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Motivations for Optimization
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Company Intelligence Level

HIGH

Emergent behaviors

Building Blocks

e Basic products

Research

e |Intellectual
building blocks

e OQOutsourcing
capability

ransforming
Level

cratch Level

Labor-oriented
projects

LOW

LOW Environment HIGH

e Technology
e Culture
e Costomer’s Royalty
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Problem State Space

* 1 node / state
e #nodes > (10%?)’
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Clustering
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Attractors

- Attractor = 2}
- ZH s2FAHAME XNSEEEE

- Optimization2 & =& =2 BIHE ¥= A
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Decision problems

Z =0 CHoll Yes &= Noctd HEotH &= =X
Equations

L= BH=otl= ol E #= A

St ol == Xl XL (HREF)
Optimization
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Types of Optimization Problems

Function optimization
=& &=egts ZIsHE A 3tot= B8t
System identification
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Function approximation, Neural-network optimization, £ Xt & &, ..
Combinatorial optimization

OlaER oS 2 EE0M tY IR ol E = A

JeHZ 28 TSP, X2 2t2E, VLSI 81 2 HH X, B X5}, &ak
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System ldentification

Determines a mathematical model for an unknown system by observing input-output pairs
Applications

PN PSEA

1-To-1 Et A E

Function approximation

A —eut
Neural-net identification w W W

Decision circuit X & C| X} 2! x I I Z

Areas

=2

=8 r 1O Pairs ==p Approximation == Target system

e-commerce
Search Z
Modeling & Extraction lll——— | _
W Function NN
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Circuit
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Optimization Problems

Function optimization

Bl E|EGH S, A 2

y © © M

System identification

Mostly black-box models
MZ Y CIXLel, & 2AL, .
Z A QAL EH S, AL &EF, =W S, SN, L.
Decision logic, Ct= 2i2|HIO0IH = E N, KA Z &b2tAl ] XtOI
Combinatorial optimization
TSP, Xt & 2t E, AH=E
AIXHLFEI Mo, SE-EHl &€& = &3l
el E 2€, VLSl 2l 2 B X
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Optimization Methods

Deterministic algorithms

Local search algorithms
Greedy algorithms
Heuristics

Linear programming

Dynamic programming

Neural net

Stochastic approaches
Genetic algorithm, LSMC, tabu search, ...

I\-I%EHQII-] §|K4Q|- 0]} _g
page 19



Obstacles

Al2H2| H| St
Hierarchical model & 2
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Abstraction, articulation, event3}

Dream: Raw data= £ H Ht= A|AE &=
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Articulation &
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Application Examples

Local search algorithms
ANIH2el A, Bt AlEE, AHEEE, ...
LP

o8 LEZCL, sd/38l 24

Dynamic programming

=28 LEZC2, 2E| 21
Neural net

=4 AIHE Ol=, 2 A CHAL L.
Genetic algorithm
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Source: imationalexuberance.com/shiller downloads/ie data.xls
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Algorithm Trading & &

2006'= 2| algorithm trading 51 =
EUS OI= =41 el 1/3
It He =22 1/4
HEFAD L =22 40%
2010E Q| algorithm trading 8IS (0l &, Aite Group LLC)
EUSH Ol= =4 J1eH 2l 4 (0101 2009 Ol= =41 H el 2 73%It high-frequency trading SIAIS 2| =2)
S& Hellel 1/5
=245t B13} (2005 — 2006)
Avg deal size: 10007 shares -> 300 shares
Trading volume: 0.35billion — 1.6 billion

Algorithms and quantitative techniques multiplied, it became arms race. — 11/2006 Herald Tribune

“Goldman ... has more people working in their technological area than people on the trading desk. ... The nature of the market
has changed dramatically. ” — 7/2007 AP

ATD
s Hell 82 3At
O0l= Hel2l 6w 8=
City GroupO| 6.8 =2 0f| oI~
Nova Fund (Renaissance Technologies)
Algorithm trading fund
974 =& NASDAQ &Ml H el 2l 14% XX
201449 0ll=
80~90%?
Any sort of pattern recognition or predictive model can be used to initiate algorithm trading. Neural net and genetic

programming have been used to create these models. “Now it’s an arms race,” said Andrew Lo, director of the MIT’s
Laboratory for Financial Engineering. -Wikipedia
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Algorithm, automated, black-box trading
Open/Close
Auto portfolio rebalancing
FA HE
Scheduling(Timing) large-volume trades
Rule sets (semi-auto)
SN HETE ANLE
Trading rules
Rule generation
Combination among a rule set
Risk minimization
Portfolio construction
Arbitrage trading
Risk arbitrage
Index arbitrage
Pair arbitrage
Value arbitrage

Rl

A QECHOE ] BF{Q O] 7

page 25



20.00% -

25.00%

20.00% -
Y 7|=0 ofsh 2E e

15.00% _g] [.||QIE.1—,&_|.Q_
™ PBR
10.00% - ® pCR
™ PER
5.00% - ®pOoR
PSR
0.00% CETY
"SM2

-5.00% -
-10.00% -
-15.00% -

=20.00% -
AQELHTE ] MF{Qr O] 1QJOL Q1 1AL

page 26



PBR & =R 0l IE =2 &: 1997-2007

-

M7 1,000,000 SEHZ Sharpe * S /| KOSPI A8 7|0t S E:

Al o
Sk PBR Grows to: J|ot==2 Ratio

ML

B

o

P
I

0.29 11,902,094 25.25% 0.59

(Lowest) = KpAL
s L
2 0.45 6,422989 18.42% 0.51
3 0.58 3,556,858 12.23% 0.32
A0l 2
4 0.71 5115234 16.00% 041 ZloH8d+YE
20.00°
5 0.88 2351642 8.08% 0.2
20.00°
6 1.05 1,508,948 3.81% 0.08
10.00%
7 1.28 548432 -5.31%  -0.27 I I I
|
8 1.6 936,806 -0.59%  -0.02 %00 .‘
1 2 3 4 5 &) s
9 2.22 192,031 -13.93% -0.38 -1000%
10

Highesyy 461 210947 -13.19%  -027 ¢,
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Ol= =412 PBR & =0l 1 E =2 &: 1951-2003

5 7|7t O|2FA HWF 7|6t4E: 11.7%
Hlw, st=
1 0 20.00% 4
(Lowest) 16.59%
2 15.48% 715+ E o
20.00% - 20.00%
3 15.08%
15.00% - 15.00%
4 1398% & S8 E K _
10.00% - 10.00%
5 1225% B BREeRRieiRikeR B ERBw®
5.00% - 5.00%
6 11.60% |
0.00% - 0.00%
7 11.49% 2 5 6 7 8 9 10 314 5 6
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9 11.12%
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2= G, Morris

11/29, 1991 ~ 12/31, 2004
# of stocks: 2277

# of days: 5,490,000

S&P 500 X|==: 380 — 1200

%Win: 8= &

AO|E2. 0

T = /0
%Win | =24E [ %Win | =24E | %Win | =&
3 White Soldiers + 2479 52% 0.18 52% 0.43 52% 0.44
3 Black Crows - 3659 49% -0.09 46% -0.73 46% -1.07
Abandoned Baby + 64 59% 0.73 56% 0.24 48% 0.81
Abandoned Baby - 44 49% 0.01 55% -0.04 53% -1.81
3 Outside Up + 16783 49% 0.05 51% 0.44 51% 0.43
3 Outside Down - 17345 48% -0.23 47% -0.60 45% -0.98
Morning Star + 1602 49% -0.02 53% 0.44 52% 0.75
Morning D. Star + 1105 47% -0.16 51% 0.25 53% 0.52
Concealing + 101 51% 0.28 50% 1.25 54% 2.31
v 100% 7I7he MEEL S 4+ eirH
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=& z 10 Xl= 67% (Match High-2t Match Low+, 12 =

7O'LH JIHASEO IHE =2 X2 2.31% (Concealing, 1013 =)
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- N DH=E- B < A
1997~ 2007 HEE 28 St=nF4
# of stocks: 1668
# of days: 2,989,429 %Win: M=
KOSPI Xl Z: 651 — 1897 TAUE: °o
%Win | =28 [ %Win | =2 E | %Win | =24E | %Win | =&
PEER 2989429 48% 0.08 48% 0.48 48% 0.67 48% 1.42
3 White Soldiers + 2466 52% 0.93 45% 1.14 45% 1.7 43% 2.4
3 Black Crows - 2684 44% 0.44 47% 1.26 48% 1.37 54% 1.08
Abandoned Baby + 20 68% 1.48 55% 1.61 40% | -3.17 23% -16.6
Abandoned Baby - 31 69% -3.47 75% -8.75 | 69% -7.9 53% -3.96
3 Outside Up + 1920 45% 0.13 44% 0.76 43% 1.4 46% 2.62
3 Outside Down - 2626 51% -0.22 53% 0.52 55% 0.67 57% 1.47
Morning Star + 920 48% 0.57 48% 1.52 44% 1.46 46% 1.7
Evening Star - 1079 56% -0.83 58% -1.35 | 56% | -0.81 61% -1.05
3 Outside UP w/ 392 54% 1.53 54% 4.12 51% 6.38 54% | 10.77
White Marubozu
“ 175 60% 2.66 68% 7.87 65% | 11.26 67% | 16.15
200| O| =] (: D| 3
I\-I'O'E'HO_II-] LIS Lo/ l]l _g go_ Oﬂj_ﬂé
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Algorithm Trading 2l 0l
Portfolio Optimization/Rebalancing

Low frequency!

Optimization

Algorithms

Algorithms .
, Portfolio
‘ POTtfolio. wlp. Rebalancer

t

Hef A

Quantitative
Analysis

Neural
Networks

Genetic
Algorithms
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ANLE 2

Portfolio Optimizer

Anchor
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Portfollo A + Rebalancing K

5 - - -
J| 2+ ~oig  KOSPI Still improving!
oo'é /F
4
97.4~98.3 38.28%  -29.0%
3 L
08.4~99.3 141.05% 0
0 28.7% , ~+=KOSPI
99.4~00.3 25.54%  39.1% | —|— 72 A
00.4~01.3 13.71%  -39.206 -
01.4~02.3 183.82% 7129 °
0232
02.4~03.3 23.71%  -40.2%
60 -
03.4~04.3 69.56%  64.4%
50 -
04.4~05.3 80.84% 9.7% o
05.4~06.3 107.83%  40.8% 3 .
=+=KOsPl
07.4~08.4 50.92% 17.3% 10 -
HEH
sajAol 42.45% 875% O
974 983 992 002 012 022 0232 042 052 062 07.2 023
Ivl%EHU_tJ ~&Y O gggojl- Ol 14
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& A Started in Feb. 2009

2009 02 -4.21% -4.21% -9.75% -9.75%
20094 03 12.33% 7.60% 13.47% 2.41%
2009 042 18.76% 27.79% 13.52% 16.26%
2009 052 8.34% 38.44% 1.93% 18.50%
2009+ 06 -1.70% 36.09% -0.42% 18.01%
2009 07 4.46% 42.16% 10.41% 30.29%
2009 08 2.80% 46.15% 3.72% 35.14%
2009 09 -1.66% 43.72% 5.11% 42.04%
2009 102 -1.27% 41.89% -5.53% 34.19%
20094 11 -3.74% 36.58% -1.59% 32.06%
2009 12 11.35% 52.08% 8.17% 42.85%
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A Snapshot: Metric Studio
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A Snapshot: Trading Simulation
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B {C) Optus: Automated Stock Trading System
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Optimization
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Renaissance

Job Openings ABOUT RENAISSANCE
Locations

Renaissance Technologies is a global hedge fund management firm
with a long record of producing superior returns for our clients by
adhenng to mathematical and statistical methods in the design and
execution of our investment programs. We currently have more than
260 employees, and manage over $30 billion.

London - Long Island - Milan - New York - San Francisco
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