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Increasing Speed: causes increasing liquidity by increasing orders of Market 

Maker Strategies (MM) who earn profits by providing liquidity.

Increasing Speed: causes socially wasteful arms race for speed and these 

costs are passed to other investors as execution costs.

Speed up is GOOD

Speed up is BAD

Increasing Speed of Order Matching Systems on Financial Exchanges is Good or Bad?

Budish et al.(2015)

Proposed Frequent Batch Auction (FBA) 

which reduces the value of speed advantages

Otsuka(2014)

On FBA, profit risks of MM increase, then the 

strategies can NOT continue to trade, in the result 

execution costs increase.
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Conflict

Frequent Batch Auction (FBA)：
On FBA, buy and sell orders are grouped together and 

then executed at specific time intervals (e.g., every 

several minutes) rather than continuously executed one 

by one, a continuance double auction (CDA).

These intervals lead to a reduction in the value of 

speed advantages.

Market Maker Strategies (MM)：
earn profits from an order spread by placing 

both sell and buy waiting orders as long as 

prices oscillate between the sell and buy 

orders. MM is the most popular strategy for 

high-frequency (high-speed) traders.



We implemented a price mechanism that is continuously changeable between 
CDA (δt=1) and FBA (δt >1) by introducing a new parameter, a batch auction 
interval δt, based on the prior model of [Mizuta 2016].
We then analyzed the profits/losses and risks of MM and investigated whether it 
can continue to provide liquidity even on FBA.
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Therefore in this study, 

However, no previous study has investigated whether MM can continue to provide liquidity 
even on FBA using artificial market simulations.

Empirical studies cannot be conducted to investigate situations that 
have never occurred in actual financial markets

And it can isolate the pure contribution of the changes to the price formation

An “artificial market model”, agent-based models for financial markets, 
can handle that have never occurred, FBA

An empirical study can not handle changing from CDA to FBA



Agents (Artificial Investors)
＋

Price Mechanism (Artificial Exchange)

Complete Computer Simulation needing NO Empirical Data

Virtual and Artificial financial Market built on Computers

✓ can discuss on the mechanism between the micro-macro feedback
✓ can be conducted to investigate situations that have never 

occurred in actual financial markets
✓ can effectively handling micro-macro feedback loops

Agent
(Investor)

Order

Price
Mechanism
(Exchange)

Determination market price

Each Agent determines an 
order by some rules, 
Price Mechanism gather 
agents orders and 
determines Market Price

Models
Include
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An artificial market model = an agent-based model for a financial market
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Normal Agents (NAs)
exist 1000 agents

To replicate the nature of price 
formation in actual financial 
markets, I introduced the NA to 
model a general investor.

Stock 
Exchange 
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Our Model

A Market Maker Agent (MM)

In this study, the artificial market model was built by adding the 
Market Maker Agent (MM) to the prior model of [Mizuta 2016]

(The details of both agents will be showed later)

We then analyzed the profits/losses and risks of MM and 
investigated whether it can continue to provide liquidity 
even on FBA by using an artificial market model.



Continuous Double Auction (CDA)
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Shares Shares
Sell Price Buy
10 103
30 102

101
50 100
130 99

98 150
97
96 70

Multiple buyers and sellers compete to buy and sell stocks in the market, and 
transactions can occur at any time whenever an offer to buy and an offer to 
sell match.

When buy order come here
transaction immediately occurs  

When sell order come here
transaction immediately occurs  

Waiting Orders



New Order -> Sell 99 Buy 100 Buy 101 Sell 98
time t=0 t=1 t=2 t=3 t=4

Sell Price Buy Sell Price Buy Sell Price Buy Sell Price Buy Sell Price Buy
CDA 1 101 1 101 1 101 1 101 1 101
δt=1 1 100 1 100 1 100 1 100 100

99 1 1 99 1 99 99 99

98 1 98 1 98 1 98 1 1 98 1

Immediately
Executed

Immediately
Executed

Immediately
Executed

Immediately
Executed

Sell Price Buy Sell Price Buy Sell Price Buy Sell Price Buy Sell Price Buy
1 101 1 101 1 101 1 101 1 1 101 1

FBA 1 100 1 100 1 100 1 1 100 1 1 100 1
δt=4 99 1 1 99 1 1 99 1 1 99 1 1 99 1

98 1 98 1 98 1 98 1 1 98 1

Not
Executed

Not
Executed

Not
Executed

Executed at 
specific time

Pt: (Tentative)Market Price: Executed price if orders were executed at the time

To be comparable Continuance Double Auction (CDA,δt=1) with Frequent Batch Auction (FBA,δt>1)

Different results: Executed Volume, Remained Orders and Pt

Introduce: Batch Auction Interval (δt)
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Frequent Batch Auction (FBA)



Fundamental

Expected Return
of each NA

Technicalj: agent number ordering in number order

t: tick time

𝑟𝑒,𝑗
𝑡 =

1

σ𝑖𝑤𝑖,𝑗
𝑤1,𝑗 log

𝑃𝑓
𝑃𝑡−1

+𝑤2,𝑗 log
𝑃𝑡−1

𝑃𝑡−𝜏𝑗
+𝑤3,𝑗𝜀𝑗

𝑡

𝑃𝑡
𝑒,𝑗 = 𝑃𝑡 exp( 𝑟𝑡𝑒,𝑗)
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1000 agents

Normal Agents (NAs)

This term is needed to 
prevent the prices go 
out far away 

This term is needed To 
replicate stylized facts

To keep agents varied
To keep simulation runs stably

Market Price at t

Fundamental Price

10000 = constant
fP

tP

Expected Price
of each NA

Random of
Uniform Distribution

Parameters for agents

0～10000

i=1,3: 0～1
i=2:    0～100

j

j

,i jw

,i jw

and
Random of
Normal
Distribution
Average=0
σ=3%

noise

t

j



Fundamental Strategy
Fundamental Price ＞ Market Price  -> Expect + return
Fundamental Price < Market Price  -> Expect - return

Technical Strategy (Historical Return)
Historical Return ＞ 0  -> Expect + return
Historical Return < 0  -> Expect - return

Technical
Strategy

Fundamental
Strategy

Fundamental
Price 

Market
Price
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Sell Price Buy
10011
1 10010
10009
10008
10007
10006
10005
10004
10003
10002 1
10001
10000

Sell Price Buy
1 10011
1 10010
10009

10008
10007

10006

10005

10004

10003 1
10002 1
10001
10000

Order both Sell and Buy at once Order every time within a batch auction

✓ Order both Sell and Buy at once
Buy: 
Sell: 

✓ Order every time on both FBA and CDA
→ Cancel all its orders immediately after a batch auction

On CDA, every time cancel after NA places an order

A whole number of orders Do not depend on δt 
-> Amount of liquidity supply is constant

𝑃𝑓𝑎𝑖𝑟 − 𝑃𝑠𝑝𝑟𝑒𝑎𝑑
𝑃𝑓𝑎𝑖𝑟 + 𝑃𝑠𝑝𝑟𝑒𝑎𝑑
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Market Maker Agent (MM)

𝑃𝑓𝑎𝑖𝑟 + 𝑃𝑠𝑝𝑟𝑒𝑎𝑑

𝑃𝑓𝑎𝑖𝑟 − 𝑃𝑠𝑝𝑟𝑒𝑎𝑑

𝑃𝑓𝑎𝑖𝑟
𝑃𝑓𝑎𝑖𝑟

𝑃𝑓𝑎𝑖𝑟 + 𝑃𝑠𝑝𝑟𝑒𝑎𝑑

𝑃𝑓𝑎𝑖𝑟 − 𝑃𝑠𝑝𝑟𝑒𝑎𝑑

Fair value

Sell order

Buy order

𝑃𝑓𝑎𝑖𝑟 Fair value: calculation ways are different
from MM types (details are showed later)

𝑃𝑠𝑝𝑟𝑒𝑎𝑑 Spread: Constant



✓ Simple MM

Holding position risk is very high: impracticable

✓ Position MM 
S: Holding Position of MM, k: constant

Holding position risk is reduced in intra-day, but remain over night risk: impracticable

✓ Position MM3, Position MM4 ［Our Original］
 It trade making position Zero Within Last 2,000 time steps in One day(20,000 time steps)
 To eliminate over night risk, inventory risk: 

-> when MM has over night position it’s very risky if there is a big news within over night

Four kinds of MM

Do not order increasing position

Sell Price Buy

1 10011
10010

10009
10008

10007 1

In the case of negative position, 
within last 2,000 time steps

Do not 
order↑

Sell Price Buy

10011 1
10010

10009
10008

10007

←change order price 
here

Position MM4Position MM3

← Pfair ← Pfair

𝑃𝑓𝑎𝑖𝑟 = 𝑃𝑡 

𝑃𝑓𝑎𝑖𝑟 = (1 − 𝑘𝑆3)𝑃𝑡 

In the case of negative position, 
within last 2,000 time steps

Change order price that of opposite side (buy/sell)
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More aggressively 
make position Zero to 
avoid over night risk

To make position
Zero to avoid over 

night risk

Control order 
prices not to make 
position too much 
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Average of ||S||

Simple MM Position MM Position MM3 Position MM4

Whole
Period

End
Period 

on a day

Whole
Period

End
Period 

on a day

Whole
Period

End
Period 

on a day

Whole
Period

End
Period 

on a day

δt

1(CDA) 12,357 12,371 3.18 3.08 2.90 0.00 2.89 0.00

2 17,422 17,441 3.10 3.25 2.79 0.00 2.79 0.00

5 4,409 4,414 3.87 3.95 3.48 0.00 3.48 0.00

10 1,744 1,744 4.44 4.34 4.01 0.02 3.96 0.00

20 548 548 4.84 4.71 4.52 0.78 4.35 0.00

50 384 385 5.27 5.14 5.02 2.63 4.63 0.00

100 369 370 5.57 5.51 5.56 4.26 4.80 0.00

200 174 174 5.91 6.11 5.92 5.69 4.38 0.00

500 72 71 5.75 6.06 5.70 5.81 2.32 0.03

1000 290 290 5.94 6.11 5.61 5.80 1.76 0.06

Pspread/Pf = 0.03%

δt is Larger (FBA), only Position MM4 can make its position Zero
So, only MM4 is reality
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Holding Position of several kinds of MM 
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Execution Rate of MM
Pspread/Pf

0.03% 0.10% 0.30% 1.00%

δt

1(CDA) 8.06% 1.53% 0.00% 0.00%
2 6.30% 0.88% 0.00% 0.00%
5 3.93% 0.37% 0.00% 0.00%

10 2.47% 0.14% 0.00% 0.00%
20 1.49% 0.02% 0.00% 0.00%
50 0.77% 0.00% 0.00% 0.00%

100 0.48% 0.00% 0.00% 0.00%
200 0.32% 0.00% 0.00% 0.00%
500 0.21% 0.00% 0.00% 0.00%

1000 0.22% 0.00% 0.00% 0.00%

δt is Larger (FBA), Execution Rate of MM is Smaller

In the case of Position MM4

Decrease Liquidity Supply

Execution Rate of MM for Order Spread (Pspread) and δt



Final Profit of MM 
/Pf

Average of ||S||
Execution 

Rate of MM
Execution 
Rate of NA

Whole
Period

End
Period 

on a day

δt

1(CDA) 51.98 2.89 0.00 8.1% 39.1%
2 -29.42 2.79 0.00 6.3% 39.1%
5 -14.90 3.48 0.00 3.9% 37.6%

10 -4.08 3.96 0.00 2.5% 36.3%
20 1.51 4.35 0.00 1.5% 34.9%
50 3.68 4.63 0.00 0.8% 33.4%

100 2.53 4.80 0.00 0.5% 32.5%
200 0.93 4.38 0.00 0.3% 31.8%
500 -0.06 2.32 0.03 0.2% 31.0%

1000 -0.10 1.76 0.06 0.2% 30.5%

δt is Larger (FBA), MM take few profits or lose money 

Market Maker Strategies can NOT continue to trade

In the case of Position MM4, Pspread/Pf = 0.03%
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Final Profit
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Conclusion

We implemented a price mechanism that is changeable between a comparable 
continuance double auction (CDA, δt=1) and a frequent batch auction (FBA, 
δt>1) by continuously introducing a new parameter, a batch auction interval δt, 
based on a prior model of [Mizuta 2016].
Our simulation results showed that when δt is larger, the execution rates of 
MM are smaller, and this causes the liquidity supplied by MM to be reduced. 
Further, when δt is larger (FBA), MM cannot avoid both an overnight risk and a 
price variation risk intraday. We also found that when δt >1(FBA), it is very 
difficult for MM to be rewarded for risks and to continue providing liquidity. MM 
is rewarded for risks and continues to provide liquidity only in the case of δt =1 
(CDA).
These findings imply that while MM provides liquidity on CDA, it cannot 
continue to provide liquidity on FBA, which leads to many MMs being retired 
and ultimately to liquidity being reduced. This implication is consistent with the 
findings of prior research [Otsuka 2014].
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Order Price of each NA 

Random
(Gauss

Distribution)

Price

Sell(one unit)

Buy(one unit)

To replicate many waiting limit orders,
order price is scattered around expected price

)exp( ,, je
tt

je
t rPP =

jo
tP ,
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Order Price and Buy or Sell

Expected Price of each NA 

NA places one buy order when order price > expected price
NA places one sell order when order price < expected price



Fat-tail

kurtosis of price returns is positive

1 to 100

Volatility-clustering

square returns have a positive auto-correlation

Many empirical studies, e.g., Sewell 2006 have shown that both stylized facts (fat-tail and volatility-
clustering) exist statistically in almost all financial markets. 
Conversely, they 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.

Verification: Stylized Facts
The purpose of simulation is understanding the reasons and mechanism, 
not replicating ALL Stylized Facts

The simplicity of the model is very important because unnecessary replication of macro phenomena 
leads to models that are overfitted and too complex. Such models prevent understanding and 
discovery of mechanisms affecting price formation because of the increase in related factors. 

The magnitudes of 
these values are 
unstable and vary 
greatly depending on 
the asset and/or 
period.

0 to 0.2

For the above reasons, an artificial market model should replicate these values as significantly positive 
and within a reasonable range as I mentioned. 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. 25
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Stylized Facts

The model of Chiarella (2002) is very simple but replicates long-term statistical characteristics observed in actual 
financial markets: a fat tail and volatility clustering. 
In contrast, Mizuta (2013) replicates high-frequency micro structures, such as execution rates, cancel rates, and 

one-tick volatility, that cannot be replicated with the model of Chiarella (2002).

The simplicity of the model is very important 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 affecting price formation because of the increase in related factors. 
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