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Abstract—This article analyzes the effectiveness of investment return using benchmarks based on market indices, is consistent

strategies through agent-based modeling. In this analysis, we will - with traditional asset pricing theories and is considered to be
focus on the performance of a passive investment strategy (which gn effective method in efficient markets.

is one of the most popular investment strategies in the asset man- . . . . .
agement business)pur?der conditions where c?verconfident investors . With this background in mind, the purpose of .thls resea.mh
trade. As a result of intensive experimentation, it was concluded is to analyze the pgrfqrmance of c_)verconfldent mve.Stors In a
that overconfident investors could achieve a positive excess return Market where passive investors exist. To address this problem,
in the market where there are no passive investors. However, our We have employed agent-based modeling in this analysis
agent-based simulation shows that overconfident investor could [2][3][7][8]. Agent based modeling is an effective method of
not survive in a market where passive investors exist. These analyzing the relationship between Micro-rules and Macro-
results suggest the effectiveness of a passive investment strategy. behavior. Agent-based modeling is an attempt to explain the
The results are of both academic interest and practical use. macro-behavior of systems by local rules. As a result of
applying this model to Social Science, it has been found
that a variety of different macro-behaviors emerge bottom-
up from local micro-rules. Agent-based modeling has many
applications, and none more suitable than for the creation of
. INTRODUCTION an artificial market. For example, Arthur et al. [1] analyse the
) . N . ) arket under conditions where heterogeneous investors trade
The financial system plays a significant role in society andynq concluded that complex conditions emerge. Using agent-
the economy. The role of investors providing capital to compayased modeling, Takahashi et al. [25] found that irrational
nies has become more important than ever. Financial markef?aders could survive in the market. Takahashi [29] suggests
contribute to efficient capital allocation, and a great amount ofpa¢ the combination of behavioral biases and financial con-
research regarding financial markets has been carried out. graints causes a significant deviation from fundamental values.
In the last years, there has been rising interest in a fielghnalyses which attempt to replicate realistic market conditions
called behavioral finance, which incorporates psychologicahnd dynamics present a greater challenge to the researcher than
methods in analyzing investor behavior. There are numerougaditional forms of research. Due to the efficacy of this type
arguments in behavioral finance that investors’ decision makef advanced analysis, there is a greater demand for research
ing bias can explain phenomenon in the financial market whicltonducted employing these kinds of models. There is, there-
until now had gone unexplained. Such arguments often poirfore, a need for analyses using this more current approach, in
out the limit of arbitrage and the existence of systematic biaseaddition to original methods. Agent-based modeling is making
in decision-making [12][23][24][32]. Behavioral finance has an increasingly valuable contribution to financial research.
examined a wide range of phenomena in the market and among The next section describes the model used in this analysis.

investors, drawing a number of provocative conclusions. Ther&ection 11l shows the results of the analysis. Section IV
are, for example, studies which suggest that overconfidentymmarizes this paper.

investors could survive in the market.

Market efficiency is a central hypothesis of traditional 1
financial theory. Indeed, the efficiency of the market lies at '
the heart of traditional financial theory. For example, in the A computer simulation of the financial market involving
Capital Asset Pricing Model (CAPM), one of the most popular1000 investors was used as the model for this research.
asset pricing theories, equilibrium asset prices are derived o8hares and risk-free assets were the two types of assets used,
the assumption that markets are efficient and investors rationalong with the possible transaction methods. Several types of
[21]. CAPM indicates that the optimal investment strategyinvestors exist in the market, each undertaking transactions
is to hold a market portfolio. Since it is very difficult for based on their own stock evaluations [1][13][28][30][31].
investors to get an excess return in an efficient market, it igsee Fig. 1). This market was composed in three major
assumed to be difficult to beat a market portfolio even if thestages; (1) generation of corporate earnings, (2) formation
investment strategy is firmly based on public information. Aof investor forecasts, and (3) setting transaction prices. The
passive investment strategy, which tries to maintain an averagearket advances through repetition of these stages (see Fig. 2).

Keywords-Finance; Agent-based Modelling; Behavioral Eco-
nomics; Overconfidence; Asset Management.
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Information (w}) based on the maximum objective functigitwit)), as
shown below [10][15].

[Corporate earnings ] [Stock Prices ]

Financial Market Flw)) =i wi+ry - (L= wi) = Moj_)? - (w)?®. ()

Heterogeneous Investors int,i

e @O ® o:* _-® Here,r,\ ;" and ol_, in the eq. (1) express the expected rate

9_9 9 Q 99 g:g 9-_(2 E; -‘L’ 93? of return and risk for stocks as estimated by each investgr

Ly - - indicates the risk-free rateu; represents the stock investment

Negotiable Assets ratio of the investot for term¢. A shows degree of investor risk

(Stock ) ([ Risk free asset ] aversion. The value of the objective functitw;) depends on
the investment rati@v;). The investor decision-making model

, _ _ o _ here is based on the Black/Litterman model that is used in the

Figure 1. Basic architecture of financial market simulator practice of securities investment [4][16][17][18].

The integrated expected rate of return for shares is calcu-
lated as follows [4]:

Generate Profit from Firms ] |
1 S o o 0 i PO G Y i
t+1 C_l(o-i—l)_2 + (O_z-_l)_Q .

(@)

[ Forecast Stock Price ]

l Here,r{ 40 ri™ in the eq. (2) express the expected rate of

return, calculated from short-term expected rate of return, and

risk and gross current price ratio of stocks respectivelis

a coefficient that adjusts the dispersion level of the expected

Figure 2. Simulation steps of market transactions rate of return calculated from risk and gross current price ratio
of stocks [4].

The short-term expected rate of retupry ") is obtained
The following sections describe negotiable transaction assetfhere ( Ptffp y{ 5:1) is the equity price and profit forecast for

modeling of investor behavior, transaction price setting, anqgrm 4+ 1 1 is estimated by the investor, as follovvs‘.,i _
rules of natural selection in the market. £ fi ’ A
((Pt+1 + yt+1)/Pt -1).

A. Negotiable assets in the market The price and profit foreca(s‘t’tﬂil,y{fl) includes the error

fii _ pfitypej i frio _ fitypej i
This market has both risk-free and risk-associated assetgspfrm (Pity = Py (L+ ;) iy = Y (1 + ),

I 2 i ; ;
There are risk-associated assets in which all profits gainew;riree%recé\,; g?ﬁggl)e)l \r/zfrlec;tllin%t}h?rg '[erYeﬁP(jlg¥aeilsetzrzuL;ﬁ;gE t_pﬁe
during each term are distributed to shareholders. Corpora y slightly )

earnings(y,) are expressed as = y,_1 - (1 +¢,). However, stock price(Pfjr’l), profit _forecast(ytf 1), and risk estimation
they a?e(gte)neratedpaccordinaégto t:lrjwte 1pr(§c:sstt()a£ N(0,02) methods are described in the following paragraph.

with share trading being undertaken after the public announce- The expected rate of return obtained from stock risk and so
ment of profits for the term [5][19]. Each investor is given forth is calculated from stock risko;_,), benchmark equity
common asset holdings at the start of the term with no limitStake (W;_1), degree of investor risk aversiqu\), and risk-
placed on debit and credit transactions (1000 in risk-free asseféege rate(ry), as follows [22]:r{™ = 2X\(of_1)*Wi—1 + 7y

and 1000 in stocks). Investors adopt the buy-and-hold m_e_thod 1) Stock price forecasting methodhe fundamental value
iggli%egrS?ﬁi?ggpgrggg?t;;an?gggr?ﬁgkgﬁy?ggg-%%lgerﬁgﬁg' estimated by using the discounted cash flow model (DCF),

201 i ; t t method to hold sh f di i hich is a well known model in the field of finance. Funda-
[20] is an investment method to hold shares for medium %nentalists estimate the forecasted stock price and forecasted

Determine Stock Price ]

long term. profit from profit for the term(y;) and the discount ratéJ)
o | as PP = i /5, y[ {17 = .
B. Modeling investor behavior Forecasting based on trends involves forecasting the next

Each type of investor handled in this analysis is organized€'™M’ S stock prices and profit through extrapolation of the
in Table I. This analysis covers most major types of investofmost recent stock value ﬂuctugmon trends. Stock price and
[6][24]. The investors can be classified into two categoriesProfit of the next term are estimated from the most recent
active investors (Type 1-4) and a single passive investor type
(Type 5). Active investors in this market evaluate transaction TABLE I.  LIST OF INVESTOR TYPES
prices based on their own forecasts of market movements,

taking into consideration both risk and return rates when To' r::;;?;;i’:;.sst

making decisions. Passive investors employ a buy-and-hold 2 Forecasting by past average (most recent 10 days)
strategy [14]. A passive investment strategy is one of the 3 Forecasting by trend (most recent 10 day)

most popular investment strategies in the asset management T e e or

business. Each active investor determines the investment ratio
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trends of stock price fluctuatiofu; ;) from time pointt — 1 1600
aSPtﬁ’_tf’pej =P 1 -(1+ at_l)Q,yZ_ﬁ’pej =1y - (1 + ai_1). 1400

Forecasting based on past averages involves estimating the .o
next term stock prices and profit based on the most recent
average stock value.
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C. Risk Estimation Method

Stock risk is measured ag'; = s; - ol ;. In this case,
ol is an index that represents stock volatility calculated from
price fluctuation of the most recent 100 steps, apds the
degree of overconfidence. The presence of a strong degree o =
overconfidence can be concluded when the value; @6 less
than 1, as estimated forecast error is shown as lower than its
actual \(alue. The inve_stors whose valuesgfis less th'an 1 Figure 3. Price Transitions (Fundamentals)
tend to invest more actively. For example, when such investors
predict that stock prices will increase, they invest more in stock
than ones whose value 6f is 1.
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When it comes to deciding on a new investment strategy,
an investment strategy that has a high cumulative excess profit
for the most recent five terms (forecasting type) is 'naturally’

Transaction prices are determined as the price where stogkore likely to be selected. Where the strategy of the invesstor
supply and demand converg(@f‘il(Fgwg)/Pt = N). In s z; and the cumulative excess profit for the most recent five
this case, the total assét;) of investori is calculated terms isr¢“™, the probabilityp; that z; is selected as a new
from transaction pricg P;) for term ¢, profit (y;) and total  investment strategy is given as= e(a-r,?“""’)/zf,‘il elari™™) .
assets from the term — 1, stock investment ratiqw; ,),  Selection pressures on an investment strategy become higher as
and risk-free ratéry), asFy = F{_;(w;_1(P +vy:)/Pi-1+  the coefficients’ value increases. Those investors who altered
(1—wj_y) (1+7ry)). their strategies make investments based on the new strategies

after the next step.

D. Determination of transaction prices

E. Natural Selection in the Market

Investors who are able to adapt to and, hence, profit from ll. RESULTS
the market as it fluctuates will remain in the market and their  Tne first set of results is from a model in which no passive
position will grow stronger. Conversely, investors who arejpyestors are analyzed. The second set presents a situation in
unable to do this will drop out of the market. Such a patternyhich passive investors are present.
is very suggestive of what might be termed Natural Selection
in the market. The driving force behind this Natural Selection
is the desire for cumulative excess profit [9]. Two aspects of*

this pattern are of particular interest: (1) the identification of At first, this section analyzes a situation where all investors
investors who alter their investment strategy, and (2) the actughake investment decisions based on fundamental values (Table
alteration of investment strategy [25]. 1, Type 1). Fig. 3 shows the transitions of transaction prices.

Each investor must decide whether he should chang&he horizontal axis in the graph shows time steps and the
investment strategies based on the most recent performangertical axis shows stock prices. Two transitions are shown:
of each 5 term period (after 25 terms have passed sincBundamental values and transaction prices, and it can be
the beginning of market transactions). The higher the profiteen that transaction prices are consistent with fundamental
rate obtained most recently is, the lesser the possibility ofalues throughout the entire transaction period. These results
strategy alteration becomes. The lower the profit, the higheare consistent with traditional financial theory. Looking at
the possibility becomes. (In the actual market, evaluationransitions in the degree of overconfidence, a strengthening
tends to be conducted according to baseline profit and lossdegree of overconfidence can be seen in the behavior of the
Specifically, when an investor could not obtain a positiveremaining investors as market transactions move forward (Fig.
excess profit for the benchmark portfolio profitability, they are4). These results suggest that there is something going on in
likely to alter their investment strategy with the probability the market which allows overconfident investors - with their
below: biases in investment decision-making - to survive. This would

be in clear contradiction of traditional financial theory.
cum

pi = min(1, max(—100 - 7™, 0)). 3) Similar results are seen when there are equal numbers of
four types of investors (Table 1, Type 1-4). Figs. 5-7 show
Here, howevery{“™ in the eq. (3) is the cumulative excess these results. Fig. 5 shows the transitions of transaction prices
profit for the most recent benchmark of investoMeasure- and Fig. 6 shows the transitions of the numbers of each
ments were conducted for 5 terms, and the cumulative excesgpe of investor. Fig. 7 shows the transition in the degree of
profit was calculated as a one-term conversion. For example, dverconfidence and shows that investors with a strong degree
excess profit over a 5 term period is 5 %, a one term conversioof overconfidence tend to survive in the market even under
would show this as a 1 % excess for each term period. these conditions. These results further support the suggestion

. Case 1: No Passive Investors
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that overconfident investors can survive in the market. Fo
details of the influence of overconfident investors, refer to [27]
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Figure 8. Price Transitions (Fundamentals, Passive)

Same number of fundamentalists and passive investors trade
(Table 1, Type 1 and 5). Figs. 8, 9, and 10 show the transition

of share prices, the number of investors, and the degree of
overconfidence, respectively. Fig. 9 shows that, as time steps
go, the number of passive investors increases. These results

1) Fundamentalists and Passive InvestorBhis section  gheay tg the effectiveness of passive investment strategies.
analyzes a situation where passive investors invest in thg,ever it is also the case that market prices reach a point
market. At first, this section analyzes the market where the,here they begin to deviate from fundamental values (see Fig.

8). These latter result indicates possible drawbacks of passive
investment strategies. As for the details of the analysis focusing

1000 N on passive investment strategies, please refer to [26]. Yet from

800 - ‘ - . - O .
B Funcamentalist the data (see Fig. 10), a clear conclusion may be drawn: in this

80 I e Latest i model overconfident investors do not survive, and a passive

w0 il T Trendliteme) investment strategy is superior in its effectiveness.
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2) Introducing extra investor typesThis section analyzes
the case where the same number of five types of investors
including passive investors trade in the market (Table 1, Type
1-5). Figs. 11-13 show the results (Transitions of stock prices,
number of investors and the degree of overconfident). Fig.
12 shows that passive investors survive in the market, and
Fig. 11 shows that market prices reach a point where they
begin to deviate from fundamental values, as is in the previous
section. Fig. 13 shows that investors who survive in the
market do not have a tendency towards overconfidence. These
results also suggest the effectiveness of passive investment
strategies. Although very simple, passive investment strategies
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Figure 13. Transition of degree of overconfidence (Fundamentals, Latest,
Trend, Average, Passive)

show impressive flexibility, adaptability and resilience.

IV. " SUMMARY This research focuses on passive investors and overconfident

This article examines the effectiveness or otherwise ofnvestors. A more detailed analysis would consider both types
passive investment strategies, utilizing agent-based mo(jelinQ]t investment behavior under more realistic market conditions.
As a result of intensive experimentation, this paper confirmdhis is a matter for further research.
that a passive investment strategy is effective under conditions
where overconfident investors invest. This conclusion is of
interest in itself and merits further study. Future analyses will

focus on examining the effect on markets of practical changes. APPENDIX

This section lists the major parameters of the financial
1200 market designed for this paper. The explanation and value for

— -0 Market Prica H .
e e each parameter is described.
%
. M"\/ A A M: Number of investors (1000)
= - ¥ % e ‘ N: Number of shares (1000) _
=5 F}: Total asset value of investor i for term ¥{ = 2000: common)
= 00 W;: Ratio of stock in benchmark for term ¥, = 0.5)
w;: Stock investment rate of investor i for termut{ = 0.5: common)
oo y;: Profits generated during term go(= 0.5)
oy Standard deviation of profit fluctuatio®.g/+/200)
0 ‘ ‘ 0: Discount rate for stocky1,/200)
= 8 8 B8 8 B 8 8 8 8 8 A: Degree of investor risk aversion.g5)
Time Stes on: Standard deviation of dispersion from short-term expected rate

of return on shares (0.05)
Figure 11. Price Transitions (Fundamentals, Latest, Trend, Average, Passivé) Adjustment coefficient (0.01)
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