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Abstract

The University of Manchester
Ike Jay Johnson
Doctor of Philosophy (PhD)
September 2010

Essays on the Microstructure of the Market Preopening Period

This thesis consists of three related essays that examimesr e st or s6 or de|
strategies during the pipening period on the Malta Stock Exchange. Theopening is a

period of liquidity formation and price discovery characterised by the absence of trade
execution. The three essays collectively exantm@einformation content of the order book

in relation to: the intensity of order submissions, the aggressiveness of investas
placement strategy and the determination of returns generated over-tpepigg period.

The first essay empiricallywvestigates if public information concerning the current state of
the order book impacts the duration between order arrivals. Utilizing an aeghAeDiD

model, the research reveals that the information which can be inferred from the
characteristics of koming orders has a more significant impact on the intensity of buy order
submissions as compared to sell order submissions during thepgmeng period.
Furthermore, prospective buyers appear to be more responsive to liquidity provided by the
sell sidethan the reverse. Locked or crossed order submissions tend to increases (decrease:
the intensity of order flow on the own (opposite) side of the order book, corroborating Cao et
al. (2000) that such ordéypes contain informative signals about the fundatal value of

the asset.

The second essay analyses the impact of limit order book information on the aggressivenes:
observed in the submission, revision and cancellation of limit orders during the market pre
opening period. The empirical results indec#tat the aggressiveness of order submissions
and forward price revisions react both to the existing and subsequent changes in the
execution probability at market opening, driven in part by the depth on either side of the
order book. The aggressivenessoaler cancellations increases on both sides of the order
book when the depth at the top of the ask order book increases. In addition, the results
suggest that the order book height and size of the inside spread impacts the aggressiveness
order submisions, revisions and cancellations.

The third essay studies the contribution of the-qpening period to the daily price
discovery process and the factors that impact the return generated over this period. The
results indicate that approximately one dhof daily price discovery occurs in the pre
opening period. In addition, the impact of relative depth and height of the overnight and
opening order book are concentrated at the top of the order book. Furthermore, cumulative
changes to relative depth rétutable to order submissions most significantly impact the
opening returns of less actively traded stocks. The results show a strong relationship
between opening returns and cumulative changes in the relative height along the order bool
attributable toorder submissions, cancellations and forward and backward price revisions
over the preopening period.
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Chapter 1

Introduction

1.1 Motivation

The analysis of the price discovery process for securities actively trading on an exchange,
and the consequential revelation of private information through order flow represents a
major area of research in the market microstructure literature (see GésteMlilgrom,
1985; Kyl e, 1985; Easl ey and OO6Har a, 1987
focus is the order submission strategy of informed investors. In essence, investors that
possess private information about a security may reveal pertbthis information when
executing their order execution strategies in the trading session. All though other investors
can learn from this information revelation and adjust their order strategy accordingly, the
presence of information asymmetry, presemipotential problem to these investors. Hence,
such a situation where some investors possess superior information about a security, ar
adverse selection risk exists for the less informed investors (or market makers) and is

typically reflected in the cas of trading in that security.

This thesis analyses order submissions and information revelation in the absence of active
trade execution by focusing on order placement strategy during the markepeniag
period. Many important equity markets gldpanow incorporate a prepening period, a
designated period within the trading day following an overnight, holiday or weekend halt in
trading. During the prepening, investors are allowed to perform all of the functions
associated with order submissjosuch as price or volume revision and cancellation of
existing orders, and new order submissions, but no trading occurs. Importantly, orders that
compose the order book in such a period arebioding and their terms of trade, in most

cases, can be chged without prior notice, cost or obligations.

At the end of the prepening period, the orders are batched and executed in a system that

follows a call auction process. As no trading occurs during thegering, an intriguing

14



guestion concerns theleosuch a period plays in enhancing the efficiency of the associated
market. The pr@pening period is claimed to facilitate aggregation of information and price
discovery at the opening of the market after designated trading halts. Madhavan (1992)
maintins that call auctions, which are typical during theqpening, significantly alleviates

the asymmetric information problem, while Economides and Schwartz (1995) argue that a
pre-opening period in the form of a call auction provides an ideal solutiomii@mizing
adverse selection risks arising from information asymmetry. Similarly, Domowitz and
Madhavan (2001) posit that mininaison of adverse selection risks represents the pre
openingb6s most Howmvewverr this minimishtiomaof the eeinise. selection

risks is only achievable through transparent markets and a competitive market environment
in which different liquidity suppliers are allowed to participate (Biais, Glosten and Spatt
2005).

The literature specific to the market gypening period focuses entirely on the process and
outcome of price discovery. For instance, Vives (1995) shows that informed traders will
indeed reveal their private information over the-ppening, thereby, quoted prices during

this period come to refletihe fundamental value of the security. In the presence of potential
manipulation by a strategic trader, Medrano and Vives (2001) find that although price
discovery is present, prices are noisy around the fundamental value. Specialist intervention,
as slown in Madhavan and Panchapagesan (2000), results in a similar outcome of noisy
opening prices.Biais, Hillion and Spatt (1999) empirically assess thegmening period

and find that the order flow is informative about prices and indicates learningiadigpe
towards the end of the period. Barclay and Hendershott (2003) attribute approximately 16%
of the overall price discovery on the NASDAQ to the-ppening period, while Caet al.
(2000), maintain that price discovery per unit of time during theopeming and the trading
period are equivalent on the NASDAQ exchange. In addition, Barclay and Hendershott
(2008) find that increased trading on-a#twork platforms resulting in a greater proportion

of price discovery occurring during the pspening diring the 1990s.

In essence, the absence of trading during theopeaing facilitates a reduction in adverse
selection risk by incorporating private and public information into prices before trading

occurs. In turn, the impounding of information into tptbprices enables learning by other

15



investors, as a result of which they modify their orders to reflect their updated information.
Hence, it is this recursive process of information revelation and learning by investors that
provides the basis for priceisdovery in the absence of trading during the-gpening
period, thereby providing an efficient method of opening the market for trading.

Although researclhhat focuses othe market pre@pening period addresses the question of
price discovery, to my lowledge, none of these prior studies attemptsstudy the
informativeness ogither the preopening order boqkor the extent to which investors use
order book information as a basis on which to form their order placement strategies. In
addition, the abence of trading may facilitate a situation where traders signal their liquidity
needs (sunshine trading) to induce coside to place matching orders, which may alter the
dynamics of the prepening compared to the trading period. It is this void ifitemture

on the market prepening period that the thesis attempts to address.

1.2 Research Focus and Contributions

The empirical analyses conducted in this thesis utilisesbydick data from a nascent
European equity market, the Malsock Exchange (MSE), covering the period January 4,
2000 to June 28, 2007. The MSE is a fully computerised, continuous limit order market
with authorised brokers executing orders on behalf of investors. A comprehensive overview
of the institutional frarawork governing trading on the MSE is presented in chapter 2. The
fundamental objective of this thesis is to empirically assess the information content of the
pre-opening limit order book at the MSE, its impact on trader order submission strategy and
its ultimate impact on the trading returns generated over the period. The structure of the
thesis, therefore, comprises three related essays that examine: (1) the impact of incoming
limit orders and alterations to queued limit orders on the intensity of cudase order
submissions during the popening period, (2) the characteristics of the-ggening limit

order book and their impact on the aggressiveness of subsequent order strategies, (3) th
contribution of the pr@pening to daily price discovery anaketinformation content of both

the limit order book and cumulative changes to the book throughout thep@neng, in
determining the trading returns generated over the period. The research focus and the

contribution of each essay are now outlined in gredetails.
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1.2.1 Determining the Intensity of Limit Order Submissions in the
Market Pre-opening Period

This essay empirically assesses the submission intensity of orders queuing in the limit order
book during the market pi@pening period. The centrabjective is to determine whether
traders utilise information inferred from the characteristics of limit order submissions, and
consequent changes in the jopening limit order book in order to formulate their (own)
order submission strategie$n particd a r do inferences derive
of the evolving limit order book impact the intensity of their own order submission during
the market pr®pening period? Furthermore, this essay seeks to determine whether
information observed in thpre-opening period asymmetrically impacts either side of the

order book.

The construction of the pr@pening order book represents a potentially valuable source of
information about the characteristics of the market, tentative valuation for the secdrity an
the level of liquidity demanded and supplied at different prices. However, inference is
somewhat more challenging since orders in theopening order book are ndmnding and

may be subsequently cancelled or revised before trading commences. alipressles
further insights as to whether observing the signals and trends in the order submission
process will facilitates learning in relation to the fundamental value of the se®iaty ¢t

al. 1999) and the general state of latent market liqui@isg and Pougeot, 2006).

The empirical analysistilizes an augmented Le§CD model proposed bauwens and

Giot (2000), which measures the conditional expected time between order arrivals during the
pre-opening period. Using this model provides a keyaathige as it allows for the
incorporation of explanatory variables into the ACD framework without the necessity of
imposing positivity constraints on the coefficient estimates. The explanatory variables
employed reflect the impact of price and volumeoasded with incoming limit orders, the
inside spread, miduote returns and revision or cancellation of orders queued in the pre
opening limit order book. In essence, the expectation is that these explanatory variables will
reveal, if the characteristimf incoming limit orders, or alteration to orders that changes the
state of the limit order book, impacts the intensity of orders submitted during the pre

opening period.
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This essay is among the first in the microstructure literature to explicitly atterhghlight

the role of the order book in explaining the intensity of order submissions. While both Engle
and Lunde (2003) and Hall and Hautsch (2007) study the impact of the order book on the
intensity of order submission, this essay is the first taifaan the information content of
order submissions and alterations to theqgening order book as determinants of order
arrival intensity in the absence of trading or #imnding order attributes. In addition, the
absence of trading during the pypenng period facilitates the study of order arrival
intensity exclusively, witbut having to consider the potentially confounding impact of

trading intensity and its impact on the rate of order submissions.

The results indicate that the intensity of buy orsi#smissions tends to be more responsive

to both the information contained in incoming orders and order alterations that changes the
state of the order book, as compared to intensity on the sell side. In addition, the results
reveal a consistent theme, evbby the buy side of the market reacts to the provision and
withdrawal of liquidity on the sell side. It appears that the intensity of buy order
submissions increases when liquidity is provided by the sell side and reduces when liquidity
is reduced. Thékely intuition is that the sell side traders participate in liquidity signalling
that induces order submissions from the buy side of the market. This finding reveals that a
major component of order submission strategy and by extension the priceedyspmcess

during the preopening is dependent on the availability of liquidity on the sell side during the

period. This essay is presented as chapter 4 of the thesis.

1.2.2 Aggressiveness in Investor Order Placement Strategy in the Absence of
Trading: Evidence from the Market Pre-opening Period

The second essay attempts to reveal to a greater extent the impact of the existing state of th
order book on the order placement strategy employed by traders contributing to order flow
during the preopening paod. Whenplacing (firm) orders during the pagening, traders
encounter a tradeff between maximising the probability of trade execution and obtaining a
desirable trade price at the opening of the market. Essentially, traders must decide how
aggressie to be in seelkng to trade the security, thereby potentially receiving a less

favourable price in return for a greater execution probability at the opening. In contrast, a
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trader may decide to employ a more patient strategy, optimising the executemiptie
security at the cost of a reduced execution probability at the opening. Invariably, the choice
taken considering the traadéf faced, will be conditional on the prevailing state of the limit
order book. Hence, traders will make inferences fromdrder book about the potential
liquidity at each position in the book and the distance between the quotes on either side to

determine the optimal submission strategy.

As the preopening progresses, the revelation of information and changes to therfieit
book may resul't ei ther in an alteration
execution probability of their orders. Traders are then faced with a decision whether to
modify the terms of their orders to sustain the initial (or to imprtws) execution
probability, or better align the attributes of their order (price and volume) to reflect their
most recent valuation for the security, contingent on the revised state of the order book.
Specifically, traders have the option to revise theepand volume of their order or
completely withdraw the order from the order book. In addition, traders will decide upon the

extent to which the orders are altered to reflect their update information set.

The main focus of this essay is to determineetktent to which the existing state of the limit
order book impacts the aggressiveness of order submissions, price revisions or cancellatior
of orders queued during the prpening. Studying the aggressiveness of actions taken by
traders in such detail magveal the underlying process that underpins order submission
strategieswhich facilitates the speed and extent of price discovery during thegaeing

period. Investigating order submission aggressiveness during topgméng rather than
whenthemr ket i s trading has an additional a
in the sense they are uncontaminated by the necessity of changing inventory or behaviour a

a result of unexpected price changes.

To achieve this aim, the aggressivene§sorder submissions, price revisions and order
cancellations are ranked to allow the most aggressive action to have the greatest positive
impact on the execution probability of the order. An ordered probit model is employed to
model the ranked aggressiess. The explanatory variables that are incorporated reflect the
state of the order book, on both the price and volume dimensions, namely the height and

depth, at different positions.
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This essay is not the first to examine the role of the order boakténndining the placement
decision faced by traders. For instance, Baial.(1995), Cacet al.(2008), Griffithset al.

(2000), Hall and Hautsch (2006), Pascual and Veredas (2008) and Ranaldo (2004) all
examine the aggressiveness in order strategytt@ndmpact of the order book. However,

this essay differs from previous studies in that the aggressiveness of order placement
strategies is analysed in a period where changes along the limit order book are not
attributable to trading activity. Hence, tfeeus is to examine the mechanism that underlies
the provision and withdrawal of liquidity from the order book in the absence of trading,
which as noted above, removes the impact of unexpected price changes. Another importan
contribution is that, apaftom Cao, et al (2008), this essay is the first to assess the influence
of the order book on the decision to place order at specific locations in the order book and to
study which type of orders are revised or cancelled from thegering order book is
investigated. Therefore, this analysis aims to highlight the order book characteristics that

impacts individual order strategy in the ymeening period.

The results from this essay indicate thia¢ aggressiveness of order submissions, price
revisions ad cancellations react to both the state of the order book, and also to changes in
the order execution probability as reflected by the depth and height on either side of the
order book. In addition, the results suggest that despite the absence of trabiimgiray

orders, aggressiveness in order placement strategies manifests a crowding out effect simila
to that proposed bRarlour (1998). Analogous to the influence of the order book on order
submission intensity in the previous essay, the results rthagahe buy side reacts more to

the state of the order book as compared to the sell side. Overall, these results indicate that i
the absence of trading during the jopgening, traders main focus is on the probability of
execution at the opening thatirferred from the state of the order book at each point in

time. This essay is presented in chapter 5.

1.2.3 Price Discovery in the Absence of Trading: The Case of the Malta Stock
Exchange Preopening Period

The third essay comprises two major themes. First, is to determine the retatixibution

of the preopening period to the daily price discovery process. This is achieved by utilising
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both the weighted price contribution (WPC) method proposed byd&aacld Warner (1993)

and theWang and Yang (2009) extension of the Hasbrouck (1995) information share (IS)
measure applicable to sequentially trading periods. Studies suClaast al. (2000),
Barclay and Hendershott (2003, 2008) and Ellul, Shin and S¢AR05) measur¢he
proportion of price discovery attributable to the-ppening period relative to the trading
day for NASDAQ and the London Stock Exchange. However, the market that is examined
in this thesis, the Malta Stock Exchangeidences two iportant features which provide an
important justification for measuring the contribution of the-gpening to the daily price

discovery process.

First, unlike the markets studied in the aforementioned studies, the MSE is a relatively small
and nascent st market established in 1992. This characteristic leads to an important
guestion; does the relatively lower trading volume on this market lead to more or less price
discovery occurring in the pr@pening period? The answer has potentially importantyoli
implications in the design of securities exchanges. Second, another important feature of the
MSE that differs fronothermajor markets is the length of the geening period relative to

the trading day. At the MSE the duration of the-ppening peond (for the majority of the

data) is 1.5 hours long, while the trading day is 2.5 hours long. Hence, the duration of the
MSE preopening is 60% of the trading day compared to the Paris Bourse where it is 21.4%.
This essay aims to reveal if the proportbiy longer preopening period at the MSE results

in a high or low proportional price discovery that is attributable to thepeaing period.

The second major theme of this essay focuses on determining precisely which order book
attributes fundamentallimpact the propeni ngés contri bution t
This is achieved by investigating the impact of limit order book information on the returns
generated over the popening period. Specifically, the information content of the order
book s obtained by measuring the impact of the relative depth and height in the overnight
and opening order book, and changes to that relative depth and height throughout the pre
opening, which is attributable to order submissions, revisions and cancelldtdense, this

essay measures: (1) the extent to which price discovery is achieved in the absence of tradin
and nonrbinding order submission, and (2) the degree to which evolution of the order book

over the preopening period influences the return generatetarket opening.
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This essay is not the first to investigate the relationship between the order book and returns
over the short run. For instandéyang and Stoll (1994), Chordia, Roll and Subrahanyam
(2002), Boehmer and Wu (2008) and Gaaal. (2009) all study the impact of order book
imbalances on returns generated over a short period of time in the future (5 minute intervals
or so). However, these studies focus entirely on the continuous trading period. The focus
here is to investigatthe informaion content of the overnight and opening order book and
changes to the order book throughout the-gpening attributable to order submissions,
revisions and cancellations in determining the return generated over ibgegmiag. Hence,

this essay differfrom previous studies in that it is the first, to my knowledge, to examine the

impact of order book evolution on future returns in the absence of trading.

The results reveal that in the region of one third of daily price discovery occurs in the pre
opening period. In addition, the results indicate that the impact of relative depth and height
of the overnight and opening order book on returns at market opening is determined by
orders concentrated at the top of the order book. Interestingly, the cumalznges to the
relative depth attributable to order submissions during theopeaing most significantly
impact the opening returns of the less active stocks. Finally, there seems to be a stronc
relationship between opening returns and cumulativagdsin the relative height along the
order book attributable to order submissions, cancellations and forward and backward price
revisions over the prepening period. Overall, the results indicate that changes to the order
book during the pr@pening cotain significant information about the returns generated over
the period. This essay is presented in chapter 6 of the thesis.

1.3 Organisation of Thesis

The remainder of this thesis is organized as follows. Chapter 2 provides a description of the
MSE, anoutline of the procedures and rules governing trading on the exchange and a
statistical summary and analysis of the empirical data utilized in the thesis. A review of the
theoretical and empirical literature that focuses on the markebgaming periodis
presented in chapter 3. The first essay of the thesis, which investigates the impact of the

order book on the intensity of order submissions in theopeming, is outlined in chapter 4.
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The second essay is presented in chapter 5. This examineplamnent strategy and the
role of the order book during the popening period. Chapter 6 contains the third essay that
examines price discovery and the contribution of theopening order book to daily returns.

Chapter 7 provides a brief conclusioithe major findings of the thesis.

Note that in the empirical chapters | use
A myo, reflecting that each empi r i caathored hap
with my supervisors; Michael Bav and St uart Hy de. I n adc
Abrokero and Atradero all refer to the in

used interchangeably throughout the thesis.
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Chapter 2

The Malta Stock Exchange: Institutional Details ad
Summary of Empirical Data

2.1 Introduction

The empirical studies presented throughout this thesis are focused solely on the Malta Stoc}
Exchange (MSE). This chapter provides an outline of the institutional details and rules
governing the trading oftecks by brokers on the exchange. Specifically, | provide a brief
background summary of the exchange including its development and historical performance
of the index over time. In addition, the general trading procedures as outlined in the Malta
Stock Exchange Bydaws are outlined to provide a deeper understanding of institutional
factors that are imposed by the exchange to facilitate the trading of securities. In view of the
fact that this thesis focuses entirely on the-qgening period, more empligss placed on
explaining procedures governing the jopening period relative to the trading period in
general. Finally, a summary and preliminary analysis of the empirical data utilised in this
thesis is presented including the number of orders sudaitiltered and executed, the
volume associated with orders exeons and orders that were submitted to the order book
and the percentage of submissions and executed attributable to different types of investor:
and the brokers that facilitate these tratisas. Again, due to the emphasis of this thesis on
the preopening period, the analysis follows a theme whereby comparisons are made betwee

the preopening and trading periods.

The remainder of this chapter is organised as follows: section 2.2 and 2.3 discusses the
MSEGs background and historical stock ma
outlines the trading procedures governing the exchange such as the use of Mankét or

orders, the execution priority for orders and the rules governing alterations of orders.
Section 2.5 discusses rules implemented during the preopening period, while section 2.6

reviews the procedure used in opening the exchange following the piegpgeriod.
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Section 2.7 gives a summary and analysis of the empirical data and se8tno\Zdes

concluding remarks.

2.2 Market Background

The MSE is a small but active stock exchange located in the capital town of Valletta in
Malta. Theexchange opened in January 1992 following the signing of the Malta Stock
Exchange Act of 1990. The MSE had a relatively slow start, as trading was conducted
manually on a calbver basis that follows an order driven concept. In aaadl style
tradingsystem, an exchange clerk calls out the name of the securities and dealers place bid:
and offers to buy and sell the securities. In addition, stocks were traded only on a weekly
basis between 1992 and 1998 when daily trading was introduced followingtihg of the
Maltacom plc (MLC). During the latter months of 1999, the exchange implemented an
electronic trading platform. Stocks would now be traded over a computerised limit order
book, and in September 2001 the trading floor at the exchange dissppster the
introducti on -thef | @o ridr eanmmppeu todrfi s stdading yis & e m

computer screen.

The MSE obtained Associate Membership of the Federation of European Securities
Exchanges in 2001 after undergoing a rigorous evalugbrocess by the Federation to
confirm that market regulations, trading operations and compliance were in accordance with
European Union directives.In addition, Malta passed the Prevention of Financial Market
Abuse Act of 2005, updated the Insider Dagland Market Abuse Offence Act and
implemented other rules and regulations targeting inside information and its disclosure.
These enacted laws enhanced provis@gainst market manipulation and rules concerning
dissemination of information so as to teetensure that an appropriate amount of investor
protection was in place. During November 2006, the MSE was accepted as a full member of

the Association of National Numbering Agency after a long relationship which began at the

! The Federation of European Securities Exchanges (FESE) represents 42 exchanges in equities, bonds,
derivatives and commodities from all EU Member States and other cousutdess Iceland, Norway and
Switzerland and 7 Corresponding Members from European emerging markets.
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inception of the exchangehan the 1ISO standard for International Securities Identification

Number (ISIN) was adopted for all securities listed and traded on the exchange.

The MSE operates two markets; the Regular Market where Equities, Corporate Bonds and
Government securities at@aded and the Treasury Bill Market. Presently (November, 2009)

there are 18 stocks listed on the MSE with a total market capitalisation of approximately
ua2.7 billion, where 12 brokers are respon
for ther proprietary equity trading books. Table 2.1 presents a list of the securities that are

traded on the exchange and table 2.2 provides the list of authorised brokers.

Table 21
Equity Securities Listed on the Malta Stock Exchage
Equity Security Symbol Currency Units Outstanding
Bank of Valletta Plc BOV EUR 160,000,000
HSBC Bank Malta Plc HSB EUR 291,840,000
Lombard Bank Plc LOM EUR 35,613,581
Middlesea Insurance Plc MSI EUR 25,000,000
Simonds Farsons CisKc SFC EUR 30,000,000
GO PIc (Maltacom PlIc) GO (MLC) EUR 101,310,488
Int. Hotel Investments Plc IHI EUR 553,225,643
Plaza Centres Plc PzC EUR 9,414,000
GlobalCapital Plc GCL EUR 13,207,548
FIMBank Plc FIM usD 135,426,954
Malta Int. Airport Plc MIA EUR 40,589,995
Medserv Plc MDS EUR 10,000,000
Grand Harbour Marina Plc GHM EUR 10,000,000
6pm Holdings Plc 6PM GBP 7,500,000
Crimsonwing Plc Cw EUR 26,000,000
MaltaPost Plc MTP EUR 29,129,795
RS2 Software Plc RS2 EUR 37,500,000
Island Hotels Group Holdings Plc IHG EUR 35,269,200

Note: This table presents the names of companies listed on the Malta Stock Exchange, their associz
Symbol and currencgf the prices. Here EUR, GBP and USD are the symbol for the Euro, Pound a
dollars respectively. Units outstanding are as at November 24, 2009.
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Table 22
Name of Brokers that Participate at the Malta Stock Exchange

Broker Name

Atlas Investment Services Ltd

Bank of Valletta plc

Calamatta Cuschieri & Company Ltd
Charts Investment Management Service Ltd
Curmi & Partners Ltd

Financial Planning Services Ltd

Finco Treasury Management Ltd
GlobalCapital Financidllanagement Ltd
Hogg Capital Investments Ltd

HSBC Stockbrokers (Malta) Ltd
Lombard Bank Malta plc

Rizzo, Farrugia & Co. (Stockbrokers) Ltd

Note: This table presents the names of the brokers that are active members of the Malta stock exchi
November 24, 2009.

2.3 Stock Market Historical Performance

The MSE maintains a market capitalisation weighted index that incorporates all ordinary
shares listed and traded on the exchange. The index is based at a level of 1,000 as c
December 27, 1995Figure 2.1 graphs the MSE index over the period December 27, 1995
to November 16, 2009. The MSE index experienced its first extraordinary increase in value
when it moved from a value of approximately 1280 on January 4, 1999 to 3443 on
December 28, 1999¢presenting an increase of approximately 169%. However, between
the years 2000 and 2002 almost all the gains realised during 1999 were erased. Betwee
January 3, 2003 and December 30, 2005, the index recorded a second extraordinary increas
of 165%. e index recorded its largest value of approximately 6642 on March 28, 2006.
On November 16, 2009 the index had a value of approximately 3295, less than half of its
peak value.
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Figure 2.1: Malta Stock Exchange Index
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Daily Index value from 27 December 1995to 16 Novenber 2009, Source: MSE

2.4 MSE Trading Procedures
2.4.1 Limit and Market Orders

Continuous trading at the MSE begins at 10:45 am and ends at 12:30 pm, a total duration of
1 hour and 45 minutés. All trading on the MSE is facilitated by the computerised
Automated Trading System (MATS), where brokers place bids or offers to buy or sell shares
of all listed stocks on the exchange. The MSE operates an open limit order book, with
brokers having thability to view all orders comprising the order book, including the price
and disclosed volume associated with an order. According to section 4.09.06 of the Malta
Stock Exchange plc Bylaws (Byelaws), brokers can submit two different types of order to

the MATS, including Limit orders that specify a price when submitted and Market orders
which do not specify a price when posted. However, Market orders are executed
immediately when submitted at the best prices obtainable and have priority over Linst order
at the same price levels. The Market orders may trade through a range of prices, starting
with the best price, until the order is completely filled. Essentially, in the MSE Market
orders are allowed to fAwal k tdhatthe bastprce. Inb o o

addition, brokers can submit Range orders which are limit orders that allow for a range of

2 Before October 23, 2006, continuous trading began at 10:00 am.

28



prices within which they can be executed. Hence, this type of order goes beyond the price
on the opposite side, into the depth on that efdne order book within the specified price

range, in a similar way to Market orders.

2.4.2 Special Term Orders

Section 4.09.06 of the Biaws also states that orders submitted to the MATS are allowed to
specify a Time in Force Restriction (TIF) whidimits the time period within which the

order is allowed to execute. After the designated period has passed, the order is
automatically cancelled from the order book. A special case of a TIF restriction that brokers
can apply to an order is what is knowas Fill or Kill (FOK) restriction. In this case, the
order is executed in whole or in part, or cancelled within a specified time period after
submission. In other words, as soon as the portion of the order that can be executed i
completed, then any meaining or unfilled volume is cancelled immediately after the initial

amount is executed.

In addition, special terms can be attached to an order that restrict the way in which the order
is filled. Allowable special terms are All Or None (AON), Minimunil KMF) and
Minimum Block (MB). For an AON, the total volume of the order must be executed in
entirety or not at all. In the case of a MF special term, the broker specifies a minimum
volume that must be filled in entirety. Any residual volume may k#ettan any trade size

once the minimum volume is executed. The MB special term works in the same way as an

MF, except the residual volume is not disclosed until the minimum volume is executed.

Sections 4.09.07 to 4.09.16 of the-Bys outline the termsfaise and treatment by the
exchange of disclosed and undisclosed volumes associated with order submissions. Fo
instance, orders that are submitted to the MATS may specify the total volume for an order or
specify a lesser amount that is disclosed withrthe mai ni ng v ol ume fAhi
brokers. However, even though there is a portion of an order undisclosed, brokers will be
given an indication that an undisclosed amount is present. The disclosed portion of the ordel
acts asi ndd eq ulkemntheldrder iswsubmitted. If the order can be filled upon

submission, it will be filled to the extent of the total volume (disclosed and undisclosed).

29



However, after a partial fill the disclosed volume will only be replenished from the
undisclosed volme if no further orders are behind (in time sequence) at the current price
level. Hence, the disclosed quantity will be replenished automatically to the amount of the
original disclosed volume. However, when there are orders queued after the disclosed
voo ume, the total di scl osed wiold a meu arutsitt y er
the disclosed vol ume. -ilmo tahmosu ngi twialtli om

effective time stamp which diminishes its order execution priority.

2.4.3 Order Execution Priority

As outlined in section 4.09.24 of the-laws, orders submitted to the MATS that cannot be
executed immediately are queued and form part of the limit order book. Orders in the order
book are queued based upon queuing priority rilasdetermine which orders are eligible

for execution over time. For instance, the price of an order determines its priority for
execution in that the higher priority price is defined as the better price. Hence, a buy order
with a higher price takes iprity over another buy order with a lower price, and a sell order
with a lower price takes priority over other sell orders at higher prices. In the case where a
market order is queued at a limit price, the order execution priority will be the sami¢ as if
were entered as a limit order. Orders with special terms such as AON, MF or MB are treated
with a lower priority than similar orders due to their inherent restrictions. Thus, less
restrictive orders are traded first and special term orders are gwen éxicution priority
compared to orders with tlsame limit price.

Orders submitted to the MATS are given a time stamp which notes their actual date and time
of submission. The time priority takes effect when orders of the same type share the same
limit price. Hence, the earlier order submitted to the MATS will take execution priority over
orders submitted at a later time. In addition, orders that are submitted in a previous trading
session are given time priority in the order book queue over ondlensitted in the current

trading session.

At the end of the prepening period when the opening algorithm initiates trading (the

opening), orders from the previous trading session are treated in the same way as if they ha
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been submitted during the preopeg. Hence, orders submitted before and during the pre
opening will share the samtame priority. In addition, all orders entered during the-pre
opening are considered equal in time priority at the time of the opening when they are
executed. If part odn order remains unfilled after the opening execution, its time priority
will be based on the actual time of entry during theqpening period. An order entered
with a portion of its volume undisclosed, and which participates in a fill that doespietede

the disclosed volume, will retain its effective time priority. However, only when the
undi scl osed vionloumeo itshefirdoilslceldosed vol ume

time stamp be assigned to the order.

2.4.4 Alteration of Orders

Ordersentered and queued in the limit order book at the MSE are allowed to be altered
without the brokers incurring any cost or obligations, according to sections 4.09.22 and
4.09.23 of the Byaws. In essence, brokers can change all the terms of an ordelingcl

the type of security, order type (buy or sell), price and volume and may also include or
remove special terms. However, different types of alterations to an order will result in
different consequences relating to price and time priority, or thereagent to cancel and
resubmit the order so as to effect the change. If the type of security or type of order needs tc
be changed from say a buy to a sell, then the order will have to be cancelled and resubmittec
to the order book. If there is a changehe price or an increase in the disclosed volume of

an order, the removal of a special term or a change in the underlying client, then a new time
stamp will be assigned. Finally, if there is a reduction in the disclosed volume, changes in
the undisclosa volume, changes in the tiane-force descriptions or changes in other special

terms, then the order will maintain is original effective time stamp.

2.5 The Pre-opening Period

Prior to the initiation of daily trading, the MSE operates agmening pend where brokers
submit orders to buy or sell securities or revise and cancel their orders queued in the limit

order book. The preopening period commences at 8:30 am and ends at 10:00 am befort
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October 23, 2006. However, after October 23, 2006 the egelauthorities decided to start

the preopening period at 9:00 am and initiate trading at 10:45 am. One of the main features
of the preopening is the lack of active execution of orders throughout the entire duration of
this period. Additionally, brokersave the ability to view the orders that comprise the limit

order book inclusive of all prices and associatsdlosed/olume.

According to sections 4.09.25 to 4.09.80the MSE ByLaws when traders submit limit
orders during the preopening, the MAE&tinuously verifies whether the stock is expected

to open and then proceeds to calculate the expected opening price using the rules designate
by the Opening Algorithm. To determine the opening price, the Opening Algorithm checks
and identifies when thprice of a buy order is exactly equal to the price of a sell order and
then indicates this price to all brokers over their trading screen, including the expected
volume that will be executéll.In the case where there is a market imbalance which results
when the best bid is greater than the best ask, the opening price calculated by the Openin
Algorithm is determined as that single price which (in order of priority) (1) maximises the
volume of shares traded at the opening, (2) minimises the imbalanbaran\wlume, (3)

minimises the close to open price change and (4) maximises the share price.

During the preopening, if a broker submits a limit order with a price that is better than the
expected opening price, as determined by the Opening Algorithem, tthis order is
classified as private information between the broker and exchange authorities. In essence
when an order is classified as private information, the other wakitmot be able to see

the actual price of the order but will see the price of the order reflected at the current
expected opening price. Hence, brokers are not able to view the actual price that results in
negative spread during the gspening, sine the lowest sell price and the highest buy price

is the opening price computed by the Opening Algorithm.

3 A stock is expected to open when at least two orders on opposite sides of the ordenveopiices that
facilitate a trade.
* The expected opening execution volume, in this situation, is the minimum of the buy and sell volume.
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2.5.1 Block-Trades and PutThroughs

A session for PuThroughs and BlocK rades overlaps the popening period, as outlined in
sections 4.09.31 t4.09.42 of the Byaws. The Puhrough and Block trading period last

20 minutes, beginning at 9:35 am and ending at 9:55 am. In these sessions, according to th
By-laws, a broker will match both the buying and selling clients by submitting the ooders t
the MATS. Essentially, this explicitly implies that both parties to the trade had previously
agreed on the price and volume of the same security to be traded by the broker. Whenever
broker proposes a Riutrough and/or Block Trade to the exchangehartes, then if
authorisation is given, the other brokers will receive a notification message on their trading

screen informing them about the commencement of the session.

The PutThrough session is divided into four stages. In the first stage, therlpokts both
orders and is allowed to amend or cancel these orders anytime before the stage ends. Tr
second stage is the challenge stage where other brokers are permitted to challenge the Pu
Through orders by either improving the bid or offer pricdbath. In addition, brokers that
challenge the Ptithrough are allowed to amend or cancel their challenge anytime during
this stage. At the third stage, which is the resolution stage, brokers (including the initiating
broker) are allowed to amend the Hinrough orders, provided that a challenge was made
during the challenge stage. The final stage is the Matching stage in which the orders
comprising the PuThrough will be matched either to the original order in theTRubugh,

or order(s) that were emtsl as a challenge during the second stage. If, due to a challenge,
unfilled or partially filled orders remain after the Pittirough session ends, then brokers
have the option to transfer these orders to theopeming market. However, these orders

will be assigned a new time stamp reflecting the time of transfer.

For a BlockTrade, special permission has to be granted by the exchange to the originating
broker. Such permission is normally granted in cases where the exchange determines the
the size of he order is of a sufficient size that exceeds the capacity of the market. The
Block-Trading session follows the same four stages of th& Rutugh session, except that a
market official posts the Bloekrade and brokers are invited to participate. Haaweat the

end of the BlocKlrade session, unfilled orders are not allowed to enter thepgaeing
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market as it may have a destabilising effect due to the relatively larger volume associated

with these transactions.

2.6 The Opening

At the end of the prepening period, the Opening Algorithm determines the final opening
price and all orders that can be executed at this price are traded. This initiation of trading is
defined as the opening. According to section 4.09.44 of thaBy, when the buy andlke

price and volume are the same, then both sides will be completely traded at the opening. Ir
the situation where there is an imbalance between the price and volume on the buy and sel
side, then the Cross Priority rule will be applied to determinellbeation of shares. Based

on this rule, the side of the order book that is expected to be traded fully is described as the
6aggressived side. These orders wil/ h a\
price. Then the order with the highesteue priority on the aggressive side is fully allocated
and this process is applied recursively to lower priority orders until the aggressive side is
fully allocated.

For the purpose of the opening allocation, the time priority is not applied antheryyice

priority is taken into consideration, which may result in orders at the opening price not being
fully allocated. As a consequence, once all cprgsrity for limit order at the opening price

or better is executed, any limit order remaining lo@ aggressive side will be fully allocated
based on the Share Allocation rule. In this case, the volume allocated will be as equivalent
as possible (in board lots) to orders on the side opposite to the aggressive side, based o
gueuing priority. Howevernf orders cannot be allocated evenly, then orders with the least
priority will be allocated less volume. When the number of remaining orders on the opposite
side exceeds the number of board lots to be allocated then some orders, even though entere
at a above the opening price, might remain unfilled at the end of the opening period.

2.7 The Data

The data utilised in this thesis relates to the most frequently traded stocks on the MSE. For

the purpose of this section, the six most activekst@are selected and order book activity
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summarised and analysed. To rank the level of activity for stocks traded on the MSE, the
total number of events over the entire sample is cumulated. An event is defined as an ordel
submission, cancellation or pei©or volume revision. The six stocks selected include, from
most active to leasBank of Valletta PIdBOV), Maltacom PIc(MLC), HSBC Bank Malta

Plc (HSB), Malta Int. Airport PIc(MIA), Int. Hotel Investments PIgHI) and Middlesea
Insurance PI¢MSI) stocks. In addition, due to the focus of this thesis on th@peaing
period, the analysis of data in most cases will follow a theme whereby comparisons will be
made between the popening and trading periods. Table 2.3 presents a summary of the raw
data for the six stocks including the start and end date of the data, theutotsdr of events

and the percentage of events that occur during thegering and trading sessions. For all

six stocks, the data series ends June 28, 2007. However, faffthe six stocks, the data
series starts January 4, 2000, while for IHI and MIA the series begins June 5, 2000 and
December 16, 2002 respectively.

Table 23
Summary o Data

Security Start Date End Date Total Events Total Events  Total Events

Preopening Trading
BOV 4-Janr2000 28-Jun2007 112,514 21.67% 78.33%
MLC 4-Janr2000 28-Jun2007 104,004 27.95% 72.05%
HSB 4-Jan2000 28-Jun2007 99,965 19.88% 80.12%
MIA 16-Dec2002 28-Jun2007 15,099 28.58% 71.42%
[HI 5-Jun2000 28-Jun2007 13,765 44.01% 55.99%
MSI 4-Jan2000 28-Jun2007 12,649 43.73% 56.27%

Note: This table presents a summary of six securities in the dataset including the start date of the data
and the total number of events occurring duringplesopening and trading sessions.

Evident from table 2.3 is that for the three most active stocks, which are BOV, MLC and
HSB, the total number of events in the sample is 112,514, 104,004 and 99,965, of which
approximately 22%, 28% and 20% respectively occurred during thepergng perid.

The remaining three relatively less active stocks, which include MIA, IHI and MSI, the total
number of events in the sample are 15,099, 13,765 and 12,649 from which approximately

29%, 44% and 44% of these events occurred during thepaneing period. Hence, this
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indicates that théess activestocks have a higher proportion of activity occurring during the
pre-opening period relative to the trading period. Thus, this suggests that the relative

importance of the prepening increases when the stook lass active.

2.7.1 Order Submissions, Alterations and Executions

In order to formulate a greater understanding of the activity that occurs for each stock, table
2.4 presents a summary of the events categorised into order submissions, order edsions
order cancellations. Furthermore, within each category the total number of events is
reported along with the percentage of the total that occurs during topgmeng and trading
periods. For the three most active stocks, 35,207, 31,847 and 31¢@tg were submitted,
where approximately 40%, 48% and 38% of these submissions occurred during-the pre
opening period. For the three least active stocks of the six, 4,957, 4,610 and 3,911 order:
were submitted with approximately 52%, 69% and 70% subdnitiuring the pr@pening

period. Order revisions, inclusive of price and volume revisions, depict a similar trend to
order submissions. For the three most active stocks, between 19,213 and 23,419 orders al
revised from which between 31% and 41% ocaldering the prepening period. For the

three least active stocks, between 2,910 and 3,341 orders were revised and between 45% at

66% occurred during the pagening period.

The vast majority of order cancellations occur during theopening period.For instance,

for the three most active stocks, a total of 4,338, 5,585 and 3,409 orders were cancelled fol
BOV, MLC and HSB, approximately 65%, 69% and 59% of total cancellations occurred
during the preopening period. For the three least active of tixe stocks, a greater
proportion of cancellations occurring during the-ppening period. Of the 675, 798 and

583 cancellations for MIA, IHI and MSI, approximately 78%, 85% and 71% occurred during

® Excluding order executions, there are other events that occur in the sample but are omitted in this summary
due b their infrequency in occurrence and lack of economic substance.
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Table 24
Summary of Order Submissions, Revisions and Cancellations

Order Submissions Order Revisions Order Cancellations

Security Total Pre-Open Trading Total Pre-Open Trading Total Pre-Open Trading
BOV 35,207  39.62% 60.38% 23,419 32.11% 67.89% 4,338 65.31% 34.69%
MLC 31,847  47.83% 52.17% 24,219  40.76% 59.24% 5,585 69.19% 30.81%
HSB 31,917  37.93% 62.07% 19,213  30.90% 69.10% 3,049 58.71% 41.29%
MIA 4,957  51.95% 48.05% 2,910 45.36% 54.64% 583 70.50% 29.50%
IHI 4,610 70.30% 29.70% 3,211  65.52% 34.48% 798 85.34% 14.66%
MSI 3,911  69.32% 30.68% 3,341  62.53% 37.47% 675 78.37% 21.63%

Note: This table presents a summary of the total events in the sample of six stocks. Only order submissions, redaiwrellatiohs are considered in tt
presentation. Excluding order executions, other events are not economically meaningful and as such were omitted. afemoepcthe totals are furthe
separated into events that happen during th@peaing and aring the continuous trading session.

Table 25

Summary of Trading Activity

_ Total Qrders Order _FiIIed Sull;:iitsosion Sull?rlrlﬂ?sion Orders Submitted_ in grzgeliﬁlsgt[mlrﬁfg
Security Or_ders Fllled_at During Ratio at Ratio durin Pre-opening a_nd Filled Same Tradin
Filled Opening Trading . urng at Opening . 9

Opening Trading Session
BOV 28,749 22.17% 77.83% 45.69% 105.26% 67.65% 68.90%
MLC 24,362 27.94% 72.06% 44.69% 105.66% 65.52% 62.11%
HSB 26,286 22.30% 77.70% 48.42% 103.10% 69.59% 71.61%
MIA 4,088 40.92% 59.08% 64.96% 101.40% 56.97% 66.54%
IHI 3,180 55.16% 44.84% 54.12% 104.14% 55.36% 62.42%
MSI 2,970 58.48% 41.52% 64.06% 102.77% 61.66% 60.41%

LE

Note: This table presents a summary of the total numberdefs filled, the number of orders filled as a percentage of the total orders submitted, the pe
of order fully or partially filled at the opening or during trading, the percentage of orders filled at the opening tisabwetted during the prepening and the
percentage of orders filled during trading that were submitted during the same trading session.



the preopening. In summary, similar to the trend highlighted in the summary of the total
events, the conclusion remains the same when events are categorised into order submission
order revisions and order cancellations. Essentially, theopering tlough playing a
significant role for all six stocks, plays a relatively greater role for stocks that are less active
on the MSE.

Table 2.5 presents a summary of orders that are partially or fully filled (henceforth filled) for
the six stocks being considel. Specifically, we follow the same theme as previous tables,

in that we list the stocks from most active to least active. Along with the total number of
orders filled for each stock, the categories presented reflect the opening and trading perioc
sepaately. For the three most active stocks, BOV, MLC and HSB, 26,286, 24,362 and
28,749 orders were filled, from which approximately 22%, 28% and 22% of the total were
executed at the opening following the qfoq@ening period. However, of the 2,970, 3,180 an
4,088 orders filled for the stocks MIA, IHI and MSI, approximately 58%, 55% and 41% of
these orders were filled at the opening. Essentially, the proportion of orders filled during the
opening, relative to the trading session reflects the same concassestablished for order
submissions. Hence, the least active stocks have a greater proportion of total order
execution occurring during the opening, relative to the most active stocks.

The proportion of orders filled, relative to the number of ordetsmsited during the
preopening and trading period, is presented in the fifth and sixth columns in table 2.5. For
the most active stocks, the number of orders filled at the opening relative to the number of
orders submitted during the popening period rages between 46% and 48%. Similarly,

for the three least active stocks, the proportion of orders filled at the opening relative to the
number of orders submitted during the-ppening is greater and ranges between 54% and
65%. However, for all six stockkie proportion of orders filled relative to the number of

orders submitted during the trading session is within the range 101% to 106%.

There are two probable explanations for the proportion being in excess of 100%. First, there
are orders from the pr@pening that go unexecuted after the opening and remain in the limit
order book. These are eventually executed during the subsequent trading session by
incoming limit or market orders. Secondly, market orders are allowed during the trading

session and,sasuch, one submitted market order can result in multiple orders being filled as

38



it Awal kso the Iimit order book. However
As will be shown in the preceding table, orders submitted during the tradismrseare

approximately the same size as orders submitted during tregpreng period.

The last two columns in table 2.5 present the proportion of orders filled at the opening and
during trading of those submitted during the recent-gmening or tradig period
respectively. Evident from the table, is that for all six stocks the majority of all orders filled
at the opening were submitted during the-gpening period. This indicates that orders
submitted in the prepening tend to be aggressive in thgicing and, as such, get executed

at the opening. For instance, for the most active stocks, between 66% and 70% of orders
filed at the opening were submitted during the most recentopeaing period.
Additionally, approximately 57% to 62% of the erd filled for the least active stocks were
submitted during the preceding pvpening period. However, during the trading session,
between 69% and 72% of orders filled for the three most active stocks were submitted
during that trading session and appneately between 60% and 67% of orders filled for the
three least active stocks were also submitted during that trading session. Hence, the resu
indicates that relative to the most active stocks, the least active stocks incoming orders are
more likely toresult in a queued limit order being executed.

2.7.2 Order Submission and Trading Volumes

The submission and trading volume during the-gpening and trading session are
summarised and presented in table 2.6. Of the total volume submitted to thibomkiéor

the three most active stocks, between 34% and 41% of total bid volume and between 36%
and 43% of ask volume were submitted during thegpening period. For the three least
active stocks, between 41% and 79% of total bid volume and betweeartb%9% of ask
volume were submitted during the gopening. Apparent here is that relative to the trading
period, a smaller proportion of total submission volume occurs during theppreng for

more active stocks when compared to the least activeeokith stocks in this analysis.
Hence, the less active stocks have proportionally more of their volume submitted during the
pre-opening period relative to the trading period. This reinforces the earlier conclusion

regarding the importance of the gpenirg to the least active stocks.
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Summary of Submission and Trading Volume during the Preopening, Opening and Trading Periods

Table 26

Volume Volume _ _
Total Volume Submitted Submitted Pre- Submitted Total Trading Opening Trading
opening Trading volume Trading Volume
Volume Trading

Bid Ask Bid Ask Bid Ask

BOV 21,295,839 23,406,630 34.06% 38.95% 65.94% 61.05% 17,007,185 17.48% 82.52%
MLC 40,144,384 41,226,996 40.95% 42.78% 59.05% 57.22% 29,278,204 19.64% 80.36%
HSB 22,620,033 23,406,578  36.35% 36.15% 63.65% 63.85% 18,451,778 18.15% 81.85%
MIA 7,108,581 7,264,080 40.51% 44.96% 59.49% 55.04% 6,085,761 27.38% 72.62%
IHI 16,085,021 17,016,853 72.46% 79.30% 27.54% 20.70% 10,641,499 57.84% 42.16%
MSI 2,814,496 2,906,947 66.65% 69.77% 33.35% 30.23% 2,150,857 41.88% 58.12%

Note: This table reports for the entire sample the total bid and ask volumes submitted to the order book, the perdegagmloittes submitted during tl

preopening and the trading periods, the total trading volume and the percentage of the vdioet ttee opening and during the trading period.



Table 2.7 presents a summary of the average and standard deviation of order submissiol
volume and trading volume during the fmeening and trading periods for the six stocks.

For order submissions, the summary of volume is categorisedimtand ask separately.
Evident from the table is that the average size of bid and ask orders submitted during the pre
opening are not considerably larger or smaller in general compared to orders submitted
during the trading period. For instance, therage size of bid order submitted during the
trading session for the three most active stocks ranges between 0.61 and 1.1 times larger the
the size of bid orders submitted during the-gpening period. For the three least active
stocks, the size of bidrders submitted during trading ranges between 1.02 to 1.19 times
larger than orders submitted during trading. Similarly, the average size of ask orders
submitted during trading are between 0.98 and 1.07 times, for the most active stocks, anc
between 1.1%0 1.38 times, for the least active, larger than ask orders submitted during the
pre-opening period. However, in general the average size of ask order tends to increase
during trading relative to the papening, when compared to the average size of foidrs

in both periods.

The average size of orders executed at the opening relative to the trading session is
proportionally similar to the relative size of orders submitted during th@pering and

during trading respectively. Essentially, for theethmost active stocks, the average size of
orders executed during trading relative to the average size of orders executed during the
opening, ranges between 0.97 to 2.26 times larger. For the three least active stocks, th
relative size of average tradinvolume during trading relative to the opening, ranges
between 1.11 and 1.23 times larger. With the exception of MLC, where the average trade
during the trading period relative to the opening is more than dolible average trade size

at the opening fothe other stocks is relatively of similar size to the trading period.

Another point to note from table 2.7 is the size of the standard deviation relative to the size
of the average in all cases. For bid ankl agmission volume and trading volume during
the preopening and the trading periagspectivelythe size of standard deviation is larger

than the averages in all cases. This indicates excess dispersion, which suggests that there &
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Table 27
Summary of Orders Submission and Trade Volume during Preopening, Opening and Trading Period

BOV MLC HSB MIA [HI MSI
, . _ _ Avg. 1,279 2,125 1,520 2,477 5,304 1,563
Bid Submission Volume during Pagpening.
Std. 1,823 2,437 2,199 2,908 6,479 2,713
_ . _ _ Avg. 1,408 1,302 1,463 2,521 6,318 1,657
Bid Submission Volume during Trading.
Std. 1,721 1,779 1,730 2,494 7,340 2,987
Bid Submission Volume during Trading Relative
Preopening Period. 1.10 0.61 0.96 1.02 1.19 1.06
. _ _ Avg. 1,463 2,468 1,830 2,098 4,224 1,021
Ask Submission Volume during Ropening.
Std. 1,933 2,370 2,016 1,801 4,635 1,460
. _ _ Avg. 1,560 2,419 1,847 2,408 4,928 1,412
Ask Submission Volume during Trading.
Std. 1,442 2,270 1,927 2,193 4,831 2,984
Ask Submission Volume during Trading Relative
Preopening Period. 1.07 0.98 1.01 1.15 1.17 1.38
_ Avg. 755 1,302 938 1,317 2,746 795
Trade Volume at Opening.
Std. 1,261 1,779 1,540 1,496 3,520 2,149
_ _ Avg. 794 2,939 911 1,468 3,373 885
Trade Volume during Trading.
Std. 1,039 2,807 927 1,735 4,265 2,002
Trading Volume during Trading Relative to Openi 1.05 296 0.97 111 1.23 111

period.

A4

Note: This tablepresents the averag&ug) and standard deviatioisid) for the volume of bid and ask orders submitted during theopeming and trading
periods and the volume of orders fully or partially filled at the opening and during trading.
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Table 28

Summary of the Number of Orders Submitted and Trade during the Preopening, Opening and Trading Period

No. of Bid Orders Submitted during Popening

No. of Bid Orders Submitted during Trading

No. of Bid Order Submitted during Trading Relative
Pre-opening.

No. of Ask Orders Submitted during Repening

No. of Ask Orders Submitted during Trading

No. of Bid Order Submitted during Trading Relatiie
Pre-opening.

No. of Trades at Opening

No. of Trades during Trading

No. of Trades during Trading Relative to Opening.

BOV MLC HSB MIA IHI MSI

Avg. 6 5 6 2 2 2
Std. 8 8 14 1 11 3
Avg. 10 6 13 3 2 2
Std. 14 12 26 3 2 2
1.67 1.20 2.17 1.50 1.00 1.00

Avg. 6 4 4 2 4 3
Std. 5 7 4 2 18 3
Avg. 8 7 9 3 2 2
Std. 9 7 10 3 2 2
1.33 1.75 2.25 1.50 0.50 0.67

Avg. 3 3 3 2 2 2
Std. 9 9 17 2 2 2
Avg. 15 3 16 5 3 3
Std. 29 4 47 7 4 4
5.00 1.00 5.33 2.50 1.50 1.50

Note: This table presents the avera@eq) and standardeviation Std) of the number of bid and ask orders submitted and orders that were fully or pe

filled at the opening or during the trading session.



periodswhen there are relatively larger volumes being submitted teated, and other

periods when the volume of both are relative low.

2.7.3 Daily Average Number of Order Submissions and Trades

A summary of the average number of orders submitted and executed duringtpemurey,
opening and trading period is providéd table 2.8. In general there are more orders
submitted during the trading period compared to theopening period and more order
executed during the trading session relative to the opening. More specifically, for the three
most active stocks, aaverage of five or six bid orders were submitted during the pre
opening period, while on average ten or thirteen orders were submitted during the trading
period. For the three least active, an average of two bid orders were submitted during the
pre-openirg, while between two to four orders were submitted during the trading period.
Similarly, for the three most active stocks, between four and six ask orders were submitted
during the preopening compared to between seven and eight during the trading selssion
addition, for the three least active stocks, between two to four ask orders were submitted
during the preopening while between two and three orders were submitted during the
trading session. This suggests that, for the least active stocks, ntlostask orders were

submitted during the prepening period relative to bid order submissions.

On average, the number of trades occurring during the trading session is greater than the
number of trades executed during the opening. For the three most stottks, an average

of three trades occur at the opening compared to, on average, three, fifteen and sixteen trade
executing during the trading period. For the three least active stocks a similar trend is
observed. On average, two orders are executéteeopening compared to between three
and five during the trading period. With respect to the standard deviation, in almost all cases
the standard deviation is greater than the average, indicating that there are periods of ven

high and very low actiwtat the openingnd during the trading session.
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Table 29
Summary of Order Submission and Fill by Broker

Orders Submitted

Orders Submitted

Orders Filled During

Broker Preopening Orders Filled at Open Trading Trading
Buy Sell Buy Sell Buy Sell Buy Sell

BR1 4.88% 9.62% 4.66% 5.90% 3.93% 4.68% 3.96% 5.00%
BR2 5.23% 8.10% 8.38% 11.88% 5.21% 10.23% 5.19% 10.84%
BR3 5.65% 5.95% 7.11% 6.50% 2.66% 2.72% 4.72% 3.45%
BR4 1.69% 1.82% 1.66% 1.42% 0.71% 0.85% 0.90% 0.94%
BR5 5.10% 6.98% 3.50% 5.41% 3.53% 3.27% 3.95% 3.47%
BR6 3.00% 3.27% 2.31% 2.32% 2.08% 1.95% 2.28% 2.23%
BR7 11.83% 9.44% 17.65% 15.06% 21.28% 19.96% 19.38% 17.65%
BR8 6.95% 5.83% 5.83% 4.14% 4.96% 5.13% 4.96% 4.61%
BR9 2.09% 1.87% 2.24% 2.00% 2.39% 3.14% 2.47% 2.82%
BR10 0.86% 0.65% 0.98% 0.71% 0.54% 0.50% 0.44% 0.26%
BR11 23.21% 22.58% 23.35% 22.89% 25.93% 22.11% 23.28% 22.34%
BR12 25.89% 19.12% 17.59% 13.81% 21.10% 14.69% 22.24% 14.12%
BR13 2.28% 2.39% 3.28% 3.25% 3.55% 3.51% 4.16% 5.00%
BR14 0.26% 0.47% 0.28% 0.71% 0.14% 0.51% 0.18% 0.52%
BR15 1.04% 1.81% 1.09% 2.77% 1.85% 6.38% 1.73% 5.93%
BR16 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
BR17 0.05% 0.09% 0.07% 1.24% 0.14% 0.37% 0.15% 0.82%

Note: This table reports the percentage of order submitted and filled by brokers. Specifically, the percentage of orders duiimgitthd preopening an
trading periods and the percentage of the total orders filled at the opening and during the traatinbypaiti participating brokers. Each category is furt

separated into the bid and ask sides. The names of the brokers are replaced with a separate identifier so as ro&to réveabtk e r s 6
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Table 210

Summary of Order Submission and Fill by Type of Investor

Type of Investor Orders Subr_nitted Orders Filled at Orders Sl_meitted Or_ders FiIIe_:d

Preopening Open Trading During Trading

Buy Sell Buy Sell Buy Sell Buy Sell
Resident Individual 83.52% 80.33% 78.19% 75.06% 75.76% 63.04% 75.56% 62.75%
Resident Credit Institutions 0.74% 1.14% 1.42% 2.27% 1.75% 4.62% 1.82% 5.08%
Non Fin. Private Entity 2.24% 2.89% 3.10% 4.73% 3.89% 5.78% 3.96% 5.78%
Resident Insurance Company 1.96% 0.95% 3.39% 1.75% 4.39% 4.43% 4.20% 3.89%
Resident Collective Investment Scheme 9.80% 12.43% 10.29% 12.32% 10.40% 16.83% 10.27% 16.49%
Other 1.75% 2.25% 3.61% 3.87% 3.80% 5.29% 4.18% 6.01%

Note: This table reports the percentage of orders submitted during the preopening angéralitsgand the percentage of the total orders filled at the op
and during the trading period by major investor types. Each category is further separated into the bid and ask sides.



2.7.4 Submission and TradingActivity by Broker and Investor Type

Table 2.9 summarizes the proportion of orders submitted and executed by brokers during the
pre-opening, opening and trading sessions. The names of the brokers are replaced so as n
to reveal their trading activitiesOf the seventeen brokers listed in the table, there are four,
BR2, BR7, BR11 and BR12 that play a dominant role in the submission and execution of
orders during the prepening and trading sessidnFor instance, during the popening,
approximately 66%and 59% of bid and ask submission and 74% to 67% dthe¢rading
period, were submitted by these brokers. In addition, approximately 67% and 64% of bid
and ask orders filled at the opening and approximately 70% and 65% of bid and ask orders

filled during trading are by these four brokers.

Following a similar format, table 2.10 summarises order submission and execution based or
the major categories of investor type on whose behalf brokers trade. Evident from the table
is that the overwhelming majoritgf all orders submitted and executed are on behalf of
residential individual or collective investment schemes. Specifically, approximately 84%
and 76% of bid orders and 80% and 76% of ask orders submitted during-thygepneg and
trading periodsregectively, were attributable to these investors. In addition, approximately
88% and 87% of bid orders and 86% and 79% of ask orders executed at the opening an
during trading respectively, were on behalf of residential investors and collective
investmend schemes. Hence, the overwhelming majority of trading on the MSE is

attributable to local investors.

28 Conclusions

In this chapter, | present a summary of the development of the MSE since its inception, an
outline of the trading procedure implementedacilitate the trading process and a summary

of the empirical data for the six most active stocks utilised in this thesis. Regarding the
trading procedures, the types of orders allowed for use on the exchange are Market and Limi
orders. In additionprders are allowed to include special terms that can specify an expiry

® The number of brokers listed in table 2.9 is greater than the number presented in table 2.2. This results from
the number of brokers reducing over time. In addition, other brokers $isgettie Central Bank and other
market regulators.
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date after which the order is automatically cancelled, or other criteria that governs the way in
which the volume associated with an order is displayed or executed. The execution prio

of orders submitted to the order book and the effect of alterations to the order terms on the
time and price priority of the order, are also outlined. Since this thesis focuses mainly on the
pre-opening period, this chapter outlines the rules gowgritie preopening period and the
Opening Algorithm responsible for the execution and allocation of securities at the opening
of the exchange.

The preliminary analysis of the empirical data reveals that thegeeing period plays an
important role for te six most active stocks investigated. Thegpening period accounts

for between 38% and 70% of all orders submitted for these stocks. However, the pre
opening plays a relatively greater role for the least active of the six stocks considered, as
propotionally more orders are submitted during the-gpening period when compared to

the trading period. A similar conclusion arises when the number of orders filled at the
opening, relative to the trading period, is compared. Essentially, between 22%%ruaf 5
orders filled for the six stocks were at the opening. As the stocksnkeeless active, the
relative proportion of orders filled at the opening increasdn essence, this further
highlights the importance of the popening period for stocks tradi®n the MSE and more

so for the less active stocks. In addition, when the analysis fooasthe submitted and

trading volumes, the conclusions remain the same.

An examination of the broker order submission and execution activity during the pre
openingand trading periods reveals that there are four dominate brokers. Of the total
number of ordesubmissions, approximately 63% and 70% were submitted by these brokers
during the preopening and trading periods respectively. In addition, approximately 66%
and 73% of orders filled at the opening and during trading respectively, are by each of these
four brokers. The local individual investors classified as Residential Investors, account for
the majority of orders submitted and executed on the MSE. Appateiyn82% and 69% of
orders submitted during the popening and trading periods and approximately 77% and
69% of orders executed at the opening and during the trading period are attributable to thes

investors.
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In summary, the analysis of the empirical data reveals that theppreng period plays an
important role in the MSE relative to the trading period, due to the level of activity that
occurs during that period. However, the-ppening period is characieed by a lack of

trade execution and this makes even less clear the reasons why traders would participat
during this period. It is this question that forms the foundation of investigation undertaken

in this thesis.
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Chapter 3

The Market Pre-opening Period: A Review of Theoretical
and Empirical Literature

3.1 Introduction

The price discovery process in markets that facilitate the trading of securities between
investors is one of the most studied areas of finance and is arguably the goodesk

market microstructure theory. The field of market microstructure places great emphasis on
determining the factors that influence price discovery at the transaction level and makes
theoretical predictions about the effect of these factors on tlse pf securities. In

particular, the significance of studying the price discovery process in a securities market
facilitates a greater understanding of the mechanism for achieving price efficiency and

provides plausible reasons why prices deviate frdiniesficy.

When prices are efficient, all the available market information is reflected in the level of
prices and any deviation will be due to frictions in updating prices whenever additional
information becomes available. Thus the price discovery psocan be described as the
mechanism by which prices become efficient through the continuous incorporation of new
information intosecurity prices Therefore, the characteristics of the price discovery process
will significantly impact the convergence a$set prices to their fundamental values and the

consequent volatility in prices caused by the adjustment process.

Significant deviations from efficient prices can result in periods of unusually high volatility
and in some cases market regulators areetbto halt the trading process in order to resume
some degree of serenity to the market. However, halts in the trading process are sometime
involuntary and unavoidable such as the overnight, holiday or weekend closing of the
markets. During these halthie continuous updating of security prices to reflect the state of
information in the market is absent and

process. As a result, closing prices may become inefficient if additional information is
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received by investors during the period of the trading halt. Hence the difference in valuation
of the assetsd fundament al value by al/l [

at the resumption of continuous trading.

One of the first attempt® highlight and provide evidence of this phenomenon is Wood,
Mclnish and Ord (1985). In their analysis, they examine the distribution of rigute
minute return of an equalyeighted index of stocks listed on the New York Stock
Exchange (NYSE). The thors find that, at the beginning of trade, the return and the
standard deviation of return is significantly higher compared to other periods during the
trading day. One plausible explanation for this phenomesi@noposed by Amihud and
Mendelson (1987)who argue that the difference in the mechanism used to open and close
the market, and hence determine the opening and closing prices, is responsible for the
observed difference in volatility. In contrast, Stoll and Whaley (1990) claim that, in the case
of the NYSE, the higher volatility observed at the opening is attributable to the presence of
more private information being revealed during the opening. The authors also claim that due
to the monopoly power of the specialist at the NYSE, the openingsareeset higher than

in the case of competitive markeiaking, thereby resulting in larger opgropen returns.

Amihud and Mendelson (1991) argue that the observed opening volatility is attributable to
the halt in the trading process before the openihg essence, during the overnight or
weekend closing period, the efficiency of prices is affected by the absence of trading and
therefore prices are not being continuously adjusted to reflect the state of information that
investors possess. As a resulhen investors begin to trade at the opening of the market,

their varying valuation of the assets is reflected in significant price volatility.

In light of these observations, there are mechanisms in place at most exchanges to reduce tt
effect of uncertmties facing investors regarding the fundamental value of the asset after a
halt in the trading process. In most cases, the mechanism employed is similar to a cal
auction process that precedes the official opening of the market and is referred to as the
market preopening period. During the popening period, unexecuted orders from the
previous trading day, overnight orders (in some cases) and new orders during this period ar
submitted and pooled, in the absence of trading, for a specified perio@ biedomarket

opens. At the end of the popening period, the pooled orders are matched and a single
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opening price is determined for each stbckn addition, during the prepening period
traders have the opportunity to modify and/or cancel existing orders so as to reflect the mos
current state of information without (in most cases) any cost or obligation, once it is done

before the order is egated at the open.

Arguably, it is this iterative process (or at least the ability) of updating and submitting new
orders based on the state of information, that forms the foundation for price discovery during
the preopening period. This results from investors having thditya to gain as much
information about the value of an asset and act on the information within a reasonable time
frame before trades are executed. However, the markejppreng period does not have a
unique design; it varies from exchange to exchaamyg is influenced by the mechanisms
that exist to facilitate continuous trading during the regular trading period. As such,
different factors will not just affect the design of the-ppening, but also the resulting price
discovery process, which essaeilii is the main objective of the popening period in the

first place. For instance, some exchanges mandate market makers to provide liquidity for
stocks they have been assigned, while other exchanges operate an automated limit orde

book without the itervention of designated market makers, or a combination of both.

Additionally, the exchange may have stipulations regarding the dissemination of quote
information, in that the limit order book is not displayed to traders during thepam@ng.

In othe cases, the best bid and ask quotes are displayed or, in the case of total transparenc
the entire limit order book is displayed to all market participants during thepemng
period. Another institutional feature to consider is the length of tiraettie preopening

period lasts and if the end of the ymeening period is fixed or randomised after a specified
period of time. In essence, the institutional features of the market will have an effect on the

price discovery process throughout the-ppening period.

At the end of the prepening period, the opening price (in some cases) is determined by an
algorithm that is designed by the exchange and based upon their individual circumstances

However, in most cases the opening price will be set tamise the liquidity at the opening

" In some cases there is no set matching procedure to determine a single opening price. However, what is done
in these cases is that the executable bid and ask orders are matched matichorg pairgre left in the order
book.
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with price continuity being a major consideration. To get a better understanding of the
dynamics of the price discovery process during theopening period, this chapter reviews
some of the most influential contributie to the theoretical and empirical literature of the
market preopening period.

The remainder of this chapter is organised as follows: Section 3.2 providesdaptiin
review of the theoretical literature, highlighting the institutional structure ahtiaels, their
main assumptions and the results that these models predict concerning the price discover
process. Section 3.3 is a review of the empirical literature that seeks to provide support for
the theoretical predictions and, importantly, highlgght t h e i nfl uence (o

institutional structure on the price discovery process. Section 3.4 provides a conclusion.

3.2 Review of Theoretical Literature

3.2.1 Competitive Market Makers, Informed and Noise Traders

One of the first attempts toadel the tatonnement process during theqgmening period
was carried out by Vives (1995), and is an extension of the Kyle (1985) general equilibrium
model® Vives (1995) proposea dynamic financial market model in which there are only

two assets; a rky asset with a liquidation value, wherev~ N(m,s,) and a riskless asset

assumed to have a unitary return. Furthermore, two types of agents are assumed to trac

these assets; 6informedd and 6noised (uni

The informed traders are motivated to trade based on a private signal that they receive
regarding the value of the asset; whereas the noise traders will trade for liquidity reasons
such as portfolio rebalancing purposes. Risk neutral market makersatadhe trading
process for both assets and set prices, assumed to be efficiently and competitively
determined based on Bertrand competition among all market makers. The tatonnemen
process is an infinite horizon call auction, where at stagleere is a positive probability of

g, that trade will occur, the opening price of the risky asset is determined and the market

opens to regular trading. However, there is a probabilit{(lofgn) that trading wil not

8 In aWalrasian auctiom tatonnement is a process whereby proposed-tfisi®etween negotiated items goes
back and forth until an equilibrium price is achieved.
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occur in periodn, and the prepening tatonnement continues. It is assumed that the
probability that the market opens at any stage is independent of the previous periods

therefore the probability that the tatonnement lastsl period n will be O, (1- g).

Additionally, the probability g, is an increasing function inn and as a result,

lim 0L (1-g)=0,as suchlim g =1°

At the beginning of the prepening periodg, is relatively small and hence the probability

that the market opesrat some later periodn() will be reasonably high. However, as the
tatonnementcovers several rounds amd becomes large (close to the end of the- pre

opening), theng, will be relatively large and the probability that the market opens over a

longer periods closer to zerd?

At the beginning of perioch of the tatonnement, the informed traderwithout knowing

that trade will occur during the period, subsrdtmarket order for, units of the risky asset
at a predeermined price op, from which a profit ofp, = (v- p)x is realisable if trade takes

place during the period. The informed traders are assumed to be risk averse and displa
Constant Absolute Risk Averse (CARA) behaviour with utility function tiogé form

U(p,)=-exp(r p, wherer, is the positive coefficient of constant absolute risk aversion.

The order submitted to the market makers by the informed tiadierring stagen of the

tAtonnement is conditional upon the noisy siggategarding the fundamental value of the
assetv, where s =v+e is normally distributed and has meanand variances?>. The
information set of the informed tradérat stagen of the tatonnemeris {S- p“'l}, where
P = (P, Pyseveenns .p,..) is the sequence of previous price quotes by the marketrmpke,

but excluding, period.

° This set up is similar to a p@pening period that is chatadsed by a random opening after a specific time.

19 This may seem unrealistic since in most cases the market has a set time at which it opens. Vives (1995)
explains that the probability of the market opening at an early stage in the preopening isakin to
communication breakdown and traders are unable to modify their orders and their current orders are executed
during the opening call. This event will indeed have a small probability of occurring during the early stages of
the preopening.
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The total order submitted by the informed traders in perind is given as
X, = rsxm(sl, p™!)di, where X (s, p™*) is the order strategy (quantity to buy or sell) of

traderi in stagen. Therefore, the strategy of the informed traders will be dependent upon
the private signal that they receive and the sequence of previous prices they observe. If trad
is realised in periodh, then the prepening period ends and tégr trading activities begin,
otherwise the tadtonnement continues. However, with no trade in petidde informed

traders would have an updated information set based on public information they had

received through the subsequergisance of pricesp” compared top™*.

From evaluating the updated price series, the informed traderseatbesgstrading strategy

and modify, cancel or submit new orders that are conditional on the level of piagve to

the signal that they receive. As such, the prices that the market makers quote at the end (c
beginning) of each stage sesv@s a mechanism to extract information from the informed
traders regarding the fundamental value of the asset. fdims the underlying basis for

price discovery during the preopening period.

The noise traders are assumed to be price sensitive and salbmatggregate order to

purchase the risky assetof- a,p,, wherea, measures the sensitivity of the total order of
the noise traders to prices ang is a normally distributed random variable with mean zero
and variances?> . The total orders that the market maker observes duragg st of the
tatonnements the aggregate orders submitted by the informed and noise traders, which is
L.(p,)=X,+u,- a,p,. The author argues that the information that is important to the
market makers about the unknown value eftiisky asset will be the intercept of the total

order L,(p,). Therefore,w, =X, +u, is defined as the order flow and the market maker

will set the price conditional on the order flows, such tpat E(v|L,(p,)) = E(v|w,).

In the first period of the tatonnement process, the market makers quotiee of p, from
which both types of traders submit their market orders to the market makers, such that the
total order isL,(p,) =X +u, - a,p,. If trade is realised then the process ends there and the

value v of the asset is reakd. However, if trade does not occur, then in the second period
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the traders (informed and noise) will either modify theevious order or cancel and submit

new orders. In this case, the strategy of the informed traderperiod 2 take the form
X, (s, pY)and the noise traders submit in aggregate a market ordeu, of,p,.

Subsequently, this process contisuscursively until the preopening period ends, the market
opens and tradg occurs

In the general case, market makers will quote efficient prices, based on the aggregate

information that they receive, by observing thdes flow "', where w' =w, w,,...,w, is

the sequence of previous order flow over theperiods of the tatonnement, up to and
including periodn. Therefore, the competitive market makers will set ppgen period n
conditional on the noisy information contained in the previous order flow

wt =, w,,...w, ) and the current period order flomy, =X +u,, such that

P, =E@|W").

The information that the market makers observe in the order flow is a noisy signal for the
value of the asset, due to the anonymity of orders placed by informed agents and those
noise traders. Iessence, the market makers will only observe random orders during any
stage of the preopening period. However, by observing the evolution of the order flow, the
market makers are well positioned to be able to extract valuable information from the
informed traders about the value of the asset if the tAtonnement process continues over :

sufficient amount of rounds.

The main hypotheses being investigated are; (1) how many rounds of the tatonnement ar:
necessary to provide an accurate estimation of the ligowdaalue of the risky asset and (2)

how does the parameter of the risk aversionthe noise in the private signal’ and the

noise in the order flow affect the speed at which prices reveal private and pulshcatiém.

The results show that, in equilibrium, the informed traddras a desire to buy or sell the

risky asset according to the difference between the private sgyraald the value of the

risky assetv. The price of the risky asset that is set by the competitive market makers

follow a martingale process, such tiatp, | p,.,) = P, .- This follows from the assumption

that the prices and the value of the asset follow a noristaibadition and, due to competitive
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market making,p, = E(v| p™*) is a sufficient statistic in estimating the unknown value of

the assev when the serie%p“‘l} Is known. As a result, the price that is set in pemedl
will be conditional upon the price in the previous stage of the tatonnement, such that

E(Vl pn—l) = pn—l'

The response of informed traders to the private signal, which is reflected in their order

strategy X,,(s, p™'), depend negatively on their degree of risk aversion the noise in
the private signals?, and the conditional variance of the pricear(p, | p,.,). Another
fundamental result is that the sensitivity of orders from noise traders to grjitel¢esnot
affect the trading strategy that the informed traders employgiiexheir private signad .

However, an increase in market depth resulthe informed traders responding more to the

private information, since the price impact of their orders will be relativelytess.

Additionally, as the number of rounds in the tatonnement increase, prices become more
informative regarding the public and private information that is revealed by the traders. The
explanation here is that the informed traders wily lonce their private signal is above the

current price and sell if it is below. Consequently, the prices that the market makers quote
convergsto the unknown fundamental valweat the rate ofi/+/n, due to informed trading.
Furthermore, the precision of the quoted prices in relation to the fundamental value of the

asset decreases in the level of risk aversionthe noise in the private signal’ and the

variance of aggregate order from noise tradefs

The competitive market makers increafige liquidity of market (depth) as the number of
rounds in the tatonnement increases and the market prices that they quote become le:
sensitive tothe level of the order flow. The volatility of price quotes increase as more
information is being incorporated into current prices and, consequently, the market order of
the informed traders tend to zero due to the erosion of their informational advantage
Essentially, the efficiency of this information aggregating process reveals that only a few
rounds during the tatonnement will provide a quoted price that is close to the fundamental

" The depth of the market here is defined as the maximum number of share that the market makers are willing
to buy or sell at a specific price.
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value of the risky asset. Hence, providing an indicative prige, at each stage during the

preopening period is vital fanablingthe opening price to converge to the unknown value

of the asset after a halt in the trading process.

The model presented aboveopes to be a fair representation of the tatonnement process
during the preopening period. One of the most interesting results is the speed at which
information is incorporated into prices and, for that reason, the tatonnement over a
sufficiently long peiod will reveal the full unknown fundamental value of the risky asset.
This process, however, erodes the value of the private information (signal) that the informed
traders receive and at the end of the preopening period, they would not have benefited fro
receiving the information. However, with the speed of information revelation, a reasonable
guestion in this case is why would the informed trader submit orders during the period when

the probability of the market opening is low?

Another consideratiomegarding the model presented in Vives (1995), is that, given the
speed of information erosion during the preopening, would the informed traders devise
strategies to conceal as much of the information as possible when the probability that the
market openss low and employ a profitable strategy when the probability that the market

opens is high?

3.2.2 Manipulation during the Pre-opening

3.2.2.1 Strategic Manipulation by an Informed Trader

To analyse the effects of incorporating strategic behaviouarbynformed trader in the
preopening period, Medrano and Vives (2001) extend the model of Vives (1995). The
authors incorporate an informed trader that acts strategically on the private information in
the presence of competitive informed traders and rioéskers. In this set up, there is a
continuum of informed traders of total mass, standardised on the irﬁ@ei}/al Of these
informed traderg(l- /7), whereO¢ /¢ 1, represent the mass of the risk averse competitive

informed traders as described in Vives (1995) and the remamingpresent a single risk
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neutral strategic informed trad€r.The informed trader acts by taking into considerati@n th
effect that the market orders have on the informational content of prices and, as such, will
devise strategies to counter this effect. These three categories of traders submit marke
orders to riskneutral market makers that are assumed to be compettid set prices

efficiently.

The tatonnement is assumed to take place over a finite horizon of N period compared to the
infinite horizon case discussed in Vives (1995). The valu¥ isf unknown to all traders.

At state n of the tatonnement, wher@¢ n¢ N, there is a positive probability of, that

trade occurs and the value of the assét realised and the market opens for trading. The
probability that the tatarement continues (no trade) and traders cancel, revise or submit

new trades i1- g,). It is further assumed that the sequence of probalfiity will be
nondecreasing and a significant difference to the case of V@85] is thatg, =1. In

other words, trade must occur at stage N of the tatonnement.

Similarly, there is one risky asset with a liquidation valuewherev~N(v,s?), and a

riskless asset is assumecdchve a unitary return. The strategic informed trader, in this case,

observe the liquidation value of the risky asset and the information set is given by

{v, p”‘l}, where p™*=(p, p,.....P,,) IS the series of past prices in the tatonnement. In
addition, Y, (v, p™*) denotes the market order submitted by the strategic informed trader in
period n. The competitive informed tradér, on the othehand, receives a private signal

s =v+e regarding the value of the asset, whegre N(v,s?2). As previously defined, the

information set of the competitive informed tradewill be {3, p“’l}.

If we define y as the size of the aggregate market order submitted by the informed traders

(competitive and strategic) during the trade execution stage of the tdtonnement, then the

market ordersy submitted by the strategic informed trader at a ppcewill yield a profit

of p=(u- p)my. The competitive informed tradesoprofit from x units of the asset at a

2 Another explanation is to assume that a fixed proportion of the informed traders will act strategically on the
information (signal) that they receive and the remaining will behave in the competitive manner as described in
Vives (1995).
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price of p is p, =(v- p)x.** The competitive informed traders are assumed to display

constant absolute riskverse (CARA) behaviour, the strategy of the competitive informed
tradersis identical to the case presented in Vives (1995) and, similarly, the noise traders

submit an aggregate order of units. The riskneutral competitive market makers observe

a noisy order flow due to the presence of the noise traddrghananonymity of the trade
flows. Similar to Vives (1995), the price in periodis the expected value of the asset

given all the information that the market makers have observed up to and includingperiod

The results of the dynamic model presented above are achieved by simulating the mode
over the N stages of the tatonnement, from which several conclusions are established. Th
main conclusions with regard to the behaviour of the strategic informed ttadeg the
preopening period are as follows: The strategic informed traderahaincentive to
manipulate the market at the beginning of the tatonnement in order to exploit the private
information received. Similar to the results of Vives (1995), the edtwhich prices
converge to the value of the asset is reasonably fast due to the competitive behaviour of th:

informed traders?

In order to keep prices uninformative, the strategic informed tradetohsubmit market
orders that are contrary to the orders submitted by the competitive informed traders. Thus
the strategic informed trader always manipudatee market during the period when the
probability that the tatonnement ending (market opeps)is low. In other words, the
strategic informed trader subinarket orders that are contrary to the private information

that is received so as to compensate for the information revealed by the competitive

informed traders.

Inevitably, the strategic informed tradérast o r ever se the HAcontr a

market orders that are in line with the direction of the private information. When the

13 The authorslo not explicitly make the connection between the aggregate order of the competitive informed
traders and that of the strategic informed trader. Essentially, y will be the total units demanded by the informed
agents (competitive and strategic), thus ifstrategic trader demand3®y units then the competitive traders

' .
will submit in aggregate(l- n)ywhich should be equal tﬁxidl . However, this is not explicitly stated.

14 Recall that the value of the asagk equal to the average signal of the competitive informed traders in the
model of Medrano and Vives (2001).
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probability that the tatonnement engs is high, the strategic infored trader reversahe

gueued orders. As a consequence, the results indicate that the trade intensity associated wi
the strategic informed trader increases with the probability that the market opens. The
authors further posit that a random openingetifdue to the unknown value of Npesnot
eliminate market manipulation, but redadedue to the potential cost facing the competitive

informed trader if the manipulative trades are executed at the end of the tatonnement.

Several results of Medrano ak@ves (2001) contradict those of Vives (1995), in which no
strategic informed trader is assumed. Firstly, the presence of a strategic informed tradel
places a limit on the amount of information that is revealed during the tdtonnement. For
instance, in Wes (1995), the value of the assetrevealed over several rounds of the
tatonnement and at the point when trades are executed, the market price and the fundament
value of the assetre equivalent. However, Medrano and Vives (2001) show that the
manipuative behaviour of the strategic trader resutt nonconvergence between the
fundamental value of the asset and the market price at the opening, irrespective of the
number of rounds in the tatonnement. Secondly, Vives (1995)sstiaw the rate of

increase in precision between the fundamental value of the asset and the prices quoted by tt
market maker is non linear and equallfa/n, which in the limit equals zero. When a

strategic informed trader is incorporated, the rate of price precision is linear in the number of

stages in the tatonnemeft) and does not converge to zero.

3.2.2.2 Strategic Behaviour and aFixed Opening

During the preopening period, traders submit orders without any obligation and therefore
have the option to revise or cancel previous orders without incurring any cost. As such,
these orders are ndmnding and can be withdrawn by the traxlqust before trading is
executed. As shown in both Vives (1995) and Medrano and Vives (2001), this process of
submitting norbinding orders extracts valuable information about the fundamental value of
the asset. With this in mind, why would informeddies participate in this tatonnement

process which (for the most part) will not be in their favour?
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Brusco, Manzano and Tapia (2003) theorise that the informed traders have an incentive tc
participate in the preopening period, along with the noise tratteiscrease the level of
noise that the market makers observe. They further argue that the order flow during the
preopening provides the market makers with a signal for the amount of noise in the
tatonnement, and a perspective on the level of noise s#itting opening prices. In other
words, if the market maker observes a large order during the preopening (submitted by the
informed trader), the market makisrmore inclined to attribute the large flow to noise and,

as such, the impact on the subseqo@ening price that they sstminiscule.

From this argument, Bruscet al. (2003) posit that the order flow during the preopening
constitutes two components; the level of noise trading and the fundamental value of the
asset. In other wosfdan increasen the purchase order flow does not automatically translate
into higher prices being quoted by the market maker\acel versa Consequently, the
relationship between the order flow and the value of the assetrmonotonic during the
preopening period due to the weight the market makers place on orders being attributable t
noise. This is in stark contrast to the models of both Vives (1995) and Medrano and Vives
(2001), in whichthe information reveal througlthe order flow is nostinear and linear,

respectively.

This normonotonic relationship arises from the assumption that the market maker observes
two components from the order flow; the extent of noise trading and information about the
value of the assetSince the market maker is conscious of theiading characteristic of
preopening orders and the possibility that orders submitted during ttupemeng can be
cancelled before they are actually executed, the market makes place emphasis on the
order flow originating from noise traders when setting prices for the assets. As a

consequence, the price impact of the order florelatively low.

The theoretical representation developed to support this claim is a two period model. The
first period s the preopening, where the traders place market orders to a single market

maker who discloses the theoretical opening price and the net amount of orders on &
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continuous basi& The second period is the opening period, which is the order execution
stageof the preopening tatonnement process. Two types of agents trade during both the
pre-opening and the opening period; an informed speculative trader, analogous to the
strategic informed trader of Medrano and Vives (2001), who observes the value okyhe ris

assetv before the prepening period, and noise traders who trade based on portfolio

rebalancing (liquidity) purposes. The informed speculator ssbeniharket order ofx;
during the preopening period and a market order xf during the opening period. The
market orderx. can be viewed as the combination of cancelling the previous ardand

submitting anotheorder, or simply as a modification of the previous orger

Each noise trader submia market order ofl for a sell or 1 for a buy during the pre
opening and at the opening. The total market order of the noise traders during-the pr

opening is denoted as,, whereasu. denotes the total market order submitted during the

opening period. It is assumed that the noise traders do not cancel or modify their pre
opening orders. The total order flabserved by the market maker in the-ppening is

z, =% +U; and, equivalently, the total order flow at the opening period will be
z- =x. +U; +U_.. The price that is set by the market maker will be the expected value of

the asset, conditional on the order flow in both periods, suchpllzat z,.) = E(\7 |z, ZF).

By deriving the rational expectation equilibrium in both periods, Bresad. (2003) slow

that the informed trader manipulates the market during th@pering period by placing
orders that are in excess of that justified by the private information received. Thus, if the
signal implies a high value for the asset relative to the priceptbamed trader placea
relatively large buy order that is viewed by the market maker as noise and is not reflected in
the prices quoted. In effect, the theoretical prices that are quoted during-thpepheg will

not have a monotonic relationship witie order flow. As a consequence, the opening price

at the end of the prepeningdoesnot have a monotonic relationship with the fundamental

value of the asset.

> The theoretical prices the price that clears the market based on the cumulated order that the market maker
receives.
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This finding is contrary to that of Medrano and Vives (2001), in which they show that the
strategic informed traderpesi c ont r ar yo orders during the
compensate for information revealed by the competitive informed traders. However, when
the probability of the market opening is high, the strategic informedr&rageise the

contrary orders so as to reflect their information. This implies a monotonic relationship

between the order flow and prices.

Bruscoet al. (2003) further argued that this noemonotonic relationship would not hold in

the regular trading ped. They argued that during the open period, orders are executed on a
continuous basis and an informed trader could only exploit private information by
employing a monotonic strategy. For instance, the informed trader would trade in small
quantities unt the entire information has been revealed. In essence, the relationship
between the order flow and the quoted prices during theogering period should be

different from the relationship between the order flow and quoted prices during regular

tradinghours.

3.2.2.3 Strategic Behaviour and Initial Public Offers

The models of Medrano and Vives (2001) and Brustal. (2003) are a more realistic
representation of the tatonnement process in the presence of strategic informed trader
participating dumg the preopening period. However, Kukiu andPham(2009) examine
manipulation during the prepening for newly listed stocks on a stock exchange. The
authors contend that traders duringthegpnee ni ng may e-mphogl a &6
to influence the opening price of stocks that are being listednoexchange for the first

time.

Contrarily, informed traders during the popening do not possess private signals about the
fundamental value of the stock from which to profit, as seen in Vives (1995), Medrano and
Vives (2001) and Bruscet al. (2003). The assumption here is that the submission of
aggressive limit orders by the strategic trader indotieer traders, who rely on information
from the order flow, to submit additional aggressive orders that perpetuate the initial impact

on opening prices. This is possible, based on the assumption that the order book is
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anonymous and traders are unabldistinguisha strategic trader from other traders. In
order to create a false signal, the authors assume that the strategic trader submits executat
limit orders that would generate a trade at the opening if the order is not cancelled or
revised'® However, close to the opening, strategic traders cancel the order or revise the
order price in a way that makes it unexecutable. Hence, employing suctegysinaplies

that the strategic trader execain order posbpening so as to profit from the relatively

higher/lower opening price.

To model this behaviour, the authors employ a two stage Bayesian Nash Equilibrium game
played by an informed trader, aagegic manipulator and an uninformed trader who learns
from the order book’ In the first stage, a limit order arrives with a probabilityaof where

there is a probability ofg/2 that the order is submitted by the strategic buyer or seller.

Similar to Medrano and Vives (2001), the intention of the strategic trader is to submit a buy
(sell) order that conveys a false signal to the market that the stock is underpriced
(overpriced). By doing so, the strategic trader disguises their self as an informed trader with

the intent to lead other traders to submitt similar aggressivesorder

In the second stage, the uninformed learner, without knowing who is submitting the order in
the first stage, determines if the stock value is high or low, based on the submitted limit
order. In addition, based on the aggressiveness of the order submitted in period one, th:
uninformed learner forms a belief about the identity of the trader who subitiéeatder,

and then submits a limit order. However, the strategic trader saheeadrder so close to the
opening that its not possible for the other traders to withdraw their orders before the orders

get executed.

Solving this two stage game reveals t-hat
cancel 0 activity by the strategic trader
the number of potential uninformed learners (one of whom will pastieiduring stage two

of the game). I n addition, the I mpact o f

increases with the level of information asymmetry and the number of available potential

18 Executable orders are orders submitted with a price that crosses thesiaiienit order in the order book.
For instance, aell order iscontra-sideto a buyorder with the same price.
" There are N uninformed learners from which only one will paudte in the second stage of the game.
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uninformed learners. In essence, the capabilithefstrategic trader to influence prices and
manipulate the market depenadn the level of information asymmetry between the
manipulator and other traders and the ability of uninformed traders to learn from false
signals placed in the order book.

3.2.3 The Case of a Strategic Specialist

The models reviewed thus far have not made any explicit behavioural assumptions about the
market maker that facilitates the gypening tatonnement process. An institutional structure
that is used by some stock excheasigs to mandate a market maker, known as the specialist,
to provide liquidity and priceontinuity for stocks that are traded on the exchange. In
addition, the exchange impas®arious restrictions on the behaviour of the specialist
regarding the processf trading in shares assigned to them. To fulfil this mandate, the
specialisthasto maintain an inventory of stocks from which they provide traders with a firm
bid to buy and an offer to sell the underlying stock at specific pria##hin the contexof

the preopening traders submit orders to the specialist and, at the end of the preopening, the
specialist determirsghe opening price, taking into consideration all the constraints faced. In
essence, the specialist, being the sole facilitator threugch trades are executed, is faced

with various costs and benefits in carrying out their obligations.

The specialist is in an advantageous position due to the ability to view all orders submitted
by traders. As a consequence, being the sole faorlibdtrading during the prepening can

result in significant profits for the specialist when setting opening prices. However, there is
a potential cost facing the specialist for maintaining an inventory of stocks, since there may
be cases where they lgto buy stocks to replenish their inventory at unfavourable prices.
Additionally, the specialist may not be able to act on information like other market
participants, since at all times they have to be willing to buy or sell the stock irrespective of

thestate of information in the market.

In order to examine the effects (importance) of a strategic specialist in the price discovery
process during the pigening, Madhavan and Panchapagesan (2000) construct a theoretical
model of a preopening tatonnemertat incorporates a specialist with explicit consideration
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for their obligation to maintain an inventory and adhere to various exchange obligations.
They contend that the specialistés role i
the preopenng conveys valuable information to the specialist. Additionally, tuthe

obligations faced, I f the specialist tra

opening pricas more efficient than one determined by a +specialist dealer market

The model is a two period game, where in the first stage traders submitqmicegent
orders to the specialist for execution at the opening. In the second stage, the specialist view
the orders submitted during the jpening period and determines @pening price
considering the accommodation of any excess demand from the inventory. In both periods.

a single risky asset with unknown value mean m and precisionz (inverse of the

variance) is traded between the traders and the specialist. Similar to the model of Medranc
and Vives (2001), both informed and noise traders participate in theppréng. The
informed traders are assumed to obtain private informatignal s about the unknown

value of the asset that is drawn from a random distribution with mesard a precisiory .
The information set of the informed trader wherei =1,...,N, is denoted as\,, from

which they will form their expectations about the value of the asset.

The informed traders are assumed to be geakers and exhibit Constant Absolute Risk

Aversion (CARA) with utility function of the formu(W)=-exp( W), where
W=v(qg+e)+c-pgi s the trader &s>0 isdhe mofficient of nsle a | t
aversion, g, is the quantity of stock trader orders,e i s t he traderos
endowment,c. is his initial cash position angis the opening price. Madhavan and

Panchapagesan (2000) show that maxi mi si ng

maximising the certainty equivalerntq +e)+c - pq - (Y2)r,s%(q, +€)>.

Since the traders are pritakers, their choice variable will be tigq@antity ordered during
the preopening. Thus, maximising the certainty equivalent shown above syield

g (p)=a - b p, which is the priceeontingent demand function of the informed trader
where a =(v,)/(r,s?)- e and b =1/(r,s?). Therefore, the greater the difference

between the riskveighted expected value, based on the information set and the value of the
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share endowment, the higher the demand of the informed trad@ihe uninformedoise
traders, also assumed to have CARA utility functions, trade for liguidised reasons such

as lifecycle consumption needs. The noise traglewhere j =1,...,K, submis a market

order of x; during the preopening, to be executed at the opening.

3.2.3.1 Opening Price without Specialist Intervention

In the situation where there is no market maker present, traders submit their orders
electronically to an automated call auction system thabbksitesthe opening price. In this

case, the opening prids equal to the pricep” that se$ the aggregate excess demand to

zero. The aggregate excess demiaride sum of the orders submitted by the traders, which
is Q(p) :éiN q +é:_<xj 1 (v, - p)aiNbI - aiNq +é_:_<xj . Since the pricep” is the market

clearing price that set the aggregate excess demand to zeropthisnthe solution to

-n -n * n LR L) _1
(v, - p)aiNb, - aiNq +a'j<xj =0. Therefore, p :v0+(a:_<xj - aiNariNb,) Ly, +w.
Thus, theopening priceis equal to the value of the asset plus a zero mean nwiseat

captures the effects of informed traders hedging their endowment risk and noise (liquidity)

trading.

3.2.3.2 Opening price with Specialist Intervention

When the specialist is incorporated into the-gpening to determine the opening price, the
opening pricas not necessarily equal to the price that would otherwise be determined in the
case of an automated market clearing system. At the opening, ttialispeselect an
opening pricep, that cleas the market and absorb any excess demand from their inventory.
Thus the opening price reflathe additional amount of stock that the specialist purchases or
sells during the prepening period. In addition, it is assumed that the exchange regulators
impose a price continuity restriction on the opening price that is set by the specialist.

Therebre, the specialist is expected to set a fair opening price that is close to the previous
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closing price and is assumed to face a cost for failing to maintain price continuity of

- d(p, - p°)?, whered >0 is a constant ang°® is the previous closing price.

If the aggregate trade of the specialist at the opening is denoted ast hen t he s
terminal wealth at the beginning of the trading periodis
W, =v(z+e)+c, - p,z- d(p,- p°), Where c,, represents a risless assete, is the
specialistodés shar e i nvpgznidtloercost tgptheismecialist for the h e

amount of stock purchased/sold at the opening. In essence, the terminal wealth of the
specialist is the value of the opening inventory and share obtained/sold, the cash position les
(plus) the cost (income) from olmieng (selling) z shares and the cost of price discontinuity.

The specialist is assumed to maximise a CARA utility function of the fon,) =-e ™,

where r >0 is the coefficient of risk aversion.

The market clearing price that is set by the specialist at the operthmg price p, that ses

the aggregate excess demand plus the specialist trade to zero. In other words, the openir
price set by the specialist sobv&(p,) + 2z (v, - po)éiNQ - aiNq +a:,<xj +2z=0, which

is the sum of the orders of the traders and the amount traded by the specialist at the openin
Therefore, p, = p*+/z, where / =(é. iNbl)1 and p  is the price determined in the

automated call auction system discussed above. Essentially, the presence of the speciali
does not affect the demand of the traders since their demand is only contingent on prices
However, the opening price set by theaglist is equal to the price set in an automated call

auction system plus additional noise induced by the specialist trade at the opening.

Madhavan and Panchapagesan (2000) examine the informational efficiency of both prices by
comparing the variancef the deviation of both prices from the fundamental value of the
asset, which they defined as the pricing error. The unconditional variance of the pricing
error in the automated call auction processvis|p’ - v,|=vafu] and the unconditional
variane@ of the pricing error at the opening, with specialist intervention, is

vafp, - v, =vau]+/2vaz]+2/ cofz,u]. It is evident that the variance of the pricing

error in the case of specialist intervention is the sum of the weighted variance of the pricing
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error without pecialist intervention, the variance of the specialist trade and the covariance

between the specialist trade and noise induced by noise trading. The differencg here

D varp, - V,]- valip* - VOJ:/2va|{Z]+2/ cofz,W].

The authors contend that the specialist trade has posita@nditional variance arising from
inventory hedging and the exchange obligation for price continuity. In addition, they claim
that the last two terms in the equation above can be negative or positive, whichinesult
more or less efficient pricesespectively. For instance, if the specialist is risbutral and

the cost of maintaining price continuity is low, then the specialist trade partiallysdfiset
noise that arises from the noise trading such tuafz,n]<0. However, if the invetory

and pricecontinuity have potentially high costs for the specialist and the information is poor,
then coM{z,u]>0 and, as suctthe specilaisthooss less efficient prices at the end of the

pre-opening compared to an automated system.

3.3 Review of Empirical Literature

3.3.1 Noise vs. Learning during the Preopening

The theoretical models of Medrano and Vives (2001), Brescal. (2003) and Madhavan

and Panchapagesan (2000) all conclude that the opening price at the end cbiienipg

is noisy around the fundamental value of the asset. Both Brisalo(2003) and Medrano

and Vives (2001) argue that the manipulative behaviour of the strategic informed trader
leads to less efficient prices, as they intentionally induce additimisé into the order flow

that the market makers observes. Madhavan and Panchapagesan (2000) show that in tl
case of no intervention by a market maker, the price that is determined by the automated cal

auction systens noisy around the fundamental e of the asset due to noise trading.

Madhavan and Panchapagesan (2000) also show that with the intervention of a designate
market maker, the efficiency of prices can be more or less, compared to the automated cal
auction system, depending on the tielaship between their trades and the trades of the

noise traders. However, an alternative to these predictions is presented in Vives (1995)
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where the noise component is less influential and the order flow represents a strong signa

regarding the valuefahe asset.

An empirical assessment of these theoretical predictions is carried &igibyHillion and

Spatt (1999), who argue that due to the-bomding characteristic of trades during the-pre
openi ng mighb faildcele seridus and informetd (p. 1220) Hence, it may be the

case that the prepening prices and order flowo not contain information about the
fundamental value of the asset. Based on this argument, they posit what they term as th
finoise hypothesis, = w h e r-@penindraeler fiow eeflects only noise trading which may

be due in part to manipulation. Alternatively, the traders can behave as the competitive
informed traders of Vives (1995) that place market orders based on the private signal tha
they received without any mac pul ati ve behavi our . leanidighi s
hypothesis |, where the order flow reflects the

reflect | earning (from the information of

In functional form, theprices (p,) under the noise hypothesisethe expected value of the

asset, conditional on the information before the beginning of thepeeing tatonnement

plus some error. Essentiallyy, =E(v|l,)+& where v is the fundamental value of the
asset, |, is the information set at the beginning of the-ppening period andg is an
exogenous white noise error term that is independent of the value of the asset and th
information set. Under the learning hypothesis, the pacesletermined by the expected
value of the asset, conditional on the public information observed from the continuous
updating of theoretical (market clearing) prices by the automated call augsiemsduriig

the preopening (as in Vivesl995)!8 Therefore, p, = E(v|l,), wherel, is the information

received by the traders through observing the evolution of theoretical prices over-the pre

opening tatonnement.

18 There is a slight difference here compared to the assumptions of Vives (1995), which arises from the Vives
model incorporating a market maker, thus making the traders price takers. In-tipstbet traders subim

guotes (demand functions) to a centralised system that estéiehbuyswith the sell orders. This sep is also
observed in the empirical analysiEBrusco et al. (2003). However, this does not pose a problem, as Vives
(1995) and Medrano and Viv€é2001) both conclude that under such a situation (submitting demand functions)
the results are similar in nature.
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To test these hypothesdiiais et al. (1999) carry out an empirical analysis of limit orders
from the preopening and th@peningorder book of the ordetriven Paris Bourse. The
Paris Bourse is a computerised continuous auction market with no spea#r&dt makers

to provide liquidity for stocks. Investors place computerised limit orders through brokers,
and trading occurs only when limit orders to sell are the same as limit orders to buy the
asset’ The preopening period of the Paris Bourse is fr@30 am to 10:00 am and the
trading day lasts until 5:00pm. During the jo@ening, the indicative marketearing
(theoretical) price of the current limit orders is displayed electronically along with the
associated volume and whenever investors plauegdify or cancel orders, the market

clearing price and volume are updated instantaneously.

The authors assume that due to the effects of traders learning under the learning hypothes
and the observed increase in order flow as theopeming tatonnemetpproaches the end,
that the distribution of theoretical prices that are displayed throughout the tatonnement will
be nonstationary. To circumvent this problem, they estimate an unbiasedness regression fol
each minute during the puapening period andtahe end of the trading day, in effect

analysing the price distribution at each point in time.

The regression used to test the learning hypothesis is given as
V- E(v||0):at+bt[F{- E(v||0)]+Zt, where if b, =1"1t, the learning hypothesis is
confirmed. In other words, if the difference between the fundamental value of the asset anc
its expectation, given the information before the-gening, is explained by the difference
between the observed theoretical prieesl the expected value of the asset, given the
information set before the opening, then the changes in theoretical prices will incorporate

learning. However, if5, =0 " t, then the theoretical pricedo not incorporate public

information (learning) and therefore the noise hypothesis cannot be rejected.

The results of the regression outlined above reveal that between 8:30 am and 9:50 am th
noise hypothesis is not rejected. This is in line with the aegwsnput forward by Medrano
and Vives (2001) an@iais et al.(1999), in which they state that informed agents (acting

strategically) distort the information that the market maker extracts from the order flow by

19 See Bias, Hamilton and Spatt (1995) for a comprehensive description of the Paris Bourse.
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placing manipulative orders. Another ex@#on is that the informed agent may wait until
the last few stages of the tatonnement to try to realise the potential value of their information

and not place orders during the early stages of thegering’

Towards the end of the tatonnement procdshe preopening, specifically, from 9:50 am

to 10:00 am, the results indicate learning as prices converge to their fundamental value.
become more efficient and reflect the state of information during the period. This, they
explain, can be attributed the fact that when the end of the-ppening period is close, the
informed traders (strategic and competitive) have to submit serious orders as they face th
risk and potential cost of a manipulative order being executed during the opening.

In a simila study, Aggarwal and Conroy (2000) examine learning and price discovery of
IPOs on the National Association of Securities Dealers Automated Quotations (NASDAQ)
stock exchange. In their study the authors examine the learning process by which the price
from the offers changes to the price of the first trade. For an IPO there is no price history
from which investors can infer the opening price, which potentially can impact the price
discovery process negatively and result in noisy opening prices. At tiEDNA, IPOs
participate in the prepening period only during the last five minutes before the market
officially opens, compared to 90 minutes for AIBO stocks. During these five minutes, the
lead underwriter and all market makers submit orders anderevisancel existing orders
before the market opening and the IPO are traded for the first time. Hence, compared tc
other stocks, investors have a smaller tinaene within which to learn about the
fundamental value of the IPO stock in the absence o€ pristory, trade execution and

binding orders to buy and sell.

The empirical analysis focuses on all the IPOs that took place on the NASDAQ over the
period May 1997 to October 1997, which amounts to a sample of 188 observations. Using &
similar method tdBiais et al. (1999), the authors test whether the quotes of market makers
for IPO stocks duringthe pepeni ng are fpure noiseod or
reveal that there is significant learning and price discovery reflected in the quotes of th
market makers. In addition, they find that the lead underwriter, without changing quotes

2 This argument is not supported by the resulBrofco et al. (2003), as they found that the informed trader
will always have an incentive to increase the amount of noise the market maker observes.
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often, observes and learns from the quoting behaviour of the other market makers. Anothe
interesting finding is that the first quote entered by the lead underwditring the five
minute period is very informative and explains a larger proportion of initial returns for IPOs.
Hence, this signifies the importance of the-ppening period in achieving price discovery,

even in the absence of previous trading infdromaspecific to IPO stocks.

3.3.2 Manipulation and Initial Public Offers

The theoretical model of Kuyk.iu and Pham(2009) shows that, both the probability of
observing manicmwmilcet oveci $ wh miyt by t he stra
strategic traderd6s order on opening price
and the number of poteatiuninformed learners. To test these predictions, the authoys carr
out an empirical study of order submission activities during theopeaing period for a
sample of 540 initial public offer (IPO) stocks on the Australian Stock Exchange (ASX)
between 995 and 2005. The analysis focuses on IPO stocks particularly, due to the high
level of asymmetric information surrounding the initial listing of a stock on the exchange.
The authors claim that information asymmetry in IPO stocks arises from the Ipcicef
history and the tendency for issuers to uralre IPOs so as to attract sufficient investors,

thereby creating significant uncertainty about the fundamental value of the stock.

The ASX is an order driven market, similar to the Paris Bourse, watiprthopening period
occurring between 8:00 am and 10:00 am. However, for stocks that are initially being listed,
the exchange will assign a specific time during thegmening when these stocks will be
available to investors. To identify strategic argdacement by traders, Kult al. (2009)
develop an algorithm that assesses the intention of an order submitted for an IPO stock
during the preopening. Hence, if a trader submits an executable limit order and then, closer
to the opening, alters the orde a way that significantly reduces the execution probability
then this order is identified as strategic. In other words, the strategic trader is assumed fc
submit an executable order in the desired direction of manipulation in an attempt to be
mistakenfor an informed trader, thereby providing a false signal to the other traders. As the
pre-opening progresses and the opening price changes, the strategic trader continuousl

alters the manipulative order to maintain the credibility of the false sigrzibse to the
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opening, the strategic trader either casti®® order or revisgts price in such a way that the

orderis no longer executable during the opening matching process.

The authors find that of the total order submissions in the sample of Iek®,st4%.6% of

these orders are identified as being strategic. However, a repeat of the algorithm reveals
dramatic reduction of strategic order submissions to approximately 8.3% after twenty trading
days following each IPO. Hence, this indicates thatdinategic traders take advantage of
the high asymmetric information and price uncertainty associated with IPO stocks during the

pre-opening in an effort to influence the behaviour of less informed traders.

In addition, the results reveal that the prilcgact of the strategic orders is greater than that

of nonstrategic orders, especially when the strategic orders are submitted early.
Interestingly, the analysis reveals that the withdrawal or alteration of the strategic order (to
avoid execution at thepening) does not result in an equivalent reversal in the indicative
opening price, compared to the initial impact. The evidence also indicates that the inflated
(deflated) prices, due to the submission of strategic orders, revert after the openiag of th
market, further signifying manipulative behaviour.

3.3.3 The Pre-opening Period without an Opening Price

The analyses discussed so far have focused on markets characterised by one or more mar}
makers, and the opening price is determined by pooliegntlarket (limit) orders and
choosing the price that clears the market. In Vives (1995) and Medrano and Vives (2002)
the market makers are assumed to be competitive, while in Madhavan and Panchapages:
(2000) and Bruscet al.(2003) their analysis assumgsingle market maker that determines

the opening prices. Essentially, all the above studies assume that at some point the pre
opening tatonnement eventually ends and an opening price is determined by the marke
maker(s), whether by a random (after anpan time) or fixed opening. With this in mind, is

it possible for a pr®pening period, without an opening price being determined at the end, to
be able to provide price discovery? A stock market with such a characteristic is the
NASDAQ Stock Exchange.
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The NASDAQ Stock Exchange is a multiple dealer electronic securities market with
competitive market makers who are mandated by the exchange regulators to provide
liquidity for stocks traded on the exchange. In other words, in the capacity of a market
maker, they are obligated to make firm bid and ask quotes once the market is open. Botr
market makers and dealers are required to display their bid and ask quotes on the Electroni
Communication Network (ECN), which is viewed by all the market makers at the
NASDAQ. Additionally, the dealers are ab
the lowest ask and the highest bid quotes submitted by the market makers for each stock.

Another point to note is that for a highly traded stock tleraore thanone market maker
obligated to post firm bid and ask quotes for that stock. Consequently, market makers for a
stock sometimes post quotes that result i
quotes. A locked inside quote occurs when a marlkeéemposts a bid (ask) that is equal to

the lowest ask (highest bid) posted by another market maker. Similarly, a crossed inside
guote occurs when the posted bid (ask) is greater (lower) than the lowest ask (highest bid
guote in the order book. In anderly functioning market, the best ask should be higher than
the best bid, and the NASDAQ rules prohibit market makers from intentionally entering
guotes that result in a lock or a cross during regular trading hours. However, due to-the non
binding charateristic of preopening orders, locked or crossed quotes are allowed and as
such are normally observed. The NASDAQ-ppening period begins at 8:00 am and trade
execution starts at 9:30 am and ends at 4:30 pm.

Against this background, Cao, Ghysels andhidaay (2000) examine the use of NASDAQ
mar ket makersdéo quotes as signals for pric
matching quotes at the end of the-ppening period. They argue that the more informed
market makers utilise locked and/crossed quotes during the {agening period to signal

their estimate for the stock to the other less informed market makers. They further posit that
if pre-opening quotes contain information about the value of the asset, and locks and crosse
are sigals instead of noise, then they (locks/crosses) should explain changes in the
equilibrium (closeto-close) prices. To measure the contribution ofqpening prices to
changes in the cloge-close stock prices, the popening and trading period are fi#oned

into precross/lock, lock, cross, pestoss/lock and trading steriods.

76



For each sulperiod, the Weighted Average Price Contribution (WPC) is calculated so as to
determine the contribution of each period to the ctosdose price change. h& WPC
measurs the fraction of price change over the period under consideration, relative to the
change in the closm®-close price. Hence, a WPC of one would indicate a one to one
relationship between the price change of a specific period and thete@ldsse price
change. Ifi denotes the superiod of interest (say lock), then the WRC periodi is as

follows:
wpG =4, (R |/& 1, IDR If (0P, /OR) (1)

where DR denotes the absolute value of the cltselose price change from day 1 to
dayt, DR, is the total price change for periddon dayt, andT denotes the terminal time

or mar ket closing time. To measure eac
contribution of the trading period, and taking into consideration that the periods are not of
the same duration, they compuitee Relative Time Weighted Price Contribution (RTWPC)

for each sukperiod. The RTWPC for period is calculated as the WPC for periad
relative to the duration of the period (in time), expressed as a propoitioa WPC for the
trading period relative to its duration. Thus, a ratio of one would indicate that the WPC in
periodi relative toperiodids duration is the same as th

toits duration. It follows that:

WPC,/a :-:lTime,t
WPCrrading/a ;r:lTimQradet

RTWG = )

The results of the RTWC reveal that, per unit of time, the price contribution of the pre
opening period is only dAslightlyo higher
trading period. This is evident, as the RTWC for the-qpening periodelative to the
trading period adjusted for time, is equal to 1.1. Therefore, amidst théimding
characteristic of prepening quotes and the lack of a formal matching procedure at the end
of the preopening period to determine the opening pricereths still significant price

discovery during the NASDAQ prepening period.
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The results also reveal that the proportion of price discovery during the period of locked
inside quotes, per unit of time, is 3 times higher compared to the trading periaddition,

the proportion of price discovery during periods of crossed inside quotes, per unit of time, is
9.7 times greater compared to the trading period relative to the length of the trading day.
Hence, locked and especially cross inside quotes costgnificant information about the
fundamental (equilibrium) value of the stock during the NASDAQqpening period, due

to its use by brokers to signal the value of the security to other less informed Btokers.

However, Davis (2003) studieghe Toromo Stock Exchange (TSE) popening period and

finds that neither the investors nor the market makers use locked or crossed quotes to signe
the direction of prices. The author suggekat, in the case of private investors, locking or
crossing quotes ears naturally because of the lack of trade execution during the pre
opening. Specific to the market markers, the author attributes the lack of signalling through
locks or crosses to the restrictions imposed on market makers during-thigepieg. At tle

TSE market makers are not allowed to set opening$récel norclient related orders two
minutes before the opening are penalised with a lower execution priority. , eus
institutional details of an exchange seem to profoundly impact the signaffiagt of

locking or crossing quotes during the {o@ening.

In another study of the NASDAQ, Ciccotello and Hatheway (2000) employ unbiasedness
regressions similar t@iais et al. (1999) to examine if prices during the fmpening are
unbiased and dffient. The authors examine dealer-ppening quotes for 52 stocks over a
one year period. The results indicate that theopening period generates prices that are
informationally unbiased. However, the results also reveal that the prices actualhyebe
biased during the last minute before the opening. In addition, the extent of the bias increase
for stocks with relatively lower trading volume. This they attribute to the lack of indicative

prices that are common to automated call auction systebhsing the weighted price

2L shkilko, Van Ness and Van Ness (8)8tudy locked and crossed inside spread that occurs during the
NASDAQ and NYSE trading day. From a sample of the one hundred most actively traded stocks on both the
NYSE and NASDAQ, this study firsthat during the trading period the NASDAQ stocks lock or cross
approximately 10% of the time and this occurs only 3.5%etime for the NYSE stocks. However, they find

that these zero or negative spreads are resolved between 4.5 to 25 seconds after they occur. While it is
apparently the reason for locked or crossed spread during tHop@néng, the reasons are less ctiaing the

trading period with active execution of orders. The authors contend that there are cases when the rapid update
of quotes during active trading leads to stale quotes being locked or crossed by other incoming quotes.
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contribution method (WPC), the authors show that despite a total of 50 market makers
participating during the pfepening, more than half the popening price discovery is
attributable to between six or seven market makers. ,Tiws indicates that there is
significant price leadership among a few market mattersig theNASDAQ pre-opening

3.3.4 Pre-opening Price Discovery and Overnight Trading

Another interesting feature of the NASDAQ stock exchange is the abildgaiérs to trade
stocks over a twenty four hour period on the Electronic Communication Network. This is
necessary due to the fact that some stocks listed on the NASDAQ are also listed on sever:
other stock exchanges around the world. Therefore, in daodéacilitate a continuous
market for internationally listed stocks, the exchange provides the dealers with the
opportunity to trade stock over the entire day. An interesting question in this case is, how
does trading over a twenftgur hour period affecthe price discovery during the popening

period, since there are less halts in the trading process compared to other markets. Barcle
and Hendershott (2003), who analyse the NASDAQ Stock Exchange, examine this and othe
guestions. In their articléhey examine how the trading process affects the revelation and
timing of information, in which period informed traders prefer to trade, how the trading
process affects the relative amount of information incorporated into the stock price and how

trading afects the informational efficiency of stock prices.

The authors categorise the NASDAQ trading day into four periods; theppréng period
(8:00am to 9:30am), the regular trading period (9:30am to 4:00pm), the post close period
(4:00pm to 6:30pm) and thevernight period (6:30pm to 8:00am). It is important to note
that market makers are required by the NASDAQ to quote firm and binding bids and ask
guotes during the regular trading period. However, providing quotes in the other periods is

optional and mayot be binding.

To ascertain in which period informed or noise traders participate the most, Barclay and
Hendershott (2003) estimate the Probability of Informed Trader (PIN) methodology
introduced by Easl ey, Kiefer and OOHar a

Probability of Informed Trader is calculated @&N =a rfa m2¢e)', where a is the
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probability that the informed trader receives a private signal about the value of thenasset,

is the order arrival rate of theformed trader, conditional on the information, a@&ds the

order arrival rate of the noise traders.

The results fronthe PIN calculation for the prepening, opening and peslbse periods
reveal that the probability of anformed trader is greatest during the-ppening, compared

to the other two periods. In addition, the probability of an informed trader is lowest during
the trading period and is approximately half the probability of an informed trader during the
preopening period. In essence, most of the informed traders try to exploit their
informational advantage during the fpening period, resulting in more efficient prices.
Therefore, this signifies the importance of the-gpening period in the NASDAQ exchgm

in providing price discovery for securities.

To measure the relative impact of private and public information disseminated during
trading on the price discovery process for each of thes@etitds, the authors utilise the
Hasbrouk (1991b) VAR methodiegy. Based on this analysis, thiyd that 35% of price
discovery in both the prepening period and trading day is attributable to private
information, and 24% of the information discovered in the post close was private. Thus
most of the private infanation is disseminated throughout the trading day (including the
pre-opening) and only a small amount of informed trading actually takes place during the

overnight period.

Barclay and Hendershott (2003) went further in measuring the amount of new imdormat
incorporated into stock prices within any of the specific periods. The methodology used
here is the calculation of the WPC for each period, similar to the calculations iet @ho
(2000). The periods examined in this analysis are thepeaing, pstclose, the overnight

and the opening periods. The results reveal that 74% of the clds®pen price
contribution occurs at the papening, 15% at the post close and 9% occurs at the opening
of trade. In essence, the results here provide strongre that the prepening period is

important in the price discovery process for stocks traded on the NASDAQ stock exchange.

2 The opening period is dekd by the authors as the last trade before 9:30 am to the first trade after 9:30 am.
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3.3.5 Trading vs. Non-Trading during the Pre-opening

The Caoet al. (2000) and Barclay and Hendershott (2003) analyses of tHeDXQ pre
opening periodare carried out during a period where thesevirtually no trading on off
exchange ECNs during the popening period. Theff-exchangdeCNs are open limit order
books where traders can submit orders and trade anonymously withotmsr, thereby
bypassing the brokedriven NASDAQ exchange. In addition, due the lack of broker support
and the anonymity of trades, traders can execute orders any time on these networks eve
during the official preopening period of the NASDAQ exchangeHowever, due to the
growth in these ECNs over time, this resulted in an increase exoffange trading
occurring in parallel to the NASDAQ piapening period where no trading occurs until the
open at 9:30 am. Hence, trading on theseréhange netarks during the prepening can
potentially provide market makers with price information from which they can position their

inventory and profit from this information at the opening of the NASDAQ.

To study the impact of growth in ECNs and the increasetingavolume that is concurrent

with the absence of trading during tNASDAQ pre-opening, Barclayand Hendershott
(2008) evaluate he evol ution of mar k e t-opemanc ferrtvgod
regimes;thenoh r adi ng r egi me d amdihe ading hegimesdarmg the 1
l ate 19906s. T h ehoua tratieb for afl stogkis listk¢y on adhe NASBAQt e
over the period January 1993 to June 1999. The objective of the study is to determine if
trading during the prepening period prades market makers with the ability to establish
prices that are more efficient, compared to the-tnading regime. In addition, they assess if
trading during the prepening increases the information content of prices at the opening,

due to the movemeuwf informed traders from the trading day to the-ppening period.

The authors assess the impact of trading on the efficiency of opening prices for the entire
sample by utilising unbiasedness regressions, similar tBitheet al.(1999) analysis. The
results reveal that increases in-ppening trading volume over time lead to more efficient
opening prices. In other words, trading on tiitexchangeECNs during the prepening
improves the efficiency of prices quoted by market makers, therebyimgsuit more
efficient opening prices. To assess if information trading migrated from the trading day to

the preopening period, the authors divide the 24 hour trading day into four periods; the pre
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opening, the opening trade, the trading day and the-ghust. The price discovery
attributable to these periods is estimated by the WPC method.

The results of the WPC computation for the four periods reveal that over the sample period,
price discovery shifted from the opening trade of the dajutingthe preopening period.
However, the price discovery during the trading day remained constant, which indicates that
information trading did not migrate to the gypening period, despite the increase in trading
volumeon off-exchange ECNsver time. In additionfor some stocks the information that

is reflected in the opening price remained unchanged over the entire period. Essentially, the
increasing level of trading on the efdkchange networks concurrent with the NASDAQ-pre
opening period improved the infoation available to the market makers and therefore
resulting in less noisy prices at the opening. Additionally, the results reveal thdiog
mechanisms are capable of incorporating public information into prices and reveal private

information, theeby leading to price discovery.

3.3.6 Price Discovery in Dealer Market vs. Automated Call Auction

Ellul, Shin and Tonks (2005) studhe factors that influence the choice investors make to
submit orders to the automated call auction system, as oppwmdbd tlealership market
operated at the London Stock Exchange (LSE) during thepgering period. At the LSE,

the main ordedriven system that executes orders without any market maker intervention
operates simultaneously alongside a paralleleatfhang quotedriven dealer system that
relies on market makers to provide liquidity to investors. During th@peaing period, the
orderdriven system determines opening prices based on a call auction similar to that of the
Paris Bourse, while the dealer sy depends on market makers similar to the NASDAQ
exchange The preopening period at the LSE is relatively short, beginning at 7:50 am and
ending at 8:00 am when the trading day begins. The empirical analysis focused on the FTSE
100 stocks traded on thothe quotedrive and ordedriven systems over the period June
1998 to December 2000.

The authors measure the contribution of both types of system to price discovery during the

pre-opening by employing the WPC method. In addition, theopening is searated into
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two periods, the first from 7:50 am to 7:55 am and the second from 7:56 am to 8:00:30 am
when the opening call algorithm clears the mafkeThe results of the WPC computation
indicate that there is no price discovery during the first pesioithe preopening in either

the orderdriven or the dealer driven markets. The authors claim that the absence of price
discovery during this five minute period between 7:50 am and 7:55 am is attributable to the
small number of orders placed during thieripd. However, in both markets there is
significant price discovery present during the second period (7:56 am to 8:00:30 am) when
serious orders that are intended for execution at the opening are being submitted by
investors. In addition, the WPC forethorderdriven (call auction) market is larger in
comparison to the dealer market. Hence, this indicates that most of the price discovery
during the preopening takes place in the market without market maker intervention, similar
to an implication of théheoretical model of Madhavan and Panchapagesan (2000).

The authors employ an endogenous switching model to determine the factors that influence
tradersd deci si ons -drigen ortha dealedrivan markets.hla this t h ¢
model the traderare assumed to choose between different venues based on the trading cost
they will incur. The results indicate that the order imbalance, adverse selection cost, price
uncertainty and order size increases the trading cost in thedrrden market relate to the
dealerdriven market. Conversely, large trading volume reduces the cost faced by investors
trading in the ordedriven market. In the dealdriven market, the results show that
investors face a high fixed cost relative to the cdteren maket. Hence, these results
suggest that the orddriven market provides a lower trading cost only when there is a high
level of trading volume. Additionally, when there is an increase in informed trading,

investors migrate to the dealership market dustzertainty about prices.

34 Conclusions

This chapter provides a survey of the most influential contributions to the market
microstructure literature that covers the marketgpening period. First, a comprehensive

evaluation of the theoretical coittntions to the pr@pening literature is presented, which

% The 30 seconds is incorporated into the second period since, at the extreme, all orders executed at the
opening take at most 30 seconds.

83



highlights the major assumptions and predictions of models developed so as to provide &
framework for analysing the tatonnement process of theomeaing period. Second, a
review of the empiridaliterature is provided, which outlines the major assumptions,
methodology and results of these analyses. Throughout the literature there is a consister
conclusion that there is significant price discovery present during theppreng period, as

the @ening prices tend to reflect its fundamental values. In addition, it can be concluded
that a weHldesigned pr®pening period providethe market with a suitable mechanism to
achieve price stability after a halt in the trading process.

Suffice to say, té institutional structures of the market and its design have a significant
effect on the price discovery process during thegmening period. For instance, if the
exchange regulator designates a specialist to be the sole entity authorised to trétks secur
among all investors, then the convergence of asset prices to their fundamental value during
the preopening significantly depesan the behaviour of the specialist and the information
that can be inferred from market participants. On the other, hanthe case of a fully
automated auction system, only the behaviour of investors sffectonvergence of prices

to their fundamental value.

However, the literature that focuses on the marketopeming period has not seen
significant development oopared to that of other areas of market microstructure. Further
empirical analysis is necessary to ratify the theoretical predictions proposed in the theoretica
literature. As such, this area provides researchers with a rich area for further research ir
determining factors that influence trader behaviour during th@peeing period and how
these factors contribute to the price discovery process. Hence, this thesis aims to provide
greater understanding of the factors that influence the behaviowdetsrand by extension

the resulting price discovery.
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Chapter 4

Determining the Intensity of Buy and Sell Limit Order
Submissions in theMarket Pre-opening Period

4.1 Introduction

This chapter analyses the process of limit order book formulation during the market pre
opening period of a nascent stock market, the Malta Stock Exchange (MSE). Specifically,
we investigate if publicly available information concerning the current statbeoorder

book impacts the intensity of order submissions, and whether there are discernable
differences between trader behaviour on the buy and sell side of the market. Asymmetric
information anccostly market participation have both been demonsttatedpede the price
discovery and liquidity formation process in asset markétesten and Milgrom, 1985;
Grossman and Miller, 1988). Analysing the market-ggening period can alleviate the
influence of these two factors, as traders can revise or Icanbmitted orders without
penalty, and unexpected changes in trade prices or inventory positions by definition play no

role in influencing the order submission process due to the absence of trading.

During preopening, traders place limit orders fosecific volume of shares to be bought or
sold at a specified price. Essentially, they are confronted with adfadémarket opening
between maximising the probability of trade execution and attempting to secure the most
favourable trade price, givetie prevailing state of the limit order book. In providing
liquidity, traders must decide whether to aggressively seek to trade the asset, taking intc
consideration the state of the order book, or employ a more patient strategy, hoping to

optimise on thexecution price of the asset at the risk of not trading at market opening.

The process of constructing the order book in theopening potentially represents a
valuabl e source of i nformation about the

valuation for an asset and the level of liquidity demanded and supplied at differentprices.

24 See Parlour and Seppi (20d@r a comprehensive survey of literature on limit order markets.
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The fact that orders submitted during this period arebioding and can be subsequently
cancelled or revised at no cost, makes inference somewhat more chglleRigiwever, by
observing each ot her 6s actions, trader s
submission process which facilitate learning in relation to both equilibrium price discovery
(Biais Hillion and Spatt, 1999) and information concerningriiimarket liquidity (Dia and
Pouget, 2006).

The central focus of this chapter is to determine whether traders appear to utilise information
inferred from the characteristics of pppening limit order submissions, and the consequent
changes in the limibrder book, in formulating their own order submission strategies. In
particular, do inferences derived from tr
book impact the intensity of their own order submission during the markeippreng
petiod? We further explore which specific information from the order book is most
significant in determining the driving factor behind the intensity of order submission of limit
orders by traders. Additionally, we seek to determine if the different sidbe aiarket are
asymmetrically impacted by the information that can be observed during tHupemg

period.

We make two key contributions to the literature. First, previous work on market pre
opening (such as Vives, 1995; Medrano and Vives, 2001; Madhand Panchapagesan,
2000; Barclay and Hendershot, 2003; and Biais Hillion and Spatt, 1999) focuses on the
periodbébs role in price discovery and how
exchange impact on this function. To our knowledge are the first to empirically analyse

the process determining the intensity of order submissions during the markgteprag

period as incipient liquidity is provided to the limit order book. In addition, the theoretical
literature on the market p@pening proposes that information asymmetry may drive order
placement activity during this period. In our analysis, we formulate and test hypotheses that
incorporate such considerations to determine if there is sufficient evidence to support the

theoreti@l predictions.

Second, by focusing solely on explaining the intensity of limit ardering the preopening
period our approach contrasts with previous duration studies (Engle and Lunde, 2003;

Bauwens and Giot, 2000; and Hall and Hautsch, 2007) whialysathe intensity of order
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submissions during the regular, continuous trading period. The latter studies necessarily
incorporate factors such as the arrival of market orders and trade execution intensity to
explain limit order submissions. Since we gsalthe preopening period, we focus entirely

on the temporal construction of liquidity in the order book and how changes to the prevailing

state of the order book affect order submission strategy.

To analyse the prepening order submission processesmealel the buy and sell duration
processes separately, utilising the t&GD model proposed by Bauwens and Giot (2000).

A key advantage of this approach is that it allows the incorporation of additional factors into
the conditional expectation equationtbe ACD model without the necessity of imposing
positivity constraints on the model coefficients. In addition, the error structure is assumed to
follow a Weibull distribution, which allows for some degree of flexibility in the hazard
function. To determme the impact of limit order book activity and incoming orders, we
incorporate explanatory variables into the conditional expected duration equation that reflect
the impact of: i) the posting of limit ordersjij the current spreadijii) mid-quote retms

and (v) revisions or cancellation of orders previously submitted to the order book. In order
to present a clearer interpretation for the arguments being proposed, we formulate the
arguments around order submission intensities as opposed to durafibesintensity is
defined as the reciprocal of expected duration and represents the instantarrealrsite of

order submissions.

To preempt the results, we find that the intensity of buy order submissions is more
responsive to information contained in incoming order and changes to the state of the orde
book in comparison to order submission intensity on the sell side. In faéipdvihat the
greater the price of an incoming buy (sell) order relative to the price at the top of the buy
(sell) order book, then the greater the increase in the intensity of buy (sell) order
submissions. This increase in the intensity of buy (setlrosubmissions is particularly
significant whenever the price associated with an incoming buy (sell) order is greater than or
equal to the best sell (buy) price, thus resulting in the spread being locked or crossed. Thes
results are consistent with tfieding in the continuous trading period studied by Hall and
Hautsch (2007).
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Periods of low buy order submission intensity follow the placement of incoming sell orders
at or below the best buy price, a finding potentially attributable to a negativdlisgna
effect occurring when the price of sell orders trend lower, especially those resulting in a
locked or crossed spread. However, this negative signalling effect results in an increase ir
the intensity of sell order submissions. Similarly, when theepof an incoming buy order

locks or crosses the best sell price, this increases the intensity of buy order submission an
reduces the intensity of sell order submissions. Essentially, these findings corroborate Cac
et al. (2000), who conclude that a ked or crossed inside spread improves the price
discovery process by providing strong information signals regarding the fundamental value

of the asset.

Changes to the limit order book, such as cancellations and revision of previously submitted
limit orders have a mixed impact on the intensity of order submissions. For instance, we
find that the cancellation of a buy or sell order reduces the intensity of both buy and sell
order submissions. In addition, a higher volume associated with a cancelleddsell or
reduces the intensity of buy order submissions. We discuss these findings in the context o
the signals they provide concerning the probability of order execution, as well as the
possibility of price manipulation by informed traders acting stratdgi¢al improve the

prices at which their orders are executed. Revisions to buy and sell prices induce ar
asymmetric response from market participants. For instance, revisions of buy prices towards
the top of the order book increases the intensity obseéir submissions, which is indicative

of sell side traders taking advantage of more favourable buy prices. However, there is nc
impact on the buy side when prices of buy orders are revised towards the top of the orde
book.

The remainder of this chaptés organized as follows. In section 4.2 we outline the

economic intuition and derive testable hypotheses based on the existing literature. Sectior
4.3 describes the econometric methodology while section 4.4 provides details of the data ant
explanatoryariables. Section 4.5 reports and discusses the empirical results and section 4.¢

briefly concludes.
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4.2 Economic Intuition and Testable Hypotheses
4.2.1 Submission Clustering

The market pr@pening acts as a period of information aggregati@ahaaplatform to signal
liquidity needs subsequent to a halt in trading following an overnight or weekend closure of
the exchange. During this period, traders receiving private information relevant to the
fundamental value of the asset and/or developicgient need for liquidity, can devise
trading strategies to preannounce their information and/or liquidity needs to other market
participant, facilitating market coordination to enhance gains from trade (Betat@003.

These communication strategiwill attempt to maximise the probability of trade execution
while attempting to secure the most favourable trade price at market opening, given the
prevailing state of the limit order book. Dia and Pouget (2006) also maintain that
communicating tradingeeds during prepening rather than at market opening mitigates the
impact of trading imperfections such as costly market participation and adverse selection
risk, thereby enhancing both market liquidity and welfare. Moreover, although there is no
execuion of trades and all traders have the option to cancel or revise orders without any cost
or obligations, Biaiset al. (1999) demonstrate that pricing efficiency increases during pre

opening and the evolution of process is consistent with learning daerngetiod.

Several previous papers study aspects of the underlying information communication and
coordination game which occurs during{e@ening. In Vives (1995), competitive informed
traders and noise traders submit limit orders to buy or sell @&t dssng the pr@pening

period without knowing whether their trades will be executed at the opening of trading.
However, as the pfepening progresses towards the end, informed traders reveal a
significant portion of their private information throughmit order submissions that
continuously improves the information set and learning capacity of other traders. As a
result, the relatively rapid erosion of the informational advantages conveyed by the private
information set dramatically reduces the inceafior informed traders to post further quotes

towards the end of the popening period.

Vives (1995) predicts that the intensity of both the buy and sell order submissions increases
during the early stages of the gpening, but following the processadntinuous revelation

of information about the fundamental value of the asset by informed traders, the intensity of
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both order type diminishes towards the end of the period. However, this assumption is not
supported by the empirical study of the jopenng by Biaiset al.(1999), who reveal that
while there is little evidence of learning during the early stages of thepemng, they
cannot reject the hypothesis that the evolution ofgpening prices towards the end of this
period reflects learning.This is consistent with many order submission strategies. For
example, informed traders may decide not to submit orders during the early stages of the
pre-opening and only submit their information based orders close to the end of the pre
opening period.Utilising such a strategy eliminates both the revelation of information and
learning by other market participants during the early stages of theppreng period.
However, towards the end of the fmeening period when informed traders begin to submit
their information based orders, the learning process resumes and the intensity of the orde

submissions increases.

However, informed traders might also act strategically and intentionally induce distortions
into the learning process of the uninformed tradediminishing their ability to form
expectations about the fundamental value of the asset from the order flow. Medrano anc
Vives (2001) show that when manipulative behaviour is incorporated into the information
aggregation process, the strategic infainteader posts contrary orders during the early
stages of the prepening intending to offset the information revealed when other
competitive informed traders submit orders. However, towards the end of tbpegmiag
period, the strategic informed tradewrerses the contrary orders and places orders consistent
with their information set. As a consequence, contrary to the predictions of Vives (1995),
Medrano and Vives (2001) posit that manipulative behaviour by an informed trader causes

the intensity obrder submission to increase towards the end of theg@eing period.

The predictions presented above are conflicting with regards to which stage of the pre
opening that is characterised by an increase in the order submission intensity. However
they m&e one similar conclusion that there is tendency for clustering of order submission
during the preopening period due to informed trading. Further, if the private information
set of the trader implies a higher fundamental value than the price implida byarket,

then the intensity of order submissions will be more focused on the buy side of the market

andvice versa However, if private information arrives randomly to the market then both
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sides should display similar degrees of clustering. Thereafoseich a situation the intensity
of orders on both side of the market will be examined separately. The testable implication is

as follows:

Hypothesis 1: Order Submissions Clustering

(a) The preopening period exhibits clustering in the buy and
sell ordersubmission intensity.

(b) The intensity of order submissions increases towards the
end of the prepening.

4.2.2 Limit Order Prices

Submitting limit orders during the trading period reveals the willingness of a trader to
purchase or sell a number of unitsaaspecific price, with both the price and volume that
constitute the limit order contain, in principle, significant private information about the
trader6s valwuati on of -opehirg perigdstieetdelay bebveen ¢he e r
submission of ordr s and the initiation of tradi nc¢
public information before any potential benefits can be realised. With each limit order
submission, market participants can revise their expectations about the fundamental value o
theasset and devise strategies to profit from their updated information set. For instance, in
the case where the limit order is placed by an informed trader, the uninformed trader without
knowing the type of order (informed or liquidity motivated) thatubritted, assesses the
aggressiveness of the order based on its characteristics. As a result, if the uninformed trade
infers that the order is information based then their order strategy will reflect the updated
information set. Hence, we predict thia¢ intensity of order submissions will be affected by

the information that can be inferred from the posted of limit orders.

Though the prices associated with | imit o
valuation of the asset, this informaiiis not revealed in isolation. In effect, the information
that is inferred from the price of an incoming limit order lies in its relation to the price of the
best buy/sell order currently in the limit order book. To determine the relationship between

the price associated with an incoming limit order and the buy/sell order intensity, we follow
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applicable arguments from Hall and Hautsch (200m)their analysis, the intensity of the

buy and sell arrival process in the limit order book of the Australian Stock Market is
estimated using an Autoregressive Conditional Intensity (ACI) model. They argue that when
a trader submits a limit buy order Wit price that is higher than the current best buy, this
reveals that the trader is more aggressive to get their order executed and places a high

valuation on the asset.

Hall and Hautsch (2007) further argue that a trader who sets the buy limit price above the
prevailing best buy price indicates that they are only faced with a low adverse selection risk
and diplays an upper tail expectation that is higher than the best buy price. Effectively, this
constitutes a positive signal to the market and as a result the net buying pressure is expectec
to increasé” Similarly, when the price of an incoming sell limitder is set above the best
sell, this conveys a positive signal in t
prevailing best sell price. Accordingly, the net buying pressure is expected to increase. In
addition, the converse of theseat@nships also holds true, in that, the price of an incoming
limit buy (sell) order that is set below the current best buy (sell) represents a negative

signalling effect and as a result, the net buy pressure is expected to decrease.

However, within the catext of the preopening period we further argue that due to the
absence of trade execution, the magnitude of the difference between the price of the
incoming buy (sell) and the best buy (sell) price has a more relevant impact on the intensity
of the ordeisubmissions. For instance, if there is manipulation by an informed trader during
the preopening period such as in Medrano and Vives (2001), then the manipulative trader
will implement negative signalling strategies to offset any positive signal reviealether
informed traders. In essence, if the information is consistent with a higher fundamental asse
value, the strategic trader would impose a negative signal by placing sell limit orders. Thus,
for the effect to be strong or credible the priceldsd timit sell orders must be close to or

lower than the price of the best sell. The converse of this argument also holds true.

Medrano and Vives (2001) show thiawvards the end of the papening period the strategic
trader is compelled to place ordéhst are in line with the private informatiom enablethe

% Hall and Hautsch (2007) define the net buy pressure as the ratio of the estimated buy and sell intensities.
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strategy to yield a positive payoff. Therefore, towards the end of theperang period the
strategic trader will submit buy orderand in order to increase the probability that their
ordersare executed at the opening, the price of the limit order must be close to or greater
than the best buy price. The more aggressive the strategic trader is the higher the price of th

submitted buy limit order.

Alternative, in terms of the Vives (1995)amework which does not incorporate
manipulative behaviour by an informed trader, the impact of the price of an incoming limit
order and the intensity of the order submissions will be the same as expressed above, thouc
the arguments are different. Essalhyi Vives shows that the order flow conveys significant

i nformation about the tradersdé valwuation
learn about the fundamental value of the asset throughout top@neng period. Therefore,

an informedtrader will increase the probability that their order is executed at opening by
submitting limit buy (sell) orders with prices that are close to or greater (less) than the best
buy (sell) p-théqcuee. u e OT hbiesh afvji wmpE | Bg period ase n t
Ellul et al.(2007) show for the NYSE, when the depth on the own side increases.

We propose that uninformed traders that notice this trend will adjust their order strategies in
a similar fashion and as such theemsity of the buy or sellrder submissiornncreass.
Consequently, this process contiauecursively until prices converge to their fundamental
value, at which the intensity of orders by informed agents reduces dramatically due to the

erosion of their private information.

The implication is that the more aggressive a trader is in getting their buy order executed at
the opening, the larger the difference betweenrtbeming buy order pricandthe best buy

price Accordingly, if a trader is aggressively seeking to get thali order executed at the
opening, then the difference betweabe best sell ordeandthe incoming sell pricavill be

large®® The larger the difference on the buy (sell) side, the greater the positive (negative)
signal that arises due to the order reigsion and vice versa Alternatively, he same

arguments are applicable if a strategic trader intentionally induces a negative signal to offset

% The differences discussed harenegative whenever the price of an incogibuy (sell) order is below the
best bid (ask) price and tend towards zero as the order price gets closer to the top of the order book. In
addition, the differences set to zero if the price of the incoming buy (sell) order is equal to or greater éhan th
best bid (ask) price. This is explained in more detail in section 4.4.2 of this chapter.
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the information that is revealed by other informed traders. Thus in both eagesitive

signal increasesdécreases) the imsity of buy (sell) order submissions and decrsase
(increase) the intensity of sell (buy) order submissions. Similarly, a negative signal
increases (decreases) the intensity of sell (buy) order submissions and decreases (increast
theintensity of buy (sell) order submissionSrom these arguments we propose four testable
hypothese$’

Hypothesis 2: Impact of Limit Order Prices

(a) The intensity of buy order submissions increases with the
difference betweethe price of an incoming buy @er and
the best buy price

(b) The intensity of sell order submissions decreases with the
difference betweethe price of an incoming buy order and
the best buy price.

(c) The intensity of sell order submissions increase with the
difference between ttike best sell pricandthe price of
an incoming sell order

(d) The intensity of buy order submissions decreases with the
difference betweethe the best sell price and the price of
an incoming sell order.

4.2.3 Locked or Crossed Inside Spread

During the regular trading period, a trade is executed whenever the price associated with ar
incoming buy (sell) order is equal to or greater (less) than the prevailing best sell (buy) price
in the limit order book. Essentially, this makes it impossible for tloe @f the best buy to

be equal to or greater than the price of the best sell in the limit order book. However, during
the preopening period there is no execution of trades taking place. As a consequence, the

price of an incoming buy (sell) can be setoa above (below) the best sell (buy) which

" Recall that intensitis earlier defined as the inverse of the conditional expected duration. Since the
estimation relies on duration, therefore, if an explaryavariable is negatively related to the conditional

expected duration then it will be positively related submission intensity. In this case, when the buy (sell) order
is close to the top of the order book (smaller negative number) then it is expebteatta negative

relationship with the conditional expected duration and a positive relationship with submission intensity.
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results in a locked or crossed inside spread. A locked inside spread refers to the situatiol
where the prices of the best buy and sell are equal. Accordingly, a crossed inside spreas
refers to the situation vene the best buy is greater than the best sell in the limit order book.
Cao et al. (2000) examine the impact of locked and crossed inside spread on the price
discovery process of the NASDAQ market joigening period. They find that when the
market is lockd or crossed, significant information is being revealed about the fundamental

value of the asset.

Therefore, we argue that a trader who locks or crosses the inside spread by submitting a bu
limit order that is equal to or greater than the best sell,ssambsitive signal by revealing

that their valuation for the asset is either equal to or greater than the prevailing best sell
price. Additionally, by employing such an aggressive strategy to increase the probability
that their order is executed at thgeaing, this also increases the probability that the trader
possesses private information about the fundamental value of the asset. Consequently, th
should positively impact the intensity of the buy order submissions and negatively impact
sell order sumissions, since the information is on the buy side of the market. However,
based on the same arguments, if the market is locked or crossed by an incoming sell orde
then this sends a negative signal regarding the fundamental value of the asset. eThus, th
intensity of the buy submissions is expected to be negatively impacted and the intensity of
the sell order submissions positively impacted. The testable hypotheses in this situation are

as follows:

Hypothesis 3: Locked or Crossed Inside Spread

(a) The intesity of buy order submissions is positively
impacted when the inside spread is locked or crossed by
an incoming buy order.

(b) The intensity of sell order submissions is negatively
impacted when the inside spread is locked or crossed by
an incoming buy order.

(c) The intensity of sell order submissions is positively
impacted when the inside spread is locked or crossed by
an incoming sell order.
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(d) The intensity of buy order submissions is negatively
impacted when the inside spread is locked or crossed by
an incomiry sell order.

4.2.4 Incoming Limit Order Volume

Extant theoretical models argue that the volume that is associated with a submitted limit
order is associated with informed trading, as a relatively higher volume is an indication of a
trader 6s sasggtroe spsriovfeinte from private i nfor me
suggests order flow volume during the joening period will be vital in the information
aggregation process, as market participants may infer valuable information about the
fundamendl value of the asset. In both Vives (1995) and Medrano and Vives (2001), order
flow during the preopening represents an important variable in the determination of the
prices set during the period. In other words, the price at each point during-thigepreg is
conditional upon the order flow that emanates from the traders. They maintain that an
increase in order flow signifies the arrival of private information and prices are impacted
accordingly. In essence, order flow is a major conveyor of irdbon regarding the

fundamental value of the asset, from which uninformed traders can make inferences.

There are a few points we should note. First, in Vives (1995), order flow during the pre
opening period first increases and then diminishes towardsnitheof the period, as more

and more information about the fundamental value of the asset is revealed by informed
traders. In the limit, prices equal their fundamental value and informed traders have no
incentive to place additional orders since theioinfation advantage has been eroded.
Second, Medrano and Vives (2001) in their analysis of strategic manipulation contend that
due to the behaviour of the strategic informed trader, order flow during thepeneng
period wil/ b e 06 dug toshk supnasdion of martipulative @rdecswduriag
the early stages of the popening and then the resubmission of revised orders towards the
end of the preopening period. They further predict that the intensity of order submission
increases towardséhend of the prepening period.

In both cases (Vives, 1995 and Meatveand Vives, 2001) an increaseorder flow volume

will be positively related to the intensity of order submissions during thepering period.
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Essentially, the impact operatesabgh two channels. First, if volume is a purveyor of
private information during the pi@pening (Biaiset al. 1995), then the volume associated
with an incoming buy (sell) limit order will be positively related to the intensity of buy (sell)
order submissions and inversely related to the intensity of the sell (buy) order submissions.
In essence, a high order vole on the buy side is indicative of private information that is
reflective of a higher fundamental value compared with the present prices. This leads to &
tendency for the intensity of the buy order submissions to increase. However, since there is
no trading during the pr®pening period, other traders in the market observe this trend, and
learn from the order flow. Hence, under the assumption of learning, a high order flow on the
buy side of the market act to reduce the intensity of orders on thédsetifshe market, and

vice versa Therefore, the testable hypotheses are as follows:

Hypothesis 4: Impact of Limit Order Volume

(a) The intensity of buy order submissions increases with
the volume of an incoming buy order.

(b) The intensity of sell order subrsiens decreases with
the volume of an incoming buy order.

(c) The intensity of buy order submissions decreases with
the volume of an incoming sell order.

(d) The intensity of sell order submissions increases with
the volume of an incoming sell order.

4.2.5 Order Revisions and Cancellations

On the MSE, limit orders that are submitted during thegpening are noiinding and
traders have the option to cancel or revise their order without cost or obligation anytime
before the order is filled at the opening. Adearrevision corresponds to any modification a
trader makes to a previous order that does not alter the type of order (buy or sell). For
instance, if a trader changes the price or volume of a previously submitted order, then this
constitutes a revisionHowever, if a trader contemplates modifying the type of order from
say a buy to a sell, then the ordesto be cancelled and the desired type of order re

submitted. The exact reason for a cancellation is generally unknown since there are a variet
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of reasons that can motivate the cancellation of an order. For instance, if a strategic trade!
possesses private information about the fundamental value of the asset in the framework o
Medrano and Vives (2001), the strategic trader submits limit orders dhengarly stages

of the preopening that are contrary to what is implied by their private information. If the
strategic informed trader is to profit from the private information, these manipulative orders
need to be cancelled and an order reflectivanefgrivate information is submitted. In this
case, the cancellation of a previous order will be associated with an informed event, and a:

such should have a significant impact on the intensity of the buy/sell submissions.

Alternatively, if the informatioraggregation process commences towards the end of the pre
opening period as in Biaigt al. (1995), then this provides additional reasons for
cancdlations and revisions. Essentially, their analyisids that towards the end of the pre
opening period gques become more informative and reflect learning among traders.
Therefore, later in the pr@pening uninformed tradeese able to form better estimates of

the fundamental value of the asset, and as such likely modify their previous orders to reflect
their updated information set. Thus, if the price of their initial order was an under or over
estimate of the true fundamental value, then they will revise their orders to accommodate
their updated estimate. Additionally, if based on the information thaeirgy revealed by

the informed traders, uninformed traders realise that they are on the wrong side of the
market,thenany previous orders will be cancelled and new ardabmitted. Under these
assumptions, canldation and/or revision of a previoussubmitted order is information
driven, and will significantly impact the intensity of the order submissions.

The main implications are as follows. First, the cancellation of a previous buy (sell) order is
expected to negatively impact the buy (sell) orsensity and positively impact the sell
(buy) order intensity. The argument here is that if the cancellation arrives in light of
|l earning, a cancelled order 1 mplies that
has changed. The trader haserred that the information flow is concentrated on the
opposite side of the market, and they no longer have an interest in executing their curren:
order. Further, we expect that the impact should be more significant the higher the volume

associated wh the cancelled limit order.
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Second, the impact of a revised order is likely to be dependent on the direction of the chang
in relation to the best buy/sell order. If the limit buy price is revised upwards, closer to the
best buy, then this represerdspositive signal that the trader associates an improved
valuation with the asset. This may be as a result of learning, and as such should have
positive relation to the intensity of the buy order submissions. The converse of this
argument should algwold true in the case of the sell order submissions. Therefore, we posit
that: on the one hand, a revision of a buy order price in the direction of the best buy
increases the intensity of buy order submissions and reduces the intensity of sell ordel
submsgsions. On the other hand, if there is a revision to a previous sell order price in the
direction of the best sell then this carries a negative signal and as such should increase se
order intensity and reduce buy order intensity. In addition, the moagniof these
relationships should also be increasing in the volume of the order being revised. Overall, the

testable hypotheses can be summarised as follows:

Hypothesis 5: Impact of Limit Order Cancellations

(a) The cancellation of a buy order and the asated volume
negatively impacts the intensity of buy order submissions and
positively impacts the intensity of sell order submissions.

(b) The cancellation of a sell order and the associated volume
negatively impacts the intensity of sell order submissions and
positively impacts the intensity of buy order submissions.

Hypothesis 6: Impact of Limit Order Revisions

(a) The revision of a buy orderice closer to the best buy price
and the associated volume increases the intensity of buy order
submissions and reduces the intensity of sell order
submissions.

(b) The revision of a sell order price closer to the best sell price

and the associated volunrereases the intensity sell order
submissions and reduce the intensity of buy order submission.
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4.2.6 Bid-Ask Spread and Mid-Quote Return

In a limit order market the inside spread is computed by finding the difference between the
prices of the best bugnd best sell orders in the order book. This measure is closely
associated with the level of liquidity in the limit order book, with a wide spread indicative of
low market liquidity and a narrow spread indicates a relatively high level of liquidityein th
market. In the context of the popening period, in which there is no active execution of
trades, the best buy (sell) represents the highest (lowest) valuation that a buyer (seller) ha
placed on the asset under consideration. Therefore, we cantl@gifehe highest value to

buy is close to the lowest value that a trader is willing to sell, then this should signify a
greater level of incipient liquidity in the mark&t.As a consequence, we expect the intensity

of both the buy and sell order subsit to also be positively impacted by a narrow spread.

In essence, with greater level of incipient liquidity available in the market, the intensity of

the order submissions of both types can be expected to increase.

Another source of inference availalidetraders during the pr@pening is the past behaviour

of order prices during the period. Under the assumption of learning, traders observe the
evolution of expected opening prices as a basis upon which to form their own expectation of
the fundamental Vae of the asset. The fact that the-ppening period is preceded by an
overnight, weekend or holiday halt in the trading process enhances the possibilith&sat i
resulted in variations in traderso6 assetpect
As a consequence, any revision in expectations that manifest itself during the order
submi ssion process should provide signifi

fundamental value when such revisions are observed by uninformedstrad

Further, if market participants learn from differences in valuation that are realised over time
leading to more informed inferences about the fundamental value of the asse#ilthey
become more inclined to subnaitders. Consequently, we expdut intensity of both buy

and sell order submissions to increase. To measure the impact of variation in expectation:
about the fundamental value on the intensity of the buy and sell order submissions, we ust

the midquote return as a proxy. In essencéhdre is a high level of variation in valuation

2 A similar argument is articulated by Hall and Hautsch (2007) in the context of active trading. They argue
that the inside spread directly affects the intensity of the trade process on both sides of the market. However,
they do not present a case for theponse to the quote processes.
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about the fundamental value of the asset subsequent to the overnight or weekend halt in th
trading process, then this should be reflected in thequade returns. Therefore, we expect
that in light of sub learning, a high absolute meliote return should have a positive impact
on both the buy and sell order submission intensity. Therefore, the testable hypotheses it

this case are as follows:

Hypothesis 7: The Impact of B&¢ll Spread and Miduote Rettns

(a) The intensity of both the buy asell order submissions
should ircrease whetthere is an derease in the inside
spread.

(b) The intensity of both the buy and sell order submissions
should be positively impacted when there is an increase in
the midquote eturn.

4.3 Econometric Methodology

4.3.1 The ACD Model

To model the intensity of buy and the sell order submissions we utilise the Log ACD model
formation proposed by Bauwens and Giot (2001). This is an extension of the ACD model
first introduced by Engle and Russell (1998). To present a clear case faetbéthe Log

ACD model we first discuss the theoretical underpinnings of the basic ACD framework. In
the model proposed by Engle and Russell (1998), the s{er,ieq,...,tl} represents the clock
time that orders are submitted and the duratioeach order relative to the occurrence of the
previous order is defined as =t, - t, ;. Engle and Russell (1998) further define as the
conditional expectation of the" duration, such thay, =E(X |%_,,...% ). In addition,

they propose that the™ duration is the product of the conditional duration at peficahd

an independently and identically distributadl () variable e , such thatx =y, e , where

e~iid with density functionf (¢,f), wheref is a parameter vector. By construction, the

error structure for the ACD model is definedas=x /y, , whereE(e ) =1.
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In order to derive the framework for modelling the conditional duragion Engle and

Russell (1998) assume that the durations are conditionally exponentially distributed, and as
suchthe hazard function is constant and equal to one. Specifically, the hazard function

/,(t) is the ratio of the probability density functio®(t) to the survival functionS,(t),

such that/,(t) =P, (t)/S,(t) 2% They further propose that the conditional intensity of the
ACD model can be expressed aét|N(t),t,,....tyq) :/O(t- tN(t)/yN(t)ﬂ)()/N(t)ﬂ)'l, where

N(t) is a counting functiont,,, andy , are the time and conditional duration when the
counting function is evaluated, respectivély.Therefore, if the hazard function, (® is
assumed to be equal to one, imposing the assumption of exponentially distributed durations
implies the conditional intensity become/(t | X, ---%) = w1 AS a result, Engle and
Russell (1998) propose the following parameterization for the conditional duration process

which is referred to as the Exponential ACD (EACD) model:

m

EACD(Ma): ¥, =w+A " a% +& by, @)

However, Dufour and Engle (2000) argue that the standard ACD specification in equation
(1) has several disadvantages. For instance, the linear parameterization structure for th

conditional durationy; combined with the nonegative attribute of durations in general,

necessitates the imposition of positivity constraints when estimating model coefficients

(w,a, b). Without this constraint it would be possible for the model to predict inegat

durations. This problem is further amplified if additional explanatory variables which are

negatively related to the duration process are included in the ACD structure.

An attempt to circumvent this problem is proposed by Bauwens and Giot (200®irin th

Log-ACD model. Estimating the log of conditional duration floyrather than conditional
duration §/,), eliminates the need to place positivity restrictions on the coefficients. In

addition, by estimating the log of the conditional duration the autocorrelation exhibits

2f F,(T)is the cumulative probability distribution corresponding to the probability de®s{ty , then the
survival functionS(t) =1- F,(t).
%0 See Engle and Russell (1998) faranplete outline and explanation of these arguments and their proofs.
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hyperbolic decay, thereby capturing a greater degree of persistence in the durasn se
Bauwens and Giot (2000) propose the following structure for the parameterization of the
Log-ACD model, which they referred to as the LAGD model**

LogACD(m,q): Vi :eXD(W’fé.Lajei.j +é.?:1bj InJ/i-j) (2)

4.3.2 Error Distribution

Another important point in #h estimation process is that~iid , with probability density
function f(e,f), where f is a coefficient vector which determines the shape of the

distribution. However, due to the noegative nature of duration data series in general,

f(e,f) should have a nenegative support which restricts the distributions that can be

considered. In the basic model, Engle and Russell (1998) propose the use of the exponentiz
distribution for the density function. Essentially, assuming exponentially distributed error
terms imposes a flat hazard curve on the conditional duration strucamweassumption
tested and rejected in the empirical analysis of Engle and Russell (1998). They argue tha
greater flexibility is needed in the hazard function, and estimate the standard ACD model
assuming a Weibull distribution resulting in the WeitA@@D (WACD) model.

To incorporate a more flexible hazard function in the ACD structure, different distributions
have been proposed. For instance, Dufour and Engle (2000) implement the Generalise
Gamma distribution, Grammig and Maurer (2000) proposeusiecof the Burr distributed

error structure and Hautsch (2002) employs the Generalised F distribution for the ACD
specifications. The Exponential and Weibull distributions are special cases of the Burr,
Generalised Gamma and Generalised F distributiotdowever, due to the relative
complexity of these distributions, not all moments may exist without placing restrictions on
the distribution parameters during the estimation process. This complicates the estimatior

process of the models under consideration.

31 Bauwens and Giot (2000) also propose an alternative parameterizatisACBgwhich is not considered
here. However, we estimate both models and that while the results are quatively the same, the
estimated errors of the Log\CD model tend to be significantly more serially correlated.
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Consequently, due to the number of parameters to be estimated in this analysis, we utilize
Weibull distributed error structure (equation (3)) so as to minimise the number of estimated
parameters and reduce the complexity of the estimation prifcessdditionally, by

incorporating additional explanatory variables into the conditional expectation equation, we
expect that a greater amount of the persistence will be captured by the model, which make:

utilising a more flexible distribution unnecessary.

L g&xC1+1g)d | 3 exci+1g)d @)
i ¢

O XX @)t = a—— xpe—
WA @ e T gy,

1-O: OO

where g is a nonnegative parameters related to the slope of the distributiorG&Rds the

gamma function.

4.3.3 Estimation and Inference

Since x; represents the pooled process of the buy and sell order duratiotisaled t” be

the clock time associated with the submission time of a sell and buy order, respectively.

Therefore, the duration of a specifiader to the next order of the same typecfs=t* - t*,,
where k =b,s. The conditional expected duration of tygeis defined ag/ *, such that

e =x"/y ¥ and E(e')=1. For tractability, we incorporate only one lag of the error and

conditional expectation in the model, and refer to the formation as LogACD(1,1).
Additionally, given we wish to explain the fundamental drivers of the order submission

processes, we emtadditional factors into the conditional expectation equation. Zetbe
a column vector of explanatory variables that are known at timewith the corresponding

parameter (row) vector of coefficients . Then, the model for estimation is as follows:

yik :eXp(l/l/‘ +ak6'ilf1 +b" Inyilfl +hkzilf1) (4)

32 We experiment with the Generalized Gamma and Burr distributiodiuiot achieve convergence in the
estimation process.
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We estimate the augmented LogACD(1,1) model presented in equation (4) using maximum
likelihood method by implementing the Berndt, Hall, Hall and Hausman (1@HHH)
algorithm. The lodikelihood function is:

L =5 In(g)- In(x) + gIn[X*CGA+1/g)] - g - Wg
i 2 |

(5)

4.4  Data and Explanatory Variables
4,41 Data

The data used in this analysis is extracted from the Maltese Stock Exchange historical dat:
base over the period January 80@ to June 28, 2007. The Maltese Stock Exchange is an
electronic continuous limit order market with active execution of trades beginning at 10:00
am and ending at 12:30 pm. Prior to the initiation of trading, th@peeaing period begins

at 8:30 am anénds at 10:00 am when the clearing algorithm that determines the equilibrium
prices is execute. The sample studied in this analysis comprises events from the three
most active stocks during the market-ppening period. These are HSBC Bank Malta plc
(HSB), Bank of Valletta plc (BOV) and the Maltacom plc (MLC). Table 4.1 provides
summary statistics for order submissions, revisions and cancellations. Figure 4.1 plots the
duration between both buy and sell order submissions for the three stocks tinsedtundy.

The total number of events occurring in the samplej921 for BOV, 2397 for MLC

and 6,884 for HSB. The events comprise the submission, revision and cancelation of limit
orders, which account respectively for approxima€B, 28% and 12% of the total events

in the case of BOV. For MLC, approximately%, 30% and14% of the total events
represents limit order submissionsyision and cancellationof orders, respectively. The
proportions for HSB are384% for limit order submission®% for cancelled orders ar2$%

of the events represents order revisions. Other events, such as exchange actions, that occur
the data are omitted since they constitute a very small percentage of the total events and lac

any economic interpretation.

33 As of 23 October 2006, the popening period changed to 9:30 am to 10:45 am with the continuous open
from 10:45am to 12:30pm. This has been accounted for in our estimation.
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Table 41

Summary Statistics for Limit Order Submission, Revisions and Cancellations

Panel A. BOV MLC HSB
Limit Order Arrivals

Total orders submitted 13,793 15,219 10,958
Number of buy 7,005 8,579 6,789
Number of sell 6,788 6,640 4,169

Cancelled Limit Orders

Total orders cancelled 2,782 3,853 1,554
Number of cancelled buy 1,213 1,980 818
Number of cancelled sell 1,569 1,873 736

Revised Limit Orders (Price)

Totalrevised orders 6,346 8,325 4,332
Number of revised buy 2,899 4,665 2,401
Number of revised sell 3,447 3,660 1,931

Total Number of Events 22,921 27,397 16,844
Panel B.
Time between order arrival (Seconds)
Mean 262.84 270.58 258.26
Standard Deviation 478.04 484.05 488.68
Min 0 0 0
Max 4,576 4,695 4,225
LB(36) Statistic 9,644.05 12,109.83 14,133.26
Time between buy order arrival (Seconds)
Mean 296.38 229.18 296.02
Standard Deviation 555.15 467.44 542.59
Min 1 1 1
Max 4,927 5,060 4,943
LB(36) Statistic 4,660.56 5,935.31 7,998.55
Time between sell order arrival (Seconds)
Mean 359.73 400.72 489.24
Standard Deviation 575.22 615.37 690.66
Min 1 1 1
Max 4,969 4,955 4,984
LB(30) Statistic 1,812.53 2,517.24 1,184.46

Note: This table reports a summary of theta for the three stocks used in this study. Pan
reports the number of limit order submitted, revised and cancelled for all three stock:
January 4, 2000 to June 28, 2007. Panel B reports duration statistics for the pooled, buy
submis®ns processes, including the mean, standard deviation, minimum (Min), max

(Max) and the LjungBox test statistic at 36 lags (LB(36)).
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From the summary statistics in panel B of table 4.1, it is evident that there is a high degree o
persistence in both the buy and sell duraseries for all three stocks since the LjuBgx
statistic is highly significant even at 36 lags. The HSB buy duration series seems to be the
most persistent and the sell durations of HSB appear to be the least persistent based on tl
Ljung-Box statistic. In fact, the buy duration series tend to be significantly more persistent
than the sell duration series for all st

effect of short sale constraints.

To test the hypotheses discussed in section 4.2,owstract our explanatory variables by
recreating the limit order book at each point in time for the entire sample. Table 4.2
provides an outline of the variables and their definitions. In addition, due to the lack of order
execution during the prepenirg period, it is possible that the best buy is equal to or greater
than the best sell which results in a zero or negative spread. Based on market regulation:s
orders that cross the inside spread will be reflected in the order book at the market clearing
price. Hence, we adjust the variables such that whenever the spread is crossed or locked, t

best buy or sell price is set equal to the expected opening*price.

4.4.2 Explanatory Variables

In section 4.2.1, we argue that for reasons related to infammigvelation and learning, the
intensity of buy and sell order submissions increases towards the end of -thygepireg
period. To test this hypothesis, we measure the time to opening (in minutes) at each orde

submission and incorporate it in the mqoa#dfining mtq as the number of minutes to open

whenever a buy or sell order is submitted to the order FooRection 4.2.2 argues that the
difference between the price associated with an incoming buy order and the best buy
positively (negatively) impacts the intensity of the buy (sell) submissions. Similarly, we

argue that the difference between the pricdefliest sell order and the price associated with

3 The expected opening pricagenot included in the data set provided to ust®yexchange. However, we

applied the exact rules used to determine the opening price for a stock to the order book data and computed the
expected opening prices. To ensure our implementation is correct, the computed opening price is cross
checked wittthe actual execution prices at the opening.

% Hypothesisla, which speaks to the presence of clustering during the markeppreng period, is tested by
examining the coefficier(tbk) associated with the lagged conditional expectedtur.
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an incoming sell impastthe intensity of buy and sell order submissions negatively and

positively, respectively. To capture these impacts, the varialides and Iba, are

incorporated, to measure the difference between the log price of best buy and the log price o
the incoming buy order and the difference between the log price of an incoming sell order

and the log price of the best sell in periadespectively**’

In section 4.2.3, the discussions highlight the impact of a locked or crossed inside spread ot
the intensity of the buy (sell) order process. To test these hypotheses, we construct twc
variables. First, to determine the impact of atoming buy order that lock or crosses the

inside spread, we define the dummy variable , which takes the value of one when the

price of an incoming buy is greater than or equal to the best sell price. Second, to measur
the impact ofan incoming sell order that locks or crosses the inside spread, we define the

variable alc,, which is assigned a value of one when the price of an incoming sell order is

less than or equal to the best buy price.

Hypothesis4a in section4.2.4 proposes that the intensity of the buy order submissions
increases with the volume associated with an incoming buy order, while hypothesis
proposes the opposite impact on the sell submission, as the volume associated with a
incoming buy order negdively impacts the intensity of sell order submissions. In addition,
hypothesis4c and 4d proposes that the volume associated with an incoming sell order
positively impact the intensity of the sell order submissions and negatively impact the
intensity ofthe buy order submissions. To test these hypotheses, the log volume of the

incoming buy order(lbv,) and the log volume of the incoming sell ordfav,) are

incorporated into the model.

% The order of the variables are reversed in this case since we want to examine the effect of the price associate
with an order getting close to the best buy/sell. In other words the value of these variables should be closer to
zero the closeihie order is to the best buy/sell in the limit order book.

3" The objective of the variabldish andlba is to measure the aggressiveness of the price associated with an
incoming order. When the price of an order is equal to or exceeds its corresporstingibe the variables

will be either zero or positive, respectively. However, if the order exceeds (crosses) the best opposite order,
then the value of the variable will be computed as if the order price is equal to the opening price. This is done
becaise the variable is intended to reflect the visible order book and orders that cross the spread are reflected a
the opening price during the popening period.
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To measure the impact of cancabbas of orders and their associated volume on the order
submission intensity as proposed in section 4.2.5, we define several variables. First, the
dummy variablesdch and dca are constructed, which assign a valuewé if a buy or sell

order is cancelled, respectively. In addition, the impact of the volume associated with the
cancelled order is measured using the varialdleg and Icav,, which are the log volumes

associated withhie cancelled buy and sell order, respectively.

In hypothese$a and6b, we propose that revision of a buy (sell) order closer to the best buy
(sell) positively impacts the intensity of the buy (sell) order submission and negatively
impacts the intensity okell (buy) order submissions. This impact is measured by
incorporating into the model, the log ratio of the revised price in relation to the previous
price (for a revised buy order) and the log ratio of the previous price to the revised price (for
a revsed sell order), which are denoted Ies and Ira; respectively. In essence, if the
revised buy order is closer to the best buy then the log ratio is large since the revisid price
higher This argument also holds true in the case of a revisedrgell however, the order

of the variabless reversed® In addition, we measure the impact of the volume associated

with a revised buy or sell order by incorporating the variablas and rav,, which are the

log volume associated with the revised buy and sell orders respectively.

The final set of variables being considered in this analysis are intended to measure the
impact of the bieask spread and the mpiote returns on the intensity of the order

submissions, which are outlined in hypothesasiTd b. If we denotelogbl and logba,

as the log best buy and log best sell price in period then the spread is

spr =logbh - logba , which is the difference between the log best sell and the log best buy
prices. Additionally, the midjuote return(mqr) is measure by the absolute value of the log
ratio of the midgquote in peind i to periodi- 1, such thatmar =|log(mg/mq_, )|, where

mq = (bq +bh )/2, mq is the midquote during period and ba and bl are the best buy

and sell prices in periodespectively.

3 The best sells the minimum price at which an agent is willing to sell the asset. As a result, any revision of a
sell towards the best sédla decrease in the price. Thus, the log ratio of the previous sell price to the revised
priceis positive.
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Table 42
Summary Description of Explanatory Variables

Variable Description of Variable
vV, Conditional expected duration.
mtq Time until the market open in minutes.
Ibb. The log price of the best buy minus the log price of an incoming buy order.
Iba, The log price of an incoming sell order minus the log price of dsé dell.
lbv, Log volume associated with an incoming buy order.
lav, Log volume associated with an incoming sell order.
blc. Dummy variabl_e that indicates when the incoming buy price is gréseteror equal tc
' the best sell price.
alc. Dummy var_iable that indicates when the incoming sell price is less than or equal
' best buy price.
dch Dummy variable indicating a cancelled buy order.
dca Dummy variable indicating a cancelled sell order.
Icbv, Log volume associated with a cancelled buy order.
Icav, Log volume associated with a cancelled sell order.
Irb, Log ratio of the revised buy price to the previous buy price.
Ira, Log ratio of the previous sell price to the revised sell price.
rbv, Log volume associated with a revised buy order.
rav, Log volumeassociated with a revised sell order.
mqr The midquote return captured by the absolute change in thejuate.
Spr The difference between the log prices of the best sell and the best buy.

Note: This table provides a summary of the explanatory variables that are utilised in this study. The \
are calculated by reconstructing the gypening limit order book at every event for the entire sample u

study.

Important to note, ithat in the situation where multiple events occur duringithiaterval,

then we cummulate the volumelated variables and find the avearge of teenaining

variables Table 42 provides a summargescriptionof the explanatory variabkdiscussed

in this section. Table 4.3 provides a statistically summoatiieexplanatory variable.
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Table 43

Statistical Summary of Explanatory Variables

mtq
Ibb,
Iba,
blc,
alc,

Ibv,

lav.

dch
dca
Icbv,
Icav,
Irb,

Ira.

rbv.

rav,

may
Spf

Mean Std. Dev. Skewness Kurtosis
BOV _ MLC HSB BOV _ MLC HSB BOV MLC HSB BOV MLC HSB
20.662 23.994 19.546 18.004 20.115 17.745 1.085 0.802 1.043 1.051 0.14 0.710
-0.010 -0.015 -0.010 0.091 0.049 0.043 -2.259 2.835 -8.283 998.854 352.917 140.659
-0.016 -0.029 -0.023 0.050 0.124 0.067 -7.572 -15.783 -1.835 97.845 387.578 15.340
0.240 0.231 0.355 0.427 0.422 0.478 1.219 1.273 0.608 2.485 2.621 1.369
0.028 0.038 0.019 0.164 0.191 0.136 5.745 4.839 7.060 34.008 24.413 50.845
6.287 6.941 6.202 1.195 1.139 1.216 -0.130 0.102 -0.014 3.728 3.372 2.915
6.674 7.360 7.075 1.201 1.199 1.330 -0.094 0.581 -0.332 3.114 5.551 2.948
0.052 0.075 0.045 0.222 0.264 0.207 4.026 3.220 4.410 17.210 11.372 20.451
0.048 0.052 0.025 0.213 0.222 0.157 4,244 4.039 6.039 19.015 17.310 37.464
6.377 7.113 6.357 1.267 1.183 1.228 -0.096 0.055 -0.297 3.974 3.215 2.983
6.896 7.399 6.917 1.085 1.099 1.189 -0.056 -0.443  -0.416 3.388 5.736 3.899
2.250 2.953 3.315 4.278 5.337 16.415 5.745 7.341 13.677 51.546 87.828 195.557
2.661 2.824 2.731 5.551 6.105 9.799 5.470 8.707 10.721 41.499 109.505 136.002
6.228 6.932 6.074 1.113 1.039 1.129 0.037 0.005 0.143 3.012 3.182 2.919
6.650 7.120 7.065 1.187 1.028 1.365 -0.318 -0.142 -0.315 2.653 3.671 2.962
1.015 1.400 0.921 1.475 1.613 1.356 5.667 1.725 2.764 67.452 6.837 12.895
0.122 0.159 0.096 0.992 0.997 0.701 18.577 10.751 11.912 503.548 138.181 169.325

Note: This table presents a statistical summary of the variables used in the empirical analysis. For the three stddksthislistudy, we present the me:

standard deviation (Std. Dev.), Skewness and Kurtosis for all the explanatory variablegeempthis empirical analysis.

The variable®blc, alc, dcbhanddcaare dunmy variables.



4.5 Empirical Results

The resultsaregenerated by estimating two separate models for each of the three stocks, one
each for the duration series of the buy and sell submission process. All the regressors ar
assumed to be weakly exogenous to the conditional expected duration, and entsidghe m
lagged one period. Table 4.4 and 4.5 reports the parameters estimates and mode
diagnosticsrespectively. Table 4.6 provides a summary of the proposed hypotheses and the
results based on the empirical analysis. In addition, since our argumetnstanas of
intensity as opposed to durations, we also discuss the results of the model in terms o
intensities, which is the reciprocal of the conditional expected duration. A variable that
reduces duration will be interpreted to increase the inteofdyder submissions.

45.1 Order Submission Clustering

In hypothesedawe argue that by breaking the pooled order submission process into its buy
and sell components and modelling each duration series separately, the resulting processt
will remain hghly persistent due to the presence of informed trading. In addition, we posit
that both processes would display similar levels of persistence. Based on our findings
presentedin table 4.4, we can confirm hypothesita as the persistence which infers
clustering, measured by the coefficient of the autoregressive conditional duration variable,
ranges between 0.987 to 0.964 for the buy submission series and between 0.875 to 0.982 f
the sell submission series. Thus, there is a tendency for periods ointéghity to be
followed by periods of high intensity, and periods of low intensity to be followed by periods
of low intensity during the prepening period. However, on average the buy side is more
persistent as compared to the sell side. These fiagiyide some support to the learning
hypothesis proposed in Biags al.(1999), and the presence of informed trading as proposed
in Vives (1995) and Medrano and Vives (2001).

However, contrary to the findings of Biags al. (1995) and Medrano and Vives (2001), the
results reveal that the intensity of buy order submissions decreases asdperpng period

progresses towards the end. This is evident as the coefficient of the vantplevhich

measure th time to market open, is significant and negative for two of the three stocks
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Table 44

Empirical Results for Duration Models

-]
Vi
mtq
Ibb,
Iba,
blc,
alc.

lbv,
lav,
dch
dca
Icbv,
Icav,
Irb,

Ira.

rov,

rav,

may
SpY

Buy Side Sell Side
BOV MLC HSB BOV MLC HSB
Coef. t-Stat. Coef. t-Stat. Coef. t-Stat. Coef. t-Stat. Coef. t-Stat. Coef. t-Stat.
-0.0570 -3.898 0.1354 6.29 0.0328 3.02 0.0628 3.33 0.2446 6.88 0.6250 9.68
0.0602 30.193 0.0808 34.96 0.0518 29.37 0.0500 19.73 0.0813 21.34 0.1005 13.83
0.9816 888.771 0.9645 612.09 0.9871 1050.99 0.9824  675.56 0.9483 322.82 0.8747  106.02
-0.0002  -2.232 -0.0004 -5.98 0.0000 -0.14 0.0001 1.29 -0.0001 -1.58 -0.0003 -1.34
-0.2508  -4.700 -0.3081 -5.04 -0.4025 -5.79 -0.0472 -1.48 -0.0584 -1.50 0.1596 1.21
0.1232 4.455 -0.0117 -0.64 0.0296 2.53 -0.0977 -2.15 -0.0947 -1.89 -0.8622 -8.21
-0.0638 -17.501 -0.0805  -16.00 -0.0381  -12.42 0.0340 2.29 0.0350 2.01 0.0810 3.02
0.0706 4.815 0.1452 9.75 0.1856 11.90 -0.0362 -7.75 -0.1048  -16.43 -0.1721 -10.07
0.0148 8.733 0.0022 1.08 0.0048 3.21 0.0047 4.33 0.0044 2.42 -0.0036 -1.17
0.0008 0.936 -0.0063 -6.43 -0.0031 -4.97 -0.0021 -0.95 0.0023 0.76 0.0135 2.30
0.0703 6.148 0.1599 14.56 0.1652 13.61 0.1042 6.10 0.0632 3.63 0.2466 5.64
0.0398 3.072 0.0879 6.13 0.1061 6.64 0.1345 8.98 0.1336 7.52 0.2740 6.90
0.0007 0.946 0.0014 1.32 -0.0025 -3.85 -0.0009 -1.25 -0.0028 -1.80 -0.0014 -0.52
0.0025 3.048 0.0005 0.45 0.0023 3.99 -0.0029 -3.42 -0.0002 -0.10 -0.0003 -0.11
-0.0001 -0.771 -0.0015 -5.22 0.0001 0.24 -0.0004 -2.75 0.0002 0.68 -0.0045 -4.33
0.0005 3.944 0.0002 1.14 0.0001 1.99 -0.0007 -3.45 0.0000 -0.02 -0.0030 -3.50
0.0019 2.159 -0.0082 -5.88 0.0009 1.19 0.0019 2.31 -0.0019 -1.19 0.0122 4.28
-0.0032  -4.638 0.0057 5.16 -0.0047 -9.77 -0.0031 -3.27 -0.0048 -2.45 -0.0110 -3.44
0.0091 2.809 0.1809 15.51 0.0086 1.30 0.0041 4.10 0.1483 10.85 0.3346 10.13
-0.0058  -8.375 0.0017 1.84 -0.0017 -4.02 0.0001 0.24 0.0006 0.49 -0.0020 -0.81

Note: This table reports the coefficient estimates and their assocististics from the estimation of the L-égD (1,1) model, outlined in equation 4The
estimates are based on tioictick data of the three most liquid stock of the Malta StockHaxge from January 4, 2000 to June 28, 2007. The coeffic
highlighted in bold are significant at the 5% level of significance or less. See table 4.6 for a summary of thesedresafissat hypotheses.



analysed. Iressence, the finding is in line with Vives (1995),ondoncludes that in the
absence of manipulation, traders will reveal a significant portion of their private information
towards the end of the popening period, and consequently have no incentive lhanisu
additional ordes therefore reducing the intensity of order submissions. However, the

intensity of sell order submission is not impacted by the time to opening of the market.

4.5.2 Impact of Limit Order Prices

We contend in section 4.2.2 thaetprice associated with an incoming limit order contains
significant information that impacts the intensity of order submissions. The empirical results
in table 4.4confirm hypothesi®a, which states that the intensity of buy order submissions
increasesvhen there is a positive signal resulting from the price associated with an incoming
buy order in relation to the prevailing best buy price. However, we find no evidence that the
intensity of sell order submissions is negatively impacted as proposegpathbsis B.

Specifically, the coefficient associated with the variable is negative and significant on

the buy side for all three stocks and insignificant for the stocks on the sell side.

The results confirnboth hypothese&d and 2c which posit that the difference between the

best sell price and the price of an incoming sell order, measured by the vir@abilmpacts

the intensity of buy and sell submissions negatively and positiketpectively. We find

that the variabldba, is positive and significant for two stocks on the buy side and negative

and significant for two stocks on the sell side. Essentially, sell orders that are submitted
towards the top of the order book conveys a tiegaignal which induces additional sell

orders and dissuades the submission of buy orders.

Overall, the results reveal that traders that place the price of an incoming buy order high
relative to the best buy sends a positive signal about the fundamental value of the asset to tr
market by revealing that they are aggressively trying to incrées@rbbability that their

orders are executed at the opening. In effect, this positive signal increases the intensity o
buy order submission. However, traders on the sell side are not induced by this increase bu

order submissions as no additional Igjty is provided by postingubsequensell orders.
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Moreover, when a trader submits a sell order with a price that is low relative to the best sell
price, this is viewed by the market as a negative signal about the fundamental value of the
asset. As a esequence, traders on the buy side reduce the intensity with which they submit
additional buy orders. However, when traders on the sell side view this signal information,
they increase the submission of sell orders. Essentially, this finding providessaance

that activity during the prepening period is characteristic of information based trading as in
the cases of Vives (1995) and corroborates the findihblab and Hautsch (2007).

4.5.3 Impact of Locked or Crossed Inside Spread

We find stromy evidence in support of hypothesgsand 3b, which predict that when the
price of an incoming buy order is set at or greater than the best sell price, which locks or
crosses the inside spread, there is a positive impact on the intensity of buy ordssisumsm
and a negative impact on sell order submissions. The results show that the coefficient

associated with the variabldc, has anegativeand significant coefficient for all three stocks

on the buy side and positive and significant for the three stocks on the sell side. In addition,
the results also confirm hypothes@zsand 3d, that propose that an incoming sell order that

results in a loking or crossing of the inside spread, measuredl@y impacts the intensity

of the buy order submissions negatively and positively impacts the intensity of sell order

submissions.

In essence, whenever a trader sets the price of aming buy order greater than the price

of the prevailing best sell, this sends a strong positive signal to the market that the trader is
aggressively trying to increase the probability that their order is executed at the opening. It
also increases the prability that the trader is informed. As a result, the positive signal
induces buy side traders to submit additional buy orders. Traders on the sell side of the
market observe this positive signal, and reduce the intensity of their sell order submissions
Analogously, if the inside spread is locked or crossed by an incoming sell order, then this
sends a strong negative signal about the fundamental value of the asset. Consequently, tt
intensity of buy order submissions reduces and the intensity ofossdir submission

increases. Overall, a locking or crossing of the inside spread is a strong indication of price
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discovery and traders respond accordingly during theopeaing period. Our results are
consistent with the finding of Caet al. (2000) which highlights thata locked or crossed
inside spread is consistent with information revelation about the fundamental value of the

asset, and under the assumption of learning, other traders act on this information.

4.5.4 Impact of Limit Order Volume

The results reveal that high volume associated with incoming buy orders has a negative
impact on the intensity of both buy and sell order submissions. Essentially, this finding
confirms hypothesidb and is contrary to the prediction of hypothe&ss Specifically, the

coefficient associated with the variable, , which measures the log buy volume, is positive

and significant on the buy side for two stocks and positive and significant for two stocks on
the sell side. We find sinal conflicting results with regards to hypotheécs where the

coefficient associated with the variall&. is negative and significant for two stocks on the

buy side of the order book. This suggests that larger volume associatea selthorder
submission increases the intensity of buy order submissions. In addition, we find no
evidence to support hypotheglid, which states that the volume of an incoming sell order

will positive impact the intensity of sell order submissions.

In summary, the overall findings indicate that buy volume does not convey significant
information about the fundamental value of the asset, since high buy volume is normally
submitted in a period of low order submission intensity on both sides of the omler bo
Conversely, whenever large sell volume is submitted to the market, this does not induce sel
side traders to submit additional sell orders. However, it increases the intensity of buy order
submissions which suggest that buy side traders take adganfagell side liquidity
whenever it becomes available. Therefore, order flow volume during thappreng period

does not appear to be motivated by information based trading or provide any form of
signalling about the fundamental value of the assedy@se in Vives (1995), Medrano and
Vives (2001) and Bruscat al (2003). Instead, it may play a liquidity signalling role as
trader on both sell sides of the market solicit order submissions from the opposite side by
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signal their liquidity needs, but bnthe buy side respond by increasing the intensity of their

order submissions.

4.5.5 Impact of Order Cancellations

In hypothesisba and5b we argue that the cancellation of orders queued in the limit order
book and the associated volume are inforomatdriven and indicate that learning is
occurring. The evidence suggests that a cancelled order, whether buy orsselhelgative
impact on the intensity of both buy and sell order submissions. This is evident as the

coefficients associated with tivariablesdch and dca, which indicate a cancelled buy or

sell order respectively, are positive and significant on both sides of the order book for the
three stocks studied. In addition, the results indicate a negative relationship between the
volume associated with a cancellgell order and the intensity of the buy order submission.
These results provide partial support for hypothBsjswhich predicts that the intensity of

the buy order submissiomsimpacted negatively by the cancellation of a buy grdedare
contraryto the prediction of a negative impact on the intensity of sell order submissions. In
addition, the negative relationship between the cancellation of a sell order and the intensity
of both the buy and sell submissions, also partially supports hypodigsighich predicts

that the intensity of sell order submissions redwdeen sell orders are being cancelled from

the order book.

In summary, we find mixed support for the predictions in hypothesesd5b. Essentially,

we find that when liquidity is moved from the order book by cancellations on either side,
there is a general reduction in the intensity of order submissions on both sides of the orde!
book. This further supports the claim that order flow volume plays a liquidity signalling role
at the MSE. In addition, when traders realise that the probability of their orders being
executed at the opening is low they tend to cancel these orders. Consequently, when there
a reduction in the supply of liquidity, traders on the buy side reduce thesiigt®f buy

order submissions. Similarly, when there is a reduction in liquidity due to cancellation of
buy orders, traders on the sell side will reduce the intensity of sell order submissions. This

suggest that cancellation of orders are liquidity nwatted as opposed to information driven,
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since cancellations of orders on one side of the order book do not seem to be motivated b
information being observed on the opposite side of the order book, as proposed in our set ©

hypotheses.

4.5.6 Impact of Limit Order Revisions

Hypotheses$a and 6b propose that the revisions of buy (sell) prices closer to the best buy
(sell) price will have a positive impact on the intensity of buy (sell) order submissions and
negatively impact the intensity of the sell ypwrder submissions. We find only weak
evidence in partial support of the proposal of hypothéai®n the buy side. However,
contrary to our predictions, there is a positive relationship between the revision of buy prices
closer to the best buy priceé the intensity of sell order submissions (measured by the

variablelrb,). Specifically, a buy order price that is revised closer to the best buy increases
the intensity of sell order submissions. In addition, we find evidence thatothene
associated with a forward revised buy ordds) negatively impacts the intensity of sell

order submissions. Therefore, larger buy orders that are revised forward, send a positive

signal and consequently reduce the intensitsetifsubmissions.

The results provide support for hypotheSiisthat predicts that forward price revision of sell
orders will increase the intensity of sell order submissions and reduce the intensity of buy

order submissions. The estimated coeffic@the variablelra, is positive and significant

on the buy side and negative and significant on the sell side for two of the three stocks. In

addition, the volume associated with a revised sell ofd®v) is predictedto negatively

impact the intensity of buy order submissions and positively impact sell order submissions.
Contrary to our predictions, we find that the volume associated with a sell order that is
revised closer to the best sell, positively impacts thensity of buy order submissions for
two of the three stocks in our study. In support of hypoth@gisve find that a larger
volume associated with a revised sell order positively impacts the intensity of sell order

submissions.
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Overall, the results reaéthat sell orders that are revised closer to the top of the order book
are indicative of price discovery as traders increase the intensity of their sell order
submissions subsequently. In addition, sell side traders also compete for liquidity provided
from the buy side, by increasing the intensity of their submissions as prices become more
favourable when buy orders are revised towards the top of the book. Similarly, large volume
associated with a revised sell order induces traders to place additignatders since the

sell side traders are providing liquidity at a better price. This finding is consistent with the
effects of incoming sell volume on the intensity of buy order submissions and supports the
conclusion of liquidity signalling by traders the preopening. Therefore, as with the case

of order cancellations, the revision of orders closer to the best buy/sell does not seem to b

driven by information, but by availability of liquidity.

4.5.7 Impact of Mid -Quote Return and Inside Spread

The arguments proposed in hypothe3esand 7b predict that the intensity of both buy and
sell order submissionis negatively impacted by a large inside spread and lowquate
return. The results are contrary to the prediction of hypotffesan the buy side of the

market. Essentially, the coefficient associated with the varialple is negative and

significant for two stocks on the buy side. Hence, this indicates that as the spread reduces
the intensity of buy order subssions reduces. This result is consistent with the finding that
the intensity of order submissions reduces as theopeaing period progress market
opening. Hence, as orders are submitted within the spread (or prices revised within the
spread) during & preopening period, which effectively reduces the spread and reveals
information about the value of the asset, this leads to a reduction in the intensity of buy order

submissions consistent with the predictions of Vives (1995).

The results reveal thatdltoefficient associated with the varialstegr, which measusethe

absolute miefquote return, is positive and significant for two and three stocks on the buy and
sell side, respectively. This is contrary to the predictions of hypothksisEssentially, we

find that an increase in the absolute mitbte return, reflecting enhanced uncertainty about
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the fundamental value of the stock, reduces the intensity of submissions on both sides of th

market.

4.5.8 Model Diagnostics

Panel A of table 4.5 indicates that the shape parameter associated with the Weibull
distribution is significant across all the models estimated and is not significantly different
from one. This suggests that the durations are distributed exponentialgddition, the

mean of the estimated errogs, is not statistically different from one on either side of the

order book, which is in line with the assumption of duration models that utilise a Weibull
distribution. The standard deviati of the estimated errors on both sides is greater than one
in all cases, which suggeshat there might be excess dispersion remaining in the error
structure. The Ljunddox test statistic at four and sixteen lags for the estimated error and
error squared does not show any significant autocorrelation in the error structure, except for
one @uation. From this, we conclude that the models have captured most of the dispersion

in the duration series in general.

The empirical analysis utilizes a total of seventeen explanatory variables, which might raise
the possibility that multicollinearity ipresent and influences the results derived from the
models. To quantify the impact of correlations between the explanatory variables on the
resulting standard error, we compute the Variance Inflation Factor (VIF) for each variable
and report the findingsn panel B of table 4.5. The results of the VIF indicate that
multicollinearity does not seem to pose a problem in our model as all values are less thar

two which is far below the threshold value of five used in the literature.

459 Remarks

It is evident from the results that the buy side of the market reacts more than the sell side t
the information inferred from incoming limit orders and changes to the limit order book
during the market prepening period. Overall, sell order submissionsless reactive to

changes in the limit order book and are less persistent than the buy order submission
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Table 45
Weibull Parameter and Model Diagnostic Statistics

Panel A Buy Side Sell Side
Parameters BOV MLC HSB BOV MLC HSB
g 096  1.00 0.98 1.02 103  1.04
N 5220 6641 5902 5041 4732 2800
LL -38619 -48758 -40580 -38887 -3684 -22567
SIC 1483 1471 13.79 1546 15.61 16.18
Meanof & 1.06 098 101 098 097 094
SDof & 1.88 156  1.80 149 149 135
LB(4) of 5i 5.25 6.75 31.85 474 356 4.42
LB(16) of & 21.27 1329 57.63 10.91 11.48 2265
LB(4) of é‘iz 9.93 3.21 1.22 1.69 5.70 4.22
LB(16) of &7 1489 888  7.28 11.11 2336 17.51
Panel B
Variables Variance Inflation Factors (VIF)
mtq 1.08  1.03  1.07 114 104 110
lbb, 1.03 114  1.07 1.04  1.07 112
Iba 1.02 101  1.04 1.03 105 112
bic, 121 141 138 1.09 109 122
alc, 1.03 105  1.02 133 140 135
lbv, 1.01 102 116 1.02 101 111
lav, 1.02 103  1.07 1.01 102 1.06
dch 1.02  1.02 102 1.03 103 104
dca 1.02 103  1.05 1.02 102 101
Icbv, 1.02 101 115 1.02 102  1.06
Icav, 1.01 102 110 1.02 101 1.04
Irb; 1.01  1.04  1.09 1.01  1.03 1.05
Ira, 1.03  1.02  1.02 1.02  1.02  1.02
rov, 1.02 102 112 1.02  1.02 111
rav, 1.02 102 108 1.02 103 105
maqr 1.00 111 1.07 1.07 109 112
spr 122 127 125 121 131 129

Note: Panel A of this table reports the estimated slope coefficient for the W
distribution (g) and other model diagnostic measured corresponding to

estimated error of the models. While Panel B reports the variance inflation fi
(VIF) for all explanatory variables. Coefficients highlighted in bold are signific

at the 5% or less level sfgnificance. N refers to the number of observatiohs,is
the log likelihood value, BIC is the Bayesian Information Criteria, is the
estimated error, SD is the standard deviation and LB is the {Baxgest statistic.
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Table 46

Summary of Proposed Hypotheses and Empirical Results.

Buy Side Sell Side
H Description of Hypothesis Rel.
yp. P yp var. Exp. Est. No. | Exp. Est. No.
Sign Sign Sig. | Sign Sign Sig.
1 Order Submission Clustering
a Persistence in the buy and sell order submission processes. Vi1 +ve +ve 3 +tve +ve 3
b The intensity increases towards the end of theopeming. mtqg +ve -ve 2 +tve  -ve 0
2 Limit Order Price
a&b T_he intensity of buy (sell) order.submlssmns_lncrease_s (de_creases) wi Ibb ve e 3 e +ve 0
difference between the best buy price and the price of an incoming buy orde
The intensity of sell (buy) order submissions increase (decreases) wil i i
c&d difference between the price of an incoming sell order and the best sell price ba, — +ve +ve 2 ve ve 2
3 Locking or Crossing of Inside Spread
a&b Th_e intensity _of buy (sell) order subm_ssmns increases (decreases) wh bic, Ve  -ve 3 e +ve 3
inside spread is locked or crossed by an incoming buy order.
The intensity of sell (buy) ordesubmissions increases (decreases) when i i
c&d inside spread is locked or crossed by an incoming sell order. ale,  +ve +ve 3 ve ve 3
4 Limit Order Volume
a&b The intensity of bgy (sell) order submissions increases (decreadths}the lbv, ve +ve 2 e +ve 2
volume of an incoming buy order.
c&d The intensity of buy (sell) order submissions decreases (increases) wi lav e  -ve 5 ve +ve 1

volume of an incoming sell order.
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Table 4.6
Summary of Proposed Hypotheses and Empirical Results (o n)t 6 d

Rel. Buy Side Sell Side

var. Exp. Est. No. | Exp. Est. No.
Sign Sign Sig. | Sign Sign Sig.

Hyp. Description of Hypothesis

5 Limit Order Cancellations

a The cancellation of buy order and associated volume negatively (posith dch — +ve +ve 3 -ve +ve 3
impacts the intensity of buy (sell) order submissions. Icbv, +ve -ve 1 ve -ve 0
b The cancellation of a sell order and associated volume negatively (posit dca -ve +ve 3  +ve +ve 3
impacts the intensity of sell (buy) order submissions. lcav, -ve +ve 2 +ve  -ve 1
6 Limit Order Revisions
a The revision of a buy order price closer to the best buy price and its assc Irb; -ve  -ve 1 +ve -ve 2
volume increases (decreases) the intensity of buy (sell) order submissions. rby, -ve +ve 1 +ve +ve 2
b The revision of a sell order price closer to the best sell price and its ass¢ ra;  +ve +ve 2 -ve  -ve 2
volume increases (decreases) the intensity of sell (buy) order submissions. rav,  +ve -ve 2 ve  -ve 3

7 Buy-Sell Spread and MidQuote Returns

The intensity of both the buy and sell order submissions should decrease

\ . . ) S
a there is an increase in the inside spread. PY

+ve  -ve 2 +ve +ve 0

b The intensity of both the buy and selider submissions should be positive

. . . . m - -
impacted when there is a decrease in thequiate return. at ve +ve 2 ve +ve 3

Note: This table presents a summary of the testable hypotheses (Hyp.) proposed in this study, the variables thatedenitbseatdt hypothesis (Rel. Var
the expected sign of the coefficient to confirm the hypotheses (Exp. Sign), the averagé thigrestimated coefficients (Est. Sign) and the numbe
coefficients significant at the 5% or less level and of the estimated sign (No. Sig.). Additionally, the exp. sign sigd estresponds to the impact
duration. Therefore, since the intépss the reciprocal of duration the impact on intensity takes the opposite sign to that presented in the table.



processes. Additionally, it is evident that order submissions decision taken by traders during
pre-opening period within the Maltese Stock Exchange are driven to a larger extent by the
demand for, and provision, of liquidity and appear to be impacted to a lesser extent by
information signals in general. For instance, we find that the intensityupfolder
submissions are positively impacted when large volumes are associated with incoming sell
orders, or the revision of a sell order towards the top of the order book. In some cases on th
buy side, we find that there may also be stock specifictsffegsulting in inconsistent signs

on the estimated coefficients between stockssummary of the proposed hypotheses and

the empirical findingsn this chapters presented in table 4.6.

4.6 Conclusions

This chapter examines the duration of laung sell order submissions during the market pre
opening period to determine whether information inferred from the limit order book by
traders influences their decision to submit orders to buy or sell a stock. We estimate the
Log-ACD model of Bauwens an@iot (2001) with data from the Maltese Stock Exchange
covering the period January 4, 2000 to June 28, 2007. Several variables are incorporate
into the model to capture information regarding changes to the limit order book and the
characteristics of incomg limit orders. Specifically, we test for evidence of clustering in
the buy and sell duration series, the impact of limit order prices and volume, the impact of
mid-quote returns and the inside spread, and the impact of cancellation or revisions of

prevously submitted limit orders on the intensity of order submissions.

The empirical results reveal that the buy and sell duration series are highly persistent
indicating the presence of clustering. We find that the intensity of buy order submissions
tendsto respond more to the state of the order book and the effects of incoming orders as
compared to submissions on the sell side. Essentially, the intensity of buy order submission:
is positively impacted the higher the price of an incoming buy order relatithe best buy,

the higher the volume associated with an incoming or revised sell order, and whenever the
inside spread is crossed or locked by an incoming buy order. Factors that reduce the

intensity of buy order submissions include low price of aming sell order submission,
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large buy volume, cancellation of buy or sell orders and if the inside spread is crossed or

locked by an incoming sell order.

Furthermore, we find evidence that the intensity of sell order submissions is positively

impacted tle higher the price of an incoming sell order relative to the best sell, whenever the

inside spread is locked or crossed by an incoming sell order or when the price of a buy orde
is revised closer to the top of the buy order book. In addition, we findh@antensity of

sell order submissions is reduced by the submission of large buy orders, when a buy or se|
order is cancelled from the limit order book, and when the price of a buy order is revised

towards the top of the order book
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Chapter 5

Aggressiveness in Investor Order Placement Strategy in
the Absence of Trading Evidence from the Market
Preopening Period

5.1 Introduction

This chapter analyses the aggressiveree¢s t r ader 6s order pl ace
market preopening period of anascentstock market, the Malta Stock Exchange (MSE).
Analysing price discovery and liquidity formation via construction of the limit order book in
the absence of trade durithe market pr@pening period possesses certain inherent
advantages. Both asymmetric information (Glosten and Milgrom, 1985¢cmtky market
participation (Grossman and Miller, 1988) are known to impede price discovery and
liquidity formation in asset arkets. The market pr@pening period can alleviate the
influence of these two factors, as traders can revise or cancel submitted orders withou
penalty, and unexpected changes in asset prices have no influence on the order submissi
process. Indeedyladhavan (1992), Economides and Schwartz (1995) and Domowitz and
Madhavan (2001) conclude that the -ppening provides an ideal solution for minimizing
adverse selection risks arising from information asymmefigmati and Pfleiderer (1991)

and Dia and Payet (2006) demonstrate that institutional trading arrangements such as a pre
opening can enhance the price discovery process by improving the coordination betweer

demand and supply of liquidity.

During preopening when placing their orders, traders eoafronted with a tradeff
between maximising the probability of trade execution, and attempting to secure the most
favourable trade price at market opening, given the prevailing state of the limit order book.
The MSE operates an open jmgening limit oder book where all brokers have the ability to

publicly view all the orders that comprise the order book, including the price and disclosed

39 Admati andPfleiderer (1991) originally focus on the communication of liquidity needs via sunshine trading,
while Dia and Pouget (2006) demonstrate how a preopening period coupled withtertonglationship
among market participants serves as a credible orgamahtirrangement for such trading.
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volume associated with an ord&r.Essentially, in providing liquidity, traders must decide
whether to aggressivelseek to trade the asset, taking into consideration the state of the
order book, or employ a more patient strategy, hoping to optimise on the execution price of
the asset at the risk of not trading at all.

Specifically, if a trader decides to aggressivaglsexecution at the opening, then they have

to decide whether to submit an order at the top or somewhere close to the top of the orde
book. If the volume at the top of the order book is not sufficient to match their intended
order, then an order with @ice that is higher (lower) than the best existing ask (bid) will
have to be submitted in order to maximise the probability that the entire order is executed.
In addition, if the trader possesses private information about the fundamental value of the
as®t, then submission strategies may be formulated that optimally reveal their information
slowly over the prepening in an effort to maximise their information rents, while also
contributing to price discovery. Alternatively, if a trader chooses to eseepatience, they

can submit a limit order with a specific price and volume somewhere below the top of the
order book. The decision of the trader n
in relation to the top of the order book, thereby balantiegmaximisation of execution
probability against the difference between their own fundamental valuation of the asset and

the execution price.

Subsequent to a trader entering their order in the limit order book and awaiting execution,
changes in prepeaiing market conditions potentially impact their own valuation and/or the
orderdés execution probability. The trader
significantly reduced probability of execution, should they cancel the order outnght a
contemplate resubmission on the opposite side of the order book. If the market eventually
moves back in their favour they can resubmit the cancelled order. Second, whether to revist
either the price or the volume associated with their previously sidohfiitnit order. With a

price revision the trader can move the order either towards or away from the top of the ordel

book and their aggressiveness determines how much of a revision is undertaken.

0 There are certain exceptions to order book disclosure in the event of a broker submitting an order with a price
that is better than the expected opening price as determined by the Opening Algorithm. The volumedassociate
with this order is classified as private information between the broker and exchange authorities although the
expected opening price will change to reflect the presence of this order.
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Additionally, the trader can decide to modify their ordedume in the light of their
expectation concerning the probability that the amended volume will be executed at the

specified price.

The main focus of this chapter is to determine the impact of existing, publicly observable
limit order book information orthe aggressiveness observed in the submission, revision or
cancellation of orders queued in the -ppening limit order book. The study of order
placement strategy reveah greater detail the underlying process of price discovery during

t he mar-bpering period wigh the aggressiveness of order submission essentially
determining the speed and extent to which efficient price discovery is attained. The
information inferred from the limit order book that is utilised in this study incorporates both
the order book depth and height at specified positions of the order book, as well as the inside
spread. In addition, we seek to explain the impact of information on a given side of the
order book in influencing placement decisions made by traders on b®tkathe and
opposite side of the order book. Thus, we measure the extent to which traders focus on bot

sides of the order book in determining the probability of order execution at the opening.

One key contribution to the literature on market microstrecisithat, to our knowledge, we

are the first to empirically assess the aggressiveness of orders placed duringpfienpre
period. Compared to the previous-oening literature (such as Vives, 198is, Hillion

and Spatt, 1999; Medrano and Vive¥)01l; Madhavan and Panchapagesan, 2000 and
Barclay and Hendershot, 2003), which focuses on the presence and extent of price discover)
this analysis examines if the current state of the order book influences the decision to place
orders at different posins in the order book, and what information traders utilise to either
revise their order prices (forward or backward), or cancel an existing limit order. Hence, we
examine the mechanism that underlies liquidity provision and the price discovery process

during the market prepening period.

To analyse order aggressiveness, we model each side of the order book separately usir
ordered probit models for submissions, forward and backward revisions, and order
cancellations. In essence, we rank the aggressgeof order submissions, revisions and

cancellations based upon the impact of the action on the execution probability of the order.

Therefore, an action that results in a greater execution probability of new or existing limit
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orderhasa higher aggressaness ranking than an action that results in a lower probability of
execution. To determine the impact of order book depth, we incorporate variables that
measure the depth at the top, one step from the top and between two and five steps from tt
top of the order book (on both sides). Order book height takes into consideration the
distance between orders at the top and one step below the top, and between one and fi\
steps below the top of the order book (on both sides). In addition, we incorporat@aice im

of the inside spread and the effects on order placement of a locked or crossed inside spread.

To preempt our conclusions, the empirical results indicate that the aggressiveness of ordet
submissions and forward price revisions do indeed react toexdking and subsequent
changes in the execution probability, which is driven in part by the depth on either side of
the order book. Specifically, we find that the depth at the top of the bid order book
positively impacts the aggressiveness of bid ordemsssions and forward price revisions
since an increase in the depth on the bid side reduces the execution probability of existing
bid orders implying, all else equal, that a greater price is necessary to increase the executio
probability. Moreover, alncrease in the bid depth increases the execution probability of
orders on the ask side, as there is more volume available at each respective price. This leac
to a reduction in the aggressiveness of both ask order submissions and forward price
revisions. Similarly, for analogous reasons, the depth on the ask side positively (negatively)
impacts the aggressiveness of ask (bid) order submissions and forward price revisions. Thes
findings can be interpreted as s98)mmpvding f c
out hypothesis applied to the pspening period. We also find that backward price revisions
are generally far less affected by order book depth, except that aggressive backward bic
price revisions reduce when there is an increase in theeggk delow the top of the order
book. One interpretation of this finding is that the bid side may be more reliant on the ask

side in terms of liquidity provision than vieersa.

We find that the aggressiveness of order cancellations increases on lstlofside order

book when the depth at the top of the ask order book increases. This indicates that the
increase in ask side depth reduces the execution probability of ask orders, thereby resulting
in cancellations. The cancellation of bid orders whenabk depth increases suggest that

some traders view large depth on the ask side as information flow concentrated on the
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opposite side of the order book. This reduces their incentive to purchase the security. In
addition, aggressive cancellations irase on the ask side when the height between the top

and one step from the top of the bid order book and the height between one and five step
below the top of the ask order book increases, reflecting a reduction in order execution
probability. Similarly,an increase in the height between one and five steps from the top of

the bid order book and between the top and one step below the top of the ask order boo!
increases aggressive bid cancellations. Order submissions and forward and backwar
revisions aggresion increase on the bid side when there is an increase in the height on both

sides, however, we find mixed reactions on the ask side.

The magnitude of the inside spread is one measure of the cost faced by traders in securing ¢
increase in the probali that an order is executed at the opening. As a consequence, an
increase in the spread negatively impacts the aggressiveness of both order submissions al
forward price revisions. We also find that a narrowing spread increase the aggressiveness ¢
backvard revisions as traders anticipate a better price subsequent to the opening. Our resul
also indicate that any aggressiveness observed in order cancellations is not impacted by th

magnitude of the inside spread.

The remainder of the chapter is orgadizas follows: section 5.2 defines concepts relating to
the preopening order strategy and aggressiveness, whereas section 5.3 reviews the relevar
literature and derives the testable hypotheses. Section 5.4 outlines the econometric
methodology utilisedwhile section 5.5 provides a description of the MSE, the data analysed
in the chapter and defines the explanatory variables. In section 5.6 we present and discus

the empirical results and section 5.7 briefly concludes.

5.2 Defining Pre-opening Order Strategy and Aggressiveness

The process of price discovery and the nature of order book liquidity formation during the
market preopening period are dependent on the order submission strategy and the degree ©
aggressiveness exhibited by traders in attergptiinsecure order execution at the market
opening. Since there is no active trading during theopeming period, the main order

strategies available to traders comprise limit order submissions, price or volume revisions
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and cancellation of existing ondein the limit order book! The interaction between these

strategies represents a significant contribution to the overall price discovery process during
the preopening, as traders utilise a combination of strategies to express their information set
and any subsequent changes to that information set. Within each strategy, we can furthel
determine the level of aggressiveness employed by the trader based on the price of the ordk

in relation to the existing best buy or sell order in the limit order book.

The existing literature on limit order submission strategies and aggressiveness (@tiffiths
al, 2000; Ranaldo, 2004; Hall and Hautsch, 2006; Eluhl. (2007); Cao, Hansch and
Wang, 2008; Pascual and Veredas, 2008; and others) addresses the steaisgpa d
problem faced by traders by implementing (in part, in full or slight variations thereof) the
order aggressiveness classification schemes proposed in Biais, Hillion and Spatt (1995). Ir
this classification, the degree of aggressiveness is bastt orlative impact of the order

on prices, and the probability that an order will be executed, given the associated price anc

order volume.

Biais et al. (1995) contend that the least to the most aggressive order categorisation is as
follows; 1) removalbf an order from the limit order book, 2) submitting a limit order that is
below the best bidisk, 3) submitting a limit order that is at the bestds#, 4) submitting a

limit order that is within the best bigisk, 5) submitting a market order that regs less
volume than that available at the bestask, 6) submitting a market order that requires the
entire volume at the best bask and 7) a market order that requires more volume than the
amount currently available. The classifications of ordegregsiveness focus on the trade

off between the submission of limit orders versus the use of market orders. Traders are
aware that thereisanenx e c ut ipeokmg &tn dr iis k associ ated wi

choosing market orders imposes an immegicost'?

Since there is no trading during the jm@ening period, there is no market orger se

which restricts direct application of the above classification scheme in this essay.

“1In addition, there are various extensions of these strategiesnskamce, there can be date conditions
associated with limit orders which affects both order submissions and revisions. However, these events are
exceedingly rare in orders placed during the preopening period, and as such are not discussed or modelled in
this analysis.

2 See for instance, Cohen et al. (1981), Copeland, Thompson and Galai (1983) and Handa and Schwartz
(1996).
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Alternatively, we argue that the aggressiveness of an order submisiong the pre
opening is revealed through the actions that traders take to enhance the probability that thei
limit orders are executed at the opening. In addition, the lack of trade execution facilitates
the submission of orders with prices that regula locked or crossed spreatience, he

most aggressive limit order during the qmgening will have a price that locks or crosses the
inside spread, defined as a situation where the price of a limit bid (ask) order is set at or
above (below) the beask (bid) in the order book, respectively. The second most aggressive
limit order is one that is placed within the inside spread, inclusive of the best bid and ask
prices®® The third most aggressive limit order is one that is placed within five stee of

best order on the same side of the order book. The least aggressive limit order is one that |

placed beyond five steps of the best order on the same side of the order book.

In addition to the submission of limit orders, traders have the opti@arioel or revise
orders prior to opening. In the specific institutional setting we analyse, the Malta Stock
Exchange, this can be undertaken without any cost or obligation. Having submitted a limit
order, if market conditions change or additional infaiorais observed relating to the
fundamental value of the asset, traders have the option to either revise the price or volume
associated with the existing limit order or effect an outright cancellation. We follow the
categorisation implemented by Cabd. (2008), and term a revision to the price associated
with an existing limit order which increases the likelihood of execution, a forward
revision?**> Where the trader decides to traafé execution probability for a better price by
decreasing (increasih the price of the buy (sell) order, we define this to be a backward
revision. Further, the degree of aggressiveness is dependent on the revised price in relatic
to the ordeds position in the limit order book and whether a revision increases or decreas
the execution probability of the limit order. Essentially, the aggressiveness of order revisions

follows the same order as that described above for order submission aggressiveness.

*3When the spread is crossed then this category is still relevant as traders are able to place orders at the lockin
price. This pice represestthe indicative opening price at which the market clears.

**In the case of a sell (buy) order, a positive revissmreduction (increase) in the price of the existing limit

order. Essentially, a positive revision is one that improvebkiéhood of the order being executed. The

converse argument holds true in the case of negative revisions.

“>We do not analyze volume revisions due to their infrequency in the data set.
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Table 51
Description of aggressiveness withieach category of order strategy

Order Submissions

Rank Description

4 Limit order price is greater than the best order on the opposite side of the order book
3 Limit order price is between the best orders.

2 Limit order price is within five steps of the best quote on the same side of the order b
1 Limit order price is below five steps from best quote on the same side of the order bc

Forward Price Revision

Rank Description

4 Revised price is greater th#re best order on the opposite side of the order book.

3 Revised price is between the best orders.

2 Revised price is within five steps of the best quote on the same side of the order boo
1 Revised price is below five steps from best quote on the simim®f the market.

Backward Price Revision

Rank Description

4  Revised price is greater than the best order on the opposite side of the order book.

3 Revised price is between the best orders.

2 Revised price is within five steps of the best quotéhersame side of the order book.

1 Revised price is below five steps from best quote on the same side of the order book

Order Cancellation

Rank Description

4 Price of cancelled order is greater than the best order on the opposite side of order b
3 Price of cancelled order is between the best orders.

2 Price of cancelled order is within five steps of the best quote on same side of order b
1 Price of cancelled order is below five steps from best quote on same side of the orde

Note: Table 5.1 presents a description of different levels of aggressiveness associated with the sut
forward price revisions, backward price revisions and cancellation of limit orders. A rank of 4 is assi
the most aggressive action within catggand a rank of 1 is assigned to the least aggressiveness action

Orders that are at (or close to) the top of the limit order book have a higher execution
probability compared to those further away from the top of the order book. Hence, any
backward revision to an order at the top of the order bheatharacterised ashé most
aggressive backward revision to an existing limit order. In addition, the level of
aggressiveness reducas the position of the order in the book moves away from the top
since moving down the limit order book reduces execution probability. Flamsprder that

is greater than the best order on the opposite side of the order book is revised backward, the
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this is categorised as the most aggressive backward revision. Similarly, if an order that is
below five steps of the best order on the saithe af the book is revised backward then this

is classified as the least aggressive backward revision.

The aggressiveness of a cancellation is dependent on the position of the order in the book ¢
the time of cancellation. The closer the cancelled osdtr the top of the limit order book,

the more aggressive the cancellation. Thus, the cancellation of an order that is beyond th
best quote on the opposite side of the baokhe most aggressive cancellation, and a
cancellation of an order below five ptebelow the best order on the same side of the book is
characterised as the least aggressive cancellation. See table 5.1 for a summary of the ord

aggressiveness categories and their relative rankings.

5.3 Review of Related Literature and Testable Hyptheses
5.3.1 Order Book Depth

The i mpact of order book depth on order a
out 0o effect pr op,wkeedhe éngogeRaus dxexution prokhlaligy 8f Jimit
orders posted by traders arriving randgrd the market depends on the state of the limit
order book. Following a buy (sell) market order, a limit order at the subsequent best ask
(bid) hasa higher execution probability, and owing to the positive relationship between the
execution probabilityf a limit order and its payoff, a subsequent trader interested in selling
(purchasing) the asset preféo post a sell (buy) limit order instead of a sell (buy) market
order. Additionally, the submission of a limit order on one side of the order bbak, a
particular price, reduces the probability that the subsequent order on the same side of th
book will be a limit order at that price. Submitting a limit order lengthens the queue, thereby
reducing the execution probability of future limit orders ait tharticular level of the order

book (owing to time priority rules determining the sequence of order execution), which
increases the incentives for traders to place market orders on the side with the lengthene
gueue. As a consequence, Parlour (1998htaisms that the submission of market orders on

one side of t he mar ket ficrowds outo the s
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the order book and submission of i mit or
the same side of the andbook.

Several studies such as Biais, Hillion and Spatt (1995), Cao, Hansch and Wang (2008)
Griffiths et al. (2000), Ranaldo (2004), Hall and Hautsch (2006) and Pascual and Veredas
(2008) examine this phenomenon and find strong evidence supportingothéing out

effect during active trading periods. Elktl al.(2006) find that large depth on the buy (sell)
increases aggressiveness in both limit and market buy (sell) order submisaltrsugh

during the preopening period there is no active exémutof trades, the general principles
underpinning the crowding out effect can still be applied. Traders submit limit orders during
the preopening with prices that reflect their own valuation of the asset and the probability
that their ordersreexecuted at the opening. However, to increase the probability that their
order is executed, the ordbasto be placed close to (at) the top of the limit order book.
Implicitly, if there are a large number of orders at (close to) the top of the ordkr &0
traderhasto tradeoff a more favourable price for an increased probability of the order being
executed at the opening. Thus, the most aggressive tradezsthesgside spread in order

to maximise the probability of opening execution.

For instance, if the traders observe an increased level of depth on the buy side of the orde
book, this improves the execution probability of existing limit orders on the sell side and
provides better pricing terms to subsequent sell order submissiossa cAnsequence, a
trader submitting a buy order who is interested in maximising the probability of their order
being executed at the openih@sto place the order at the top of the bid order book.
Additionally, since subsequent incoming sell orders Haafter pricing and availability of
buyers, a trader submitting a sell order may be less aggressive due to the enhanced depth
the opposite side of the order book. Thus, a large depth on one side of the order bool
increass order submission aggressiveseon the same side and reduceder submission

aggressiveness on the opposite side of the order®Book.

“® This argument is a modified version of the crowding out effezsqmted by Parlour (1998) suitable for the
preopening period. I n Parlourés representation, t|
probability of an order on the opposite side of the book. However, during the preopening period there is no
execution of trades and as a result only a crowding of orders at the top of the book will increase the execution
probalility of opposite side orders
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Since an increase in the depth on one side of the order book reduces the executiol
probability of an order on the same side, it also increases thebhibb of an order
cancellation on that side of the order book. In addition, with an increased probability of
execution and improved pricing terms for orders on the opposite side of the book, there
should be a reduction in the probability of order cdatiehs on the opposite side. Hence,

we expect large depth on one side of the order book to increase aggressiveness in orde

cancellations on that side and reduce order cancellation aggressiveness on the opposite side

The argument for aggressiveness mfew revisions follows a similar logic. A reduction in

the execution probability, due to increased depth on the one side of the order book, increase
aggressiveness in forward revisions on the same side of the market in order to retain the
same level of xecution probability. However, the favourability of price and execution
probability has been improved for orders on the opposite side of the book, reducing the
incentive to revise these limit order prices forward and increasing the incentive for backward
revisions. Hence, an increase in depth on one side of the order book positively impacts the
aggressiveness of forward revisions and reduces aggressiveness in backward revisions on tl
same side of the order book. In addition, there will be a positivecimgra backward
revisions and a negative impact on forward revisions on the opposite side of the limit order

book. Based on these arguments above the testable implications are as follows:

Hypothesis 1: An increase in depth on the bid (ask) side of tiee loodk;

(@) increases order submission aggressiveness on the bid (ask) side.
(b) decreases order submission aggressiveness on the ask (bid) side.
(c) increases forward revisions aggressiveness on the bid (ask) side.
(d) decreases forward revisions aggressiveness ongkéhad) side.

(e) increases backward revision aggressiveness on the ask (bid) side.
() decreases backward revision aggressiveness on the bid (ask) side.
(9) increases order cancellation aggressiveness on the bid (ask) side.
(h) decreases order cancellation aggressiveras the ask (bid) side.
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5.3.2 Inside Spread

The inside spread represents an important measure of market liquidity, and determines th
cost faced by a potential trader when executing market orders during the regular trading
period. Therefore, the insidgread should impact the aggressiveness of orders that are
submitted or modified by traders. In the dynamic model of Foueauit (2005), strategic
liquidity traders differ based on their level of patience, and decide whether to submit limit or
marketorders. For a certain level of the inside spread, more patient traders submit limit
orders while impatient traders tend to submit market orders. As the inside spread increases
previously impatient traders exhibit a greater tendency to submit limgrrétan market
orders. In this fashion, the spread increase serves to reduce order aggressiveness as trad
by means of market orders becomes more expensive. Haradz2003) also provide an
explanation for the relationship between the inside spaeadorder aggressiveness. They
claim that the size of the inside spread increases with adverse selection risk and represen
the difference between the high and low valuation traders in the market. When traders are
faced with a hipcked abh,antchee yo fr ebsepionngd fiby pl a
conservative prices, thereby widening the-ask spread. This makes market orders more

expensive and as a consequence reduces the aggressiveness of order submissions.

Empirical evidence supporting the pact of the size of the spread on the level of order
aggressiveness is confirmed by Biatsal.(1995), Cacet al.(2008), Griffithset al.(2000),
Ranaldo (2004), Hall and Hautsch (2006), Ekil al. (2007) and Pascual and Veredas
(2008). However, th@re-opening period presents a separate challenge in determining the
spreadés | i kely impact on the aggressiven
execution during the prepening period, it is highly possible that the spresatbcked o
crossed before the opening trade is exectltedSecond, market regulations on many
exchanges do not reveal a negative (crossed) inside spread to traders. Specifically, when tt
inside spread is crossed, traders realise that the inside spread is expral boit only the

exchange and the trader that crossed the inside spread know the actual price of the crossir

“"In the regular trading period it is not possible for the spread to be locked or crossed under normal
circumstances. If the price associated with an incoming bid (ask) is equal to or greater than the price of the bes
ask (bid) in the limit order book, then this will result in a trade being automatically executed.
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order?® In such a situation, we define the visible spread as that revealed to the market and i
is this spread which forms the basis of inferen f or  topemidgeordér stratpgy and

aggressiveness.

Since the inside spread represents the cost faced by a trader to improve the probability o
execution at the opening, a larger spread increases the cost faced by a trader submitting &
order whch maximises the probability of execution at the opening. Thus, we expect the
spread to impact the aggressiveness of order submissions during-tpepieg comparable

to the effect during the regular trading period. Hence, a larger inside spreadsréileic

level of aggressiveness of limit order submissions on both sides of the limit order book.

There is no formal theoretical predictions for the impact of the inside spread on the
aggressiveness of order revisions and cancellations. Howeveget@¢2008) find that a

large inside spread (normalised) discourages forward revisions that result in market orders
and backward amendments between steps 2 and 10 from the top of the ord& bwook.
addition, they reveal that both forward revisions below Itest quotes and backward
revisions beyond ten steps of the best order are encouraged by a wide inside spread. Clearl
during the preopening period changes in the size of the inside spread are not determined by
orders being executed, as in the reguladitrg period. Instead, changes in the inside spread
are attributable to order submissions, revisions and cancellations at the top of the book. Wz
argue that whenever the inside spread is altered, the execution probability of existing limit
orders is alsaltered. Therefore, if the inside spread is reduced this results in a reduction of
the execution probability of ordens the limit order book. In order for traders to increase or
maintain the same level of execution probability prior to the spreatetigly, theymust

revise their prices forward. In addition, a tighter spread reduces the incentive to revise prices
backward. @ Therefore, we expect a negative (positive) relationship between the

aggressiveness of forward (backward) order revisions argizb@f the inside spread.

“8 In addition to being able to view the vahe and price associated with a pending order, traders also view the
possible opening price based the calculation of the opening algorithm employed by the exchange. However,
when the inside spread is crossed, the incoming order that crossed thesmi#acted at the opening price

on the limit order book visible to other traders.

“9In the case of a forward revised bid order, the price of the bid srorised forward to a price greater than

the best ask pric result in a trade being executed.
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The impact of the inside spread on the aggressiveness of order canceitatippssite to

the expectations for aggressiveness in order submissions. Namely, a large inside sprea
reduces the incentive for traders to keep ardiethe limit order book. Therefore, we expect

a large inside spread to positively impact the aggressiveness of order cancellations on bot|
sides of the limit order book. Based on the arguments outlined above the testable

implications are as follows:

Hypothesis 2: A reduction in the inside spread,;

(@) increases order submission aggressiveness on both sides of the
order book.

(b) increases forward order revision aggressiveness on both sides
of the order book.

(c) decreases backward order revision aggressivenesmtinsides
of the order book.

(d) decreases order cancellation aggressiveness on both sides of the
order book.

5.3.3 Order Book Height

The order book height refers to the price dimension of the order book, in a similar sense to
the order book depth, whicheasures the volume dimension of the limit order book. Order
book height is calculated by finding the difference in prices at two specific points in the
order book. For instance, the height of the limit order book at one step away from the best
order will be the difference between the price of the best order and the price of the second
best order. The height at the first step on the opposite side of the order book represents th
marginal cost faced by a trader to consume more volume than that availdgldeast order

on the opposite side of the order book. Pascual and Veradas (2008) argue that a length
(equivalent to height) order book on the ask side indicates an increased time to execution o
limit orders on the bid side. Thus, if a trader is ieséed in executing an order quickly, s/he

will have to submit a more aggressive order to increase the execution probability. In
addi tion, they argue that the herowglihgoubo f t
effect, since an increase in theidi# on the ask side of the order book, increases the
aggressiveness of orders submitted on the bid side of the order bodkeamdrsa
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Even in the absence of trade execution during thepeaing period, we expect the effects

of changes in height orrder placement strategy to be similar to that for the regular trading
period. We argue that a greater height in the limit order book on one side iatheslswel

of aggressiveness of limit order submissions on the opposite side of the order book. Wher
the height of, for instance, the ask side shortens, the cost faced by the incoming trader ftc
improve theexecutionprobability of a buy orderat the opening is lower, thus requiring
placement of a less aggressive order. In addition, a large height midenef the order

book force incoming traders (on the same side) who are interested in execution at the
opening to place more aggressive orders to maximise their execution probability at the
opening. Thus, there will be a positive relationship betwhenheight of the limit order

book on the same and opposite side of the limit order book, and the aggressiveness of limi

order submissions.

The impact of order book height on the aggressiveness of forward order reigsongar.

A lengthening of the éight on one side of the order book reduces the execution probability
of existing limit orders on the same side. As a result traalerforced to revise their prices
forward to at least maintain the same level of execution probability as before. $infilarl

the height on the opposite side is reduced, this reduces the incentive to revise their price:
forward since the prices on the opposite side have become more favourable for order
execution and therefore, increases the execution probability at a doster In addition, a

low height on both sides of the order book reduces the incentives to revise prices away fromn
their current position in the order book due to the increased execution probability. With
regards to order cancellations, a widening oftthight reducgthe probability of execution

and, therefore, provides an incentive to cancel existing orders. As a result, the probability of
a cancellation of an existing limit ordes positively impacted by the height of the order

book on both sides. HE testable implications are as follows:

Hypothesis 3: An increase in the height of the order book on both sides;

(@) increases order submission aggressiveness on both sides of the
order book.

(b) increases forward revision aggressiveness on both sides of the
order book.
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(c) decreases backward revision aggressiveness on both sides of the
order book.

(d) increases order cancellation aggressiveness on both sides of the
order book.

5.4  Econometric Methodology
5.4.1 Ordered Probit Model

The current literature onrder aggressiveness conventionally implements an ordered probit
model in empirical analysis. The adoption of the order aggressiveness classification schem
proposed byBiais et al.(1995) results in a univariate framework, in which different levels of
aggessiveness are explained by the variables suggested in the theoretical literature
Consequently, such a framework is ideal for implementation of the ordered probit model.
The ordered probit model is constructed by utilising a latent variable regresen#, in

which the unobserved latent variablefalls between the rangec to - @ and is mapped
to an observed variable. The variableyin this caserepresents a discrete variable that

captures the different ordered categories to be mod8lle&ssentially, the variable

provides information about the underlyigigsuch that,

y=m iftr ,Cy <t form=1,...,J (1)

m-1

Here, the values of represents the thresholds or cut off points for the range of the latent
variabley™ given the different categories gf For the end points of the categories (1 and
J), theseare defined as open ended intervals wifh=- « and ¢, =+ t. Therefore, we

observe;

0 The observed variable y will be the series comprising the different level of aggressiveness as presented
section 2.
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& if -o ¢y <¢,0
iz if r1¢y§<t2i
Y =13 it £, 0y <tyu )
L4
}J if £,,¢y <o

) —) —)

L

<

Thet's are unknown parameters to be estimated. If we defisea row vector with 1 in the
first column and the& explanatory variables in the remaining columns, &a column

vector with associated parameters, then the latent regression can be defined as:
y =xb+e (3)

where e is distributed standard normal with a mean of 0 and variance of 1. With this
formulation, the probability of observing an outcome equivalent to a specific threshold
(category) such thay = m given the explanatory variables is, therefore;

Priy=m|x)=Pr¢,, ¢y <t,[x) (4)

If we substitute equation (3) into equation (4) and subtrackimffom both sides of the

inequalities we have,
Pry=m|x)=Pr¢, .- xb¢ e<t - xb|x) (5)

The probability that the random variabé falls between two values is equivalent to the
difference between the cumulative frequency distribution (cdf) of the random variables

evaluated at both values. Thus,
Pry=m|x)=F(t,- xb)- F(¢,,,- xD) (6)

Since e is distributed standard normal, thenFif(Q) denotes the cdf of the standard normal

distribution we have the following,

Pry=1|x) =F (¢, - xb)
Prly=m|x)=F(t,,- xb)- F({,,,- xb) form=2toJ-1 7)
Priy=J[x)=1- F(¢,,,- xb)
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5.4.2 Inference

Unlike normal ordinary leassquares (OLS) regressions, the marginal effects of the

explanatory variablgx) on the probability in an ordered probit model are not equivalent to
the estimated coefficient®). In order to arrive at the marginal eéts of the explanatory

variables for the ordered probit model, we take the partial derivative of equation (7) with

respect to each variable in the magxix.>* Define X, as thek™ explanatory variable such

that;

HPIO=LX) _rr, - xb)b,
MX,

Pr(y = m|x) =[f(t, - xb)- F(t, - xb)]b, form=2toJ-1 (8)

k

PIO=ID _ e, - xb)b,

k

Here, b, is the coefficient associated with the varialgleand 7 (Qis the probability density

function for the standard normal distribution. Evident from equation (7) is that the sign of

the marginal effect is not necessarily the same sign as the coeffigjeakcept for the
boundary thresholds (1 d). For instance, whep=1 the marginal effect is opposite in sign
to the coefficient and whey = J the marginal effect and the coefficient are the same sign.

For the thresholds that fall in between the sign of thegmal effect will depend on the
value of the individual variables. Since the marginal effects are ambiguous for
m=2toJ- 1, since they depend on the level of the level of the explanatory variables, we

will have to decide at what value of the variable to evaluate the marginal effect.

One concern is that the interpretation of the marginal effect under a changing probability
curve may prove to be misleading if the variables are evaluated at their mean. This become
more evident in the case of dummy variables, since evaluating these variables at their mea
does not provide much interpretation. Therefore, we evaluate thetdisdranges in the

predicted probabilities for changes in the explanatory variables. In the case of the dummy

variables, the discrete change is calculated by shifting the variables from zero to one while

*1 Except the first column which is a column vector of 1s to calculate the constant parameter in the model.
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holding other variables at their respective mebar the other variables, the discrete change
in the predicted probability is computed by changing the variable by its standard deviation

centred around the me&h.If %, and s, are the mean and standard deviatiorthef K"
variable, the discrete probability is;

DPr(y =m|x)

s =PlyEmixx = (X +5/2)- Ply=mixx =(X-s/2) @)

5.4.3 Estimation

If U is defined as a vector containing threthreshold parameters arftiis the parameter

vector of the latent regressiadhgn one characteristic of the ordered probit model is that it is
unidentified, since changes in the intercept are compensated for by equivalent changes in th

thresholds® This problem is circumvented by setting either the interagpor the lower

boundary of the threshold, equal to zero, which identifies the modél. Hence, the

probability of a specific threshold is:,
Prly=m|x,b Q=F( - xb)- F(¢, ,- xb) (10)

while the probability of observing a particular thresh(zategory) for theé™ observation is
given as,
&Pr(y=1|x,b 0 if y=10
p=iPry=mixb () if y=my (11)
tPriy=J|xb 0  if y=3y

Thus, assuming independence between the probabilities associated with each threshold, tf

likelihood function is;

%2 Alternative methods include calculating the discrete change in the predicted probability for changes in the
variable from the minimum to the maximum value, or calculate the change for a one standard deviation
increase from the mean value of each variable.

>3 See J Scott Long (1997) for a moredepth discussion of identification issues with the ordered probit model.
> The same probability will be generated irrespective of which parameter is set equal to zero.
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LG Oy =0p (12)

i=1

Substituting forp, gives,

A A o

Lo U1y)=0 OPry=ikb
o (13)

=QOF(,-xb)- F(t,,- xb)
=1 y=j
such that the log likelihood is,
InL(b Uly.x)= 4 & In[F(, - xb)- F(¢, - x0)] (14)
j=1y=j

The loglikelihood is maximised to estimate the parameters for the leggragssion.

5.5 Data and Explanatory Variables

The empirical analysis is conducted on a microstructure database obtained from the Malte
Stock Exchange (MSE), a small but active stock exchange which opened in January 1992
The MSE is an electronic continuous limit order market, with no designatedtmaakers
providing liquidity. The sample period utilised in this study covers the period January 2000
to June 2007. Normal trading commences at 10:00 am and the trading day comes to an en
at 12:30 pm. Preceding the initiation of trading is the markebpening period which
begins at 8:30 am and ends at 10:00 am. It is th@meaing period which is the focus of

this analysis.

During the preopening period, traders submit limit orders that queue in the limit order book
and await execution at the apeg. Prior to the opening execution, traders have the option
to cancel or revise their pending limit order without cost. Essentially, theperng period

is akin to a call auction process where the market clearing price is determined by an openin

algorithm. We select the three most actively traded stocks to conduct tbpegmi@g period
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tests, corresponding to the shares of HBSC Bank Malta plc (HSB), Bank of Valletta plc

(BOV) and Maltacom plc (MLC), which is a telecommunications company.

To congruct the dependent and explanatory variables, we recreate the precise state of the
limit order book subsequent to every event (order submission, revision or cancellation) in the
sample. This is possible as the data set contains all the requisite imdor@iadut each

order event such as the associated price and volume, identification attributes and any othe
submissions rules. By replicating the limit order book subsequent to every event, then
whenever a trader submits, revises or cancels a limit dlgelevel of aggressiveness can be
determined based on the existing limit order book and applying the set of criteria outlined in
section 5.2. Based on the four categories of aggressiveness for each order strategy outline
in table 5.1, the frequency tlibution is tabulated for each of the three stocks and for a

combination of the three, in table®%0 55.

From table 5, it is evident that the majority of orders are either submitted between the best
orders or within five steps below the best order the same side of the order book.
Specifically, approximately 72% of bid order submissions and approximately 70% of ask
order submissions occur either between the best bid and ask orders or within five steps fron
the best order on the same side of trdeepbook. For forward price revisions, the pattern is
similar, except that revisions of orders above the best order on the opposite side is
approximately double the proportion of orders submitted in that category. This may be an
indication that trader§irst place more conservative orders then as theopeming period
progresses they revise their orders towards the top of the limit order book reflective of their
i mproved estimation of the assetodés funda
probaility at the opening.

When order prices are revised backward, the majority of these orders end up either within ot
below five steps from the best order on the own side of the order book. This is also
consistent on both sides of the market as approxign8to of backward bid order price
revisions and 93% of backward ask order price revisions end up either below or within five
steps of the best order on the corresponding side of the order book. Though we do no
incorporate revision of order volume or athevisions that results in no change in our

analysis, we report their frequency in the tables for completeness.
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Table 52
BOV Order Submission, Revision and Cancellation Frequency Distribution

OrQer_ _Forward_ Backwa_rd_ Forward‘ _ Backwar(_j _ No Che_inge Order_ Total
Steps Submissions Price Revision Price Revision Volume Revision  Volume Revision Revision Cancellation
Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell
Above the Best Opposite Order 8.38% 6.47% 15.76% 11.62% 5.01% 3.29% 3.95% 6.82% 8.11% 6.67% 4.56% 2.35% 2.72% 5.23%
Between the Best Orders 4451% 38.61% 56.93% 57.29% 0.19% 1.35% 32.89% 28.03% 44.14% 26.67% 42.74% 25.88% 14.59% 10.52%

Within 5 steps of the Best Order  31.19% 30.27% 20.55% 23.35% 67.82% 51.65% 47.37% 37.12% 35.14% 35.83% 34.02% 24.41% 26.46% 21.67%
Below 5 steps of the Best Order  15.92% 24.65% 6.76% 7.74% 26.97% 43.71% 15.79% 28.03% 12.61% 30.83% 18.67% 47.35% 56.22% 62.59%

Column Sum 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Row Proportion 29.26% 28.35% 9.94% 11.61% 2.17% 2.79% 0.32% 0.55% 0.46% 0.50% 1.01% 142% 5.07% 6.55% 100%
Total Count 7,005 6,788 2,380 2,779 519 668 76 132 111 120 241 340 1,213 1,569 23,941

Note: This table provides a frequency distribution for all the major events that occur within the diéfestnof aggressiveness for the stock BOV. These include the proportion of the total event:
order submissions, forward and backward price revisions, forward and backward volume revisions and order cancellatiopsshahe defined level afjgressiveness.

Table 53
HSB Order Submission, Revision and Cancellation Frequency Distribution
Orc_ier_ _Forwar_d_ Backwa_rd_ Forvvard_ _ Backwarc_i _ No C_hange Order_ Total
Steps Submissions Price Revision Price Revision Volume Revision  Volume Revision Revision Cancellation
Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell
Above the Best Opposite Order  13.89%  7.05% 1859% 9.02% 6.16% 1.12% 9.68% 11.76% 10.67% 5.13% 16.17% 3.15% 8.44% 1.77%
Between the Best Orders 44.06% 42.00% 59.22% 63.53% 1.03% 1.40% 40.32% 35.29% 34.67% 30.77% 31.35% 34.23% 15.16% 16.58%
Within 5 steps ofthe Best Order 24.41% 35.28% 15.69% 20.58% 66.10% 63.59% 35.48% 37.25% 36.00% 51.28% 26.73% 29.28% 25.92% 33.56%
Below 5 steps of the Best Order 17.65% 15.66% 6.50% 6.86% 26.71% 33.89% 14.52% 15.69% 18.67% 12.82% 25.74% 33.33% 50.49% 48.10%
Column Sum 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Row Proportion 38.50% 23.64% 11.96% 8.93% 1.66% 2.02% 0.35% 0.29% 0.43% 0.44% 1.72% 1.26% 4.64% 4.17% 100%
Total Count 6,789 4,169 2,109 1,574 292 357 62 51 75 78 303 222 818 736 17,63%

Note: This table provides a frequency distribution for all the major events that occur within the different levels alvaggssks the stock HSB. These include the proportion of the total events s
order submissions, forward and backward price revisions, forward and backward volume revisions and order cancellatiopsshahe defined levels of aggressiveness.
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Table 54
MLC Order Submission, Revision and Cancellation Frequency Distribution

Or(_jer_ 'Forwarq_ Backwa_rd_ Forward_ _ Backwar(_j' No Change Order_ Total
Steps Submissions Price Revision Price Revision Volume Revision  Volume Revision Revision Cancellation
Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell
Above the Best Opposite Order 579% 8.73% 13.95% 18.56% 2.04% 5.40% 1.41% 8.48% 4.88% 7.36% 0.76% 3.94% 1.72% 4.43%
Between theBest Orders 42.38% 38.73% 51.83% 54.23% 2.87% 5.51% 47.18% 26.67% 38.62% 32.52% 39.75% 37.27% 13.54% 13.24%
Within 5 steps of the Best Order 30.16% 27.68% 23.29% 19.65% 51.94% 48.84% 24.65% 35.15% 28.46% 28.22% 30.89% 21.06% 29.14% 23.22%
Below 5steps of the Best Order  21.67% 24.85% 10.93% 7.56% 43.15% 40.24% 26.76% 29.70% 28.05% 31.90% 28.61% 37.73% 55.61% 59.10%
Column Sum 100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Row Proportion 29.64% 22.94% 12.39% 9.51% 3.73% 3.13% 0.49% 0.57% 0.85% 0.56% 1.36% 1.49% 6.84% 6.47% 100%
Total Count 8,579 6,640 3585 2,753 1,080 907 142 165 246 163 395 432 1980 1,873 28,94C

Note: This table provides a frequency distribution for all the major events that occur within the different levels alreggsssir the stock MLC. These include the proportion of the total events ¢
order submissions, forward and backward présésions, forward and backward volume revisions and order cancellations that comprise the levels of aggressiveness.

Table 55
Pooled Order Submission, Revision and Cancellation Frequency Distribution
Orc_ier_ _Forwar_d_ Backwa_rd_ Forvvard_ _ Backwarc_i_ No C_hange Order_ Total
Steps Submissions Price Revision Price Revision Volume Revision  Volume Revision Revision Cancellation
Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell Buy Sell
Above the Best Opposite Order 9.06% 7.46% 15.69% 13.73% 3.49% 3.88% 3.93% 8.33% 6.71% 6.65% 6.71% 3.22% 3.39% 4.26%
Between the Best Orders 43.56% 39.46% 55.26% 57.49% 1.85% 3.31% 41.79% 28.45% 39.35% 30.19% 37.81% 32.70% 14.19% 12.81%
Within 5 steps of the Best Order  28.74% 30.48% 20.50% 21.31% 58.49% 52.54% 33.21% 36.21% 31.48% 35.73% 30.35% 24.04% 27.67% 24.46%
Below 5 steps of the Best Order  18.65% 22.59% 8.55% 7.47% 36.17% 40.27% 21.07% 27.01% 22.45% 27.42% 25.13% 40.04% 54.75% 58.47%
Column Sum 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Row Proportion 31.73% 24.95% 11.45% 10.08% 2.68% 2.74% 0.40% 0.49% 0.61% 0.51% 1.33% 1.41% 5.69% 592% 100%
Total Count 22,373 17,597 8,074 7,106 1,891 1,932 280 348 432 361 939 994 4,011 4,178 70,516

Note: This table provides a frequency distribution for all the major events that occur within the different levels alvaggsssir the pooled data. Thésaude the proportion of the total events suc
order submissions, forward and backward price revisions, forward and backward volume revisions and order cancellatiopgghdhe levels of aggressiveness.



The aggressiveness of order cancellations exhibits somewhat similar characteristics to
backward price revision. On both sides of the order book, more than half the orders
cancelled are below five steps from best order on the same side of the order book as th
cancelled order. The percentage of cancellation diminishes for each category as the positio
of the order in the book is closer to the top, indicative of a negative relationship between the

execution probability and the probability of cancellation.

In section 5.3, we propose that the order book depth, inside spread and the order book heigh
will impact the level of aggressiveness in order submissions, revisions and cancefations.
For instance, in section 5.3.1 we argue that the order book depth order® the order

book positively impacts order submission aggressiveness on the same side, and negativel
i mpact s order submissi on aggressiveness
hypothesis, we separate the total depth in the order book on bleth isto three main
categories, corresponding to the depth at the top, the depth one step below the top, and tf
cumulative depth between two and five steps from the top of the order book. During the
regular trading period, the depth at the top of thé lovder book corresponds to the depth at

the best bid or ask. However, due to the absence of trade execution duringdpenng
period, the spread can be crossed. Therefore, we propose that whenever the inside spread
crossed, the additional volarabove the point at which the best bid is equal to the best ask

forms the depth at the top of the book.

We definelbd0 as the log of the total volume at the top of the bid order book, and similarly
define ladO as the log of the total volume at the top of the ask order book. These variables
areimportant in explaining order aggressiveness, since the depth at the top of the order bool
is indicative of the likely execution volume at the opening. Thus, it prowdesmation

about the execution probability of existing limit orders. In addition, we ddfid& and

lad1 as the log volume at one step below the top of the bid and ask order book, respectively.
Similar to the deptlat the top of the order book, the depth at one step below the top of the
order book provides the trader with an idea of the volume that can be acquired if s/he decide:
to cross the market in order to improve their execution probability. The depth at tiwe t

steps below the top of the order book is definethd®5 andlad 25, the log

> The depth corresponds to the aggregatednael of orders at a specific location in the limit order book.
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Table 56
Summary Definition of Explanatory Variables

Variable Description of variable

lbd 0. Log of depth at the top of the bid order book forithevent.
lad 0. Log of depth at the top of the ask order book forithevent.
lbd1, Log of depth at one step below the top of the bid order book faf #eent.

ladl, Log of depth at one step below the top of the ask order book fit évent.

Log cumulative depth between two and five steps below the top of the bid order bc
Ibd25 thei™ event
Log cumulative depth between two and five steps below the top of the ask order b
thei™ event.

bh01, Height between the top and one step below the top of the bid order bookifbeteat.

lad 25

ah0l, Height between the top and one step below the top of the ask order bookifoevbat.
bhl5 Height between one and five steps below the top of the bid order book fSretrent.
ahls Height between one anivé steps below the top of the ask order book foi'trevent.

spr The inside spread adjusted for negative spread fdl" tneent.
dic Dummy variable indicating when the best bid is greater than or equal beshask for
! thei" event.

Note: Table 5.2 provides a summary definition of the explanatory variables utilized in the empirical anal

of the cumulative volume between two and five steps from the top of the bid and ask order

book respectively.

Hypotheses 2a through to 2d posit that the inside spread impacts the aggressiveness of ord
submissions, revisions and cancellations. In addition, since the absence of trade executio
results, in some instances, in a locked or crossed inside spreadothates a spread that is
zero or negative, respectively. We dentatgbb as the log of the best bid price alogjba

as the log of the best ask price, and the spread is calculaggutasnax0, (logba- logbb)],

which is the naximum of zero or the difference between the log of the best ask and the log
of the best bid pricesince there is no meaningful interpretation of a negative spread. To
compensate for the loss of information when the spread igositive, we measure ¢h
impact of a locked or crossed spread on the aggressiveness of order strategies by trader
We definedlc as an indicator variable that takes the value of one when the spread is locked

or crossed. Since a locked or crossed inside spread is indicative of price discovery during
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Table 57
Summary Statistics of Explanatory Variables

Statistic Ibd0 lad0 Ibd1l ladl  |bd25 lad25 bhO1 ah01 bh15 ahl5 vspr dic
Mean 3.04 3.22 2.74 294 351 3.69 0.03 0.03 0.17 0.07 0.05 0.21
Min 0.30 0.30 0.60 1.00 2.48 2.69 0.00 0.00 0.00 0.00 0.00 0.00
BOV Max 5.21 5.07 4.63 4.48 4.84 4.54 0.45 0.50 4.80 291 3.90 1.00
Std Dev 0.67 0.61 0.52 0.50 0.31 0.28 0.05 0.04 0.59 0.15 0.09 0.41
Skewness 0.05 -0.22 -0.12 -0.43 0.24 -0.23 4.20 4.24 6.50 7.70 16.45 1.42
Kurtosis 0.90 0.58 0.12 0.10 0.24 0.07  23.69 2741  43.14 88.15 555.90 0.03
Mean 3.09 3.16 2.78 3.03 3.43 3.74 0.07 0.11 0.85 0.11 0.06 0.24
Min 0.70 0.95 0.70 0.90 2.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
HSB Max 5.14 511 4.40 4.54 4.53 4.73 1.15 1.64 6.80 242 7.41 1.00
Std Dev 0.61 0.57 0.54 0.49 0.37 0.30 0.12 0.29 1.82 0.16 0.13 0.43
Skewness -0.06 0.05 -0.24 -0.45 -0.29 -0.37 3.59 3.58 2.26 4.90 22.87 1.22
Kurtosis -0.22 0.56 0.17 0.67 0.13 0.54 16.70 12.14 3.54 37.59 121581 -0.51
Mean 3.46 3.53 3.01 3.20 3.81 3.89 0.02 0.02 0.06 0.04 0.03 0.27
Min 1.08 0.78 0.70 1.00 2.00 3.01 0.00 0.00 0.00 0.00 0.00 0.00
MLC Max 5.81 5.60 5.15 4.70 5.32 4.93 0.27 0.95 2.35 0.75 0.26 1.00
Std Dev 0.78 0.63 0.48 0.42 0.32 0.24 0.03 0.02 0.20 0.06 0.03 0.44
Skewness 0.85 0.42 0.06 -0.28 0.40 0.39 3.32 5.32 7.62 6.84 1.72 1.04
Kurtosis 0.64 0.73 0.41 0.91 1.19 0.60 14.38 103.72 60.88 67.30 4.49 -0.92
Mean 3.23 3.34 2.87 3.08 3.62 3.79 0.04 0.05 0.30 0.07 0.04 0.24
Min 0.30 0.30 0.60 0.90 2.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
POOLED Max 5.81 5.60 5.15 4.70 5.32 4.93 1.15 1.64 6.80 291 7.41 1.00
Std Dev 0.73 0.63 0.52 0.47 0.38 0.29 0.08 0.16 1.05 0.13 0.09 0.43
Skewness 0.59 0.19 -0.15 -0.47 0.02 -0.21 5.54 7.20 4.68 7.24 26.45 1.20
Kurtosis 1.19 0.83 0.33 0.66 0.68 0.68  44.56 55.33 2149 84.68 1,844.26 -0.57

4]}

Note: This table provides a statistical summary including the mean, minimum (Min), maximum (Max), standard deviation)(#td Bkgwnesand Kurtosis
for the explanatory variables for BOV, HSB, MLC and the pooled data.



the preopening (Cacet al.2008), this should have an impact on the aggressiveness of order

strategy.

Section 5.3.3 proposes that the height of the limit order book increases aggressiveness i
order submissions, forward price revisions and cancellations and decreases aggressiveness
backward price revisions. We define the height as the difference lbethe@rices of two
orders at different positions on the same side in the order book. Since there can be numerot
combination of height calculations, we propose measures of height that focus on orders at, o
close to, the top of the order book. Two measware proposed for this analysis; first we
find the height between the price at the top of the order book and the price of an order at one
step below the top, denotdah01 for the bid, andahO1 for the ask height, resptively>®
Second, we measure the height between the order one step below the top of the order boc
and the order that is five steps below the top of the order book, deblt&dor the bid

order book andahl5 for the ask order bookTable 56 provides a summary definition of the
explanatory variables, while table 5.7 provides a statistical summary of the explanatory

variables.

5.6 Empirical Results

We estimate two ordered probit models, one each for tharadask side, for each order
strategy. Tables 5.8 to 5.11 present the estimated results. Within each table, Panel A repor
the estimated coefficients and their relatestatistics, while Panel B reports the marginal
effects on the predicted probahilibf each level of aggressiveness for a one standard
deviation change in each explanatory variable centred around its aseantlined in section
5.4.2. Table 5.12provides a summary of the proposed hypotheses, the expected sign of the
coefficients, theestimated sign and whether the estimated variables are statistically

significant (at the 5% levelwhile table 5.13ummarises the model diagnostic statistics

*¢ Notice here that the order of the ask variable is different from the order of the bid variable. This is done to
ensure that the both variables are positive, since the bid prices decreas¢hkeebp of the order book and the
ask prices increase as the order moves away from the top of the book.
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5.6.1 Order Submission Aggressiveness

In section 5.3.1, we propose that an increase in depth on one side of the order book increast
order aggressiveness on the same side and reduces that for orders submitted on the oppos
side, as explained in hypothedia and 1b respectively. As shown in table 5.8, we find
strong evidence supporting hypothedia as the results reveal a positive relationship
between the order book depth on the bid (ask) side and the aggressiveness of orde
submissions on the bid (ask) side. Gpeally, we find that on the bid (ask) side of the
order book, the depth at the top and between two and five steps from the top of the orde
book positively impact the aggressiveness of bid (ask) orders submitted. However, the deptt
at one step below ¢htop of the order book on either sidedl andladl) has no significant
impact. As shown in panel B of table 5.8, a one standard deviation centred shock to eithel
the depth at the top, or between two and five stepa the top of the order book on the bid
(ask) side, increases the probability of orders submitted between the best orders and aboy
the best order on the opposite side of the bid (ask) order book and reduces the probability o
orders submitted below thedieid (ask) order.

The results also highlight the fact that enhanced depth on one side of the order book
negatively impacts the aggressiveness of orders submitted on the opposite side. Thi
provides support for Par | dosence oftradingo Malgovey o
the bid side of the order book is more responsive to increases in depth on the ask side tha
vice-versa. Specifically, on the bid side we find that an increase in depth at the top, one ster
below the top and between two amekfsteps from the top of the ask order book reduces the
aggressiveness of bid order submissions. On the ask side, we find that only the deptt
between two and five steps from the top of the bid order book significantly and negatively
affects the aggressmess of ask order submissions. The evaluation of the marginal change
in the predicted probability for each level of aggressiveness indicates that for a one standar
deviation shock to either variable there is a reduction in the probability of ordes bein
submitted at or above the best order, and an increase in probability of orders being submitte
below the best order. In order words, when the depth on one side of the order book
increases, traders on the opposite side of the order book reduce thasssufsrof orders
above the best order and submit more orders below the best order.
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Table 58
Ordered Probit Model for Order Submissions Aggressiveness

Buy Side

Panel A.

Estimated Coefficients Ibd0 lad0 Ibd1l ladl  1bd25 lad25 bhO1 ah01 bh15 ahl5 vspr dic
Coefficients 0.082 -0.031 -0.010 -0.049 0.046 -0.099 1.744 2315 0.129 -0.069 -0.306 0.276
Z - Statistic 16.430 -5.110 -1.460 -7.120 4.690 -8.360 11.700 35.220 11.430 -1.190 -2.080 12.660
Panel B.

Marginal Effects (%)

Above Best Opposite Order 1.69 -0.50 -0.14 -0.64 0.47  -0.77 1.19 5.43 1.15 -0.11  -0.21 4.06
Between Best Orders 3.93 -1.18 -0.32 -1.50 1.11 -1.80 2.78 12.33 2.68 -0.25 -0.49 6.71

Within five steps below Best Orde  -1.91 0.57 0.15 0.73 -0.54 0.88 -1.35 -5.98 -1.30 0.12 0.24 -4.45
Below five steps from Best Order  -3.70 1.11 0.30 141 -1.04 1.69 -2.62 -11.79 -2.52 0.24 0.46 -6.32

Sell Side

Panel A.

Estimated Coefficients bd0 ado bd1 adl bd25  ad25 bh01 ah01 bh15 ahl5 vspr dic
Coefficients -0.006  0.096 -0.011 0.003 -0.060 0.029 0.012 -0.286 0.006 0.630 -0.519 0.386
Z - Statistic -0.940 15.310 -1.580 0.420 -5.580 2.270 0.100 -3.020 0.750 10.030 -4.890 15.680
Panel B.

Marginal Effects (%)

Above Best Opposite Order -0.10 1.60 -0.15 0.04 -0.58 0.22 0.01 -0.29 0.09 1.01 -0.55 5.94
Between Best Orders -0.24 390 -0.37 0.10 -141 0.55 0.03 -0.71 0.23 246 -1.34 9.36

Within five steps below Best Orde 0.07 -1.16 0.11 -0.03 042 -0.16 -0.01 0.21 -0.07 -0.73 0.40 -4.98
Below five steps from Best Order 0.27 -4.35 042 -0.11 156 -0.61 -0.03 0.79 -0.25 -2.74 150 -10.31

GGaT

Note: This table reports the estimation results of the ordered probit model fosobdeissions. The estimates are generated using maximum likelihood method. Panel A
the estimated coefficients and their associat&taistic. Panel B reports the marginal effects on the estimated probability for a positive change in trentiepeables. The
dependent variable takes on four different levels of aggressiveness where an action above the best opposite ordeaggtkessivestvhile an action below five steps from
best order is regarded as the least aggressive. Dafimitbr the explanatory variables are presented in table 5.2.



These results confirm that order book depth is informative and plays an important role in
determining the aggressiveness of order submissions during thepgmang period.
Implicitly, large depth on the buy (sell) side reduces buy (sell) execution probability and
therefore, leads to aggressive buy (sell) order submissions. This corroborates results
obtained for the active trading period by Ranaldo (2004), HalHaudsch (2006), Caet al.

(2008) among others. Overall, the results indicate that traders examine the depth that i
available on the own and opposite side of the market to determine the degree of
aggressiveness to apply in their submission of ordersaddition, the submission decision
faced by traders on the ask side of the order book is not affected by the depth at the top o
the bid order book. This result suggests that ask side traders appear to pay more attention

the price dimension of the askder book.

Hypothesis?a proposes that a reduction in the inside spread increases the order submissior
aggressiveness on both sides of the order book. The results provide strong support for thi
hypothesis. There is a negative and significant relatipnsatween the spread and order
submission aggressiveness on both sides of the order book. The evaluation of the marginze
probabilities reveal the same trade off between placing orders above or below the best orde
on either side, as reported for order batepth. In the event of a one standard deviation
shock to the spread, the probability of orders placed at or above the best order on either sid
reduces, and the probability of orders placed below the best order increases. These resul
provide furthersupport to the existing empirical literature (Biatsal, 1995; Ranaldo, 2004;

Hall and Hautsch, 2006; Caa al, 2008), confirming a negative relationship between the

spread and the aggressiveness of orders submissions despite the absence of trading.

The results also indicate that when the spread is locked or crossed as indicated by thi
variable dlc, there is an increase in the aggressiveness of order submissions on both side o
the order book. Therefore, in addition to lowering tbhst of increasing the probability of

execution at the opening, a locked or crossed inside spread indicates price discovery and as
consequence, more orders are placed towards the top of the order book on both sides of tf

market.

With regards to order lak height, we predict in hypothes3s that a reduction in height on

either side of the order book decreases bid and ek submission aggressivenesshe
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order book Our results reveal consistent support for this hypothesis. For example, the
heightbetween the top and one step from the top and between one and five steps from the
top of the bid order bookbfh0land bhl5) both positively impacts the aggressiveness of bid
order submissions. Results on the ask sidesamewhat weaker, with only the height
between the top and one step from the top of the ask order ladOl)(positively and
significantly impacting the aggressiveness of bid order submissions. There is an increase ir
the probability oforder submission above the best order, and a decrease in the probability of
orders submitted below the best order on the same side as the submitted order when either

these variables is shocked by one standard deviation.

On the ask side, the resultslicate mixed support for the hypothesis. First, there is no
significant impact of the bid height on the aggressiveness of ask order submissions. Seconc
in line with our predictions, the height between one and five steps from the top of the ask
order mok positively impacts the aggressiveness of ask order submissions. Thefftrade
between placing an order above or below the best order is also present when there is a or
standard deviation shock to the variable. Third, we find that contrary to adictpres,

there is a negative and significant relationship between the height at the top and one ste|
below the top of the ask order book and the aggressiveness of ask order submissions. Bas
on a one standard deviation shock there is a reduction iprefsability of an order being
placed above the best order. We do observe the hypothesised result, but only below the be
ask, in the sense there is an increase in the probability of an order being submitted below th:
best ask. We conjecture that this akdge relationship may occur as a result of sell side
traders viewing the price at the top of the ask order book as being too low and resist sending

additional negative signals into the market.

5.6.2 Forward and Backward Price Revision Aggressiveness

In hypothesed.c and1d we propose that an increase in depth on one side of the order book
increases the aggressiveness of forward revision on the same side, and reduces tf
aggressiveness of forward revisions on the opposite side of the order book. ionaddit
hypothesed e and1f predict that an increase in depth on one side of the order book reduces

backward revision on the same side and increases backward revision on the opposite side «
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the order book. The results in table 5.9 indicate that the dépkie dop of the bid (ask)
order book,Ibd0(lad0), positively impacts the aggressiveness of forward bid (ask) order
revisions. This suggests that traders gauge the execution likeliness obriteirby
observing the deh at the top of the order book and revise the price of their order to reflect
any reduction in execution probability. This provides support for hypotHeasiand
consistent with findings during the trading period (€@aal.2008). The marginal change

the probability for a one standard deviation increase in the depth at the top of the order book
increases the probability of a forward revision above the best order, and reduces the

probability of a forward order revision below the best order, on esilerof the order book.

Interestingly, we find that on the ask side, the aggressiveness of forward price revisions is
not significantly impacted by the depth at the top of the bid order book. However, the depth
at one step below, and between two and five steps below the tbe did order book
negatively and significantly reduces the aggressiveness of forward ask order revisions, agai
supporting hypothesisc. The results also indicate that the depth at the top, and between
two and five steps from the top of the ask orderkb@ats to reduce the aggressiveness of
forward bid order revisions, thereby confirming hypoth&sls This finding confirms the
perspective that larger depth at the top of the order book on one side of the market signals
more favourable order executigmobability to traders on the opposite side and as such
reduces the incentive to revise prices towards the top of the order book. In addition, a one
standard deviation shock to these variables shows that the probability of forward revisions
increases alw@ the best order, and is reduced for revisions that end up below the best order
on the respective side of the book.

In the case of backward price revisions, the results in table 5.10 reveal that neither the deptl
on the bid, nor on the ask side has amgrall significant impact on the aggressiveness of
backward ask order revisions. However, we find that on the bid side, only the ask depth at
one step below the top and between two and five steps from the top of the ask order bool
negatively impacts theggressiveness of backward bid order revisions, contrary to the
prediction of hypothesidf. Thus, an increase in the depth on the ask side reduces the
aggressiveness of backward bid price revisions. This indicates that traders on the bid sidk

take advatage of the liquidity from the sell side when it becomes available. Further, the
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Table 59
Ordered Probit Model for Forward Revision Aggressiveness

Buy Side

Panel A.

Estimated Coefficients Ibd0 lad0 Ibd1l ladl Ibd25 lad25 bh01 ah0l1 bhl15 ahl5  wvspr dic
Coefficients 0.056 -0.037 -0.002 -0.014 -0.028 -0.135 -0.831 1.748 0.112 -0.010 -1.368 0.515
Z - Statistic 7.020 -3.480 -0.170 -1.130 -1.750 -6.650 -2.660 14920 5.080 -0.100 -5.190 14.770
Panel B.

Marginal Effects (%)

Above Best Opposite Order 1930 -0.912 -0.041 -0.265 -0.467 -1.616 -0.654 5528 1.236 -0.022 -1.316 12.545
Between Best Orders 1866 -0.882 -0.039 -0.256 -0.452 -1.563 -0.633 5295 1.196 -0.022 -1.272 3.286

Within five steps below Best Orde -1.955 0.925 0.041 0.269 0473 1638 0.664 -5549 -1.253 0.023 1.333 -9.509
Below five steps from Best Order -1.841  0.870 0.039 0.253 0.445 1541 0.624 -5.273 -1.179 0.021 1.254 -6.322

Sell Side

Panel A.

Estimated Coefficients bd0 ado bdl adl bd25 ad25 bh01 ah01 bh15 ahl5 vspr dic
Coefficients -0.006 0.112 -0.031 0.005 -0.084 0.035 0.043 -1.349 0.004 0.893 -0.722 0.858
Z - Statistic -0.540 11.010 -2.620 0.410 -4.640 1610 0.240 -6.120 0.370 4.700 -3.610 21.290
Panel B.

Marginal Effects (%)

Above Best Opposite Order -0.123 2,573 -0.557 0.088 -1.054 0.361 0.067 -1.225 0.109 0.985 -0.927 21.710
Between Best Orders -0.164  3.427 -0.744 0.118 -1408 0482 0.089 -1.636 0.146 1.316 -1.238 1.266

Within five steps below Best Orde  0.159 -3.317 0.720 -0.114 1.363 -0.467 -0.087 1583 -0.141 -1.273 1.198 -15.480
Below five steps from Best Order  0.128 -2.684 0.581 -0.092 1.100 -0.376 -0.070 1.278 -0.114 -1.027 0.967 -7.495

6GT

Note: This table reports the estimation results of the ordered probit model for forward price revisions. The estin@atesased gsing maximum likelihood method. Pane
reports the estimated coefficients and their associatgthstic. Panel B reports the marginal effects on the estimated probability for a positive change in the dependent
The dependent variable takes on four different levels of aggressiveness where an action above the best oppositenaodenggtieeses while an action below five steps fro
the best order is regarded as the least aggressive. Definitions for the explanatory variables are presented in table 5.2.



Table 510
Ordered Probit Model for Backward Revision Aggressiveness

Buy Side

Panel A.

Estimated Coefficients Ibd0 lad0 Ibd1l ladl  Ibd25 lad25 bh01 ah0l1 bhl5 ahl5  vspr dic
Coefficients 0.007 0.001 0.026 -0.056 0.002 -0.187 1.408 0.512 0.140 -0.413 -0.280 0.400
Z - Statistic 0.360 0.040 1.050 -2.070 0.060 -4.160 2410 2570 3.660 -1.590 -0.320 5.070
Panel B.

Marginal Effects (%)

Above Best Opposite Order 0.054 0.007 0.144 -0.278 0.008 -0.569 0.352 0.343 0.559 -0.214 -0.052 2.842
Between Best Orders 0.029 0.004 0.078 -0.151 0.004 -0.308 0.191 0.186 0.303 -0.116 -0.028 1.331

Within five steps below Best Orde  0.359 0.044 0959 -1.857 0.054 -3.789 2350 2291 3.723 -1.429 -0.345 10.292
Below five steps from Best Order -0.442  -0.055 -1.180 2.285 -0.066 4.666 -2.892 -2.820 -4.584 1.759 0.425 -14.465

Sell Side

Panel A.

Estimated Coefficients bdoO ado bdl adl bd25 ad25 bho1 ah01 bh15 ahl5 vspr dic
Coefficients 0.010 -0.007 -0.014 -0.044 0.040 0.023 -0.499 -0.338 0.107 1520 -1.411 0.578
Z - Statistic 0.550 -0.310 -0.630 -1.750 1.210 0.550 -1.270 -1.060 3.600 6.160 -2.710 7.920
Panel B.

Marginal Effects (%)

Above Best Opposite Order 0.080 -0.044 -0.077 -0.213 0.158 0.068 -0.180 -0.127 0.533 0.743 -0.422 4.610
Between Best Orders 0.072 -0.039 -0.069 -0.190 0.141 0.061 -0.161 -0.114 0476 0.662 -0.377 3.212

Within five steps below Best Orde 0.575 -0.316 -0.552 -1.523 1.133 0487 -1.291 -0.910 3805 5.291 -3.017 13.593
Below five steps from Best Order -0.727 0.399 0.698 1.926 -1.433 -0.616 1.632 1.151 -4.813 -6.697 3.816 -21.416

09T

Note: This table reports the estimation results of the ordered probit model for backward price revisions. The estgeagrsit@e using maximum likelihood method. Pane
reports the estimated coefficients and tlassociated ZStatistic. Panel B reports the marginal effects on the estimated probability for a positive change in the dependeant
The dependent variable takes on four different levels of aggressiveness where an action above the bestdgrpgsdhie most aggressive while an action below five steps
the best order is regarded as the least aggressive. Definitions for the explanatory variables are presented in table 5.2.



probability of a backwardevision that ends up above the best order is reduced when there is
a one standard deviation increase in the ask ddatll and lad25), and increases the
probability of prices ending up below the best order on the corresponding side of the order
book. Hypotheses2b and 2c propose that an increase in the spread enhances the
aggressiveness of forward order revisions and reduces the amiolniciovard order
revisions, respectively, on both sides of the order book. We find evidence supporting
hypothesi2b, in that a reduction in the spread increases forward revision aggressiveness, as
traders take advantage of improved liquidity and lowastscto increase their probability of
execution at the opening. The probability of forward revisions above the best order reduces
when the spread increases and instead orders are revised to below the best order when the
is a one standard deviation shaokhe spread. This finding is consistent with the behaviour
observed during the trading period revealed by €taal. (2008). We also find a positive
impact on the aggressiveness of forward revisions on both sides of the order book when th
spread is loked or crossed. Specifically, the probability of an order being revised above the
best order increases when the spread is locked, and the probability of an order revised belo
the best order reduces.

The results reveal conflicting evidence in supporthgpothesis2c. The spread has no
significant impact on the aggressiveness of backward revisions on the bid side except whet
it is locked or crossed. Moreover, the sign is contrary to our prediction. We find that a
locked or crossed spread actually eases the aggressiveness of backward revisions. One
explanation is that traders who revise their orders may be more patient, and as suct
anticipate better prices subsequent to the market opening. The same result is observed c
the ask side except that wathe impact of the spread is also significant. In addition,
evaluating the marginal probability reveals the trade off between revising orders above or
below the best order on the corresponding side of the order book. When the spreac
compresses, tradeesse more likely to revise their orders above the best order in the order

book relative to the side of the book on which the order is placed.

Hypotheses3b and 3¢ postulate that a reduction in height on either side of the order book
reduces forward revisioaggressiveness and increases backward revision aggressiveness,

respectively, on both sides of the order book. However, the results indicate that the heigh
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between the top and one step below the top of the bid order book negatively impacts the
aggressiveess of forward order revisions. This is contrary to our predictions. One
explanation is that when the price at one step below the top and the price at the top of the bil
order book are close together, then the probability of an order below the topekeauged

is fairly high. As a consequence, more patient traders may anticipate a better price after the
opening, when the orders at or close to the top of the book have been executed. Howeve
the hypothesised result is confirmed for the height betweerand five steps below the top

of the bid order book and the height between the top and one step below the top of the as
order book. In addition, the marginal probabilities highlight the trade off between revising

orders above or below the best ordéew the height of the book is increased.

On the ask side, we find that the height on the bid side of the order book does not
significantly impact the aggressiveness of forward revisions. However, analogous to the
results for the bid side, the height beénethe top and one step below the top of the ask

order book(ah01) negatively impacts the aggressiveness of forward ask order revisions, as

traders on the ask side await more favourable prices subsequent to the opening of the marke
The height between one and five steps below the top of the ask orde(abt8kpositively

impacts the aggressiveness of forward ask revisions as hypothesised. A one standar
deviation shock to the height on either side reveals the trade off between revising orders tc

above or below the best order.

With respect to backwardvision aggressiveness, we find that on the bid side the height of
the bid order book, between the top and one step below théof)(and between one and

five steps below the top of the bid order bodki(5), and the kight between the top and

one step below the top of the ask order boaO(Q) positively impacts the aggressiveness of
backward order revisions. On the ask side, only the height between one and five steps fron
the top of the bid or askrader book positively impacts the backward order revision
aggressiveness on the ask side. These results are in contrast to the predictions of hypothes
3c. One perspective here is that traders revise their orders backward when they see a
increase in hght, as they conclude that the prices at the top of the bid (ask) order book are
too high (low) and as a result attempt to secure more favourable prices. However, based o

the evaluation of the marginal effects of a one standard deviation shock to ghe drei
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either side centred around its mean, the probability of the order price being revised to
somewhere above the best order increases and the probability of the order price being

revised to below the best order decreases.

5.6.3 Order Cancellation Aggressiveness

In hypothesislg we argue that an increase in depth on the bid (ask) side of the order book
increases the aggressiveness of bid (ask) order cancellations. In addition, hyddthesis
predicts that the depth on one sidethe order book negatively impacts the aggressiveness
of order cancellations on the opposite side of the order book. The results in table 5.11
indicate that there is minimal support for both hypotheses and inconsistent with prior finding
for the tradingsession such as Hall and Hautsch (2006) andeCab(2008). We find that

on both the bid and the ask side only the depth at one step below the top of the ask orde

book (lad0) has any significant impact on the aggressiveness of ordeeléation. On the

ask side, the depth at the top of the ask order book positively impacts the aggressiveness ¢
ask order cancellations. Further, we find that for a one standard deviation shock to the
depth, there is an increase in the probability ofeorcancellation above the five step below

the best ask order and a increase in probability of cancellation below five steps from the top

of the ask order book.

On the bid side, the depth at one step below the top of the ask order book pasiipaeiis
the aggressiveness of bid order cancellation, a finding which is contrary to the prediction of
the hypothesis. For a one standard deviation shock to this variable, only the orders below
five steps from the top of the bid order book show a redudtioprobability of being
cancelled. One explanation here is that bid side traders that cancel when the depth at the tc
of the ask book is high conclude that the information flow is concentrated on the opposite

side of the order book which reduces thegentive to hold the security.

In relation to the effect of the spread on the aggressiveness of order cancellation, hypothesi
2d postulates that a reduction in the spread decrease order cancellation aggressiveness
both sides of the order book. The resulttgable 5.1lindicate that the spread has minimal
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Table 511
Ordered Probit Model for Order Cancellation Aggressiveness

Buy Side

Panel A.

Estimated Coefficients Ibd0 lad0 Ibd1l ladl Ibd25 lad25 bh01 ah01 bhl5 ahl5  vspr dic
Coefficients 0.003 0.042 0.027 -0.034 0.038 0.004 0.557 0.953 0.268 0.227 -0.137 0.060
Z - Statistic 0.280 2880 1.690 -1.910 1620 0.120 1.800 8.650 10.020 1.650 -0.320 1.120
Panel B.

Marginal Effects (%)

Above Best Opposite Order 0.037 0.370 0.195 -0.218 0.205 0.014 0.207 1.037 1.131 0.183 -0.040 0.385
Between Best Orders 0.1127 1.157 0.610 -0.683 0.641 0.045 0.650 3.234 3.523 0573 -0.126 1.158

Within five steps below Best Order 0.092 0.906 0.478 -0.535 0.502 0.035 0509 2528 2753 0449 -0.098 0.854
Below five steps from Best Order  -0.247 -2.433 -1.282 1.437 -1.347 -0.095 -1.366 -6.800 -7.407 -1.204 0.264 -2.396

Sell Side

Panel A.

Estimated Coefficients bd0 ado bdl adl bd25 ad25 bh01 ah01 bh15 ahl5 vspr dic
Coefficients 0.021 0.110 -0.005 -0.002 -0.038 0.054 0.883 -0.115 -0.082 1.588 0.503 0.535
Z - Statistic 1560 8.020 -0.290 -0.090 -1.560 1.880 2.710 -0.700 -3.450 8.010 1.380 9.320
Panel B.

Marginal Effects (%)

Above Best Opposite Order 0.192 0970 -0.032 -0.010 -0.188 0.215 0.387 -0.074 -0.534 0.820 0.185 5.247
Between Best Orders 0.524 2639 -0.088 -0.027 -0.513 0.588 1.057 -0.202 -1.458 2.233 0.506 9.899

Within five steps below Best Order 0.523 2.632 -0.088 -0.027 -0.513 0.587 1.055 -0.202 -1.456 2.228 0.505 5.943
Below five steps from Best Order  -1.239 -6.240 0.209 0.063 1.214 -1.390 -2.499 0479 3449 -5280 -1.196 -21.089
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Note: This table reports the estimation results of the ordered probit model for order cancellations. The estimateatadeugémgie maximum likelihood method. Panel .
reports the estimated coefficients and their associatethstic. Panel B ports the marginal effects on the estimated probability for a positive change in the dependent vi
The dependent variable takes on four different levels of aggressiveness where an action above the best oppositensodengytiessive while attion below five steps fron
the best order is regarded as the least aggressive. Definitions for the explanatory variables are presented in table 5.2.



impact on the aggressiveness of order cancellation on both sides of the order book. We finc
that on the askide, the spread only matters when it is locked or crossed. However, here the
impact is positive and contrary to our prediction. Traders on skesale increase the

aggressiveness of cancellations when the spread is locked or crossed. One interpretation
that with better estimation of the fundamental value of the asset, traders may decide not tc

sell in anticipation of a better price at a fugttime.

Hypothesis3d proposes that a reduction in the height of the order book on both sides
decreases the aggressiveness of order cancellations on both sides of the order book. Tl
evidence in support of the hypothesis is again mixed. We find thateobid side, an

increase in the height between one and five steps from the top of the bid order book and th
height between the top and one step below the top of the ask order book increases th
aggressiveness of bid order cancellations. For a one sfaddsiation shock to either

variable, there is a general increase in probability of bid order cancellation except below five

steps below the top of the bid order book.

The results also indicate that on the ask side, an increase in the height betwepratite

one step from the top of the bid order bdbk01) and the height between one and five steps

from the top of the ask order boadkcreases the aggressiveness of ask order cancellations.
However, we find that an increase in the heigetween one and five steps below the top of
the bid order book reduces the aggressiveness of ask order cancellations, contrary to th
hypothesis.We contend that when traders on the ask siervethat the height below the

top of the order book is ameasing, thereby reducing the downward pressure on prices they
cancel their existing limit sell order, due to a deteriorating probability of trade execution at
the present price.

Evaluating the marginal probability reveals that for a one standard deviati@ase in the
height on both sides increases the probability of cancellation above five steps from the top of
the order book on both sides, except for the depth between one and five steps below the to
of the bid order book, which only increases thebability of order cancellations for orders
below five steps from the top of the ask order bodke provide a summary dll the
proposed hypotheses and empirical restdtsthis chapter in table 5.12, while table 5.13
reports the model diagnostic stats.
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Table 512
Summary of Proposed Hypotheses and Empirical Results

Bid Side Ask Side
- . Rel.
Hyp Description of Hypothesis var. Exp. Est. Sig. | Exp. Est. Sig.
Sign  Sign (y/n) | Sign Sign (y/n)
1  Increase in depth on the bid (ask) side of the order book.
Ibdo; tve +ve |y -ve  -ve n
a increases order submission aggressivenes -
i ; - +ve V€ n -ve  -ve n
on the bid (ask) side Ibdl;
lbd25 ~+ve +ve y -ve  -ve y
o . lado, -ve  -ve y +ve +ve y
b decreases order submission aggressivene ve e e  4ve N
on the ask (bid) side lad; y
lad2 -ve -ve y +ve +ve y
Ibdo; tve +ve y -ve  -ve n
C increases forward revisiomggressiveness
. ' - +ve -ve n -ve  -ve
on the bid (ask) side bd y
lbd2y +ve -ve n -ve  -ve y
o ) lado; -ve  -ve y +ve  +ve y
d decreases forward revisions aggressivene: lad ve  -ve n e  tve N
on the ask (bid) side ady
lad25 ~ -ve  -ve y +ve  +ve n
Ibdo; -ve +ve n +ve  +ve n
e increases backward revision aggressivene
N - -V +v n +V -v n
on the ask (bid) side Ibdy € € € €
lbd25 ~ -ve  +ve n +ve  +ve n
. . lado; +ve +ve n -ve -ve n
f decreases backward revision aggressivens e  wve ve e N
on the bid (ask) side ladl; y
lad25 ~ +tve  -ve y -ve  +ve n
Ibdo; +ve +ve n -ve  +ve n
g increases order cfancellatlon aggressivene! Ib, +ve +ve n ve  -ve n
on the bid (ask) side
lbd25  +ve +ve n -ve  -ve n
_ _ lado, -ve +ve |y +ve +ve y
h decreases order cancellation aggressivene ve  -ve N e  ve 0
on the ask (bid) side lad;
lad25 -ve  +ve n +ve +ve n
2  Areduction in the inside spread
a increases order submission aggressivenes SPj ve  -ve Yy ve  -ve y
on both sides. dic; +tve +ve y  +ve +ve y
b increases forward order revision SpP§ -ve  -ve y -ve  -ve y
aggressiveness on both sides dic; +ve +ve y +ve  +ve y
c decreases backward order revision Sp§ tve  -ve n tve  -ve y
aggressiveness on both sides dic; ve +ve y ve +ve y
d decreases order cancellation aggressivene SPj tve  -ve n tve  -ve n
onboth sides di; ve +ve n -ve +ve y
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Table5.2Cont 6d

Bid Side Ask Side
Hyp Description of Hypothesis \Ijaerl Exp. Est.  Sig. | Exp. Est.  Sig.
Sign Sig  (y/n) | Sign Sig  (y/n)
3 An reduction in the height of the order book on both sides

bho  +ve +ve y  +ve +ve n

o decreases order submission aggressivene: bt  *ve +ve |y +ve +ve n

on both sides a0y tve +ve y tve  -ve y

all5 +ve -ve n  +ve +ve y

bhoJ; +ve -ve y +ve +ve n

p decreases forward revision aggressivenes bi§ +ve *ve y  +ve +ve 0

on both sides ahoy +tve +ve Yy +tve  -ve y

alls +ve -ve n  +ve +ve Y

bh0y -ve +ve y -ve -ve n

. Increases backward revision aggressivene: bHL5 ve  +ve y ve +tve y

on both sides ahoy, -ve +ve |y -ve  -ve n

alls -ve -ve n  -ve +ve Y

b0y  +ve +ve n +ve +ve Y

g decreases order cancellation aggressiven bty *ve *+ve y +ve e y

on both sides ahoy +tve +ve Yy +tve  -ve n

alls +ve +ve n  +ve +ve Y

Note: This table provides a summary of the proposed hypotheses, their related vaRigbMar], the expected coefficien
sign Exp. Sigh based on the related hypothesis, the sign of the estimated coeffitserig) and whether the coefficier

is significant or not (at the 5% leveBig. (y/r), with n = no, y = yes.

Table 513
Model Diagnostics for eactOrder Probit Model
Order Forward Backward Order
Submission Price Revision Price Revision Cancellation

Buy Side Sell Side Buy Side Sell Side Buy Side Sell Side Buy Side Sell Side
No. of Obs. 22,337 17,556 8,068 7,073 1,876 1,927 4,006 4,163
LR Chi?(12) 4,003.10 1,000.04 1,150.43 1,051.91 131.34 172.21 243.48 398.11
Chi2 Prob. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pseudo R 0.07 0.02 0.06 0.07 0.04 0.05 0.03 0.05
L_og-_ -25,953.50 -21,600.42 -8,731.78 -7,352.30 -1,573.27 -1,733.13 -4,186.61 -4,197.90
Likelihood

Note: This table presents the model diagnosticeach estimated equation, such as the LR t&sGhf(12))and its related
Chi squared Ralue Chi® Prob), the Pseudo Rquared Rseudo B that provides a measure of model fit and the valus

the log likelihood function at maximisatiohdg Likelihad).
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5.7 Conclusions

In this chapter we analyse the aggressiveness of limit order submissions, forward and
backward revisions, and cancellations on both sides of the order book during a market pre
opening period. We estimate a pooled ordered probit model utilising the tbhstd@avily

traded stocks from the Malta Stock Exchange, over an extensive period January 2000 to Jun
2007. In addition, to explain the determinant of aggressiveness during the market pre
opening period, we formulate variables that reflect the stateediirit order book such as

the depth, spread and the height at various steps in the limit order book. Specifically, we
examine the impact of the depth at the top, one step below the top and between two and fiv:
steps from the top of the order book onlbsides. Additionally, we measure the impact of

the height between the top and one step below the top and between one and five steps frol
the top of the order book on both sides. The impact of the spread is also incorporated, a:
well as the effect on osdt placement strategy aggressiveness when the spread is locked or
crossed.

The empirical results indicate that an increase in depth on the bid side increase the
aggressiveness of bid order submissions and forwards price revisions, and reduces th
aggressieness of ask order submissions and forward ask price revisions. In addition, the
depth on the ask side negatively impacts the aggressiveness of bid order submissions
forward bid order revisions and backward bid order revisions. The results confiranthat
increase in the depth at the top of the ask order bimgkeases the aggressiveness of
cancellation on both sides of the order book. The impact of the spread is consistent with
previous findings in the literature. A reduction in the spread incrélsesygressiveness of
order submissions and forward revisions on both sides of the order book. We find that
smaller spread increases the aggressiveness of backward revisions on the ask side and onl
locked or crossed spread increases backward revisiotige bid side. This situation reduces

cancellation aggressiveness on the ask side of the order book.

The evidence confirms that a reduction in the height on the buy and sell side of the order
book increases the aggressiveness of order submissions, forward or backward revision an
cancellation on the buy side. However, we find that only the height oasthside has a

positive and significant impact on the aggressiveness of sell order submission and forwarc
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