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Tesla shares skid into a bear
market amid a ‘make-or-break
year’ for automaker, says
market watcher

Keris Lahiff | @kerisalison
Published 22 Hours Ago | Updated 22 Hours Ago
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Tesla

Hey Tesla, how hard canit be
to actually make a car?

The Model 3 is meant to change motoring for the masses, but there's
little point in this dream if Musk|can't make the car at scalg

By LEON POULTNEY

Sunday 22 April 2018



Tesla's Disappointing Earnings
Highlight Problems in Scaling
Production

Steve Banker Contributor (D




As Tesla struggles to exit ‘production hell, buyers complain of
delivery limbo

m By RUSS MITCHELL SEP 14, 2018 5:00 AM SAN FRANCISCO v  §] -~

-"T“L‘

LATEST AUTOS

As Tesla struggles to exit
'‘production hell," buyers
complain of delivery limbo

Elon Musk smokes a blunt live
on YouTube, Tesla executives
quit, and stock drops

SET. F0i8

Tesla doesn't release monthly
sales figures, except when it kind
of does

¥

Model 3s on a retail lot in Colorado. Paid up customers want to know "where's mine?” (David Zalubowsk:

/ Associated Press) o  §]
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BUSIMESS NEWS SEPTEMEER 17, 2018 [/ 11:35 AM f UPDATED 34 MINUTES AGO

Musk says Tesla now in 'delivery
logistics hell'

2 MIN READ L J f

(Reuters) - Tesla Inc’s (TSLA.O) Chief Executive Officer Elon Musk on
Sunday acknowledged that the electric carmaker’s problems have now
shifted to delivery logistics from production delays, the latest speed

bump in its efforts to achieve profitability.



Good news: Your Tesla Model 3 is finally ready. Bad news: It may
take weeks to get it serviced

m By RUSS MITCHELL JUL 24, 2018 5:20 PM | SAN FRANCISCO b n

LATEST AUTOS

As Tesla struggles to exit
'production hell,' buyers
complain of delivery limbo

SEP 14, 2018

Elon Musk smokes a blunt live
on YouTube, Tesla executives
quit, and stock drops

SEP 7, 2018

Tesla doesn't release monthly
sales figures, except when it kind
of does

SEP &, 2018

Ford is recalling 2 million pickup
W ] triicke after ceat helte rance firee

Tesla service center in Costa Mesa, Calif. (Allen J. Schaben / Los Angeles Times)



Tesla's production problems extend to
its solar roof business, too

Sources say Elon Musk can't decide what the roof tiles should look like.

Rachel England, @rachel_england 60 321
08.08.18 in Business Comments Shares

Sponsored Links bv Taboola

Selfie Quadcopter Shocks $country
capitalized$. The Idea Is Incredible

Drone 720X

Translating 2D data into the 3D world.
Disruptive technology changes the
.:'I_ management game.

CNEC International for Yokogawa
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Life expectancy forecast to exceed 90
years in coming decades

Among developed nations, South Korea is likkely to see the largest increase
in life expectancy, with women born in 2030 averaging 90.8 years, 6.6 years
longer than those born in 2010

Life expectancy at birth, selected countries

Men 2010 B2030 BWomen2010 B 2030

South Korea [ l
France l l

Japan l l
Switzerland l l

Australia l l

Ireland | I

Germany l l

UK ] |
us i |
Romania l l

Serbia | i

Macedonia l l
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Engineering to scale
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Poverty rates among the over-65s (‘. 2812 &) in 2013
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It Doesn’t Add Up!!!
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Women pray for students sitting exams. Prof Shin believes many people’s savings are [
inadequate because they prioritised spending on their children's education. Photograph: Lee Jin O @
man/AP
Ironically, part of the reason for their plight may be the cost of supporting their
own offspring. “While they were still working,” says Shin, “many elderly people

were unable to put aside enough savings for later in life because they spent too
much on their children’s education.”
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By utilizing advanced technologies, we can reduce WM service cost significantly, which
allow us to provide service to much larger client base.

Long-Tail User Distribution

Asset Size

—A

r~

I
Current WM service clients

Unexplored Market!!
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Investing in population
growth
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7|1 Zo| M2
Traditional Asset Liability
Management (ALM)

Sponsoring R Pension Trust
Company (Asset)
PBGC Retirees

~

(Public) g (Liability)
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Ultimate Question

"EAL S22 M 0| RIS 70 CHet &A1t
'SHAZ XM ERE B = U7
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MZ& ZE B2 Investing in Population Growth
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Two Track Approach

e Track 1: | M3} 7| EH = 280 Z| M XHAHHE
=X Z0]
e Stochastic control
e Multi-stage stochastic program

» Track 2: Bl &&= &4 (Sensitivity Analysis)= &2
Ef=td A5 (Feasibility Test)
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Ultimate Question

"EAL S22 M 0| RIS 70 CHet &A1t
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Answer:x Maybe




AALE

= HF7[?

. =X

” %le

oJ

O
o

+ public sector

fol

i



An Investment strategy
using

limit order book
information



O rd e r_d r I Ve n I\/l a r ket ..................... S=£. ............. s :pw
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Jrder: specify amount & price = T
e Wait in the queue ( ) -=% T
* To be executed against Market Orders O 1wt
e Or to be cancelled 1 I
° Increase |n Order quantlty eeeees L :
: specify amount

Matches with the best available price in LOB
Decrease in order quantity

Decrease in order quantity



Mid-Price

Price

— Ask(Sell) Limit Orders

} Bid-Ask Spread

— Bid(Buy) Limit Orders

ol



Limit Order Book — An Example
e What if..? Price

Mid-Price

52



A Stochastic Model for Order
Book Dynamics

e |n Order-driven Market, IS
known to have
a lot of information on future price dynamics

e To utilize the LOB information, active researches on
Stochastic Modeling of LOB are on-going

e “A Stochastic Model for Order Book Dynamics” —
Cont et al. (2008)



A Stochastic Model for Order
Book Dynamics

e Model for LOB:
e Pricegrid :{1,..,n}
* Xp()>0: |Xp(t)| ask(sell) orders at price p
* Xp() <O0: |Xp(t)| bid(buy) orders at price p

e Model for Dynamics of LOB:

e Limit Order - arrival rate 7\(1,) (i : distance from opposite best quote)
e Market Order : arrival rate u
e Cancellation : arrival rate G(l)x (x : # of outstanding orders at i)

e Assumption: Every order to be of size

* unit size = average size of limit order

With this setting, X(t) = (X1 (1), ...,Xn(t))t>0 is a



A Stochastic Model for Order Book Dynamics

e Defined an appropriate Transient Discrete-time
Markov Chaln

Best
Bid

fffffff ecco0cec000000000000
‘0000000000000 00000
0000000000000 00000
"e0eec0®000000000000

0000000000 |
000000000000000000
BSOS ES0 04
00000000 900000000
00000000 »p00000000
~~~~~~~ ceecececesecececes

Absorbing 2:?

(Recurrent)

States

Transient
States
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A Stochastic Model for Order Book Dynamics

* Result: Conditional Probabilities (Mid-price going
UP) (Block size: 20)

Conditional ... .
Probability / £

Best Ask

56



A Simple Strategy

 Round-trip transaction to achieve Statistical Arbitrage
e Entering the position

c HD&®

e Market Buy Order
@ P{Up|LOB} > 0.7

@ P{Up|LOB} > 0.7

e Exiting the position
e If 2 ticks UP
e Market Sell order - Earn 1 tick
e If Loss
e Market Sell order - Lose 1 tick

57



A Simple Strategy

* Test on KOSPI 200 Futures
* Calibration: 2012/02/21 ~ 2012/02/29, Test: 2012/03/05 ~ 2012/05/07
e Total # of Transactions: 89, Expectation: 0.06 tick

0.6

0.5

0.4

03

0.2

0.1

Probability distribution of Profit and Loss

L I

I

-2

-1 0 1 2 3

H Probability

 We can achieve Statistical Arbitrage with a very simple strategy
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Conclusion

contains useful information on future price
dynamics

e We can easily compute the conditional probabilities of
mid-price going up (or down) given current LOB shape

with simple strategy
e Even our simple strategy earns money!
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Equities Do Grow, But with Booms
and Bursts

o 115000

18 yrs. .

Regimes exist!!

(vIrQ) ebesany |elisnpu| ssuor mod O anjep

3nas

| W TR e P [T I SR TR S BT T | 7
05 04 DB 10 12 14 14 18 20 22 M 2%

I I J = Bk Lo de . ! NS R O | | e | L 13 T—]
i 46 48 50 52 M 5 58 &0 &2 & &b 6B 70 72 74 76 7B BO BZ B4 BA BE WO V2 WM W VB0 RO G

(=
2
-
g
@
g
-
£
(=)
&

Years



Do not Assume Fixed Correlations
over Time

Estimated Correlation Matrix for Asset Returns from a ALM Study for a Large Public Pension Plan
These results do not properly Model Contagion during Market Crashes

Correlation Matrix

Fixed Real Global Absolute Private
Class Liquidity Income Estate Equity Equity Equity
[Liquidity 1.00
Fixed Income 0.30 1.00
Real Estate 0.25 4 1.00
Global Equity 0.10 0.40 1.00
Absolute Retumn 0.00 0.30 0.35 1.00
Private Equity 0.17 0.50 0.80 0.10 1.00

/

Note: Correlation between global equity and fixed income =
0.01



Do not Assume Fixed Correlations

over Time

1 Year Rolling Correlation
(% Changes in SP500 and 30-Year Treasury Yield)
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Want to Ask Someone Out For 3
Date, And...

 And | need to know how her (or his) mood is today.

e How do we do this?
e “Mood” is unobservable

 Therefore, we observe things such as
* Facial expression
 The way she (or he) is dressed
e The way she (or he) talks

e And flgure out if she (or he) is in good mood or not based on
our “experience”.

e Pattern recognition is an ability built in our brain.



Products/Services Based on
Pattern Recognition Technologies

8:01 PM [}

Speak now

¢

Cancel



Products/Services Based on
Pattern Recognition Technologies




Products/Services Based on
Pattern Recognition Technologies




Hidden Markov Model (HMM)

e Has been out there for a while...

e Wide applications in engineering sciences
e Speech recognition
e Signal treatment
e Pattern recognition

e Unsupervised learning

Only two inputs from the modeler: robust out-of-sample
performance

 Number of states (regimes): “best” number of states can be
estimated statistically

e Shape of observation distribution



A Gamble: Hidden Markov Game

O,
=

<»

e

Available data:

HMM giVES US Sequ|ence o:f outcomes

Mr. Market

If Deck 1 was chosen at T-1
Deck 1is chosenwith p chanceatT
Deck 2 is chosen with 1-p chance atT

If Deck 2 was chosen atT-1
Deck 1is chosenwith g chanceatT
Deck 2 is chosen with 1-g chanceatT

=

™ "“Forward-Looking” Regime Identification
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From Deck j with prob P
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Equity Market Regime
|dentification via HMM




Data

e 25 equity markets covering more than 90% of global market cap
* North America (2 countries): U.S., and Canada
e EAFE — Europe (6 countries): Italy, Germany, Spain, Sweden, Swiss, and U.K.
e EAFE — Asia (4 countries): Australia, Hong Kong, Japan, and Singapore

* EM (13 countries): Korea, China, India, Russia, South Africa, Brazil, Taiwan, Chile,
Indonesia, Malaysia, Mexico, Peru, and Thailand

 Economic intuition: some sectors lead or lag growth and recession
periods
e Input: daily returns of market and sectors (ICB)
e Test periods: 1973 to 2013
e 1973 to 1999: training data
e 2000 to 2013: test data (out-of-sample test)

* For each “machine”, certain combination of market and sectors are used for
Input

* Within each state, the returns are assumed to be normally distributed
(high-dim).



Key Results

e |n all countries, # of states (re
e Regime 1 (growth)

 high return with low volatility wavs 0.979
0.004 e |

e Regime 2 (sideways)
e moderate return with moderat

(_—_—

0.009

0.011

0.057

0.940

v

N(Mli 21)

N(H’Zl Z"2)

N(HS' Z3)

e Regime 3 (crash)
* negative return with high volatiu.y

e Very high recurring probabilities

e If we were in regime i yesterday, today’s regime is likely to be i as

well.

 Regimes have persistency — regimes do not swift very often.
e Transition probability from regime 1 to 3 or regime 3to 1 is

practically O.
e P(GrowthatT | CrashatT-1)=0
e P(Crash at T | GrowthatT-1)=0




Illustration of Outputs

@ Sideways

H - ——
1 1
1 1
1 1
v ¥
N(ug,21) N(uz,%z) N(us,X3)
Machine 1 Machine 2 Machine 3
states] 6| s [NNGHN c [ s |Gl c [ s |Gl
Mkt Avg Ret| 15.9% | 10.9% |-13.1% 16.4% | 9.5% |-15.8% 18.8% | 5.6% |-23.5%
Mkt Vol| 10.2% | 15.7% | 61.1% 10.2% | 17.6% | 60.2% 10.0% | 18.1% | 61.9%
G S G s G S
Transition  (F595 | 005 | 0.00 | G 096 | 006 | 000 | G 098 | 003 | 000 | G
Probability
Matrix 0.05 | 0.94 | 0.06 S 0.04 | 093 | 0.05 S 0.02 | 095 | 0.06 S
0.00 | 0.01 | 0.94 - 0.00 | 0.01 | 0.95 - 0.00 | 0.01 | 0.94 -:




Illustration of Outputs

Machine 1 Machine 2 Machine 3
Dates I\R/I:trlient Dates| Filt Prob Dates Filt Prob Dates Filt Prob

01/02/14) -0.9% 01/02/14{90.9% | 9.0% | 0.1% 01/02/14{95.5% | 4.5% | 0.0% 01/02/14{ 95.4% | 4.6% | 0.0%
01/03/14  0.0% 01/03/14 95.2% | 4.8% | 0.0% 01/03/14| 97.3% | 2.7% | 0.0% 01/03/14 97.2% | 2.8% | 0.0%
01/06/14| -0.3% 01/06/14{ 96.5% | 3.5% | 0.0% 01/06/14{ 97.2% | 2.8% | 0.0% 01/06/14{ 97.0% | 3.0% | 0.0%
01/07/14 0.7% 01/07/14] 96.6% | 3.4% | 0.0% 01/07/14(92.4% | 7.5% | 0.0% 01/07/14{ 97.7% | 2.3% | 0.0%
01/08/14 0.0% 01/08/14{ 95.1% | 4.9% | 0.0% 01/08/14(95.9% | 4.1% | 0.0% 01/08/14( 98.4% | 1.6% | 0.0%
01/09/14 0.0% 01/09/14] 96.2% | 3.8% | 0.0% 01/09/14(97.5% | 2.5% | 0.0% 01/09/14(98.2% | 1.8% | 0.0%
01/10/14 0.3% 01/10/14| 97.2% | 2.7% | 0.0% 01/10/14| 98.0% | 2.0% | 0.0% 01/10/14| 98.6% | 1.4% | 0.0%
01/13/14] -1.3% 01/13/14{ 85.0% | 14.8% | 0.1% 01/13/14{92.7% | 7.3% | 0.0% 01/13/14]94.1% | 5.9% | 0.0%
01/14/14 1.1% 01/14/14] 87.3% | 12.6% | 0.1% 01/14/14]91.0% | 9.0% | 0.0% 01/14/1493.1% | 6.8% | 0.0%
01/15/14 0.5% 01/15/14] 83.7% | 16.2% | 0.1% 01/15/14{94.3% | 5.7% | 0.0% 01/15/14{ 95.5% | 4.5% | 0.0%
01/16/14) -0.1% 01/16/14] 92.6% | 7.4% | 0.0% 01/16/14{96.5% | 3.5% | 0.0% 01/16/14{ 97.5% | 2.5% | 0.0%
01/17/14 -0.4% 01/17/14] 95.0% | 4.9% | 0.0% 01/17/14(97.3% | 2.7% | 0.0% 01/17/14{ 98.0% | 2.0% | 0.0%
01/21/14 0.3% 01/21/14{ 96.5% | 3.5% | 0.0% 01/21/14{97.9% | 2.1% | 0.0% 01/21/14{98.3% | 1.7% | 0.0%
01/22/14 0.1% 01/22/14{97.1% | 2.9% | 0.0% 01/22/14(94.3% | 5.7% | 0.0% 01/22/14]98.6% | 1.4% | 0.0%
01/23/14) -0.9% 01/23/14{95.1% | 4.9% | 0.0% 01/23/14(92.1% | 7.9% | 0.0% 01/23/14]96.9% | 3.1% | 0.0%
01/24/14] -2.2% 01/24/14 49.2% | 49.2% | 1.6% 01/24/14| 12.1% | 86.6% | 1.2% 01/24/14| 5.4% |91.4% | 3.3%
01/27/14 -0.6% 01/27/14] 71.2% | 28.5% | 0.3% 01/27/14(31.7% | 67.8% | 0.4% 01/27/14] 9.5% | 88.8% | 1.7%
01/28/14 0.7% 01/28/14{ 84.9% | 15.0% | 0.1% 01/28/14| 55.8% | 44.0% | 0.2% 01/28/14] 19.8% | 79.5% | 0.7%
01/29/14| -1.0% 01/29/14] 83.2% | 16.7% | 0.1% 01/29/14| 0.5% |96.4% | 3.1% 01/29/14( 21.1% | 78.3% | 0.6%
01/30/14 1.2% 01/30/14( 52.1% | 47.4% | 0.5% 01/30/14| 2.8% |95.1% | 2.1% 01/30/14{ 17.3% | 81.8% | 0.9%
01/31/14| -0.6% 01/31/14| 51.3% | 48.3% | 0.4% 01/31/14| 16.3% | 83.0% | 0.7% 01/31/14| 30.8% | 68.7% | 0.5%
02/03/14| -2.4% 02/03/14] 2.6% | 91.5% | 5.9% 02/03/14| 0.6% | 96.6% | 2.8% 02/03/14| 0.3% | 96.3% | 3.4%
02/04/14 0.8% 02/04/14{ 15.9% | 82.3% | 1.8% 02/04/14{ 13.1% | 86.1% | 0.9% 02/04/14| 6.5% |92.2% | 1.3%
02/05/14) -0.2% 02/05/14{ 29.0% | 70.4% | 0.7% 02/05/14( 36.8% | 62.8% | 0.3% 02/05/14( 21.4% | 78.1% | 0.5%
02/06/14 1.3% 02/06/14| 33.4% | 66.0% | 0.6% 02/06/14| 38.6% | 61.0% | 0.3% 02/06/14{ 19.6% | 79.8% | 0.6%
02/07/14| 1.3% 02/07/14| 37.6% | 61.8% | 0.6% 02/07/14| 40.1% | 59.5% | 0.4% 02/07/14| 18.2% | 81.1% | 0.7%
02/10/14 0.2% 02/10/14{ 42.7% | 56.9% | 0.4% 02/10/14{ 68.8% | 31.1% | 0.1% 02/10/14{ 17.3% | 81.8% | 0.9%
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Recall

Dates| Market Machine 1
Return Dates )
Filt Prob Machine 2
0.9% G S ates q
01/03/14 00; 01/02/14] 90.9% | 9.0% - Filt Prob Machine 3
.07 0 U750 0.1% G Dates .
01/06/14] -0.3% 1/03/14] 95.2% | 2.8% g oTi02id s - Filt Prob
01/07/14 0.7% 01/06/14| 96.5% 3500 0.0% 01/03 95.5% | 4.5% | 0.0% G
01/08/14 0'0,; 01/07/14] 96.6% 3. / 0.0% oo /14 97.3% | 2.7% | 0.0% 01/02/14] 95.4% 450 [ c ]
01/0 2% 01/08 4% | 0.0% 6/14] 97.2% | 2.89 01/0 6| 4.6% | 0.0%
9/14 0.0% ) /14| 95.1% | 4.9% | 0.0% 01/07/14{ 92.49 i || O 3/14)97.2% | 2.8% | 0.0
01/10/1 1/09/14 : 0% 4% | 7.5% 01/06/1 8% | 0.0%
/14 0.3% 5 96.2% | 3.8% | 0.0% 01/08/14| 95.9% 6 | 0.0% /14) 97.0% | 3.0% | 0.0%
01/13/14] -1.39 1/10/14] 97.2% 6 0 9% | 4.1% | 0.0% 01/07/14| 97.7% =2
-1.3% o1 2% | 2.7% | 0.0% 1/09/14| 97.5% 0 0 7% | 2.3% | 0.0%
01/14/14] 1.19 /13/14| 85.0% 6 o 5% | 2.5% | 0.0% 1/08/14| 98.4% .0%
1% 01 0% | 14.8% | 0.1% 1/10/14] 98.0% - 0 A || i || ke
01/15/14]  0.5% /14/14| 87.3% | 12.6% 0' ° 01/23/14 92- 5| 2.0% | 0.0% 1/09/14| 98.2% | 1.8% .0%
01/16 01/15/14 6% | 0.1% % | 7.3% 01/10 8% | 0.0%
/14 -0.1% ; /14] 83.7% | 16.2% | 0.1% 01/14/14] 91.0% 6 1 0.0% /14] 98.6% | 1.4% | 0.0%
01/17/14] -0.4% 1/16/14] 92.6% | 7.4% b oL/15/1d 0% | 9.0% | 0.0% 01/13/14] 94.1% | 5.9% .0%
01/21/14]  0.3% 01/17/14] 95.0% 4'9(; 0.0% 01/16/1 94.3% | 5.7% | 0.0% 01/14/14] 93.1% 6.800 0.0%
.37 o 2 = -
01/22/14] 019 01/21/14] 96.5% 5 | 0.0% 5 2 96.5% | 3.5% | 0.0% 01/15/14| 95.5% % | 0.0%
1% 0 5% | 3.5% | 0.0% 1/17/14| 97.3% il .5% | 4.5% | 0.0%
01/23/14]  -0.9% 1/22/14] 97.1% | 2.9% O- 3 o1/21/14] 0 3% | 2.7% | 0.0% 01/16/14| 97.5% | 2.5% .0%
01/24/14] 2. - 01/23/149 9% | 0.0% 7.9% | 2.1% 01/17/14 5% | 0.0%
2.2% 5.1% | 4.9% 01/22/14] 6 | 0.0% 98.0% | 2.0%
01/27/1 01/24/14 0.0% 94.3% | 5.7% 01/21/14 0% | 0.0%
01/28;13 D% 01/27/14 39'2% 49.2% | 1.6% 01/23/14] 92.1% 79; O 01/22;14 SO || vk || QI
0.7% o1 1.2% | 28.5% | 0.3% 01/24/14] 12.1% 9% | 0.0% 98.6% | 1.4% | 0.0%
01/29/14] -1.0% /28/14 84.9% | 15.0% | 0 J 01/27/143- 6| 86.6% | 1.2% 01/23/14| 96.9% | 3.1% 0%
01/30/1 : 01/29/14 0% | 0.1% 1.7% | 67.8% 01/24/1 1% | 0.0%
01/31;12 2 01/30/14 iz'Z% 16.7% | 0.1% o1/28/14] 55.8% | 40.0% 2'4% 01/27;12 S oL 3.3
0.6% 1% | 47.4% | 0.59 01/29/14 0% | 0.2% 9.5% | 88.8%
02/03/14 01/31/14| 51 S| Whh 0.5% | 96.4% 01/28/14 8% | 1.7%
2.4% 3% | 48.39 01/30 6| 3.1% 19.8% | 79.59
02/0a/1a 08; 02/03/14] 2.6% 915; 0.4% 01/3124 2.8% | 95.1% | 2.1% 01/29/14] 21.1% 78'§f’ 0.7%
. (] . Z N
02/05/14] -0.2% 02/04/14] 15.9% | 82 3; 5.9% 02/03/12 16.3% | 83.0% | 0.7% 01/30/14) 17.3% | 81 3; 05%
02/06/14 = 02/05/14] 2 || 50 0.6% | 96.6% 01/31/14 8% | 0.9%
1.3% 5.0% | 70.4% | 0.79 02/04/14 0] 2.8% 30.8% | 68.7%
02/07/1 02/06/14 g0 B 13.1% | 86.1% 02/03/14 7% | 0.5%
02/10§1Z 3% 02/07/14 24% 66.0% | 0.6% 02/05/1 SRl m 2'9% 02/04;14 0.3% |96.3% | 3.4%
0.2% 6% | 61.8% 02/06/14 8% | 0.3% 6.5% |92.2%
02/10/14 8% 0.6% 38.6% | 61.09 02/05 2% | 1.3%
/14| 42.7% | 56.9% | 0.4% 02/07/ 14 R EAIEE 5;’ 0.3% 02/0624 21.4% | 78.1% | 0.5%
02/10/14) 68.8% 5% | 0.4% 5 4 19.6% | 79.8% | 0.6%
8% [31.1% | 0.1% 2/07/14] 18.29 6%
1% 2% | 81.1% | 0.79
02/10/14| 17.3% | 81.89 T%
8% | 0.9%
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Errors: False Positive vs. False
Negative




Errors: False Positive vs. False
Negative

e False positive: market is not in crash regime, but
system indicates so

e False negative: market is in crash regime, but
system indicates that it is not

e Unfortunately, false positive and false negative
errors cannot be reduced simultaneously.



Hypothetical Client and Product
Design

* Very conservative
* |tis fine not to participate in market upswing

e However, they want to avoid sharp crashes (such as
2008)

e Product design
e Reduce false negative as much as possible
e Consequently, chance of false positive errors increases



Product Design: Step 1

Machine 1 Machine 2 Machine 3
Dates I\R/I:trlient Dates| Filt Prob Dates Filt Prob Dates Filt Prob

01/02/14) -0.9% 01/02/14{90.9% | 9.0% | 0.1% 01/02/14{95.5% | 4.5% | 0.0% 01/02/14{ 95.4% | 4.6% | 0.0%
01/03/14  0.0% 01/03/14 95.2% | 4.8% | 0.0% 01/03/14| 97.3% | 2.7% | 0.0% 01/03/14 97.2% | 2.8% | 0.0%
01/06/14| -0.3% 01/06/14{ 96.5% | 3.5% | 0.0% 01/06/14{ 97.2% | 2.8% | 0.0% 01/06/14{ 97.0% | 3.0% | 0.0%
01/07/14 0.7% 01/07/14] 96.6% | 3.4% | 0.0% 01/07/14(92.4% | 7.5% | 0.0% 01/07/14{ 97.7% | 2.3% | 0.0%
01/08/14 0.0% 01/08/14{ 95.1% | 4.9% | 0.0% 01/08/14(95.9% | 4.1% | 0.0% 01/08/14( 98.4% | 1.6% | 0.0%
01/09/14 0.0% 01/09/14] 96.2% | 3.8% | 0.0% 01/09/14(97.5% | 2.5% | 0.0% 01/09/14(98.2% | 1.8% | 0.0%
01/10/14 0.3% 01/10/14| 97.2% | 2.7% | 0.0% 01/10/14| 98.0% | 2.0% | 0.0% 01/10/14| 98.6% | 1.4% | 0.0%
01/13/14] -1.3% 01/13/14{ 85.0% | 14.8% | 0.1% 01/13/14{92.7% | 7.3% | 0.0% 01/13/14]94.1% | 5.9% | 0.0%
01/14/14 1.1% 01/14/14] 87.3% | 12.6% | 0.1% 01/14/14]91.0% | 9.0% | 0.0% 01/14/1493.1% | 6.8% | 0.0%
01/15/14 0.5% 01/15/14] 83.7% | 16.2% | 0.1% 01/15/14{94.3% | 5.7% | 0.0% 01/15/14{ 95.5% | 4.5% | 0.0%
01/16/14) -0.1% 01/16/14] 92.6% | 7.4% | 0.0% 01/16/14{96.5% | 3.5% | 0.0% 01/16/14{ 97.5% | 2.5% | 0.0%
01/17/14 -0.4% 01/17/14] 95.0% | 4.9% | 0.0% 01/17/14(97.3% | 2.7% | 0.0% 01/17/14{ 98.0% | 2.0% | 0.0%
01/21/14 0.3% 01/21/14{ 96.5% | 3.5% | 0.0% 01/21/14{97.9% | 2.1% | 0.0% 01/21/14{98.3% | 1.7% | 0.0%
01/22/14 0.1% 01/22/14{97.1% | 2.9% | 0.0% 01/22/14(94.3% | 5.7% | 0.0% 01/22/14]98.6% | 1.4% | 0.0%
01/23/14) -0.9% 01/23/14{95.1% | 4.9% | 0.0% 01/23/14(92.1% | 7.9% | 0.0% 01/23/14]96.9% | 3.1% | 0.0%
01/24/14] -2.2% 01/24/14 49.2% | 49.2% | 1.6% 01/24/14| 12.1% | 86.6% | 1.2% 01/24/14| 5.4% |91.4% | 3.3%
01/27/14 -0.6% 01/27/14] 71.2% | 28.5% | 0.3% 01/27/14(31.7% | 67.8% | 0.4% 01/27/14] 9.5% | 88.8% | 1.7%
01/28/14 0.7% 01/28/14{ 84.9% | 15.0% | 0.1% 01/28/14| 55.8% | 44.0% | 0.2% 01/28/14] 19.8% | 79.5% | 0.7%
01/29/14| -1.0% 01/29/14] 83.2% | 16.7% | 0.1% 01/29/14| 0.5% |96.4% | 3.1% 01/29/14( 21.1% | 78.3% | 0.6%
01/30/14 1.2% 01/30/14( 52.1% | 47.4% | 0.5% 01/30/14| 2.8% |95.1% | 2.1% 01/30/14{ 17.3% | 81.8% | 0.9%
01/31/14| -0.6% 01/31/14| 51.3% | 48.3% | 0.4% 01/31/14| 16.3% | 83.0% | 0.7% 01/31/14| 30.8% | 68.7% | 0.5%
02/03/14| -2.4% 02/03/14] 2.6% | 91.5% | 5.9% 02/03/14| 0.6% | 96.6% | 2.8% 02/03/14| 0.3% | 96.3% | 3.4%
02/04/14 0.8% 02/04/14{ 15.9% | 82.3% | 1.8% 02/04/14{ 13.1% | 86.1% | 0.9% 02/04/14| 6.5% |92.2% | 1.3%
02/05/14) -0.2% 02/05/14{ 29.0% | 70.4% | 0.7% 02/05/14( 36.8% | 62.8% | 0.3% 02/05/14( 21.4% | 78.1% | 0.5%
02/06/14 1.3% 02/06/14| 33.4% | 66.0% | 0.6% 02/06/14| 38.6% | 61.0% | 0.3% 02/06/14{ 19.6% | 79.8% | 0.6%
02/07/14| 1.3% 02/07/14| 37.6% | 61.8% | 0.6% 02/07/14| 40.1% | 59.5% | 0.4% 02/07/14| 18.2% | 81.1% | 0.7%
02/10/14 0.2% 02/10/14{ 42.7% | 56.9% | 0.4% 02/10/14{ 68.8% | 31.1% | 0.1% 02/10/14{ 17.3% | 81.8% | 0.9%




Product Design: Step 2

Machine 1 Machine 2 Machine 3
Dates '\R/I:tﬂ(: Dates| Filt Prob Dates Filt Prob Dates Filt Prob
01/02/14) -0.9% 01/02/14{90.9% | 9.0% | 0.1% G 01/02/14{95.5% | 4.5% | 0.0% G 01/02/14{ 95.4% | 4.6% | 0.0% G
01/03/14  0.0% 01/03/14|95.2% | 4.8% | 0.0% | G 01/03/14{97.3% | 2.7% | 0.0% | G 01/03/14|97.2% | 2.8% | 0.0% | G
01/06/14| -0.3% 01/06/14{ 96.5% | 3.5% | 0.0% G 01/06/14{ 97.2% | 2.8% | 0.0% G 01/06/14{ 97.0% | 3.0% | 0.0% G
01/07/14 0.7% 01/07/14] 96.6% | 3.4% | 0.0% G 01/07/14(92.4% | 7.5% | 0.0% G 01/07/14{ 97.7% | 2.3% | 0.0% G
01/08/14 0.0% 01/08/14{ 95.1% | 4.9% | 0.0% G 01/08/14(95.9% | 4.1% | 0.0% G 01/08/14( 98.4% | 1.6% | 0.0% G
01/09/14 0.0% 01/09/14] 96.2% | 3.8% | 0.0% G 01/09/14(97.5% | 2.5% | 0.0% G 01/09/14(98.2% | 1.8% | 0.0% G
01/10/14 0.3% 01/10/14|97.2% | 2.7% | 0.0% | G 01/10/14| 98.0% | 2.0% | 0.0% | G 01/10/14| 98.6% | 1.4% | 0.0% | G
01/13/14] -1.3% 01/13/14{ 85.0% | 14.8% | 0.1% G 01/13/14{92.7% | 7.3% | 0.0% G 01/13/14]94.1% | 5.9% | 0.0% G
01/14/14 1.1% 01/14/14] 87.3% | 12.6% | 0.1% G 01/14/14]91.0% | 9.0% | 0.0% G 01/14/1493.1% | 6.8% | 0.0% G
01/15/14 0.5% 01/15/14] 83.7% | 16.2% | 0.1% G 01/15/14{94.3% | 5.7% | 0.0% G 01/15/14{ 95.5% | 4.5% | 0.0% G
01/16/14) -0.1% 01/16/14] 92.6% | 7.4% | 0.0% G 01/16/14{96.5% | 3.5% | 0.0% G 01/16/14{ 97.5% | 2.5% | 0.0% G
01/17/14 -0.4% 01/17/14] 95.0% | 4.9% | 0.0% G 01/17/14{97.3% | 2.7% | 0.0% G 01/17/14{ 98.0% | 2.0% | 0.0% G
01/21/14 0.3% 01/21/14{ 96.5% | 3.5% | 0.0% G 01/21/14{97.9% | 2.1% | 0.0% G 01/21/14{98.3% | 1.7% | 0.0% G
01/22/14 0.1% 01/22/14{97.1% | 2.9% | 0.0% G 01/22/14(94.3% | 5.7% | 0.0% G 01/22/14]98.6% | 1.4% | 0.0% G
01/23/14) -0.9% 01/23/14{95.1% | 4.9% | 0.0% G 01/23/14(92.1% | 7.9% | 0.0% G 01/23/14]96.9% | 3.1% | 0.0% G
01/24/14] -2.2% 01/24/14| 49.2% | 49.2% | 1.6% | G 01/24/14| 12.1% | 86.6% | 1.2% S 01/24/14| 5.4% |91.4% | 33% | S
01/27/14 -0.6% 01/27/14] 71.2% | 28.5% | 0.3% G 01/27/14{31.7% | 67.8% | 0.4% S 01/27/14] 9.5% | 88.8% | 1.7% S
01/28/14 0.7% 01/28/14{ 84.9% | 15.0% | 0.1% G 01/28/14| 55.8% | 44.0% | 0.2% G 01/28/14] 19.8% | 79.5% | 0.7% S
01/29/14) -1.0% 01/29/14] 83.2% | 16.7% | 0.1% G 01/29/14| 0.5% |96.4% | 3.1% S 01/29/14( 21.1% | 78.3% | 0.6% S
01/30/14 1.2% 01/30/14( 52.1% | 47.4% | 0.5% G 01/30/14| 2.8% |95.1% | 2.1% S 01/30/14{ 17.3% | 81.8% | 0.9% S
01/31/14| -0.6% 01/31/14| 51.3% | 48.3% | 0.4% | G 01/31/14| 16.3% | 83.0% | 0.7% S 01/31/14| 30.8% | 68.7% | 0.5% | S
02/03/14| -2.4% 02/03/14] 2.6% | 91.5% | 5.9% S 02/03/14| 0.6% | 96.6% | 2.8% S 02/03/14| 0.3% | 96.3% | 3.4% S
02/04/14 0.8% 02/04/14{ 15.9% | 82.3% | 1.8% S 02/04/14{ 13.1% | 86.1% | 0.9% S 02/04/14| 6.5% |92.2% | 1.3% S
02/05/14) -0.2% 02/05/14( 29.0% | 70.4% | 0.7% S 02/05/14( 36.8% | 62.8% | 0.3% S 02/05/14( 21.4% | 78.1% | 0.5% S
02/06/14 1.3% 02/06/14| 33.4% | 66.0% | 0.6% S 02/06/14| 38.6% | 61.0% | 0.3% S 02/06/14{ 19.6% | 79.8% | 0.6% S
02/07/14 1.3% 02/07/14] 37.6% | 61.8% | 0.6% S 02/07/14] 40.1% | 59.5% | 0.4% S 02/07/14] 18.2% | 81.1% | 0.7% S
02/10/14 0.2% 02/10/14{ 42.7% | 56.9% | 0.4% S 02/10/14{ 68.8% | 31.1% | 0.1% G 02/10/14{ 17.3% | 81.8% | 0.9% S




Product Design: Step 3

Machine 1 Machine 2 Machine 3
Dates '\R/I:tﬂ(: Dates Filt Prob Dates Filt Prob Dates| Filt Prob
01/02/14 -0.9% 01/02/14/ 90.9% | 9.0% | 0.1% G 01/02/14| 95.5% | 4.5% | 0.0% G 01/02/14| 95.4% | 4.6% | 0.0% G
01/03/14 0.0% 01/03/14| 95.2% | 4.8% | 0.0% G 01/03/14|97.3% | 2.7% | 0.0% G 01/03/14| 97.2% | 2.8% | 0.0% G
01/06/14 -0.3% 01/06/14] 96.5% | 3.5% | 0.0% G 01/06/14(97.2% | 2.8% | 0.0% G 01/06/14{ 97.0% | 3.0% | 0.0% G
01/07/14 0.7% 01/07/14] 96.6% | 3.4% | 0.0% G 01/07/14(92.4% | 7.5% | 0.0% G 01/07/1497.7% | 2.3% | 0.0% G
01/08/14 0.0% 01/08/14| 95.1% | 4.9% | 0.0% G 01/08/14| 95.9% | 4.1% | 0.0% G 01/08/14| 98.4% | 1.6% | 0.0% G
01/09/14 0.0% 01/09/14| 96.2% | 3.8% | 0.0% G 01/09/14(97.5% | 2.5% | 0.0% G 01/09/14(98.2% | 1.8% | 0.0% G
01/10/14|  0.3% 01/10/14|97.2% | 2.7% | 0.0% | G 01/10/14| 98.0% | 2.0% | 0.0% | G 01/10/14| 98.6% | 1.4% | 0.0% | G
01/13/14 -1.3% 01/13/14] 85.0% | 14.8% | 0.1% G 01/13/14(92.7% | 7.3% | 0.0% G 01/13/14/ 94.1% | 5.9% | 0.0% G
01/14/14 1.1% 01/14/14| 87.3% | 12.6% | 0.1% G 01/14/14 91.0% | 9.0% | 0.0% G 01/14/14| 93.1% | 6.8% | 0.0% G
01/15/14 0.5% 01/15/14| 83.7% | 16.2% | 0.1% G 01/15/14|94.3% | 5.7% | 0.0% G 01/15/14| 95.5% | 4.5% | 0.0% G
01/16/14 -0.1% 01/16/14] 92.6% | 7.4% | 0.0% G 01/16/14{96.5% | 3.5% | 0.0% G 01/16/14{ 97.5% | 2.5% | 0.0% G
01/17/14 -0.4% 01/17/14] 95.0% | 4.9% | 0.0% G 01/17/14(97.3% | 2.7% | 0.0% G 01/17/14] 98.0% | 2.0% | 0.0% G
01/21/14 0.3% 01/21/14] 96.5% | 3.5% | 0.0% G 01/21/14(97.9% | 2.1% | 0.0% G 01/21/14]98.3% | 1.7% | 0.0% G
01/22/14 0.1% 01/22/14| 97.1% | 2.9% | 0.0% G 01/22/14|94.3% | 5.7% | 0.0% G 01/22/14| 98.6% | 1.4% | 0.0% G
01/23/14 -0.9% 01/23/14] 95.1% | 4.9% | 0.0% G 01/23/1492.1% | 7.9% | 0.0% G 01/23/14/ 96.9% | 3.1% | 0.0% G
01/24/14| 49.2% | 49.2% | 1.6% | G 01/24/14| 12.1% | 86.6% | 1.2% S 01/24/14| 5.4% |91.4% | 33% | S
01/27/14] 71.2% | 28.5% | 0.3% G 01/27/14(31.7% | 67.8% | 0.4% S 01/27/14] 9.5% | 88.8% | 1.7% S
01/28/14] 84.9% | 15.0% | 0.1% G 01/28/14( 55.8% | 44.0% | 0.2% G 01/28/14] 19.8% | 79.5% | 0.7% S
01/29/14| 83.2% | 16.7% | 0.1% G 01/29/14| 0.5% |96.4% | 3.1% S 01/29/14| 21.1% | 78.3% | 0.6% S
01/30/14| 52.1% | 47.4% | 0.5% G 01/30/14| 2.8% |95.1% | 2.1% S 01/30/14| 17.3% | 81.8% | 0.9% S
01/31/14| 51.3% | 48.3% | 0.4% G 01/31/14| 16.3% | 83.0% | 0.7% S 01/31/14| 30.8% | 68.7% | 0.5% S
02/03/14] 2.6% | 91.5% | 5.9% S 02/03/14| 0.6% | 96.6% | 2.8% S 02/03/14] 0.3% |96.3% | 3.4% S
02/04/14] 15.9% | 82.3% | 1.8% S 02/04/14( 13.1% | 86.1% | 0.9% S 02/04/14| 6.5% |92.2% | 1.3% S
02/05/14| 29.0% | 70.4% | 0.7% S 02/05/14| 36.8% | 62.8% | 0.3% S 02/05/14| 21.4% | 78.1% | 0.5% S
02/06/14| 33.4% | 66.0% | 0.6% S 02/06/14| 38.6% | 61.0% | 0.3% S 02/06/14{ 19.6% | 79.8% | 0.6% S
02/07/14| 37.6% | 61.8% | 0.6% S 02/07/14| 40.1% | 59.5% | 0.4% S 02/07/14| 18.2% | 81.1% | 0.7% S
02/10/14] 42.7% | 56.9% | 0.4% S 02/10/14| 68.8% | 31.1% | 0.1% G 02/10/14{ 17.3% | 81.8% | 0.9% S




(Out-of-Sample) Backtest Results
for US Market (2000 to 2013)
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