Minweight) ¥ /&7 F 7 & #ic® *T413% % 0.01 ~ 0.005 ~ 0.0033 ~ 0.0025

£20.002 > 121% AT B EE B L 10% o

AP REEREY P ERATRFRE LY V2 TomE gk
RHEST-FRDRNR LA I0%L B FEELFFRT  BELY TR
G2 VR AR BRI ENARL F LML BORTE L LT RS H ox

z\iﬁ_,"’k’l:ﬁﬁé’?ﬁf =P S A
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PRFAREZT R FFRTEBELY A RAERF LML F L

F_*

A BAR > Fd Wi v fi4n R Accuracy ~ Precision ~ Recall £ Fl-score ;=47 f8
2 FERIR A T E AL AB P HEZIER A 0 35202530 ~35%
TRRSEFArE 20 52004 # 5% - 252019 F % (RIFEE) £ 63 FIRR

2T o o

22 IS RTHPET YRR

= dp ik TR 2 20% 25% 30% 35%
Accuracy B FlFHE 0.9548 0.9407 0.9288 0.8974
wEEY 0.9559 0.9425 0.9316 0.9065
Precision B FlFHE 0.8623 0.8698 0.8791 0.8746
BEFY 0.8670 0.8726 0.8794 0.8766
Recall B FlFHE 0.8485 0.8552 0.8627 0.8476
WEEY 0.8530 0.8658 0.8789 0.8792
Floscore B FIFHRE 0.8541 0.8614 0.8701 0.8544
WEFY 0.8580 0.8674 0.8775 0.8735

i 27 sAccuracy § RFER FIF K FTEPBES Y A IR 52 Accuracy
Wi 0.89 12 b o M g P AER M 20% % L MOk A B2 TER R Ao

~3

*jﬂﬂ
B

2L 30%B AL MR E BL B AL AW AT T GEnR 4T 5
PRBH B = Edp R4 R o 4 Precision kg 0 A F KL E P HES IR
EHB086 NA R FEY FITRFTEBPBSY S AR T - 553 i i
B FEY B LR LA B AR AR IR 0 2w 30%% 4
AP HET F i enFE Rl 4 o @ 04 Recall k3PiE > TIHB A 084 0 o P
FBEYIRT W 3%R LA E P RESFRE S L FTRFR G
30% ° B ¢ 0 11 % & Precision ¥2 Recall 73 F1-score :}P’fﬂ %5 g0 IR EE 7

B LA e P2 T » #3085 HY = 1w 30%MHE:EEiE o e 2025
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30 21 35%% & B2 SR 0 0 R 30%2 B L LT 4§ e F A 6
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WIS AP F L L BROLL PR A ETERIL A T AT BTy

W 30% TR B EERERLARRTEL 2 P

4

_/.751{

AT RGFIRRE LA BRAOD A PR ENE L L F AT

4
15

%ﬁ&%%%’AﬁiﬁMésiﬂﬂﬁiﬁési@%mww’ﬂ&iiu
Precision 7 3473 P 4c 4 2 3ptk ° 14 Precision *fp WEEYBREY TS xm
TERlie A BRI RS Y #5031 963 X chPrecision ¥ iR R FlF K FiE o
A XL PR L 2 EF 086 UL o A Ak LB TR LR TR
MEAREF AR FEa 2 B UMEF A cEPES Y XGBoost #-1] ¥
VB G U TRk SR T Precision o fEiE R A RS AT B ES Y

SRl A B e Y F1T G I B3 T ERARE LD 30%F LMk

EMEFTATIRRRLAS AT YIEE SR PR ZFRPTE L4 2 & B
LB AT o P B YRR AR T L E BT AFFRTY L

NBEF YT RN BT A HE N L RE R TS FaR R
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PrpcgiT L LI dk 0 o) 6 4TF e
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Blo: 2RFTHET €& Fhc¥Eon+ L=k

BERI2MTREEZT BRI EVEARLAFEE B €& Sl -+
LA 63 = Ipp Y ik WA S T BE R AL (1) REa
502 PR Q) FHA K- EhrFZ A EX;4) B2 e ET &R,
(5) B2 AFWREF Mg AP FEAE R EIIER A R LA B
o €&tk PR FIFRFTIEG LEDIERIN A o T b A FE SR
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BURAEMAR  mAF TR FRTLAE
M A ERR PR LR R P PR FIHAREY A F AL S
BHAEAB A RTIE G o 0 A EE Y ERE AR

ol é l/‘% I __f;‘ ~ R‘f—ﬁ};ﬂ \@imﬁlﬂ:/-j}:ﬁ_?l]j ~ Ak |% E A f") E;Afljbbi j\il—"

AR LEEIRE AP 2t FHT IR L A B .

]

FZE FRFSHATEBEFVHRATELSEPY R

SR FFRFTEBEE VIR REF B ESY A3 B L RAR
FHET 2w P RIERIS =R dp e kg BAERI 4 B R RIS RT R
ook BLROR A E 2 skil izt o Aok 3 5 W 20225 30 &2 35% % 4 BT 5
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Culmulative Return

%4 1 4 B Markowitz4k F 2 & & 2% 1 2004Q1-2019Q4
'S ) ) .
e TER > 2 £ L IRE% | & 14 1R2% X% | Sharperatio | Sortino ratio
rFRE % 8.15% 12.49% 0.8966 1.1180
20% fER FlFHF 8.37% 13.37% 0.8732 1.0225
WEEY 8.15% 12.92% 0.8671 0.9751
TR %k 8.70% 13.23% 0.9374 1.0854
25% fER FlFHF 8.46% 14.12% 0.8425 0.9749
WEEY 8.38% 13.27% 0.8827 0.9946
rEEE 8.77% 13.69% 0.9176 1.1383
30% R FFRE 6.84% 14.87% 0.5621 0.6452
WEEY 8.05% 14.22% 0.7733 0.8985
TR % 9.99% 14.32% 1.0694 1.2262
35% g I+ KF 7.38% 15.23% 0.6253 0.6859
wWELY 8.56% 15.63% 0.7759 0.8869
SPY 7.78% 14.08% 0.7386 0.8202
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FEwr 20%% LA B F 2 & Sharperatio = 0.8966 ~ Sortino ratio 5 1.1180 >
m 25%% LA 4L F 2 & Sharperatio 7 0.9374 ~ Sortinoratio % 1.0854 > I F&
30%% LA B F 2 & Sharperatio % 0.9176~Sortinoratio % 1.1383 & F&m 35%
% 4 853 7 2 & Sharperatio 3 1.0694 ~ Sortino ratio 5 1.2262 > & 7 #® L 22
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FREL SRR R T E L RPAD F 4 R T 2 & Wilshire 5000 0 K7 > A
AREFAFLMADBU TP FEUBEEY AFLFFRT
LB ER S PRI ISR LUK TS A EF]
FRBBEV RN PEL A IRTE DR FT R S FP S Y 4 RphT
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£
BR & 30%1F 5 P HEE o
% w &  Markowitz &2+ ¥ h F e B L F L& FP %

Ao ER- e xR T HE R ABES VR 30%8 L

BT 5t e Markowitz ¥2 PSO = f& 7 fe fie B & /& 972 ﬁéi:b’l TE MY T
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FAAYET o PSOE A | F AKE 102203040 £ 50 phsndk Tl & - &
FF AR ol AR E el TV P Markowitz 2 AT 2 E £ R

et ded 5 s B AE AR ko) 1 o

150 AR AR 22 R RBRT 2 L Hok 1 2004Q1-2019Q4

fe® > 2 BB | & VIR % | £ 458 £ % | Sharpe ratio | Sortino ratio
Markowitz 609 8.05% 14.22% 0.7733 0.8985
10 8.86% 18.39% 0.7958 1.1747
20 5.66% 14.56% 0.3992 0.5194
PSO 30 4.93% 16.04% 0.2654 0.3521
40 5.01% 14.33% 0.3093 0.4082
50 3.91% 15.23% 0.1396 0.1803
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Culmulative Return

AL B BOgE | # V4F% | # -2 £ % | Sharpe ratio | Sortino ratio
10 8.86% 18.39% 0.7958 1.1747
20 5.66% 14.56% 0.3992 0.5194
> 30 4.93% 16.04% 0.2654 0.3521
40 5.01% 14.33% 0.3093 0.4082
50 3.91% 15.23% 0.1396 0.1803
10 8.98% 15.46% 0.8441 1.3508
20 11.05% 14.70% 1.2054 1.5953
ESG 30 9.34% 13.42% 1.0305 1.4260
40 8.91% 12.20% 1.0549 1.3454
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SPY 500 7.78% 14.08% 0.7386 0.8202
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27072 B FAE 2R LR E T 8 B e 2012Q3-2019Q4

TR g | £V 3RE% | & i“ 4% £ % | Sharpe ratio | Sortino ratio
10 9.17% 15.20% 0.8840 1.3355
20 7.22% 13.20% 0.6944 0.8450
EX 1 30 9.08% 12.12% 1.0903 1.3001
40 10.56% 10.78% 1.5330 1.9387
50 9.08% 11.23% 1.1782 1.1621
10 13.78% 16.40% 1.4619 2.1538
20 17.99% 14.86% 2.2943 1.9932
ESG 30 15.54% 12.51% 2.2490 2.8774
40 13.53% 11.13% 2.0975 2.6645
50 14.15% 11.24% 2.2071 2.8355
SPY 500 12.01% 9.50% 2.0870 1.6262
SPHD 50 10.99% 9.05% 1.9321 3.8960
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Valuation Ratios (13)

1.

2.

10.

11.

12.

13.

Dividend Payout Ratio (dpr)

Trailing P/E to Growth (PEG) ratio (PEG _trailing)
Book/Market (bm)

Shillers Cyclically Adjusted P/E Ratio (capei)

Dividend Yield (divyield)

Enterprise Value Multiple (evm)

Price/Cash flow (pcf)

P/E (Diluted, Excl. EI) (pe_exi)

P/E (Diluted, Incl. EI) (pe_inc)

Price/Operating Earnings (Basic, Excl. EI) (pe_op_basic)
Price/Operating Earnings (Diluted, Excl. EI) (pe op dil)
Price/Sales (ps)

Price/Book (ptb)

Profitability Ratios (15)

14.

15.

16.

17.

18.

19.

20.

Effective Tax Rate (efftax)
Gross Profit/Total Assets (GProf)

After-tax Return on Average Common Equity (aftret_eq)

After-tax Return on Total Stockholders Equity (aftret equity)

After-tax Return on Invested Capital (aftret invcapx)
Gross Profit Margin (gpm)

Net Profit Margin (npm)
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21.

22.

23.

24.

25.

26.

27.

28.

Operating Profit Margin After Depreciation (opmad)
Operating Profit Margin Before Depreciation (opmbd)
Pre-tax Return on Total Earning Assets (pretret earnat)
Pre-tax return on Net Operating Assets (pretret noa)
Pre-tax Profit Margin (ptpm)

Return on Assets (roa)

Return on Capital Employed (roce)

Return on Equity (roe)

Capitalization Ratios (4)

29.

30.

31.

32.

Capitalization Ratio (capital ratio)
Common Equity/Invested Capital (equity invcap)
Long-term Debt/Invested Capital (debt invcap)

Total Debt/Invested Capital (totdebt invcap)

Financial Soundness (16)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Inventory/Current Assets (invt act)

Receivables/Current Assets (rect act)

Free Cash Flow/Operating Cash Flow (fcf ocf)
Operating CF/Current Liabilities (ocf Ict)

Cash Flow/Total Debt (cash_debt)

Cash Balance/Total Liabilities (cash_lt)

Cash Flow Margin (cfm)

Short-Term Debt/Total Debt (short debt)

Profit Before Depreciation/Current Liabilities (profit Ict)

Current Liabilities/Total Liabilities (curr_debt)
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43.

44,

45.

46.

47.

48.

Total Debt/EBITDA (debt ebitda)
Long-term Debt/Book Equity (dltt be)
Interest/Average Long-term Debt (int_debt)
Interest/Average Total Debt (int_totdebt)
Long-term Debt/Total Liabilities (It debt)

Total Liabilities/Total Tangible Assets (It ppent)

Solvency Ratios (6)

49.

50.

51.

52.

53.

54.

Total Debt/Equity (de_ratio)

Total Debt/Total Assets (Total debt as a fraction of total assets) (debt assets)

Total Debt/Total Assets (Total liabilities as a fraction of total assets)

(debt_at)
Total Debt/Capital (debt_capital)
After-tax Interest Coverage (intcov)

Interest Coverage Ratio (intcov_ratio)

Liquidity Ratios (4)

55.

56.

57.

58.

Cash Conversion Cycle (Days) (cash _conversion)
Cash Ratio (cash_ratio)
Current Ratio (curr_ratio)

Quick Ratio (Acid Test) (quick ratio)

Efficiency Ratios (7)

59.

60.

61.

62.

63.

Asset Turnover (at_turn)
Inventory Turnover (inv_turn)
Payables Turnover (pay_turn)
Receivables Turnover (rect_turn)

Sales/Stockholders Equity (sale equity)
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64.

65.

Sales/Invested Capital (sale invcap)

Sales/Working Capital (sale nwc)

Other Ratios (4)

66.

67.

68.

69.

Accruals/Average Assets (Accrual)
Research and Development/Sales (RD SALE)
Avertising Expenses/Sales (adv_sale)

Labor Expenses/Sales (staff sale)

Valuation Ratios (Require IBES subscription)(2)

70.

71.

Forward P/E to 1-year Growth (PEG) ratio (PEG_1yrforward)

Forward P/E to Long-term Growth (PEG) ratio (PEG Itgforward)

Others (4)

72.

73.

74.

75.

Volatility (Vol)
Average Volatility (Ave vol)
Average Dividend Yield (Ave div)

Last Classification (Last_Y)
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