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Purpose of the master thesis is to develop an algorithmic trading
model for a single asset, which is well functioning on the
Scandinavian market.

The main focus has been towards creating an indicating model to
quantify market impact, cost of trading and model an efficient
trading frontier.

Initially we focused on research papers and literature within our
specific field trying to get a deeper knowledge in related theories.
Further we had meetings with our project initiators to understand
their ambitions with the project. This helped us to formulate the
direction of our thesis.

After broad theoretical studies we started to evaluate different
models that are used to quantify market impact and efficient
trading. We understood that there is not a general model that is
used to quantify these values. At this point we were able to decide
on certain models to approach and which simplifications that had
to be done. We decided to use the theoretic framework for a
market impact model created by US researchers.

Finally we compiled all research and data into our master thesis.
We also had several meetings with experienced individuals from
the stock market to discuss the validity of our models that we had
developed. In the end we delivered a clear theoretical framework
and a model that is simple to use.

Based on cutting edge research in financial trading theory
combined with discussions with traders on the Scandinavian
market a pre trade analysing application has been created. The
application is today usable to facilitate the decision-making
process when minimizing cost at a desired risk level for a large
stock order. The application provides the user with cost and risk
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estimates. Additional information on how to liquidate the initial
portfolio and anticipated market participation is supplied to the
user. The information provided by the application is realistic
according to experienced professionals.

However manual trading can not be completely replaced. Several
orders are of such kind that algorithms are not capable of
executing these. Further a good trader takes much information into
consideration when trading not possible to capture in algorithms.
The conclusion is that traders and algorithms should work side by
side to maximize profit. Standardized orders are handled by
automatized trading systems allowing traders to focus on more
complex orders.

Market Impact, Pre Trade Analysis, Timing Risk, Optimal Trading
Trajectories, Trading, Expected Cost, Variance of Cost,
Temporary Market Impact, Permanent Market Impact.
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The purpose of this chapter is to give the reader an objective view
of SEB’s business, organisation, market position and strategy.

In this chapter we clarify the background which explains the
purpose of the master thesis.

The purpose of this chapter is to give the reader an insight in the
scientific approach of this master thesis.

The ambition of this chapter is to give the reader a deeper
knowledge of certain theoretical theories.

The development of a useful model is described to the reader in
this chapter.

The aim of this chapter is to develop and explain the application
based on model 1 and model 2.

In the following chapter a result summary is presented to give the
reader an example of how to utilize the application. Further how
well the research purpose is fulfilled is concluded.

Our recommendations how to benefit the most from the results
found in our research are described and discussed in the following
chapter. Further we make recommendation how SEB can take
algorithmic trading to the next level.
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PREFACE

This master thesis has been a project at SEB Enskilda in Stockholm during the fall of 2006.
The main objective of the thesis has been to develop a model that is used for algorithmic
trading. It will contribute when trading large volumes of stocks as a pre trade analysis tool and
a sales explanatory tool to customers.

Our time at SEB Enskilda has given us great experiences from professional work environment
as well as great practice to be part of a project.

Finally, we want to thank all people that has been involved and contributed to this thesis. Our
supervisors at SEB Christer Wennerberg and Anders Mértensson for their real data input,
research material and interesting discussions. Further our supervisor at Lund Institute of
Technology Ingela Elofsson for her great attitude and remarkable advices. At last, our
mathematical support from Lund Institute of Technology, Professor Thomas Guhr and Doctor
Rudi Schéfer, who guided us through parts of the hard mathematical framework.

Stockholm January 2007,

Gustaf Tegell Martin Martinsson
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1. INTRODUCTION

The purpose of this chapter is to give the reader an objective view of SEB’s business,
organisation, market position and strategy.

1.1 SEB in brief

Skandinaviska Enskilda Banken (SEB) is a North-European retail and investment bank. SEB
was founded 1972 through a merger between Stockholm’s Enskilda Bank (founded 1856) and
Skandinaviska Banken. Their customers are institutions, corporations and private individuals.
The head office is located in Stockholm although SEB is represented in 20 countries around
the world with more than 20 000 employees. SEB has more than five million customers in
northern Europe and in other important financial locations. They have an international
business with 50 per cent of the profit generated outside Sweden. SEB has a significant
position on the North European retail market with a 16 percent market share in Sweden and
30 percent market share in the Baltic countries. The bank has a great reputation in the
financial sector with top rankings in areas as equity research, cash management and private
banking. 2005 SEB had an operating profit of 11 223 MSEK and the SEB share is listed on

the OM Stockholm Stock Exchange'.
0;1: Petershurg

m Mare than S million customers

® Mare than 2 million Internet customers

Geagraphical distribution r Mascow
) : & "
of qrozs incame in 2005 @ Mew York Bejing
Cra r .
Sweden 44 %% ‘... Shinghai
Germany 26 % Loy
_ Restofthe Nu:urdu: R on
~ Countries 14 %%
The Baltic £ %%
Rest of Europe & % I
Rest of the world 4 %% ®p.ic
@ 5Singapore
Geneva @&
SEBR's markets in Morthern Europe 'Marbella Mice
account forthe deminating part of income, .
@ Sao Paulo

Figure 1.1 SEB market locations and geographical distributions?

! http://www.sebgroup.com/pow/wcp/sebgroup.asp?website=TAB1&lang=en
> Ibid.
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1.2 Vision

SEB has made many strategic
moves since the merger in 1972.
The competition in the financial
industry has become  more
significant. The vision of becoming
the leading North-European bank
has demanded several acquisitions
to strengthen the bank within life
insurance and asset management.
As the number of customers has

increased in other European
countries SEB has expanded
mainly in Germany and Eastern
Europe. The large expansion

resulted in the 3 C-programme

Eastern SEB Trygg
European Liv
Banking 7% SEB
11% Merchant
Banking
SEB Asset 43%
Management—;
8%
erman
Nordic Retail Retail &
& Private Mortage
Banking Banking
26% 5%

Figure 1.2 Operating profit per division 2005

(Cost efficiency, increased Customer satisfaction and Cross-servicing within the Group)
which purpose is to reach full potential of the acquisitions and mergers”.

Consolidation

"Realizing potential

Frafit growth
“Regiising potential
of the platform®

* Operational

Growth of the piatform” *Rafinemant of Excellence
“Brogdening the 3 G [Uer R * Pro-activity
platform® =3 C programme * Organic grovth
YF— vy -Customer and add-an B #ﬁgglrirt?;ﬁd
H FHen home mamne zatisfaction acquisitions
e S|E1B 5 al and Alcqmsmons “Cross=enicing Rz - “one SEB™
;tatelnl[ut?]g -%%gbnldgg g;d -Cost efficienct
g e customers *IntragroupfCross
2 *Quadrupled assets| bordersynergies
under management
*Rizk reduction
1997-2001 2001-2003 2003-2005 2006-

Figure 1.3 Strategic development of SEB*

The business concept of SEB is to have satisfied customers and to give investors a

competitive return. Further more SEB aims
providing attractive financial solutions and
these goals.

More precisely the vision of SEB is:

to be considered as a good citizen of society. By
by local market knowledge SEB aims to achieve

“SEB shall be the leading North-European bank in terms of customer satisfaction
and financial performance. Motivated employees and strong cooperation within

the Group “One SEB” are prerequisite

® http://www.sebgroup.com/pow/wcp/sebgroup.asp?website=TAB
* Ibid.

s for reaching the goals”.”

1&lang=en

5 http://www.seb.se/pow/wcp/sebgroup.asp?website=TAB1&lang=en
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1.3 Organisation

To meet the needs of a competitive financial market the organisation of SEB has seen a
dramatic transformation over the last years. The organisation is divided into six different
divisions where SEB Merchant Banking is the largest division with 42% of the total operating
profit. This master thesis is within the Merchant Banking division as it is in charge of all stock
trades. Today Marcus Wallenberg is Chairman of the Board and Annika Falkengren is CEO
for Skandinaviska Enskilda Banken®.

Annika Falkengren
President & CEO

CFO &

Group Staff Internal

Audit

Group Credicts

& Group Risk
Control
SEB Merchant Nordic Retail German Retail Eastern European SEB Asset SEB
Banking & & Banking Management Trygg Liv
Private Banking Mortage Banking

Figur 1.4 Organisation of Skandinaviska Enskilda Banken’

1.4 SEB Merchant Banking

SEB Merchant Banking is the division that is responsible for large and medium sized
corporations, financial institutions and commercial real estate clients. This division consists of
two business units; SEB Merchant Banking and Enskilda Securities.

SEB Merchant Banking offers financial services. They have main responsibility for the
relationship with SEB’s large and medium size customers. They trade all different kinds of
financial instrument e.g. currencies, bonds, derivates, futures and stocks. Merchant Banking
also has a number of advisory, venture capital custody services and other financial services
that large and medium size customers demand. SEB Merchant Banking is the largest division
of SEB and has reported stable and good results for several years. It has about 2 800
employees in thirteen different countries.

Enskilda Securities is SEB’s investment bank that offers corporate finance services, equity
trading and equity research. They have a strong market position on the Nordic market and

© http://www.sebgroup.com/pow/wcp/sebgroup.asp?website=TAB1&lang=en
70
Ibid.
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have also had high rankings in different surveys the last years. Enskilda has about 420
employees in seven different countries.

Both business units trade large volumes of stocks that can affect market equilibrium.
Therefore they have a great interest in algorithmic trading and trading strategies for large
volume trading which will make their trading more efficient®.

8 http://www.sebgroup.com/pow/wcp/sebgroup.asp?website=TAB1&lang=en

13
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2. BACKGROUND & PROBLEM DISCUSSION

In this chapter we clarify the background which explains the purpose of the master thesis

2.1 Background

Skandinaviska Enskilda Banken (SEB) is today one of the largest players on the Northern
European market for retail and investment banking. A key competence is to deliver
competitive stock trades. Since the IT revolution the stock market has become an
exceptionally efficient and fast moving market. Most stock trades executed by SEB are not
large enough to affect the market. There are trades though, that are of such volume that they
actually have a market impact. These trades are related to specific strategies which aim to
minimize cost and risk for the trade. Traditionally brokers with great experience from the
market execute these orders based on their knowledge and experience. If trading is executed
during a short time period there will be a large market impact but the broker will not
experience a risk that the stock moves in an unfavourable direction. On the opposite trading
over a long time period results in a small market impact but a large risk of market movement.
Therefore it is of great interest to SEB Merchant Banking to clarify the characteristics of large
volume trades and how to execute these efficiently”’.

2.2 The stock market

The Scandinavian stock market has in the past been dominated by a few large brokers. These
players have had a relative comfortable market position since the relationship between
customer and broker has been based on a good relationship. Further more, not many actors
have had direct access to the stock market, which has enabled the broker to charge high
commissions and fees. Usually the communication between customer and broker has been
through telecommunication related with a time consuming order process.

Since the expansion of information technology the stock market has seen remarkable changes.
Many new brokers have now gained access to the market. These players compete with lower
fees and direct access to the market for the end user. The new brokers focus preliminary on
small investors with standardised trades.

However, these brokers constantly develop their trading applications with the result of larger
market shares. The original brokers have lost their monopoly of stock trading and today focus
more and more on large and unique trades.

A market is driven by supply and demand, especially the stock market since it is distinguished
by many players and an efficient technology which results in a fast moving market. Today
most trades do not affect market equilibrium as the volume of these trades are not large
enough. However there are trades that have an impact on the market equilibrium. Depending

? Christer Wennerberg, SEB Merchant Banking, Stockholm 2006-09-15
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on the size of the trade as well as the liquidity of the stock, the market can be temporarily or
permanently affected'’.

2.3 Algorithmic trading

Algorithmic trading is a tool which uses predefined strategies to facilitate the decision making
for a trader. The algorithm uses a model which can be a simple or complex application
depending on transaction form. The information technology revolution has developed the
usage of algorithmic trading. As mentioned earlier most trades today are done manually,
many of these can in the future be executed through automatic trading systems.

SEB has a great interest in building strategies for execution of trades when dealing with large
volumes of stocks. The strategies are related to different risks. Therefore SEB would like to
quantify the risks related to each trade. Due to the relationship between risk and cost a
strategy can be defined that takes both these interests into consideration''.

2.4 Purpose

Purpose of the master thesis is to develop an algorithmic trading model for a single asset,
which is well functioning on the Scandinavian market.

2.5 Target Group

The target of this master thesis is primarily two groups, professional people working in the
financial industry and students studying financial mathematics:

In the financial industry it is of interest for traders at the Scandinavian Stock Market,
professionals working in the business development division and for sales people in the
financial industry.

Students studying financial mathematics can read this to understand the basics of market
impact, costs of trading and timing risk.

' Johan Larsson, SEB Enskilda Equities, Stockholm, 2006-12-05
" Anders Martensson, SEB, Stockholm, 2006-09-05
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3. METHODOLOGY

The purpose of this chapter is to give the reader an insight in the scientific approach of this
master thesis.

3.1 Introduction

When doing a scientific research it is important to have a structure in the investigations.
Several methods how to target the purpose of the research are available. Numerous important
circumstances have to be addressed before choosing which method to use. Additionally the
purpose or problems investigated in the survey are important factors for which method to use.
The choice of method is very dependent on which knowledge is available'?.

3.2 Different scientific approaches

3.2.1 Problem identifying

The first issue when investigating an unknown field is to explore the theoretic framework.
When the big picture of the issue is understood a framework of the problem can be stipulated.
The first exploration of the subject often results in a deeper research to fully describe or
explaining the issues'”.

Often the purpose of this investigation is to identify a problem from previous premonitions.
From this investigation a hypothesis is formulated.

3.2.2 Descriptive, explanatory, diagnostic and normative studies

When the theoretic framework is well known a purpose for the study is to describe rather than
understand the problem. The description of the problem varies depending on the utilization of
the study. A description of past events as well as present events may be of interest. Further the
reasons and relationship between occurrences may be the prime identification target'.

Besides describing the issues an additional purpose may be to explain these. The depth of the
explanation study can vary. An overview of the issues is sometimes sufficient as well as an in
depth analyse may be required. The purpose is to identify and analyse the factors that affect
the occurrences of interest. Often these studies evaluate previous theories. Frequently this
infos;mation is used to determine strategies in situations where the factors identified are in
use ".

A diagnostic investigation uses occurrences to establish the driving factors behind the results.
The method starts with the results and tries to find solutions to these occurrences. Often a
negative outcome of a strategy results in a diagnostic investigation'®.

12 Utredningsmetodik fér samhallsvetare och ekonomer. Lundahl, Ulf and Skérvad, Per-Hugo, p. 7-16
13 Utredningsmetodik for samhllsvetare och ekonomer. Lundahl, Ulf and Skérvad, Per-Hugo, p. 55
' Utredningsmetodik for samhallsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 48
'3 Utredningsmetodik for samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 47
16 Utredningsmetodik for samhallsvetare och ekonomer. Lundahl, Ulf and Skérvad, Per-Hugo, p. 48
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A normative investigation makes statements that describe how outcome for certain actions
are'’. The investigation is similar to making case recommendations and what the outcome for
each action is. The purpose is to be able to make a recommendation on what action to take'®.

3.2.3 Our scientific approach

The approach in our thesis is a combination of describing the phenomenon of market impact
and to explain this occurrence. Additionally the problem is of a diagnostic nature. All research
started as diagnostic investigations to an occurrence experienced on the stock market,
resulting in a framework of theory in the subject.

Traders at SEB have experienced market impact and have intuitions of why this happens.
Further the project initiators at SEB have a general idea of the driving factors of the
occurrence. The theory is today widely discussed but no straight forwards solutions exist. Our
approach is to give a deep description and explanation of the today existing theoretical
framework.

3.3 Data gathering

3.3.1 Written sources, interviews, surveys and questionnaires

Written sources are articles, books and research papers which all are examples of secondary
data' .

An interview with experienced people is a central method of the qualitative study to gather
primary data.

A survey™ is a way of collecting primary data that could be used to describe a current
situation. Surveys can be done market researches, voter surveys, and attitude researches. Data
that is collected in a survey is of quantitative character. Parts of a population are examined
and used to represent the rest of the population.

If a large number of people are asked a questionnaire is an easier approach to receive al large
number of data.

3.3.2 Our approach of data gathering

Data are gathered from different sources; initially we read different research papers and books
to get a better knowledge in the subject. SEB’s intranet has been used to collect information
about SEB in general. Additional interviews have given us a qualitative approach to our
survey.

' http://en.wikipedia.org/wiki/Normative

18 Utredningsmetodik for samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 237

' Utredningsmetodik for samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 52

0 Utredningsmetodik fér samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 168-182
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3.4 Data types

3.4.1 Primary or secondary and quantitative or qualitative data

Data that is collected by the researchers for a specific purpose is referred as primary data®'.
Data that already exists and collected by other researches is secondary data.

In research there is a difference between quantitative and qualitative method. In a qualitative
study the vital part is verbal whereas a quantitative study is from measurable data and is used
to evaluate specific models. Qualitative data is often from a personal interview and
quantitative is measures from nature®*.

3.4.2 Our data types

To deduct best possible survey we have used both quantitative and qualitative data. Our
quantitative survey is done based on a database from Stockholm Stock Exchange. Interviews
done at SEB Enskilda are used in the qualitative study where a specific questionnaire is used
to evaluate our hypothesis. The data collected from interviews and database is both sources of
primary data.

3.5 Reliance of research

3.5.1 Validity, Reliability and Objectivity

The level that the researchers have been able to investigate their research problem is often
referred as validity. Further the validity is a measurement of how well the intended
measurement is measured. Additionally validity is said to be the correlation of the theoretic

definition and the real life definition?’.

Reliability refers to the precision and exactness of a measuring tool. The result of the
measurement tool should give the same result regardless of whom and under which
circumstances it is executed. The measurement tool should not have a random measurement
deviation and should decrease the stochastic deviation®*.

It is important that a scientific study is objective and personal values of the authors do not
influence and affect the real data and the questions asked. The level of objectivity of the
research means the involvement of the authors®.

3.5.2 Reliance of our research

Since the theoretic definition of market impact is how much the price is affected by an order
and the real life measurement is directly observed the validity between theory and practice is

2! Utredningsmetodik fér samhallsvetare och ekonomer. Lundahl, Ulf and Skérvad, Per-Hugo, p. 145
22 Utredningsmetodik fér samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 183
3 http://sv.wikipedia.org/wiki/Validitet

24 Utredningsmetodik fér samhallsvetare och ekonomer. Lundahl, Ulf and Skérvad, Per-Hugo, p. 152
 Utredningsmetodik fér samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 74-75
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high. Our investigation results in a quantitative measurement of stock price concession thus
answer the theoretical question.

A model can not fully describe real life thus our predicted market impact will deviate from
experienced in the market. However the model will give the same results independent of by
whom and when it utilized. Unfortunately the model can not be statistically evaluated due to
lack of correct data. Our evaluating is based on discussions with experienced stock traders in
order to se if the models are reasonably accurate. The purpose of SEB is not to get an exact
measurement but an indication for the trade off between market impact and timing risk.

Since we do not have hands on experience from market impact orders no preconceived
notions of the end results are made. Further SEB, as the end user of the results, are interested
in manage market impact in the most efficient way. They are very keen to get estimates of the
real costs not a refined estimate. As a result no pressure to improve the results has been made.
However interviews with traders may be affected by their personal experience but should not
influence the quantitative results.

3.6 Investigation approaches

3.6.1 Induction, deduction and verification approaches

An inductive approach explores the environment to create a model or theory?®.

A deductive approach uses an already existing theory or model to draw certain conclusions
for specific events®’.

Verification is used to confirm the result of an investigation®®.
3.6.2 Our investigative approach

In our master thesis we use a deductive approach. We have collected our empirical data from
an already existing database. Models we use have their background in already existing theory
from scientific papers and literature. From data and theory we have been able to draw certain
conclusions.

3.7 Practical approach

Initially we focused on research papers and literature within our specific field trying to get a
deeper knowledge in related theories. Further we had meetings with our project initiators to
understand their ambitions with the project. This helped us to formulate the direction of our
thesis.

26 Utredningsmetodik fér samhéllsvetare och ekonomer. Lundahl, Ulf and Skirvad, Per-Hugo, p. 41
7 Ibid.
3 Ibid.
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After broad theoretical studies we started to evaluate different models that are used to
quantify market impact and efficient trading. We understood that there is not a general model
that is used to quantify these values. At this point we were able to decide on certain models to
approach and which simplifications that had to be done. We decided to use the theoretic
framework for a market impact model created by US researchers.

In chapter 4 the theoretical framework of efficient trading and trading strategies is stipulated.
Simplifications are necessary to use the framework in real life. Since there is not enough real
data available to estimate the functions as well as the constants to the Swedish market we
have to rely on the research done on the US market. To use their estimates of the functions
and constants we us the same values and create a model to the Swedish market.

Because of the complex mathematical framework we had several discussions with our
supervisors from Lund Institute of Technology in order to create possible and well working
models. A limitation in the model estimation had to be done due to lack of sufficient data.

We have continuously been in contact with SEB in order to develop the project in the right

direction. Additional we have had several meetings with experienced individuals from the
stock market to discuss the validity of our models.
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4. THEORETICAL BACKGROUND

The ambition of this chapter is to give the reader a deeper knowledge of certain theoretical
theories.

4.1 Pre trade analysis

The last years increase in competitiveness on the financial markets has improved the
algorithmic trading activity. A pre trade analysis provides investors with liquidity summaries,
cost & risk estimates and trading difficulty which will give them an insight if algorithmic
trading is of interest for the specific trade. Not all orders can be handled by algorithms thus
requires manual execution, e.g. a stock that is very illiquid is very hard to design an
appropriate algorithm for. The idea of a pre trade analyses is to give the trader as much
information as possible to develop the best strategy for the trade. Depending on the purpose of
the trade there are different strategies to be chosen”.

An essential factor in trading performance is to use a benchmark price. There are different
benchmark prices which can be categorized into pre-, intra- and post prices. Pre trade prices
are known before the time of trading and are often referred to as implementation shortfall
benchmark prices. The most common are the investment decision price, previous night’s
closing price, opening price and price at time of order entry. Intra day price benchmarks are
decided throughout the trade, such as volume weighted average price (VWAP), high and low.
The post trade benchmarks are known after the trade has been executed. The most common is
the day’s closing prices™.

Different investors use the benchmark price that best is coherent with their strategy. An
investor using fundamental analyses may want to use the price at decision time, e.g. the
investor’s belief of the true value of the stock. An investor following the index may be
interested in VWAP execution®'.

When the benchmark price is chosen the next step is to find the optimal strategy for a specific
trade. This is often referred to as the trader’s dilemma. When deciding the optimal strategy it
is necessary to be aware of the costs and risks of the trade. After the trade is carried out it is
essential to do a post trade analysis to evaluate the algorithm and traders performance. The
cost of a trade is the difference between the benchmark price and the actually received price.
A post trade analysis is essential to evaluate the model as well as the trader. If the actual cost
largely deviates from the pre trade estimates the model or the trader needs to be questioned*”.

4.2 Market impact

Price movement of a stock is affected by several variables, usually divided into macro and
micro factors. The macro aspects are e.g. the business cycle, the oil price, political situations
and many more. The micro factors are the factors related to the specific stock, such as specific

¥ Understanding the profit and loss distribution of trading algorithms, Kissel & Malamut, page 2
** Ibid.
*! bid.
* Ibid.
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company events. The price movements of the stock caused by a single trade or order are
called market impact.

Due to the many factors that may cause stock movements it is hard to distinguish when
market impact has occurred. Market impact affects a buyer and seller in different directions, a
seller is affected from decreased prices and a buyer from increasing prices™.

Market impact of an order is often measured as the difference between the stock price at the
beginning of the trade and the average received price for the order. A problem with the
measurement is that all market activities are accumulated in the price movement. The
measurement is actually the total trading cost comprising the stock’s natural movements,
volatility as well as the market impact of all orders. To be able to use the measurement as
market impact an assumption that all other activities are normal occurrences is made.
Market impact is therefore fundamentally caused by supply and demand imbalance and
information leakage.

4.2.1 Supply-demand imbalance

If the market is in equilibrium any additional order will result an imbalance in the supply and
demand equilibrium. Market impact is somewhat driven by basic microeconomics, supply and
demand theory. Every time an investor enters an order, either demanded shares or supplied
shares, to the market there is change in equilibrium. If there is a difference between the bid
and offered price the investor has to attract their counterparties to do the trade, through paying
a premium compared to the spread causing the price to move. Figure 4.1 describes supply and
demand in a stock market**.

Demand Supply

\W_/

Supply and demand imbalance — the spread

Figure 4.1 Supply and demand in a stock market®

33 Optimal Execution of Portfolio Transactions, Almgren, Robert and Chriss, Neil, page 8
3* Anders Mértensson, SEB, Stockholm, 2006-09-05
35 .

Ibid.
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4.2.2 Information leakage

Every order that is released to the market expresses information relating to the trade and the
specific stock. Investors communicate information to the market concerning its current and
future expectations of the stock price through their order size and characteristics of the order.
Unusual behaviours often start rumour, which concerns every market participant interested in
this specific stock resulting in a chain reaction in supplied and demanded quantity of the
stock.

4.2.3 Temporary market impact

Temporary market impact occurs whenever an order is released to the market affecting the
equilibrium but is not providing essential information changing the market behaviour or
valuation for the specific company. A common description of market impact for a buy order is
that an investor triggers a price increase and buys at a higher price followed by a price decline
post the trade. Thus temporary market impact is a short lived disturbance in the market
followed by a reversion back to the original balance™®.

4.2.4 Permanent market impact

Permanent market impact occurs when an order leads the market to believe that future price
will be different than original price. An order indicating that the stock is incorrectly priced
thus changes the markets belief of the stock is referred to as a permanent market impact order.
A large order may start rumours resulting in a large price change. The change often contains
both permanent and temporary market impact. Temporary market impact is the part that
disappears with the rumours and then there is a price stabilisation and only permanent market
impact has remaining effect. At a first stage when a large trade is executed the price
equilibrium is changed to attract a counterpart which is shown in figure 4.2. When the trade is
finished thﬁ share price is stabilised at the new market equilibrium which also is shown in
figure 4.2.

Temporary + permanent market impact Permanent market impact

Demand Supply

New market equilibrium

Price concession to attract counterpart - transaction cost

Figure 4.2 Equilibrium change due to market impact®®

36 Optimal Execution of Portfolio Transactions, Almgren, Robert and Chriss, Neil, page 8
*7 Optimal Trading Strategies, Kissel & Glantz
3% Anders Martensson, SEB, Stockholm, 2006-09-05
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4.2.5 Timing risk

Timing risk indicates the uncertainty of the trading cost estimate as there is a risk that the
price changes during the trade’s execution. The timing risk consists of price volatility,
liquidity risk and estimation error surrounding the market impact. The expected price can
change depending on news, business information or rumours that change the price from the
expected. This is referred to as the price volatility. Volume available in the market is known
as liquidity. The risk of not enough available volume is referred to as liquidity risk. For
example if it is a large order that shall be executed there has to be a certain volume available.
If this volume is less than available volume there will be an imbalance in the market.
Definition of timing risk:

“Timing risk is the associated uncertainty in trading cost estimates due to price volatility and
liquidity risk. Price volatility affects the price appreciation estimate and liquidity risk affects

the market impact estimate™.”

4.2.6 Liquidity

Liquidity is a term that refers to the volume of stocks that are available on the market. A stock
that has a high liquidity is easier to trade as there is a larger volume accessible. Liquidity is
changed every time there is an order executed, withdrawn or an order is entered to the market.
Therefore liquidity is changed throughout the day and is different from day to day.
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Figure 4.3 Weekly and intra day volume profiles

As shown in figure 4.3 liquidity changes from day to day but there is also an intraday volume
profile i.e. the volume that is on the market during a specific time. That means that available
volume changes over time during the day. The volume available is the most during post
opening and pre closing. That is the first hour and the volume available decreases until an
hour after lunch and then volume available starts to increase and has its maximum the last
hour pre close.

% Optimal Trading Strategies, Kissel & Glantz, page 118
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4.3 Transaction costs

Portfolio managers always aim for the highest possible return. Transaction costs are often
underestimated as an important factor for a high return but are often the difference between a
first-rate fund and an average fund. Transaction costs in equity markets are defined as costs
incurred while implementing an investment decision®’, se figure 4.2. These costs are related
to all necessary actions performed during a trade. This includes the price concession needed to
attract a counterpart to the trade. Portfolio managers claim that transaction costs are around
1% but can be as much as 2 to 3% for large orders in difficult market conditions or illiquid
stocks*'. Many portfolio managers claim that it is an impossible incident that can not be
avoided. However transaction costs can be the difference between a high return and an
unsuccessful portfolio.

4.3.1 Transaction costs in global markets

Average transaction costs in global markets are 130bp** which is equivalent to an average
loss of 1.3% for every investment. Top researchers in this field are located in the US which
has made US portfolio managers more aware of these costs. Thus US portfolio managers have
the lowest average transaction costs. This is also due to the very liquid US stock market.
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Figure 4.4 Transaction costs in Global Markets*

% Optimal Trading Strategies, Kissel & Glantz, page 3
*I Optimal Trading Strategies, Kissel & Glantz, page 3
2 Optimal Trading Strategies, Kissel & Glantz, page 4
“ Optimal Trading Strategies, Kissel & Glantz, page 5
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4.3.2 The investment cycle - reasons for transaction costs

The investment cycle can be divided into four stages: asset allocation, portfolio construction,
execution services and portfolio attribution.

1. Asset allocation is the stage when the portfolio manager decides which
investment classes, i.e. stocks, derivates, real estate and commodities, to invest in.
Already at this stage transaction costs have to be considered to be able to reach
expected return.

2. Portfolio construction is closely related to prior investment phase. Throughout
this investment phase exact instruments to purchase or sell in each asset class are
determined. If stocks are part of the portfolio instruments, the manager has to take
transaction costs into consideration as there are differences in liquidity between
large, mid and small capitalization stocks and therefore future result will not be as
expected.

3. Execution services are the implementation of the investment cycle, also referred
to as the trading phase. This is the key phase for low transaction costs. During this
phase trading behaviour is decided which will return into different levels of
transaction costs.

4. Portfolio attribution is to measure fund performance and determine reasons for
missing expected return. This phase can also be referred as post-trade analysis. In
the post trade analysis the trading performance can be evaluated. The results are
very useful for future trading strategies.

4.4 Optimal trading strategies

Investors participating on the financial market seek an execution for their trades via optimal
trading strategies. An optimal trading strategy has the lowest cost for the related level of risk.
Often the term “trader’s dilemma” is used to describe the balance between market impact and
timing risk. This since a trader knows that market impact is a decreasing function with time
and volume while the timing risk increases with time and volume. For instance when trading
aggressively the trader will cause a large market impact and have a low timing risk. To
passive trading will incur a high timing risk and a low market impact. Therefore there is
always a “dilemma” for the trader to determine an optimal strategy somewhere between these
two stages and is often declared as:

“Trading too aggressively will lead to higher impact cost but trading too passively will lead

to higher risk and may result in even more costly trades*.”

This can seem like a trivial procedure but is a complicated mathematical optimisation
algorithm. The first person to develop research in this subject was Harry Markowotiz who
started already in 1952 with mean-variance optimization which concludes the portfolio with
the highest expected return for a specified level of risk. The last years focus has been more
towards optimisation to minimize price impact under uncertainty. Almgren and Chriss are two
of the leading researchers in this field today. Their research approach is a risk-aversion
parameter that specifies the investors’ level of risk. An investor with a specified level of risk

“ Optimal Trading Strategies, Kissel & Glantz, page 18
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has a certain trading path that should be followed to optimise the trading cost at a specific
level of risk.

Aggressive trading
«—

Passive trading

Expected Cost

v

Timing Risk

Figure 4.5 Efficient trading frontier

The trading frontier is a function of strategies that contain the lowest cost for a specified
quantity of risk. The frontier is solved by optimizing the algorithm for all different risk levels.
Figure 4.5 is a trading frontier where the least expected cost occurs at the minimum point.
However this point is related to a high risk. All strategies beyond the minimum point are
inefficient since there they are dominated by strategies with the same expected cost but a
lower risk.

4.5 Existing market impact models

Market impact is a topic extensively discussed. Several researchers discuss the issue and how
it affects the performance of a fund, discussed by Kissell and Glantz in Optimal Trading
Strategies for a good overview. Several working papers discuss what market impact is and
what factors influence the size and shape of the impact. Bikker et al (2004) describe in depth
the most important variables and the significance of these. Breen et al (2002) tries to forecast
price movements based on public data and the information available in order books.
Unfortunately this information is not reliable since many actors hide their orders thus not
showing their intended actions. There are several corporations focusing on developing these
models. However their core business is to manufacture and sell useful analysing tools thus
these models are not available to the public.

As a result no straight forward model to quantify market impact and the expected trading
costs exist.

The modern foundation in the field was developed by Almgren and Chriss (2000). They
create the efficient trading frontier which incorporates both cost and risk of trading. Our
models will be based on their foundation and the expansions done by Almgren (2001) and
also extended by Almgren, Thum, Hauptmann and Li (2005). The theory described in chapter
4.5.1 - 4.5.3 is a compilation of their work.

4.5.1 Trading Strategies

28



Trading strategies with market impact constraints — A case study at SEB

Initially we hold X shares of an asset, in this thesis the asset is considered to be stocks,
which is to be fully liquidated at the end of a time frame. X is positive if we initially hold an
asset which is going to be sold and X is negative if we are going to buy X units of the asset.
In the thesis we only consider a single asset and not a portfolio of different assets.

Shares holding at time t is denoted by X(t), withx(0)=X and x(T )= 0. If we ignore serial

correlation in the asset price increments the optimal strategy may be determined prior to
trading. As Almgren and Chriss (2000) argue there are only marginal improvements in the
optimal trading strategy by incorporating correlation thus we ignore this price movement
characteristic and are therefore able to create static strategies45.

The discrete model is created on the following statements. The time frame of the trade is
divided into uniformed trading intervals,z7 with N =T/z intervals thus t =kr for

k =0,...,N . The holding of stocks is denoted X, which corresponds to time t, , with X, = X
and X, =0. The sales realised between time t,_, and t, are n, = X,_, — X, . This corresponds

to the sale velocity v, =n, /7 shares per unit time.

X, =X —Zk:nj :ZN: n,, k=0,..,N
j=1

j=k+1

Equation 1

We make no assumptions of the rate of trading within each interval expect that the volume ny
is traded until the next time interval.

4.5.2 Price Dynamics

We denote the market value of the asset by S, thus the initial value of the portfolio is XS, .

The price dynamics is characterised by forces regardless of our trading, these are the volatility
and the drift of the asset. However the impact of our trading has an effect on the price. The
permanent impact contributes to the price dynamics because of the changes in the market
equilibrium due to our trade. The price is assumed to follow an arithmetic random walk:

Kk k
S, =S, +or'?& —1g (%k) =S, +O'T”22§j —729 (Vj)
j=1 j=1

Equation 2

The random variables &; are independent random variables with zero mean and unit variance

o is the absolute volatility and ¢ (V) is the permanent impact function as a function of the

rate of trading during a trading interval. The permanent impact function is assumed to be
linear thus it will not affect the optimal trading strategy, which is also empirically determined
by Almgren 2005. The drift is neglected in this thesis due to the relative short time horizon of
the trades.

* Static strategies are determined in advance of trading
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However the temporary impact affects the price of each trade in each interval resulting in a
temporary drop in the average price per share. The price per share received at each interval is

S=s,_ - h(%kj

k=1,...,N
Equation 3

Where h(u) represent the temporary impact function. The interpretation of the function is

that in order to trade vz shares in 7 we must accept a price concession.
4.5.3 Cost of trading

The revenue of all trades or equivalent the total cash received is often referred to as the
capture. This is the sum of all units we sell in each time interval multiplied by the price per

~

share, S, in each interval:

N

N NI N
anSk = XS, +O'rl/2ZXk.§k —Z'Zng(Uk)—TZUkh(Uk)
k=1 k=1 k=1

k=1

Equation 4

XS, represents the initial market value of the portfolio, each additional term represent effects

on the revenue due to the different price movement factors. The first term represents the
volatility effect, the second the permanent market impact representing the value loss due to
price drop caused by selling a piece of the position. The temporary impact represents the
value loss acting only on the units of asset we are selling in the k : th period.

The total cost of implementing a trade, also referred to as implementation shortfall, is the
difference of the initial market value of the asset and the capture

Implementation shortfall = XS — Z nS

Equation 5

The implementation shortfall is a random variable because of the uncertainty of price
movements. In pre-trade analyses, t = 0, we use the expected shortfall E (X) and the variance

of the shortfall V (X) to optimize the trade. The results are dependent of the number of asset

held at each time, x ,...,x

n-1-
N

N
E (X Xy ) =% 9 (Ve )7+ D vh(v )7
k=1

k=1
o 2y 2
V (Xpsers Xy ) =ZU X T
k=1
Equation 6
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4.6 Summary of the theoretical model

Reducing risks and costs are essential economic targets for a modern business today.
Financial actors always seek to decrease their costs through efficient trading especially large
orders as they have a market impact which will increase the cost of the trade. Different
researchers within this field use different formulas. Therefore a conclusion is that there is not
a standard model for the market. In chapter 5 and 6 we develop the theory into practical
usable models.
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5. CREATING A USEFUL MODEL

The development of a useful model is described to the reader in this chapter.

5.1 Model distinction

As a result of no standard models we decide to create two separate models. The idea is that
the models should capture different characteristics thus serve as good complements. Most
empiric research indicates that market impact is a non linear function*. When optimizing
trading strategies with market impact constraints using non linear function result in a not
analytical solvable equation system. We chose not to use a numeric optimizing tool but
instead create a non linear impact model without optimized strategies and one linear impact
model with optimized trading. When using linear impact it is possible to analytical optimize
the trading.

The model using non linear impact should result in more accurate pre trade estimates since it
is statistically evaluated on the US market. The trading recommended is constant normalized
with the intra day volume profile. If 10 % of the daily traded volume is traded between 09.00
and 09.30, 10% of our order will be traded in this time period.

Further we create a model with optimized trading trajectories. In this model we make the

simplification of linear impact functions. The model present more complex trading strategies
on expense of using empiric rejected impact functions.

5.2 Model 1: Nonlinear Market Impact

This model is based on research done by Almgren et al (2005).
5.2.1 Definitions

The appearances of market impact functions have been widely discussed. Most empiric
research indicates that they are power laws. In this model the impact is described by two
functions. The permanent impact, I, reflects the information release. The realized impact, J, is
the cost actually spent on the trade.

* Optimal Execution with Nonlinear Impact Functions and Trading-Enhanced Risk Almgren, Robert
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S, 1s the market price at beginning of order

S 1s the market price after the trade is executed

post

S is the average price on the trade

Equation 7

The post trade price should reflect the permanent price change and is measured one time step
after the completion of the trade. Earlier measured times will include the temporary time
lagging effects.

The impact can be of either sign since the volatility of the stock plays a significant part of the
costs. The expected impacts are however considered to be unfavourable thus when executing
a buy order the stock price increases and the opposite for a sell order.

The ambition is to describe the impact functions and the cost by a few input variables.

n
X = ZXJ. , order size

j=1
T =1, -1, , fraction of daily traded volume between t, and t;

Toost = Tpost — 7o » fraction of daily traded volume between t, and t

post post post

Equation 8

In the model a constant rate of execution is assumed,V. However a constant rate defined by
dividing the order size by the number of execution periods would not give satisfying results
due to the intra day volume profile. Thus all the calculations are done with respect to volume
time, 7. The volume time represents the fraction of a daily number of shares that has been
traded at time t. At market opening 7 equals zero and at closing 7 equals one. The volume
profile can be measured by several different methods, as discussed in previous chapter. We
use a moving average to calculate the specific profiles. The rate of trading is therefore
constant in volume time,v = X/T .

Additional stock unique variables need to be taken into account.

V , daily traded volume
o , daily volatility

The volatility, as well as the total daily volume traded, can be estimated through several
different methods. However it is important to use a method that captures changes since they
have a great influence on the results. We use a moving average for the traded volume and
estimate the volatility from the previous thirty days.

In the model the size of the order is measured as the fraction of the order size and the daily
traded volume X/V . The traded volume during the time we execute the order is also of
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significant importance. Since T is a fraction of daily traded volume between t, and t, we

simple multiply T with V . The intuition is that the trader’s additional participation of daily
traded volume should affect the motion of the stock.

5.2.2 Assumptions in the model

The permanent impact is assumed to be independent of trading time and trading trajectory
thus only reflecting the information released to the market by the order. The temporary impact
reflects the supply and demand imbalance and the price concession needed to attract
counterparties. Therefore the impact is very dependent on trading rate at the specific
execution time. The total impact comprises both the temporary and the permanent impact.

The stock is assumed to follow an arithmetic Brownian motion. We assume that trading one
stock does not affect others stocks and that the impact functions behave similar over the
trading period. Further the motion of the stock is affected by the permanent impact, which is
an increasing function of trading rate.
dS =S,g(v)dz + S,0dB
S,9(v)d7 is the drift term of the stock thus driven by the permanent impact g(v)

S,0dB is a random function driven by a Brownian motion B(7)

Equation 9

The expression is integrated in volume time for 0 <7 <Tand v = X/T resulting in the
permanent impact

X
I =Tg [?j+ou [T & » Where & ~ N(0,1)

Equation 10

If g(v) is a linear function then the accumulated drift at time 7 is proportional to the number
of shares executed, X7/T , and the total permanent impact is proportional to total order size
X independent of execution time (7 =T — T * X/T = X).

Temporary impact affects the price received during the trade. Where the impact is scaled by
the starting price of the stock.

S(r) = S(r)+30h($j

Equation 11

Temporary market impact is very influenced by the number of shares that the trader executes
in current time period.

Using constant liquidation and time average of the execution price results in an expression for
the temporary market impact
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I X T T T ost _T .
J ——:h(—j+o- —(4—3 };{— P ¢ |, where y ~ N (0,1) independent of &
2 T 12 Tpost 2 /Tpost
Equation 12

I/2 reflects the permanent impact’s effect on the price due to traded stocks in previous time
periods. The error term arises because of the Brownian motion in the stock price process.

5.2.3 Estimating the impact functions

The form of the impact functions have been widely debated and investigated. A common fact
is that they are power law functions. Researches have shown that the temporary impact
function most likely is a concave function i.e. exponent less than one. Lillo et al (2003)
suggested by empiric research that the function has the exponent of a square root. The
permanent function is preferred to be linear since this implies that the impact is independent
of trading time. The general appearances of the functions are

9(v) =7’
h(v)=1n |v|b
where the sign of g and h are the same as for v,

negative for a sale order and positive for a buy order

Equation 13

It is possible to estimate these functions and variables for individual stocks and separate buy
from sell orders. However to create a common model we make no such distinctions.
The impact functions will vary over time since the properties of the stock changes. To capture
the effect of an order size, it is defined as the number of shares relative the flow of shares
during the trading time. Impact functions are expressions of the dimensionless amount X VT ,
where V is the average number of traded shares per day. The intuition is that trading at a day
with low turnover creates a larger impact than on a day with large turnover.
Further the impact functions are scaled with the stock volatility to measure the impacts as a
fraction of the normal daily motion of the price instead of a percentage.
To adjust the model to stocks with different liquidity an additional function is added to the
permanent impact.
5
-
\Y

where O is the total number of shares outstanding

Equation 14

The measurement represents the inverse turnover and has been used in earlier empiric studies.
With these modifications the impact functions are
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a 0
(%j + {noise)

B
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where noise is the error due to the volatility

+{noise)

Equation 15

Almgren et al (2005) estimated the variables in this model on the US stock exchange. They
used a sample of 29000 orders done on very liquid stocks. The results are

y=0.314
n=0.142
a=1

B =3/5
5=1/4

The results are in the 95 percent confidence intervals. One result is that the linear impact
function can not be rejected which is of an enormous practical aid. The exponent of the
temporary impact function results in a concave function. The intuition is that the bigger the
trade is the less additional cost per share is experienced. The positive value of ¢ indicates
that the more traded shares per day the less costs are experienced.

The resulting formulas for the expected cost and the variance of the cost are

X ®1/4
| = yvo—| —
7V(vj

| 3/
It ol
> TTONT

v(a):%w

Equation 16

The cost received on the order is J and | is the price motion from pre until post trade. The
results will vary between different stocks and the most significant variable is the volatility of
the stock.
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5.3 Model 2: Linear impact with optimized trading trajectories

The aim of this model is to execute a portfolio from a given starting composition to a
specified final composition. It seeks to minimize the costs of trading, with a penalty for the
uncertainty of the cost, a penalty that estimates an uncertainty cost over time. Depending on
the trader’s tolerance for risk there are different strategies for trading. A person with a low
level of risk will always try to execute an order as fast as possible but to a high expected cost.
In contradiction a person with a high level of risk will execute an order during a long time at a
low expected cost but with a high uncertainty in final revenue.

In chapter 4 the definition of trading strategies, price dynamics and cost of trading are
explained. These are utilized and developed in chapter 5.3.1 - 5.3.3.

5.3.1 Temporary Market Impact

Temporary market impact refers to temporary imbalance in supply and demand caused by our
trading which leads to temporary price movements away from equilibrium. For example if a
trader decides to sell a certain number of units n, between times t,_, andt, . The order is

sliced into smaller pieces to locate optimal points of liquidity. If the total number of units is
large, the execution price may steadily decrease during a time period. If this effect is short
lived and liquidity returns after each time period it is temporary market impact. The

temporary impact function h (V) is the temporary drop caused by trading at an average rate V

during one timer interval. Given the actual price per share received on sale K is:

§ =5, - h(”—kj
T

Equation 17

As h (V) only is temporary impact it will not affect the next market price.

5.3.2 Linear Impact Functions

In this model temporary and permanent functions are assumed to be linear which does the
computing of optimal trading trajectories significantly easier than with non linear impact
functions.

Linear permanent impact ¢ (V) =yV, with the constant y has units of (SEK/share)/share. Each

unit that we sell will depress the price per share by yn, regardless of the time we take to sell
the units. The permanent impact term of the estimated cost function develops to:

N nk N N 1 N 5 5 2 1 5 1 N 5
ZTng — = 7zxknk: 7zxk(xk-1‘xk): _yZ(Xk»l_Xk_(Xk_Xk—l) ): —7X ‘_7/an
k=1 T k=1 k=1 2 a 2 2°4a

Equation 18
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5.3.3 The Efficient Frontier of Optimal Execution

As stated earlier a trader will always seek to minimize the expectation of shortfall for a given
level of variance of shortfall. A trading strategy is efficient or optimal if there is no strategy
that has lower variance for the same or lower level of expected variance. With the
unconstrained optimization problem

min (E(x)+ AV (x))

It is possible to sketch an efficient frontier for 4 > 0 and it is strictly convex and has unique
solution. The parameter A is measure of risk aversion. A person with a high value of lambda
is a person with a low level of risk and will execute an order faster than a person with a lower
lambda. A person with a low level risk has a higher expected cost and a lower variance than a
person with a higher level of risk, as it executes faster and therefore has larger impact on the
price.

With E(x) and V (x) from chapter 3 it is possible to find a unique global minimum from the

combination of U (X) :E(X)+ AV (X) By setting its partial derivatives to zero we can find

out global minimum.

ouU X = 2X X
B el g2

j T

Equation 19

For j=l,...,N ~1.Then 6U/&x; = 0 which equals

1 >
T—z(xj_1 -2xj +xj+1): K°X;

With

2 2
~2 Ao Ao
K = =

n T
1-
77( 277j

From these equations we can get a trading trajectory of the form:

SiIlh(K'(T -1 )) )
X; = Sinh(KT) X ] =0,..,N

Equation 20

And n i the sum of sold shares:
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2sinh(;1(rj
n, = —cosh(K[T—t_ IDX J = L..,N
2

! sinh (K'T ) i

Equation 21

The expectation and variance of the optimal strategy for a given initial portfolio size are the

tanh (%KT](Z’ sinh (2KT ) + 2T sinh (KT ))

| -
E(X)ZEyXZ-FSX-H]XZ 277 sinh? («T)
rsinh (T )COSh(K’(T - r))—T sinh (x7)

1
V(X)=—0c2X?
( ) 2 7 sinh? (KT )sinh (KT)

Equation 22

To create an efficient trading frontier the expected cost E ( X) is plotted on the y - axis and

the variance V (X) on the x — axis. In figure 4.1 an example of a trading frontier is shown.

This is for different lambda. All strategies above the front are strategies that have a higher

expected cost and variance for the same strategy therefore all efficient strategies are on the
efficient front.

2500000 +
2000000 -
1500000 ~

1000000 -

Expected Cost (X)

500000 -

0 50000000 100000000 150000000 200000000 250000000
Variance V(X)

Figure 5.1 Efficient Frontier

5.4 Summary of model creation

Models described in this chapter are used in the application presented in chapter 6. The
models will create an efficient frontier which is shown as an example in figure 5.1.
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6. DEVELOPMENT OF AN USER FRIENDLY APPLICATION

The aim of this chapter is to develop and explain the application based on model 1 and model

2.

6.1 Application interface

An application was created for the user to be able to do an efficient pre-trade analysis in an
easy and comprehensive tool. The application allows the user to put in specific stock and

order data. The data (Specific Order Data) that has to be entered in to the model is:

Input

Stock volatility
Order size

Initial stock price
Number of outstanding shares
Daily turnover

Specific
Order Data

-

Output

Order Statistics

Model 1 — Nonlinear market impact
e Creates a diagram with Expected Cost,
Timing risk and Value at Risk
e One diagram with Trading Strategies
e Diagram that illustrates Market
Participation depending time

Model 2 — Linear impact
e Creates an Efficient Trading Frontier
e Optimal trading trajectories
e Market participation when trading
according to optimized strategies

Figure 6.1 Data is put into the application and the two models creates numerous graphs

Parameters are calculated as mentioned in previous chapter. In our application the volume

profile is assumed to be identical and constant for all stocks.

Stock & Order specific data \

Yearly volatility o %
Order size X ea.
Stock price SO SEK
Outstanding shares (©) ea.
Daily turnover V ea.
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This data are put into the application and will create two plots that are generated with the
resulting efficient trading frontier. Additional plots representing trading strategies for several
risk tolerances are presented in two new plots. Further statistics for the specific order is
presented.

Order statistics |

Daily volatility O daily %
Initial portfolio value X*S0 SEK
Normalized order size XV %

6.2 A graphical interface-Model 1

The first model generates three different graphs, this to clarify the characteristics of a trade.
Figure 6.2 demonstrates expected cost, variance of cost and value at risk for a specific trade.
They are created from the data that is put into the application. During the pre trade analysis
these graphs will clarify which impact different trading behaviours have for a future trade. As
expected this graph proves that an aggressive trader will have a large impact on the market i.e.
a high expected cost but a lower variance than a passive trader.

400 -

350

300 4 e xpected cost
=== \/arinace of cost

250 4 95% Value at Risk

200 +

150 4

Expected Cost (t) bp

100 -

50 A

O T T T T T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Days

Figure 6.2 Model 1-Constant volume adjusted rate of trading

Figure 6.3 shows volume sizes depending on liquidation horizon. For example if a trader has a
certain volume that shall be executed in a set period of time this graph shows what volume
that has to be executed within a certain time period.

41



Trading strategies with market impact constraints — A case study at SEB
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g 600000 -
< @ T=120min
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0930 1000 1030 1100 1130 1200 1230 1300 1330 1400 #1430 1500 1530 1600 1630 1700 1730
T=30min 9E+05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T=60min 5E+05 4E+05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T=120min 3262528620 145018 172517 0 0 0 0 0 0 0 0 0 0 0 0 0
T=1day 85226 74765 37882 45066 42046 35393 18484 44384 19430 73121 34824 49658 48976 48141 88217 76761 10762

Time of day
Figure 6.3 Model 1 - Volume adjusted trading depending on liquidation horizon

Figure 6.4 describes which market size a specific trade will have. This information is essential
since market participation is an often used restriction by customers.

60% -
50% -
40% ~
30% -
20% A
10% -

0%

O © XX O O O O © O O X O O O O L O
%) Q $o) Q > Q 3o) Q $o) Q o) Q i$o) Q 3o} Q $e)
NS VN R O O N NN O NN

Q QI Q’ Q’ Q/ Q/ 0’ 4 4 QI 4 Ql 0/ Q/ Q/ Ql Ql
N \) Q N ) N \) QO QO N QO QO \) QO QO N QO

FFFFTFP
Time of trading

Figure 6.4 Market participation depending on liquidation time

6.3 A graphical interface-Model 2

The second model generates three graphs, to clarify the characteristics of a specific trade.
Figure 6.5 depends on the expected cost and the volatility of cost. In this graph the lower line
illustrates the efficient trading frontier. An aggressive trading behaviour will result in a high
expected cost and to passive trading will cause a high risk. It is created from the data that is
put into the application. As explained in earlier chapters every trade on this frontier is
efficient to a specific level of risk. A specific level of risk will lead to an optimal trading
trajectory which is illustrated in figure 6.6.
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Figure 6.5 Efficient trading frontier with linear impact functions

160

These optimal trading trajectories that are shown in figure 6.6 are depending on risk level
from the efficient frontier in figure 6.5. Values from figure 6.5 relates to different optimal
trading trajectories showed in figure 6.6.

100%-
90%--
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70%-
60%
50% -
40%-
30%-
20%-
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09.00
Very riskaverse 100%
Mediumriskaverse  100%
MinVaueat Risk ~ 100%
Risk neutra 00%
Risk lowirg 00%

Very riskaverse
Mediumriskaverse
—— Mn Value at Rsk
—— Rskreutral
—— Rsklowing

0930 000 1030 MO0 MM30 RO00 R30 BOO B30 #©O00 #¥30 HBOO B3O BO0O B30 700 130

% ™% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
3% 0% 3% ™% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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94% 88% 82% 7% TM% 64% D% B% 47% 4% 3% 29% 23% B% L% 6% 0%

Time of day
Figure 6.6 Optimal Trading Trajectories
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Figure 6.7 illustrates market participation for a specific trade. A person that is very riskaverse
will have an aggressive trading behaviour and therefore trade fast. That will lead to a high
expected cost as the trade has large market participation during a short time period. The
difference to figure 6.4 is that these trades are optimized. It is obvious in this graph that risk
lowing person is a person that trades passive with little market impact but has a high risk as
the trade has a long duration.

o0% OVery riskaverse
@ Medi isk

50% -n .Mie;] {l/J;rIl?rls averse
B Risk neutral

o A Risk Lowing

30% -

20% -

10% -

0% -
RS N ORI RO R O S
&QQ & \QQQ \beo \\QQ R Q,QQ ({PQ %QQ (b,bg AR \%QQ & \@Q & <\QQ

Figure 6.7 Market participation when trading according to optimized strategies
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7. RESULTS SUMMARY & CONCLUSIONS

In the following chapter a result summary is presented to give the reader an example of how
to utilize the application. Further how well the research purpose is fulfilled is concluded.

7.1 Introduction

The results provided by our models are indications of cost and risk for a specific order. As the
models are not evaluated on real trades the estimates are not statistically correct but the
behaviour and appearance of the efficient trading frontiers are accurate. As a result the user
should not primarily look on the estimated values but focus on the relationship between cost
and risk of trading. Thus a user should utilize the application with the purpose to get a feeling
on how the trade is best carried out.

The two models are supposed to be used as complements. The main difference, thus the
advantage of using the both, is the decision to trade based on a pre defined time frame or a
specific risk.

Our first model let the user decide which time horizon to complete the trade within, given
estimates of costs and risk measurements. From this time frame a trading strategy is
presented. The strategy is based on the intra day volume profile and divides the time horizon
into half hour time steps with recommended trading volumes for each.

Our second model is based on the risk aversion of the user. Depending on the risk level of the
user, decided from the efficient trading frontier, a recommended strategy is presented. These
are optimized based on the risk aversion of the user.

7.2 Model 1-Non linear market impact

In the first model, the non linear market impact model, different values are tested on most
sensitive values i.e. yearly volatility, order size and trade duration. In this example it is
Nordea, which we have estimated a yearly volatility of 42%, and a daily turnover of 9.3
million shares which is estimated from a ten day moving average. In this specific trade the
order size is 10% of daily turnover. These values are for the general trade; they will vary in
different tests. This will provide the user with a pre trade analysis; showing market impact for
a liquid stock for a specific trade which will simplify the decision process for the decision
maker.

In the first test the volatility varies, which results in a higher expected cost with a higher
volatility. The value of the volatility is sensitive to changes. Therefore it is of great
importance to try to estimate this value as correct as possible. Different methods can be used
which is discussed later on.
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Yearly volatility 50 40 30 %
Order specific data Order sllze . 9,3E+05 ea.
Normalized order size 10 %

Trade duration 0,5 Days

Order statistics Initial pqtfoho vaIu<.a 9,3E+07 SEK
Normalized order size 10 %
Expected cost 37 30 22 Bp
Model estimates |Volatility of cost 169 142 101 Bp
95% Value at risk 367 306 220 Bp

Table 7.1 Results when trading 10%o of daily turnover with a variation in volatility

In the second test there is a variation in the order size. The expected costs increase with a
large order this since market impact is larger with a larger order. This since we trade a larger
piece of daily turnover. The value at risk measure 1s higher with a larger order size, this since
it is a higher total portfolio value which increase the Value at Risk.

Yearly volatility 40 %
- Order size 9,3E+05 54E+05 1,86E+05 ea.
Order specific data i .
Normalized order size 10 6 2 %
Trade duration 0,5 Days
Order statistics Initial pgﬂfolio vaIu<.a 9,3E+07 SEK
Normalized order size 10 6 2 %
Expected cost 30 19 8 Bp
Model estimates |Volatility of cost 142 135 135 Bp
95% Value at risk 306 283 272 Bp

Table 7.2 Results with a variation in order volume size

In the third test the trade duration varieties for the trade. With shorter trade duration market
impact increases which results in a higher expected cost. Market impact decreases faster
during the start of the trade therefore it is a larger difference between 0.02 days and 0.2 days
than between 0.2 days and 0.5 days. This explains that it is important to do a trade aggressive,
but not that aggressive that market impact turns to large. The conclusion from the three test
trades is that the results are in line with our and other more experienced people’s expectations.

Yearly volatility 40 %
Order specific data Order sllze . 9,3E+05 ea.
Normalized order size 10 %

Trade duration 0,02 0,2 0,5 Days

Order statistics Initial pqtfolio valug 9,3E+07 SEK
Normalized order size 10 %
Expected cost 111 39 30 Bp
Model estimates |Volatility of cost 23 83 135 Bp
95% Value at risk 111 211 293 Bp

Table 7.3 Results with a variation in trade duration
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7.3 Model 2-Linear impact with optimized trading trajectories

In the second model, linear impact with optimized trading trajectories model, different values
are tested on most sensitive values in this model it is Kappa and order size. Also for these test
the stock is Nordea, for which we have estimated a yearly volatility of 42%, and a daily
turnover of 9.3 million shares which is estimated from a ten day moving average. This is 10%
of daily turnover.

In this model kappa is the most sensitive parameter as it depends on volatility, lambda, eta,
gamma and tau. Therefore this parameter is very responsive to changes and is interesting to
test. We keep all variables constant except lambda thus kappa represents different risk
tolerances. A high value of kappa represents a low risk tolerance resulting in a higher
expected cost.

Yearly volatility 42 %
Order specific | Order size 9,3E+05 ea.
data Normalized order size 10 %
Kappa 10 5 0,5
Order statistics Initial pgrtfolio valug 9,3E+07 SEK
Normalized order size 10 %
Expected cost 146 102 75 Bp
Model estimates | Volatility of cost 43 72 143 Bp
95% Value at risk 216 220 310 Bp

Table 7.4 Results with a variation in Kappa

In the second test the order size varieties for the trade. As described in earlier chapters the
order size has a large impact for a trade. A large order is hard to execute and the market

participation will increase therefore our expected costs increases with a large order size.

Yearly volatility 42 %
Order specific | Order size 9,3E+05 5,4E+05 1,86E+05 ea.
data Normalized order size 10 6 2 %
Kappa 10
Order statistics Initial pgrtfolio valug 9,3E+07 SEK
Normalized order size 10 6 2 %
Expected cost 146 87 33 Bp
Model estimates | Volatility of cost 43 43 43 Bp
95% Value at risk 216 157 103 Bp

Table 7.5 Results with a variation in order volume size

7.4 Conclusions

Purpose of the master thesis was to develop an algorithmic trading model for SEB which is

well functioning on the Scandinavian market.
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We have based on cutting edge research in financial trading theory combined with discussions
with traders on the Scandinavian market created a pre trade analysing application. The
application is today usable to facilitate the decision-making process how to best execute a
large stock order. The application provides the user with cost and risk estimates. Additional
information on how to liquidate the initial portfolio and anticipated market participation is
supplied to the user. The information provided by the application is realistic according to
experienced professionals.

Implementing the model will enable automatized algorithmic trading. The end results are
effort and time saved. Further manual error can be minimized using algorithmic trading.

However all manual trading can not be replaced. Several orders are of such kind that
algorithms are not capable of executing these. Further a good trader takes much information
into consideration when trading not possible to capture in algorithms. The conclusion is that
traders and algorithms should work side by side to maximize profit. Standardized orders are
handled by automatized trading systems allowing traders to focus on more complex orders.
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8. RECOMMENDATIONS AND DISCUSSION

Our recommendations how to benefit the most from the results found in our research are
described and discussed in the following chapter. Further we make recommendation how SEB
can take algorithmic trading to the next level.

8.1 How SEB can use the models

There are two main utilizations for SEB the first is to provide traders and risk managers with a
support tool when executing an order. Secondly is to use the algorithms discussed in this
thesis to develop an automatized trading system. They are not necessarily two different
utilization areas. A user should be able to use the generated plots as a decision tool and then
decide to trade manually or to chose a recommended strategy and let a computerized system
carry out the trading. To fully computerize the trading is difficult since a decision on risk level
needs to be taken. This can not be automatized since a universal optimal strategy does not
exist.

We make no recommendation that manual trading should be completely replaced by
algorithmic trading. Traders take many variables not included in the models into consideration
when trading. A specific trading pattern, which is not available through the models, may be
requested by the customer. Further many stocks on the Nordic market are illiquid and
parameters change constantly thus manual trading can not be replaced. Moreover a good
trader can make money when on purpose taking risks.

However our models can give the trader an efficient tool to facilitate the decision making of
the trade strategy. Further the models are good explanatory tools for market impact and how it
relates to timing risk. This can be of great usage when explaining to customers why a trade
was carried out in a specific pattern.

We are confident that the foundation of these models can be used in algorithmic trading. A
standard order should be able to be handled by these algorithms.

8.2 Practical recommendations of implementation

The first step, in order to benefit the most from this thesis, is that SEB needs to decide which
input data the user should specify and which should be automatically calculated. Users may
want to use different methods of calculating these thus SEB needs to decide which are
editable and which will be automatically generated. If not to complicate to implement the user
should have several choices in the application. Either the user can chose to use a predefined
method or put in own calculated data.

The most important variable in the models is the stock volatility. The volatility is the greatest
contributor to risk in trading cost and will affect the results significantly. We use a
measurement based on a 30 day period. However there are several methods to calculate the
volatility of a stock. Several methods try to capture trends and changes in the stock behaviour.
The GARCH model captures changes and trends in the volatility thus commonly used in the
industry. Another measurement is to see how the market anticipates the volatility and
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calculate the implied volatility from options in the specific stock. SEB should decide which
measurement to use and if it is editable.

Daily turnover and volume profile should be decided in the same context as the volatility.
However the measurements do not affect the results as much as volatility and we recommend
a 10 day moving average should be sufficient for turnover and volume profiles may be
constant for all shares. Outstanding shares are constant thus not needed to estimate. However
this is stock specific and needed to be extracted from a database or be a manually input.

It is necessary that the implemented model take into account which time of the day the
algorithms are utilized. If using the application at noon already approximately half of the daily
turnover has been traded. Further the volume traded between nine and nine thirty is not the
same as between twelve and twelve thirty. Thus the models need to understand when the pre
trade analysis is carried out.

When the model is implemented and well working, a further analyse of which orders are
capable to be automatized should be carried out. This analyse should investigate if a trader
needs to filter all orders in order to decide this or if this can be automized as well. If decided
that some orders are capable to be completely carried out by the algorithms an additional
input specifying which of the strategies generated by the two models should be utilized. If a
customer desires a time constrained transaction the first model suits the purpose. If the
purpose is trade with the most efficient combination of cost and risk the second model is
preferable. An additional constraint regarding market participation is necessary to have as an
additional input since this is a common request. If using market participation as an input
variable the model should exclude all strategies not fulfilling this constraint.

Implementing our recommendations will save time and effort of trading. Since the
competition in financial market is increasing automized trading will allow SEB to decrease
the cost related to trading. This will result in higher marginal on each trade when minimizing
manual work and. Further lower commissions will be possible helping SEB’s increase market
shares.

8.3 Model improvements

A great improvement of the model is to estimate the functions and constants to the
Scandinavian market. This will improve the pre trade analyses and the trading strategies. A
large sample of data is essential to make an accurate estimation. The information of each
stock order needed to do the estimation is:

e The stock name (symbol), requested order size and buy or sell order

e The time when the first transaction of an order is sent to the market - the
starting time, trading methods (VWAP, limit, market etc).

e Time, sizes and received prices corresponding to each transaction within the
order

With this information SEB are able to do the estimation. Perhaps different estimations should
be carried out on the different stock lists, dividing stock by large, medium and small
capitalization. A statistic survey will determine if it is an advantage to use different model for
each market.
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In this thesis the trend or momentum of a stock is neglected since trading is carried out in a
short time period. Traders usually have an idea of the behaviour of a stock. To capture their
belief a drift (momentum) variable can be incorporated into the models. This is a stock
specific variable and is integrated into the assumed Brownian motion of the stock thus
changes the end results of expected cost and variance. The results will depend on the user’s
belief of the stock performance thus further the pre trade analysis will be more user adapted.

The optimization model can be improved utilizing intra day volume profiles. The results will
be more accurate trading schedule thus simplifying the decision making for the end user. A
great improvement is to let market participation be an additional input constraint.

More advanced trading strategies can be incorporated into the models. An optimization of the
nonlinear model is possible utilizing mathematical software. Additional strategies can be
developed depending on the purpose of utilization. The ambition should be to automatize
relatively simple but time consuming trades.

8.4 Academic contribution

Problems in this thesis have their foundation in the financial markets, often markets and
especially efficient financial markets are estimated by different academic researchers. This
master thesis was initially a project at SEB, although it is closely related to academic theory
done by U.S. academic researchers. This thesis aims to give the reader an understanding of
which factors influence market impact and their relation to theoretical models that estimates
market impact and optimal trading strategies. It also explains complex research in a basic
method which helps the reader to understand given theories. It combines quantitative and
qualitative research which now can be evaluated empirically. Further we have contributed to
develop the theory to a practical usage.

52



Trading strategies with market impact constraints — A case study at SEB

9. BIBLIOGRAPHY

Scientific Articles

Almgren, Robert and Chriss, Neil (2000), Optimal Execution of Portfolio Transactions. The
Journal of Risk, Winter 2000/2001

Almgren, Robert (2001), Optimal Execution with Nonlinear Impact Functions and Trading-
Enhanced Risk. Applied Mathematical Financel0, 2003

Almgren, Thum, Chee, Hauptmann, Emmanuel, and Li (2005), Direct Estimation of Equity
Market Impact. Journal of Risk, July 2005

Bikker, Jacob A., Spierdjik, Laura & van der Sluis, Pieter Jelle (2004), Market Impact Costs
of Institutional Equity Trades. DNB Working Papers 2004

Breen, W. J., L. S. Hodrick, and R. A. Korajczyk (2002). Predicting equity liquidity.
Management Science 48(4), 470-483. 4, 19

Kissell and Malamut (2005), Understanding the Profit and Loss Distribution of Trading

Algorithms. Originally published in Institutional Investor, Guide to Algorithmic Trading,
Spring 2005

Literature

Dahmstrém, Karin (2000), Fran datainsamling till rapport. Studentlitteratur: Tredje upplagan

Heine, Andersen (1994) Vetenskapsteori och metodlara. En introduktion. Studentlitteratur
Kissel, Robert and Glantz, Morton (2003), Optimal trading strategies. AMACON
Lundahl, Ulf and Skérvad, Per-Hugo (1992), Utredningsmetodik fér samhéllsvetare och

ekonomer. Studentlitteratur: Tredje upplagan

Electronic Sources

www.wikipedia.org

www.seb.se

www.investopedia.com
www.wallstreetandtech.com/story/showArticle.jhtml?articleID=175802163 &pgno=1

www.plexusgroup.com

53



Trading strategies with market impact constraints — A case study at SEB

Oral Sources

Larsson, Johan, Equity Trading, Enskilda Securities
Martensson, Anders, SEB Merchant Banking

Wennerberg, Christer, SEB Merchant Banking

54



	Abstract
	  Preface
	  Contents
	 1. Introduction
	1.1 SEB in brief
	 1.2 Vision
	1.3 Organisation
	1.4 SEB Merchant Banking

	 2. Background & Problem discussion
	2.1 Background
	2.2 The stock market
	2.3 Algorithmic trading
	2.4 Purpose
	2.5 Target Group

	 3. Methodology 
	3.1 Introduction
	3.2 Different scientific approaches
	3.3 Data gathering 
	3.4 Data types
	3.5 Reliance of research
	3.6 Investigation approaches
	3.7 Practical approach

	  4. Theoretical Background
	4.1 Pre trade analysis
	4.2 Market impact
	4.3 Transaction costs
	4.4 Optimal trading strategies
	4.5 Existing market impact models 
	4.6 Summary of the theoretical model

	 5. Creating a useful model
	5.1 Model distinction
	5.2 Model 1: Nonlinear Market Impact
	 5.3 Model 2: Linear impact with optimized trading trajectories
	5.4 Summary of model creation

	 6. Development of an user friendly application
	6.1 Application interface
	6.2 A graphical interface-Model 1
	6.3 A graphical interface-Model 2

	  7. Results summary & Conclusions
	7.1 Introduction
	7.2 Model 1-Non linear market impact
	7.3 Model 2-Linear impact with optimized trading trajectories
	7.4 Conclusions

	 8. Recommendations and Discussion
	8.1 How SEB can use the models 
	8.2 Practical recommendations of implementation
	8.3 Model improvements 
	8.4 Academic contribution

	9. Bibliography
	Scientific Articles
	Literature
	Electronic Sources
	Oral Sources


