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Abstract
This study attempts to investigate a novel hybrid scheme of Genetic Algorithm GA

and Extended Classifier System XCS to explore Time Invariant Portfolio Protection
TIPP policy. The multi-agent XCS-based approach dynamically optimizes Multiple and 

Tolerance variables concerned as the important parameters of TIPP. The proposed 
multi-agent classifier system analyzes the optimized parameters and stock technical 
indicators such as Moving Average MA , Moving Average Convergence and Divergence

MACD , Stochastic Line KD , Relation Strength Index RSI , and volume  to predict 
TAIEX trend and recommend Multiple and Tolerance. An evaluation of the proposed 
scheme is conducted based on 80% insurance ratios and periods of TAIEX from 1991 to 
2004. The evaluation revealed that the multi-agent XCS-based approach dynamically 
identified adequate Multiple and Tolerance parameters and predicted market trend 
effectively. The evaluation results also suggested the proposed model outperformed 
traditional TIPP policy.  

Keywords: Multi-Agent Classifier System Time Invariant Portfolio Protection
Dynamic Portfolio Insurance 
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(Portfolio)

Principal Guaranteed Fund

OBPI Option-Based Portfolio Insurance Black-Scholes Model 

Constant Portion Portfolio Insurance CPPI Constant mix TIPP

Estep & Kritzman 1988 CPPI
CPPI TIPP
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Seff 1989 Choie Seff S&P500 TIPP 1986
1987 1987 3.6% 13.45%

TIPP
(Chen 

A.P. et al. 2005)

Holland 1976
(Reinforcement Learning)

1977 (Learning Classifier Systems, LCS)
(Holland J. H. & Reitman J. S. 1977)

TIPP
TIPP

TIPP

TIPP

TIPP
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CPPI TIPP
(Ethan E.S. 

1986)

(Clarke & Arnott 1987)
(Garcia & 

Gould 1987)

(Murphy 1999) 1.

2.
3.

(Soros 
1994)

CRISMA (Pruitt & Richard 1988) (Cumulative Volume)
(Relative Strength Index) (Moving Average)

1976 1985
CRISMA CRISMA

(Alan et al. 1999) (Mean-Adjusted 
Return Model) (Market-Adjusted Return Model)

(The OLS Market Model) The Scholes – Williams model.
CRISMA

(Cheng et al. 2003)

(Brock et al. 1992) 1897 1986
t

Gencay Stengos 1963 1988

(Feedforward Network)
(Gencay & Stengos 1998)
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Relative Strength Index Levy 1967 1960
1965 200

Levy
(Levy 1967)

Fishman S&P500 9 K 9 KD 18 ADX 18 MACD
S&P500 S&P500 5 S&P500

S&P500
(Fishman et al. 1991)

MA KD MACD
RSI

(Colombetti &Dorigo 1994) ,
EpiCS

(Holmes 2000)
Holland 1976 (Holland 1976) (Cognitive 

System) Cognitive System Holland 1978
(Learning Classifier System;LCS) (Holland 1977) LCS

Wilson 1994 (Zeroth-Level Classifier System; ZCS)
(Wilson 1994) LCS Wilson 1995

ZCS (Extended Classifier System XCS)
(Wilson 1995) (Prediction Array)

(Action Set) (Niche-Genetic 
Algorithm) XCS 1

0
1 (detector) (0,1)
2

(rule discover mechanism)
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3

1 XCS Butz & Wilson 2002

4 [PA]

5

6 (reward)

7 GA
(accuracy) (experience)

(Milohner 1996)

IBM
(Schulenburg & Ross 2001) 1985 ~2000

( )
(Lin et al. 2004) 2000 ~2003

6
MA OBV(On-Balance Volume) 1997/5~1998/11 (Liao 

& Chen 2001) 50 38.56%
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33.33% 114.46% 70.14%

(Beltrametti et al. 1997)
1973 ~1992

(Giuliano et al. 
2002)

(Luis Miramontes et al. 2002)

(Rashad et al. 2004)
(Graham Kendall & Yan Su 2003)

(Estep&Kritzman 
1988)

( )

2 Multi-Agent XCS TIPP
TIPP

environment rule database
input pre-processor

(Sharpe Ratio)

(Top-Down) (Bottom-Up)
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3

Stock History 
Database

TIPP Multi-Agent XCS TIPP

1. Close and 5MA
2. Close and 22MA
3. 5MA and 22MA
4. 5MA and 60MA
5. 5RSI and 22RSI
6. 9KD
7. MACD9
8. Volume

Condition

Environment Rule
Database

Input 
Pre-Processor

Random
M,T

GA

Optimized M and T

evaluate performance by Sharpe ratio
Experiments data range from 1991.1.3 ~ 2005.1.3
1. Multi-Agent XCS TIPP Strategy .
2. TIPP Strategy . 

2

3
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M

( 2005

T
T 5% (5%)

M 4 3.8~4.2

(Clarke Arnott 1987)
T

5
22 60 MA 9 KD 9
MACD 5 22 RSI

M T
M T

M T M T

M T
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4
Predict-XCS (KR-XCS)

Predict-XCS (KR-XCS)

Environment Rule
Database

Random
M,TOptimized M and T

1. Predict Up/Down
2. Multiple
3. Tolerance

same predictionPredict Up/Down
keep current 

status

YES

NO

(Classifier Accuracy > 80%)

  Predict -XCSKR-XCS

rebalance

GA

Multi-Agent XCS

4

Wilson XCS
Butz XCS

(Butz & Wilson 2002) 1 3000
1
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1

Population size(N) 1000 
Learning Rate( ) 0.2 
Alpha(  ) 0.1 
Error Threshold( 0) 10 
Theta GA( ga ) 25 GA Action Set

Theta Del( del  ) 20 

GA Crossover(X) 0.8 
GA Mutation( µ ) 0.04 

sub 20 Subsumption 
P# 0.33 '#' 

500
10

0.5 0.005

5
0

M {1.0~10.0} ,  {10,11,12,13 ~97 ,98,99,A0} 
T {1.00~10.00},

{100,101,102,~998,999,A00} 
M 2.5 T 4.68 25468 

1 100
2

3
4
5

(crossover) (mutate)
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15482
27392 1 3 1 3

25382 17492

2 2 15482 5( 2)
9 19482

Butz XCS(Butz & Wilson 2002)

2

(9 MACD 5 MA 22 MA 60
MA 9 KD 5 RSI 22 RSI ) ( )

/

2

( 2002 2002) 3 9
5

1 0 3
111111111

DIF > MACD RSI 9 KD 5 MA 60
MA 5MA 22MA 22 MA
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5 MA

3

> 5MA 15
<= 5MA 0
> 22MA 122
< =22MA 0

5MA > 22MA 1 5 22
5MA < =22MA 0 
5MA > 60MA 1 5 60
5MA <= 60MA 0 
9K > 9D 1 9
9K <= 9D 0 
5RSI > 22RSI 1 5 22
5RSI <= 22RSI 0 
DIF > MACD 1 9
DIF <= MACD 0 
( > ) and 
( > ) 11 

( <= ) and 
( < ) 10

( > ) and 
( < ) 01

( < ) and 
( > ) 00

Predict-XCS

5
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converge

Prepare  XCS
Initial Multiple and Tolerance

randomly 
 modify M and T

new M and T

Yes

No

Top 3 
rules

XCS

1. Predict Up /Down
2. Multiple
3. Tolerance

Environment Rule
Database

XCS

Testing

5

/
5 4

0/1
5.2 3.5%

15235

4

1 2 3 4 5
/ (0/1) 

3000
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(0.1,1.0] /

KR-XCS

6
(Chen A.P. et al. 2005 80

1
1 0

XCS

1. Close and 5MA
2. Close and 22MA
3. 5MA and 22MA
4. 5MA and 60MA
5. 5RSI and 22RSI
6. 9KD
7. MACD9
8. Volume

Stock History 
Database

Technical Index

Environment

Environment Rule Database 
Generate grasp environment 
Up or Down Rule Database

Knowledge Rule Database
Generate grasp environment 
Up or Down Rule Database

Filter 
Rule Accuracy 

>80%

KR-XCS

6 KR-XCS

Yahoo! Finance
7 1991/01/03-2005/01/03

(Date) (Open) (High) (Low) (Close) (Volume)
(Adj Close) 
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7 Yahoo! Finance

1. 10
2. 90,000
3. 150 (150

) 0.25
4. (94/12/26) 1.31%
5. (94/12/26)  6.538% 
6. 80
7. 5
8. 3
9. 80%

200 9 4850
970,000 970,000/90,000 10

0.025%*2*200*
150*2 
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10 80% (Multiple) 5.0
(Tolerance) 4% 10

1. : 1,000,000,000*80% /(1.0+1.31%)(1.31% 
) 789,656,000

2. 1,000,000,000 – 789,656,000 210,344,000
3. 210,344,000 * M/10( 10 )

105,172,000
4. 105,172,000/90,000( 9 ) 1168

(52,000)
5. T 4% 4%*90,000*1168 21,864,960 

(105,172,000 52,000 21,864,960~105,172,000 52,000
21,864,960) (127,036,960 ~ 83,307,040)

5

5

80% Multi-Agent XCS TIPP TIPP 

1996 - 1998 1.9942 106.06% 53.52% -1.2964 -19.22% 8.60% 
1997 - 1999 1.9580 109.61% 51.34% -0.3020 -4.23% 7.25% 
1998 - 2000 2.8761 158.90% 61.43% -0.9862 -17.58% 7.51% 
1999 - 2001 1.6879 97.51% 61.54% -1.5116 -21.05% 8.56% 
2000 - 2002 1.0465 56.44% 64.61% -0.4979 -6.81% 11.60% 
2001 - 2003 -0.1328 -3.60% 51.11% -0.8930 -16.66% 11.48% 
2002 - 2004 -0.3725 -13.97% 51.79% -0.7745 -11.24% 15.30% 

2002~2004

2002-2004
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80%

TIPP
80%

Predict-XCS
(KR-XCS)

Predict-XCS
(KR-XCS)

(KR-XCS)
Predict-XCS

& 2000
Treynor - mean-variance 

analysis
upside capture

Clarke& Arnott 1987

Perold & Sharpe 1995
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