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Abstract

This paper divided into two parts to investigate on the information content of
CBOE SKEW Index. For the first part, we do time series analysis to observe the
relationship between SKEW Index and other variables. First, we found that SKEW
index is totally different from VIX index. VIX index is a proxy for the standard
deviation of the returns. The standard deviation describes the average spread of the
distribution of returns around its mean. This is not a sufficient measure of risk
because the distribution of S&P 500 log returns is not normal. SKEW Index captures
the tail risk of the distribution. Next, SKEW Index is good at predict future S&P500
ETF returns especially weekly speaking. Also, we found that the correlation between
SKEW index & S&P500 index is too unstable to interpret. We argue that it’s not easy
to interpret SKEW Index directly but we can combine SKEW Index with VIX
Index.

Regarding the above reason, in second part, we combined SKEW Index with
VIX Index to construct trading strategy under Markov Switching Model. By
comparing with FTP Model, which included VIX index only, we found that TVTP
model, which encompassed VIX Index and SKEW Index together, significantly
outperform others. When the model detected regime switching, we buy/short SPY
ETF in the market separately. We did the simulation test from 2002.4.15 to 2013.3.29.
Without considering tax, fee and dividend, we earned yearly average rate of return
13.61%. After considering tax, fee and dividend, we earned yearly average rate of

return 9.51%.

Keyword: SKEW Index, VIX Index, Markov Switching Model, Trading Strategy
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Xe=Cr+ Xy Xeoy + 20y g Yoy + &gy
Yy = Cp + Xicq Bri* Xeei + ey Boi Yeoi + €2 (5)
He X 2Y, 5 NP4z M thend Sl LI F S8 CH¥HIE > aZ fhie
Brihdc de i Rt I AR B A0 F e L7 o
Pl LRSS HET > VEX A E L Granger FI% M %> 7 ¥ I L e Te
RY B2 o SHX LT L FRRAN A o mEBRH Y EZBERER X,
WAy =0 B EHMER TR by (=12, LDEFFFZE ok 2tppF
N ,i*zu‘Pe}*’ﬁlFA\thﬁzf ERXe > TYaE 2 o LR AX G FERR
A (Y=X) o B2 g By (51,2, L )72 2305 R A X, B o L H
MY, E GRS (XOV) o d ok Pyt AE BT B 0T 0 27 X2V H

G FIRM B (X0 -

¥ 8 57 4 @i

() HZTPFE7 L @D
Hamilton(1989)#73 H1enf ¥ % e #-73] > 1 & % 72 7 LRk i %k
(statevariable) A H AR AT AT FRETNF S > Ak EREA L
Pl 755 7 % 4 (Markov chain) @ %8  fpfT Bt 2H3 > 57 A R

EHEEA R RAAF R L7 e AR Mg E L1 & o
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$130— P B A T ALy, AR BB T A R BRI - AT A

Ve — Us, :Z?ﬂﬁj(}’t—i_ﬂst_i)'*‘gt St“'N(O:Us?t) (6)

BV S a7 TRFARE R A R BRI T R AT 20 g, 5 BB i

OLFRATRBH  pR P AVFNTURS G2 BRETRE R EOEH D
S R LI L T Rl

FOAR A R LR q‘xﬁ*ﬁh%ﬁdtﬁﬁ% B G R

TG om - HRERES,_ R E R ERES,HE L a BB R Rk

fi # 3% 4L (the matrix of transition probability)#r#4 :

Py P01] [ q 1_2?]
P = =
[Pw P14 1-g¢q p 7

BP P =P =jlSe-1=0)01,j=0,1> F& &5 t-1HEREI T 5 tHHE
ok J S o PogtPoy +Prg Py =10+ %{W?W‘ﬁpﬂ*@; 0+

Wi g A RE 00 (I— )i mI Ri l- 25— WREs 1

S

PIAS FpertsFmaF a1 (1—p) S I RE0-
FOOREERBIC APTFUEESNREFTIRESFED T - AP R

0 T8 R

VA A AR L T ARG ] Y
—-q

HE

)IJ' LA EprqRiT 1 BF o Pl fom B e Bk i oy g A

FULPEFREIL G EHE

(=) MAERHIFF L @D

Hamilton #7#% &) e 7 it B #end w8 Ty, (B EBAD Ty & A%
His 7w R EDFF P > o5 #0 Filardo(199) 4 1 pF A 641 5 7 4
#3547 (Time Varying Transition Probability Markov Switching Model,
TVIP) - " My S S RIS VR R ha e gt > LR TR

B s e & 7+ Z 0 s 5 o TVIP #1037 & 1 e
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Ve — Us, = Z?:l Bi(Vi-i — list_i) +é&  &~N(O, Uszt) (8)

_ [P Po1] _ q(Z;) 1-p(Z)
i P R P AR A (8)

A e g FTPHCA 2 TVIPHCA) © £ o dhdd e & ek 2 FTP S B 2% #&
q% p> A TVIPR| 5 Z,chan i q(Z,) % p(Z;) » % #ELogistic s #ic e Probit & k-3
LR S AR T L R e n UL RS ek S R 400, 1]

2 F e &~ F % Probitdn ek did R B F R U] (e B g 5 v L&

q(Z¢) = P(S, = 0[S, 1—0Zt)—(l>(9q0+21 10q;Z¢- 1) (10

p(Z,) = P(S; = 1|5, 1—1Zt)—(p(9 ] 100 2 1) (11)

—-,E! v [er;qua HpOIHpj:I ;; %ﬁ ',é %‘/tgt > ’g’gq]’fﬁep]% '—%‘; OB:‘": A 7‘ TL B q{T]—i-Zt'}hFt

B e 3 o L EETVIPHEA] ¥ 5 FTP#CA] -

(2)  S¥fk:
x5 22 (Maximum Likelihood Estimation) » i & #£107 iz 25 7 %7
T ET VT S TR
LO) =X{_ In[f* e |V, Ze; 6] (12)
HPY, = [y, Y5 e one Vel 5 EF1H - E RSt aBmRE > Z, = {2,25 .. .. Z:}
SEE 1Y - E DR e L RS 0= [ug, 02, B, Poos Pi1, 00, 04jr Opor Opj ]

.
LR Rk

3L FF Zodefe By, 2P F 0GR BRI
P(St = SelYers s Yemrr Zem1) > BIASFP(Sp = S¢lSemq = Se—, Z) otk B85
Beoanficf = F M kP o

WS RSSOV Ve, 0 Ve Zt)

= Zgrt:o ----Z%‘t_r=0 fOuSe = 56St-1 = St—1s 0 Ster = Sty |Ve—1s » Yeerr Zt)
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= Zg‘t=0 ----Z%‘t_r=0ft VelSe = Sty s Stmr = Steers Vem1 2 Yer) X
P(S; = 5¢lSt-1 = St-1,2¢) X P(St—1 = Se—1) s Str = Se—r|Ve—1, r Yeorr Zt-1)
(13)
¢ (13)58 7 Farpein S 2 L(0) = Nl In [f O [Veer) 0 Veer 25 0] = 5
WEIEESF R SRR RITE T A NPT RS T P(S, = 5¢lSe1 = Se-1,Zp)
frdiim 8 3 P(Se = SelYe—1) s Veor Ze—q ) R Tril Az %
P(St = selye, Ye-1) s Yeers Ze-1)

=25 120 e oo 28, =0 P(Se =S¢y, ey = Sey Voo oo Veors Zt)

_Zl Zl P(ye,St=5t,wsSt—r=St—r |Yt-1,--Yt-r2Zt)
T 4iSE1=0 St—r=0

(14)

f*(yt |:Yt—1""'yt—1‘rzt)
d (1)1 7 T 2R FHy, o2 SPRLEY 1 Ver g &
fiRpSmnalcnds flicr afol X2 F RS RA I L hiBL B

LGRS APRLES g Hd 2 E%‘EZ'?}@% PR e A s FP(Sm, =
St—1s 1Sty = St—r|Veo1) o Veer Zeo1) B3P BN S0 FiT o ch 5B E o
Il F+ 2% 0 FERPEERBI RS ERHBPIPBix T

FHAESE R0 BPRART L RLART FREF LT

(m) Pt 2
ok L FF Zk enFom ek BN E g @ TVIPH-A] » 2 40 * FTP
HoA) T F oo Fpt A g i 4 2 (Likelihood Ration Test) ° # Z_TVTP

Bl 3 RETPHCAI § 2% o fh 8 BGK © IR 3 2P B 60 2] o PRis v B st

[

Y =2x[L(O) — Lg (9)]~X(2M1+Mz)»a

B¢ Lp(0) 5 % UL rRHARRE I R R 0 ¥ L(0) 3 A TR et

[

» My + My 5 U kD s ook
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AF % 4% % CBOE 4 o e SKEW 45 %5 ~ VIX 4 #c ~ € 8¢ S&P500 4, 8 ETF =
L EPEr KL FHEPp Datastream FHEE - A F 5 2002# 47 157
Z2016&37 20pF > £ 3644523 pFH HEFURER Y o A2 5E
Matlab G B 7|3kt 22 57 Ak BRI 24 -
2 AR TR DR

LA a1t
SKEW CBOE 2 SKEN 4; #p <4
SPY SPDR = # #7% 7 i£ B S&PO00 4 B ETF p 232 i
VIX CBOE 2% VIX 438 p 4% i}
Credit Spread 9EH BBB s P FHFE ) EPRELIFFPE L

BifA 3 7 BT SKEV Apdic ik AR P B AT 106 £ 146 2 o T35
Bz ¢ g F A 120 =+ 0 00 120 3 R s 0 SKEW 4p ¥ & 100 3 120 7 4 7
B e W Arek o0 RAL 120 3L 146 FiT o RIA R R B 2 A B ek

AFFERFLOT N > FE2 G RIS o

% 3 SKEW ~ SPY ~ VIX# Credit Spread sihéc it si2- &

TioE ¢ ik S B B BB L

SKEW 120.43  119.73  119.31  106.43  146.53 6. 70

SPY 135.09  128.08  131.97  68.11  213.50  34.83

VIX 20. 08 17. 40 11.98 9. 89 80. 86 9.17
Credit Spread(%) 2. 25 2. 26 1.95 0.92 6. 23 0. 84
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B4 4 VEED > VIXdp#k SPYETF 55 % R £ AP > @ SKEW 4p #c

= SPY ETF R & 5 AR = 4p R -
% 4 SKEW ~ SPY ~ VIX#? Credit Spread & er74p i % #ic

SKEW SPY VIX Credit Spread
SKEW 1 0.2170 -0.3193 -0.1142
SPY 0.2170 1 -0.6803 -0.2445
VIX -0.3193 -0.6803 1 0.1610
Credit Spread -0.1142 -0.2445 0.1610 1

S ERAA R

LRI R SIS & 0 A A w BINA % SKEN 4 M2 TP iE - # 5
i ul e s SKEW 4n e 8 B fo VIX Sp e o £ 2 SPY o o 2 F L7 2
F TR koo % Z 304 PIELEN 4e SKEW % BcATE i 45 SPY SR edp Bl 4 o
B fs - §04 R 4% 18 Granger %1% B % 4& Tfa % SKEW 45 #c2 SPY & £.F £ 5 7]
B

RPN R S A4 AR e < R S A E £ F (Stationary) ¢
FAARFMIN A0 G A SIS AT R B 0K AT R B Rendnth © 15 18
ADF S 124 %07 o 2 ) SKEW 4p 0% VIX 4 e & e LR R Hp B B AT AL
A SPYETF fom Fp £ A GRS § BATam g o d 50 A PRT kit 70k 174 56
FUBAER TR LSBT KA T L FRT ke
E= S AR L

4 5 ADF ¥ ik w8 %

P T st § P

SKEW ~14. 41 0.001

R4 7R VIX ~4. 89 0. 001

SPY ~1.99 0. 595

A SKEW 71,71 0. 001

A THR A VIX ~59. 68 0. 001
A SPY -58. 14 0.001
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He A § 7k 5 ASKEW, = In(SKEW,) — In(SKEW,_,)
AVIX, = In(VIX,) — In(VIX,_,)

(=) Wi GEE kR E O %
% 5] 12 SKEW dp s VIX dp 85 454 2 L% S&P500 4p Beaw i chify 1 Thdgc g 1
Bap bR EE DM G2 FARLS
ASKEW, = By + B1AVIX, + &, (15 )
A VIX 4 dics SKEW A el 2 5 B 0 2 o 3 SRR A Rk e o

Frim™ > B menfe R g R P A - BRI TSP BMFAN0 D 5 k-

% 6 SKEW 4p 2 VIX 4p ik 7 55 %

E - 3 Gk T3 & Pie
Bo 0.0014 0.0510 0.0289 0.9769
B1 -0. 2293 0. 0296 =17.7374 0.0001
R? 0.0161 A #ic 3643

22

BiEE) T HFEEL =0hiE o &7 3 Fehl A F o 2 0%
Beho A PErIEH en s fow B T3 o AP E F] 22 Dennis and Mayhew(2012) 4w
Han(2008)— 1 5553 » SKEW 43 ficfe VIX 41 Bedf 0T 300 i 1 h — e 2
4 v S W) T SKEW 45 e VIX 5 Hiesiotic i MBLAET] S 4 B 700 f 249 e o
VIX 45 i 50 Bt — %% = g ad s e SKIW 45 Bedf in b Beqsh o
Eﬂﬁiﬁ’ﬁﬁl‘g%‘ﬂr’?ﬂ’.ﬁjﬁ% ® B o % SKEWp#icil® pF > i VIX 45 8k
BiA e dEmm A2 A DR R T g 8 B SR b SR
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150

145

140

135

130

SKEW

125

120

115

110

105

VIX

Bl 7 SKEW ip %2 VIX 4p 8 2002 = 2016 = ¥ 427 B

(=) BHEHE

#d ~ 17 SKEW 4p fic%¢ 1 £ ¢ SPY i R % 1 £ 7 ehbl 7> K g % SKEW 45 #iit
BRI EUIE bt IO SN s (P

ASKEW, = By + B,ASPY, + B,ASPY, + & (16 )

# ¢ ASPY; = min (ASPY,0) ¢

A F RO RS f o FIG Y H AR R T g RS
Fla kB g AR RAFFE L 4 SKEV s § -

g 2 3k LB ¢ SKEW d dcic 3 50 351 A TS 0 IR R
FRANO0D 5 f#co F SKEWdp sl v i&a 33175 B84 2 A F a7 §

At IR BB F B 50 0
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# T SKEW 45 #c#r SPY ETF ¥ §F 5 %

¥ Eamiae I Pig
Bo -0. 0155 0. 0696 -0. 2234 0. 8232
B1 0. 3891 0.0615 6. 3214 0.0001
B -0. 0150 0.0961 -0. 1562 0.8728
R? 0.03 T~ #3642

HiE T FRSFFR BARAEFIESE, = 00l o L B Tlicir 2 A
g eng e B 0o @ £.0.3891 o BRI ApF > SKEW dp Scm iz 3 3057 Erk &
B AL R o

Fd B8 A w2 D] VIX 4p #cfr S&P500 45 #1260 % 4 & 4p B (2 e
FARRE AR ® > AEiT 10 & alidp? o APRE Gl REA-0.8~-0.42F > ¥
FAAR EHEZ 2015 & WL D AP M SRR M B R 5 e VIX
B g AT B R LY o Apg2. T SKEW g 8cR F1 5 & gk ds < < o S§P500
An B 260 * B BoAp B GEEY 2 R FE LD F S TAPM o g 4§ &
HUs M o FHEE S RFA-0.40.8F » #RIRVIX x357 -

1
0.8
0.6
0.4

0.2

0 [ o T T — Tt T T T T ™
ol @ > B
B B <,)\Q o
NN RN SR G LRI N NNl BN S
0.4
-0.6
-0.8
1

SKEW,S&P500 VIX,S&P500

1 8 SKEW 4, #csz SEP500 47 % 260 < 4 6+ T 355 VIX 4, #cs2 S&P500 4 # 260 =

# 6o 4p M Tl B
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(=) 78I SPY ETF & % #p
JE 9 H 5% SKEW 47 % ©+ £ 2 SPY § #u58p % 1+ £ 7 enb o % SKEW 45 %
L3R AR S WA AR AR pEY 3 h SKEW 47 fic A B chiE 1

oo AR L5 Ay SKEW dp s it £ 2  #p SPY W #% i- £ 75| SPY ™ 4

ASPYt+1 = BO + ﬁlASKEWt + ﬁzASPYt + &t ( 17 )
A SKEW 45 e - B4 002 440 B o M o 4 GG E
e f ARt (SKEW & A& ) o 08 T R f AR IS - TS T AN L

SRS §ERE AT P A RS L FA T o

% 8 14 SKEW 4 #cigiR] SPY 2 F1xe fF 5% (P 3R EY)

[ S s T st g PiE
Bo 0. 0268 0. 0239 1.1186 0.2633
b1 -0. 0071 0.0078 -0.9049 0. 3655
B -0. 0555 0.0168 -3. 3038 0.0009
R? 0.0036 e & i 3642

% 9 12 SKEW 4p #cigip] SPY 4 %112 fF 55 % (F3REY)

¥ Eamiae I Pig
Bo 0.0268 0.0240 1.1166 0.2642
B1 -0. 0142 0.0078 -1. 8079 0.0707
B -0. 0324 0.0168 -1. 9274 0.0540
R? 0.0023 & #c 3638

% 10 r2 SKEW 4p #7gip] SPY A %tiw jF s % (* 4RpY)

¥ Eamiae I Pig
Bo 0.0268 0.0239 1.1186 0.2633
B1 -0. 0071 0.0078 -0. 9049 0. 3655
B -0. 0555 0.0168 -3. 3038 0.0009
R? 0.0006 T~ #3623
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Pt g0 A R F P IR R A 4 0 F A IRB Y Riyod 4= “73pd en s f o m SPY
ETF g 8 &2 P& T+ MEF 27§ FERLTRELE > §7 AAREK
R R A RS T o H P R USERFEMOreE &G B F 0 o Xing,
Zhang and Zhao(2010)% Rehman ¥2 Vilkov(2012)##% - & - i~ & ¥ SKEW 1n
B TS AR R Nk TR P LR K R R

55 SKEW 45 #3F Rl & R 4RO enis 4 0 i £ A 3 (T 5 o

(z) B8 F]% B %

i ) t& 2% SKEW 45 B2 SPY @ e dp %1% B % » 3¢ * Granger Causality
Flh B Cete Lk ta sk SKEW dpdicsr SPY B EZF L F AR AT RBM % o v £ 8 A wjF
#-4] (Vector Autoregressive Model )ik & 4c™

ASKEW, = C, + X", ay;XASKEW,_; + Y_, ay;XASPY,_; + &,
ASPY, = Cp + XL, Bi;XASKEW,_; + Y& | ByiXASPY,_; + &£5,( 18 )
RYLZFEdE CoV A a2 faiffil degs@dt IHaTEE
Pl R AT

A Bl L =1~3 % # P SKEW % it & &2 SPY % it & FF el % o ML=2% & » &

\Q'v

& B3R oy = oy, = 0 (ASPY 7 € Granger CauseASKEW,_)#kie4 - Rl 7%

L

WA Z W 2 p HSPY %1t & 4 SKEW cnsg it & 5 FFipli 4 o

% 11 Granger %1% B %4k 2% %

i & B3k (Hy)
Lag=1 Fie P-value
ASKEW,# ¢ Granger Cause ASPY; 1. 1230 0.2893

ASPY, % ¢ Granger Cause ASKEW; 111.2400 0
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Lag=2
ASKEW,# ¢ Granger Cause ASPY,  0.6083 0. 5443

ASPY, % ¢ Granger Cause ASKEW,  32.3590 0

Lag=3
ASKEW, % ¢ Granger Cause ASPY,  0.5975 0.6166
ASPY, % ¢ Granger Cause ASKEW, 16. 451 0

i+ 11 Granger F]% B fiig g % L% 5o > SPY dpdicy P &4 & SKEW

$ e G o

$Z6 BT ABBEULELE Ry

(=) BT AEEEE g

1245 Chen and Lin(2000)4% % 45 1 7 ;% & #03] 30 = R A H03] » 4% =
AT AHBENYCERRUTRPE T 2 p- RUSLIFFPET
P A BRI AR APEROET A BRG] -

Tai(2012)% # % ’?Iﬁﬂ* MRk R fof drend R P 548 VIX 4p
BB PIT PP LTS AR RS T A BT R AT RN L FS
F TS E T X RN AREFEH DA TR 2 38R
PR FOLH AR EEEF NS > FIE AL R B LT %S L83 <
B e vk & 0 I (parsimonious) » # % i e SKEW 45 #c & F it # = #0321
PR GG 4 SRR CAPT AL B2 ST E o AP i)
R TAeT L

ye=u, +& &~N(0,0%) forstatel

=u, +¢& &~N(0,0%) forstate2 (19)
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_ [P Po1] _ q(Z;) 1-p(Z)
i P R P A A (20

¢ Q(Zt) = Q)(qu + eqlzt—j) ’ p(Zt) = qb(epo + gplzt—j)

d LB 5 2 Bl 6 BE VIX g SKEW 4p #ceha %4 i¥ 5o » SKEW 45 %7
RS VIX4pded #3837 A BB SRR EEL A FTE
A2 VIXdp e 0F 5 e e o "f i F A0 < dp IR 3R ek Rla 4 e
S&P500 4 #<ETF 2 2 * § £ ¢b » Af7 5 & 6~ SKEW 4 Befa i Blac 4 a0t o

Bt BT A AR 0 AR VIX 48~ SKEW 4p 8t 2 SPY ETF # 2
S E RS (In(X) — In (Xi_g61)) U fRARFTAH 22T LRI - @ Credit

Spread ¢ *t F_F i #or e A R o

* 12 B ¥ X @A Sl

- TVTP: TVTP: TVTP:
VIX + SPY VIX + CS9 VIX + SKEW
Uo -0.3151 -0.3140 -0.3138 -0.3145
Std. error (0.0073)*** (0.0075)*** (0.0074)*** (0.0074)***
Uy 0.4057 0.4083 0.4084 0.4073
Std. error (0.0085)*** (0.0089)*** (0.0087)*** (0.0086)***
qu 2.4819 2.2974 3.0007 2.4716
Std. error (0.1871) (0.2323) (0.5782) (0.2004)
qu 1.8886 -27.4222 5.4335
Std. error (1.4676) (26.2158) (4.0133)
Hpo -2.3179 -2.1921 -1.6510 -2.2778
Std. error (0.1971) (0.2040) (0.6832) (0.2000)
le 1.4164 -25.7203 2.0612
Std. error (1.2435) (27.761) (4.5306)
0.0803 0.0801 0.0802 0.0802
° (0.0023) (0.0023) (0.0023) (0.0023)
Duration0 153.08 64.06 93.73 116.41
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Durationl 97.79 55.71 66.08 83.25

Log likelihood -538.9453 -534.1593 -535.8137 -535.8635
LR test 9.572 6.2632 6.1636
P value 0.004 0.022 0.023
el S R B Y T EFTY IS ok By SIS e

PR F AN FE IR R R LRk - RS BFRHRI RRET
VIX 4 e 1 5 T 3oeen? Ll o fd 0 FAAPT gk - 2 TR
oo KA RIS ARG A ERET VIXfdkg 2 F o 2 VIX 4y ek 6
AR AL T NS BHFH T SRR B ROREREY R
AFTRRAEFDT e PR REE

IR Ak L TG iR g0 TR & e B et 2 SKEW dp #ioer 7 3 A1 eh
Oq1frbp1 3 Blod # 12 7 @400, 100, F 5 & B> 4 7 % 8 SKEW 45 = 5 p*
QZIEp(Z)3eg = % > 27 BT ERPREDT LRS- FETRY S A
A TS BT R I E R o AR F 0 o 8P SKEW dp 8T rE 0 d 00,

Tobpy d 5 2 #e > Rlq(Z) % p(Z)FH 6 M 180 4 381 —q(Z)* 1 —p(Z)e §

BoRARFREELE DT PR o F Rl 5 TERE PR BB
FREL D o A 050> 02 6,y > 08 > F 58 VIX 4 efow 5 SKEW
Jodiche pE 1 & 8 5 8 VIX 4 Hcfot 8 SKEW 47 Hiche 5T 5% 0 IR RS 2
Pk L en T i R

A LS ET e RBRET AR SR i o VIX gl ¥
AR H B A o
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FTP

90 1.20
80
~— v — —= [ 1.00
70 H
60 H I 0.80
50 H I
- 0.60
40 H
30 0.40
20
0.20
10
0 | A ! : , . Bl 0.00
4/15/02 4/15/03 4/15/04 4/15/05 4/15/06 4/15/07 4/15/08 4/15/09 4/15/10 4/15/11 4/15/12
—vIx —fEiig=x
B 9 &* FTP #3] ™ & Hpejs §548 5
TVTP (SPDR)
90 1.20
80
M — | ~ 1.00
o | | ]
60 H 0.80
50 H
] - 0.60
40 H
30 L bl 0.40
20 i
0.20
10 [ h
0 ; : - : 0.00

4/15/02 4/15/03 4/15/04 4/15/05 4/15/06 4/15/07 4/15/08 4/15/09 4/15/10 4/15/11 4/15/12

—vIx —fEiig=x

Bl 10 #* TVTP 3] ™ & 5 » SPY ®#cis &L np i 5
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VTP (Credit Spread)
9 12
80
—'y- = — 1
70 I
60 H } 0.8
50 H
- 06
40 H
30 0.4
20
0.2
10 I
0 ‘ L] - L] L] L] L] L] O
4/15/02 4/15/03 4/15/04 4/15/05 4/15/06 4/15/07 4/15/08 4/15/09 4/15/10 4/15/11 4/15/12
— Y — e R
B 11 #* TVIP %3]~ & 3 » Credit Spread % #cfs & #p 5 848 5
TVTP (SKEW)
90 1.20
80
’_ = n "\ ~ 1.00
70
60 0.80
50 N
- 0.60
40 H
30 0.40
20 i
0.20
10 \J
o U - .~ - 0.00

4/15/02 4/15/03 4/15/04 4/15/05 4/15/06 4/15/07 4/15/08 4/15/09 4/15/10 4/15/11 4/15/12

—vIx —fEiig=x

B 12 & * TVIP 23] ™ 2 5 ~ SKEW % #cis & 8 e 848 ¢
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%’fl;}ji’}%uuﬁ{mi_\;: » 12 SPY 42t 4 FWL, b 1%tz e R T *‘*’%4«
FTP #-4] » @ 14 Credit Spread % SKEW ip#ic s 3t & % #cZ, & Shehnfs o R T &7
F i PP 4E2] o fiip it TVIP 020 % i PTP 031 2 % 15 6403

8P etk AL 98 BE pFEEE (7 FAE T o

(=) 2F Rz

A EEE T AEEHA R HREERR IR P ¢ BE S AR
el ppFilardo sz 2 e 0.5 5 PR TS ARG 2 B 81k & R A
VLB AR s R D F P = O5RIGFAE S AR F P <OSRIZREL TAGKRE -
FOARIT TR D B KA RT PRt B RIEP C BEW
ww H b N e g £ o BORIDIRT F Bk T TR L R
PEUBEERERED R INEE v T I dopt B R iT, b
WA ZEINEE SRR R R TS T 1000 25 i B SEPH00 45 deeh
ETF # o 4 £t dw B #5030 (FTP, TVIP+SPY, TVIP4CS, TVIP+SKEW)™ » % & 2 %

BRI AZ AR PORAIE T LR R R E €T 16 BRFT H T

BCRF AR TS AT EEAF > B RIORF
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6/5/02 0->1 = 104.95
- 16.53%
9/18/02 1->0 = -87.60
9/30/02 0->1 = 82.00
e = -6.10%
10/15/02 1->0 = -87.00
12/2/02 0->1 = 95.47
a2 - 4.03%
4/23/03 1->0 = -91.62
7/10/03 0->1 = 99.84
iz - -12.79%
4/14/04 1->0 = -112.61
5/18/06 0->1 = 127.38
Ly - -1.52%
8/16/06 1->0 = -129.32
2/28/07 0->1 = 140.39
2 = -2.81%
4/10/07 1->0 = -144.33
7/25/07 0->1 = 152.02
4 = 18.44%
7/29/08 1->0 = -123.98
9/16/08 0->1 = 117.20
4 - 22.88%
7/14/09 1->0 = -90.38
7/30/09 0->1 = 98.83
i - -4.22%
9/8/09 1->0 = -103.00
9/30/09 0->1 = 106.36
a0 = -9.31%
5/6/10 1->0 = -116.26
5/19/10 0->1 = 111.77
4] = 4.05%
6/9/10 1->0 = -107.24
6/29/10 0->1 = 106.02
4] - 3.60%
7/5/10 1->0 = -102.20
3/8/11 0->1 = 131.64
iy - 0.30%
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e - -1.14%
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2/21/12 1->0 = -136.73
4/11/12 0->1 = 137.29
4] = 2.85%
6/15/12 1->0 =i -133.38
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3) FTP (VIX)
B

6/5/02 0->1
9/18/02 1->0
9/30/02 0->1
10/15/02 1->0
12/2/02 0->1
4/23/03 1->0
7/10/03 0->1
4/14/04 1->0
5/18/06 0->1
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-402.3
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5) TVTP (VIX+SPY)
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9/16/08 0->1 = 117.20 -7 -4023

ey = 19.44%
7/14/09 1->0 = -90.38 -7

7/30/09 0->1 = 98.83 -7 0

i 5 -4.35%
9/9/09 1->0 =i -103.12 -7

3/8/11 0->1 = 131.64 -7 -60

i) - 0.25%
3/25/11 1->0 =i -131.24 -7

8/4/11 0->1 = 124.42 -7 0

il - -9.91%
2/21/12 1->0 = -136.73 -7

4/11/12 0->1 = 137.29 -7 -586.5

L = 2.41%
6/15/12 1->0 H -133.38 -7

PR EAL IR 2.33%

49



8) TVTP (VIX+SPY) % EF¥0i= s, 5% 2 wql
A RREEM  BEREME SPY HEE EERES FEER BEAAER BEER

9/17/02 1->0 = -90.89 -7 0
10/1/02  0->1 = 82.43 7 932%
10/15/02 1->0 = -87.00 -7 -1159.5
10/31/02 0.38 7.97%
11/29/02 0->1 = 94.73 -7
4/23/03 1->0 = -91.62 -7 -5287.5
4/30/03 0.35
7/31/03 0.36
10/31/03 0.40
1/30/04 0.52
4/30/04 0.39
7/30/04 0.41
10/29/04 0.47
39.78%
12/2/04 0.35
1/31/05 0.57
4/29/05 0.47
7/29/05 0.49
10/31/05 0.52
1/31/06 0.67
4/28/06 0.52
5/19/06 0->1 = 126.87 -7
8/16/06  1->0 = -129.32 -7 -1660.5
10/31/06 0.58
1/31/07 0.79 8.33%
2/28/07 0->1 = 140.39 -7
4/10/07 1->0 = -144.33 -7 -1153.5
4/30/07 0.55 4.90%
7/25/07 0->1 = 152.02 -7
7/29/08  1->0 = -123.98 -7 0
7/31/08 0.67 -4.94%
9/16/08  0->1 = 117.20 -7
7/14/09  1->0 = -90.38 -7 -1267.5
o 7.93%
7/30/09 0->1 = 98.83 -7
9/9/09 1->0 = -103.12 -7 -4278
26.76%

10/30/09 0.51
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1/29/10
4/30/10
7/30/10
10/29/10
1/31/11
3/8/11
3/25/11
4/29/11
7/29/11
8/4/11
2/21/12
4/11/12
6/15/12
7/31/12
10/31/12
1/31/13
3/29/13

0->1
1->0

0->1
1->0
0->1
1->0

IR E

I MR OmE O IE R

Bt

0.59
0.48
0.53
0.60
0.65
131.64
-131.24
0.55
0.63
124.42
-136.73
137.29
-133.38
0.69
0.78
1.02
156.67

SEIEALFREN = 1 8.29%

0
-4.31%
-84
0.34%
-3493.5
16.70%
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9) TVTP (VIX+Credit Spread) £ EE R i & &~ £ % 2 W1

H 3
6/5/02
9/17/02
9/30/02
10/15/02
12/3/02
4/23/03
5/19/06
8/16/06
2/28/07
4/10/07
7/25/07
7/29/08
9/16/08
7/14/09
7/30/09
9/9/09
5/20/10
5/27/10
3/8/11
3/25/11
8/4/11
2/21/12
4/11/12
6/15/12

AREBEE BEEREME  SPY B

0->1 = 104.95
1->0 = -90.89
0->1 = 82.00

1->0 = -87.00
0->1 = 93.25

1->0 = -91.62
0->1 = 126.87
1->0 = -129.32
0->1 = 140.39
1->0 = -144.33
0->1 = 152.02
1->0 = -123.98
0->1 = 117.20
1->0 = -90.38
0->1 = 98.83

1->0 = -103.12
0->1 = 109.38
1->0 = -109.19
0->1 = 131.64
1->0 = -131.24
0->1 = 124.42
1->0 = -136.73
1->1 = 137.29
2->0 = -133.38

AL RN =R:3.16%

B

13.40%

-6.10%

1.75%

-1.93%

-2.81%

18.44%

22.88%

-4.34%

0.17%

0.30%

-9.89%

2.85%
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10) TVTP (VIX+Credit Spread) % g fR =% 5 .~ < 3 2 %4l
H ARREHEEE  EEREME  SPY RS B

9/17/02 1->0 = -90.89
. -9.78%
9/30/02 0->1 = 82.00
10/15/02 1->0 = -87.00
/15/ - 7.18%
12/3/02 0->1 = 93.25
4/23/03 1->0 = -91.62
/23 - 38.47%
5/19/06 0->1 = 126.87
8/16/06 1->0 = -129.32
/16/ - 8.56%
2/28/07 0->1 = 140.39
4/10/07 1->0 = -144.33
/10/ - 5.33%
7/25/07 0->1 = 152.02
7/29/08 1->0 = -123.98
129/ o -5.47%
9/16/08 0->1 = 117.20
7/14/09 1->0 = -90.38
114/ - 9.35%
7/30/09 0->1 = 98.83
9/9/09 1->0 = -103.12
19/ o 6.07%
5/20/10 0->1 = 109.38
5/27/10 1->0 = -109.19
/271 - 20.56%
3/8/11 0->1 = 131.64
3/25/11 1->0 = -131.24
/25/ - -5.20%
8/4/11 0->1 = 124.42
2/21/12 1->0 = -136.73
/21/ - 0.41%
4/11/12 0->1 = 137.29
6/15/12 1->0 = -133.38
= . 17.46%
3/29/13  HiREH = 156.67

SPHYEAY BN =R : 8.45%



11) TVTP (VIX+Credit Spread) Z EE 0 > § < 5 % 2 %A

H3  iRmRe#R  EERERME

6/5/02
9/17/02
9/30/02
10/15/02
12/3/02
4/23/03
5/19/06
8/16/06
2/28/07
4/10/07
7/25/07
7/29/08
9/16/08
7/14/09
7/30/09
9/9/09
5/20/10
5/27/10
3/8/11
3/25/11
8/4/11
2/21/12
4/11/12
6/15/12

0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0

MR T Om mE md md omg md md mE Omd m omd md mk mE Ok m omd md mk mE Omd

104.95 -7
-90.89 -7
82.00 -7
-87.00 -7
93.25 -7
-91.62 -7
126.87 -7
-129.32 -7
140.39 -7
-144.33 -7
152.02 -7
-123.98 -7
117.20 -7
-90.38 -7
98.83 -7
-103.12 -7
109.38 -7
-109.19 -7
131.64 -7
-131.24 -7
124.42 -7
-136.73 -7
137.29 -7
-133.38 -7

SPHYEAY BN =R:2.33%

SPY R  FHE BEAREH

-2109

-244.5

-4206

-4023

-28.5

-60

-586.5

B

11.37%

-6.11%

1.47%

-1.94%

-2.82%

15.67%

19.44%

-4.35%

0.13%

0.25%

-9.91%

2.41%
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12) TVTP(VIX+Credit Spread) % BEIR = $ 4~ L 5% 2 w4

H 3
9/17/02
9/30/02
10/15/02
10/31/02
12/3/02
4/23/03
4/30/03
7/31/03
10/31/03
1/30/04
4/30/04
7/30/04
10/29/04
12/2/04
1/31/05
4/29/05
7/29/05
10/31/05
1/31/06
4/28/06
5/19/06
8/16/06
10/31/06
1/31/07
2/28/07
4/10/07
4/30/07
7/25/07
7/29/08
7/31/08
9/16/08
7/14/09
7/30/09
9/9/09
10/30/09

IREBEE  EERHEAME  SPY HK ERIEA

1->0
0->1
1->0

0->1
1>0

0->1
1>0

0->1
1->0

0->1
1->0

0->1
1->0
0->1
1->0

il

il

MO md m il

JIE O md

-90.89
82.00
-87.00

93.25
-91.62

126.87
-129.32

140.39
-144.33

152.02
-123.98

117.20
-90.38
98.83

-103.12

0.38

0.35
0.36
0.40
0.52
0.39
0.41
0.47
0.35
0.57
0.47
0.49
0.52
0.67
0.52

0.58
0.79

0.55

0.67

0.51

Fia%

EAFISH
0

-937.5

-5287.5

-1660.5

-1153.5

-1267.5

-939

FREH=R

-9.80%

6.52%

39.78%

8.33%

4.90%

-4.94%

7.93%

6.68%
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1/29/10 0.59

4/30/10 0.48
5/20/10 0->1 = 109.38 -7
5/27/10 1->0 = -109.19 -7 -3367.5
7/30/10 0.53
10/29/10 0.60 19.10%
1/31/11 0.65
3/8/11 0->1 = 131.64 -7
3/25/11 1->0 = -131.24 -7 0
4/29/11 0.55
-4.31%
7/29/11 0.63
8/4/11 0->1 = 124.42 -7
2/21/12 1->0 E% -136.73 -7 -84 0.34%
4/11/12 0->1 = 137.29 -7
6/15/12 1->0 = -133.38 -7 -3493.5
7/31/12 0.69
10/31/12 0.78 16.70%
1/31/13 1.02
3/29/13  WIRE W = 156.67 -7

SEHEA RN =R :8.29%

56



13) TVTP (VIX+SKEW)
RAEME R

H 3
6/5/02
9/17/02
10/2/02
10/14/02
12/2/02
4/23/03
5/19/06
8/16/06
2/28/07
4/10/07
7/25/07
7/29/08
9/16/08
7/14/09
7/30/09
9/9/09
3/8/11
3/25/11
8/4/11
2/20/12
4/11/12
6/15/12

0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0

FERINE ApREHF 2 R

11 1 1 1 1 111 11 1 1 :

SPY {E#
104.95
-90.89
84.69
-83.20
95.47
-91.62
126.87

-129.32
140.39
-144.33
152.02
-123.98
117.20
-90.38
98.83
-103.12
131.64
-131.24
124.42
-136.41
137.29
-133.38

SPHEAY EREN =R 1 4.09%

B

13.40%

1.76%

4.03%

-1.93%

-2.81%

18.44%

22.88%

-4.34%

0.30%

-9.64%

2.85%

57



14) TVTP (VIX+SKEW)
RAEEE R

H 3
9/17/02
10/2/02
10/14/02
12/2/02
4/23/03
5/19/06
8/16/06
2/28/07
4/10/07
7/25/07
7/29/08
9/16/08
7/14/09
7/30/09
9/9/09
3/8/11
3/25/11
8/4/11
2/20/12
4/11/12
6/15/12
3/29/13

1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
0->1
1>0
IR E

SERINE KPR EHF 2 R

i A A 1 A1 1 1 1 11 1: 1 1 1 1 : v

SPY {E#%
-90.89
84.69
-83.20
95.47
-91.62
126.87
-129.32
140.39
-144.33
152.02
-123.98
117.20
-90.38
98.83
-103.12
131.64
-131.24
124.42
-136.41
137.29
-133.38
156.67

Py R =R 9.5%

==

-6.82%

14.75%

38.47%

8.56%

5.33%

-5.47%

9.35%

27.66%

-5.20%

0.65%

17.46%
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15) TVTP (VIX+SKEW)
AR MR EBHRME

6/5/02
9/17/02
10/2/02
10/14/02
12/2/02
4/23/03
5/19/06
8/16/06
2/28/07
4/10/07
7/25/07
7/29/08
9/16/08
7/14/09
7/30/09
9/9/09
3/8/11
3/25/11
8/4/11
2/20/12
4/11/12
6/15/12

0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0
0->1
1->0

—d

104.95
-90.89
84.69
-83.20
95.47
-91.62
126.87
-129.32
140.39
-144.33
152.02
-123.98
117.20
-90.38
98.83
-103.12
131.64
-131.24
124.42
-136.41
137.29
-133.38

1 O 1 11 11 11 1 1, 11 1 1 1 1 :

-7

I EAL R 3.21%

-2109

-223.5

-577.5

-4206

-4023

-60

-586.5

ZTEEINTE sk L5725

SPY fHi%  FilE EAREHKR #MBHR

11.37%

1.48%

3.41%

-1.94%

-2.82%

15.67%

19.44%

-4.35%

0.25%

-9.65%

2.41%
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16) TVTP (VIX+SKEW)
IR CEBRERME  SPYEKE  ERRERF]

H 3
9/17/02
10/2/02
10/14/02
10/31/02
12/2/02
4/23/03
4/30/03
7/31/03
10/31/03
1/30/04
4/30/04
7/30/04
10/29/04
12/2/04
1/31/05
4/29/05
7/29/05
10/31/05
1/31/06
4/28/06
5/19/06
8/16/06
10/31/06
1/31/07
2/28/07
4/10/07
4/30/07
7/25/07
7/29/08
7/31/08
9/16/08
7/14/09
7/30/09
9/9/09
10/30/09

1->0
0->1
1->0

0->1
1->0

0->1
1->0

0->1
1->0

0->1
1->0

0->1
1->0
0->1
1->0

11

il

il

il

IE A

JIE B CmE B

-90.89
84.69
-83.20

95.47
-91.62

126.87
-129.32

140.39
-144.33

152.02
-123.98

117.20

-90.38

98.83
-103.12

0.38

0.35
0.36
0.40
0.52
0.39
0.41
0.47
0.35
0.57
0.47
0.49
0.52
0.67
0.52

0.58
0.79

0.55

0.67

0.51

SERINE s LR 2w

FilE EANGHR BB

0
-6.84%
-1840.5
12.97%
-5287.5
39.78%
-1660.5
8.33%
-1153.5
4.90%
0
-4.94%
-1267.5
7.93%
-4278
26.76%
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1/29/10
4/30/10
7/30/10
10/29/10
1/31/11
3/8/11
3/25/11
4/29/11
7/29/11
8/4/11
2/20/12
4/11/12
6/15/12
7/31/12
10/31/12
1/31/13
3/29/13

0->1
1->0

0->1
1->0
0->1
1->0

IR H

I B OmE B E M

il

0.59
0.48
0.53
0.60
0.65
131.64
-131.24
0.55
0.63
124.42
-136.41
137.29
-133.38
0.69
0.78
1.02
156.67

S EALFREN = 9.26%

0
-4.31%
-132
0.54%
-3493.5
16.70%
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17) & B3 2 FFINEE 5 FFI0 4R RF]

pi

FTPZSEE
qﬁ:_
13 L
—0=
=
1

-20.00%  -10.00% 0.00% 10.00% 20.00% 30.00%

WZSEET MZSEENT

FTPZER

16
13

0
*

4

*‘
-20.00%  -10.00% 0.00% 10.00% 20.00% 30.00%

W ZERT W ZENT

40.00%

40.00%
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TVTP (SPY)==58

7
=

-\

3 mm

|
1

-20.0% -10.0% 0.0% 10.0% 20.0% 30.0% 40.0%

WZSEET MZSEENT

TVTP (SPY) %58

-20.00%  -10.00% 0.00% 10.00% 20.00% 30.00% 40.00%

W ZERT W ZENT

TVTP ( Credit Spread 9y) Z&&

—_ w ~ (o]
||1 I
]

-20.00%  -10.00% 0.00% 10.00% 20.00% 30.00% 40.00%

WZSEET W TEENT

63



—-20.00%

—-20.00%

—-20.00%

TVTP ( Credit Spread 9y) %58

-10.00% 0.00% 10.00% 20.00% 30.00% 40.00%

B ZEET W ZENT

TVTP (SKEW) Z88

-10.00% 0.00% 10.00% 20.00% 30.00% 40.00%

B ZSEET W TEENT

TVTP (SKEW) %88

-10.00% 0.00% 10.00% 20.00% 30.00% 40.00%

B Z5ET B ZENT
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