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Constraint Programming CP
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Systematic Risk Nonsystematic Risk

1980 Markowitz[ 9]
1952
Mean-Variance Criterion

Sharpe's Ratio

Constraint Satisfaction Problem CSP
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Markowitz

ex.

A




30
12

1.3

0 1

12

Decision Support System DSS

1-2

Markowitz
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1952
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2.1 [91[14][38]

Markowitz[9] 1952
Portfolio Theory

N
Maximize R, = > W R
i=1

Subject To

N
W =1
i=1
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Markowitz

Mean-Variance Criterion

N N N
Minimize Var(R)= > W?s? + > > WW, o,
i=1 i=1 j=1

Subject To

ER)= YWER)

Sw =1

i=1

Heuristic Algorithm

Efficient Frontier

j #i

Efficient Portfolio
Markowitz
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Markowitz Sharpe[14] 1964
Capital Asset Pricing Model CAPM  Markowitz
Sharpe 1990
2-1 Rs
M Ry
M
M
Market Portfolio
R,

10



Rs M Capital Market Line CML

R,~R

O

Ro=Ri+ (

Vo

Sharpe

2-1

213
Markowitz

Sharpe Sharpe's Ratio

11



2 >0
3 <0
2.2

Markowitz 1952
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[26]

[24]

50

[25]

Genetic Algorithm

12

95%

97%



[27]

[29]
87 89

Xia[21]

Markowitz
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Jang[ 6]

Dual Adaptive-Structure Neural Networks

[39]

13

Fitness Function



2.2.3

Tanaka[ 16] Fuzzy Theory Probability
Distributions
Markowitz Tanaka
[32] Fuzzy Mean-Variance
Rule
Fuzzy Multi-Objective-Portfolio
Model FMOP
2.2.4
Gold[5]
1994 1998 18
[23] Markowitz
[22]
1500 2000 1800

10 20
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2.3

Constraint Programming CP
Artificia Intelligence Al

Constraint
Satisfaction Problem CSP
Optimization
Feasible Solution
Timetabling Crew
Rostering
1
2.

OR

OR

15



OR Brailsfor[4]

OR
[1]
Simonig[15] Scheduling
Allocation Transportation Crew Rostering

Puget[13]

Integer Programming 1P
Branch and Bound Algorithm

Discrete Variables

2.3.1
Arc Consistency Arc Consistency
Xi X aesD; X
be Dj Xj Xi=a Xj
b Xi X
consistent inconsistent

16



X<y-2 Domain(x) ={1, ..., 5}
X y 15
Xy x=3,4,5
X<y-2
1 2
X<y-2 Domain(x) ={1, 2}
y X
X<y-2
y 4 5
X<y-2 Domain(x) ={1, 2}

Domain(y) ={1, ..., 5}

X<y-2

Domain(y) ={1, ..., 5}

y=123 X

Domain(y) ={4, 5}

Arc Consistency Generalized

Arc Consistency
Search Algorithm
MAC MAC
Backtracking
Search Tree Node
“past “current
“future

Search Tree

17



Forward Checking

current past
feasible current
past current future
current past future
future
6-queens
3 / \
I
Q Q Q Q
Q Q Q Q
Q Q Q Q Q Q Q
Q Q Q Q Q Q Q
Q Q Q Q Q Q Q Q
x x
Q Q Q Q Q
Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q
x x x x
Q Q
Q Q
Q Q
Q Q
Q
x x
2-2 6-queens
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6-queens N-queens
N x N

MAC Maintaining Arc Consistency

MAC
MAC
future
MAC
MAC future
Level
future
“1” future
future
W
MAC

19

future

future

N-queens

Try and Error

future
future

“ 1”

MAC

MAC
MAC

1] 211

future
6-queens
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2-3 MAC future
{5, 6} future 6
“1” future {2, 6}
“1” {2} future 2 future
3 2”
future
P
/ \
Q Q
I
Q Q Q
Q Q Q . Q
x x
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
v
2-3 MAC 6-queens
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Logic Programming
“Constraint Logic Programming” Constraint
Logic Programming

Constraint Logic Programming

1
> X <b

2.
22 XY <b
T

3.

if x=c then y # d

21



D> (X, =c)<b
Xyi Z d / = 1 ,,
index

24

Combinatorial Problem
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3.11
[42]
82 89
[46]
79 1 1 89
MA MA MA
[30]

85 86 19

23

72

12 31



[45]

[40]
62.6%
[44] co-integration
Error Correction Model ECM
3 x3
[31]
DMI
8 1 11 98
DMI MACD 76 81
[43]
46 84
89 8 5
MACD
MACD
[36]
MACD KD RSI

MACD

24



[34]

NASDAQ
133
T
[37]
M1B
M1B
[35]

ADF

16
M1B

10
10

25
80 88 108

M1B

M1B

25
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Moving Average MA Exponential
Moving Average Convergence-Divergence MACD

M1B

M1B

MA [38][41]
A.
n-1
R
MAy = 2
n
MAn,t t n
Pt-i =1

26
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Golden Cross
Bullish Array
Dead
Cross
Bearish Array
MACD [38][41]
A.
DI, = H: + L;+2Ct

2x(Dli— EMAn 1 -1)

EMA,: = EMA\
An,t An,t 1 + (1+ n)

DIF. = EMA; - EMAR;

2 (DIFt— MACDh: - 1)

MACDy: = MACDy .1 +
ht ht-1 (1+ h)

OSC = DIF - MACD

28



DI,
Hi
Lt
C
EMAn,
DIF;

MACDh,
osCc

MACD
DIF

MACD

t

t

DIF

DIF
12

MACD
MACD

MACD

DIF
DIF
(EMA)

DIF

26

MACD

29

DIF

DI

MACD

MACD

MACD

OSC



DIF  MACD
OSC

MACD

M1B

M1b =

M1b

M1b

DIF

[38]

1 OSC

DIF  MACD
3
MACD
OSC
+ +
M1b
M1b
1
2
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OSC

DIF



M1B

MACD

THEN

THEN

THEN

THEN

IF
THEN

IF
THEN

IF
THEN

IF
THEN

0SC>0

0SC>0

0OSC<0

0OSC<0

31

DIF

DIF

DIF

DIF

MACD

MACD

MACD

MACD



M1b

3.2

IF Milb

10
IF Milb

11
IF Mlb

12
IF Mlb

a A W N
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100%
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THEN

THEN

THEN

THEN



4.1

30
30
31
30 4-1
4-1 30
m 5% ERTE EL L FRBESR

1 2303 IC
2 2330 IC
3 2337
4 2324
5 2382
6 2317
7 2392
8 2428
9 2379 IC
10 2401 IC
1 2480
12 2357
13 2386
14 2332
15 2345
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4-1 30
5% B RACHS REER FRBESR
16 5371 LCD LCD LCD
17 5462
18 2409 TFT-LCD
19 2418
20 5346 DRAM
21 2349 CD-R
22 4901
23 1733
24 2815
25 2844
26 6007
27 2430
28 2105
29 1520
30 2908
30
1
3 4

1.2




g h W N

100%

3%

12
15% 0%
80% 10%
4-2
4-2
g 1= THEN
6-MA >
1 12-MA & 6-MA >0 & 6-MA > 12-MA 1.3
6-MA >
, | 12MA & 6MA >0 & 6-MA > 12-MA 11
6-MA <
s | 12MA & 6-MA <0& 6MA < 12-MA 0.7
6-MA <
. | 12MA & 6MA <0 & 6-MA < 12-MA 0.9
5 OsSC >0 DIF
MACD 0 5%
6 0SC > 0 DIF
MACD 0 2%
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4-2

e IF THEN
. 0SC < 0 DIF
MACD 0 8%
o 0SC < 0 DIF
MACD 0 5%
9 | Mib A%
10 | Mib 0%
11 | Mib 0%
12 | Mib 159%
0 1 12
11 1-2 21 22 121 12-2 24 Moving Window
4-1

S .
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4.2
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OPL  Optimization Programming Language
ILOG OPL Studio
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