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Abstract

According to Dachraoui (2018), Target-Volatility Strategy can reduce the portfolio
risk, and also increase the Sharpe Ratio. Extendedly, this paper uses VIX Index,
GARCH and ARMA-GARCH Model to project the volatilities and combine each of
them with Target-Volatility Strategy to see whether the performance is better or not.
This paper uses skewness, kurtosis, Sharpe Ratio, Treynor Ratio, average weekly return,
volatility of weekly return, maximum drawdown to observe the performance of the
investment strategy. We first use SPY ETF daily closing price from 1993 to 2006 as the
training set of GARCH and ARMA-GARCH Model, and then apply ADF Test to check
whether the data is stationary. Secondly, this paper uses AIC -~ BIC to choose the
parameter of the model, and then estimate the volatility of return. This paper compares
Target-Volatility Strategy using four different volatility projected by different models
including realized volatility, VIX Index, GARCH Model, ARMA-GARCH Model, and
the results indicated that the strategy using VIX Index can reduce most of the risk during
the period. On the other side, the strategy using GARCH and ARMA-GARCH Model
owned the bigger return, but they also need to bear the biggest drawdown during the
period. Lastly, this paper uses another ETF, QQQ ETF, as the risky asset, and the results

were similar to the results of SPY ETF.

Keywords: Time series, VIX Index, ARMA, GARCH, Target-Volatility Strategy
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Flgt o AEE U E-3-3 el G 3450
E(r,) - 1f oT 11t
E(Rt) S rf + OT X E(G) - E(G) 2 COV(Gt-laa) 3-4

3-4 AT RFTE LI Y EER)foP RAF R orsnhE (k> £ 2 d
34509 FREY D FRMBD EL R R0t grcd o Pl At BR BT BT 2
BUR SRR hEP s R AL S e Feovon, ) S0 A i
AT RETRA PR GER e RRTARLBRGARL  ARF B RE

AT RIET RN OLGER o A T A RERGRAL -
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G B o BB URE IR vk eh sl o AR T F A3 F SPYETF fr QQQ

ETF i p $HBcdf i 33555 60 < chdppi it 9 & -
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3-5 5% 5 $HEARP 3 E S 5
Rt =log (Pt) - log (P.;) 3-5
H YRtz t PR EFR D2 SIS S log (PR t PR ER2 JTiE i P44

log (Pi) % t-1 PFRF gL2 p];.c:gé;%i Bt i o

365 % 60 % 2 HERPF AR E 250

’ 60 —\2
i= (Ri-p) -
o7= lnfl 3-6

HARGHAFELE P BRI T SR ATEPN 2 T8 p HEFp S

nstA®E2 B

Pl FR AT R P RABR LG RGBS F 0 AT R
ELE R 12%f0 6%(F 5 B4R XV R P RS R AT ek kR
BRGAALP AR 5 ER 60 & chE p MBI AR R FL AL H3t
BdiEp g amRL, 0 £ UF F L T gr(Rebalancing) c4E 5 4 B BT B &

BE -

daz PR R KGRI AP R T RGRALSS A A 2]
E-HF 2R RAB RIS 0 P Rl 4B # L %P7 (Chicago Board
Options Exchange, CBOE)*1 % #! ¢/ S&P500 VIX 4p #ic ~ Nasdaq100 VIX 45 # - i¥
FEEE T H B R R 4 F] VIX SR B b B A K- B0 R0 i
AB R TR #3413V R E Roy HHk A VIX dpdk o A e LA

FELAER 12%fc 6% PR R AR O AR R T 2 st o
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% - % GARCH & ARMA-GARCH #-%
AR AT R AR R VIX Al » B R B R Kk et e o
1 * 3ERIHCA] 4o GARCH ~ ARMA-GARCH 3] » 1 * H3giplz g # 23 ~ p &

TSR SCR

BEEER R AP m o g AR BRI FORATE B E T 7
PETREMPTRY U RURIE > A8 F 1% Augmented Dickey-Fuller Testing
(ADF Test) % & ®_° SPY ETF 304 » 287 7 7 L B A 3% & 1993 1 2006
£ R A L 7 B ETF £.F €3 7 2c%k » 28 3 % SPY ETF £ QQQ

ETF " 4k 23K 2014 3 2016 # o

A 3L o A7 % ARMA-GARCH #-3] » @ 1243 Box-Jenkins (1976)

=

LY B2 ARMAGMRA T4 3-7 X 47
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k=1 k=1

hud
he

€ = tht ’ ntNN(Ool) °
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it %P B T GARCH.q)B-A R i R A 57 d 385 27

p

q
2 _ 2 2
oy =0+ z OxOpy T Z Bkgt-k 3-8
k=1

k=1

B S Boenha > AFF 1 A& R 4 2 Pl (Akaike Information Criterion,
AIC) ~ B #2715 4 2 p](Bayesian Information Criterion, BIC) % i& {7 % #ciE B~ » H

PAIC 238 2538 5 395

AIC= —= 3.9
n
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BIC 2.2+ 2 5% % 3-10 3¢
BIC = In(n) k - 2In(L) 3-10

B¢ ks Slcenged oL S indidico n & kA GikE -

AIC ~ BIC 3 3B #cdpit £ ShiE 2L g @ L NMBRKE P> @ §
SRH e PE o R APl ey §ERERBEMR Y > @ AIC ~ BIC 35951 »
R g Sl doAp B PR IE > FI BT 3 5 AIC S BIC o) 0T 1F 4 9R

B e

A% GARCH ~ ARMA-GARCH .2 77 i8] 2 it 5 & B~ 1% 3-1 # enffr ¢ ik
B R0 0 A RGAERL A T R E R B R 12% ] 6% A 0 0 it AR

SRR TS ¥ i LY ST E SRR U S QTR ET S

FZ o BriATE R FeTHE R
L=y % #% 4% ¥ (Cumulative Return) ~ T 355 ¥ 3R 5 ~ & F4p v 4
# B ~ § % L & (Sharpe Ratio) ~ & = j* t§(Maximum Drawdown) ~ 4 3§ % +*
(Treynor Ratio) 1% & ' »x vt R fir & #R24F o
T N5 3l g

R.- f
7! 3-11

Sharpe Ratio =
Gp

FRR GUFRFRL TE P Fi TR R R TioE L g R R IF
CpE TR FERFLELE AR -

FaF o5 3124

. R,- 1t
Treynor Ratio = B 3-12
zﬂt‘Bm =% A‘ -,l'i}-;}’)\ ® (7 ﬁ#ﬁﬁ'{)i Beta ©

# b ' FT ACR L)AL > A7 11 US 1-Month Treasury Yield 3pF F B 7]
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T B R & ) kR AR koAt - £¥ %~ QQQ ETF
TS B ETF en¥»cp Pk 5 2016 1 2021 & o T B H|RGRREL 2 EB
oon A4 2007/02/05 2 RreAREL £ 1 * 2007/02/06 = 2007/02/13 SPY
ETF 2_ i 48 ¥ 5 4- 2007/02/06 2= US 1-Month Treasury Yield 2- ] 5 34 » & » 3-
2 5% # ¥ {84 2007/02/06 & 2007/02/13 2 SRS o AFTF E U b ik 2Rl

PR R R RS B AR AR TARE

RET G A gkt B2 B MR R K% A2 A L ! £ Bl (Box-and-

whisker plot) > % & 3 » b gk Kk 2 REARR o
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HA O APEE®* SPY ETF v QQQ ETF #h5 p sf v 5 fojg #+ 58 60 =
2 AR Y S B R A M Tl R R AT L 2N F 0 A FlAp B TR AT ] 20
FRPpRASRSEEL - L RBEALT PR L P RAR R K0 AT G oo

Btk

Bl4-1 5 SPYETF & p ¥ {oifds 60 X 2 gk d R 4 5 H > J B¢
TP A s SPYETF & p SRV S foif # 60 X 2 $F /A & R A $1 &
BF o B £ HFIES 60 X LA AR A IFR 4P 0 F P H RS
R A IFAUEIE o @ 2 1993 3 2021 EiEEHEF 0 & p AR S foiEd 60 % 2 4R
PO B AP GHcE-0500 X RBH G o B A AER G FF L RR
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B 4-2 % QQQ ETF & p S foigd 60 X 2 fFF A& R 158 > B~
2. F wh %2 SPY ETF 4p > @ £ 2014 3 2021 #2587 » & p Ep S {or
60 R 2 FFPF A F R 2 APM BB E-030 R BB H G 0 FLAPFREEL %

FR et %3 #5-0.006 0 R B P R R L0k g RiEE o

- B }0.040
—— QQQ ETF daily return QQQ ETF Rolling 60days std
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B 4-2 QQQ ETF & p SR ¥ 5 feig d+ 3% 60 * 2 4F v 5 L & & 2 %' [§)

- ~ GARCH & ARMA-GARCH #-7] 2. % #ci% 3%

% 4-1 5 1993 1 2006 # SPY ETF $#icsf f 5 e ADF f& T 33" £ > B 5 &
F UL R A TR BT AR 5 & 4-2 5 2014 I 2015 & SPY ETF 4 #iciy
X ADF e Tt 2 > SR S ERAEIRLE T Bl € 4 4-3 5 2014
% 2015 & QQQETF ##icdf ¥ & e ADF # 5u3 £ B % B LR B 7| T
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% 4-11993 3 2006 & SPY ETF ##icd% i % 2. ADF # 503t £

ADF %3+ & -25.211173
P-Value 0.000000
1% &0 & -3.432
5% Rt & -2.862
10% F&ft & -2.567

% 4-22014 % 2015 & SPY ETF 4 #3852 ADF # ®. 3+ £

ADF 3-8 -12.826325
P-Value 0.000000
1% Fef @ -3.443
5% TR B -2.867
10% Tef @& -2.570

# 4-32014 % 2015 & QQQ ETF ##c4F f & 2. ADF 4 % 513+ £

ADF %3t 8 -16.239242
P-Value 0.000000
1% f&fh & -3.453
5% Teh & -2.872
10% @it & -2.572

W T e > AP L FHA S gE R > A8 GARCH #-

A4= ARMA-GARCH #-3] 2 AIC ~ BIC ~ Log-Likelihood = % 4-4 % 1993 £ %
2006 & SPY ETF % I #i-3] 2. AIC ~ BIC ~ Log-Likelihood ; % 4-5 % 2014 % 2015
# SPY ETF % I 23] 2. AIC ~ BIC ~ Log-Likelihood ; % 4-6 % 2014 % 2015 #
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QQQ ETF # F #5-3] 2. AIC ~ BIC ~ Log-Likelihood °

# 4-41993 1 2006 & SPY ETF 7 I #i-3] 2 AIC -~ BIC ~ Log-Likelihood

-3 AIC BIC | Log-Likelihood
ARMA(1,1) - GARCH(1,1) | 15901.4 | 15938.4 -7944.7
ARMA(1,2) - GARCH(1,1) | 15902.7 | 15945.8 -7944.3
ARMA(2,1) - GARCH(1,1) | 15902.6 | 15945.8 -7944.3
ARMA(2,2) - GARCH(1,1) | 15904.0 | 15953.3 -7944.0
ARMA(1,1) - GARCH(2,1) | 15896.5 | 15939.7 -7941.3
ARMAC(1,2) - GARCH(2,1) | 15897.7 | 15947.1 -7940.9
ARMA(2,1) - GARCH(2,1) | 15897.7 | 15947.0 -7940.8
ARMA(2,2) - GARCH(2,1) | 15900.1 | 15955.6 -7941.1
ARMA(1,1) - GARCH(2,2) | 15895.3 | 15944.6 -7939.6
ARMA(1,2) - GARCH(2,2) | 15896.5 | 15952.0 -7939.3
ARMA(2,1) - GARCH(2,2) | 15896.5 | 15952.0 -7939.2
ARMA(2,2) - GARCH(2,2) | 15898.8 | 15960.5 -7939.4

GARCH(1,1) 15913.5 | 15938.1 -7952.7
GARCH(1,2) 15915.5 | 15946.3 -7952.7
GARCH(2,1) 15910.0 | 15940.9 -7950.0
GARCH(2,2) 15908.8 | 15945.8 -7948.4
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% 4-52014 % 2015 # SPY ETF # F #-3]2 AIC ~ BIC ~ Log-Likelihood

-3 AIC | BIC | Log-Likelihood
ARMAC(1,1) - GARCH(1,1) | 2109.0 | 2134.3 -1048.49
ARMA(1,2) - GARCH(1,1) | 2110.9 | 2140.5 -1048.46
ARMA(2,1) - GARCH(1,1) | 2110.9 | 2140.5 -1048.46
ARMA(2,2) - GARCH(1,1) | 2112.7 | 2146.5 -1048.33
ARMA(1,1) - GARCH(1,2) | 2110.3 | 2139.8 -1048.13
ARMA(1,2) - GARCH(1,2) | 2112.2 | 2146.0 -1048.09
ARMA(2,1) - GARCH(1,2) | 2112.2 | 2146.0 -1048.09
ARMA(2,2) - GARCH(1,2) | 2114.0 | 2152.0 -1047.99
ARMAC(1,1) - GARCH(2,2) | 2116.4 | 2150.2 -1050.21
ARMA(1,2) - GARCH(2,2) | 2111.8 | 2149.8 -1046.92

GARCH(1,1) 2112.0 | 2128.9 -1051.98
GARCH(1,2) 2113.9 | 2135.0 -1051.96
GARCH(2,1) 2114.0 | 2135.1 -1051.98
GARCH(2,2) 2114.5 | 2139.8 -1051.24

% 4-62014 1 2015 # QQQETF # F #-4]2 AIC ~ BIC ~ Log-Likelihood

-l AIC BIC | Log-Likelihood
ARMA(1,1) - GARCH(1,1) | 2307.17 | 2332.51 -1147.59
ARMAC(1,2) - GARCH(1,1) | 2299.72 | 2329.28 -1142.86
ARMA(2,1) - GARCH(1,1) | 2299.72 | 2329.28 -1142.86
ARMA(2,2) - GARCH(1,1) | 2301.69 | 2335.47 -1142.84
ARMAC(1,1) - GARCH(1,2) | 2306.77 | 2336.33 -1146.39
ARMAC(1,2) - GARCH(1,2) | 2297.31 | 2331.09 -1140.65
ARMA(2,1) - GARCH(1,2) | 2297.29 | 2331.07 -1140.64
ARMA(2,2) - GARCH(1,2) | 2299.28 | 2337.28 -1140.64
ARMA(2,1) - GARCH(2,1) | 2301.72 | 2335.50 -1142.86
ARMA(1,2) - GARCH(2,2) | 2299.31 | 2337.31 -1140.65

GARCH(1,1) 2303.83 | 2320.72 -1147.92
GARCH(1,2) 2303.77 | 2324.89 -1146.89
GARCH(2,1) 2305.83 | 2326.94 -1147.92
GARCH(2,2) 2305.77 | 2331.11 -1146.89
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SPY ETF ¢4 » % 417 1993 3 2006 # 3 2pe A B > 55§ P4 if
ARMA(1,1)-GARCH(2,2) #-4] 22 GARCH(2,1)#-4] 1F 5 FE R HEA] 5 & = 284 1
2014 & 2015 & 5254 A ¥ F > SPY ETF 304 » A5 5 4§ ARMA(L1)-
GARCH(1,1)$%] 22 GARCH(1,1) 7 % 38 e[457] » QQQ ETF 3% A » A7 5 $i5

ARMA(2,1)-GARCH(1,2)}-%] & GARCH(1,2)%2] ¥ 5 75 /453 -

A 08 o SRR RS
Lot e kd A g3 $ AR 112 GARCH - ARMA-GARCH #-7)
TR N2 8 R A B RS R vk 15 LT A B BT AR R B R
- engos FL A B L RF AFH R L ETF 2 Rz e /67 F
MR - DR R RPARIILE ok 40 1 L R PR A LB

B o~ B AR R K vE (8 R G AR Lot i o

BAM AR RAR R R PR B RKE 12% 0 B 43 W 418 ¥ 5
12%z2. p {6 B #7258 @ 15 o [ 4-3 5 2007 & 2021 & SPYETF | * % o i 8

2 PR E R K AP R AL R £ 47 5 SPYETF {I* 2 R # R 2 P
Tk B Reg Foot oo ¥ L F 3 R SR K3 ARMA(L,1)-GARCH(2,2)
A2, PR F R Rk A REYF > D] 528365 § F % & » GARCHQ2,D#3
2P Rkt R g A REAF S 0577 H A F 1 VIXdqdiez B RS R Rk
FIHEFRE I VIX dp#d » PIRAF R K A& B35 17
GARCHQ2, )3 2= p ik 8 & vk 5 T30 5 = 5 > 2 GARCH(2,1)#3] 2
PR s R Kog &R PR E RS 6 0 Y VIX dpdic2 PR # R
KRB XL APRZ PHRARFR RS A BEF> 5 0 1 VIX
Bz PARAE R R0k A BE 0 5 265309 BEERENH B Rk > A 2R
B2 PR B R vk o B X B IF 5 525655 & VIX dpdcz PRk R Rk
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B kg A

= TVS Cumulative Return (Historical Vol)
TVS Cumulative Return (Implied Vol)
= TVS Cumalative Return (GARCH(2,1) Model)
= TVS Cumulative Return (ARMA(1,1)-GARCH(2,2) Model)
= SPY ETF Cumulative Return
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B 4-3SPYETF 1 * % il & A&+ » A& & Kvg 2 R3-3ppY

BEFATHEIFPHRAPR RE2ZFGARLMPEFERE 7= 3V R B 4-
4 % SPYETF 41 * freg d & TVS {vi G2 RL > st BT F R > SPY
ETF fE ¢ i d & TVS {vk 2 TR G4z R 5 89.74% » * & 2008 # £ f kb K PF
H ) REFR D] B 16.06% 22008 £ £ Fh k2 TIERG A L 49.15%
A T iogqleqr B 52020 E AT R L TSGR AR R 5 64.19% 0 2020 & 2

Bl REAER 5 19.44% -

= Exposure Level
--- Average Exposure Level

200

G
=}

Exposure Level (%)
o
8

2007-03 2009-02 201102 2013-02 2015.02 201702 2019-02 202101
Date
Bl 4-4 SPY ETF fr{ A& B 2. TVS i 2 R'G 2R
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% 4-72007 2 2021 # SPYETF 1 * 2 & B F » P Rk R Kok ¥ 2 Focd WA 4T

B R SPY ETF | Historical Volatility | VIX Index | GARCH(2,1) | ARMA(1,1)-GARCH(2,2)
i i -0.4578 -0.8166 -0.7833 -0.1429 -0.5098
i 6.3700 3.6741 1.8594 6.0137 7.3486
B ¥k 0.4616 0.4793 0.5455 0.5770 0.4615
¥EHEF 0.0817 0.0981 0.1075 0.1038 0.0829
T 3o R U 0.0018 0.0014 0.0012 0.0029 0.0025
FRPF2LRBR 0.0252 0.0180 0.0130 0.0341 0.0364
B piF 64.5869 52.5655 26.5309 153.9481 91.7307
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W 4-5 5 SPYETF 41 * VIX 43 #c2. TVS vk chg g A2 R L, > Bt T4
R > SPYETF f1* VIX 4p#ic TVS {vé 2 TR G 2R 5 69.34% > & A 2020
&R R TR PR P 1 GG AR o] 1 15.90% 5 %2008 £ £ b f 2 TS
RIGALR 5 43.72% >« MY H Tamgrg iR 5 2020 £ AT A 2 TR G AR

5 47.53% > Pl H TR GER o

e Exposure Level
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120
100
2
g &
@
o |
o
3
wv
2
x 60
w
40
20
2007-03 2009-02 201101 201212 201311 201610 201809 2020-08
Date

] 4-5 SPY ETF VIX dp #c2. TVS g 2 R ‘& 42K

B 4-6 5 SPY ETF 41* GARCH(2,1)#3] 2. TVS K v& e 'G 42 & L, > Bt
EFAGEpP > 2 TVS Rog 2 TIORGAER 5 136.79% 5 12008 # £ f b % 2
Tog kAR R b 125.06% 5 2020 # 374 2 TioR gk 5 141.31% 0 ¥ 2 4]
* GARCH(2,1)H-A|# » TVS K& ¢ chfl G428 30 B kx> ¥ 4 2008 & 4

P J fr 2020 4 TER R 2 TSR G AR R 9 AR F 2 100% 0 H @ e ok L
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e Exposure Level
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Ly teyt BCFOREP RN - gt TVS Kok 2 ToR G2/ 5 140.29% 5 & 2008 &
ERb k2 TORGARE 5 141.99% ; 2020 & FTEh 2 THORGARAE
143.98% ¥ L 4]* ARMA(1,1)-GARCH(2,2)#3] 2 TVS # % R'& 42 8 30 i3
k> 22 GARCH2,) #3412 TVS R Re'gAZRIPF » & 22008 # £fh & &
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oM A 2016 3 2021 E% R E A Y E > ¥ 45 ~ QQQ ETF
SPY ETF st i ff 4 j& SPY ETF 884 (df 34 » 1 4-9 & 2016 % 2021 & SPY
ETF f1* 2 il $ & 2 p R & & {vs A 4 4B > £ 4-8 % 2016 2 2021
& SPY ETF 1% 7 fe ik d & 2. P Rk & & Ko Soxst o> ¥ 0 3102 B fR 4R po
k30 ARMA(LD)-GARCH(L #3122 B Rt & & K vg & Rddr - £ 3] 44437
T #vF 25 > ARMA-GARCH(L, D) #0320 Pk & & Rk £ M4 > 5 1.09 >
H =L GARCH(LDH-Al 2 B & B Rvk 5 3% F 2 5 0 ARMA(LD)-
GARCH(1,1)2 p 8 6 & K% £ A i3> 2 = 4§17 GARCH(1,1)#-3] 2 p &1
BB Huk TR E S G 0 2 ARMA(L1)-GARCH(1, D)3 2 B i # B K
W ARB WP AE R G 0 0 VIX dpdie B RS R K £ B
= 0013% B G Rz PARAFR KRG § ASBRIF> 5 0 2 VIX 48k
2 PR E R Rk A ILE A 5 278151 S A A R 2 B R E R ek

B~ by 5 38.0319 o
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TVS Cumulative Return (Implied Vol)
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PPEFAE R SPY ETF R i # & TVS vt 2 TR 'a &R 5 103.62% >
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2020 & FTE A2 TR G AER F 64.19% °

260

240

220

Exposure Level (%)
= & o S
o o o o

5
S

=
1<)
=)

2

= Exposure Level
-== Average Exposure Level
2016-02 2017-01 2018-01 2019-01 2020-01 2021-01
Date

B 4-1016 & 21 # SPYETF frg & & 2. TVS {vi 2 Ri'& A28

Bl 4-11 5 16 # 3 21 # SPYETF {1 * VIX ip#icz TVS W R R AR L

77.44% o

Gt BCFOREP RN SPY ETF VIX dp#ici # & TVS g 2 TR ‘G ER 2

120

100

Exposure Level (%)

20

= Exposure Level
-~ Average Exposure Level

201602

201701 201801 201812 201912 2020-11

Bl 4-1116 1 21 # SPY ETF VIX dp#c2. TVS i1} 2 R'GAZR

28

DOI:10.6814/NCCU202100948



% 4-82016 % 2021 & SPYETF f]#* 2 F il &2 ¥ » p iRl & B Lok ¥ 2 ek A 4T

Wk R SPY ETF | Historical Volatility | VIX Index | GARCH(1,1) | ARMA(1,1)-GARCH(1,1)
% 15 -0.9372 -1.4078 -1.6307 -0.9443 0.2965
# £ 5.1729 9.1833 10.6973 5.1400 7.1972
T F 0.9273 0.7059 0.7753 0.8884 1.0934
FEIHEF 0.1396 0.1131 0.1224 0.1374 0.1718
T IO R F 0.0030 0.0020 0.0016 0.0038 0.0065
FFPF 2R ER 0.0214 0.0178 0.0132 0.0288 0.0404

BB 47.0677 38.0319 27.8151 70.9043 128.2042
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B 4-12 5 SPY ETF 41* GARCH(1,1)#53]2. TVS # vk chiR e A2 B L, » fpt
EFHEPEPN 2 TVS k2 Tiofg4e i 5 13597%: 2020 # #resk 2 T
BRE AR 5 141.31% ¥ R 41*% GARCH(I,D)HEAF » TVS Rk ¥ chgd sk 2 &
FANIRGE R0 ¥ A 2020 £ 3TFE L TR GAR v E S EHMY T2 T

RGALE o
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B 4-13 5 SPY ETF 41* ARMA(I,1)-GARCH(I,1)$3 2. TVS § 3% e %
AL A EFRBER > TVS fei2 TR 2R 5 176.52% 5 2020 &
3T 2 TR G A 5 185.73% > 7 L4]* ARMA(L,1)-GARCH(1,1)#3) #
» TVS % ¢ gl g 428 220 -k 2 > ® 27 GARCH(1,1)H-%4] 2. TVS #% 4p

o B 42020 £ 37T E 2L TIORGARRE T BT EWD T2 TR GAER -
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BEAPLEARFD T RO F %A p U QQQETE 618k A wldE
3t B 4-15 5 2016 3 2021 # QQQ ETF 41 * # ek dv & 2. p ik 8% & K1k B
ep A AR 0 £ 49 5 2016 3 2021 £ QQQ ETF 4| * 7 ik 2 2. p L #
BRE Gt o T OF FIR SRR 0 ARMA(2,1)-GARCH(1,2) 3] 2
Tk b B Wk £ MbAF o ) 524845 LA F 2 G o {1 VIX dpdicz PR
B0 R Rk £ E4F 0 5 13030 2= % ARMA(2,1)-GARCH(1,2)#:3] 2. B ik #
BREHFTHE I G 041" VIXdpde2 p R # R vk A B 5 03633
# = 5 41 ARMA(2,1)-GARCH(1,2) 82 2 B Rk 5 & vk T304 s = 6 >
"2 GARCH(1,2) B3] 2. P ik # B #0042 A P2 A5 & > 5 012 VIX
dpficz PR E R R AR Bt S B R PR R g Bt
G0 VIXdpc PR S R Rk A MBS 278151 B AL H

Bz PARAE R KW 0 B S IS 38.0319 -
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Bl 4-18 3 QQQ ETF 41* GARCH(1,2)%42 TVS ®uk g fe L, > &
BLECFOREP RN ot TVS K 2 TR AR R 5 152.87% 5 2020 & AT F 2
TIoR G AR 5 163.69% > ¥ L% GARCH(1,2)3-3 % ~ TVS {2 ¢ e g 42
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% 4-92016 3 2021 # QQQETF % # I jk #5 & 4 » P il B §05 ¢ 2 § ok A 7

Forxim QQQETF |Historical Volatility| VIX Index | GARCH(1,2) | ARMA(2,1)-GARCH(1,2)
=319 -0.5867 -1.1469 -0.7787 -0.5775 -0.5446
% 7 3.4753 4.1436 0.8963 6.5088 2.9904
TEvF 1.1960 1.0084 1.3030 1.0929 1.2179
FIHEF 0.2241 0.2866 0.3633 0.3003 0.3293
T 3oy 4R pU 5 0.0047 0.0028 0.0030 0.0070 0.0069
FAFPF 2 R B R 0.0268 0.0182 0.0152 0.0442 0.0391

SR 21 59.9488 33.5589 21.8885 167.5721 100.3967
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Bl 4-19 % QQQ ETF 4]* ARMA(2,1)-GARCH(1,2)#-3] 2. TVS # v crdfl 4
ABARL B EFTHRBEP > 2 TVS Kok 2 THRGRE 5 147.62% ; 2020 #
e 2 TR R L 137.09% 0 ¥ 241 * ARMA(2,1)-GARCH(1,2)#-3] #
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B 42016 & 21 # QQQETF ] * % Il & & » A& & K 2 R'GAER

BFAMLHR e BPEABR LR 2P HEATFRK S 6% B 421 5 2007
22021 # SPYETF I * 2 el # B 2 P R B vk R -3 A3 BI(P &L
B =6%) > % 4-10 5 SPY ETF 1% 7 it é & 2 P Ak 65 & Rk 2ot (P
Tk $ R =6%) > ¥ 11 g P2 R AR KRR > GARCH2,DH-A1 2 p ik 8 & K
i A B AF 0 ] 272415 § F F 2 G > GARCHQ, ) BA) 2 p Rk & B §%
MBS 0 50577 B A1 VIXdp#kez PHRAE R K S #HT %55
# > 1% GARCHRDE A F » P& A R e 203 B 5 f1» et
B2 PR R v TEEERMS S e 0 J1* GARCHQ,DEAF » P 1
AP R R A RBE S FHPF AR RS G 0 U VIX ez PR E R 0
Wb B Sk d R PR E R R0 S BRI G 0 Y VIX ik
2 PERAFRE KRR AREI 0 2167742 B L e e R P AR R

oy g g i 19.2531 0 = FOEEER fl"g’%p—gzlﬁ”‘“ Hw Kk o
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300
= TVS Cumulative Return (Historical Vol)
= SPY ETF Cumulative Return
TVS Cumulative Return (Implied Vol)
= TVS Cumulative Return (GARCH(2,1) Model)
= TVS Cumulative Return (ARMA(1,1)-GARCH(2,2) Model)
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B 4-22 % 2016 T 2021 & SPY ETF 1% 7 | 6 & 2. P L8 A& §0% B
A A A BI(P R B R =6%) » % 4-11 5 2016 & 2021 & SPY ETF | * 7
AR 2P R R g 0 T g DI R AR R 0 ARMA(L -
GARCH(1,1)#4] 2 B ik s & Kok 2 b4 > 25231065 L H v 526 o
ARMA-GARCH(1,D)#4] 2. P R &% & s 2 &4 > 5 1.093 #=x 3
GARCH(1,)#%) 2. B i d B g P FF 0 %2 6 0 ARMA(L1)-
GARCH(1,1)z. B & & B §v2 £ a4 » 2 = 5 9% GARCH(1,)#A2 b &
B R e s TR S S & 0 1 ARMA(L,1D-GARCH(1, )B4 2. p R4 &
BRv ARBAF D FRPIFZRB R G 0 2 VIX a2 PR R R R AR
B B LA RZ PARAF R K 5 RSBRES 5 0 2 VIX dp iz P
ot R R A RBAF > 5 12,6415 Bt S e dd 2 P HEAH R R &

S pEtE G 17.2708 0 BEEF BT H s L R LeE oo
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= TVS Cumulative Return (Historical Vol)
= SPY ETF Cumulative Return

20 TVS Cumulative Return (Implied Vol)

= TVS Cumulative Return (GARCH(1,1) Model)
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BEFANPVRAARDE T P AEDZ F A 45 0 2 ! QQQETF 38 A& fidf
2t B 423 5 2016 & 2021 £ QQQ ETF I * 2 ik 6> & 2. p 4 # & ik 7
FAFPAFB(P A F R=6%) 0 & 4-12 5 2016 3 2021 # QQQ ETF 41 * # F
pBs B2 PR R Wk et i g Bl R fE AR EY kR GARCH(1,2) 4
A2 P RS R v A REF  EP] 248385 B A F 2 G o I VIX dp ke
P E R Xt AB 0 5 1304 3= 5 ARMA(2,1)-GARCH(1,2) %3] 2.
Tk R Rod S HFFFF S0 0 I VIX dpdic2 PR R K A RE G
% 03637 # = 5 9] ARMA(2,1)-GARCH(1,2)H-3] 2. P ik # & vk 5 T 303k ¥
A G > 2 GARCH(IL2)BEA] 2 P Rk B & vk £ B4 0 P2 d &
G R0 VIX dpficz PHRRAE R K 2MEF > UL L kb R P RS
B B S EE T R 0 0 VIX 2 PR R R vk AR A G 83899 H

AR AT R P ARABR K B S EIEE 127708 EF R H B e
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# 4-102007 & 2021 # SPYETF 1% % it # R 3 » P R & R Kok P 2 F20d WA 7(P L & R =6%)

Fri B SPY ETF | Historical Volatility | VIX Index GARCH(2,1) | ARMA(,1)-GARCH(2,2)
i -0.4578 -0.8165 -0.8370 -0.1484 -0.5139
7 3 6.3700 3.6725 4.4355 6.0208 7.3585
EHeF 0.4616 0.4795 0.4902 0.5771 0.4616
FIHELF 0.0817 0.0981 0.0953 0.1039 0.0829
T 3o AR A 0.0018 0.0008 0.0007 0.0015 0.0013
FRPFLRBR 0.0252 0.0090 0.0077 0.0170 0.0182
B4 prif 64.5869 19.2531 16.7742 47.4665 51.3833

% 4-112016 % 2021 & SPYETF 4% 7 ik R 4 » B B $ & K05 ¢ 2 ok A $7(0 Bk # 2=6%)

etk R SPY ETF Historical Volatility | VIX Index GARCH(,1) ARMA(,1)-GARCH(1,1)
i & -0.9372 -1.4216 -1.6508 -0.8296 0.2928
% 5.1729 9.2297 10.7885 4.7433 7.1918
1S Raks 0.9273 0.7063 0.7758 1.0107 1.0938
FEEF 0.1396 0.1131 0.1225 0.157 0.1718
LI AR U F 0.003 0.0011 0.0009 0.0029 0.0033
BHRPF2 AR 0.0214 0.0089 0.0066 0.0187 0.0202
B iy 47.0677 17.2708 12.6415 36.8931 43.1771
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# 4-122016 % 2021 # QQQETF fI* 7 it & A F » P Rk & & Lok ¥ 2 ik A 35(0 ik & B =6%)

P QQQETF | Historical Volatility | VIX Index | GARCH(1,2) | ARMA(2,1)-GARCH(1,2)
i -0.5761 -1.1465 -0.7762 -0.5795 -0.5465
# g 3.4009 4.1404 0.8925 6.5167 2.9984
T 1.1550 1.0275 1.3035 1.0932 1.2179
BT HMF 0.2168 0.2869 0.3637 0.3004 0.3293
T 03y 4p il 0.0046 0.0015 0.0016 0.00362 0.00357
BEPF2RPR 0.0268 0.0091 0.0076 0.0221 0.0195
A ity 57.8813 12.7708 8.3899 52.1338 100.3967
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