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Abstract

Asset allocation and portfolio optimisation are some of the most important steps in an investors
decision making process. In order to manage uncertainty and maximise returns, it is assumed that
active investment is a zero-sum game. It is possible however, that market inefficiencies could provide
the necessary opportunities for investors to beat the market. In this study we examined a core-satellite
approach to gain higher returns than that of the market. The core component of the portfolio consists
of an index-tracking portfolio which has been formulated using a meta-heuristic genetic algorithm,
allowing for the efficient search of the solution space for an optimal (or near-optimal) solution. The
satellite component is made up of publicly traded active managed funds and the weights of each
component are optimised using mathematical modelling (quadratics) to maximise the returns of the

resultant portfolio.

In order to address uncertainty within the model variables, robustness is introduced into the objective
function of the model in the form of risk tolerance (Degree of uncertainty). The introduction of
robustness as a variable allows us to assess the resultant model in worst-case circumstances and
determine suitable levels of risk tolerance. Further attempts at implementing additional robustness
within the model using an artificial neural network in an LSTM configuration were inconclusive,
suggesting that LSTM networks were unable to make informative predictions on the future returns of
the index because market efficiencies render historical data irrelevant and market movement is akin
to a random walk. A framework is offered for the formation and optimisation of a hybrid multi-stage
core-satellite portfolio which manages risk through the implementation of robustness and passive
investment, whilst attempting to beat the market in terms of returns. Using daily returns data from
the Tehran Stock Exchange for a four-year period, it is shown that the resultant core-satellite portfolio

is able to beat the market considerably after training.

Results indicate that the tracking ability of the portfolio is affected by the number of its constituents,
that there is a specific time frame of 70 days after which the resultant portfolio needs to be re-
assessed and readjusted and that the implementation of robustness as a degree of uncertainty

variable within the objective function increases the correlation coefficient and reduces tracking error.

Keywords: Index Funds, Index Tracking, Passive Portfolio Management, Robust Optimisation, Core
Satellite Investment, Quadratic Optimisation, Genetic Algorithms, LSTM, Heuristic Neural Networks,

Efficient Market Hypothesis, Modern Portfolio Theory, Portfolio optimisation
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Chapter 1: Introduction

As highlighted by a study conducted by the CBI (Central Bank of Iran) in 2014, the local
money market (comprised wholly of local banks and credit institutions) accounts for
approximately ninety percent of all finance and lending operations inside of the country
(NadAli et al, 2017). Alarmed by the inherent risks caused by the over reliance on the money
markets and the banking sector’s over-exposure to short-term debt, law makers have recently
been highlighting the need for the diversification of investment instruments which are able to
cater to the tastes of different market participants whilst shifting the economy towards a more

market-based approach (Feghhi Kashani et al, 2013).

After being introduced in 2007 the number of investment funds operating within the Iranian
capital market rapidly grew from 7 to 339 within a span of 14 years with an overall AUM of
over 631,000 million IRR equating to 22.97 billion USD at the time of writing (FIPiran.ir).
The massive growth of the sector and its inherent adoption can be attributed to the underlying
need of local investors for more customisable tailormade financial products which can create
an equilibrium between returns attained and the risks involved (systematic and unsystematic).
The study of the efficient allocation of assets can act as a powerful catalyst when aiming to

attain the trust of investors whilst striving to maximise returns and mitigate risks and costs.

Furthermore, the need for innovative asset allocation strategies is highlighted by the current
uncertain climate of the financial markets (themselves a result of the ever-increasing
economic sanctions imposed by the UN and the United States in particular) which not only

act as a barrier of entry for foreign funds but also further complicate matters for local



managers who have to compete with ever-increasing rates of inflation when trying to attract

new capital whilst juggling the various needs of market participants.

The approach formulated in this research attempts to optimise classical models of asset
allocation whilst utilising robust optimisation techniques with the objective of addressing the
aforementioned uncertainty and leveraging the benefits of both passive and active investment

strategies with an emphasis on index tracking products.

1-2- Current Economic Climate of Iran

In order to fully understand the current economic climate of Iran, we first need to delve into
the underlying issues which have arisen as a result of strained diplomatic relations between

the country and the rest of the world.

In response to Iran’s reported nuclear program the United States congress signed into law the
Iran Sanctions act of 1996, which targeted both US and non-US businesses/persons who
proceeded to make investments which contributed to the enhancement of Iran’s ability to
develop petroleum resources (Iran Libya Sanctions Act, 1996). This was further escalated in
the CISADA act of 2010 which expanded upon the original sanction (aimed specifically at
the country’s ability to maintain and expand its domestic production of refined petroleum)
and also established further provisions which allow for the prohibition of specified foreign
exchange, banking and property transactions (Comprehensive Iran Sanctions, Accountability

and Divestment Act, 2010).

By targeting all institutions and companies who contributed to Iranian oil production and/or
refinery operations the US sanctions effectively crippled foreign investment in Iran whilst
making all [ranian financial institutions pariahs on the international stage because of their
involvement in various oil exploration, extraction and subsidiary projects. Coupled with the

2



fact that at the time nearly eighty percent of the governmental revenue depended on oil
exports these sanctions had an immense impact on the economic stability of Iran (Katzman,

2011).

As can be seen in the figure below the GDP in Iran was worth nearly 599 billion dollars in
2011, a number which has subsequently been reduced by sixty one percent in 2020 with a

value of approximately 231.55 billion USD. (World Bank, 2020).
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Figure 1: GDP (Current USD) Islamic Republic of Iran

The extent of which the gross domestic product has been affected by US sanctions is a
subject hotly debated by both sides of the argument however it is outside of the scope of the
current study. It should be noted however that as oil exports still make up nearly twenty
percent of current GDP (according to world bank estimates), the effectiveness of the

sanctions cannot be overruled.

We can further our understanding of the current economic climate of Iran by analysing the

released annual (point to point) inflation rates published by the Statistical Centre of Iran.
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Figure 2: Annual Inflation Rate Islamic Republic of Iran

Figure 2 clearly outlines the high level of inflation that is currently rampant in Iran. By using
the Consumer Price Index (CPI) published by the Statistical Centre of Iran it becomes
apparent that transport, furnishings & home appliances, recreation & culture and food &
beverage spending were hardest hit with increases of 61.3%, 60.2%, 59.5% and 57.4%

respectively. (Statistical Centre of Iran, amar.org.ir).

In figure 3 we outline the fluctuation of the IRR/USD exchange rates which also highlight the

devaluation of the rial and its effect on the inflation rates discussed above.

JE

VN

Figure 3: IRRUSD Exchange rate (Source: Mofid Securities Exchange Metatrader 5)

As can be seen from Figure 3, the IRR/USD exchange rate rises sharply from 14,335 IRR in
2011 to 315,000 IRR which is an increase of 2200 percent. In order to put this in context of
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the inflation numbers seen in figure 2 (July 2021-July 2022), the increase in the IRRUSD

exchange rate during the aforementioned period is twenty two percent.

In contrast we can also look at the development of the Iranian capital market for further

insight into the current economic climate of Iran.

The first factor that we can assess is the TSE (Tehran Stock Exchange) index which is
portrayed in figure 4. As can be seen from the chart below the index has risen from 284,000
in September 2019 to a high of 1,965,000 in the June of 2020 before settling to a value of
1,487,000 in July 2022. Even without taking into the account the all-time high, the index has
enjoyed a growth of nearly 420 percent within a two-year timespan. In conditions where there
is an ever-increasing compound form of inflation taking hold in the economy, the Iranian
stock market seems to be a relatively safe haven which could have been utilised by
institutions and the general public to safeguard portions of wealth whilst maintaining
spending power. Also, it quickly becomes apparent that this influx of liquidity could not have
been a result of gradual foreign investment. As outlined in the beginning of this section
sanctions imposed on Iranian financial institutions and markets by the United States act as a
strong barrier against the inflow of new foreign capital into the country. So, in order to make

sense of the huge increase we will need to look at the country internally.

One factor which could have led to high growth of the index could be attributed to the ever-
increasing percentage of the population who have entered the market. This can easily be
tracked by measuring the number of new trading account registrations at exchanges.
According to figures released by Securities and Exchange organisation, the number of trading
accounts in 2021 increased to 37,500,000 individual accounts from 11,664,000 in 2019.
These figures become even more interesting when we look back further and find that in 2011

this number was only 1,900,000 accounts registered.
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Figure 4: TSE index (source: Mofid Securities Exchange, Metatrader 5)

In other words, the number of registered trading accounts (which are legally bound to
individual social security numbers for individuals) has increased by 1900 percent from 2011.

(Bourse24.ir)
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In order to gain a clearer insight, we also need to address and identify the role of the
government within this phenomenon. Governmental interests in the Tehran stock exchange
can be traced back to 2006 when the initial law outlining the issuance and distribution of
“Justice Shares” to low-income families was first passed within the national assembly
(Framework for the Distribution of Justice shares Act, 2006). The aim of this law was the
privatisation of parts of state-controlled industries whilst offering a subsidy/benefit program
to lower income tiers of the economy, however subsequently it went through many changes
during ratifications and only became fully active in its current state in 2016. According to
numbers released by the National Privatisation Organisation there are currently 49.1 million
“Justice” shareholders (Boursepress.ir). It should be noted however that many of these
shareholders are not registered with any broker which could be due to lack of education

regarding the program and its benefits.

The government and its leading figures also played a large part in the influx of new capital to
the capital markets in 2019. President Rouhani explicitly lauded the benefits of capital
markets and its possible rewards whilst maintaining that his government had a large part to
play in the stability and prosperity of the market (dana.ir). This message was repeated by
other influential members of the government giving people a certain sense of security whilst
paving the way for more governmental privatisation programs and steering capital away from
more inflationary assets such as foreign currency and gold at a time when the preservation of

wealth had become a high priority for most of the general public.

As previously seen in figure 4, the combination of these events led to a massive spike in the
TSE index which was well timed in order to act as buffer against increasing economic

sanctions and high levels of inflation.



There is an argument to be made that the government has a duty to educate and empower
these new shareholders who may have no previous experience of investment in the capital
markets. Also, it could be argued that other market stakeholders such as brokerages and
institutions could take advantage of this large influx of potential customers and capital in
order to devise new innovative asset allocation strategies that can cater to the specific needs

of their target audience.

The current economic climate of Iran presents a unique opportunity for these stakeholders to
educate and engage a new generation of potential customers whilst managing their
investment risks and attaining the highest rates of return possible. In the next part of this
chapter, we study the capital markets whilst outlining the many challenges faced by potential

Investors.

1-3-Iranian Capital Market

Capital markets act as a foundation in the infrastructure of a healthy economy, acting as a
magnet for the flow of capital whilst efficiently distributing them between active sectors of
the economy based on their competitiveness (NadAli et al, 2017). This approach encourages
public participation in national growth, advocates public ownership rights and also acts as a
conduit for foreign investment, relieving the effects of governmental budget deficits whilst
pushing much needed monetary system reform. The financial market in Iran has long been
dominated by banking money markets, acting as the primary source of finance for businesses.
The loan-to-deposit ratio of the banking sector at the end of 2017 and 2018 was reported at
eighty-five and eighty percent respectively (Central Bank of Iran Report, 2018) outlining a
high level of imbalance between the incoming and outgoing cash flow and disparity between

expenditure and attraction of capital. Whilst trying to develop a healthy economy that is



independent of governmental control, policy makers have often faced many obstacles such as
the banking systems inability and inefficiency regarding the raising of capital and also their
poor asset management protocols. These inefficiencies have resulted in an investment
vacuum where excess capital is redirected away from productive markets towards
inflationary non-productive investment vehicles such as gold and the hoarding of foreign
currency, forcing the government to respond through the introduction of reactionary policies

and highlighting the importance of capital markets and the role that they play in the economy.

Law makers have attempted to address these shortcomings by introducing legislature and
regulations such as the Securities Market Act of 2005 (which paved the way for the
development of new financial tools and products) and the Financial Institutions Act of 2009
which provided a standardised format of definitions for businesses that wanted to operate in

the capital markets.

Governments have also utilised privatisation reforms with the aim of improving the
qualitative and quantitative performance of the financial markets (Capital markets, banking &
insurance sectors) whilst emphasising efficiency, transparency and proper ethics through the

introduction of regulatory bodies and ombudsmen.

Although the above legislature and initiatives helped ease regulations and pave the way for a
more prosperous capital market, there still exists substantial barriers and problems which are
restrictive to growth and prevent the market from attaining its true potential. Low levels of
market participation (in relation to the country population), short term outlook of trades,
regulatory imposed market limitations, inability to attract foreign investment and low levels
of leverage/finance offered by brokerages are only some of the limitations faced by these
markets, each acting as a barrier in the future growth and further development of the capital

market.



The points above become more important however when a review of global financial markets
is conducted, with results highlighting a negative correlation between the rate of
growth/maturity of the market and the level of trade restrictions imposed by regulatory and
supervisory bodies. In other words, mature markets with higher levels of participation are less
encumbered by restrictive regulations. In contrast when reviewing the history of the Tehran
Stock Exchange it becomes apparent that low levels of market penetration and subsequent
low investor base (previously around 8 percent of the country population) resulted in
increased sensitivity from lawmakers which led them to introduce legislature primarily aimed
towards the safeguarding of investor equity resulting in trade restrictions, limited daily price

fluctuation ranges and volume dependant closing prices.

The market volatility and subsequent fluctuations in 2013 highlighted some of the problems
that were a result of the above-mentioned regulatory restrictions. The high trade volumes that
were the result of an in influx of new capital coupled with restrictions on the daily price
fluctuations of a stock resulted in an accumulation of buy/sell orders at each extreme of the
permitted daily range. The formation of these buy/sell order queues at each extreme of the 8
percent permittable fluctuation range were compounded by the escalation of market
excitement and herding phenomenon, resulting in the lock up of liquidity and higher levels of
risk for new investors that were experiencing FOMO (fear of missing out). The repetitive

formation of these queues affects the trading trend in an adverse way as highlighted below:

e Formation of buy/sell queues downplays the role of analysis in the selection of
suitable assets, creating a breeding ground for rumours and speculation whilst
(wrongly) advocating herding behaviour and queue formation as a suitable selection
criterion.

e Order queue formation gives institutional traders the opportunity to conduct market
manipulation by utilising their disproportionate capital to steer the market by

10



initiating queues through the placement of large orders, making certain stock seem
more or less attractive than they really are.

e Order queue formation serves as a braking mechanism for delaying market
participants and their decision-making processes resulting in decreased levels of
market liquidity.

e Repetitive formation of buy/sell queues increase the volatility and intensity of price
fluctuations whilst increasing systematic risk. When reviewing more mature
international markets and comparing the daily trends than those of the Iranian market
it becomes apparent that the absence of fluctuation ranges actually results in less
volatility. In other words, it could be implied that trade restrictions lead to an extent of

overreaction and an unusual increase in the volatility of price fluctuations.

The Iranian Capital market is also plagued by a lack of diversity of the tools and institutions
that cater to the needs and tastes of investors, resulting in lower levels of participation

(adoption)and limited supply of liquidity entering the market.

The underdevelopment of proper risk management practices and underutilisation of hedging
tools is another barrier to the effort of attracting foreign capital whilst trying to steer surplus
liquidity away from bank deposits and towards the markets. As previously discussed, when
studying mature markets, it becomes apparent that they facilitate the mitigation of risk
through the trade of index-based products and their subsequent futures contracts.
Unfortunately, the absence of these strategies and products is apparent in the Iranian Capital

market.

To further complicate matters, policies such as privatisation and the distribution of “Justice
Shares” among forty nine million of the general public (most of whom were unfamiliar with

the rules and regulations governing the market) created a unique opportunity to increase

11



public awareness on the advantages of the market whilst steering these novice investors away
from short term speculation and more towards long term investment and growth through the
use of innovative low risk investment vehicles which offer suitable returns. The emergence of
such an investment culture could lead to less volatility in the market whilst offering resistance
to the formation of trading queues as discussed above. Whether lawmakers capitalise on this
opportunity is yet to be seen but the short-term effects of such reactionary policy making is
clear. The subsidised distribution of these shares between an uneducated general public has
already resulted in a series of mass selloffs by individuals who due to a lack of knowledge
have no interest in long term investment and only see this privatisation strategy as a one-off

subsidy payment by the government.

Finally, it could be argued that the further development and growth of the Iranian capital
market will depend on the sustained and long-term support of the government and their
regulatory bodies. Widespread adoption as a suitable investment vehicle by the various
classes of society will rely heavily on educating the masses and the introduction of diverse
investment products which can cater to the needs and requirements of the various market
participants (in terms of risk mitigation and expected returns). Changes in the investment
culture towards a more long-term investment approach can also help to attract surplus
liquidity form the money markets whilst managing the effects of uncertainty and regulatory

restrictions.

In order to address the need for new innovative products that are able to overcome the
aforementioned problems of the Iranian capital market, a proper framework which addresses
optimal asset allocation, the risk-returns proposition and uncertainty of the markets need to be
devised which caters to the unique circumstances of the Iranian capital market. To better
understand the efficient allocation of assets, a review of the historical evolution of investment
strategies is offered in the next section of this chapter.

12



1-4 Evolution of Investment Strategies

The evolutionary path of the investment strategies can be divided into four distinct stages.
(Bahr-oloom, Tehrani & Hanifi, 2012). The first stage began with the individual analysis of
equities and the allocation of assets based on that analysis. This approach later evolved into a
methodology which also assessed the relationship between individual equities and grouped
them into funds or portfolios which worked in unison to mitigate risk and increase rewards.
With the advent of the efficient market hypothesis, the third stage advocated the use and
development of index tracking portfolios/funds which attempted to mirror the performance of
the market indexes. The final and fourth stage could be viewed upon as a marriage of
previous strategies in which the conflict between active and passive investment strategies is
finally resolved and a new paradigm of investment strategies is offered (Bahr-oloom, Tehrani

& Hanifi, 2012).

Generally, an investor is looking to adopt a strategy which achieves the highest returns with
the lowest level of possible risk involved. However, these are not the only deciding factors
which dictate the efficient allocation of assets within a portfolio or fund. Fund managers
regularly utilise a collection of market factors and investor preferences (which are in line with
expected risk and returns levels) to devise efficient asset allocation strategies (Ruiz-
Torrubiano & Suarez, 2008). To achieve these goals and objectives managers utilise active

and passive strategies of investment.

Active strategies rely on the experience, knowledge and expertise of managers to select
equities and suitable entry/exit points with the objective of attaining the highest levels of
returns possible (Beasley, Meade & Chang, 2003). As a result, the recurring restructuring of
the portfolio in reaction to market shifts and changes leads to higher transactional costs and

risk.
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Passive strategies on the other hand are based on the efficient market hypothesis of financial
markets where it is offered that the price of an asset reflects all of the inherent risk and
desired returns of that asset. In this approach the main role of the portfolio manager is the
selection of equities as a portfolio where the final objective of the resultant portfolio is to
mimic the fluctuations of the market index and attain similar returns to that of the index.
Some benefits of this approach include lower transactional costs and risk (due in part to the
much less frequent reshuffling of the portfolio) whilst also bearing the disadvantage that
investors utilising these strategies are in fact forsaking returns exceeding the market index.
Some researchers however argue that over an extended period of time, passive management

does in fact offer higher yields than that of active strategies (Sharpe, 1991).

The underlying concept which ties passive investment strategies into the efficient market
hypothesis is the simple fact that the market cannot return higher yields than itself (surpass
itself) with investors on average gaining the same returns than that of the market minus
expenses. In other words, the more active they are in trading terms the higher the
transactional costs, which in turn leads to lower returns (Hanifi, Bahr-Oloom & Javadi,

2009).

It could be argued that the Efficient Market Hypothesis removes any notions of “competitive
edge” in the prediction of market fluctuations of a particular equity over an extended period
of time. Faced with this dilemma active investors will also have to overcome higher
transactional costs. Whether an investor believes in the Efficient Market Hypothesis or not,
the logical approach to investment would be to manage all controllable variables through
diversification and the utilisation of risk mitigation protocols, whilst aiming to minimise
transactional and tax related costs. The underlying principle and logic of passive strategies is

to achieve these goals through the introduction of index orientated investment products.
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The counter argument also exists that there are recorded cases of exceptional managers with
remarkable market insight who have been able to achieve higher returns than that of the
market index. These arguments are expanded to introduce new innovative strategies which
attempt to merge both active and passive disciplines into a new format of strategies which
benefit from both previous approaches (Schoenfeld, 2004). One of the proposed hybrid
models is the core-satellite approach in which investors utilise passive strategies to develop a
core set of index-bound investment assets which are then supplemented with a series of
actively managed satellite components. In this framework the core component takes the
shape of an index tracking portfolio whilst actively managed portfolios of individually picked

equites are utilised to supplement returns.

As previously discussed in this chapter, the [ranian capital market requires new innovative
investment products to drive adoption within the mass population. Hybrid core-satellite
portfolios could be utilised to attract new capital into the market from non-expert investors
whilst allowing institutional smart money a new mode of diversification. These new products
have the capacity to increase the investment outlook of investors whilst reducing the
sensitivity to daily fluctuations (reduce risk). By developing products based on these hybrid
frameworks we can compensate for the underdevelopment of risk management tools in the
market by aligning them with regulatory policies which will not only increase the penetration

and adoption of the market, but will also address market uncertainty.

It should be noted that the increased complexities of the market environment now mean that
investors and manager will also need to take into account an additional factor of uncertainty.
To this extent, robust optimisation techniques have been promoted by many in circumstances
where a small irregularity in the input data could result in an incomputable solution. Thus,

there is also a clear need to address, analyse and measure uncertainty as an input variable and
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offer new methodologies which attempt to manage uncertainty in a robust framework

(Gharekhani, 2012).

1-5 Importance of study

A short review of the previous sections of this chapter reveals that there is a direct need for
new innovative products in the Iranian capital market which are able to safeguard the
wealth/buying-power of a growing population in an economy battling with inflation and the
devaluation of the local currency. The design of a framework for the formation and
optimisation of a portfolio of equities would allow financial institutions and fund managers to
offer innovative products which can be tailored to the specific needs (risk and rewards) of
different market stakeholders. By ensuring that the proposed framework is robust enough to
handle the market uncertainty (which itself is a product of the current unique socio-political

circumstances of Iran), the reliability of the final product is increased.

It is clear that due to governmental promotion and legislation the Iranian capital market is
growing both quantitively (market value, number of participants, equities...) and qualitatively
(new institutions & new products). This also become apparent when we review that that
number of registered funds in the market increased from 7 in 2007 to 339 in a span of 14
years. The utilisation of the aforementioned framework would further increase the number of

these products ensuring product diversification in the market.

Suitable allocation of financial funds in the capital market is one of the most important
principal factors in the decision-making process of investors. When considering that
governmental legislature and promotion have caused a massive influx of novice retail
investors in the market, the need for suitable asset allocation strategies which can mitigate

risk and maximise rewards becomes even more apparent. The adoption of the framework will
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not only benefit the investors but will also increase the efficiency of the market (less
speculation- driven market, less order queue formation, longer term outlook on trades, higher

liquidity).

It should also be noted that the lack of mathematical tools in the past lead to less inclination
towards the adoption of quantitative optimisation techniques. These approaches inherently
require the processing of massive amounts of data (specifically in an index tracking based
approach) which made the problem more mathematically complex. However technological
advances in the fields of heuristics and machine learning coupled with the development of
user-friendly software are now pushing the adoption and utilisation of innovative quantitative

optimisation techniques.

Furthermore, there has previously been a lack of inclination towards the use of such
optimisation techniques, with studies having been conducted to show that results from such
models may not have sufficient levels of reliability in real life situations. One example would
be the various studies conducted comparing equal weight portfolios (EWP) and their mean
variance counterpart (MVP) in which it has been shown that the EWP outperformed its MVP
counterpart in different evaluation terms (Cai, 2021). These examples should not however be
used as the basis for the outright rejection of risk-reward optimisation theories as they lack
diversification. It quickly becomes clear that in when utilising such theories is practical
situations which require reliable solutions a series of improvements and reforms have to be
implemented on top of classical frameworks. This is further compounded when adding
robustness into the model to protect the results from the uncertainty of the input data. The
proposed framework is a step in this direction of improving classical models whilst adding

robustness through design.
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The utilisation of a core-satellite approach in this framework will also aim to reduce
management and transactional costs whilst attempting to maximise returns. The development
of this approach is also in line with the fifth development program outlined by the
government advocating the transparency and performance of investment managers, which

should eventually attract potential investors.

Finally, it is important to note that the development of index-based products in mature
markets such as the United States is now nearly 40 years old and the market cap of these
products dwarves the combined market cap of all investment funds in Iran (one trillion
dollars vs 23 billion USD) (FIPiran.ir). It quickly becomes clear that the development of
these financial products and the adoption of index-based strategies has not received much
consideration in the Iranian market, highlighting an opportunity to offer a practical
framework which can be utilised to develop and introduce a low cost, transparent investment
product which not only manages risk but also operates in times of high uncertainty
(Gharekhani 2012). Thus, the research beforehand is innovative in its problem-solving

methodology whilst expanding the boundaries of the related scientific domain.

1-6 Research Questions

Whilst developing a roadmap to developing the framework highlighted in the previous

section of this chapter the following research questions are proposed:

e Can a heuristic genetic algorithm be used in order to identify and select suitable
stocks in the formation of an index tracking portfolio whilst also optimising the asset
allocation (weights) of each constituting component?

e Can a heuristic RNN (Recursive Neural Network) in the shape of an LSTM (Long-

Short Term Memory) model be utilised to predict future rates of return of the market
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index using historical data, thus increasing the effectiveness and robustness of the
aforementioned genetic algorithm model?

e  Will the utilisation of mathematical robust optimisation methodologies reduce the
tracking error of the developed index tracking portfolio? Is there a significant
difference between the performance of a robust index tracking portfolio and the TSE
index?

e s the tracking error of the subsequent index tracking portfolio affected by the number
of its constituents and further integer constraints?

e Is there a correlation between the number of assets in in the resultant portfolio and the
realisation of performance on par with that of the index (Whereby the tracking error is
a benchmark of the performance against the index)?

e What is the optimum number of assets which constitute the index tracking portfolio?

e What is the optimum interval at which the resultant portfolio should be re-evaluated
and reshaped?

e Will the utilisation of a core-satellite strategy further develop the resultant portfolio to

achieve higher rates of return when compared to the returns of the index?

1-8 Research Goals

The expected goals of this research are highlighted below:

1. Offer framework for the formation of an optimized robust index tracking portfolio in
the Tehran Stock Exchange.

2. Utilisation of heuristic quantitative modelling methods of uncertainty analysis in the
portfolio optimisation.

3. Develop hybrid core-satellite model to exceed returns when compared to market

index.
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4. Overcome existing limitations apparent in classical asset allocation investment
frameworks in regards to model constraints and robustness.
5. Advocate the use of index tracking products and strategies to investors and other

market participants by highlighting their risk reward benefits.

1-7 Research Methodology

When considering the objectives and methodology of this research we can ascertain that it
falls into quantitative realm of research and its methodology can be considered as
correlational research. Correlational research is a type of non-experimental research method
in which a researcher measures two variables, understands and assesses the statistical
relationship between them with no influence from any extraneous variables. Based upon
objectives, correlational research can be categorised into three groups: dual variable
correlation, regression analysis and covariance analysis or correlation matrix. Correlation is
used to analyse the type and scale of relationships between variables whereas regression
analysis is used to forecast future trends of a standard variable (dependant) based on the
relationship between the dependant variable and one or more independent variables which

have been recorded previously.

By reviewing the goals of this research, it becomes clear the objective of the study is to
devise an optimised strategy for the formation of a hybrid core-satellite asset allocation
model through the utilisation of heuristic algorithms and the implementation of mathematical
robustness. Thus, we are looking to minimise the tracking error of the core component (in
regards to the returns of the index) whilst supplementing returns with the satellite
components. As we are able to calculate the returns of the portfolio and the tracking error of
the core component and the returns of the hybrid core-satellite model, we can measure the
effect of various optimisations (number of portfolio constituents, constituent weights, ratio of

core-to-satellite components, degrees of uncertainty/robustness....) and compare them against
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the base index. This allows us to construct a correlational framework for assessing each
optimisation method implemented, and verify whether the introduced changes have a

meaningful relationship to the end results.

1-9 Scope of Research

1-9-1 Geographical Domain of Research

The research domain specified in this study encompasses all publicly tradeable companies

and funds listed on the TSE.

1-9-2 Time Period of Study

The time scope of this study is a four-year period ending in 2018.

1-10 Statistical Population & Sampling

The establishment of a portfolio which tracks the index with high level of precision requires
the selection of stocks which have the highest impact on the index itself. This requires that
the initial sample pool is narrowed to only include assets which have the highest impact on
the index. Therefore, filtration and cross-sectional selection methodologies need to be
implemented to limit the possible viable solution space to the 100 top stocks by market
capital and also stocks that experienced 100 days of active trading per year within the five-
year studied period. Further characteristics can be utilised to further narrow the initial

solution space and improve the efficiency and accuracy of the proposed model.

Due to the heuristic nature of the model, the data sets will also need to be divided into

training and testing sets in order to train and evaluate the performance of the resultant model.

1-10-1 Data Collection

The data collected in this study includes the daily returns of stocks and funds traded on the

TSE which will be collected from the Tehran Stock Exchange archives.
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1-11 Data Analysis Method & Modelling

As previously stated, the objective of this research is the formation of a robust framework for
the optimised allocation of assets, in conditions of uncertainty, utilising a hybrid cores-
satellite format. Mathematical programming is utilised to model the problem whilst a
heuristic genetic algorithm will be used to solve the gradient decent problem of index
tracking (minimising tracking error of the base index), whilst supplementing returns (through
the selection of suitable satellite components). To further this goal econometric frameworks
are used to simulate missing values and standardize and initialise all data input into the

model.

Software and programming languages such a Python, Lingo, MATLAB and their respective
libraries will be used to solve the mathematical models whilst Excel is utilised for the

formatting and initialisation of data.

1-12 Research Limitations

e Privatisation or insolvency of some companies within the defined time frame.

e Changes in index calculation method within the defined time frame

e Ignoring of trading and management fees for funds in the satellite components

e High rates of inflation have resulted in high prices for new IPOs (which may not meet

filtering characteristics highlighted above) affecting the index.

1-13 Summary

This chapter attempted to give the reader an insight into the Iranian capital market and its
fundamentals whilst offering a core framework for the research. Through the definition of the

research problem and its importance a methodology for finding the solution was offered.

In the next chapter a conclusive literature review of the core categories of asset allocation and

optimisation (including a specific study into machine learning practices) will be conducted
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whilst offering an insight into the fundamentals of Efficient Market Hypothesis and its

relation to the Iranian capital market.

The third chapter will further expand the research methodology and extrapolate the data
collection and filtering methodologies used whilst introducing the mathematical models

developed for the research problem.

The fourth chapter will be used to convey the analysis of the data utilised, and the results of

the proposed model.

Finally, the fifth chapter will be dedicated to the analysis of results of the proposed model for
users of the research whilst offering suggestions for future research to be conducted in this

subject fields whilst offering the contributions and limitations of the current research.
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Chapter 2: Literature Review

2-1 Introduction

As stated in the previous chapter of this thesis, the main aim of this research is to develop a
framework for the formation of an optimised robust index tracking portfolio whose returns
are to be supplemented via the implementation of a core-satellite model, in which the core
index tracking component is optimised using heuristic and exact programming. In order to
meet this goal and develop a theoretical framework, a comprehensive literature review of the
underlying investment paradigms and their subsequent optimisation methodologies was

conducted.

The first part of this chapter will focus on the introduction and evolution of portfolio theory
and the effects of the efficient market hypothesis on its subsequent investment strategies. The
review will assess the conflict between active and passive strategies(index-tracking) whilst
highlighting modern approaches such as the core-satellite approach, which aim to overcome
the disadvantages of the aforementioned strategies, whilst reconciling both and benefitting
from their advantages. A portion is also included to review research on the efficiency of the

Iranian capital markets which is hoped to provide further insight into the domain of study.

The second part of the review will offer the results of previous research into various
optimisation techniques (exact and heuristic) and the implementation of robustness when

dealing with uncertainty and stochastics.

The final part of this chapter a summary of research conducted on portfolio optimisation
methodologies is conducted with the aim of identifying the research gap that this thesis

attempts to rectify.
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2-2 Portfolio Theory

One of the key issues investors face, is how to allocate wealth among alternative assets.
Almost all financial Institutions have the same problem with the added complication that they
need to explicitly include the characteristics of their liabilities in their analysis (Elton, 1997).
In other words, it could be argued that the most important factor in the decision-making
process of investors are risks and returns. If stocks are risky by nature, then the primary focus
of any investor is to compile a selection of stocks which has the highest desirability and
returns, whilst maintaining the lowest level of risk possible. This is the same as deciding
upon the best and most optimized portfolio out of all combinations possible which is known

as the portfolio selection problem.

Th evolution of the portfolio theory can be thought of as three distinct phases: Traditional
Portfolio Theory (TPT), Modern Portfolio Theory (MPT) and Post-Modern Portfolio Theory
(PMPT). Traditional Portfolio theory was mainly concerned with the analysis of individual
securities and was characterised by simple, non-systematic, subjective and insufficiently
analytical approach to forming an optimal portfolio. MPT on the other hand focuses on the on
the analysis of portfolio characteristics, enabling the optimisation of the relationship between
risk and returns through the utilisation of an objective system-based approach. Finally, the
PMPT approach phase was developed to address the lack of compatibility of the MPT

assumptions and market reality (Lekovic, 2021).

Appearing at the beginning of the 20™ century TPT played an important role in the field of
asset allocation until the publication of Markowitz’s portfolio selection article in 1952. TPT
itself evolved from a subjective approach based on subjective assessment (without any
scientific and analytical basis) to a more scientific approach based on the analysis of financial
statements of companies and securities (partly due to stricter controls on financial companies

listed on the stock exchange).
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TPT emphasized the analysis of individual assets while the analysis of portfolio
characteristics was ignored. By highlighting the inefficiency of the markets, followers of TPT
believed that the fundamental analysis of a company’s internal financial statements could
result in higher returns. Also, practitioners of TPT introduced diversity into portfolios based
on the law of large numbers resulting in portfolios consisting of securities with the highest
rates of returns. This form of naive diversification (increasing the number of securities in
order to reduce the overall portfolio risk) implied that if investors want to eliminate risk, it is

enough to invest in a large number of securities (Lekovic, 2017).

Williams (1938) argues that the total portfolio risk could be eliminated by diversification. His
study continued to claim that whereas future dividends are uncertain in nature, investment in
a sufficient number of assets/securities in the form of a portfolio could reduce risk to zero. He
further claimed that through the utilisation of the law of large numbers, actual portfolio

returns are almost the same as the expected returns.

John Richards Hicks was another proponent of simple diversification. He argued that the risk
factor is important because it affected the expected investment period and the expected level
of return on the investment. He continued to claim that in conditions of risk, there are many
probably outcomes and suggests the presentation of these outcomes using the expected value
and an appropriate measure of dispersion, however he fails to indicate the measure itself

(Hicks, 1935).

Leavens (1945) highlights the importance of diversification, however the author does not
include correlation in his analysis but argues the assumption that return on securities is
independent. After this analysis, leavens does state that this assumption is not always in line
with the reality of the markets i.e. diversification of a portfolio to include companies from

one industry cannot protect the investors from unwanted factors affecting the entire industry,
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however even diversification between industries cannot protect investors from cyclical

market factors that adversely affect all industries at the same time.

In summary it can be concluded that in the TPT approach, no statistical measures are used to
quantify risk and improve and complement the fundamental analysis based on the accounting
methods. TPT was based on simple analysis and characterised by a subjective and

insufficiently analytical approach (Lekovic, 2022).

Pioneered by Harry Markowitz in 1952, Modern Portfolio Theory (MPT) offers a
mathematical framework for the optimisation of the risk return ratio of a portfolio, shifting
focus away from the analysis of individual securities and simple diversification. Markowitz
begins his approach by assuming that an investor has a specified amount of capital to invest.
This capital is to be invested for an indicated amount of time also known as the investor’s
holding period. At the end of the investor’s holding period all securities that have been
purchased at the beginning will be sold and the returns of the sale will either be withdrawn or
reinvested. In other words, this approach can be labelled as a “single period approach” to
investment with t=0 indicating the start of the period and t=1 as the end of the period. At t=0
the investor must select which securities to purchase and keep till t=1. In traditional portfolio
theories the investor must evaluate the returns of different securities at t=0 and then invest in
those with the highest yields. Markowitz argues that this approach will be illogical as the
investor will not only want to maximize returns but will also want to minimize risk and be
assured of the returns as much as possible. To justify this argument Markowitz continues by
stating that if investors were only looking to maximize expected returns, then they would
only invest in a single asset which has the highest expected rate of returns, whereas a quick
review shows that investors are in fact the owners of a selection of securities. To rationalize
this behaviour, it could be said that investors consider both phenomena of risk and return
simultaneously. Thus, an investor which is looking to maximize returns while minimizing
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risk is in fact faced with conflicting targets which need to be balanced against each other. As
a result, the investor must diversify their portfolio by purchasing a number of different types

of securities.

Markowitz (1952) argues that returns on securities are correlated mutually and that instead of
investing a in a large number of securities, investors should in fact invest in securities with
low return correlation. He continues to advocate the implementation of efficient
diversification (in contrast to the simple diversification approach advocated by Hicks),
providing mathematical proof that appropriate diversification can minimise portfolio
variation at the given return level and quantify the trade-off between risks and returns, thus
creating a set of efficient portfolios that maximise returns at the given risk level (Markowitz,

1959).

In his 1999 paper, Markowitz also accredits Roy (1952) as an equal contributor to the field of
modern portfolio theory. Roy also developed an independent set of efficient portfolios similar
to that of Markowitz with the distinction that Markowitz required exclusively non-negative
investments and proposed allowing the investor to choose a desired portfolio from the
efficient frontier whereas Roy allowed the amount invested in any security to be positive or
negative and recommended a choice of a specific portfolio (Markowitz, 1999). Furthermore,
it could be argued that the most important aspect of Markowitz’s work is that he has shown
that the risk of individual securities in a portfolio is not as important to the investor as their
contribution to the variance of the overall portfolio that depends on their covariance with

other securities in the portfolio (Rubenstein, 2002).

Sharpe and Lintners work on the capital asset pricing model (CAPM) can be thought of as the

complimentary second part of the macroeconomics of the capital market (Markowitz, 1991).
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The CAPM is a model that describes the relationship between the expected return and risk of

investing in a security and is calculated using the below formula:
ER; = R + B;(ERm — Rf)
Formula 1: CAPM Calculation

Where ER;is the expected return of investment, Ry is the risk-free rate, i is the beta of the

investment and (ERm-Ry) is the market risk premium. Two important factors to note are that
investors expect to be compensated for the risk undertaken and the time value of money. By
utilising the formula above we can evaluate whether a specific security is fairly valued when

comparing its expected returns to its risk and proportionate time value of money.

Although the introduction of the CAPM is attributed to Sharpe (1964) and Lintner (1965),
Tobin (1958) is also considered to have laid the groundwork for CAPM. Markowitz
highlights the fact that the models introduced by Tobin and Sharpe are similar in postulating
a model with n risky and one riskless security however they differ in their assumptions. Tobin
assumed that an investor can invest at the risk-free rate whereas Sharpe argues that the
investor can either borrow or lend at the same rate. The second major difference in
assumptions is the fact that Sharpe postulated that his model applied to all securities whereas
Tobin argues that his model is only applicable to “monetary assets”. To elaborate further,
Tobin’s more cautious assumptions expressed doubts that cash itself should be considered
risk free (Markowitz 1999). Tobin (1958) agreed with Markowitz’s theory that it was more
beneficial to “not place all eggs in single basket” and that portfolio diversification would in
fact lead to lower levels of risk. While looking to adjust and lower portfolio risk without
changing the composition of the stocks within, Tobin demonstrated that an investor can attain

desirable level of risk by changing the ratio between cash and stocks in a portfolio.
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Furthermore, he proved that using cash was a more efficient way of lowering the risk of a

portfolio than altering the composition of stocks.

It should be noted that MPT over simplifies the reality of the financial markets as it ignores a
series of different market factors: 1) transactional costs 2) information asymmetry 3)
inefficiency of the markets 4) volatility of correlation (correlation of return on securities is
changing daily, so it needs to be observed dynamically 5) irrational behaviour of investors
6)individual risk averseness of investors (Lekovic, 2021). By taking into account the above
factors it can be argued that MPT suffers from the following shortcomings (Radivojevic,

2009):

1) Choosing an optimal portfolio is not viewed as a continuous process of tracking
changes and adjusting portfolio over time, but as a decision to be made on a one-time
basis.

2) The Assumption about the infinite divisibility of securities, i.e., the possibility of
buying or selling securities in unlimited proportions, does not stand in practice.

3) In conditions of a financial crisis, the correlation coefficients converge to one, so the
benefits of diversification are reduced or even completely disappear. The portfolio
risk becomes equal to the simple weighted sum of the individual risks of securities of

which it is compiled.

Despite these limitations MPT is relied upon by market participants to make effective timely
investment decisions when structuring a portfolio or assessing the performance of a portfolio.
By allowing managers to make reliable decisions MPT contributes to the depth, liquidity and
efficiency of the market whilst its mathematical base and precise nature of results give a

sense of security and comfort (Vyas, 2014).
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Developed in the nineteen eighties at the Pension Research Institute (USA) Post Modern
Portfolio Theory (PMPT) attempted to overcome the limitations of MPT and make it more in
line with market Reality. Designed to offer a stronger more precise framework PMPT went
against the existing assumptions that variance and standard deviation were reliable risk
measure, that investors all shared the same expectations and most importantly the fact that
returns on financial assets followed normal distribution. PMPT introduced minimum
acceptable returns (MAR) for each investor, acting as a benchmark that could be used to
gauge the performance of a portfolio making it more customisable to the specific needs of

each individual investor.

PMPT defines risk as the total returns’ volatility around the mean value and is measured by
variance or by standard deviation of return where deviations above or below the mean value
are treated in the same way. Whereas MPT associates’ risk with achieving an average return,
PMPT argues that the investment risk should be linked to the MAR for each individual
investor and that only volatility of the returns below MAR represent risk. Return above the
target creates uncertainty which is nothing but a risk-free opportunity to achieve higher than
expected returns (Rom, 1993). Furthermore, with the implementation of MAR (which is
distinct to each individual investor) and given that it is used to determine an efficient frontier
there are now an infinite number of efficient frontiers (based on an infinite number of
investors and their relevant MAR). This is in direct contrast to the MPT approach which
discusses an infinite number of efficient portfolios along a singular efficient frontier which
are defined with three variables: standard deviation, correlation coefficient and returns

(Lekovic, 2021).

Finally, it should be noted that although Post Modern Portfolio Theory is thought of as an
upgrade to Modern Portfolio theory, it shares some characteristics with TPT in that they both
advocate greater diversification of portfolios when compared with MPT. Also, both TPT and
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PMPT can be customised to the needs of the individual investor whereas in MPT individual

investor goal is not explicitly taken into account.

2-3 Efficient Market Hypothesis

The notion that financial markets are efficient is one of the underlying principles of modern
portfolio theory. In order to fully understand this principle, there is a need to review the
CAPM of Sharpe (1965) in which he attributes the fluctuations and uncertainty behind stock
returns to systematic (undiversifiable) and unsystematic (idiosyncratic or diversifiable) risk.
Systematic risks or market risks are threats which the investor faces for having invested in the
market, including inflation and the threat of war. Unsystematic risks on the other hand are
limited to a single stock with examples including rumours on change of management,
potential takeovers or a new product failure. As it is possible to eliminate unsystematic risk in
a portfolio by compiling a portfolio which covers all the different aspects of a market (while
also negating any rewards), investors can only expect a return when faced with market or

systematic risks.

The original work submitted by Bachelier in 1900 argued that price speculation should be a
“fair game”, where expected profits to the speculator should be zero (Fama, 1970). Although
this would be the first instance where notions of a random walk and efficient markets are

introduced his work would go unnoticed by many for forty years.

Fama (1965) attempted to answer the question whether the past history of a stock’s price can
be used to make meaningful predictions concerning the future of its price. In his study he
tests the random walk model of stock price behaviour and continued to make the argument
that although Markowitz defines an efficient portfolio as one that has maximum expected
return for given variance of expected return, it is in fact the case that if yields on securities

follow distributions with infinite variances however, the expected yield of a diversified

32



portfolio will also follow a distribution with an infinite variance. In this situation the mean-
variance concept of an efficient portfolio will become meaningless (Fama, 1965). Fama
concludes that this is not a challenge to diversification however and concludes that factors

other than variance should be used to develop portfolio analysis models.

Samuelson (1965) also studied the random nature of stock prices. In his study he outlined the
inherent information in stock prices. He argues that the intrinsic value of a stock was nothing
more than their market value at any given moment. Furthermore, constant fluctuations are the
result of continuous disagreements between buyers and sellers on the intrinsic value of a
stock and only the value which is agreed upon as a result of the aforementioned

disagreement, is the true market value.

Fama (1970) conducted a historical review on the theoretical and empirical literature on the
efficient market model and introduced the “Efficient Model Hypotheses”. He introduced the
notion that markets can be categorised as having three states of efficiency: Weak, Semi-
strong & Strong. The weak-form EMH implies that the market is efficient, reflecting all
market information. This hypothesis assumes that the rates of return on the market should be
independent; past rates of return have no effect on future rates. The semi-strong form EMH
implies that the market is efficient, reflecting all publicly available information. This
hypothesis assumes that stocks adjust quickly to absorb newly released information. The
semi-strong form EMH also incorporates the weak-form hypothesis. Given the assumption
that stock prices reflect all new available information and investors purchase stocks after this
information is released, an investor cannot benefit over and above the market by trading on
new information. The strong-form EMH implies that the market is efficient: it reflects all
information both public and private, building and incorporating the weak-form EMH and the

semi-strong form EMH. Given the assumption that stock prices reflect all information (public
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as well as private) no investor would be able to profit above the average investor even if he

was given access to exclusive information.

Malkiel (1973) identifies flaws in the fundamental and technical analysis of securities and
liken the price action movement of prices to a random walk, where previous price movements
have no bearing on the future values of a security. He is widely accredited for introducing
concepts of efficient market theory and modern practical risk and return concepts to general
investors. His summary however came at a shock to most investors who had finally been
shown that although the stock market is generally in growth, it acts in an unpredictable
accidental way which is akin to the slurred movement of a drunk who is in search of the way
home. The publication of information which is itself unpredictable defines the value of a
stock. Malkiel’s resulting analysis was that active management of mutual funds was a waste
of time and that a cheap and diverse index tracking fund would be the best choice for long

term investors (Schoenfeld, 2004).

To summarise the Efficient Market Hypothesis, it could be said that prices reflect information
in an unbiased way. This reflection can include past price history, publicly available
information and in some cases all available information. This view is in conflict with the
behavioural finance school of thought which argue that there are irrational pockets of
investors that drive prices to be irrational and the size of this group is such that the market
cannot take advantage of them in terms of pricing. Below we will review some of the
literature that highlight market anomalies and irrational participant behaviour in contrast to

the EMH.

Basu (1977) attempted to test the EMH by conducting a study on the effects of P/E ratios on

future prices of a stock in order to highlight pricing bias. Although his results failed to
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unequivocally reject the EMH, it showed that there are some lags and frictions in the

adjustment process where security prices are impounded by publicly available information.

Banz (1981) identified an anomaly in the NYSE which presents a challenge to the EMH. In
his study of a forty-five-year period he identified that on a risk adjusted basis, the fifty
smallest stocks outperformed the fifty largest by an average of one percentage point per
month giving rise to the small firm effect which was corroborated in many different

countries.

De Bondt & Thaler’s (1985) work on the over-reaction hypothesis showed that most people
over-react to unexpected and dramatic news events. Strikingly their results showed that when
comparing two different portfolios consisting of “winners” and “losers” in a three-year
period, the resultant portfolio containing the “loser” stock outperformed the prior “winners”
by twenty five percent. Although many aspects of their findings remain without adequate
explanation, it is important to note that even after a five-year period of portfolio formation the

excess returns gained by the “losers” portfolio remains consistent.

Lo and McKinlay (1988) test the random walk hypothesis for weekly stock market returns by
comparing variance estimators derived from data sampled at different frequencies. By
utilising a simple volatility-based specification test, they rejected the random walk hypothesis
for weekly stock data. This rejection however does not imply the inefficiency of stock price

formation.

There exist other such market anomalies which could be used to counter the efficient market
hypothesis such as those presented by Benartzi & Thaler (1995) regarding the performance of
stocks vs treasury bills over a 100-year period or anomalies attributed to forward discount

bias in the foreign exchange markets (Froot & Thaler, 1990), however to categorically reject
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it would not be acceptable as there are just as many occurrences in the literature supporting

EMH.

For example, the review conducted by Fama (1991) highlights an extensive quantity of work
in the defence and proof of EMH. Interestingly, his findings on private information again
mirror the work presented by Samuelson and Malkiel in which it is re-iterated that private
information is very rare, and that analysis of returns using 2- and 3-portfolio benchmarks that
are consistent with multi-factor asset pricing models show that investment managers do not

necessarily have access to privileged information.

2-4 Birth of Indexing

Although the birthplace of Index Investing models can be traced to the early 1850’s, the first
stock indexes were first established at the end of the 19th century. Charles Dow (Founder of
the Wall Street Journal) and Edward David Jones first established the DOW JONES index in
1884 which was comprised of the stock price average of 9 railroad and 2 industrial
companies. By doing this Dow hoped that investors could have a general view of the market
performance of the market at any given day. In 1986 the DOW JONES Industrial Average
(comprised of 12 stocks) was established and the railroad stocks where registered as a
separate index named the DOW JONES Transportation Average. Daily Publication of the
DOW JONES Industrial Average (DIJA) commenced on the 26th of May 1896 in the Wall
Street Journal. The DIJA was expanded to include 20 stocks in 1916 with a further 4 being
added in 1928 bringing the total number of stocks in the DIJA to 30. This index is currently
made up of the moving average of 30 stocks with the only member of the original 12 being
General Electric. Although the DOW JONES index is still used by investors as a measure of
market performance, most agree that the S&P500 is the best standard to measure market
performance in the United States. Alfred Cowles conducted a comprehensive study in 1913

which later became the foundation of the S&P stock indexes. Before the 1960’s there were no
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technologies available to calculate up to the minute indexes such as the S&P which relied on
the moving average of the market value of all stocks in the markets. Since then, many index
based products ranging from index tracking portfolios and electronic tradeable funds to
options and futures contracts which are linked to these portfolios have been devised and

offered in different markets internationally (Schoenfeld, 2004).

An artificial growth in the market continued till the mid 1960’s causing investors to believe
that specialist experts are able to beat the market easily by identifying high performing stocks
and it was only after the subsequent market crash that competent experts were distinguished

from those who had chosen stock and securities based on luck.

The fundamental theory which links index-based investments to the EMH is the simple fact
that the market cannot outperform itself. On average, investors will be rewarded the market
returns minus transactional costs. In other words, by being more active they will incur more

Costs.

This factor should be combined with the underlying principle of the EMH which is the fact
that all information regarding the present and future performance of a stock are reflected in
its current price. Thus, the price of a stock balances itself like a scale with an equal possibility
of going up or down based on the emergence of new information. Therefore, active investors
must not only overcome transactional costs but the EMH states that it is impossible of
forecast the correct fluctuations of a single stock during a long-term period of time. This
observation acts as the underlying philosophy behind index orientated investment principles.
Regardless of whether an investor believes in an efficient market or not, the most logical
method of investment is to first manage controllable variables through the reduction of risk

via diversification, and then minimize the number of transactions and the costs that they

37



incur. Accomplishing this objective is the principal logic behind index orientated investment

and index based financial products (Schoenfeld, 2004).

After its introduction the index-orientated investment approach adoption faced numerous
delays due to a lack of trust resulting from unfamiliarity within investment circles. The Wells
Fargo research and analysis department began a new initiative in regards to portfolio
management headed by William Fouse, John McQuown and James Vertin. On the 1st of July
1971 Wells Fargo established the first index tracking portfolio with a 6-million-dollar
contribution from Samsonite fixed to the NYSE index. The resulting portfolio invested an
equal proportion of the funds in each of the 1500 existing companies listed in the New York
Stock Exchange, however it quickly became apparent that the management of such a
portfolio was extremely difficult due to the unique properties and divergence of each stock in
relation to others. In other words, the portfolio needed constant re-arranging in order to
maintain the balance. High transaction costs lead to a change in portfolio strategy where
instead of spreading the investment between members equally it was distributed by order of
market value. The resulting portfolio grew in sync with the performance of the market and
there was no longer a need to continuously re-arrange the structure thus becoming self-

balancing.

Index based funds however were benefitting from these conditions and enjoying stable
growth such that total assets under management grew from six million USD in 1971 to 10 24
billion USD in 1980. This immense growth was also supplemented by other changes in the
investment environment (such as the changes in rules and regulations governing commissions
and also the acceptance of index tracking products as a low-risk investment vehicle) brought
about by lawmakers. On the 1st of May 1975 regulations regarding stock trading
commissions where reviewed. The previous charge of two percent commission on trades
greatly affected index-based products as such portfolios had a high number of constituents.
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The change that brought about the most transparency however was the announcement that
prudence in mutual funds would be calculated based upon the diversification of the fund and

not the merits of each individual contributing element.

As more and more research highlighted asset allocation as the most important factor in the
return of portfolios, index-based investment theories garnered more acceptance and

confidence.

Ellis (1975) conducted a study reporting that 85 percent of active managers had been unable
to gain higher returns than that of the SS&P500 index in a 10-year period. He further argued
that investment in the stock market was a “zero sum game”, where all investors would
eventually receive the same returns than that of the market. There exists a loser for every
winner in the market and that not all investors can have greater returns than that of the
market, as they are the market. He summarized that in order to beat the market investors
should gain a reflection of the market through an index tracking portfolio with the lowest

cost.

A study conducted by Brinson, Hood & Beebower (1986) revealed that investment policies
such as asset allocation were of higher importance than investment strategies such as market
timing and individual stock selection. They argued that investment policies (main groups
being: stocks, bonds, cash and real estate) could account for 93 percent of the fluctuations in
returns experienced by the portfolio in the timeframe. In other words, they summarized that
investors should spend the vast majority of their time in asset allocation rather than predicting

market movements and unease in the selection of individual stocks.

John Bogle from the Vanguard Group introduced the first index tracking portfolio for retail
investors in 1976. The new portfolio tracked the S&P500 index without any pretentions of

beating its performance, later becoming one of the biggest mutual funds in the United States
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with nearly 82 billion USD under management in 2003. The Vanguard S&P500 however had
humble beginnings with only 11 million USD attracted in the funds initial public offering in

1972.

As further theories regarding index-based investments arose, natural comparisons were made
with the returns from active managers. Sharpe (1991) proved that without taking into account
transactional costs, the mean of all dollars invested actively must have the same performance
of the mean of dollars invested in index-based portfolios. For example, Sharpe asked
investors to focus on all managers who had committed to have their performance rated and
compared to the index of country x. He continued to argue that an emerging market such as
Brazil should be used as an example (as an emerging inefficient market could be used to
show that the theory could be expanded to all other markets). All investors in the
aforementioned market could be categorized into two groups: active managers and index-
based managers (who could be internal or external). The performance of these two groups
would either be similar to that of the index (passive managers) or there would deviate from it
(active managers). In this case the presumption is that the index is a suitable benchmark of
the market performance. We know that if we group all of the active managers together
(whether external or internal) in a single national portfolio then they will have the same

returns than that of the index (Sharpe, 1991).

The assets under management of the passive index-based managers will be similar to that of
the index as they will be made of the same stock with similar ratios. Thus, we are left with
the active managers which as a group should have similar performance to that of the index.
This is because these two groups of investors make up the base index and keeping in mind
that the index-based groups closely mirror the base index then the active group must also fall
into the same category. Also, if the active and passive managers both keep the same assets
then they will have the same returns. When we take into account transactional costs then it is
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the active managers group which are affected negatively. Statistically it has been shown that
those active managers partake in two to four times the number of trades that a passive
manager will initiate resulting in higher tax deductions as well as a less efficient portfolio.
These added costs act as barriers to higher returns for active managers, which when
compounded with an absence of reimbursement for unsystematic risk has led to the
evolvement of active management principles to a point where higher returns to that of the
index are sought whilst controlling costs and risk. This structured approach in portfolio
management is a direct result of the reinterpretation of the founding principles of an index-

based methodology.

2-4-1 Advantages of Index-Based Investments

Four important factors which contributed to the expansive growth of an index-based approach
include: ease of risk budgeting, lower transactional costs, simplicity of manager performance

evaluation and competitiveness of returns in respect of actively managed approaches.

2-4-1-1 Risk Budgeting

The risks faced by institutional investors can be categorized into two groups: 1. The overall
risk of the investment portfolio (which can be comprised of many different types of assets
with different managers overlooking each different asset group). 2. The relative risk or active
risk which is a result of the deviation of performance and returns of the manager from the
performance and returns of the base index which they have committed to being evaluated
against. The degree of deviation from the base index is directly linked to the frequency of
‘bets’ that a manager undertakes rather than tracking the index itself. These ‘bets’ depend
upon a number of different factors and can be intentional or unintended in nature. Selection
of a stock portfolio comprised of high market capital value equities or the purchase of stocks
from outside of the base index are clear examples of such risky bets These bets can also be

implied or unobvious; for example, the management of a diverse portfolio comprised of
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stocks from different sectors of the market which are all sensitive to changes in the interest
rates (sectors such as the automotive industry and financial sector). The only apparent way to
reduce risk would be to track the index which is exactly what an index-based managing
approach does. It is of importance to note that the study conducted on portfolio risk does not
aim to pit active management and index-based methodologies against each other. In truth
these two approaches could (and should) be used in tandem to achieve higher rates than that
of the index whilst allowing managers to control risk and lower transactional costs

(Schoenfeld, 2004).

2-4-1-2 Lower Costs & Commissions

Management commissions for portfolio managers (whether active or index based) can vary
greatly depending on different factors such as previous performance, fame, ability in creating
new investment opportunities, overhead and personnel costs and the complexity and depth of
research and investment processes of managers. Inherently the commissions for an index-
based manager are much lower than that of an active manager due to the lower underlying
costs of the investment approach. However, it should be noted that even index-based
approaches require a level of resources to achieve the same returns than that of the index in
an efficient and continuous way. The components of the portfolio will not be stable in nature
and in the course of a year they will have to be shuffled and changed. The management of
these changes in a way which does not affect the performance of the portfolio requires
expertise and experience. Index based managers must also keep an eye on the inflow and
outflow of liquidity to the portfolio and maintain reserves for the management of these cash
flows. Finally, part of the returns from most stocks includes dividends paid out to stock
holders or interest, which needs to be managed in a such a way where cash reserves are not
accumulating in the portfolio and are reinvested accordingly. Although the aforementioned

complexities require index-based managers to have a certain level of expertise and
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experience, they also benefit from lower research costs and also gain relief from the inherent
economies of scale of their portfolios. On the other hand, active managers must continually
develop tools and opportunities in order to gain higher returns than that of the index, and in a
competitive field where many managers are looking for an edge over their competitors, any
competitive edge soon becomes nullified once identified by others. The inherent nature of
active managers also means that as a result of their decision-making process, they will
undertake a higher number of trades resulting in higher transactional costs whereas index-
based managers will only restructure their portfolio when it is needed to track the index
better. The efficient management of the volume of trades of a portfolio is an important factor

in the success of any investment manager. (Schoenfeld, 2004).

2-4-1-3 Ease in Manager Selection

An index-based management approach has removed the need to analyse many different
criteria in the selection of managers by investors looking to reach their objectives. In
comparison to active managers (which look to utilise a wide range of assets and allocation
strategies), index-based managers operate in a more transparent method, removing the need

for a detailed analysis of investment processes.

o Nature of Risk: Index-based managers which track the base index have the same risk as that

of the base index, removing the need for risk factor analysis.

o Important factors in Performance: The performance of index-based managers is very easy
to gauge as their overall objective is to have the minimum deviation possible from the returns

of the base index. Three factors which contribute to tracking error include:

1. Excessive amounts of cash in the portfolio (un-invested capital)

2. Transactional costs

43



3. Assignment of suitable weights to each component of the portfolio

In contrast, the evaluation of active managers is a very hard process including analysis of:

e Different components of the portfolio

e Market timing

e Asset allocation

Furthermore, each of the aforementioned processes have numerous unidentified factors and
we also have to keep in mind that in order to react to different market triggers, managers may

change their methodology and style throughout time (Schoenfeld, 2004).

2-4-1-4 Performance in Relation to Active Managers

As previously noted, one of the contributing factors to the expansive growth of adoption of
index-based approaches was investor discontent at the performance of classical active
managers. The artificial bullish market of the 80’s and 90’s in the United States presented a
clear problem to managers which were looking to achieve returns greater than the market
through fundamental analysis. By studying the table 6 below, we can compare the
performance of active large capital funds against a common market index such as the
S&P500. We find that both in short-term and long-term periods the index has consistently
matched (And sometimes outperformed) the median of active managers. These results also

debunk the common misconception that in bear markets active managers perform better.

Active Large Cap Funds versus S&P 500 Index

Funds versus the S&P 500

Period
One Year One Three Five Seven Ten
Quarter v Date  Year Years  Years Years Years
S&P 500 index (official) rerurn =3.15 315 -24.77 -16.09 -3.77 560 8.53
Percennle ranking i8 58 63 68 74 b6 b6
Number of funds in universe 4046 406 405 377 334 283 M7

Sonrce: BGI, Wilshire dara as of 3/31/03
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Figure 6. Active Large Cap Funds vs. S&P 500 Index (Schoenfeld, 2004)

Further analysis shows that in the economic downturn of early 2000 active managers enjoyed
relatively higher returns than that of the index. In this timeframe some expert managers
upheld their commitment of gaining consistent returns. However, this success becomes more
meaningful when we take into account the survivorship bias that arose out of the conditions
of that time. This bias parameter is taken into account by only considering managers which
are still active. Managers which had to stop their activities based on poor performance are

removed from the pool and new managers take their place (Schoenfeld, 2004).

2-4-2 Barriers of Adoption

Although the reasoning behind the expansive growth of index-based approaches looks
convincing, it has still been unable to garner the support of all its opponents. In the next

section we will outline some of its most common criticisms.

Many opponents to the index-based approach argue that the only markets where active
managers face problems in gaining desired returns higher than that of the base index are
artificially bullish markets. They continue to stress that in a time of market downturn and
high volatility active managers are more cautious and so are able to achieve better results
than a blind strategy of index tracking. As can be seen from the diagram below, the
performance of stocks selected by active managers is not bound to market direction in a

timeframe.
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Figure 7: S&P 500 Index Performance over Market Cycles (Schoenfeld, 2004)

Figure 7 also shows that in bullish markets, the index-based approach enjoys better
performance than that of active management, however in bearish markets the difference in
performance is of lower magnitude. Different theories have risen to explain this phenomenon
with the most widely accepted being the difference in cash reserves being held by active
managers when compared with index-based approaches. In theory index-based managers
should not have cash reserves but in practice in order to fulfill settlement of fund investors
and also the payment of interest and dividends, small cash reserves need to be managed. In
contrast active managers generally hold considerable cash reserves and mostly use a tactical

liquidity strategy as part of their broader investment plans (Schoenfeld, 2004).

When active managers deem the value of assets to be no longer profitable, they will liquidate
large parts of their portfolio. In a bearish market these cash reserves act as a safe haven until

market inertia is achieved and new investment opportunities present themselves.

When active managers deem the value of assets to be no longer profitable, they will liquidate
large parts of their portfolio. In a bearish market these cash reserves act as a safe haven until

market inertia is achieved and new investment opportunities present themselves.
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2-4-2-1 Index Based Approaches are only practical in Efficient Markets

Although on principle index-based approaches are feasible outside of the United States,
international adoption of these methodologies has been slow. Sharpe’s Active Managers
Mean is also applicable to markets other than that of the United States meaning that
disregarding trading costs and commission active managers will have similar returns to that
of the index. This becomes important when considering that in some international markets the
difference in costs between active management and index-based approaches is even higher

than the United States (Schoenfeld, 2004).

The lack of support could in part be explained by the performance of classical active
managers throughout the 90s who expertly managed to consistently gain higher returns than
international indexes such as the Morgan Stanley Capital International (MSCI) and Europe
Australasia Far East (EAFE), bringing about the misconception that index-based approaches
may not be suitable due to the inefficiency of non-American stock markets. Meanwhile in a
5-year timeframe ending on the 30th of September 2001 the performance of the EAFE index
in relation to all active managers had reached its lowest ranking .The turnaround started in the
last 3 months of the 2001 and well into 2002 where the EAFE managed to improve its
ranking and place itself above the average of all active managers. This template shifted
towards a normal distribution in 2003. Three factors that contributed to the improvement of
performance of the EAFE and brought about changes in the methods of investment in
international markets include: The weight of Japan in the index, higher levels of efficiency in

international markets and the reduction of stock collections outside of the base index.

Due to the direct relation of the last point to the Iranian stock exchange we will attempt to

explain this in more detail.
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2-5 Efficiency of the Iranian Market

Shooshtar & Namazi (1995) conducted an experiment to show that the Iranian Stock market
had a weak form efficiency. Their result showed that the consecutive changes in the price of
securities in the TSE do not follow a random walk model. Their results also highlighted the
fact that the average returns of stocks using the filtering rule, was more than that of buy-hold
approaches and concluded changes in price are not independent and coincidental. Their
reasoning continues to state that there exists some form of trends and templates in the price
movements of securities that investors could leverage to gain higher returns than that of the
market. Finally, they suggest that as more companies are accepted in the TSE and public
knowledge regarding investment paradigms increases the TSE will move towards a more

efficient frontier.

Allahyari (2009) tested the weak form efficient of the TSE using three methods: Serial
Correlation, Run Test & Spectral Analysis. His results highlighted many flaws and
limitations in the market that hinder the efficiency of the market. Below some of the main

factors leading to the inefficiency of the Iranian market are discussed (Allahyari 2009):

1. Flow and dissemination of information in the TSE is flawed and there needs to be an
extensive overhaul in the technologies and methodologies used to enable participants
to receive information in a more efficient manner.

2. Low trading activity also hinders the efficiency of the market and there is a need to
educate the general public on the advantages of investing in the TSE which will in
turn lead to more market penetration. The study also highlights the fact that high
interest rates on savings accounts offered by banks create a barrier to entry to the
market with most of the population choosing guaranteed returns in contrast to the
market risk factor.

3. Lack of rules and regulations regarding misinformation and market manipulation.
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4. Lack of a knowledgeable Analysts at the institutional level which can compile all
relevant information and offer decision making frameworks to high level
management. This essentially means that as there not enough knowledgeable analysts
working through the available data, therefore the prices of securities cannot inherently
reflect their value.

5. The under-development of self-regulating professional bodies (such as the chartered
accountant’s association, National Bar Association and Investment Banking
Consortium) in relation to the capital market.

6. Lack of foreign investment (which at the time limited foreign investment to 10% of a
single securities market cap).

7. High level of market participation from pseudo-governmental investment companies
which not only adhered to the political policy of the time but also destabilised the

market.

Dehdar & AliAghayi (2009) continue this work and examine some evidences indicating the
lowest level of the Weak Form of Efficient Capital Market Hypothesis in TSE. The results of
the Parametric and Non-parametric tests indicate that the time-series of stock returns are not
consistent with the Random Walk Theory and that the correlation coefficient rejects the Null
Hypothesis at different statistical intervals and levels of assuming a Weak Form of the

Efficient Capital Market Hypothesis.

Ahmadzadeh et al (2014) utilised the windowed testing procedure of Hinich & Patterson to
highlight the weak form efficiency of the TSE. Although they argue that studies conducted by
Grossman & Stiglitz substantially lowers the level of efficiency achievable, their study also
makes some further recommendations regarding improving the efficiency of the Iranian

capital market:
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1. Utilisation of electronic trading platforms

2. Development of regulations which ensure the reliable and verified dissemination
of information.

3. Abandoning the use of predetermined daily price variation ranges

4. Reducing the effect of “noise traders” which contribute to the inefficiency of the

market by creating hype and speculation through herding behaviour

Barasoud & Zomorodian (2019) conducted a study of 354 investors (including institutions,
brokerages and funds) to identify whether they were followers of classical investment
paradigms or behavioural finance. Their results highlighted that although the vast majority of
the research population reflected a desire towards classical strategies they were in fact bound
by the hybrid nature of the market and often partook in speculation and based their decisions
on rumours rather than hard facts. The researchers attempt to address this phenomenon by
highlighting the research conducted by Hunton (2005) which studied the decision-making
process of investors in the high technology sector of the Chicago stock market. The study
showed that weak EPS and financial variables in the high-tech sector did not dissuade
investors but in actuality the expectation of high returns in the future fuelled speculation and
lead to high demand in the market. Barasoud & Zomorodian (2019) conclude that although
there is eagerness between the study participants for classical strategies based on the analysis
of information there needs to be more development of tools which cater to the needs of the

market participants.

In contrast, Jouzbarkand & Panahian (2020) utilise the Kalman approach to linear filtering to
ascertain the efficiency of the TSE. They argue that the TSE is so inefficient that the
prediction of future returns is possible and attribute this inefficiency to a variety of different

factors including:
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o Low liquidity of the market

e Untimely dissemination of information

The study concludes by re-iterating the fact that the market will only be able to achieve a
state of efficiency if there is a substantial increase in the volume of trades leading to higher

liquidity and the proper flow of information between different stakeholders is addressed.

Global growth and competition have led to a lessening of the gap in efficiency between
developed international stock and the United States. With the advent of the global village
national boundaries and borders have been put aside as investors from all over the world are
willing to invest in international markets. Although this is most prevalent in the United States
and United Kingdom its affects can also be seen in the European Union as well. Foreign
investment in the Dutch stock market has increased from 50 to 80 percent during the 1998-
2003 timescale. One of the clear signs of these changes is the 21 percent drop in trading costs
of the EAFE from 1998 and the rapid and timely release of earnings, price and economic

information of stocks (Schoenfeld, 2004).

Gaps of inefficiency are rapidly being narrowed and eliminated putting more and more
pressure on classical managers and the importance of index-based approaches and risk
control strategies are becoming more apparent, highlighting the benefits that they can bring

about to developing markets.

We can see traces of these changes in the Tehran Stock exchange as well. By taking an
overall look at the number of companies accepted in the TSE we find that the number of
analyst institutions active in the capital market is also growing. Amin and Novin Investment
banks were first established in Iran in 2008 and with the growth of the sector, it is only
inevitable that market depth, information dissipation/access and in result efficiency will also

grow exponentially. Also, low trade costs (currently at 0.5 percent) are an important factor in
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attracting foreign investment in the TSE. Finally, it could be argued that index-based
approaches will form an inevitable part of the future investment paradigm of the Iranian stock

market.

2-6-Union of Active investments and Index Based Approach

There has long been a debate on whether passive, index-based strategies are better
performing than their active counterparts. Index-based investment proponents argue that on
average, active market participants will only realize returns similar to that of the market. In
their argument this is due to the fact that investment is a “zero sum game” in nature and after
a deduction of trading costs and overheads active investors will have a lower return when
compared to their index-based counterparts. On the other hand, opponents to passive
investment strategies often argue that this approach only offers average returns whilst
disregarding the potential for inefficiencies in the market. Taking into account the recurring
theme, that for every investor that has the necessary skillset and expertise to achieve higher
returns than that of the market, there also exists an unsuccessful investor, market equilibrium
is achieved when the resultant trades of both investors vector towards the movement of the
market itself. The very notion that there are investors who are able to navigate the various
complexities of the market and achiever higher returns than that of the index, opens up the
possibility for a truce between the two schools of thought. Thus, it can be seen that investors
are making extensive use of index-based approaches in tandem with active investment

strategies as part of a larger strategy (Schoenfeld, 2004).

One of the hybrid applications of these two strategies is the Core-Satellite approach. Many
investors utilize an index-based approach to construct a core investment position on one or
many groups of assets and then add active managers as satellite constituents. In this structure
the index-based core portfolio should achieve returns similar to that of the index whilst

supposing that active managers will be able to supplement these returns. In terms of risk, the
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index tracking core portfolio will have the same level of risk as the market whilst giving the
investor the option to give managers more leeway in their satellite investment selections.
Core-Satellite investments have matured into a standard between investment professionals

whilst guaranteeing relative stability for all investors (whether institutional or individual).

2-7 Core Satellite Investment

Many investors have turned to core-satellite approaches to improve upon their investment
strategies. The core-satellite approach divides the portfolio into two different groups; a
passive group called the core and an active part called the active or satellite component. The
core aspect of the portfolio is usually managed by a single manager and the active or satellite
component is dedicated to equities with higher returns that require a manager with specific
skillsets and expertise. The aim of the core component is to manage risk and increase
efficiency whilst limiting costs whereas the objective of the satellite component is
diversification and achievement of higher returns through higher efficiency. The core-satellite
approach is a cost-effective strategy for managing the relative risk (also known as the
tracking error) of a portfolio. This approach does not deal with the absolute risk of the core
portfolio (reduction in portfolio value). By having the majority of assets in the core
component of the portfolio, the portfolio becomes susceptible to severe economic cycles in
the market. Tracking error (which is defined as the deviation of an active portfolio from the
base index) is also known as relative risk and is the opposing factor to absolute risk. Absolute
risk is a concept coined by Markowitz in 1952 in answer to the portfolio selection problem.
By forcing severe investment limitations in active strategies (As a result of tracking error
limitations) investors lose out on chances of achieving higher rates of return whilst limiting
risk in specific market conditions (bearish markets), where active strategies are thought to be
more efficient than their passive counterparts. Tracking error is not necessarily a bad thing.

Good tracking error points to a higher rate of efficiency in the portfolio when compared with
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the base index and bad tracking error highlights a lower efficiency in relation to the base
index. In core-satellite portfolios’ assets which are expected to have better performance than
that of the index are placed in the satellite component. However, if the economic conditions
are not favourable, it may be the case that the satellite component underperforms the index.
Usually, investor expectations are never symmetrical. In other words when stock market
indexes are performing well investors are happy to partake in relative returns strategies. On
the other hand, when indexes are performing poorly there is a strong sentiment for an

absolute returns strategies.

In the late 1980°s many investors had started to use the core-satellite paradigm. One of the
first studies conducted was the book published by Scherer (2002) who focused on the
quantitative portfolio selection methodologies. In his book Scherer divides the management
of assets into the two core and satellite segments continuing to state that the core component
be managed passively and the satellite component to be managed actively, wherein the
optimized allocation of assets between the core and satellite component depends greatly on
the level of risk accepted by the investor. Singleton (2004) further expands upon the
academic and practical principles of core-satellite strategies and offers the best strategy in
gaining higher returns than that of the base index. Later on, Hilary Til (2004) presents to
investors a framework for measuring risk when utilizing core-satellite strategies with the
main focus of her book being the measurement of risk for hedge funds. She later expanded
upon these principles by offering benchmarks for risk which investors should be aware of
when implementing a core-satellite strategy. One of the standout studies conducted in the
subject of core-satellite strategies is the work of No€l Amenc in 2004 where he introduces a
dynamic model in where the allocation of assets to the satellite component is moderate
depending on its performance. In other words, if the satellite component is outperforming the

index, then more assets are allocated to it accordingly. The main idea is that the accumulation
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of higher than index performances in the past results in a margin of error for the tracking
error, allowing for more risky strategies in the future. On the other hand, if the satellite
component underperforms the index, then this approach limits the tracking error and risk of
the satellite so that relative performance is guaranteed. This study was expanded upon to
show the importance of the use of ETF’s (Electronic Traded Funds) in benefitting from

dynamic risk management approaches (Amenc, Goltz & Grigoriu, 2010).

We can describe the core-satellite problem as the optimized allocation of assets to the core
and satellite components where the resultant portfolio outperforms the base index greatest

whilst minimizing the tracking error. We can formulate the problem as follows:

P=wS +(1-w)C Formula 2

Where w is the weight of investments in the satellite component (S) and (1-w) is the weight
of investments in the core component. In order to calculate the tracking error in relation to

base index (B) first we must formulate the excess returns of the portfolio as follows:

P-B =wS + (1-w)c-B Formula 2-1

=w(S-B)+(1-w)(c-B) Formula 2-2

If the core portfolio tracks the index exactly, we will have B=c, thus the excess returns in

relation to the index could be formulated as:

P -B =w(S-B) Formula 2-3

Thus, the tracking error in relation to the index can be calculated as:

TE(P) =/var(P — B)=w,/var(S — B) = wTE(S) Formula 2-4

Meaning that the tracking error of the portfolio will be w times the tracking error of the

satellite component.

55



The next step is to calculate an optimum w for investment in the satellite component in
relation to the core. This problem can be solved in the context of a simple mean-variance

analysis. The target function is constructed as:

U = E(P-B) — A62(P-B) = IR(P) x TE(P) — ATE2(P) Formula 2-5

Where IR(P) is the informational ratio of the portfolio P in relation to the base index where:

E(P-B) E(P-B)

-5 TE() Formula 2-6

IR(P)=

It should be noted that when the core component tracks the base index exactly, then the
information ratio of the portfolio as whole IR(P) is independent of the ratio of assets invested
in the core component e and equals the information ratio of the satellite component IR(S). We

deduce:

EwS + (1-w)C—=B) _ WE(S—B)

IR(P) = WSt (w)C—B) WTEG) = IR(S) Formula 2-7
We rearrange the target function as:
U(w) =1IR x w x TE(S) — AW2TE2(S) Formula 2-8

By calculating the derivative of w, the optimum amount of assets which can be allocated to

each component of the portfolio is as follows:

—_

oU IR
ow(w ) 0 w 2ATE(S)

Formula 2-9

By expanding upon the above analysis in the condition that the satellite component

S =Y'N . wiSi, is the result of investment in N number of active portfolios (with risk) we can
solve the problem on a larger scale. In this case the excess returns of the satellite in relation to

the base index equals:

S-B=YN,wi(Si— B) Formula 2-10
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And the tracking error of the satellite component can be calculated as:
TE(S) = (X}j=, wiwjoij — 23X, wioB + df) Formula 2-11

Where oij is the covariance between risky assets of the satellite component (Sj & Si), 6if3 is
the covariance between risky assets and the base index and of is the standard deviation of the

base index returns.

Index based approaches will undoubtedly continue to grow as one of the cornerstones in
future investment and asset allocation strategies and the marriage of these approaches with
classical active management styles will also play a huge part in their adoption by institutional
and retail investors. Although there are criticisms to this strategy for investment, its
importance in today’s investment environment cannot be denied. The obvious advantages of
these strategies (which include better performance evaluation, lower transactional costs and
frequency and flexibility to market environments) will continue to attract managers who are
looking to for the most efficient way to which attain market returns (frequently referred to
Beta). One of the principles of investment is that investors need to select managers who have
the ability to achieve higher returns than that of the market by conducting research and
information analysis whilst choosing the most optimum basket of assets. Investors which are
unable to select such managers should view index-based products as a suitable alternative.
Although some level of inefficiency is a pre-requisite for the selection of active management
styles, there is more to it than that. Managers with a sufficient skill level are also required to

be able to take advantage of the market inefficiencies.

Over the past thirty years the index based approached has gone through an evolutionary stage
which will surely continue. One important factor that should be taken into account however is
that investors should not look upon index-based approaches as a complete substitute to active

management strategies. It should however be part of a bigger investment strategy which looks
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to minimize risk through diversification whilst achieving higher returns than that of the

market index.

Having identified a suitable investment paradigm for our framework, we will now delve into
the second part of the literature review which specifically focuses on the optimisation of the

framework and the way that the model will deal with stochastics.

2-8 Optimisation Theory

The continued strive of humans in achieving perfection is a perfect example of optimisation
theory. Mankind wants to define the best and achieve it (Beightler, Phillips & Wilde, 1979).
However, as it becomes apparent that not all the contributing factors can be recognized and
quantified in most cases, the absolute perfect answer is relegated in favor of the most
satisfactory solution (Warner, 2002). Also, when judging the performance of others, they are
evaluated in relation to others (Goldberg, 1989). Thus, it could be argued that due to

humanity’s inherent inability to optimize, a special significance is given to betterment.

Beightler et al (1979) believe optimisation to be above improvement and argue that
optimisation strategies include the quantitative study of the optimal and how to achieve it.
Expanded further it could be argued that optimal as a technical term embodies quantitative
measurement and mathematical analysis whereas the term “best” has a lower degree of
precision and is mostly used in daily activities rather than a scientific endeavor. In most cases
most of what is done in the name of optimisation results in improvements with the aim of

reaching an optimum point (Beightler et al, 1979). This definition is comprised of two parts:
1. Improvements in the search of the...

2. Optimum point
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The difference between the improvement process and the optimum point should be clear. Due
to the mathematical roots of optimisation the implied performance of the process is still
considered secondary to its results on convergence (Can the optimum point be reached?). In
practice however this lack of focus on the implicit performance is not natural or logical
(Goldberg, 1989). This fact should not take anything away from the value of convergence
however, as it is an important basis which allows the comparison of different optimisation

techniques.

When comparing optimisation algorithms two factors of convergence and performance are
studied. Some algorithms may result in convergence but have weak performance, meaning
that the process of improvement is slow and inefficient. Likewise, some algorithms may have
very good performance but not result in convergence. We can define the objectives of the

search process in three main categories:

1. Optimisation

2. Finding a practical solution

3. Pseudo-optimisation

In conditions where we are happy to find a solution neighboring the optimal solution, the
target of the search is defined as the pseudo-optimal point. If the objective is to find a suitable
practical solution within a defined confine of the optimal point the process is defined as near-
optimisation. On the other hand, if we remove the condition of proximity to the optimal point
as a factor and only consider the highest probability of finding a solution near to the optimal

point as the objective, then the resulting optimisation process is identified as approximation.

Due to the inherent complexity of most practical situations, pseudo-optimisation is applied to
balance the cost and quality of a solution. The calculations required to solve compound

optimisation problems naturally reach astronomical figures leading to the elimination of
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optimisation conditions as an economic necessity. Pseudo-optimisation can be utilized to
offer algorithms which guarantee a level of balance between the number of calculations
needed and also the proximity to the optimal point. The algorithms must have configurable
parameters which the user can use to adjust the balance between number of computations and
the precision of the resultant solution (Pearl, 1984). Many optimisation techniques have been
studied in previous research, with the aim of attaining the optimized solution (or as close to it

as possible), some of which we will outline in the next part of our study.

2-8-1 Quadratic Programming

Quadratic programming (QP) is the problem of optimizing a quadratic objective function and
is one of the simplest forms of non-linear programming (Frank & Wolfe, 1956). The
objective function can contain bilinear or up to second order polynomial terms (Floudas &
Visweswaran, 1995) whilst the constraints can be both equalities and non-equalities.
Quadratic programming problems are encountered in many real-life scenarios which include
some form of linear constraint and have a quadratic cost function such as signal processing,
scheduling in chemical plants and portfolio optimisation. The methodology was first
pioneered by Princeton University’s Frank and Wolfe in the 1950’s who developed the
theoretical background and was then utilized in the field of portfolio optimisation by

Markowitz. A general form of quadratic programming is displayed as:
: 1 .
min f(x) = cx +§x Qx

s.t.Ax <b
x>0

Formula 3
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Where c is an n-dimensional row vector describing the coefficients of the linear terms in the
objective function, and Q is an (nXn) symmetric matrix describing the coefficients of the
quadratic terms. If a constant term exists it is dropped from the model. As in linear
programming, the decision variables are denoted by the n-dimensional column vector x, and
the constraints are defined by an (mXn) A matrix and an m-dimensional column vector b of
right-hand-side coefficients. We assume that a feasible solution exists and that the constraint

region is bounded (Jensen & Bard, 2015).

Quadratic programs 