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Abstract—Most financial markets prohibit unfair trades as
they reduce efficiency and diminish the integrity of the market
. Spoofers place orders they have no intention of trading in
order to manipulate market prices and profit illegally. Most
financial markets prohibit such spoofing orders; however, further
clarification is still needed regarding how many orders a spoofer
needs to place in order to manipulate market prices and profit.
In this study I built an artificial market model (an agent-based
model for financial markets) to show how unbalanced buy and sell
orders affect the expected returns, and I implemented the spoofer
agent in the model. I then investigated how many orders the
spoofer needs to place in order to manipulate market prices and
profit illegally. The results indicate that showing more spoofing
orders than waiting orders in the order book enables the spoofer
to earn illegally, amplifies price fluctuation, and reduces the
efficiency of the market.

Index Terms—Agent-Based Model, Artificial Stock Market
Model, Spoofing, Unfair Trades, Illegal Trades

I. INTRODUCTION

Most financial markets prohibit unfair trades as they re-
duce efficiency and diminish the integrity of the market [1].
Spoofers place orders they do not intend to trade in order to
manipulate market prices and profit illegally. Most financial
markets prohibit such spoofing orders; however, how many
orders a spoofer needs to place in order to manipulate prices
and profit has yet to be clarified.

Empirical studies cannot be conducted to investigate situ-
ations that have never occurred in actual financial markets.
Since many factors affect price formation, an empirical study
cannot isolate the direct effect of spoofing orders on price
formation. In contrast, artificial market simulation [2], [3].
using a kind of agent-based model can isolate the contributions
of changes to liquidity and simulate changes that have never
been observed.

Many previous studies on artificial markets investigated the
nature of financial market phenomena such as bubbles and
crashes. Recent studies have also contributed to discussions on
appropriate financial regulations and rules [2], [3]. The JPX
Working Paper series includes various studies contributing to
such discussions.!.

Wang and Wellman investigated the effect of spoofing
orders on market prices [4]; however, no study has used an
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Fig. 1. Behavior of spoofer agent.

artificial market model investigated how many orders a spoofer
needs to place in order manipulate market prices and profit
illegally.

In this study I modified a prior market model [5] to show
how an imbalance of buy and sell orders affects the expected
returns of normal agents (NAs) . I implemented a spoofer agent
(SA) in the model and then investigated how many orders the
SA needed to place to manipulate market prices and profit
illegally.

II. ARTIFICIAL MARKET MODEL

The model developed by Chiarella and Iori [6], while
simple, replicates long-term statistical characteristics observed
in actual financial markets, fat tails and volatility clustering. In
contrast, Mizuta et. al. s model [5] replicates high-frequency
micro structures, such as execution rates, cancel rates, and
one-tick volatility, that cannot be replicated with the model of
Chiarella and Tori s model.

In this study I modified Mizuta et. al. s model to show
how an imbalance of buy and sell orders affects the expected
returns of normal agents (NAs), and I implemented the spoofer
agent (SA) in the model. I then investigated how many orders
the SA needs to place to manipulate market prices and profit
illegally. The simplicity of the model is crucial for this study
because unnecessary replication of macro phenomena leads
to models that are overfitted and too complex. Such models
prevent understanding and discovery of mechanisms that affect
price formation because of the increase in related factors. I
explain the basic concept for constructing our artificial market
model in the review article [3].

In the model here, there is one risk asset. The exchange mar-
ket for each of the three risk assets implements a continuous
double auction to determine the market price. In this auction
mechanism, multiple buyers and sellers compete to buy and



sell financial assets in the market, and transactions can occur
at any time whenever an offer to buy and an offer to sell match
[7]. The minimum unit of price change is § P. The buy-order
price is rounded off to the nearest fraction, and the sell-order
price is rounded up to the nearest fraction.

The model includes n normal agents (NAs) and one spoofer
agent (SA). An agent’s holding positions are not limited, so
the agents can take an infinite number of shares for long and
short positions.

A. Normal Agent (NA)

To replicate the nature of price formation in actual financial
markets, I introduced the NA to model a general investor. The
number of NAs is n. Its behavior is as simple as replicating
long-term statistical characteristics and very short-term micro
-structures in real financial markets. First, at time ¢ = 1, NA
No. 1 places an order to buy or sell its risk asset; then, at
t=2,3,,,n, NAs No. 2,3,,,n place buy or sell orders. At
t = n + 1, the model returns to the first NA and repeats this
cycle. An NA always places an order for only one share.

An NA determines an order price and buys or sells as
follows. It uses a combination of a fundamental value and
technical rules to form an expectation of a risk asset’s return.
The expected return of agent j for each risk asset is
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where w; ; is the weight of term ¢ for agent j and is indepen-
dently determined by random variables uniformly distributed
on the interval (0, w; maqe) at the start of the simulation for
each agent. Py is a fundamental value and is a constant®. P?
is the market price of the risk asset, and e§- is determined
by random variables from a normal distribution with average
0 and variance o.. Finally, 7; is independently determined
by random variables uniformly distributed on the interval
(1, Tmaz) at the start of the simulation for each agent®. dd is
a constant. Dy (Dy) is the number of buy or sell orders within
+0d x Py from the mid -price (the average of the highest buy
order price and the lowest sell order price).

The first term of Eq. (1) represents a fundamental strategy:
the agent expects a positive return when the market price is
lower than the fundamental value, and vice versa. The second
term of Eq. (1) represents a technical strategy using a historical
return and imbalance of buy and sell orders. The first term
of Eq. (2) indicates that the agent expects a positive return
when the historical market return is positive and a negative
return when the historical return is negative. The second term
of Eq. (2) indicates that the agent expects a positive return
when there are more waiting buy orders than sell orders, and
vice versa for a negative return. Many technical traders use
(Dy—Ds)/(Dy+ Ds) as a technical indicator, i.e., imbalance.
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2This enables the model to focus on phenomena in short time scales, as
the fundamental price remains static.
3When t < 7;, however, the second term of Eq. (1) is zero.

1000
&
5 100
T £
5 &
o
]
o 3 10
= O
o 2 1
o o
o [
oo
« > 0.1
° &
S ~
S 0.01
[eoleolojlololololololoNoNoNo]
eolololololololololoNoNoNo]
A ANINOOOOOOOOOO
—ANINOOOOOO0OO0O
—ANINOOOO
— N LWO
—

No. of spoofing orders

-*-No. of spoofing orders/Averaged depth

Fig. 2. Number of spoofing orders and average depth.

An empirical study [8] showed that traders will profit when
using this indicator. The third term of Eq. (1) represents noise.
After the expected return has been determined, the expected

price is
Pet .= Plexp (réj) 3)

An order price P} ; is determined by random variables
normally distributed with average P! .,; and standard deviation
P,, where P, is a constant. Whether the agent buys or sells
is determined by the magnitude relationship between Pt and
Pt SE .

when P!, > P!,
share, and

when P!, < P?

e,j 0,5°
share®.

the agent places an order to buy one

the agent places an order to sell one

B. Spoofer Agent (SA)

Figure. 1 shows the behavior of the SA. First, the SA
buy one share at a sufficiently high price to execute a trade
immediately. Then the SA shows Dp shares of spoofing buy
orders in the mid-price +dd x Py within 100000 ticks to raise
market prices. After that, the SA sells the share immediately
and shows Dp shares of spoofing sell orders in the mid-price
—d0d x Py within 100000 ticks to drive down market prices.
The SA repeats these actions in all simulation periods.

III. SIMULATION RESULTS

The parameters in this study were the same as those in
[5].5 Specifically, 1 set n = 1000, w1 oz = 1, Womaz =
10, w3, maz = 1, Wa,maz = 1, Tmaee = 10000, 0, = 0.06, P, =
30,t. = 20000,0P = 0.01,k = 0.1, and Py = 10000.
Simulations were run until ¢ = ¢, = 10000000 for Dp =
0,100, 200, 500, 1000, 2000, 5000, 10000, 20000, 50000,
100000, 200000, 500000, 1000000, and in one case without

4However, to generate enough waiting orders, when ¢ < t.. the agent places
an order to buy one share when Pf > Po o or to sell one share when
Pf < Pgﬁ i

5T explain how their model was verified in the Appendix “Model Verifica-
tion.”
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Fig. 4. Return of SA and market inefficiency.

the SA. In all cases, the other parameters were fixed and used
the same random number table. I then simulated these runs
100 times, changing the random number table each time, and
the results reported here are the averaged statistical values of
the 100 runs.

Figure 2 shows the number of spoofing orders Dp per aver-
age depth for various Dp. The depth is defined as (Dy+ D) /2.
The averaged depths for any Dp are almost constant, 5000.
The depth is almost the same as Dp at Dp = 5000, which is
an important boundary for changing market price features.

Figure 3 shows the imbalance (Dy — Ds)/(Dy + D;) and
volatility (standard deviation of returns within 20000 ticks)
for various Dp. “NA” refers to the case without the SA. The
green vertical dashed line is the boundary Dp = 5000. Higher
Dp leads to increased imbalance and volatility. Increasing the
spoofing orders amplifies price fluctuation, especially in Dp >
5000.

Figure 4 shows the returns from the SA’s buy/sell trades and
market inefficiency M;. for various Dp. To directly measure

TABLE I
STATISTICS WITHOUT THE SPOOFER AGENT

execution rate 32.3%
trading cancel rate 26.1%
number of trades / 20000 ticks 6467
standard for 1 tick 0.0512%
deviations for 20000 ticks 0.562%
kurtosis 1.42

lag
1 0.225
autocorrelation 2 0.138
coefficient for 3 0.106
square return 4 0.087
5 0.075

market efficiency, M,. is defined as

t
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Here, M, is always greater than zero, and M;, = 0 means
that a market is perfectly efficient®. The larger M, is, the less
efficient the market becomes’.

Higher Dp leads to increased return and M,. especially
in Dp > 5000. These results indicate that showing more
spoofing orders than waiting orders in the order book enables
the spoofer to profit illegally, amplifies price fluctuation, and
reduces the market ’ s efficiency.

IV. SUMMARY

In this study I modified a prior market model [5] to show
that the imbalance of buy and sell orders affects the expected
returns of normal agents (NAs), and I implemented the spoofer
agent (SA) in the model. I then investigated how many orders
the SA needs to place to manipulate market prices and profit
illegally.

The results indicate that showing more spoofing orders than
waiting orders in the order book enables the spoofer to earn
illegally, amplifies price fluctuation, and reduces the market ’
s efficiency.

APPENDIX
A. Model Verification

In many previous studies on artificial markets, the models
were verified to determine whether they could explain styl-
ized facts such as a fat tail or volatility clustering [3]. A
fat tail means that the kurtosis of price returns is positive.
Volatility clustering means that square returns have a positive
autocorrelation that slowly decays as its lag becomes longer.
Many empirical studies, e.g., Sewell [9], have shown that
both stylized facts (fat tail and volatility clustering) exist
statistically in almost all financial markets. Conversely, they

%Even though I calculated the market inefficiency, I did not intend to discuss
the efficient market hypothesis. The market in our model is inefficient because
of the technical strategy in Eq. (2)

7A feature of M;, is that it is calculated directly using a fundamental
price Py, which is never observed in empirical studies. I can also use M;,
in simulation and experimental studies because I can define Py.



also have shown that only the fat- tail and volatility clustering
are stable for any asset and in any period because financial
markets are generally unstable.

Indeed, the kurtosis of price returns and the autocorrelation
of square returns are stable and significantly positive, but the
magnitudes of these values are unstable and vary depending
on the asset and/or period. The kurtosis of price returns and
the autocorrelation of square returns were observed to have
very broad magnitudes of about 1 ~ 100 and about 0 ~ 0.2,
respectively [9].

For the above reasons, an artificial market model should
replicate these values as significantly positive and within a
reasonable range. It is not essential for the model to replicate
specific values of stylized facts because the values of these
facts are unstable in actual financial markets.

Table 1 lists the statistics, standard deviation of returns,
kurtosis of price returns, and autocorrelation coefficient for
square returns without the spoofer agent. This shows that the
model replicated the statistical characteristics, fat tails, and
volatility clustering observed in real financial markets.

REFERENCES

[1] J. McMillan, Reinventing the bazaar: A natural history of
markets.  W. W. Norton & Company, 2002. [Online]. Available:
http://www.nttpub.co.jp/search/books/detail/100001751

[2] T. Mizuta, “A brief review of recent artificial market simulation
(agent-based model) studies for financial market regulations and/or
rules,” SSRN Working Paper Series, 2016. [Online]. Available:
http://ssrn.com/abstract=2710495

, “An agent-based model for designing a financial market that works
well,” arXiv, 2019. [Online]. Available: https://arxiv.org/abs/1906.06000

[4] X. Wang and M. P. Wellman, “Spoofing the limit order book:
An agent-based model,” in Proceedings of the 16th Conference
on Autonomous Agents and MultiAgent Systems, ser. AAMAS ’17.
Richland, SC: International Foundation for Autonomous Agents
and Multiagent Systems, 2017, pp. 651-659. [Online]. Available:
http://dl.acm.org/citation.cfm?id=3091210.3091219

[S] T. Mizuta, S. Hayakawa, K. Izumi, and S. Yoshimura,
“Investigation of relationship between tick size and trading
volume of markets using artificial market simulations,” in
JPX working paper, mno. 2. Japan Excgange Group, 2013.
[Online].  Available: https://www.jpx.co.jp/english/corporate/research-
study/working-paper/index.html

[6] C. Chiarella and G. Iori, “A simulation analysis of the microstructure of
double auction markets,” Quantitative Finance, vol. 2, no. 5, pp. 346-353,
2002. [Online]. Available: https://doi.org/10.1088/1469-7688/2/5/303

[7] TSE, Guide to TSE Trading Methodology.
Tokyo Stock Exchange, 2015. [Online]. Available:
http://www.jpx.co.jp/english/equities/trading/domestic/

[8] T. Chordia and A. Subrahmanyam, “Order imbalance and individual
stock returns: Theory and evidence,” Journal of Financial Economics,
vol. 72, no. 3, pp. 485 - 518, 2004. [Online]. Available:
https://doi.org/10.1016/S0304-405X(03)00175-2

[9] M. Sewell, “Characterization of  financial time series,”
Research ~ Note,  University College  London, Department of
Computer  Science, no. RN/11/01, 2011. [Online]. Available:
http://finance.martinsewell.com/stylized-facts/

[3]



