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Chapter 2 - Literature Review 

 

2.1 Introduction to the Domain  

2.1.1 Practical Usage of Trading Algorithms 

It is undeniable that the popularity of algorithmic trading continues to grow. Market 

participants, especially those on the buy side, have willingly folded algorithmic 

trading models into their everyday methodologies in efforts to effectively and 

anonymously find sources of liquidity for their large orders, while simultaneously 

minimizing market impact. Over the past year, adoption of algorithms has grown 

faster than any other trading tool. This rapid acceptance is attributable primarily to 

changes in market structure, cost, efficiency, and the need to achieve best execution. 

As financial markets have become more competitive, investors have started to turn to 

algorithmic trading to achieve better execution prices. However, the utilization of 

algorithmic trading alone does not guarantee better results. Traders need to become 

more proactive to ensure that the underlying algorithmic strategy is consistent with 

their investment objectives. Prior to the selection of the strategy, traders first need to 

perform pre-trade analysis to assess the suitability of the order and trade list for 

algorithmic trading since not all orders are appropriately handled via algorithms. If 

algorithmic execution is deemed acceptable for the order, traders subsequently need to 

address macro- and micro-level issues. Macro level decisions include: specification of 

desired benchmark price, and implementation goal (e.g., aggressive or passive 

executions) [16]. The latter decision, however, requires in-depth cost analysis to 

understand the complete consequence of the decision. Micro level decisions include 

specifying any desired deviation rules This includes how the algorithm should deviate 

from the optimally prescribed strategy based upon changing stock prices, market 

movement, or change in index or sector values [15], as well as changing market 

conditions such as volume profiles and volatility [16]. Micro-level decisions also 

include specification of order submission rules such as market or limit order, display 

size, wait period for new submissions, order revisions, modifications, or cancellations 

[15]. Finally, it is essential traders perform proper post trade analysis to assess the 

performance of the algorithm and ensure it is consistent with overall investment 

objectives.  
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The move to broker algorithms is based on four major factors :  

• Reduced market impact 

• Increased trading efficiency 

• Better alignment between strategy and execution 

• Lower cost. 

 

The perception is held, especially by large firms that are looking for ways to execute 

their large orders while minimizing the impact they have on the marketplace, that 

using algorithms to break down large trade orders results in reduced market impact. 

As a result, firms with large order trades to settle look to algorithms to break apart the 

original trade into many smaller fills, or orders that are executed, thereby hitting the 

markets with many small orders that find liquidity in different places rather than 

filling one large order from only one source. Not only is the order more likely to be 

filled using this method, but the impact as the smaller trades hit the market is 

decreased. Another reason behind the increase in the use of broker algorithms is the 

idea that they increase the efficiency of trading by automating the execution of less 

complicated orders and freeing traders to concentrate on their most difficult trades. In 

addition, the anonymity of algorithms offers a significant advantage over the human 

element and solves the buy-sides’ biggest complaint about brokers, which is 

information leakage. 

 

2.1.2 Trading Algorithm Development Process  

 

Development of algorithms involves a high level of collaboration with the end 

users/domain specialists as algorithms are meant to meet the trading strategy 

objectives of the end user. Algorithms are meaningless if the strategies don’t perform. 

The basic processes involved are, closely interacting with the end users to understand 

their strategies, creating an algorithm based on the inputs, presenting the end users 

with results of back tests and analysis using historical data. The algorithm is then 

released to one or two beta users, who begin to use it on small volumes of live trades. 

From that point the vendor and the end user will engage in a period of iterative 

feedbacks during which they conduct post-trade analysis to ensure that the desired 

results are being achieved. The final product is moved up and down the development 
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chain with constant feedback from the end user. Once the required results are obtained 

the product is finalized. The basic fact to remember is that the end user is just 

interested in results and they demand good performance, speed of execution. So the 

manner in which an algorithm is tested or the manner in which it is implemented is 

rarely of concern to the end user. 

2.1.3 Where algorithmic components fit in trade cycle 

 

Algorithms are used extensively in various stages of the trade cycle. Broadly we can 

classify them into pre-trade analytics, execution stage, and post-trade analytics [6]. 

 

Pre-trade analytics involve thorough analysis of historical data and current price and 

volume data to help clients determine where to send orders and when; whether to use 

algorithms or trade an order manually. The pre-trade analysis is designed to help buy-

side traders understand and minimize market impact by choosing the level of 

aggressiveness and a time horizon for trading various stocks. Traders can select 

varying levels of aggressiveness and visualize them against the time horizon for 

completing the trade. Most compare the spread between bid and ask prices, reference 

that against the volatility of a given stock, and attempt to create a range of potential 

outcomes. A lot of the broker-sponsored algorithmic trading systems attempt to 

measure or project the trade costs. 

 

In the Execution stage, traders can create the lists of stocks, choose a particular 

strategy such as VWAP [6] and enter the start time and the end time. Traders can also 

monitor the performance and progress of the algorithms in real time and change the 

parameters if the stock is moving away. Additionally, users can filter portfolios by 

sector, market cap, exchange, basket, and percent of volume, profit and loss per share 

[15]. Several brokers are designing algorithms that sweep crossing networks and so-

called dark books [2][15] liquidity pools that match buy and sell orders without 

publishing a quote. 

 

Post-trade analytics track commissions and assist in uncovering the costs involved 

from the time a trade is initiated all the way through to execution. Post-trade analytics 

are meant to improve execution quality and facilitate the making of investment 
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decisions. The most prevalent trading benchmark in use today is VWAP, which is 

popular because it is easy to measure.  

 

Out of the three categories, trading algorithms like VWAP algorithms fit in to the 

execution stage.  

 

2.2 Reasons for selecting a VWAP algorithm 

 

Trying to achieve VWAP provides a non-refutable benchmark against which to 

compare the performance of different strategies. By definition it is the “volume 

weighted average price” of the stock at the end of the trading day. The performance of 

different strategies can then be compared by determining how close they achieved the 

market published VWAP for the stock. Most other algorithms have somewhat 

subjective measures of performance that vary between traders/firms and cannot be 

independently verified using a third party source. 

 

VWAP is also the most widely used approach by entry level algorithm trading desks. 

It is also the starting point from which more advanced strategies can be derived. 

 

2.3 What is a VWAP Algorithm  

2.3.1 Overview  

 

VWAP benchmark  

 

Several benchmarks are proposed in the field of algorithmic trading (These prices are 

based on market close, percentage of volume, opportunistic model for small-cap 

stocks) [3], but the most common and popular one is VWAP. The main reason is 

obvious; the computation of daily VWAP is straightforward for anyone with access to 

daily stock transactions records. Moreover the use of VWAP is simple in itself: if the 

price of a buy trade is lower than VWAP, it is a good trade; if the price is higher, it is 

a bad trade (and conversely for sell trades). In general, brokers propose several ways 
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to reach VWAP benchmark. Agency and guaranteed VWAP execution services are 

the two main possibilities [3]. In the guaranteed case, the execution is guaranteed at 

VWAP for a fixed commission per share, and the broker dealer ensures the entire risk 

of failing to meet the benchmark. In the agency trading case, the order is sent to a 

broker-dealer, to trade on an agency basis [15][3], with the aim of obtaining the 

VWAP or better. Obviously, the transaction costs are not the same depending on the 

chosen method and the larger the client residual risk, the smaller the cost. 

 

Timing dimension  

 

“VWAP strategies introduce a time dimension in the order execution process. If the 

trader loses control of whether the trade will be executed during the day, VWAP 

strategies allow it to dilute the impact of orders through the day. To understand the 

immediacy and good price trade-off, let’s take the two examples of action and 

investor traders. Action traders go where the action is, meaning that they don’t care 

about the firm stock they are trading. Investor traders lack that flexibility. Since their 

job represents the final task in a sequential decision process, they are expected to 

trade specific stocks, even if the action is over. Of course, trade information cannot 

remain proprietary for long and trade delays resulting in trade process that can defer 

greatly from the manager’s original decision price. VWAP strategies ensure investor 

traders’ good participation during the day, and then trade completion at the closing 

time. VWAP evaluation under particular size effect conditions may be misleading and 

even harmful to portfolio performance. Most institutional trading occurs filling orders 

that exceed the daily volume. When large numbers of shares must be traded, liquidity 

concerns are against price goals. Then trade evaluation becomes more complicated. 

Action traders watch the market for this reason and try to benefit from those trades. A 

naive investor could indiscreetly reveal own interest for the market or a particular 

stock. Action traders can then cut themselves in by capturing available liquidity and 

reselling it to an unskilled trader. On the other hand, skilled traders will deal amounts 

below or beyond the action trader’s radar screen to avoid such behavior. Using 

automatic participation strategies as VWAP may be dangerous in these cases. Since it 

pays no attention to the full size of the trade, trading costs are biased by VWAP 

benchmark since the benchmark itself depends on the trades. For this reason, some 

firms offer multi-days VWAP strategies to respond to customers requests. To further 
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reduce the market impact of large orders, customers can specify their own volume 

participation by limiting the volume of their orders on days when a low volume is 

expected. As a first step each order is spread over several days and then sent to the 

VWAP engine for the corresponding days” [3]. 

 

2.3.2 Technical explanation 

 

An order submitted to a VWAP algorithm will be processed as a “smart” drip 

order[12] i.e., the total quantity of the given parent buy/sell order Q is divided into 

smaller quantities xi and submitted at specified times ti throughout the trading day 

such that at trading close tc (or an earlier pre-defined time): 

 

a) the total order quantity executed is Q ( Σxi = Q ) and 

b) the volume weighted average price of the total executed quantity (Σ xi *  pi / Q)  

matches the overall VWAP of the underlying instrument at time tc 

 

The schedule and quantity of the dripped order is determined by analysis of the 

instrument’s trading history.  

 

2.4 The Definition of a Trading Strategy 

 

Suppose we hold a block of X units of a security that we want to completely liquidate 

before time T. We divide T into N intervals of length  •= T/N, and define the discrete 

times tk = k•, for k = 0,……,N. We define a trading trajectory  to be a list x0,….,xN, 

where xk is the number of units that we plan to hold at time tk. Our initial holding is x0 

= X, and liquidation at time T requires xN = 0. 

 

We may equivalently specify a strategy by the “trade list" [1] n1,….., nN, where nk = xk-

1 -xk is the number of units that we will sell between times tk-1 and tk. Clearly, xk and 

nk are related by 
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For notational simplicity, all the time intervals considered being of equal length •, but 

this restriction is not essential. “Trading strategy" is defined as a rule for determining 

nk in terms of information available at time tk-1. Broadly speaking we distinguish two 

types of trading strategies: dynamic and static. Static strategies are determined in 

advance of trading, that is the rule for determining each nk depends only on 

information available at time t0. Dynamic strategies, conversely, depend on all 

information up to and including time tk-1. [1] 

2.5 Other Important Concepts  

 
When I started studding about trading algorithms I identified some important concepts 

in trading domain that has a significant impact on an algorithms final result. During 

my project I researched on what these concepts are and how exactly they affect the 

market behavior. I have explained some of those concepts here to give the reader a 

better understanding on the trading domain.  

 

2.5.1 Price Dynamics 

 

Suppose that the initial security price is S0, so that the initial market value of our 

position is XS0. The security's price evolves according to two exogenous factors: 

volatility and drift [1], and one endogenous factor: market impact [1]. Volatility and 

drift are assumed to be the result of market forces that occur randomly and 

independently of our trading. As market participants begin to detect the volume we 

are selling (buying) they naturally adjust their bids (offers) downward (upward). Two 

kinds of market impact can be distinguished. Temporary impact refers to temporary 

imbalances in supply in demand caused by our trading leading to temporary price 

movements away from equilibrium. Permanent impact means changes in the 

“equilibrium" price [1] due to our trading, which remain at least for the life of our 

liquidation.  



` 14

 

If an assumption is made that the security [15] price evolves according to the discrete 

arithmetic random walk. 

 

 
for k = 1,….,N. Here σ represents the volatility of the asset, the ξj are draws from 

independent random variables each with zero mean and unit variance, and g(v) is a 

function of the average rate of trading [1] v = nk/• during the interval tk-1 to tk. In the 

above equation there no drift term. We interpret this as the assumption that we have 

no information about the direction of future price movements [1]. 

 

2.5.2 Temporary Market Impact 

 

The intuition behind temporary market impact is that a trader plans to sell a certain 

number of units nk between times tk-1 and tk, but may work the order in several 

smaller slices to locate optimal points of liquidity. If the total number of units nk is 

sufficiently large, the execution price may steadily decrease between tk-1 and tk, in 

part due to exhausting the supply of liquidity at each successive price level. If an 

assumption is made that this effect is short-lived and in particular, liquidity returns 

after each period and a new equilibrium price is established. 

 

This effect can be modeled by introducing a temporary price impact function h(v), the 

temporary drop in average price per share caused by trading at average rate v during 

one time interval. Given this, the actual price per share received on sale k is 

 
 

but the effect of h(v) does not appear in the next market price Sk . [1] 
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2.5.3 Capture of Trading Trajectories  

The capture of a trajectory [1] is defined to be the full trading revenue upon 

completion of all trades. This is the sum of the product of the number of units nk that 

we sell in each time interval times the effective price per share Sk received on that 

sale.  [1]  

2.5.4 Market Capitalization  

 

Market Capitalization is the total dollar market value of all of a company's 

outstanding shares. Market capitalization is calculated by multiplying a company's 

shares outstanding by the current market price of one share. The investment 

community uses this figure to determining a company's size, as opposed to sales or 

total asset figures. [18] Frequently referred to as "market cap". If a company has 35 

million shares outstanding, each with a market value of $100, the company's market 

capitalization is $3.5 billion (35,000,000 x $100 per share). 

 

Company size is a basic determinant of asset allocation and risk-return parameters for 

stocks and stock mutual funds. The term should not be confused with a company's 

"capitalization," which is a financial statement term that refers to the sum of a 

company's shareholders' equity plus long-term debt. 

 

The stocks of large, medium and small companies are referred to as large-cap, mid-

cap, and small-cap, respectively. Investment professionals differ on their exact 

definitions, but the current approximate categories of market capitalization are:  

 

Large Cap: $10 billion plus 

Mid Cap: $2 billion to $10 billion 

Small Cap: Less than $2 billion 
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2.5.5 Prediction Accuracy of a VWAP algorithm. 

 
In general what a VWAP algorithm does is, it predicts the VWAP for a future time 

span (Lets assume the next day) by analyzing the historical trading information. Then 

when you actually pass that future time span (i.e at the end of next day if we assumed 

the future time span is next day) you can compare the algorithm predicted VWAP and 

the actual VWAP. The prediction accuracy of a VWAP algorithm is how close the 

prediction value compared with the actual. For the purpose of this research I  compare 

the actual and the predicted values and get the error and the algorithm with the least 

amount of error is considered to be the best algorithm. 

 

2.6 Key Techniques used.  

2.6.1 Back Testing  

 

The definition of back testing is:  

 

“Back testing is the process of optimizing a trading strategy using historical data and 

then seeing whether it has predictive validity on current data “ [13]. 

 

Most technical-analysis strategies are tested with this approach. 

2.6.2 Principal component analysis (PCA) 

 

Principal component analysis (PCA) [5] is a way of identifying patterns in data, and 

expressing the data in such a way as to highlight their similarities and differences. 

Since patterns in data can be hard to find in data of high dimension, where the luxury 

of graphical representation is not available, PCA is a powerful tool for analyzing data. 

The other main advantage of PCA is that once you have found these patterns in the 

data, and you compress the data, ie., by reducing the number of dimensions, without 

much loss of information.  

 

 


