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Abstract

Together with the evolution of financial markets and crises, market regulations have also been
updated. However this revision does not have enough empirical supports. We developed a
multi-asset artificial market simulation to test the impact of this revised rule of market-wide
circuit breakers. We discuss two scenarios, single-asset circuit breakers vs market-wide circuit
breakers, by exploiting artificial markets of index futures and spot markets composed of mul-
tiple assets, in which multi-asset traders by trading some alternatives attempt to compensate
for unavailable assets under a trading halt in operation.
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Introduction

Together with the evolution of financial markets
and crises, market regulations have also been up-
dated. Circuit breaker (CB) is such a financial reg-
ulation consisting of two major components, trad-
ing halt and price limit. A trading halt is acti-
vated when a market price exceeds predetermined
bounds. Proponents believe that CBs can reduce
market volatility and panic selling, and so CBs can
protect traders and encourage price discovery. Last
year, reflecting the 2010 Flash Crash in which CBs
were not activated, SEC announced the revision
of market regulations. This revision included the
trading halt applied to the entire market, so-called
market-wide circuit breaker (MWCB), using the
S&P 500 Index, rather than the Dow Jones Indus-
trial Average.

Recent updates of market regulations show the
change of focus from single-asset regulations to en-
tire market-wide regulations. Research on finan-
cial markets with multiple assets and/or multiple
markets is earning more interest with the practical
needs [3, 6]. Empirical studies on different samples
of financial crises however may often yield contro-
versial arguments due to the limitation and diffi-
culty of studying non-reproducible events [1]. The
revised MWCB has not been empirically tested
even against the hypothesized causes of the 2010
Flash Crash. Agent-based simulations have been
developed as an approach to overcoming this po-
tential barrier. In financial engineering, agent-
based simulations have been exploited to design
new market regulations [4]. Agent-based simula-
tions typically have a large parameter space, which

is hard to be exhausted. To the end of resolv-
ing this problem, in recent years, an exploratory
software for computer simulations, including agent-
based simulations, has been developed [5].
We developed a multi-asset artificial market

model to test the impact of market-wide circuit
breakers, in comparison with single-asset circuit
breakers. In this presentation, we focus on the ef-
fect of “event-trigger trading,” such as risk hedge
and panic selling, which is said to have initiated
and accelerated the 2010 Flash Crash.

Multi-Asset Artificial Market

The artificial market model we developed consists
of two markets, a spot market with multiple as-
sets and an average index futures market that the
assets of the spot market underlie. Both the spot
and index futures markets use a continuous dou-
ble auction mechanism. A market price is given by
the price if any trade occurs. If no trade the price
is given by the average of the best bid and ask
prices. Otherwise, the price remains unchanged.
The index is a weighted sum of prices of underly-
ing assets, It =

∑
s m

s pst , wherem
s = Ms/

∑
z Mz

is a proportion of a market capitalization of asset
s, Ms, which is defined here to be the product of
fundamental value and the total volume of the as-
set s in the market. We assume the fundamental
prices of the spot assets, ps∗t (s = 1, 2, . . .), follow a
multivariate geometric Brownian motion, ∆ps∗t =
µs∗ p

s∗
t +σs∗ p

s∗
t ∆W s∗

t , where ∆W s∗
t is a correlated

Wiener process such that E[∆W s∗
t ∆W z∗

t ] = ρs∗,z∗.
We describe two sorts of traders, local and global
agents, and the rules for circuit breakers below.
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Local Agent A local agent can buy or sell a spe-
cific asset in the spot market or the index futures.
At time t, a local agent i uses a combination of
fundamentalist and chartist rules, F i

t and Ci
t , with

a noise term, N i
t , to make expectations on market

returns of asset s [2]:

r̂i,st =
1

wi
F + wi

C + wi
N

(wi
FF

i,s
t + wi

CC
i,s
t + wi

NN i,s
t ) .

where wi
F , wi

C , wi
N ≥ 0 are weights. The fun-

damentalist component F i,s
t = (1/τ s∗) ln(ps∗t /pst )

is a divergence of fundamental value ps∗t and mar-
ket price pst , where τ s∗ is the mean-reversion time
constant of ps∗t . The chartist component Ci,s

t =

(1/τ i)
∑τ i

j=1 ln(p
s
t−j/p

s
t−j−1) is a trend calculated

from a time-series of market price pst over agent i’s
time horizon τ i. The noise component N i,s

t follows
a normal distribution with zero mean and variance
(σs

e)
2. Local agents are risk averse [2], and they

decide order prices and volumes based on market
volatility and the amount of assets and cash they
hold. Under a trading halt in operation on asset
s, local agents who are predetermined to trade the
asset s try to find alternative assets by taking corre-
lations of market prices and volatility into account.

Global Agent A global agent we designed is a
spot-futures arbitrageur, who buys (sells) the in-
dex futures and sells (buys) the assets in the spot
market at the same time. Arbitrageurs exploit the
difference between the spot index and the price of
the index futures. Under a trading halt in opera-
tion on the index futures, global agents do nothing
because of no alternatives available. Under a trad-
ing halt in operation on some of the assets in the
spot market, global agents attempt to compensate
for unavailable assets due to the trading halts by
trading some of available assets to compensate for
the lack of unavailable ones. Technically this be-
havior of arbitrageurs is as follows. Consider a situ-
ation where some of the assets is under the trading
halt in operation, and so arbitrageurs cannot buy
or sell these assets. In the face of this situation ar-
bitrageurs attempt to buy or sell some of the other
assets available to trade. Since the co-movement
of market prices is an underlying idea of arbitrage-
like trading strategies, we employed for agent i the
proportions of correlation coefficients rs,z among
market prices, which are calculated over agent i’s
time horizon τ i, to choose alternatives of assets un-
available.

Circuit Breakers (Trading Halts) Trading
halts in our simulation are specified with two pa-
rameters: market halt threshold and halt time.
The halt threshold is tied to the change rate from a
market price at a specific time point as a baseline,

e.g., the initial price of corresponding asset of that
day. We set the threshold in reference to a real
market regulation, and set the time length relative
to the average time horizon of all agents. We ex-
amined several settings for both the threshold and
the time length. A single-asset circuit breaker, for
an asset in the spot market or the index futures,
takes its baseline in market price of corresponding
asset. The market-wide circuit breaker takes its
baseline in the index futures, while it applies to all
the assets of all the markets, both the spot and
index futures.

Simulation

In this presentation, we discuss two scenarios,
single-asset circuit breakers vs market-wide circuit
breakers, by exploiting the new artificial market
model. Based on the results of simulation and
analysis focusing on the effect of event-trigger trad-
ing by arbitrageurs under trading halts, we discuss
when single-asset circuit breakers would not work
to protect market stability and when market-wide
circuit breakers work well. Implications for cre-
ating new market regulations would also be dis-
cussed.
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