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Alpha




Alpha

» a:out-performance

the measurement of a portfolio’s risk adjusted returns over a
reference instrument.

» Benchmark a:
m=a+pfrg+e

a + ¢€: residual return, the return that is independent of the
benchmark

frp: expected return

» CAPM a:
m=a+pfryte
According to CAPM, a = 0.

» Multifactor a:
p=a+pifi+ -+ Pxfkt+e
Each f; is a risk factor.

K | Bifi: expected return



Information Ratio

B
a
» IR = —
(0)
a®: ex-ante, expected excess return

o: standard deviation of the residuals



The Seven Tenets of QEPM

» Markets are mostly efficient.
» Pure arbitrage opportunities do not exist.

» Quantitative analysis creates statistical arbitrage
opportunities.

» Quantitative analysis combines all the available
information in an efficient way.

» Quantitative models should be based on sound
economic theories.

» Quantitative models should reflect persistent and
stable patterns.

» Deviations of a portfolio from the benchmark are
justified only if the uncertainty is small enough.



Post Earning Announcement Drift

» On a good (bad) earning surprise announcement, the
market will continue to react to the news.

» The market takes some time to digest the new
information, often weeks or even months.

» We can therefore buy on a good news and take profit
when the market finishes consuming the information.

» Our smart filter picks high confident stocks from
hundreds of announcements each quarter.



Example: Insys Therapeutics, Inc. (INSY)
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Aug 13, 2013 (before open): INSY announced that
the continued uptake of their cancer pain relief spray,
Subsys, leads to the strong 2" quarter results. The
announced EPS ($0.17) was much higher than the
market expectation ($0.09). Since then, the share
price achieved a new high in a few months and the
trading volume also increased sharply.
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Post-Earning Announcement Drift (PEAD)
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PEAD Trading

» Fundamental reasons:

Under-reaction to
earnings
announcements

Distraction by other
announcements

» Trading idea:
Long good news
Short bad news

12

6 T

pre-announcament period

.................................... LEremrasaasarrip

post-announcement period

i SUE
:deciles
: 9

a8
1

PETTRTY (% N [N S N
- W &,

-40 -20 0 0 20 40 60

avent time in trading days relative 1o earnings announcement day



Surprise vs. Return

(surprise, quarter-return)

0.6 - +
- * - *
. . * *
* e Y e .
N ¢¢++*+ *‘: e A
t‘f o *o s ¢ +*%e
.
“te ;&‘
S
;‘+¢+ R
B +
N .
# *“" *“" et iy .._
* ¢ el e e *o,, 2 *“*ir ‘e ¢ +3
¢ 4t "'i R +*‘$* $ o
. ¢ Average return =5.72% * * .
* Ao A T
.
. .



Surprise vs. Return
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Capital Allocation

» U.S. stocks

Quarterly reporting system dictates frequent
announcements, hence more trading opportunities

» Diversification
No single stock weights more than 10%

» Long-only
» Stop-loss
» No penny stocks



Look for Profitable Stocks

» Over 300 announcements on peak days

» Our Smart Stock Filter picks stocks with higher
winning probability
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A case for 2013

1,500,000
US Stocks
Profit: 46.36%
#Trade: 103 1,400,000
#Win: 62
#Loss: 41
Max. gain: 91.6% 00,080
Max. loss: -10.00% @
Gain/trade: 7.80% -;—: 1,200,000
Sharpe ratio: 2.95 E
1,100,000
1,000,000
900,000 : : ; ; : :

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2013



Historical Returns

2008:11.3%
2009: 138.1%
2010: 26.2%
2011: 8.9%
2012: 11.6%
2013: 68%
2014:16.5%
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Fundamental Law of Active Management

» Tie = + Pirfie + o+ Bik fre T it



Fundamental Law of Active Management

» With E(r;;) and Cov(7y, rjt), we can compute the
optimal min-variance portfolio.
IR? approximately equals the goodness of fit, R2.
BR: number of explanatory factors.
IC is the average covariance of predictionsvs. factors.

B "'E 2
» IR2 == = [W, Credl _ p2 — 102 % BR
o w' V(rr4)w
IR: information ratio
IC: information coefficient

BR: breadth
» Finding more significant/accurate factors increases IC.
» Finding more uncorrelated factors increases BR.




Data Mining

» You can always find a “good” model by trying hard
enough - testing enough factors.

» 1 =a+ Pifie + o+ Boofoor t Eit

» When there are 100 months of return, the equation
will fit perfectly, R* = 1.

» Forward selection will not work as it will guarantee to
pick the most significant variable out of the 100
random factors.

» Community is doing a collective data mining.

E.g., company size may not be a factor.



Parameter Estimation

» Sensitivity and stability.

Divide the data into groups along the timeline. Estimations
should be more or less the same for all sub-groups.

» Uncertainty and confidence.



Factor Models




Expected Return

» Expected Return = Factor Premium x Factor Exposure

» Factor Premium, f;: how much an investor is willing to
pay for each factor. Payoff.

» Factor Exposure, 3;: how sensitive is a stock return to
the factor. Exposure to risk.



Factors

4

Stock specific/fundamental factors: PE, PB, PS, D/E,
size, momentum, volume, earning surprise, analyst
rating changes

Market/economic factors: GDP, inflation,
unemployment, interest rate, survey-based indices, ...

Factor exposure: exposure to a risk

Factor premium: the premium/price/fair return/dollar
value the market places of 1 unit of risk (factor
exposure)

average stock return = factor exposure * factor
premium



Fundamental Model

r 1y =+ Pifi + o+ Pikfx T
r; can be replaced by r;* = r; — ¢ because the r¢ portion is
not awarded by taking risks.

r;: monthly returns, for example.
» Factors are fundamental factors such as P/E, size.
» The B;; are directly observable (from accounting
reports).
factor dependent; stock dependent; time independent

» The premiums are estimated by cross-sectional/panel
regression.

factor dependent; stock independent; time independent



Risk

» total risk = non-diversifiable risk + diversifiable risk
» V() = V(B:'f) + V(&)
» =B V(f) Bi + V(&)

» Non-diversifiable risk comes from the randomness of
the premiums.

» Diversifiable risk comes from the unexplained risk of
the model.



Estimation of Factor Premiums

» Returns of N stocks over T periods: {(171, ..., Tx1)}, -0
{(ri7, o ) -
» Factor exposures known: {(B11, ---, Bn1)}, ---
{(B11s e, BnT) }-
» Model: 1y = Bit f + €it
» Panel:
1 = P111fi o+ Brikfr + €115
rir = Pirafr + o+ Birkfx + s -
™1 = Pni1fi + -+ Byvikfk + Ents o
vt = Bnrafi + o+ Btk fk + EnTs o



OLS

» Yy = ,80 + xliﬁl + xziﬁz + -+ +xkiﬁk + Ei» [ = 1,2,3, o, N
» Objective:

Minimize the sum of squared residuals.
» Assumptions:

No (perfect) collinearity: |Cov(x;, x;)| # 1

X'X cannot be inverted.

Regressors are exogenous: E(g; | x4, ..., Xki) = 0.

Uncorrelated errors: Cov(el- ,ej) = 0.

Homoskedasticity: Var(g;) = Var(y; | x4, ..., Xxi) = 0°.
» Properties:

Consistent: f = £.

Unbiased: E(,@) = f.

Minimum variance

Errors are normally distributed. &; is N(0, a2).
£ are MLE.



OLS Estimation

!/ 2 !/
» RSS=S(b) = XiLs(vi —x{b)” = (v — Xb)' (v — Xb)
» [ = argminS(b) =
_ "1 — — ry\—1vy/
Bl =) — %)) Qi =@ -9) =K' X'y
E.g., apply first order condition on S(b)

5 _ Cov(xyy)
’B L Var(x;)

¥ =Xp
 E=y-J=y-Xp
» s2 === QLS estimator for 2, unbiased

Al A
PN 8 8 . . . . °
» 6% = —, MLE estimator for 62, biased but minimizes the mean

square?:l error of the estimator.
_ 2@i=)?
Lyi-y)?

» R?



OLS Finite Sample Properties
» E[B | X| =5
» E[s?| X| = a2
» Var|f | X]| =a2(X'X)1
B~N(B o%(X'X)"?)
» S. €. (,[3’\]) = \/SZ(X’X)_ljj
» Cov|B, €| X] =0




OLS on Panel Data
v Tie = Bie [+ €ir
» 1 — 7 = (Bt — ,B_)If + &t
= %Zill Zliv=1 Tit

B =Sl 2 By
y Ty = Eit,f + Eit

Tit =Tie =7

Eit = Bit — .3_

) -1 _

» f= [ iT=1 Zlivzl(ﬁit)(ﬁit) ] iT:1 Z?Izl(ﬁit)(fit)
» Var(f) =62 [ i=1 Xiz1(Bic) (Bir) ]

2
y 6% = NT &i=1 Zi=1 (rit o (ﬁit) f)

|



Minimum Absolute Deviation (MAD)

» OLS is sensitive to outliners.
» MAD: minimize the sum of absolute value of residuals.

Hence outliners, without being squared, have much less
effects.



Generalized Least Square (GLS)

» Heteroskedasticity: €;; are most likely difference across
stocks. Different stocks have different variances.

» Model: Y = X + ¢, E|le] X] = 0, Var|e| X] = Q

» Fitting: § = argmin(Y — Xb)'Q'(Y — Xb)

» Solution: # = (X'Q71X) x'Q~1y

» The GLS estimator is unbiased, consistent, efficient,
and asymptotically normal.

va(g - ) - w (o, (X’Q‘lX)_l)



GLS on Panel Data

ST L ("’it—ﬁx% 7
A Oi i
f= >
N (Tit_
Z’tl;zl Zl:l(%_r
5 _ 1 ©or N Bit
r b= NTZt 14i=1 31

» 67 = % t=1(7"it — ﬁit,f)z



Robustness Check

» Stability over sub-periods.
» Confidence within periods.



Economic Model

> Tie = & + Biafie + o+ Bi fre T &
» Factors are economic factors such as GDP growth,
inflation.

» The exposures f3;; are not observable and are
determined by time series regression from the factor
premiums fj;.

factor dependent; stock dependent; time independent
» The premiums are market statistics.
factor dependent; stock independent; time dependent



Stock Return

» e = & + Birfie o+ Bikfre + €
» Note, we use the time t available information to

compute the factor premiums, e.g., latest inflation
rate.



Economic/Market Premiums

» Inflation, unemployment, risk free rate, ...
» Simply copy and paste from newspapers.

» A premium is a linear function of the true,
unexpected, and unobservable part of the factor, e.g.,
the rewarding portion of inflation.

This is not to say that the market is rewarding 5% to a 5%
inflation rate, but a linear transformation of the 5%.



Fundamental/Technical/Analyst Premiums

» P/E, P/B
» Momentum
» Rating change



Zero-Investment Portfolio

» For each time ¢,

» For each factor k, set the upper and lower cutoff
points, X; and x;.
» Divide the stocks into three groups.
High group: x;,: > X
Low group: xji: < X
Others
» Factor premium is the expected return to the zero-

investment position that put $1 into the high group
and short $1 in the low group.

> fre = EQrg [Xpe > X5) — E(re|xge < %)
The expectation is taken across stocks.



Statistical Factors



Principal Component Analysis

» Intuition: fit the data to a high N-dimensional space.
Find and save the important dimensions (and hence
filter out the not-so-important ones).




Principal Component Analysis (Math)

» N stocks’ returns over T period.
Tt = (T'lt’ cen T'Nt)’
R = {7"1, ...,T'T}
» Find the (sample) covariance matrix for R.

2 % ’{zl(rtrt’ - 777"_’)

1
p Yi=1Tt
» Diagonalization: Q'¥Q = D.

D are the (all) positive eigenvalues in descending orders.

» Pick the K eigenvectors ¢, ..., ¢ that correspond to
the largest K eigenvalues.

r

» Statistical factors are: f;; = q;'1%.



Forecasting Premiums

» E(fr41) = Vo + Vifr + -+ +Vrfr—14+1
» Many other ways...



Factor Exposure (Standard Approach)

» Once the premiums are known, we can apply OLS to
estimate the factor exposures, f3;.

Tie = Bift + €



Factor Exposure (Mergers)

» Bap = ——Ba + —— 5

SA+Sp SA+Sp

» S4: pre-merger market capitalization of firm A
» Sp: pre-merger market capitalization of firm B



Factor Exposure (Characteristic Matching)

» For a newly IPO company, there is not enough data to
compute factor exposure directly.

» We use the factor exposures of M similar firms.

» To identify the M similar firms,
We choose L company characteristics;

Compute the z-score of those L characteristics fora group

of firms {z; = (z;4, ..., ;1) }as well as those of the new
company, z = (24, ..., Z1,).

Set a threshold, «.

The similar firms are those with smaller distances. That is,
lz — z;|| < e.

» B :%(,BA1+“'+,BAM)



Model Comparisons

Fundamental Model

Factor exposure
directly observed.

Factor premium from
panel regression.

Expected return =
exposure * premium.

Factor exposure from

time series regression.

Factor premiums
either directly
observed, zero-cost
portfolio, or PCA.

Expected return =
exposure * premium.

[PPOJA dIWOUO0DHq



Stock Ranking




/-Score

» Standardization of factors: z; = £ i;“




Quintiles Method

» To test whether a factor (or a strategy) is significant in
generating alpha...

» Rank/sort the stocks in a universe by the factor.
» Divide them into 5 groups (20% each).

» Portfolio formed each quarter over the test period. Each
portfolio is hold for 12 months.

Number of portfolios in each quintile for the test period = test
period (in years)*4*(size of universe/s).

» Compute average returns for each quintile.
» Factor significant if
top first quintile significantly outperformed the universe

the bottom fifth quintile significantly underperformed
the outperformance/underperformance was consistent over time
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