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Futures and Options

With the increased use of volatility in asset allocation decisions, coupled with elevated levels of volatility in the marketplace, the
interest in the use of products linked to the Cboe Volatility Index® (VIX® Index) for risk management has grown significantly.

VIX Futures

» Introduced in 2004 on Cboe Futures Exchange®" (CFE®), VIX futures provide market participants with the ability to trade a CFTC-
regulated volatility product with price and quote transparency and guarantees by the Options Clearing Corporation (OCC). VIX
futures provide market participants with a variety of opportunities to implement their view using volatility trading strategies,
including risk management, alpha generation and portfolio diversification.

> $1000 Multiplier. Cash-settled VIX futures have monthly and weekly expirations, usually on Wednesday mornings, with ticker
symbols VX, and VX01 through VX53. VIX futures trade nearly 24 hours a day, five days a week.

VIX Futures ADV VIX Futures Open Interest
The 275,380 average daily volume in Jan. 2020 was In Jan. 2020 month-end open interest rose 10% to 431,076
11% higher than in the year 2019

247,857 275,380 404,656 431,076

2019 Jan. 2020 Dec. 31, 2019 Jan. 31,2020

Source: Cboe Exchange, Inc. www.cboe.com/VIX Source: Cboe Exchange, Inc. www.cboe.com/VIX

VIX Options

> Cboe Options Exchange introduced VIX options in 2006, providing market participants with an SEC-regulated security with price and
quote transparency and guarantees by OCC. VIX options enable market participants to hedge portfolio volatility risk distinct from
market price risk, and to trade based on their view of the future direction or movement of volatility.

> $100 Multiplier. Monthly and weekly expirations usually are on Wednesday mornings, and the options trade during U.S. regular
trading hours, and also during a global trading hours session (3:00 a.m. to 9:15 a.m. ET).

VIX Options ADV VIX Options Open Interest
In Jan. 2020 the average daily volume was 495,229 In Jan. 2020 month-end open interest rose 30% to 6.6 million
6,617,689
5,092,954
502,490 495,229
2019 Jan. 2020 Dec. 31, 2019 Jan. 31,2020
Source: Cboe Exchange, Inc. www.cboe.com/VIX Source: Cboe Exchange, Inc. www.cboe.com/VIX

Choe.com/VIX © 2020 Cboe Exchange, Inc. All Rights Reserved. CFE_v1.1


Cboe.com

Cboe .
> Futures and Options on the VIX® Index

Powerful Tools for Managing Portfolio Exposure

Page 2

VIX Futures and Options (cont.)

VIX Futures Term Structure VIX futures reflect the market’s estimate of the value of the VIX Index on various expiration dates in the
future. VIX futures can be in backwardation or contango. VIX futures prices reflect the market’s estimates of the value of 30-day forward
volatility on expiration dates in the future. In the chart below, (1) the VIX futures are in contango through October, and (2) both the

VIX futures price and open interest figures were higher for the October futures versus the September futures, in part because of the
possibility of higher expected volatility in the weeks around the U.S. election on November 3, 2020.

VIX® Index and VIX Futures in 2020 Election Year - Prices and Open Interest for 11 VIX Futures Expiration Dates at the close on Feb. 11,2020
Comparing the VIX Oct. futures to VIX Sept. futures, the 19.78 price was 14% higher, and the 8,118 open interest was 63% higher

19.78

17.95

VIX Futures - Last Prices

16.45  16.55

15.18 VIX Futures Open Interest (log scale)

99,762 188,058
58,772 27,445 17,802 12,767 7,732 4,974 8,118 4,051

16.95

49

VIX Index Feb. 19 Mar. 4 Mar. 18 Apr. 15 May 20 Jun. 17 Jul. 22 Aug. 19 Sep. 16 Qct. 21 Nov. 18
(spot)

Last prices for VIX Index (spot value) and VIX futures on Feb. 11 for 11 future expiration dates.
Source: Cboe Exchange, Inc. More up-to-date data is at www.cboe.com/VIXTerm

Indexes for Term Structure Cboe offers 5 volatility indexes - VIXSD*, VIX Index, VIX3M* VIX6MM and VIX1Y*" - that give analysts and
traders the ability to track the term structure and the relationship of nearby and long-term expected volatility.
www.cboe.com/volatility

Term Structure - VIX9D, VIX, VIX3M, VIX6M and VIX1Y - on Two Dates in 2019
The 9-day expected volatility of SPX options fell from 29.14 on August 5 to 9.83 on Sept. 23.
There were smaller rises in SPX options 30-day (and 3-month, 6-month and 1-year) expected volatility

—o— On Aug. 5, 2019 —&= On July 23,2019

29.14

21.90 20.81 19.92

‘//’,17487 19.04 bt
12.07

9.83

VIX9D - CBOE S&P 500 9-Day = VIX Index - Cboe Volatility VIX3M - Cboe S&P 500 VIX6M - Cboe S&P 500 VIX1Y - Cboe 1-Year
Volatility Index Index 3-Month Volatility Index 6-Month Volatility Index Volatility Index

Closing values for 5 volatility indexes on two dates in 2019.
Source: Cboe Futures Exchange. www.cboe.com/volatility
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VIX Futures and Options (cont.)

Contango on Most Dates Since 2008, VIX 2nd-month futures have been priced higher than VIX front-month futures on about 80% of all
trading days, and this has stimulated interest in strategies that sell VIX futures (see page 7 for benchmark indexes).

Contango Per Year for VIX Futures

B % of Days in 1-Mo./2-Mo. VIX Futures Contango —= VIX Index - Avg. Daily Close

100% 327 315 89% 94% 92% 85% 81% 95% 87% 36

75% 27

50% 18

25%

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Cboe Exchange, Inc. www.cboe.com/VIX

VIX Futures - Different Price Movements Over 11 Trading Days In early August 2019 the price moves were bigger for the VIX Index
and nearby VIX futures, while there were smaller price moves for longer-dated futures (which reflect expectations for 30-day volatility in
future months).

VIX Index and Select VIX Futures in Early August 2019

On Aug. 5 the increases were 39.6% for VIX Index, 23.7% for futures expiring on Aug 21st, and 3.8% for futures expiring in March 2020

24.59

2 ~=VIX Index

22 21.18

—==VIX Aug '19 Futures
20

17.87
VIX Dec '19 Futures

18

el 17.52

16 16.91

Aug. 1 Aug. 2 Aug. 5 Aug. 6 Aug. 7 Aug. 8 Aug.9 Aug.12  Aug.13 Aug.14 Aug.15

—e—VIX Mar '20 Futures

Daily closing values for VIX Index and for VIX futures daily settlements

Responsiveness of VIX Futures VIX futures with near-term expirations generally have tended to be much more sensitive to changes in
the VIX Index than VIX futures with long-term expirations.

Beta of VIX Futures to the VIX Index

as a Function of Time to Expiration

0.9
.
e o
* o
s 06 AR AN
3 X
AKX
DOCALIR
* 000 0pet *
03 2edf “00’“0“’“0 o -
- . 0T 0000 0, 00%,%0, Ty 00 O
PSAC AR AP LIRS ®, o,
* e T 00 T 0%000% 00 P00 0 0%, 00440 * e
07 %0 4,000 V6%, 00 00 Pee® o000 0% o o >
. .o (Re %000, 0070 0000 e 0,0%000"00%e° %% toy JR
*
0
L] NN N N 0 0 0 W W

v o a © B R e e
©® Rk BANOWOWVRNUU®RLRBENOOOO
S ® & ©

ur
STT
81T
1

-
N
i

yx4s
0€T
€ET

.
@w
o

6€T

B e
Y
N 0 o®

1sT

-
1
b

LST

B R R e e
Q00 a N
o woa oN

SLT
8LT

Days to Expiration

Chart includes both weekly and standard expiration VIX futures. (Mar. 30, 2004 - Dec. 31, 2018)
www.cboe.com/VIX
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Cboe Volatility Index® (VIX® Index) and Cboe VIX of VIX Index (VVIXM)

The Cboe Volatility Index® (VIX® Index) is a calculation designed to produce a measure of constant, 30-day expected volatility of the U.S.
stock market, derived from real-time, mid-quote prices of S&P 500° Index (SPX*") call and put options. On a global basis, it is one of the
most recognized measures of volatility -- widely reported by financial media and closely followed by a variety of market participants as
a daily market indicator. The Cboe VIX of VIX® (WIX*™) Index is an indicator of the expected volatility of the 30-day forward price of the
VIX, and is related to nearby VIX option prices. www.cboe.com/VVIX. In the chart below note that the VIX Index often has been mean-
reverting, with a negative correlation to the moves of the S&P 500 Index.

VVIX, VIX and SPX Indexes

240 3300
— WVIX - Cboe VIX of VIX Index (avg. 88.8) — Cboe Volatility Index (VIX) (avg. 19.2)
180 S&P 500 Index (SPX) (right axis) WIX 180.61 on Feb. 7, 2018
WIX 2200
120

Xapu| Xds

60

VIX and WVIX Indexes

SPX ‘N‘F‘*#,‘u“ gl 1100
i VX 80.86 on Nov. 20, 2008

o

0 : : A i : ( : ' : . : R :
Jan-90 Jan-92 Jan-94 Jan-96 Jan-98 Jan-00 Jan-02 Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16 Jan-18

(Jan. 2, 1990 - Oct. 14, 2019) Daily Closing Values. www.cboe.com/volatility

Annual Statistics

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(through Sept)

S&P 500 -38.5% 23.5% 12.8% 0.0% 13.4% 29.6% 11.4% -0.7% @ 9.5% 19.4% -7.0% 18.7%

0,
C/"hange VIXIndex 77.8% -45.8% -18.1% 31.8% -23.0% -23.9% 39.9% -52%  -22.9% -21.4% 156.7% -36.1%
WIXIndex 4.1% -12.4% 152% 6.2% 09.%  -23.4% 59.6% -11.4% -8.6% 10.0% -9.4% 12.1%
Avg.Daily VIXIndex 327 315 225 242 178 14.2 14.2 16.7 158  11.1 16.6 15.9
Close WIX Index = 81.9 79.8 883 929 9438 80.5 83.0 94.8 92.8 90.0  102.3 89.8

For all years since 1990, the highest values are in highlighted in green and the lowest values are highlighted in red. www.cboe.com/volatility.
Volatile Years As shown above, the volatility indexes’ highest average daily closing values in a year were 32.7 for the VIX Index in 2008,

and 102.3 for the VWIX Index in 2018.

Volatile Months and Seasonality In the chart below showing the averages of the high, low, and closing VIX Index values per month,
October had the highest values, and May, June and July had some of the lowest values.

Seasonality of the VIX® Index - Averages of the High, Low and Closing Values Per Month
October had the highest average values

20 28.7
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s | 238 234 224 8 222 223
21.0 214

. L o L 2 P 189 L 17.8 L 17.8 L 175 P 182 } 197 } L 199 P 194
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(Jan. 1992 - Sep. 2019) Source: Cboe Exchange, Inc. www.cboe.com/VIX
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Cboe Volatility Index® (VIX® Index) (cont.)

Negative Correlations, Big Moves, and Convexity

Correlations Weekly Price Movements for SPX and VIX Indexes
Correlations can become even more negative in volatile time periods

Negative Correlations The price movements

of the VIX Index and SPX Index have had a ossin20s [
negative correlation of around -0.69 since
1990. The correlations were even more -0.83in 2008 I
negative in the volatile years of 2008 (-0.83)
and 2018 (-0.88). -0.69 from Jan. 1990 to .
Sep. 2019
1 0 1

Source: Cboe Exchange, Inc. www.cboe.com/VIX

Dates with Big Moves for SPX Index - 12 Dates on Which SPX Moved More than

6.5% (from 1990 to Sept. 2019)
On the 8 dates that the SPX dropped more than 6.5%, the average up-move for the VIX Index was 25%.

SPX Index Choe VIX Index Choe VVIX Index
1 15-Oct-2008 -9.0% 25.6% 4.0%
2 1-Dec-2008 -8.9% 23.9% -3.8%
. . 3 29-Sep-2008 -8.8% 34.5% -7.6%
Large Price Moves On dates with large
price moves for the SPX Index, the VIX Index 4 9-Oct-2008 6% 11.1% 7:4%
often had even bigger moves in the opposite 5 27-Oct-1997 -6.9% 34.3% N/A
direction 6 31-Aug-1998 -6.8% 11.8% N/A
7 20-Nov-2008 -6.7% 8.9% -6.8%
8 8-Aug-2011 -6.7% 50.0% -16.2%
9 13-Nov-2008 6.9% -10.0% 1.0%
10 23-Mar-2009 7.1% -5.8% -1.7%
11 28-0ct-2008 10.8% -16.4% -2.1%
12 13-Oct-2008 11.6% -21.4% -4.0%

Convexity of Monthly Changes for VIX and SPX Indexes
150% In Aug. 2015 SPX fell 6%, VIX
Index rose 135%, and VIX Sept.
'15 futures (not on this chart)
rose 72%

120%
Convexity of VIX Price Moves Volatility 90%
traders like to note the convexity of VIX price

movements. In August 2015 the SPX Index fell
6%, the VIX Index rose 135%, and the VIX Sept.

futures rose 72%.

60%

30%

0% r

VIX Index - Monthly % Change

-30% ].. o5
-60%

-30% -15% 0% 15% 30%

(Feb. 1990 - Aug. 2019) Source: Cboe Exchange, Inc. www.cboe.com/VIX
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Trading & Investing Strategies

VIX® Futures & Options Strategies

VIX futures and options have unique characteristics and behave differently than other financial-based commodity or equity products.

Understanding these traits and their implications is important. VIX futures and options may provide market participants with flexibility
to hedge a portfolio, employ strategies in an effort to generate returns from relative pricing differences, or express a bullish, bearish or
neutral outlook for broad market implied volatility.

e

\

Cbhoe.com/VIX

Portfolio Hedging

One of the biggest risks to an equity portfolio is a broad market decline. The VIX Index has had a historically strong
inverse relationship with the S&P 500® Index (see the Correlations and Convexity charts on the previous page).
Consequently, a long exposure to volatility may offset an adverse impact of falling stock prices. Market participants
should consider the time frame and characteristics associated with VIX futures and options to determine the utility
of such a hedge.

Risk Premium Yield

Over long periods, index options have tended to price in slightly more uncertainty than the market ultimately
realizes. Specifically, the expected volatility implied by SPX option prices tends to trade at a premium relative

to subsequent realized volatility in the S&P 500 Index. Market participants have used VIX futures and options to
capitalize on this general difference between expected (implied) and realized (actual) volatility, and other types of
volatility arbitrage strategies.

Long/Short Volatility

VIX futures provide a pure play on the level of expected volatility. Expressing a long or short sentiment may involve
buying or selling VIX futures. Alternatively, VIX options may provide similar means to position a portfolio for
potential increases or decreases in anticipated volatility.

Term Structure Trading

One of the unique properties of volatility - and the VIX Index - is that its level is expected to trend toward a long-
term average over time, a property commonly known as “mean-reversion.” The mean reverting nature of volatility
is a key driver of the shape of the VIX futures term structure and the way it can move in response to changes in
perceived risk. CFE lists nine standard (monthly) VIX futures contracts, and six weekly expirations in VIX futures. As
such, there is a wide variety of potential calendar spreading opportunities depending on expectations for implied
volatility.

© 2020 Cboe Exchange, Inc. All Rights Reserved. CFE_v1.1
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VPD & VPN Benchmark Indexes - Cash-Secured Selling of VIX Futures

In light of the fact that the VIX Index is often in contango, in recent years Cboe has observed an increase in strategies that sell VIX
futures. In 2007 Cboe introduced two benchmark indexes to measure hypothetical strategies that sell cash-secured VIX futures (the
cash-secured feature helps lower index volatility)

> Cboe VIX Premium Strategy Index (VPDS") - tracks the performance of a strategy that (1) systematically sells 1-month VIX futures,
and (2) holds a money-market account. The VIX futures are held until expiration and new VIX futures are then sold. The money
market account decreases leverage relative to a stand-alone short position in VIX futures. To further limit risk, the number of VIX
futures sold at each roll is set to preserve 75% of the initial value of the portfolio in the event that VIX futures increase by 25 points.
www.cboe.com/VPD.

> Cboe Capped VIX Premium Strategy Index (VPN®") - tracks the performance of a strategy that (1) systematically sells 1-month
VIX futures, (2) holds a money-market account, and (3) buys VIX call options struck 25 points higher than the VIX futures price, or
at the closest strike below when this strike is not listed. www.cboe.com/VPN.

Higher Returns and Less Severe Drawdowns for Cash-Secured Selling In the period from mid-2004 through the third-quarter of
2019, the VPN Index had higher returns and less severe drawdowns than the stock and commodity indexes in the charts below. The VIX
calls and cash-secured feature helped mitigate drawdown risk, while contango facilitated higher returns.

Benchmark Indexes Since Mid-2004 Most Severe Drawdowns Since 2004

Two benchmarks that do cash-secured selling of VIX futures - VPD & VPN - had higher returns
$5

~— $4.30- VPD - Cboe
VIX Premium Strategy

= $0.47 - S&P GSCI
$0
Jun-04 Feb-08 Oct-11 Jun-15 Feb-19
(June 30, 2004 - Sept. 30, 2019) Sources: Bloomberg and Cboe

Past performance is not predictive of future results. www.cboe.com/benchmarks

Less severe drawdown for VPN Index that sells cash-secured VIX futures and buys VIX call options

L
-
K]
2
Ly 4 Index Cboe Capped VIX Premium Strategy Index (VPN) 48.1% [
38
¢8 —— $3.85- VPN - Cboe
8 ]
= % $3 Capped VIX Premium S&P 500 s1.oo [N
% = Strategy Index

<
2o Cboe VIX Premium Strategy Index (VPD) -56.3% [N
£ $2 = $3.58 - S&P 500
2
]
s — $2.16- MSCI EAFE MSCI EAFE Index (USS) -s6.7% I
L $1 Index (USD)

S&P GSCI -s0.9% [

(From June 2004 through Sept. 2019) Total return (pre-tax) indexes.
Past performance is not predictive of future returns. www.cboe.com/benchmarks

Metrics for 5 Benchmark Indexes

Maximum Annualized Standard Beta vs. Alpha vs. Sharpe Sortino Ratio Sk
Drawdown Return Deviation Market Market Ratio (MAR =0.00%) ewness
Cboe Capped VIX Premium Strategy Index (VPN) -48.1% 9.2% 16.9% 0.97 1.32% 0.47 0.73 -1.74
S&P 500 Index -51.0% 8.7% 13.7% 1.00 0.00% 0.54 0.93 -0.8
Cboe VIX Premium Strategy Index (VPD) -56.7% 10.0% 18.8% 1.06 1.75% 0.46 0.69 -2.99
MSCI EAFE® Index (USS) -56.7% 5.2% 16.4% 1.04 -3.24% 0.24 0.45 -0.74
S&P GSClI -80.9% -4.8% 22.5% 0.73 -8.77% -0.27 -0.28 -0.53
(March 31, 2006 - Sept. 30, 2019) Total return (pre-tax) indexes. Sources for charts on this page include: Cboe Exchange, Inc. and Zephyr StyleAdvisor.
More information, including data, charts, and links to white papers, is at www.cboe.com/VIX and www.cboe.com/Benchmarks.
Choe.com/VIX © 2020 Cboe Exchange, Inc. All Rights Reserved. CFE_v1.1
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VXTH & LOVOL Benchmark Indexes - Buying of VIX Call Options

> Cboe VIX Tail Hedge Index (VXTH®") - tracks the performance of a strategy that (1) buys and holds an S&P 500 portfolio, and (2) buys
one-month 30-delta call options. The weight of the VIX calls in the portfolio varies from 0% to 1% at each roll and depends on the
forward value of VIX; for the weightings schedule please visit www.choe.com/VXTH.

» Cboe Low Volatility Index (LOVOL®") - is a benchmark index that is a 40% / 60% blend of the Cboe S&P 500 BuyWrite Index (BXM*")
(that writes ATM SPX options) and VXTH Index. www.choe.com/LOVOL.

Higher Alpha and Less Severe Drawdown The VXTH Index had higher alpha, lower standard deviation, and less severe maximum
drawdowns than the stock and commodity indexes in the charts below.

Most Severe Drawdowns Since 2006 Alpha vs. S&P 500
Less severe drawdowns for VXTH Index that buys VIX call options Higher alpha for VXTH Index that buys VIX call options
Cboe VIX Tail Hedge Index (VXTH -37.4% I
oe VIXTail Hedge Index (VXTH) ° Cboe VIX Tail Hedge Index (VXTH) m11%
Cboe Low Volatility Index (LOVOL -38.5% [
y ( ) 0 S&P 500 Index 0.0%
S&P 500 -51.0% I
° MSCI EAFE Index (US$) -5.1%
MSCI EAFE Index (USS) -56.7% I

S&P GSCI  -11.5% I
S&P GSCl  -80.9% I

(From April 2006 through Sept. 2019) Total return (pre-tax) indexes. (From April 2006 through Sept. 2019) Total return (pre-tax) indexes.
Past performance is not predictive of future returns. www.cboe.com/VXTH Past performance is not predictive of future returns. www.cboe.com/VXTH
Metrics for 4 Benchmark Indexes
Maximum Annualized Standard Beta vs. Alpha vs. Sharpe Ratio Sortino Ratio Skewness
Drawdown Return Deviation Market Market P (MAR =0.00%)

Cboe VIX Tail Hedge Index (VXTH) -37.4% 6.8% 12.2% 0.67 1.1% 0.46 0.83 -0.48
S&P 500 Index -51.0% 8.6% 14.4% 1.00 0.0% 0.52 0.87 -0.79
MSCI EAFE® Index (USS) -56.7% 3.1% 16.9% 1.04 -5.1% 0.12 0.26 -0.69
S&P GSCI -80.9% -1.2% 22.0% 0.78 -11.5% -0.38 -0.41 -0.64

(March 31, 2006 - Sept. 30, 2019) Total return (pre-tax) indexes. Sources for charts on this page include: Cboe Exchange, Inc. and Zephyr StyleAdvisor.
More information, including data, charts, and links to white papers, is at www.cboe.com/VIX and www.cboe.com/Benchmarks.

% Please visit Cboe.com/VIX for more details.

Optionsinvolve risk and are not suitable for all investors. Prior to buying or selling an option, a person must receive a copy of Characteristics and Risks of Standardized Options. Copies are available
from your broker or from The Options Clearing Corporation at www.theocc.com. Futures trading is not suitable for all investors, and involves the risk of loss. The risk of loss in futures can be
substantial. You should, therefore, carefully consider whether such trading is suitable for you in light of your circumstances and financial resources. For additional information regarding futures
trading risks, see the Risk Disclosure Statement set forth in CFTC Regulation §1.55(b). The information in these materials are provided for general education and information purposes only. No
statement within these materials should be construed as a recommendation to buy or sell a security or to provide investment advice. Supporting documentation for any claims, comparisons,
statistics or other technical data in these materials is available by contacting Cboe at www.cboe.com/Contact. Past performance is not indicative of future results. No statement within this
document should be construed as a recommendation to buy or sell a security or futures contract or to provide investment advice. Supporting documentation for any claims, comparisons,
statistics, or other technical data, will be supplied upon request. Cboe®, Cboe Volatility Index®, CFE®, and VIX® Index are registered trademarks and Cboe Futures Exchange, SPX, and Weeklys are
service marks of Cboe Exchange, Inc. S&P® and S&P 500° are registered trademarks of Standard & Poor’s Financial Services, LLC and are licensed for use by Cboe Exchange, Inc. © 2020 Cboe
Exchange, Inc. All Rights Reserved.
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