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			Preface

			The world of trading markets is complex, but it can be made easier with technology. Sure, you know how to code, but where do you start? What programming language do you use? How do you solve the problem of latency? The Developing High-Frequency Trading Systems book answers all these questions.

			This practical guide will help you navigate the fast-paced world of algorithmic trading and show you how to build a high-frequency trading system from complex technological components supported by accurate data.

			Starting with an introduction to high-frequency trading (HFT), exchanges, and the critical components of a trading system, the book quickly moves on to the nitty-gritty of optimizing hardware and your operating system (OS) for low-latency trading, such as bypassing the kernel, memory management, and the danger of context switching. Monitoring your system's performance is vital, so you'll also get up to speed with logging and statistics.

			As you move beyond the traditional high-frequency trading programming languages, such as C++ and Java, you'll learn how to use Python to achieve high-performance levels. And what book on trading would be complete without diving into cryptocurrency?

			By the end of this book, you'll be ready to take on the markets with high-frequency trading systems.

			Who this book is for

			This book is for software engineers, quantitative developers or researchers, and DevOps engineers who want to understand the technical side of high-frequency trading systems and the optimizations needed to achieve ultra-low latency systems. Prior experience working with C++ and Java will help you grasp the topics covered in this book more easily.

			What this book covers

			Chapter 1, Fundamentals of a High-Frequency Trading System, gives an overview of the history of high-frequency trading. You will learn about the market participants, the fundamental HFT requirements (low latency connectivity and infrastructure), the trading time horizons in HFT versus non-HFT, and the holding periods/position management (HFT versus Ultra HFT). We will also detail HFT-specific strategies to make money.

			Chapter 2, The Critical Components of a Trading System, explains in-depth how a trading system works. You will learn how the market data gets into the system, and the different functionalities needed to handle the data and send an order to the exchange.

			Chapter 3, Understanding the Trading Exchange Dynamics, introduces how trading exchanges are a part of the microstructure of markets. We will start by giving the general infrastructure of an exchange, and we will talk about how the matching engine works and how the orders are matched and promoted to all the market participants.

			Chapter 4, HFT System Foundations – From Hardware to OS, clarifies how the hardware and OS work together. You will have a clear understanding of the functions of the software interaction with the OS and the hardware. This chapter will go from the processor to the trading system, explaining all the layers between including the OS, networking, OS scheduler, and memory.

			Chapter 5, Networking in Motion, expresses how networking benefits HFT. You will have a clear understanding of the functions of the network stack and its use when communicating between a trading system and an exchange.

			Chapter 6, HFT Optimization – Architecture and Operating System, expounds on creating a HFT system from a regular trading system. This section will cover many modern techniques to achieve optimal low latency performance for HFT applications specifically. We will talk about the OS features and its scheduler, and we will do a deep dive into the kernel function of the OS. 

			Chapter 7, HFT Optimization – Logging, Performance, and Networking, covers a vital part of trading systems: logging and networking. You will understand how logging helps to monitor an HFT system, and we will learn how to make it efficient in a context of HFT. Finally, we will cover how to use networking to optimize communication with trading exchanges.

			Chapter 8, C++ – The Quest for Microsecond Latency, defines the use of C++ in a context of an ultra-low latency system by optimizing cache, memory, and code execution. You will learn about modern C++ features and techniques to write ultra-low latency code efficiently.

			Chapter 9, Java and JVM for Low-Latency Systems, details the use of Java in a context of an ultra-low latency system by optimizing garbage collection, communication, and data structure.

			Chapter 10, Python – Interpreted but Open to High Performance, illustrates how to use Python in an HFT system. This chapter explains how to create and use HFT libraries in Python.

			Chapter 11, High-Frequency FPGA and Crypto, depicts how to use field programmable gate array (FPGA) to create an even faster HFT system. It will introduce building an HFT system for crypto in the cloud.

			To get the most out of this book 

			This book assumes that you are familiar with programming, hardware architecture, and OS. Because this book will discuss the optimizations required to reduce the tick-to-trade latency, it is essential to have the minimal knowledge of computer engineering.

			Most of the HFT systems run with a Unix-based OS. We will recommend using a Linux OS to apply your knowledge of this book.

			This book is a reservoir of knowledge from many computer engineering and finance domains. We recommend reading other Packt books such as the following:

			
					Linux Kernel Programming (https://www.packtpub.com/product/networking-and-servers/9781789953435)

					Java Programming for Beginners (https://www.packtpub.com/product/application-development/9781788296298)

					C++ High Performance (https://www.packtpub.com/product/programming/9781839216541)

			

			We also recommend reading books such as Compilers: Principles, Techniques, and Tools, and Computer Architecture: A Quantitative Approach. These books will give you more in-depth knowledge of the optimization we are using for HFT.

			Download the color images

			We also provide a PDF file that has color images of the screenshots and diagrams used in this book. You can download it here: https://static.packt-cdn.com/downloads/9781803242811_ColorImages.pdf.

			Conventions used

			There are a number of text conventions used throughout this book.

			Code in text: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: "It offers one producer to one consumer (OneToOneRingBuffer) or many producers to one consumer (ManyToOneRingBuffer) solutions."

			A block of code is set as follows:

			/* Put header files here or function declarations like below */

			 extern int add_1(int n);

			 extern int add(int n, int m);

			Any command-line input or output is written as follows:

			>>> import math

			 >>> math.add_1(5)

			 6

			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: "The Load Data component (annotation 1) will help get historical data."

			Tips or Important Notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.

			Share Your Thoughts

			Once you've read Developing High-Frequency Trading Systems, we'd love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we're delivering excellent quality content.

		

	


		
			Part 1: Trading Strategies, Trading Systems, and Exchanges

			By the end of this introduction, you will have a quick overview of the history of high-frequency trading (HFT). You will know about the market participants, the fundamental HFT requirements (low latency connectivity and infrastructure), the trading time horizons in HFT versus non-HFT, and the holding periods/position management (HFT versus ultra HFT). We will also talk about the places for HFT. This book is not about the business of trading or HFT; it is about how to implement an HFT system concretely by using Java, C++, and Python. You will know how a trading system works and which trading strategies you can run.

			This part comprises the following chapters:

			
					Chapter 1, Fundamentals of a High-Frequency Trading System

					Chapter 2, The Critical Components of a Trading System

					Chapter 3, Understanding the Trading Exchange Dynamics

			

		

	


		
			Chapter 1: Fundamentals of a High-Frequency Trading System

			Welcome to Developing High-Frequency Trading Systems!

			High-Frequency Trading (HFT) is a form of automated trading. For the last twenty years, HFT has gained recognition in the media and in society. A book called Flash Boys: A Wall Street Revolt, written by Michael Lewis in 2014, topped the sales on the New York Times Best Seller list for three weeks. It relates to an investigation into the HFT industry and its impact on the trading world. Scholars, the financial world, and the non-financial world are fascinated by this form of trading. Meanwhile, this new era of trading has created a lot of fear while giving more and more control to machines.

			The goal of this book is to review what HFT is and how to build such a system from a technical perspective. HFT is a multi-disciplinary matter involving thorough knowledge of computer architecture, operating systems, networking, and programming. By the end of this book, you will understand how to build a trading system from scratch by using the most advanced technical choices for optimizing speed and scalability. We chose to divide this book into three main parts.

			In the first part, we'll go through how HFT tactics function and what kind of trading we may expect from HFT. Then we will go over the functions of an HFT system. We will conclude this part with a description of how a trading exchange works.

			In the second part of this book, we will explain the theory of operating systems and hardware and the required knowledge to optimize a trading system, taking into account the hardware and operating system features.

			The final part will explain in detail how to use C++, Java, Python, and FPGA to create an HFT system. We will also extend this knowledge to crypto trading, and we will review how to build a trading system in the cloud.

			In this chapter, we will talk about how we got into HFT. We will review what kind of trading strategies work for HFT. We will explain in detail what makes HFT so different from regular trading.

			Our objective in this chapter is to cover the following topics:

			
					History of HFT

					What HFT is

					Who the participants are

					What trading strategies work in HFT

			

			History of HFT

			Let's discuss the history of exchanges and financial markets prior to 1930.

			When we talk about HFT, it is difficult to give a precise date for when it started. We need to come back to the primitive times when trade arose from human contact. Before the invention of modern-day cash, ancient people relied heavily on trading to trade products and services with one another in a gift economy. Long-distance trade extends back to almost 150,000 years ago, according to Peter Watson. Year after year, with more people, more goods, and more money, trading became one of the major activities of humankind. It is obvious that making money implies more business. One of the parameters was speed. If you make more transactions, you will make more money. Many stories describe the ambition of traders to get technologies such as better transportation to make deals more quickly or to get news more quickly to take advantage of other folks who do not have access to these new technical means. 

			We did not have to wait for too long before seeing cases of unfair trade involving those who have technical advantages over others. In 1790, a Georgia representative spoke to the US House of Representatives to expose high-speed traders. Indeed, Congress was debating the Secretary of the Treasury Alexander Hamilton's proposal that the US government absorb the previous debts accrued by the states during the Revolution (Funding Act of 1790). Traders who had learned the decision immediately bought or rented rapid boats. Their goal was to front-run messengers and buy the old debts since the passage of the Act would increase the market value. During the twentieth century, the idea of speed trading or HFT appeared.

			The post-1930s era

			Trading is the exchange of items for other items. It can be financial products, services, cash, digital assets, and more. One of the goals of trading is to make a profit from these transactions. The number of transactions will be correlated with the quantity of money generated by the exchange of assets. When we manage to increase the ratio between the number of transactions and the time, we can increase the profitability over time. Therefore, being capable of increasing the number of transactions is critical. Trading actors understood very quickly that they needed to shorten the trading time and started gathering in some specific places. They used to place their orders in these locations, which we call today the trading exchange (or trading floor). Major events participated in the expansion of fast-speed automated trading:

			
					1969: Instinet was one of the first automated system infrastructures. It speeded up the adhesion of high-speed transactions.

					1971: The National Association of Securities Dealers Automated Quotations (NASDAQ) was created in 1971 with electronic transactions. 

			

			It was the world's first electronic stock market. Initially, it only used to send quotations.

			
					1996: Island ECN was the pioneering electronic communication network for US equities trading, while Archipelago facilitated electronic trading on the US trading exchange by creating Archipelago Exchange (ArcaEx).

					2000s: 10% of transactions are HFT transactions.

			

			The financial sector gathered more and more technologists in the early 2000s. By getting this technological intake, the sector started evolving sharply. Automation, throughput, performance, and latency became words that were well known by trading firms. The HFT transactions reached more than 10% of the market. By 2009, 2% of trading firms accounted for 75% of the equity volume. Nowadays, only a few firms remain in HFT, such as Virtu, Jump, Citadel, IMC, and Tower.

			The modern era

			The post-1930s era focused on transparency and regulation in the equities markets (and the pit in commodities markets). The modern era gives prominence to electronic trading and improves transparency. In 2000, the US Securities and Exchange Commission (SEC) proposed the Central Limit Order Book (CLOB). The CLOB is a transparent system matching orders between participants. Many more exchanges (such as Island and Arca) came to the trading scene. The number of trading firms, hedge funds, and electronic players kept increasing. They created their own technology stack to trade more quickly and stay competitive. After 10 years, only a few trading firms managed  to remain competitive, becoming the 2% of the trading firms accountable for 75% of all equity volume. 

			The savoir faire for competing in HFT requires heavy investment: money, people, and time. It is a marriage of low-level system expertise and quants, as well as smart money (investors are more and more technology savvy). Engineers capable of creating performant code for designing ultra-low latency systems are very expensive. Only a few engineers had these skills. The performance for such a system required specialized hardware. Routers, servers, and network devices are also expensive. Therefore, the experience and the barrier of entry will prevent a lot of new incomers and will limit the competition. On top of the five firms we talked about previously, there are boutique shops that trade HFT strategies using an edge they found either in the market structure or some technical fact that other firms are not exploiting. The giant HFT firms are the companies responsible for moving most of the equity volume. Nowadays, HFT is estimated to account for at least 50% of the US equity (shares) trading volume. The market share of HFT has declined, as has proﬁtability, since the peak year (2009).

			After 2015, the growth of digital currencies cleared the way for new opportunities for high-frequency traders. Today, we can see an extensive growth of HFT strategies working with well-known crypto exchanges such as Coinbase, Binance, and hundreds of other crypto exchanges.

			This modern era has anchored technology and automated trading for good. Trading models are data driven and model driven. The market data business definitely became a major part of trading. Exchanges and trading firms started making money by generating or collecting market data, the raw material of any algorithm trader.

			Why have HFT?

			HFT aims at getting many transactions per second. In this way, companies can react more quickly to a changing market. They can take advantage of more opportunities than they would have without this speed. Additionally, large institutions benefit from HFT by gaining a tiny but considerable advantage in exchange for delivering massive volumes of liquidity to markets. They place millions of orders that their systems are capable of placing. They help the market and, as a result, are able to boost earnings in their profitable trades and receive better spreads. Since the return is very low, they must complete many trades to benefit. On top of this revenue, they will gain rebates or discounted transaction fees, which are given by trading venues to make their markets more attractive to HFT firms.

			What makes HFT so different from regular trading?

			HFT trading should have the shortest feasible data latency (time delays) and the highest level of automation possible. HFT relates to algorithmic trading and automated trading. As a result, participants choose to trade in markets that have a high level of automation and integration in their trading platforms. Firms utilize computers programmed with precise algorithms to find trading opportunities and execute orders in algorithmic trading. To increase the speed of transactions, high-frequency traders use automated trading and fast connections (and cancellations or modifications). This is possible because of the technology that trading firms have in place but also because of the exchange technologies. The following exchanges have invested hundreds of millions of dollars in HFT technologies:

			
					NASDAQ, New York City, is the first electronic stock exchange in the world. All of its equities are traded over a computerized network. It revolutionized the financial markets in 1971 by removing the requirement for a physical trading floor and in-person trading. It is the world's second-biggest stock exchange by market capitalization. Half of NASDAQ's composite offering was made up of technology firms. With less than 20% of the overall composite, the consumer sector came in second, followed by healthcare.

					New York Stock Exchange (NYSE), New York City, is the world's largest exchange for the equity market. In 2013, Intercontinental Exchange, Inc. (ICE) bought NYSE.

					London Stock Exchange (LSE), London, UK, is the largest stock exchange in Europe and the principal stock exchange in the United Kingdom mainly with regard to trading in company stocks and bonds. It was created about 300 years ago.

					The Tokyo Stock Exchange (TSE), is Japan's largest stock exchange, with its headquarters in Tokyo. It was founded in 1878. The exchange has more than 3,500 listed businesses. The TSE, which is operated by the Japan Exchange Group, is home to the world's largest and most well-known Japanese corporations, including Toyota, Honda, and Mitsubishi.

					The Chicago Mercantile Market (CME), sometimes known as the Chicago Merc, is a regulated futures and options exchange in Chicago, Illinois. Agriculture, energy, stock indices, foreign exchange, interest rates, metals, real estate, and weather are among the industries in which the CME trades futures and, in most cases, options.

					Direct Edge, Jersey City. Its market share rapidly rose to tenth in the US stock market, and it typically transacted more than two billion shares daily. Better Alternative Trading System (BATS) Global Markets was a US-based exchange that traded a variety of assets, including stocks, options, and foreign exchange. CBOE Holdings purchased it in 2017 after it was created in 2005. BATS Global Market was one of the largest US exchanges prior to being bought, and it was well known for its services to broker-dealers, retail, and institutional investors.

					The CBOE Options Exchange, which was founded in 1973, is the world's largest options exchange, with contracts centered on individual stocks, indexes, and interest rates.

			

			All the preceding exchanges are controlled on several levels:

			
					Trading limitations

					Trading system transparency (information shared among market participants on the specificities of the architecture, as well as the way of handling orders)

					The type of accepted financial instruments

					Constraints by security issuers

			

			For most regulated exchanges, the order size is an issue. Large trades have an important effect on the market (they can create market impact). Traders use Alternate Trading Systems (ATS), which have much less regulation in comparison to traditional exchanges (they don't have to be transparent). Dark pools are the most common sorts of ATS. The USA presently has around 30 dark pools, which represent a quarter of the US consolidated trading volume.

			Dark pools are beneficial to HFTs because they can handle the speed and the level of automation demands while having reduced fees. This is not the case for any other type of trading, which makes HFT different from regular trading. In the following section, let's learn more about dark pools.

			Effect of dark pools

			For financial security, buy and sell orders are not displayed in dark pools (price and volume). Dark pools, in other words, are both opaque and anonymous since the order book is not advertised. Because it is not possible to see the size of the orders in this type of trading exchange, investors who place huge orders do not impact markets. Since the other participants do not see the size of the orders, the dark pools execute these large orders at a fixed price. It reduces the negative slippage given by trading exchanges.

			Dark pools are obliged to notify deals once they have occurred, notwithstanding the lack of pre-trade transparency.

			HFTs and dark pools have a complicated interaction. Dark pools rose in popularity partially as a result of investors seeking protection from HFTs' fraudulent activities on public exchanges, and HFTs finding it impossible to know the large orders in dark pools through pinging. Dark pools introduced a lack of transparency in the markets that allowed ill-equipped players (that is, on the sell side) to keep up with business practices that didn't match the state of the art at the time. And, of course, Haim Bodek wrote two books (The Problem of HFT and The Market Structure Crisis) about finding unordinary order types in dark pools.

			On the other hand, a few dark pools encourage HFT traders to trade on their exchange. HFT strategies increase liquidity and the likelihood of having orders filled. Dark pools help HFTs to meet their speed and automation demands while still having reduced expenses. HFTs are responsible for the decrease in order sizes in dark pools. The dark pools have been hit by pinging trading strategies locating hidden large orders.

			As a result, if these HFT tactics are present, the benefits of dark pools may be harmed. For example, in 2014, the Attorney General of New York filed a lawsuit against Barclays for its dark pool operations, alleging that it misrepresented the volume of Barclays's activity in dark pools. In 2016, Barclays paid a $35 million fine to the SEC and $70 million to the State of New York.

			Dark pools can apply certain constraints to prevent HFTs from engaging in predatory behavior. The goal is to reduce pinging trading strategies. In 2017, Petrescu and Wedow imposed a minimum order size to minimize this type of strategy.

			We could spend more time discussing the pros and cons of the impact of HFTs on dark pools, but we end up saying that the advantages of having more liquidity and faster execution are beneficial enough to have some dark pools being in favor of HFTs. It is fair for investors as long as they have a thorough understanding of how trading venues work so they can make educated judgments.

			We have talked about the location of the major trading exchanges. Now we will introduce the HFT participants in the next section.

			Who trades HFT?

			The answer could be summarized in one word: everyone. From the buy side to the sell side, ECNs, and even the inter-dealer and inter-broker-dealer markets, they all use HFT. HFT is dominated by proprietary trading businesses and covers a wide range of products, including stocks, derivatives, index funds, Exchange-Traded Funds (ETFs), currencies, and fixed-income instruments. Proprietary trading businesses accounted for half of the current HFT players, multi-service broker-dealer proprietary trading desks accounted for less than half, and hedge funds accounted for the rest. Proprietary trading businesses such as KCG Holdings (created by the merger of Getco and Knight Capital) and the trading desks of major banks are among the major players in the field. There are some new types of venues (such as Dealerweb's OTR Exchange and IEX) that are looking to provide venues where dealers on the sell side feel safe to execute trades and HFTs are providing liquidity.

			It is worth saying that HFTs have become major players in the market. They are also capturing retail flow. Citadel is controlling a large part of the retail flow.

			What do I need to start an HFT?

			Participants in HFTs must have the following:

			
					Fast computers: HFT focuses on single-core throughput in most cases, and parallelism is not used by the strategies necessarily.

					Exchange proximity: While some countries restrict the use of shared places to have trading systems and exchange, in the US, we use co-location. This is a place where all the HFTs participants have their production servers. They will pay to have their computers co-located with an exchange's computer servers in the same data centers in order to decrease latency and shorten the time it takes to complete a deal – even by microseconds. The cables linking trading systems from all market participants with the server are the same length to guarantee that nobody has an advantage over another market participant. The SEC has issued a wide request for feedback on co-location fees, as well as other concerns impacting the equity market structure. To ensure fairness among market participants, it is important that co-location fees are reasonably priced. The SEC invites the co-locations to report their fees.

					Low latency: In HFT, latency is the time it takes for data to reach a trader's computer, for the trader to make an order in response to the data, and for the order to be accepted by an exchange. The order may enter the market alongside many other orders issued by other traders at the most profitable time. There is a danger of competing against a large number of other people in this circumstance. The order may not be as profitable as it may have been in this scenario. High-frequency traders are able to make orders at unfathomably quick speeds because of technology advertised as low-latency or ultra-low-latency. It is important to use gear designed to reduce the latency of shuffling data from one place to another.

					Computer algorithms, which are at the heart of AT and HFT, and real-time data feeds, which could damage earnings.

			

			In the previous sections, we learned where high-frequency traders make business. We also talked about the technological prerequisites to trade faster. Let's now focus on what HFT is in depth.

			What are HFT strategies?

			HFT strategies are a subset of algorithmic trading strategies. They are executed in the order of the microseconds (and sometimes nanoseconds). The strategies must be aware of this time limitation to be efficient HFT strategies. They deploy cutting-edge technology advancements to obtain information faster than the competition. The main game of this type of strategy is the tick-to-trade, which is the response time to send an order responding to incoming market data. As we will explain in the next chapter, it is important to host trading strategies on cutting-edge machines, and they must also run in a co-location.

			We will be defining the domain of applications and some vocab to have when talking about HFT strategies.

			Asset classes

			HFT strategies can be applied to any asset classes, such as stocks, futures, bonds, options, and FX. We also have cryptocurrencies being traded using HFT strategies, even if the definition of speed is different (because of the settlement time).

			Liquidity

			The desire of players to interact with regard to a certain asset is known as liquidity.

			We define depth as the number of price levels for a given asset. We will say that a book is deep when there are many levels (layers) for a given asset. We will define a book as big or broad if the volume per layer is high. If a book is deep or large, we will define a liquidity of a given asset liquid. The consequence of this statement is that it will be easier for a trader to buy or sell this asset whenever they want to. As a result, trading exchanges with a lot of liquidities are wanted by traders. Crypto trading exchanges have difficulty finding liquidities at the moment.

			Tick-by-tick data and data distribution

			HFT generates orders every microsecond. Since there are a lot of participants, it is likely to have huge amounts of data. Storage of this data will be key when we study HFT data to create models for trading strategies.

			Thousands of ticks (security price changes from one order to another) are generated per trading day on liquid marketplaces, which make up high-frequency data. This material is randomly spaced in time by its very nature. HFT data exhibits fat tail distributions. That means that the trading strategies need to take into account that we can have big losses.

			They distribution of the market data can be grouped into two categories:

			
					Volatility clustering: Large changes follow large changes whether in terms of signs or numbers, while minor changes follow smaller changes.

					Long-range dependency (long memory) refers to the pace at which statistical dependence between two sites decays as the time interval or spatial distance between them increases.

			

			Liquidity rebates

			To support the provision of stock liquidity, most exchanges have used a maker-taker model. In this arrangement, investors and traders who place limit orders often earn a modest rebate from the exchange when their orders are executed since they are considered to have contributed to stock liquidity, or makers.

			Those who place market orders, on the other hand, are considered takers of liquidity and are charged a small fee by the exchange. While the rebates are normally fractions of a penny per share, over the millions of shares exchanged daily by high-frequency traders, they may add up to large amounts. Many HFT businesses use trading techniques that are geared to take advantage of as many liquidity rebates as feasible.

			Matching engine

			The software program that forms the heart of an exchange's trading system and matches buy and sell orders on a continuous basis, a service traditionally done by trading floor professionals, called the matching engine is critical for guaranteeing the efficient operation of an exchange since it matches buyers and sellers for all stocks. The matching engine is housed on the exchange's computers, and it is the main reason why HFT businesses strive to be as near to the exchange servers as possible. We will learn about it in Chapter 3, Understanding the Trading Exchange Dynamics.

			Market making

			Before going into details on what market making is, we need to explain the difference between market takers and market makers.

			Market taker/maker

			Figure 1.1 represents the limit order book on an exchange. When a trading strategy places an order close to the top of the book (the layer representing the best price for bid and for ask), we say that this order is an aggressive order. It means that this order is likely to be matched with another order. If the order is executed, it means that liquidity has been removed from the market; it is a market taker. We will say that a trader crosses the spread when they place a buy order at the price of the ask on the top of the book. If the order is less aggressive (or passive), this order will not remove liquidities from the market; it is a market maker.

			
				
					[image: Figure 1.1 – Order book – passive/aggressive order ]
				

			

			Figure 1.1 – Order book – passive/aggressive order

			Let's look at the market-making strategies. 

			Market-making strategies

			A trading corporation can provide market-making as a service on an exchange. Over time, a market maker assists in the matching of buyers and sellers. Rather than purchasing or selling securities based on their underlying assets, market makers maintain a continual offer to buy and sell securities and profit from the spread, which is the difference between the two offers.

			To reduce the risk of keeping stocks for extended periods of time, every purchase should be matched with a sale and every sell should be matched with a buy. If a stock is trading at $100, a market maker can keep a buy offer at $99.50 and a sell offer at $100.50. If they are successful in finding both a buyer and a seller, it allows those who want to sell right now to do so even if no one else wants to purchase, and vice versa.

			Market makers, in other words, supply liquidity—they make trading simpler. For the most traded stocks, this technique is not important; however, for smaller firms (less traded than the big ones), it can be critical to increase the trading volume to facilitate trading. Market making is one approach that many HFT businesses use. They out-compete everyone else by changing their quotations quickly and reducing the spread even further: they're willing to make less money each time since their market-making business can readily grow to massive quantities. However, an HFT firm's technology can be used for other purposes, such as arbitrage (making money on minor discrepancies between linked securities) or execution (breaking up huge institutions' trades to minimize market effect). I won't go into much more detail because the point is that HFT is capable of more than simply market-making. The only thing that matters is speed.

			Market making can be done by the analysis of the order flow:

			
					A large volume of buy and sell can drive the market price of buying and selling on the basis of momentum.

					The flow of liquids (how big are the buy and sell orders: small, medium, or big).

					Exhaustion of momentum (when the order flow is drying off it may signal a price reversal).

			

			Market-making is the most widely used trading strategy for high-frequency traders. We will talk about the other HFT strategies in the next sections.

			Scalping

			Scalping is a trading method that focuses on benefitting from tiny price movements and reselling for a quick profit. Scalping is a phrase used in day trading to describe a technique that focuses on generating large volumes from tiny profits. Scalping necessitates a tight exit plan since a single major loss might wipe out all of the modest wins the trader has worked so hard to achieve. For this technique to work, you'll need the necessary tools, such as a live feed, a direct-access broker, and the endurance to conduct a lot of trades.

			The concept behind scalping is that most stocks will finish the first stage of a trend. But it's unclear where things will go from there. Some stocks stop rising after that early stage, while others continue to rise. The goal is to benefit from as many minor transactions as possible. The let your gains run mentality, on the other hand, aims to maximize good trading results by expanding the size of winning deals. By increasing the number of winners while compromising on the magnitude of the gains, this technique accomplishes outcomes. It's very uncommon for a trader with a long time period to produce good profits while winning just 50% of their transactions, or even less – the difference is that the wins are far larger than the losses.
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