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Chapter 4 – 

The Computerization of Trading 

 
 Having described financial instruments and portfolio management, it is time to turn to financial systems 

and IT in markets and banks.  Automation serves a number of functions in financial markets, yet few markets 

are completely automated, and most retain some manual functions.  The foundation of bank systems and trading 

systems, and nearly all other financial systems, is transaction processing technology. 

4.1 Transaction processing 

 Transaction processing systems (TPS) are mission critical, high-volume, multi-user systems.  TPSs form 

the backbone of financial institutions and are linked to the external payment networks and client systems.  TPSs 

also feed data to the internal systems used to support management and financial decision making, such as credit 

approvals. 

 
Figure 4.1:  Transaction processing systems are the backbone within any financial institution for connecting to 

external counterparties, payment networks, and for updating internal systems 

 Early TPSs introduced in the 1950s and 60s operated in batch mode.  A batch TPS, as its name suggests, 



batches together a set of transactions, which are entered or keypunched as a group.  A daily batch process for a 

bank, for instance, would group together for keypunch entry a day’s deposits, withdrawals, account openings 

and closings.  After sorting on a key field, such as account number, the day’s transactions are run through a 

program that updates the prior day’s master account file to create a new master file.  A set of management 

reports will usually be generated to highlight key information such as new account openings, or to flag any 

exceptions, such as accounts that go below a certain minimum or maximum balance, or that have unusual 

activity. 

 
Figure 4.2:  A batch mode transaction processing system  

 
 Airline reservation systems developed in the mid-1960s were the first on-line TPS (OLTPS).  They 

enabled the airlines to track seat availability in real-time, and later to develop frequent flyer programs and 

sophisticated pricing and yield management systems.  In a bank, an OLTPS updates the account master file in 

real-time giving the up-to-the minute account balances. 

 
Figure 4.3:  An online transaction processing system  

 TPSs are distinguished from databases and other information systems by the following features and 



functions: 

 

1. Allow for a limited number of inputs (e.g., sell market order) and output types (e.g., a trade execution 
report) 

2. Rely on fixed format entries and outputs - ad hoc entries or transactions are not allowed. 

3. Impose strict integrity constraints (e.g., a limit order must have a valid limit price to be accepted) 

4. Limited to a small number of pre-defined transactions (e.g., order entry, order cancellation) 

5. Rely on large common data files or a database.  The database may then available to users for infomal 
queries and analyses (e.g., a data mart capability) 

6. One transaction can lead to a number of database actions and updates, but the TPS treats each transaction 
as an "atom" 

7. Transactions are either completed entirely, or not at all. No partial transactions are allowed in a TPS 

 
  Consider a TPS with a table of account balances for a bank that has five prominent artists as demand 

deposit customers.  The TPS is limited to just four transaction types: 

• Add, e.g., open a new account and add a record (row) to the table 

• Delete, e.g., close an ccount 

• Modify, e.g., update a balance, new address, etc. 

• Query, e.g., check a customer’s balance 

 

  To illustrate these transactions, consider a bank’s Master File for demand deposit accounts (DDA-

checking accounts) from beginning of the day on a Monday. 

Account Number Social Security Number Name Address Balance 

AQE141 123-45-6789 Matisse Lyon $945 

BRH345 324-66-7654 Renoir Paris $45 

CEB543 543-56-9356 Monet Paris $233 

DUJ876 333-12-9988 Picasso Barcelona $155 

HSD468 445-68-3257 Da Vinci Venice $8,999 

Figure 4.4:  A Master File for a TPS 

  During the course of business on Monday, the following transactions occur, and are logged into a 

Transaction File.  The sequence.numbers are assigned in time order, and the update program processes the 

transactions on a FIFO (first in-first out) basis. 

 



Sequence 
Number 

Transaction 
Type 

Account 
Number 

Transactions and Fields 

001 Modify BRH345 Balance ($45)   

002 Delete BRH345     

003 Modify CEB543 Balance ($132)   

004 Add GRQ381 Michelangelo 222-91-7654 Rome $1,000 

005 Modify HSD468 Address Siena   

006 Add FRQ381 Wyeth 322-19-2374 Chicago $3,500 

007 Modify HSD468 Balance $1,175   

Figure 4.5:  A transactions file 

  After updating, the Master File looks this way:  

Identifier S.S. No. Name Address Balance 

AQE141 123-45-6789 Matisse Lyon $945 

CEB543 543-56-9356 Monet Paris $101 

DUJ876 333-12-9988 Picasso Barcelona $155 

FRQ381 322-19-2374 Wyeth Chicago $3,500 

GRQ381 222-91-7654 Michelangelo Rome $1,000 

HSD468 445-68-3257 Da Vinci Siena $10,174 

Figure 4.6:  The Master File after it was updated by the transaction processing system  

 
  There are several challenges that TPS are designed to overcome: 

Concurrent users.  Several users could each be attempting to buy a quantity of securities (N) that are offered on a 

screen-based system when only N+n are available. Handled by locking, which allows only one user are a time to 

update a given data item and thus assures serial (one-by-one sequenced) transactions. 

Data consistency/correctness.  For instance, if a system failure occurs while a customer's funds are being moved 

from an investment account to demand deposit account, the amount could be missing from the IA, but not yet 

recorded in the DDA. Consistency is maintained by providing a mechanism for transaction recovery which allows 

the database to be returned to a prior consistent state. Logging transactions to alternative storage allows the 

database changes to survive failures. 

Distributed databases.  When a transaction seeks to modify multiple geographically dispersed databases, local 

data integrity is typically maintained by using the two-phase commit protocol (2PC), which requires that 

transaction updates are either finalized in all of the separate databases, or are fully backed out from each of them. 

 

 



4.2 Computerization of market functions 

 The following market functions have been the focus of automation efforts in the financial industry: 

♦ Information systems play an order collection role in the processing of trading instructions in investors’ 

and traders' offices. With an electronic system, once an order is entered details such as size, limit price, 

and time are accessible for an investor's control and measurement purposes, and for transmitting to a 

chosen market system. 

♦ Systems for order routing direct an order entered by a trader to the appropriate market. The DOT system 

(Designated Order Turnaround) was introduced in 1976 for order routing on the NYSE. The system 

enables NYSE member firms to electronically route market orders and limit orders from their offices 

anywhere to the specialist post on the market floor, bypassing the floor broker's booth. In 1992, 78 

percent of NYSE order arrived via DOT. The remainder arrive via phones to floor traders' booths. 

♦ Price determination is often supported by systems 

that aggregate the orders submitted to a market.  

The Arizona Stock Exchange (AZX) is a screen-

based market for trading stocks after the close of 

the New York Stock Exchange floor.  The system 

uses a single price call auction mechanism to find a 

price at which the quantity to buy equals the 

quantity to sell.  In the example, 35,000 shares of 

Cisco are auctioned at $59, the price that enables 

the greatest trade quantity to be matched.  Notice 

that the auction is not a perfect match, and there 

will be 6,000 unsold shares at $59. 

♦ Order execution systems electronically match buy 

and sell orders in a market, and order confirmation 

systems route electronic verifications of a trade to 

the participants involved.  Reuters' Dealing 2000 

system electronically matches buy and sell orders in 

the foreign exchange market.  Details of executed 

trades are then transmitted back to the trade 

participants for confirmation.  Less than a second 

elapses between order entry, execution, and final 

trade confirmation. 

Figure 4.7: AZX auctions in Cisco and Intel 
 
 
 
 
 
 
 
 
 
 
 
 
 

♦ Systems are used for trade reporting and surveillance purposes.  In the case of a fraud or market 

manipulation investigation, an audit trail of trades can speed investigations.  The NYSE's StockWatch 

unit, for example, uses computers to monitor trading activities and to warn of unusual activity, which 

will be investigated by the staff. 



♦ Systems disseminate market information more broadly.  The Consolidated Tape System (CTS) was 

introduced in 1976, and imposed unified trade reporting rules, and facilitated ticker publication of last 

sale information occurring in any of eight U.S. stock markets.  Previously only NYSE and American 

Stock Exchange (AMEX) trades were reported on the ticker.  The CTS informs a far broader audience of 

all trading activity on the NYSE, AMEX, the five regional stock exchanges, and the OTC market. 

 
Information technology has many benefits in financial markets.  First, visibility is increased, enabling 

investors to monitor the market, and to time the execution of their trading strategies.  Systems provide the ability 

to handle increased volumes of business, and contribute valuable economies of scale.  In automated markets, 

greater trading volumes lead to fractional increases in overall costs, and a lowering in per transaction costs.  

Integration and international linkages can be achieved with systems that share information between markets and 

enable participants to pass their positions from one market to another.  A number of markets including the 

Chicago Mercantile Exchange and the Singapore International Monetary Exchange (SIMEX) have automated 

facilities for "mutual offset".  With mutual offset, a position in one market can be used to offset the margin 

required in another market.  For instance, a 15 contract long position acquired in Chicago in T-bond futures, 

which is offset by a short position of 10 contracts of the same instrument on SIMEX, requires margin to be put 

up for just the net position of 5 contracts.  Settlement efficiency is enhanced with systems.  

Automation of trading and on-line deal capture for trade details helps to reduce the number of 

questioned trades (QTs) and don’t knows (DKs), reducing costly exception processing.  The NYSE for instance 

has reduced uncompared trade sides (inconsistencies between the buyers and sellers’ submitted trade details) in 

its equity markets from 0.8% in 1992 to 0.15% in first half of 2000. 

Market Structure.

Liquidity is the principal measure of a market’s attractiveness.  The liquidity of a market or a financial 

instrument is measured by the ease and the economy of transforming cash into the security, and back again at 

prices that reflect the asset's fair value.  Transactions costs that lower a security's liquidity can take one of 

several forms: 

  Economic theories of financial markets, such as the Capital Asset Pricing Model, are built on 

the assumption of perfect liquidity, costless trading, and freely available information.  In fact, transactions costs 

are significant.  Trading in financial markets may involve paying brokerage commissions and other direct 

trading costs, subscribing to information and research services, and bearing the risk of price changes during the 

delay between making an investment decision and the eventual execution of the trade.  



(1) The bid-ask spread is a cost resulting from the difference between the best price to sell and to buy in the 
market. 

 
(2) Market impact costs are incurred when a large trade can only be completed with a price concession by 

the investor. 
 
(3) Delays and search costs are incurred when an investor seeks better trading terms by postponing a trade 

and trying to find an interested counterparty. 
 
(4) Direct costs commissions are paid as a percentage of the value of a trade in some markets, such as 

London (e.g., 0.15%) or cents per share in the U.S. for listed stock trading (e.g., 6 cents a share) 
 

Low transactions costs improve trading and market liquidity.  This allows securities ownership to shift 

easily so that capital flows efficiently from investors to expanding businesses. 

Information technology reduces transactions costs and frictions by opening up markets to additional 

participants and increasing competition.  A general effect of electronic markets has been to allow customers to 

search and compare many products at low cost, thus heightening competitive pressure among suppliers.  An 

overall effect of IT is to bring financial markets closer to microeconomic ideal, and maximize the economic 

benefits provided by market activities. 

Market clearing through an equilibrium price formation model is the foundation of market theory.  

Applied to securities markets, the pricing model is a frictionless trading mechanism based on a call-type, 

Walrasian auction.  In a Walrasian auction, an equilibrium price is reached through an iterative process known 

as tâtonnement in which buyers and seller indicate their net demands for all securities at all appropriate 

combinations of prices.  The Walrasian auction is an abstraction, and practical difficulties in operating such a 

procedure prevent its application in actual securities markets.  Alternative market microstructures are used to 

convert investors’ orders to buy and sell into prices and executed trades.  An order is the basic processing 

element in trading.  It specifies to buy or sell a certain number of securities, contingent perhaps on other events 

or conditions in a market.  For instance, a limit order may specify the purchase 5,000 shares of Motorola at the 

limit price of $60 or less.  If the shares can only be purchased at a price higher than $60, the order goes 

unexecuted.  A market order instructs the broker to trade at the best available price in the market. 

Whitcomb (1985) identified a range of different market structures used in stock markets around the 

world. Although details can vary, markets differ on two principal dimensions.  First, markets may facilitate 

continuous trading, or batch or call trading.  In a continuous market, such as the New York Stock Exchange, 

trades can execute at any time at the quoted bid and offer prices.  The bid price in a continuous market is the 

price at which investors can sell securities, and will be somewhat less than the offer price at which they can 



purchase securities.  The difference between the highest bid quote and the lowest ask or offer quote for a 

security is called the bid-ask spread, and is a transaction cost paid by in investors.  In a call market, a single 

price is set at the time of the clearing to most closely equate supply and demand.  All orders indicating a 

willingness to buy at that price or higher, or to sell at that price or lower, are executed.  The London gold market 

operates as a twice daily call market or “fix”, and the daily opening price for stocks on the NYSE is set by a call 

market procedure guided by the specialist.  

A second distinction is between auction markets and dealer markets.  In an auction market, investors' 

orders are "exposed" to the market, and trades occur directly between investors at an agreed price.  In a dealer 

market, competing dealers or market makers post bid and offer prices at which investors can trade.  Auction 

markets are termed order-driven, and dealer markets are quote-driven.  The following dialog between an NYSE 

specialist and a floor broker holding a customer order illustrates the order-driven auction principles in which 

investor orders can provide the bid and ask quotes in NYSE stocks. 

 Broker to 
Specialist 

How’s Home Depot? Requests a “look” (quotes and size) in Home Depot stock 

Specialist 
to Broker 

Home Depot is a 
quarter bid, at a half, 
5 thou’, 15 thousand 

The market Bid is $40.25 and the Offer is $40.50. The 40 dollar 
amount is implicit and known to both traders. The broker can 
sell up to 5,000 shares at $40.25, and can buy up to 15,000 
shares at $40.50 

Broker to 
Specialist 

Three-eighths for 
25,000 

The broker leaves a limit order at $40.375 to buy 25,000 shares, 
thus narrowing the bid-ask spread in Home Depot stock from 25 
cents to 12.5 cents 

Specialist 
to next 
broker 

Three-eighths bid, at a 
half, 25 thousand, 15 
thousand 

The market is now $40 3/8 Bid and the Offer is $40 1/2.  The 
next broker can sell up to 25,000 shares at $40.375, and can buy 
up to 15,000 shares at $40.50 

Figure 4.8: An investor limit order leads the NYSE specialist to update the quotes in the order 
driven market to reflect the new order – In 2001, NYSE stock trading converted from 1/8th of a 
dollar to penny price increments. 

 In a dealer market, the order to buy at $40 3/8th would not necessarily lead to a change in the market 

quotes, and would execute only when a dealer lowered its offer quote to that price.  On the other hand, dealer 

markets such as the foreign exchange market are noted for providing immediacy of trading to relatively large 

buy and sell orders. 

Market Components and Linkages.  The keys to a well-functioning financial market are capital, people, and 

technology.  Capital in a market is the sum of the financial resources that back the banks and securities firms 

that participate in the market.  Greater levels of capital raise creditworthiness, enable participants to bear greater 

risks, and lower the chances of that market participants fail to meet their financial obligations.  People in a 



market contribute skill and ingenuity in bringing together those companies and governments seeking to raise 

funds, with those individuals and institutions seeking to invest wealth.   

 While financial resources are crucial, the adage "the assets walk out the door at the end of the day" 

applies to firms operating in financial markets.  Finally, technology embodies the processes and rules that dictate 

what transactions occur and how communications messages are sent to make the required updates and transfers 

to effect final settlements.  In recent years, algorithmic trading has put many trading decisions into rules-based 

software (See Chapter 8).  Typically, algo systems use trade and market data to find trading strategies that 

become inbuilt into software algorithms.  Algo software learns adaptively what works and doesn't, and builds 

that into future patterns for placing buy and sell orders. 

 Automating securities markets activities requires serving many stakeholders including investors, 

securities firms, and listed companies, as well as the securities exchange or vendor providing the market 

systems.  The organizations that play operational or informational roles in screen-based markets are illustrated 

below. 
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  Orders, 
Quotes, and 
Trades 

 Trade 
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Market 
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Trade 
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 Trade Data 
and News 

  

 Market 
Regulatory 
Authority 

   Third Party 
Market Data 
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Figure 4.9: Organizational linkages for straight-through processing (STP) in financial markets 

 To succeed and become actively used, an automated, screen-based market requires cooperation among a 

number of organizations, the setting of technical standards, and integration of multiple information systems.  As 

markets have globalized and drawn more dispersed participants, achieving cooperation has become more 

challenging. 

In only a few advanced expert systems applications is technology used to displace human trading 

judgment.  However, systems have replaced face-to-face and person-to-person contact as the principal conduits 

of information in modern financial markets.  In the past, markets existed only when people gathered in one 



physical place.  Twenty stock exchanges were operating in Britain in 1900, but in 1973 all trading was 

consolidated in London.  Markets today can reach out to a vast collection of customers, and consolidate diverse 

opinions from any point on the globe, and at any time of day. 

4.3 An IT-Enabled Global Market: Foreign Exchange 
 

Today’s most active global market is in foreign currencies.  According to the Bank for International 

Settlements (BIS), the value of currency trading increased 20% annually from 2004 to 2007, rising to $3.2 

trillion in 2007.  Among other sources of demand for FX trading, investors are increasingly seeking to optimize 

multi-currency portfolios and accessing overseas capital markets to do so. 

The most actively exchange currencies are U.S. Dollars ($), Japanese Yen (¥, JPY), British pound 

sterling (£, GBP), Euros (€, EUR), Swiss Francs (CHF), and Canadian Dollars (CAD).  The bid-ask quote on the 

dollar-yen exchange rate of 111.06-111.11 (see Exhibit 4.7) means that a trader selling dollars will know that $1 

million buys 111,060,000 yen.  When buying dollars, ¥1 is worth 1/111.11 = 0.900¢. 

 
Figure 4.13:  Foreign Currency spot market quotations on November 16, 2007 

As active as it is, the foreign exchange market has only 36 years of history.  To stabilize the world 

economy after World War II, leaders of major nations met in 1946 in Bretton Woods, New Hampshire and 

agreed to a system of fixed exchange rates centered on the U.S. dollar with a gold standard that pegged the 

dollar at $35 an ounce.  The agreement collapsed in August 1971 under the weight of a U.S. balance of 

payments deficit, and a weakening of the dollar, which made convertibility into gold at $35 an ounce untenable.  

Foreign exchange rates were allowed to float, and daily fluctuations were the norm by 1973. 



Exchange rates between two currencies are a function of a number of factors including the relative 

interest rates in the two countries, inflation, and the flow of payments between the two countries.  Holding all 

other factors constant: 

(1) falling interest rates in one country will cause its currency to decline in value 

(2) a nation with a growing balance of payments deficit with another country can expect its 
currency’s value to decline relative to the other nation's currency 

(3) increasing inflation in one country lower the value of its currency 
 
FX Volumes.

 

  In 2007, daily turnover in the international foreign exchange (FX) market was estimated at $3.2 

trillion, up from $1.5 trillion in 2000 and $1 trillion in 1992.  According to BIS, transactions involving U.S. 

dollars on one side of the trade accounted for 89 percent of forex business.  The Euro is the second-most traded 

currency, and is part of 37% of trading.  However, less than half the transactions were simple 'spot' deals, the 

immediate purchase of currency for commercial transactions. Most forex trading is done on a forward basis 

where currency buyers undertake to buy at a set price at a specified date in the future.  

% shares of average daily turnover in April of 
Currency 1989 1992 1995 1998 2001 2004 2007 

US dollar 90 82 83 87 90 89 86 
Euro - - - - 38 37 37 
Deutsche mark 27 40 36 30 - - - 
French franc 2 4 8 5 - - - 
ECU and other EMS currencies 4 12 16 17 - - - 
Japanese yen 27 23 24 20 23 20 17 
Pound sterling 15 14 9 11 13 17 15 
Swiss franc 10 8 7 7 6 6 7 
Australian dollar 2 3 3 3 4 6 7 
Canadian dollar 1 3 3 4 5 4 4 
Other currencies 22 11 11 16 21 21 27 
All Currencies(both sides counted) 200 200 200 200 200 200 200 

Figure 4.14:  Global FX Market Turnover by Currency – Three major financial centers are credited with 
the majority of FX volumes: London, New York, and Tokyo, but significant FX trading also occurs from 

Singapore, Zurich, Toronto, and Hong Kong. 

Several forms of foreign currency trading take place.  The first is spot market trading in which one 

currency is exchanged for another with settlement occurring either the day of the trade or one or two days after.  

The forward and swaps market for currencies accounts for about two-thirds of the total FX market, and involves 

trading at agreed prices for exchange several weeks to up to a year into the future. 

 

 



Daily averages in April, in billions of US$ 

 
1989 1992 1995 1998 2001 2004 2007 

Compound 
annual growth 

2004-07 
Spot transactions 317 394 494 568 387 621 1,005 17% 

Outright forwards 27 58 97 128 131 208 362 20% 

FX swaps 190 324 546 734 656 944 1,714 22% 

Estimated reporting gaps 56 44 53 60 26 107 129 6% 
Total Daily Average 

Turnover 590 820 1,190 1,490 1,200 1,880 3,210 20% 

 Figure 4.15: Global Currency Trading Volume  
(Source: Bank for International Settlements, Triennial Central Bank Survey, 2007 

FX Trading Technology.

(1) The desk will typically house a high density telephone system with speed-dialing access to twenty or 
more outgoing phone lines, display keys for counterparties, and buttons for muting the phone and 
setting up multiparty conversations. 

  The FX market is dominated by the world’s largest banks, most of which trade 

currencies 24 hours a day from technologically sophisticated dealing rooms in the major financial centers.  

There has never been a market floor for spot or forward market for currencies.  While most forward trades are 

agreed to over the phone between counterparties, nearly all spot market trading is now handled via on-line 

trading systems.  The FX trader's desk contains an abundance of information systems and data feeds, which 

together have an annual cost of $30,000 to $50,000. There are four primary components of the trader's desktop 

technology. 

(2) Real-time market data is provided by screens displaying market information provided by third-party 
vendors such as Reuters and Telerate. 

(3) Computer-based analytics are often used to chart prices, and analyze relationships among financial 
instruments and economic data. Analytics software is either purchased as a package from a vendor, or is 
developed in-house. 

(4) Both traders will enter the order into their firm's record keeping or on-line transactions processing 
systems, and later the dollar and yen funds will be electronically transferred from one account to another 
via an electronic funds transfer system such as FedWire if the traders are U.S.-based, or decide to clear 
the trade in the U.S. 

The 1973 introduction of the Reuters Monitor, which displays competing bank dealers' foreign 

exchange quotes, spurred the development of the foreign exchange market.  The widely dispersed market that 

emerged following the Bretton Woods breakdown needed some way to display its prices.  Banks and other firms 

supplied in their prices to Reuters' central system, and the subscribers received consolidated market information, 

and news supplied by Reuters correspondents around the globe.  Foreign exchange trades have traditionally been 

effected over the phone, although this is giving way to electronic trading.   



Transactional systems for FX are costly.  In 1995, for the first terminal at a site, Monitor costs $1,800 a 

month and Dealing is $5,400.  Despite the costs, and the changes in trading processes, these systems have been 

successful.  There were about 16,500 Dealing terminals in use in 1992.  In 1993, half of world's spot FX trades 

were executed electronically over the Dealing trading system.1

To illustrate, a bank representing a multinational customer desiring yen to pay a Japanese supplier will 

phone a dealer displaying an attractive offering quote for yen.  In voice trading, in a short conversation, the 

bank's trader will identify him or herself, confirm the quote for the intended trade, and agree to the quantity and 

price.  The dealer will read back details of the trade such as "I sell you 500 million yen at 116.7500 for 

$4,282,655.20." 

 

About 177,000 Reuters terminals were installed around the globe in 1990, up from just 55,000 in 1985.  

Each terminal can access 73,000 pages of continuously updated financial news and market prices.  In 1981, 

Reuters introduced Dealing, a direct "conversational" or interactive electronic dealing system that enables 

subscribers to negotiate and execute FX trades over their terminals, as Figure 4.9 illustrates. 

 
Figure 4.16:  Reuters “conversational” Dealing system shows a negotiation for a USD-Deutsche Mark trade. 

                                                           
1. See Gandy, T. "Monopoly Mayhem", The Banker, February 1993, pp. 56-59, and "Banks Retaliate in Dealing-Room War", 
Euromoney, May 1993, pp. 87-90. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.17:  Reuters “conversational” Dealing shows quotes for a 200-day forward 
trade with Euros and U.S. dollars 

 

Transactions Cost Illustration 

A Reuters conversational dealing screen displays the quote: USD/DEM  05 08 for US$4 million 
(1.8305 / 1.8308) 

Q:  How much would be paid in round-trip transactions costs for converting DEM into $4 million, and 
back to DEM using the indicated spot market prices? 

A:  Reading from the screen quote, a customer can buy dollars at the ask quote by giving 1.8308 DEM 
for each dollar bought.  The customer can buy DEM back with U.S. dollars from the dealer who will 
pay 1.8305 DEM for each dollar sold. 
 

Buy USD 4 million @ 1.8308  = DEM 7,323,200 SellUSD  @ (1/1.8305) = DEM 7,322,000 
 

Transactions (spread) costs = DEM 1,200 or 0.016% of the initial  trade’s value 
 
By making markets more transparent and accessible, one effect of screen trading is to narrow bid-ask spreads, 

and reduce transactions costs.  In the example above, the spread is (1.8308–1.8305)/1.83065 = 0.016%, which is 

narrow, and an indication of the FX market’s size and efficiency. 

Assessment.  The foreign exchange market has become a successful screen-based market for a number of 

reasons.  Demand for currency trading creates a 24-hour market with participants dispersed around the globe.  

Coming into existence in 1971, it lacked a floor market tradition, and the technology at the time was sufficient 

to deter attempts to develop a floor market in currencies.  Finally, the FX market is an inter-institutional, 

wholesale market that is only loosely regulated by supranational organizations such as the Bank for International 

Settlements (BIS).  The participants are sophisticated financial institutions, requiring little of the supervision and 

protection necessary in other markets with greater numbers of individual investors.  Hence, the FX market 



operates without the extensive cooperative arrangements that would be required in other markets.  Some argue 

the lack of regulation has enabled the FX market to use IT more innovatively than the more heavily-regulated 

equities markets. 

4.4 Technology for Trading: What Works and What Fails 

 Despite the progress in markets such as foreign exchange, the computerization of financial trading has 

evolved differently than experts have forecast.  Tremendous progress in order processing speeds and new 

algorithmic tools have driven market volumes up well beyond projections. At the same time, expensive, high-

profile technology developments have failed, and legacy practices based on intermediated floor and telephone 

trading have proven resilient.  Based on 20 years of research on trading and market systems, this article 

identifies the regularities among the IT developments that have succeeded, and contrast them with those trading 

technologies that have failed.  We find market participants adopt new market systems when they offer 

advantages: (1) in openness and transparency, (2) in meeting a real need of traders, (3) in lowering cost, and (4) 

in retaining simplicity and ease-of-use.  Examples from a number of equity and financial market technology 

initiatives are described.  We conclude with a three-part framework for analyzing the prospects of new market 

systems. 

 4.4.1 Early Ideas 

 Financial markets consolidate supply and demand for securities, currencies, and derivatives contracts.  

By providing price discovery and ownership transfer of the most standardized and commoditized of goods: 

stocks, bonds, foreign currency, and futures contracts play an important role in free market economies.  

Beginning with the introduction of the telegraph by Samuel Morse in 1838 and the electromechanical stock 

ticker by Edward Calahan in 1867, information technology has been used to distribute prices from financial 

markets.  Before the 1970s, however, determining current quotes and trading at attractive prices required a 

physical presence in the market.  In this environment, a single market tended to dominate trading in any 

particular issue because communications technology was too primitive to allow transactions to occur without 

face-to-face contact among traders. 

 Since the early 1970s, trading technologies have played increasingly important roles in distributing 

market data, communicating buy and sell orders, establishing prices, and transferring ownership in the post-

trade settlement process.  The fungible, non-physical nature of financial assets has enabled I.T. to play 

innovative roles in establishing and refining market structures. Manual procedures have been replaced with 



computerization, and the value chain of trading is being transformed with straight-through-processing (STP) 

initiatives. 

 Trading in financial markets has become steadily more computerized in the past 20 years.  However, the 

pace of change and the outcomes of IT developments have not conformed to the predictions made in the early 

years of market automation.  Among the earliest proposals for electronic trading were Fischer Black's 

"automated specialist", described in 1971, and Morris Mendelson’s Automated Trading System (Black, 

1971),(Mendelson, 1972).  Black suggested “… that the need for floor specialists and market makers can be 

eliminated almost completely by an efficiently operated computer exchange.”  The attractions of electronic 

trading were reduced errors, greater speed and capacity, but mainly the increased efficiency that market 

transparency would bring. 

4.4.2 The Need for “Incentive Alignment” 

 Not surprisingly, the dominant exchanges and firms in the securities industry were reluctant to abandon 

opaque and heavily intermediated forms of trading.  In an illuminating article, Stanley Ross (1990), former 

board member and Head of Global Trading for Deutsche Bank explained why trading margins were so large in 

the 1960s and 1970s before prices were electronically distributed: 

 
“The client sent us a letter outlining a long-term buying programme for Peru National 4s (Eurobonds 
with 4% coupons) asking that certain blocks of securities be offered at the end of every month and told 
us the price that they would pay.  We had the client who was invisible to the market, which in turn was 
invisible to him.” 

 
Ross’ article contrasted the prior environment with the losses suffered by London trading firms after the 

1986 Big Bang reforms and introduction of the SEAQ market systems.  Ross continued: 

 
“Our objective of course was to make as big a ‘turn’ as having this contact would allow. In other 
words, we took what we thought the market would bear.  The less the general mass of investors see of 
transactions being done, the greater the possibility of profit being made.”  

 
 Early attempts to computerize trading took place in an environment of profitable market making by 

banks and securities firms, and member-owned, not-for-profit stock exchanges.  Economics teaches us that 

industries will seek to mute competition and other threats to rents.  Since technology generally increases the 

bargaining power of customers over their suppliers, Wall Street and City of London securities firms were 

generally uninterested in and unsupportive of trading automation projects.  Without ‘incentive alignment’ for the 

established players in the industry to drive the development of trading technology, market computerization 

progressed slowly.  A number of early failures were the Ariel trading system in London (1976), the Cincinnati 



Stock Exchange’s National Securities Trading Systems “NSTS” (1978), and the Intex futures exchange in 

Bermuda (1984). 

4.4.3 The New Era Finally Arrives 

The London Stock Exchange signed an agreement in 1983, which prevented a restrictive business 

practices lawsuit with the Thatcher government, and began the reforms of its market rules.  The changes 

culminated in 1986 with the Big Bang and the introduction of SEAQ, a screen-based trading system.  After 

SEAQ trading launched, Clemons and Weber (1990) surveyed LSE traders and documented the benefits of the 

new market technology, and its competitive impact on other European exchanges. 

Liquidity shifted from Stockholm, Paris, and Frankfurt to London’s transparent market, and the London 

Stock Exchange became a leading cross-border trading center.  While trading volumes increased in London, 

new entrants and competitive intensity meant Stock Exchange member firms’ profitability decreased.  In the 

period 1987-1990, the aggregate Return on Equity Capital for LSE members was –2%, which contrasted with a 

low, but still positive +6% for New York Stock Exchange members in the same period. 

The impact of SEAQ’s success showed that trading technology was now a competitive necessity for 

financial markets.  Exchanges and firms could disagree on the timing of the arrival of open, transparent markets, 

but they could no longer safely neglect planning and investing for screen-based markets.  In the late 1980s, 

market-providing entrants such as Instinet and Posit were beginning to attract significant order flow from 

securities firms and their institutional customers.  Now, markets had to computerize to cut costs, enhancing 

trading efficiency, and retain order flow.  Frits Bolkestein, European Union Commissioner of Financial Services 

made this point: “Technology-driven trends have transformed the financial trading landscape: the era of utility-

run stock exchanges acting as a single, uncontested national liquidity point is gone.” 

4.4.4 What Have We Learned? 

Several conclusions arise from the study of market computerization over the past 20 years.  First, there 

is now a "market for markets", with technology and market models as key differentiators.  Exchanges, broker-

dealer firms, and market providers and data vendors are competing to offer trade execution services that will 

attract customers and trading volumes.  Established players have reduced their resistance to potentially 

disruptive market IT. 

The growth of technology-driven firms providing market services such as Instinet, Bridge, Bloomberg, 

Reuters, and ITG-Posit also stimulated new entrants to develop market systems, and greater management 

expertise and funding emerged for these “off-exchange” players.  Wide dissemination of market quotes and 



information reduces the need for trader contact and lessens the pressure for trading to consolidate in an 

individual market.  With fast, reliable linkages among liquidity pools, what might appear to be market 

fragmentation can actually be a virtual, consolidated market. 

Second, one size does not fit all.  Investors do not want to send their orders to transparent, limit order book 

markets that disclose price and size information.  In fact, the “free option” value of submitted limit orders leads to 

“shading” or orders priced greater than or less than reservation prices (Schwartz, Francioni, and Weber, 2006).  

Market models of trading have proliferated, and trading mechanisms for converting submitted orders into trades that 

are favored by some investors, and ignored by others.  

Small order-placers and traders needing rapid trade execution prefer the strict price and first in-first out time 

priorities in exchange order matching systems.  Traders with larger orders that can potentially move prices, are 

gravitating toward new P2P markets such as Liquidnet and Pipeline.  These “block boards” facilitate bilateral “size 

discovery.”  Alternative market structures enable investors to direct their orders to the trading mechanism(s) that 

best suits their portfolio and investment strategy.  The heterogeneity of markets models will continue to reflect the 

different investor segments.  Roles for IT will arise in linking and integrating the various sources of liquidity today 

with the goal of matching trading tactics with fund management goals while minimizing all-in trading costs. 

A third learning is that many of the “rules” of strategic management are difficult to apply in the financial 

markets industry.  These complications make for challenging management and technology decisions.  The tree  

major paradoxes of managing in an increasingly IT-intensive financial market sector are: 

i)  Who is a Competitor?  Who is a Customer? 
 
A perplexing question for executives responsible for trading technology is to serve customers, while 

remaining aware that they will sometimes be competitors.  A vivid example is provided in this paragraph from a 

recent Financial Times article2

 

: 

“Instinet Europe yesterday announced that it had sold a minority stake in its Chi-X equities trading 
platform to a group of its largest customers for an undisclosed price.  Among the new shareholders are 
some of the largest U.S. and European securities dealers including Goldman Sachs, Morgan Stanley, 
Lehman Brothers, and UBS and liquidity providers Citadel and Getco.  Most of these investors also own 
stakes in other US and European alternative trading platforms including BATS Trading, BIDS Trading and 
Europe-based Project Turquoise.  Several, such as Credit Suisse

 

, are also backers of a new platform which 
aims to challenge the CME Group in the trading of interest rate futures contracts.” 

 For the London Stock Exchange, Euronext, Deutsche Börse, CME, and other exchanges, these leading 

financial names are among their largest suppliers of order flow and liquidity.  How should an exchange react 

                                                           
2 Cohen , N. “Instinet brings new investors to Chi-X” FT.com, January 11, 2008 

 



when its best customers are also investing in significant rivals to the exchange?  Does the exchange put the 

client first, and share information about its technology developments and strategic plans with key customers?  

What position does the exchange take on volume pricing and inter-market linkage when these decisions could 

drive more order flow to the competing trading venues. 

 
ii)  What is a Complement?  What is a Substitute? 

 
Data vendors such as Quotron, Reuters, Telerate, and Bloomberg benefited the exchanges by 

distributing their prices and trading data.  The vendors provided value-adding analytics and maintained historic 

databases that aided investor decision-making and stimulated trading.  Exchanges worked with the data vendor 

to establish data formats and consistent reporting.  Today, many data vendors provide execution services with 

their data services.  For instance, the Bloomberg Tradebook is a leading ECN in the U.S. providing order 

matching in competition with exchanges.  Exchanges and market providers also cooperate with technology 

standards groups such as the Financial Information eXchange (FIX).  From a strategy perspective, FIX trade 

message formats “level the playing field” and make different trading venues less differentiated.  Market 

providers appear to have decided that proprietary trading information format are not in the best interests of 

customers, and focus on other sources of competitive advantage. 

 
iii)  Increasingly difficult to measure trading costs 

 
In recent years, “dark pools” for block trading have attracted trading volumes.  ITG-Posit’s periodic 

crossing sessions introduced in 1987 were one of the first systems to given investor the ability to trade without 

publicly disclosing their orders.  After the failure of the Optimark system in 2000, two other non-transparent 

block trading systems have emerged, Liquidnet and Pipeline.  By not appearing in the displayed bid-ask quote or 

showing in the publicly displayed liquidity, market users need to judge the value of participating in these 

systems subjectively for themselves and their circumstances.   

Even statistical studies of trading costs that include dark pool are subject to interpretation.  While the 

executed orders in these dark pools appear to trade cheap, there is a “negative selection” problem due to the far 

more costly delayed or unexecuted orders that do not match in the dark.  The result for exchanges is to explain 

that what may appear as “high cost” trading according to transactions cost analysis (TCA) may in fact be the 

untraded residuals from dark pools.  Any innovative market model today will be held up to TCA scrutiny, and 

its ability to attract participants will depend on the potentially misleading cost data. 

 
 



4.4.5 Three Success Factors 
 

Examining markets and trading practices, three dimensions that characterize successful market trading 

systems.  There are numerous challenges for any technology innovation to have a successful commercial impact, 

but market trading innovations are particularly difficult.  Good ideas that fail to attract a critical mass of 

liquidity will not succeed as trading systems.  The three vital ingredients to success in new market systems 

developments are: 

Success Driver Description 

1. Technology and Architecture 
 

A new trading system must offer: 

• Speed, latency, reliability 
• Intuitive operation 
• Connectivity and openness 
• Audit trail and ex-post analyzability 

These are necessary capabilities in today’s environment of 40% of 
trade orders being generated from software algorithms.  Openness 
means APIs are available to developers to provide direct connection 
into the matching engine without translations or mappings.  Front-
ends must be flexible and intuitive. 

2. Business and Process 
 

A well-rounded business model and economics basis for new 
market developments are needed.  Without: 

• Collaboration and partnerships with important order flow 
providers 

• Pricing arrangement and fee schedules that draw in users 
• Well-crafted cooperation and competition plans 

a new market system will fail to launch successfully.  An overly 
aggressive, “closed” approach can hinder a system finding a niche 
in the market as others counter the threat. 

3. Community and Social Network 

A market is ultimately a community of users that apply rules to their 
activities. 

• Anonymity offered – identities should only be revealed when it 
generates economic advantages in the market models 

• Membership categories and privileges – some markets benefit 
from restrictive entry criteria so that participants trust others in 
the trading system 

• Fairness and interactions rules must be tailored to the market 
model and balance rewards to both the liquidity providers, 
passives and the aggressive, liquidity removers 

 

 Three examples of the importance of these factors are detailed below: 

a.  Technology and Architecture 

The much-heralded $350 million Optimark block trading system opened January 29, 1999.  Its black 

box model used a rapidly sequenced auctions and a patented matching engine to generate trades from submitted 

buy and sell profiles or price/quantity schedules.  The promise of anonymity, non-disclosure or trading 



submission, and sophisticated matching/pricing algorithms were seen by many as a serious threat to the 

established exchanges and Wall Street block trading desks.  The 1998 drop in the price of a seat on the NYSE 

before OptiMark’s debut as evidence that investors saw it as a legitimate threat to the NYSE’s dominance.   

Seats on the NYSE had been selling for an average of $2 million in the mid-1990s, but in September 1998 a seat 

sold for $1.18 million.  Within a year of OptiMark’s debut, the price of a seat would return to about $2.5 

million.  

Optimark was regulated as a “Trading Facility” of the Pacific Exchange (PCX), and affiliated with 

Nasdaq.  Its trading engine was integrated with that Intermarket Trading System (ITS) and other US exchanges 

to interact with resting orders in those markets.  In September 1999, Optimark had 50 users and 600,000 shares a 

day on average with a peak day volume of 1.5 mil shares.  Ultimately Optimark’s computerized approach to 

large block order matching failed to develop a critical mass of users and liquidity, and it closed September 2000. 

Optimark responded to early traders, who claimed that the system was too complex and difficult to use, 

by creating the OptiMark Institute, a course designed to teach traders how to use the technology.  About 3,000 

traders took the course between 1997 and 2000.  Optimark also added three features to its user input screens, 

MarketBeater, Super Mid-Point, and eMarketMaker.  These were intended to streamline its operation, attract 

additional profiles entries and enhance liquidity.  OptiMark was spending about $8 million per month, but 

attracting little trading and fee income.  Despite its efforts, in December 1999, Optimark laid off 54 staff 

members or 14 percent of its 389-employee workforce. 

A March 24, 2002 article in the Durango Herald: "Missing the Mark: Optimark's Rise and Decline" 

quoted Peter Jenkins, the managing director of global equity trading at Scudder Investments, who said that while 

“the OptiMark system was good in principle, it was clunky in its execution.”  OptiMark may have expected too 

much of the traders who used it.  Trading desks are inherently busy places, with people doing a lot of different 

things, and the OptiMark system required attention that was in short supply. 

The technology and architecture of a trading system need to provide an intuitive operation for users, and 

the capability for users to review their activities ex-post in an audit trail.  There needs to be an opportunity for 

learning and ex-post analyzability.  Otherwise traders have no way to adjust their order placement strategies for 

best results the next time.  Unfortunately, Optimark was complex and its “black box” opaqueness did not offer 

feedback for traders to adjust and perhaps enter more profiles and generate more trading volume. 

 

 



b.  Business and Process 

A new market technology should have a business model and business processes that are sufficiently 

robust that they cannot be undermined by competitive rivals.  Consider the CapitaLink corporate debt issuance 

system.  It was developed in 1988 to enable issuance of $100 million to $300 million in "plain vanilla" 

investment grade corporate bonds.  The start-up was 50% owned by J.P. Morgan.  In CapitaLink, buy-side 

investment managers bid directly, avoiding underwriters and syndicates.  It offered a 0.20% commission to 

undercut the standard 0.75% underwriting spread at the time.   

In September 1990, John Deere & Co. was prepared to issue bonds via CapitaLink, and a polling of fund 

managers indicated the issue would yield 80 basis points above the comparable Treasury yield.  Merrill Lynch, 

defending its 17% market share, bid the entire issue "net" at 70 bps before the formal CapitaLink auction.  Deere 

accepted the highly competitive yield and Merrill "bought" the issue, but ultimately lost 15 bps on the deal.  

Shortly after, CapitaLink suffered a similar outcome on a US West debt issue, and JP Morgan abandoned its 

sponsorship.  Without bank sponsorship and capital, the venture was closed.  In retrospect, CapitaLink had a 

market model that was susceptible to 11th hour scooping by investment bank underwriters, and it did not have 

negotiating leverage with issuers to prevent them from accepting the better Wall Street offers that materialized. 

c.  Community and Social Network 

 A new front-end trading technology will develop a community of its participants and users in much the 

same way that floor markets fostered camaraderie.  Members share certain privileges in trading and in lower 

fees, and have an incentive to route orders to exchanges they are in which they are market makers or members.  

A new, fully electronic options exchange, the International Securities Exchange (ISE) launched in 2000, and 

was followed in 2004 by Boston Options Exchange (BOX).  The ISE and BOX compete with the four existing 

exchanges with trading floors.  IT to support options trading in the U.S. has proven to be particularly 

challenging.  In 2005, there were six options exchanges issuing quotes and last trade reports on 1,449 equity 

options classes (stocks covered by put and call options), 165,000 options series, and 550,000 market data 

records. 

The ISE provides membership categories and market-maker designations.  Market-making firms 

purchase exchange memberships, and have greater trading rights and responsibilities than nonmember firms that 

may send orders to the market. The ISE’s fixed number of memberships are either purchased or leased.  

Securities firms initially paid $1.5 million for an ISE competing market maker (CMM) membership and $7.5 

million for a primary market maker (PMM) membership.  In 2007, the ISE had a total of 160 CMM 



memberships, owned by 22 firms, and 10 PMM memberships, owned by eight firms.  Having committed to the 

membership, firms appear to use the ISE more actively.  BOX, on the other hand, is based on a non-exclusive, 

member-less market structure, and all BOX participants have identical access and trading privileges in its 

market structure. 

The fully electronic ISE and BOX markets competed for order flow with four floor-based markets, and 

reduced fees and brought more competition to options trading.  Within three years, the ISE overtook the 

Chicago Board Options Exchange (CBOE) to become the largest exchange by options contracts traded.  The 

acceleration in options trading volumes has been attributed to the arrival of the two new markets (Fig. 1). 

Fig. 4.18 – Four floor-based exchanges dominated equity options 
trading prior to the May 2000 launch of the ISE.  Options contracts 
are either call options or put options and can be linked to either an 
individual stock (e.g., 100 shares of IBM), or an index (e.g., S&P 
500) 

Fig. 4.19 – The ISE and BOX exchanges rapidly gained share from 2000 
to 2005.  Floor exchanges responded with new hybrid technology after 
2000, and fully electronic volumes have plateaued at about 35%-40% of 
total contracts traded. 

  

 

The arrival of the ISE and BOX reflected a transformation since online markets redefined “business 

capabilities and/or (internal or external) business processes and relationships” (Dehning 2003) compared to floor 

or phone-based markets.  The floor exchanges were forced to reduce their trading fees, and to implement 

“hybrid” trading systems that have helped  

Order-routing disclosures by brokerage firms to the SEC provide insights into how the major firms 

distribute their customers’ orders across the six exchanges (Weber, 2006).  Of BOX’s major backers, only 

Citigroup Global Markets (CGM) reported more than 5 percent of its customer options order being routed to 

BOX in 2Q 2004.  According to its Rule 11Ac1-6 report, CGM sent 7 percent of its customer option orders to 

BOX, while 44 percent went to the American Stock Exchange, 39 percent to CBOE and 6 percent to the Pacific 

Exchange.  Unless the BOX can attract a similarly committed group of order-flow providers from among its 



investors – CSFB, J.P. Morgan Chase, Salomon Smith Barney and UBS (USA), along with one of the three 

founding organizations, Interactive Brokers Group – it will remain one of the smaller options exchanges. 

In contrast to BOX, the ISE’s members are among its leading users.  Many of ISE's leading users, 

including Morgan Stanley and Goldman Sachs, also serve as PMMs and CMMs.  The scarcity and exclusivity of 

their market memberships may be providing a further incentive for routing orders to the ISE market.  For all the 

theoretical advantages of an inclusive approach to memberships, new trading systems that do not create a 

committed network of users will find the going difficult.  

Management Challenges 

The growth and importance of financial markets make the issues around optimal trading technology 

important topics for managers.  Market structure principles and market quality metrics are well developed for 

financial markets, and technology opens new possibility in market organization. 

Markets are changing in response to customer needs and new trading technologies. The role of information 

systems has evolved from disseminating price data and supporting clerical functions of floor-based markets, to 

providing fully, open electronic markets.  Yet, the business success of new market technologies is far from certain.  

A number of principles though in the design, business model, and user network appear to able to drive trading 

technology to greater adoption level and better contribution to the marketplace. 
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Chapter 5 – 

A Survey of the International Financial Markets 

 Financial markets around the globe have introduced technology to enhance the visibility of trading, and 

extend their reach to global participants. Improved information and market access has fostered the growth in 

cross-border trading volumes.  The activities of non-domestic investors grew dramatically in the 1980s.  

Between 1980 and 1990, U.S. investors' trading activity increased five-fold in overseas equities, and twenty-fold 

in overseas bonds.  Foreign investors traded fifteen times more U.S. equities in 1990 compared to 1980, and 

thirty times more U.S. bonds.  Exhibit 33 shows that U.S. investor trading in non-U.S. stocks has doubled in the 

past three years. Moreover U.S. investors are now equally like to trade in the overseas market (e.g., U.S. 

investor buys Sony on Tokyo Stock Exchange), as in the U.S. (e.g., U.S. investor buys Sony ADRs on NYSE).  

In addition to facilitating the growth in cross-border trading, many markets have been pressured to automate in 

response to competitive threats from other financial centers. International investors are mobile, and will 

withdraw from markets with rigid and opaque trading mechanisms.  For instance, the 1986 deregulation and 

opening up of the London Stock Exchange attracted trading in many continental securities to London, and 

forced other European exchanges to increase the visibility of their markets, and to enhance their trading systems.  

Internationalization of Markets 

US investor holdings of foreign equities have grown in market value terms at a compound annual rate of 

19% in the period 1990-2003, and foreign holdings of U.S. equities have grown by 16%, while the current totals 

are of a similar order of magnitude (roughly $2 trillion).  From 1990-2003, the value of trading of foreign stocks 

by U.S. investors has grown at a compound rate of 20%, while the trading of U.S. stocks by foreign investors 

has grown faster, at an annual rate of 24%.  U.S. investors have a higher proportion (13%) of their equity 

investments in foreign equities than foreign investors have of U.S. stocks (10%).  The high levels of EU trading 

in the U.S. ($2.3 trillion in 2003), and U.S. trading in the EU ($1.4 trillion) suggests the transatlantic equities 

markets are substantially integrated. 

 U.S. international equity investment Non-U.S. investment in U.S. equity 
(US$ 

billions) 
Value of 
Holdings 

Gross Trading Value of 
Holdings 

Gross Trading 
World EU World EU 

1990 $198 $255 $141 $244 $362 $134 

1995 $777 $741 $373 $550 $915 $357 

2000 $1,853 $3,618 $1,909 $1,626 $7,036 $2,495 

2001 $1,613 $2,845 $1,507 $1,534 $5,986 $2,234 



 U.S. international equity investment Non-U.S. investment in U.S. equity 
(US$ 

 
Value of 

 
Gross Trading Value of 

 
Gross Trading 

2002 $1,345 $2,537 $1,318 $1,223 $6,369 $2,091 

2003 $1,944 $2,823 $1,360 $1,618 $6,193 $2,275 

CAGR 
1990-2003 19% 20% 19% 16% 24% 24% 

Source: Federal Reserve Flow of Funds and US Treasury Department 
Figure 5.1:  Transatlantic Holdings and Trading of U.S. and EU equity securities 

 The 10 biggest stock markets in the world by total value of listed firms include three North American 

exchanges, five from Europe, and two from Asia. 

 Market capitalization of domestic 
listed companies (US$ billions) 

Average daily trading value 
(US$ millions) 

 2005 2004 2003 2005 2004 2003 
1. NYSE $13,310.6 $12,707.6 $11,328.9 $56,052.7 $46,103.8 $38,457.7 
2. Tokyo SE $4,572.9 $3,557.7 $2,953.1 $18,292.7 $13,081.8 $8,607.1 
3. Nasdaq $3,604.0 $3,532.9 $2,844.2 $40,026.7 $34,790.2 $28,048.5 
4. London SE $3,058.2 $2,865.2 $2,460.1 $22,530.6 $20,350.5 $14,267.7 
5. Euronext $2,706.8 $2,441.3 $2,076.4 $11,308.2 $9,544.9 $7,594.4 
6. TSX Group $1,482.2 $1,177.5 $888.7 $3,587.6 $2,578.5 $1,875.0 
7. Deutsche Börse $1,221.1 $1,194.5 $1,079.0 $7,452.5 $5,996.6 $5,135.7 
8. Hong Kong 

Exchanges $1,055.0 $861.5 $714.6 $1,879.6 $1,764.9 $1,194.2 
9. BME Spanish 

Exchanges $959.9 $940.7 $726.2 $6,141.6 $4,794.3 $3,732.2 
10. Swiss Exchange $935.4 $826.0 $727.1 $3,817.7 $3,115.6 $2,441.4 

Figure 5.2:  Ten largest global stock markets (US$ billions)   Source: World Federation of Exchanges 
 
 

Europe-Middle East-Africa.  Five of the 10 largest stock markets are in Europe, and the 22 equities exchanges 

operating in the EMEA region traded shares with an average daily value of $63.9 billion in 2005 up from $53.3 

billion a day in 2004 and $10 billion in 1995.  The smallest exchange in the region, the Malta Stock Exchange, 

had 13 listings and averaged $604,800 in daily trading value in 2005. 

United Kingdom.  The U.K. stock market is the largest in Europe, trading $22.5 billion a day in 2005, up from 

$18.2 billion a day in 2001.  Its trading volume in international (non-domestic/non-U.K.) equities is among the 

largest in the world, and accounted for 43.9 percent of all LSE trading volume in 2005.  In comparison, non-

domestic stock trading in 2004 made up just 4.5% of total volume on Euronext, and 8.6% on Deutsche Börse.  

London’s international equities markets are strengthened by London being the largest currency dealing center in 

the world with over $700 billion in daily turnover, nearly 40 percent of all global foreign exchange turnover, 

according to the Bank of England.  



Germany

In developing a “Finanzplatz Deutschland”, the Deutsche Terminbörse (DTB) proved to be a major 

success as a global financial futures market.  Launched in January 1990, the DTB merged in 1998 with the 

Swiss Soffex market and renamed Eurex.  DTB cost $85 million to develop.  In November 1990, the DTB 

launched its Bund (German Government Bond) futures contract to compete with the active, floor-based LIFFE 

Bund market that opened in 1988.  Despite its technological advantages — e.g., 2 second execution turn-around 

vs. 10 or more seconds on LIFFE — the DTB had just 30% of Bund futures trading volume in early 1993, with 

the rest remaining on LIFFE.  In early 1998, however, the DTB began to place its terminals in the U.S. and its 

market share in Bund trading overtook LIFFE’s. By late 1998, floor trading in LIFFE’s Bund pit was closed.  

Eurex, part owned by Deutsche Börse, has established itself of one of the leading global futures exchanges.  In 

2001, Deutsche Börse went public in a well-publicized IPO. 

.  The 1989 fall of the Berlin Wall and the reunification of the country have had a massive impact on 

the economy.  The country unveiled its plans to establish "Finanzplatz Deutschland", an international financial 

center in Germany.  Reforms have been implemented, and new trading technology has been developed to 

improve the international competitiveness of the German markets.  In January 1991, a transaction tax of 0.10% 

to 0.25% of the value of a transaction was repealed.  Agreement was reached in October 1992 to launch the 

centralized German stock exchange, the Deutsche Börse, to consolidate trading once spread across Frankfurt and 

seven regional markets. 

 
Figure 5.3:  Eurex screen from 1998 shows a transparent market for the Bund contract with displayed bids 

and offers along with depth in the order book 



 
Figure 5.4:  Eurex screen from 2004 with integrated order entry 

 
France.

 In September 2000, the Paris, Amsterdam, and Brussels bourses merged to form Euronext NV, a for-

profit, demutualized Paris-based organization that has since expanded by acquiring London’s LIFFE exchange 

and the Lisbon, Portugal stock exchange.  Euronext completed its IPO July 5, 2001 at an issue price of €24.  Its 

price was €21.60 on November 14, 2002, but rose to €89.65 on December 29, 2006, as it continued to progress 

in its planned merger with the NYSE, which will create a transatlantic giant. 

  The French financial markets underwent a "petit bang" series of reforms in the late 1980s. 

Commissions were unfixed, and in 1988, banks were allowed to purchase stockbrokerage houses. In July 1989, 

the Paris Bourse introduced the CAC system (Cotation Assistée en Continu) for electronic trading. CAC is 

based on the CATS system, which was developed in Toronto to provide order-driven trading based on a 

continuous open order book.  In 1990, Relit, an advanced, $105 million settlement system was implemented.  

Relit took four years to develop, and "dematerialized" settlement, moving all ownership records to electronic 

form, and allowing the destruction of 40 tons of French share certificates.  In 1997, CAC was replaced by 

Nouveau Systeme de Coation (NSC), an enhanced screen-based order book system.  

Switzerland.  SOFFEX (Swiss Options and Financial Futures Exchange), an electronic trading and clearing 

system for derivative instruments, opened in May 1989, and was the first screen-based futures exchange in the 

world.  Recognizing the success of SOFFEX and the likely demise of their floor markets, the Basel, Geneva, and 

Zurich exchanges formed the Association Tripartite Bourses (ATB), which developed, SWX, a screen-market.  

The ATB was renamed the Swiss Exchange (SWX) and headquartered in Zurich. 



 

North America - Canada.  Toronto is Canada’s principal financial center, and the Toronto Stock Exchange 

(TSE) is the tenth largest exchange in the world.  The TSE handles 75 percent of the total value of trading on 

Canada's five exchanges.  The second and third largest markets are in Montreal and Vancouver.  In 1977, the 

TSE introduced the Computer Assisted Trading System (CATS).3

 In 1992, facing the renewal of the lease on the floor market, 80 percent of the 72 TSE member firms 

voted to close the trading floor, which saved C$30 million a year.  The TSE replaced CATS in 1998 with Torex, 

which was build on the Paris NSC system.  In 1999, the 99 members of the TSE voted to convert the from a 

mutually-held exchange to a publicly-traded, for-profit corporation.  Among the goals is to win back the trading 

in the 220 TSE listings that see 25 percent of their trade occurring in the U.S.  On November 6, 2002, the 

Toronto Stock Exchange launched its IPO, renaming itself TSX Group and selling shares at C$18.00 in its IPO.  

Its price at year-end 2006 was C$46.61. 

  At the time, the market floor was fully 

occupied, and CATS provided a means of expanding capacity at low cost.  The original plan was to offer screen-

based trading in less active stocks. In 1990, 840 of the 1,650 listed securities and 22 percent of the TSE's trading 

volume were on CATS.  

United States.   The U.S. financial markets are the largest and most advanced in the world.  The NYSE and 

Nasdaq markets have the greatest volume of equities trading globally, and the U.S. Treasury bond market is the 

largest securities market in the world, with about $506 billion in trading per day in 2H2006 up from $125 billion 

in trading per day in 1997.  In comparison, the NYSE’s average daily volume for the first 11 months of 2006 

was $69 billion (1.8 billion shares), and was $20 billion daily in 1997. 

U.S. Equities.

                                                           
3. Versions of CATS were in use in stock markets in Tokyo, Paris, Brussels, and Madrid. 

  The Securities Act of 1933 and Securities Exchange Act of 1934 created a regulatory structure 

for the U.S. securities industry to guard against fraud and the excesses that were exposed in the October 1929 

crash.  The Securities Exchange Commission (SEC) was established to oversee markets and securities firms.  

Only minor revisions were made to the industry's regulatory structure until 1975.  The Securities Act 

Amendments of 1975 overhauled the 1934 Act, and provided a Congressional mandate for the SEC to develop a 

"National Market System" (NMS) for transacting and trade settlement.  After some initial disagreements, NMS 

was interpreted as a call for upgrading systems and establishing linkages, but not a call for a fully computerized 

securities market. It has, however, led to the introduction of many important market information systems. 



 
♦ The National Securities Clearing Corp. (NSCC) was created in 1976 from the merger of the clearing-houses 

of the NYSE, the AMEX, and the NASD.  

♦ In cooperation with the Securities Industry Automation Corporation (SIAC) and the Depository Trust 
Company (DTC, created in 1973), the NSCC instituted computerized book entry transfer of securities 
ownership, and electronic funds movement for trade payments. 

♦ In 1999, the DTC and NSCC merged to form the Depository Trust and Clearing Company (DTCC). 

♦ The Intermarket Trading System (ITS) implemented in 1978 to link the five regional exchanges and the 
OTC market.  Orders can be routed between markets, off-exchange upstairs dealers, and trades can be 
executed over ITS.  Regional exchanges have offered automated execution systems for small orders that 
guarantee the best ITS price with faster execution time than on the NYSE floor. 

♦ By mid-2006, both the NYSE and Nasdaq will be for-profit shareholder owned companies competing for 
order flow with multiple trading mechanisms including Nasdaq’s Market Center, and the NYSE Hybrid 
Market. 

 
The internationalization of  U.S. equities markets has been facilitated by American Depositary Receipts 

(ADRs), negotiable instruments which represent an ownership interest in the shares of a non-US company.  

Typically, a depositary bank issues dollar-denominated tradeable instruments against its holdings of the 

underlying shares bought in the company’s home market.  All investor operations, including trading, settlement, 

and dividend payment in the ADR, are identical to those for US domestic stocks. The costs of the depositary 

scheme for sponsored issues are borne by the foreign company.  J.P. Morgan reports that as of 2003, 

approximately 2,100 firms had issued ADRs.  They also report that the ten largest US investors in ADRs hold 

one third ($73.5bn) of their international equity investments in ADR form. 

U.S. Futures and Options.  Along with Eurex, the Chicago Board of Trade and the Chicago Mercantile 

Exchange are among the largest derivatives exchanges in the world.  The CBOT and the CME traded an average 

of 1.2 million and 900,000 contracts daily in 1998, and grew to handle 3.2 million and 5.3 million contracts a 

day in 2006 (see Exhibit 38).  The most active contracts on the CBOT are U.S. Treasury bond futures, while 

futures on the Standard & Poor's 500 stock market index and Eurodollar deposits are the volume leaders on the 

CME. 



 
Figure 5.5: Major futures exchanges’ average daily contract volume (in 1,000s) Source:Credit Suisse, Dec. 2005 

The Chicago derivatives exchanges initially sought partners to develop market systems to maintain their 

international position.  Globex was initiated by Reuters and the CME with tremendous fanfare in September 

1987 (Exhibit 39).  Under pressure from its members that saw duplicate development as wasteful, the CBOT 

abandoned its competing Aurora project in March 1991, and joined Globex as a sponsor.  Globex was developed 

at a cost of $80 million, and opened in June 1992.  In March 1993 Globex was handling 3,500 contracts a day 

via 300 linked terminals, up from 1,800 contracts daily in the month after the launch.  At the time, Globex 

accounts for just 0.3% of the volume of the two floor markets.  Discouraged by low trading volumes, Reuters 

left the partnership in 1994.  CBOT launched Project A for after-hours screen-based trading of its contracts.  In 

the fall of 1998 the CME launched GLOBEX2, an updated version of the original system.  Its average daily 

volume in November 1998 was 40,425, or 2% of the CME total.  Globex trading rose to 113,298 contracts a day 

in March 2000 or 15% of volume, and in December 2006, 75% of CME volume traded electronically while 24% 

of volume is traded via open outcry, with the remaining 1% represents privately negotiated transactions. 



 

→ BUYER (1) 
 TERMINAL 

→ → CENTRAL ← 
 COMPUTER (2) 

← (1) SELLER ← 
 TERMINAL 

  ↓   
   MATCH → 

 (3) 
→ → (4) QUOTE  

 VENDORS  
  ↓   
 (5) CLEARING HOUSE  
  ↓   
 COMPLIANCE  
  ↓   
 SURVEILLANCE & AUDIT  
  ↓   

CLEARING 
MEMBER 
ADJUSTS 

MARGIN AND 
POSITION (6) 

 
←  → 

CLEARING 
MEMBER 
ADJUSTS 

MARGIN AND 
POSITION (6) 

Figure 5.6:  Globex Trading (1987) – An early system for computer-based futures trading.  Steps in trade 
processing are: (1) Buy and sell orders entered at terminals  (2) Customer credit is screened  (3) Buy and sell 
orders are matched based on price and time priority  (4) Trades are executed and market data disseminated in 
real time  (5) Confirmed trades are sent to the clearing system for settlement processing  (6) Clearing member 

firms settle for buyer and seller account. 
 

Competition among U.S. Markets.

 Equities trading away from the NYSE in NYSE-listed stocks is increasing.  In 1980, just 12 percent of 

reported trading in NYSE-listed stocks occurred off the NYSE floor.  In 1999, it was 17.2 percent, and was 22 

percent in 2005.  The NYSE faced with growing competition for trading order flows and a challenging 

regulatory landscape decided in 2005 to merge with Archipelago, a publicly traded operator of a competing 

ECN platform for trading.  The merged entity, named NYSE Group, was initially 70% owned by NYSE seat 

holders and 30% owned by Archipelago shareholders. 

  U.S. exchanges have long competed vigorously for trading volume. Most 

major stocks trade actively in several markets.  Market participants refer to the NYSE and the AMEX as the first 

market.  The five regional exchanges (Boston, Philadelphia, Cincinnati, Chicago, and San Francisco) are 

considered the second market.  The third market is made up of dealers trading over the telephone from offices 

using NASDAQ screen prices.  The fourth market is direct trading between institutional investors through 

systems such as Liquidnet and Pipeline.  Technology has led to a proliferation of third and fourth market trading 

systems, which have proven to be attractive to investors and traders.   

 Inter-exchange competition for equity options in the U.S. intensified in May 2000 when the all-

electronic International Securities Exchange (ICE) launched.  At the time four floor-based exchanges in Chicago 



(CBOE), New York (Amex), Philadelphia (PHLX), and San Francisco (PSE) maintained high trading fees and 

an arrangement that assigned one exchange exclusive trading privileges in one company’s options.  For instance 

all Dell options trading took place on PHLX.  The Boston Options Exchange (BOX) opened its computerized 

market in 2004.  Innovations and competition have led to strong growth in options trading volumes from 2.7 

million contracts a day overall in 2000 to 13.0 million in 2008. 

 
Figure 5.7:  U.S. equity options exchanges – Six exchanges compete for order flow with all 

growing, and the new, all-electronic ISE and BOX growing the most rapidly 
 

Several lessons are emerging from the U.S. experience with aggressive inter-market competition for 

order flow. Transactions costs to investors have generally fallen, but the multiplication of electronic market 

systems and the varied level of information disclosure in some trading mechanisms make it difficult for 

investors to assess the quality of the trade prices.  Liquidity and the precision of price discovery are greatest 

when trading is centralized.  Thus, the growth in trading systems that "bypass" the central marketplace may lead 

to costly duplication and inefficiencies.  The NYSE argues that off-exchange trading systems "free-ride" on the 

prices discovered in the floor market, but contribute little to the costs of operating the exchange.  Some 

observers fear "competitive fragmentation" and a tiered marketplace with securities trading in different prices in 

different places, leaving only the most sophisticated traders to know where to obtain the best price.  After 

reviewing these market fragmentation issues, the SEC in 2004 approved Regulation NMS, which went into 

effect in 2007. 

Asia.  The Asian financial industry was dominated by Japan in the 1980s and early 1990s. In recent years, the 

expansion of markets elsewhere in Asia has created a more balanced group of financial centers.  The success of 

Asian companies in international markets, and a high saving rate have led to vast pools of investment capital.  



The region’s smallest stock market is the Colombo Stock Exchange, which is the main Sri Lankan stock 

exchange, with 239 listed companies and $4.6 million in average daily volume in 2005. 

 
Market capitalization (US$ 

billions) 
Average daily trading value (US$ 

millions) 
 2005 2004 2003 2005 2004 2003 
1. Tokyo SE $4,572.9 $3,557.7 $2,953.1 $18,292.7 $13,081.8 $8,607.1 
2. Osaka SE $2,969.8 $2,287.0 $1,951.5 $883.4 $546.2 $459.3 
3. Hong Kong 

Exchanges $1,055.0 $861.5 $714.6 $1,879.6 $1,764.9 $1,194.2 
4. Australian SE $804.0 $776.4 $585.4 $2,668.2 $2,053.6 $1,470.2 
5. Korea Exchange $718.0 $389.5 $293.9 $4,862.1 $1,961.5 $1,858.4 
6. Mumbai SE $553.1 $386.3 $278.7 $633.4 $465.5 $350.8 
7. National Stock 

Exchange India $516.0 $363.3 $252.9 $1,253.7 $1,025.2 $798.7 
8. Taiwan SE Corp. $476.0 $441.4 $379.1 $2,370.0 $2,875.2 $2,376.4 
9. Shanghai SE $286.2 $314.3 $360.1 $985.6 $1,328.5 $1,062.1 
10. Singapore Exchange $257.3 $217.6 $173.8 $465.8 $423.9 $364.8 
Figure 5.8:  The 10 Largest Asian Stock Markets   Source: World Federation of Exchanges 

Japan.

The TSE’s trading mechanism is an agency auction overseen by a "Saitori", a special class of TSE 

member, that matches submitted orders, and smoothes price swings by calling trading halts when an imbalance 

of buy and sell orders exists.  An early user of trading technology, the TSE Computer-assisted Order Routing & 

Execution System (CORES) system was implemented in 1982.  TSE stocks have "price collars" that specify the 

maximum allowable price movement in a day.  When these limits are reached trading stops and can continue 

only at prices within the limits.  The TSE suffered a complete market system failure halting the market for over 

four hours on November 1, 2005.  In December 2005, TSE systems failed to cancel a mistaken order from a 

Mizuho trader to sell 610,000 shares for one yen, instead of one share for ¥610,000, and was then forced to close 

early January 17, 2006 when its order handling capacity of nine million was reached.  In March 2006, 

announced plans to invest $529 million over the next three years on upgrading its electronic trading platform.  

   The Tokyo Stock Exchange (TSE) was the world’s largest equities market by capitalization in 1988, but 

by 1992 it placed third behind the NYSE and Nasdaq.  In 1997, the TSE’s position had dropped to seventh 

among world equity markets.  After rising at 20 percent annually between 1980 and 1990, prices in the Japanese 

stock market suffered a prolonged slump in the 1990s.  The market index fell by half, and trading volumes 

remained below their peak levels from 1988 until 2003.  After a recovery in 2005-2006, the TSE moved into 

second position among global exchanges by market value and fourth by trading volume in 2005. 



Dragon Countries.  The Asian market crisis that was triggered by the July 1997 plunge of Thailand’s currency 

led to falls of 50 percent and more in most Asian markets.  A steady recover by in Singapore, Hong Kong, 

Taiwan, and Seoul (Korea), the financial capitals of the four Dragon countries, led to renewed confidence in the 

region.  These dragon countries experienced rapid economic growth and development, and while the financial 

markets in these countries are not large by New York-London-Tokyo standards, they are growing rapidly, and 

have deployed trading technology aggressively.  In Taiwan, for instance, share prices, which in the early 1990s 

were posted on chalkboards with traders using binoculars to monitor changes, are now disseminated 

electronically from the country’s computerized exchange.  The acceleration of China’s economic growth in the 

1990s has expanded trading in Taiwan and Hong Kong, where trading volume rose to $1.3 trillion in 1997 

nearly matching the Paris Bourse’s $1.4 trillion in volume that year. 

China.

 

  The financial markets in China have tremendous potential, but have proven to carry enormous risks. 

China’s financial industry is developing rapidly, but with little leadership or regulation.  In 1992, fifty 

companies were listed on the Shanghai and Shenzen exchanges — up from 15 in 1991 — and daily trading 

volumes were $68 million in 1992 compared to $7 million daily in 1991.  The speculative frenzy of the early 

1990s and subsequent losses have hindered capital formation, but as commercial and property laws are written, 

accounting standards are established, and technology improves, the Chinese markets will grow and attract 

greater global interest. 



Chapter 6 – 

Financial DSS4

 
 

 Market volatility and innovations in financial trading have made investment decision making increasingly 

complicated and risky.  Yet, the availability of reliable financial market data and powerful software tools has 

never been greater.  In this environment, decision support systems (DSS) are playing more important roles 

and improving the quality of decisions made by both professional and individual investors.  This chapter 

illustrates the capabilities of financial DSS with several examples of spreadsheet-based investment modeling 

and decision analyses.  For investors seeking better decision performance, DSS tools are essential.  The DSS 

illustrations include portfolio optimization (see Chapter 3), arbitrage trading models (see Chapter 8), and 

value-at-risk modeling (see Chapter 9).  The examples highlight the basic features an investment DSS would 

provide.  With some extensions, these are the features that would be evident in the most powerful 

commercial investment software packages. 

6.1 Introduction 

Greed and fear drive investment choices in financial markets.  Increasingly, decision support systems 

(DSS) feature prominently in the process of making investment choices also.  For both individuals and 

professional fund managers, investment decisions are complex with catastrophic losses possible.  Investors and 

portfolio managers today face daunting challenges in selecting the best investments from among an expanding 

range of alternatives.  Investing though is well suited to computerized decision support.  Today, DSS 

technologies have joined greed and fear as pervasive elements in making investment choices and managing 

financial portfolios. 

Investing intelligently today requires computerized support.  Market uncertainty and price risk make 

decision-makers vulnerable to decision biases, and cognitive limitations can lead to poor quality investment 

decisions (Dawes, 1988).  New instruments, derivatives, and hedging opportunities have expanded the choices 

in recent years.  Yet, vast quantities of historic data and forecasts, and analytic models are available to 

investors to help guide their choices and determine the best portfolio given their requirements and tolerance for 

risk. 

This chapter will illustrate the roles that DSS can play in financial management and investing.  Decision 

support tools are available today to give investors – professionals and individuals alike – well-grounded 

                                                           
4 From Weber, B. “Financial DSS: Systems for Supporting Investment Decisions”, forthcoming: Springer’s Handbook on 
Decision Support Systems (2007) and Springer-Verlag’s International Handbook on Information Systems (2007) 



methods to make disciplined portfolio choices.  With computerized tools, investors can perform better, even 

when confronted with the swelling number of investment alternatives, and overwhelming quantities of market 

data. 

The focus will be on financial analysis tools implemented in DSS to support individuals deciding how to 

invest their personal savings, or to aid more sophisticated approaches used by investment institution managing 

larger asset pools.  The challenge in the design and development of DSS tools is to retain the investors’ 

preferences and goals in a way that helps them overcome decision biases and cognitive limitations.  The result is 

improved quality of investment decisions made by DSS-equipped investors, and greater profits with less risk.   

Today, powerful DSS for an individual investor can be created with a spreadsheet combined with the 

detailed, historical market data now available at, for example, Yahoo!-Finance.  Yet, despite the promise of 

computer-based decision support, few investors take full advantage of the capabilities of DSS to guide their 

investment choices. 

6.2 Decision Support Systems 

DSS are interactive computer-based systems that aid users in judgment and choice activities.  By 

streamlining complex data analyses and providing rich presentation formats, DSS users are able to make more 

informed decisions.  Thus, the basic goal of DSS is to provide the necessary information to the decision-maker 

in order to help him or her get a better understanding of the decision environment and the alternatives available. 

The typical structure of a DSS includes three main parts: the database/data warehouse, the model base, 

and the user interfaces.  The databases available to a DSS should include all the information and data that are 

necessary to structure the decision problem at hand and perform the needed analyses.  Data entry, storage, and 

retrieval are performed through a database management system that may not be under the user’s control.  The 

model base is a storehouse of methods, techniques, and models that are applied to the raw data to perform the 

analysis and support the decision-making process.  It is important that these models produce understandable 

analyses and meaningful output for the decision-maker.  The model management system should perform tasks 

such as model development, changes, presentation, and retrieval.  Finally, the user interface communicates 

between the DSS and the user, and links the database and the model base with the output.  The design of the user 

interface is essential for the effectiveness of the whole system.  Without a clean and consistent interface, users 

cannot take full advantage of the analytical capabilities that the system provides.  For instance, IT advances 



enable graphical user interfaces (GUIs) that are far more user friendly and intuitive than early 1970s-style DSS.  

The result is a shorter learning curve and greater DSS use. 

In financial markets, decision support technologies are essential to maintain the good health of any 

investment portfolio.  “Greed”, which is the hope of outsize profits from an investment, needs to be balanced 

against “fear” - the risk of a large loss from an ill-chosen investment.  As importantly, investors need to 

diversify and avoid having “all their eggs in one basket.”  Advances in financial theory, and an explosion of data 

sources, have enabled risk and diversification to be calculated and analyzed. 

6.2.1. DSS Applications in Financial Decision-Making 

In the time since their introduction in the late 1960s, DSS have been implemented to tackle a variety of 

real world decision-making problems, including financial management problems and portfolio management.  

The portfolio management process involves the analysis of a vast volume of information and data, including 

financial, stock market, and macroeconomic data (Elton and Gruber, 1995).  Digesting a vast flow of 

information for every available security in order to make real time portfolio management decisions is a cognitive 

and technical challenge.  The support of a specifically designed computer system is required to facilitate the data 

management process, and also the implementation and analysis of financial models. 

Financial DSS can be defined as computer information systems that provide information in the specific 

problem domain of finance using analytical decision models and techniques, as well as access to databases, in 

order to support an investor in making decisions effectively when their problems are complex and ill-structured.  

Financial DSS software should directly support modeling decision problems and identifying best alternatives 

(Palma-dos-Reis and Zahedi, 1999).  A financial DSS therefore formalizes domain knowledge about financial 

management and portfolio selection problems so that it is amenable to modeling and analytic reasoning. 

The role of a financial DSS can be of that of a normative system that leads to a clear “solution” – i.e., 

recommendations are based on established theoretical principles.  Or, it can be a decision-analytic DSS that 

supports the process of decision-making but retains subjective elements and does not necessarily lead to a clear 

ranking and a unique best alternative. 

Components of a financial DSS are the same as those of other DSSs: data base, model base, and user 

interfaces.  A DSS will retrieve information from large databases, analyze it according to user selections and 

suitable models, then present the results in a format that users can readily understand and apply.  In the next 



section, illustrations will stress the contribution of the user interfaces to the ultimate quality of decisions and to 

the confidence the user has in their decision process. 

Early research on DSS predicted that computerized decision support would find widespread application 

in financial decision making.  Tom Gerrity’s 1971 Sloan Management Review article, "The Design of Man-

Machine Decision Systems", details a DSS application for portfolio management that was designed to support 

money managers in their short- and long-term management of client stock portfolios.  Since Gerrity’s research, 

advances in asset management methods and more powerful IT have led to more sophisticated DSSs for portfolio 

management. 

Financial planning also proved to be readily implemented as DSS tools.  Early financial planning DSS 

were intended to provide end user functions and accessibility that would allow executives to build models 

without data processing expertise and programmer intermediaries.  Solving a number of problems (see Figure 1) 

in financial management turned out to be readily accomplished using early PC-based DSS tools. 

Financial management 
objective 

Decision problem 
addressed 

DSS models and tools – examples 

Financial forecasting Projections for planning 
purposes and budgeting 

Smoothing, Autoregressive/ Moving 
Average models 

Cost of capital 
calculations 

Setting hurdle rates and 
measuring performance 
objectively 

Discounted Cash Flow (DCF) and 
Internal Rate of Return (IRR) 

Capital budgeting Allocating scarce funding 
across a set of internal 
investment projects 

Net Present Value (NPV),  Payback 
period, Real options valuation 

Financial risk analysis Cash flow shortfalls, 
liquidity risks 

Simulation, sensitivity analysis 

Financing growth 
business 

Choosing among 
alternative funding sources 
for early-stage enterprises 

Evaluation of discrete deals and 
alternatives, debt ratios, flexibility 

Credit analysis/ 
Borrowing qualification 

Credit quality and 
willingness to lend 

Ratio analysis, interest coverage 

Figure 6.1:  Functions in financial management (Graham and Harvey, 2001), and their associated 
problems and DSS tools and models for solving/supporting decision maker 

The Interactive Financial Planning System (IFPS) was a popular DSS tool for financial analysis, and 

was widely used from its 1978 launch as a mini-computer package until the early 1990s.  See "An Introduction 

to Computer-Assisted Planning Using the Interactive Financial Planning System" (Execucom, Austin, TX 1978) 

for details of its functionality.  IFPS, in common with other DSS packages, implemented models in a 

transparent, natural language that separated the financial model from the data.  Spreadsheets, with their 



universality and their ease-of-use, eventually overtook specialized tools such as IFPS in popularity and features.  

Unfortunately the separation of data and model in DSSs – highly recommended by Sprague and Carlson (1982) 

and other DSS researchers – is lacking in spreadsheet DSS. 

The standard DSS components can be found in a financial DSS (Figure 2).  Context knowledge and 

experience, along with solution methods, are combined to develop the appropriate model for the problem.  From 

there a decision model is implemented in a DSS, which provides the analytic capabilities and outputs to enable 

the financial decision to be arrived at confidently. 

 
Figure 6.2:  Flow diagram of steps and functions in supporting investment decisions 

 

 The next section will describe the flow of investment decision-making and activities, and outline the 

applications of DSS to investment decision making. 

6.2.2. DSS for Investment Decisions 

Portfolio management is one of the most central problems in modern financial theory. It involves the 

selection of a portfolio of securities (stocks, bonds, derivatives, etc.) that maximizes the investor’s utility.  The 

process of constructing such a portfolio consists of several steps (Figure 6.3).  In step one, the investor or 

portfolio manager has to determine the securities that are available as investment instruments.  The vast number 

of available securities makes this step necessary, in order to focus the analysis on a limited number of the best 

investment choices.  A decision-maker’s investment policies and risk tolerance may narrow the field.  For 

instance, some asset managers are only allow to hold bonds that are rated investment grade by the major bond 

rating agencies (e.g., Moody’s and Standard & Poor’s).  This investment policy restriction eliminates 
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speculative grade securities from the available universe.  Other funds avoid “sin” stocks of companies selling 

tobacco, firearms, or operating gambling venues.   

On the basis of the screening stage, the decision-maker in step two accesses and evaluates the relevant 

data for their screened securities universe.  An optimization model is then used to select and assign “weights”, 

the percentage of total assets, to the far smaller number of securities that constitute the best investment portfolio 

in terms of risk and return.  In the third step of the process, the decision maker must determine the number of 

shares or bonds that should be purchased or sold based on the amount of the available capital that should be 

invested in each security.  The portfolio decisions should be implemented via trading in ways that keep 

transactions costs low (Schwartz, Francioni, and Weber, 2006) 

 The decision-making flow of an investor or fund manager has four components, beginning with 

investment decisions, and flowing through to trading and back-office and accounting operations. 

 
Screening the 

universe of 
alternatives 

and asset class 
allocation 

 
 
 
→ 

Evaluation of 
potential holdings 
in each class and 
construction of 

optimal portfolio 

 
 
 
→ 

Trading orders 
to buy or sell. 
Communicate 
with market or 

broker 

 
 
 
→ 

Monitoring the 
portfolio and its 

ongoing 
performance and 

characteristics 

Selecting among 
potential invest-
ment classes, 
such bonds, 
stocks, 
commodities, 
and real estate. 

Screening by 
asset 
characteristics, 
objectives, and 
fund policy 
restrictions.  

 Pre-processing of 
information and 
development of a 
data set from 
historic prices. 

Determine volatility 
and correlation 
levels in order to 
diversify across 
stocks, bonds, 
sectors, borders, etc  

 

 Transmit investor 
orders to the 
appropriate 
marketplace for 
order matching, 
trade execution. 

Trade details 
passed to clear-
inghouse and 
portfolio 
accounting 
systems for safe 
settlement. 

 Monitor exposure 
and identifying the 
need to rebalance and 
adjust the holdings as 
prices change and 
conditions change. 

Mergers, tenders, 
proxy votes and other 
corporate actions, 
along with bond calls 
and convertibles 
bond provisions can 
require changes. 

Figure 6.3: Flow diagram of securities investment decisions 
 

 Beyond portfolio record-keeping, vendors and in-house systems groups have developed information 

technology to support all stages of the securities investment process from stock screening and portfolio risk 

modeling to trade order management systems.5

                                                           
5  Leading commercial vendors of portfolio management systems include Barra, Northfield Information Services, Wilshire 
Associates, and Vestek. 

 



 Systematic approaches to portfolio management emerged from the work of Nobel laureate Harry 

Markowitz (1952, 1959) that underpins Modern Portfolio Theory (MPT).  Investors benefit by diversifying their 

investment portfolio by holding a range of securities.  The value of diversification was quantified by Markowitz, 

who demonstrated that a diversified portfolio provides either a higher expected rate of return or a lower variance 

(risk) of return than an undiversified portfolio. Since MPT’s advent, investors have expanded their attention 

beyond selecting attractive individual investments to examining the overall characteristics of their portfolio. 

Research based on Markowitz (1952) showed that systematic and disciplined approaches to investing 

outperform intuitive and unaided investment decision-making.6

Today’s financial technology provides numerous alternatives for successful investment decision 

making.  Sophisticated DSS tools are used for fundamental and technical analysis, back-testing, and simulation, 

and can lead to improvements in performance.  Even though individual interactions among the variables in a 

financial model may be well understood, predicting how the system will react to an external shock such as a 

volatility spike or interest rate shift is essential to enhancing decision making. 

  Yet, MPT does not provide a single prescription 

for all investors.  It allows for variation in investment horizons and individual preferences toward risk.  

Moreover, its optimal portfolios are sensitive to assumptions such as estimates of volatility and correlations 

levels.  This means that the set of investments will differ as assumptions diverge, and what is suitable to one 

investor may not be for another.  The use of a DSS can help to ensure a consistent process that is based on MPT, 

and that is adhered to in spite of the ebbs, flows, and emotions of markets. 

Investment decisions can fall anywhere on the structured to unstructured continuum of problems.  For 

example, portfolio theory offers a precise tool for constructing a portfolio, but its input parameters are subject to 

misestimation and individual judgment errors.  Unstructured decisions for investors involve assessing data 

quality, understanding risk tolerance, and forecasting parameter values.  These are particularly strong challenges 

that arise when investing in new and illiquid, or emerging market securities, where historic data is limited. 

6.4  Conclusions 

 Financial DSS for investment decision-making are in wide use today.  Despite their presence, 

opportunities exist to more fully exploit the power of DSS, particularly among small professional investors and 

individual investors.  The standard components of DSS (Figure 6.2) are evident in investment DSS: database, 

                                                           
6  However, unreliable statistical estimates caused by empirical data allow other approaches such as naïve 1/N 
diversification (equal weights to all portfolio components) to do as well as Markowitz-optimized portfolios (DeMiguel et 
al., 2006) 



model base, and interfaces.  The examples detailed in the previous section, illustrated the specific instances of 

these components. 

DATABASE  USER 
INTERFACE 

 MODEL BASE 

 ↔ ↔  
− Financial data: 

live/real-time and 
historical 

 
↑ 

↓ 

 − Portfolio 
optimization 

− Forecasts   − Arbitrage analysis 

− Current 
investment 
holdings 

 USER/ 

Investor 

 − Value-at-Risk 
simulation 

Figure 6.4: Key elements of a financial DSS for investor decision making 

This chapter provided three illustrations of spreadsheet-based DSS for investment modeling and 

decision making.  The role of DSS for investment management is valuable and important for improving 

decision quality.  As the methods and models in investment DSS become more widely understood and 

implemented, decisions and outcomes for investors will improve.  While greed and fear continue to drive the 

challenge of investing, their harmful influences on decision making can be minimized by DSS.   
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Chapter 7 – 

Options Trading Analytics 

 Options and derivatives markets are reliant on data and analytic models to determine valuations.  Tools for 

options analysis  

7.1 Options basics 

 

 Option contracts govern the purchase or sale of other securities or commodities. Options are derivative 

instruments; that is, an option derives its value from another asset.  Options are either call or put options. 

 

− The buyer of a call option purchases the right, but not the obligation, to buy

− The call option 

 an underlying asset for a fixed 

strike price up to the option’s expiration date.  

writer (or seller)

 

 assumes the potential obligation to sell the underlying asset at the strike price 

upon demand.   

− The buyer of a put option purchases the right, but not the obligation, to sell

− A put 

 an underlying asset at a fixed strike 

price during a specified period of time.  

writer

 

 assumes the obligation to buy the underlying asset upon demand.   

 The price paid for a Put or a Call is called the option's premium.  

 

 An option contract ceases to exist (is destroyed) when: (a) the buyer of the contract exercises his or her 

right and buys or sells the asset at the strike price, or (b) when the option expires, or (c) when the writer of the 

contract repurchases his or her obligation. 

 

Option contracts are specified by six parameters: 

1. Underlying asset (e.g., Cisco 
stock, or Crude Oil futures 
contracts)  

 
– The option owner has the ability 
to buy (call) or sell (put) the 
underlying asset at the prespecified 
price (strike price). 
 

2. Expiration date (e.g., Mar06) 
 
– The date on which the option 
expires is the last day for the owner 
to exercise the option and buy 
(call) or sell (put) at a prespecified 
price. 

3. Price/premium (e.g., $0.32 
per share) 

 
– The market price for the option. 

4. Strike price (e.g. $15) 
 
– The option owner has the ability 
to buy (call) or sell (put) the 
underlying asset at the prespecified 
price (strike price). 

5. Type (put or call) 
 
– By itself, buying a call option 
reflects a belief the underlying 
asset’s price will rise, while buying 
a put is profitable when the 
underlying price falls. 

6. European or American style 
exercise 

– An American-style option may 
be exercised at any time prior to its 
expiration. A European option is 
only exercisable on its expiration 
date. 

 
What is any given call or put option worth?  The factors that affect the value of an option are: 



1. Current price of the underlying asset 2. Time left to expiration 

3. Volatility of the underlying asset 4. Interest rates 

5. The strike price of the option 6. Income/dividends from the asset 

 
 
7.2 OptionSimulator Tutorial 
 
 OptionSimulator is a sophisticated decision support system for options analysis and hedge construction.  

The software was developed by Rudi Binnewies, a former options trader on the Pacific Exchange in San Francisco.  

Click “Help” on the OptSim menu for a tutorial and additional information on OptSim commands. 
 

7.2.1 Starting a Simulation 

 

To start a new OptSim analysis, click on File | New.  If you have previously saved a simulation using File | Save 

or File | Save As you can use File | Open to reactivate it.  OptSim files have a *.sim suffix. 

 

After File | New, a dialog box opens prompting you to 

select the underlying asset.  Here’s how to do it.  We’ll 

begin with Stock options, so you should select Stock 

as the Underlying asset type.   The other options that 

can be analyzed with OptSim are options on Market 

Indexes, Commodity Futures, and Currencies. 

 

Then, select the specific stock you will use as the 

underlying asset.  If the stock you want is already in the list, highlight it 

and click the Select

 

 button.  Otherwise, you must define it using STOCK - 

Generic Stock.  

To define a new underlying asset, select any asset from the list box and 

press the Define

 

 button to open the Define stock window.  Fill out any of 

the following information (leave other default values). 

1. Stock Symbol – this is the ticker symbol of the underlying stock. 

Choose the symbol you want. 

 

2. Name – this is the name of the underlying asset or stock. 

 

3. Multiplier group – For Equities, contracts are already set for 100 units of the underlying stock, e.g. the 

number of units of underlying asset which you get by exercising 1 call option contract is 100 shares.  See the 

example below the multiplier for coffee options is the contract size of 37,500 pounds.  Trade prices are cents per 



pound (e.g., 75.70 cents/lbs.)  The P/L multiplier can be set to 0.01 so that the profit & loss is displayed in 

dollars. 

 

4. Prices group – Decimal prices have replaced 

fractional prices based on 1/8th’s in many markets. 

 

5. Data group – Dividends affect options values, 

so these payouts must be entered.  Shareholders on a 

certain declared date receive the dividend, and the 

next day is the Ex-Dividend date. 

 

Click the Done button to return to the Choose an 

underlying stock window.  Then, select the stock you just defined and click the Select 

 

button. 

Adjusting the Underlying Asset’s Parameters 

 

After you have selected the underlying 

asset, you must enter its current price.  To 

do that, select Params | Variables from the 

menu bar.  The Stock Option Variables 

window opens.  You can then enter the 

current price.  

 

Notice that you can also adjust other 

characteristics of the underlying stock, such as Volatility and Look Ahead Date.  For instance, to simulate the 

option position at expiration, change the Look Ahead Date to the expiry date (Usually the third Friday of the 

month of expiration).  Click on the Done

 

 button when you are finished. 

7.2.2 Entering the Portfolio Position 

 

After you have defined the characteristics of the underlying asset, you must enter your portfolio (position). To 

do that, select Params | Positions.  

 

Your position is made of a series of “legs”.  Each leg represents a position in a particular financial instrument.  

For instance, one leg may represent your position in the underlying asset, and another your position in the May 

85 call option.  You must enter each leg one at a time. After you have entered one leg, validate it with the Enter

 

 

key. 



The position dialog box accepts position legs in the underlying asset and position legs in options on the 

underlying asset.  This is how you enter positions: 

 

1)  Underlying asset positions 

 

All underlying asset positions are entered in the same way: size 

followed by pressing the Enter

 

 key.  A negative sign preceding size 

indicates a short position, the absence of a sign indicates a long 

position.  Do not enter a symbol or a market price. 

Examples: 

 −1000  A short position of 1,000 shares of the stock 

 10000  A long position in 10,000 shares of stock 

 

The price entered earlier into the Params | Variables dialog box is the assumed current market price of the 

underlying asset for the simulation. 

 

2)  Option Positions 

 

All option legs are entered the same way: 

 

size  type  expiration  strike  [price] 

 

Each item is separated from the next by a space.  An option leg is 

validated by pressing the Enter

 

 key.   If no price is entered, OptSim will 

compute it automatically using as a valuation formula such as the 

modified Black-Scholes model for American-style exercise options. 

1. size – number of contracts held long or short. For a long position size is positive, for a short position size is 

negative. 

 

2. type – represented by a single letter: c for call options, p for put options. 

 

3. expiration - expirations of contracts expiring within twelve months are described by a three character month 

abbreviation mar, sep ... plus a date and plus a two digit year dec16-05, mar17-06, jun16-06, ...  

 

4. strike - the strike price of the option 

5. [price] - in OptSim you may enter the market price for the option contract.  If a market price is entered it 

must be from the same day and time period as the price of the underlying asset entered into the Variables 



and Position window.  If a market price is not entered, Option Simulator supplies a theoretical value that 

will thereafter be used in place of a market price. 

 

Examples: 

−2 c may19-06 85 3.65 
A short position in 2 call options (notice the minus sign before the 
2).  The options expire in May.  The strike price is $85. The current 
market price for the option is $3.65 per share 

  

1 p mar17-06 80. 
 

A long position in 1 put option contract. The option expires in 
March.  The strike price is 80.  Leaving out the market price 
instructs OptSim to calculate (based on Black-Scholes or another 
formula) the option’s fair value.  The computed value will appear in 
the position box in place of the market price. 

 
When the position has been entered, click on the Done

 

 button.  Exchange traded stock and index options 

generally expire the 3rd Friday of month.  However, customised options legs can be entered into an OptSim: 

101 p Mar6-06 1.68 
This is a leg with 101 put options that expires on Monday March 6, 
2006.  The strike price is a non-standard $1.68 (usually priced in $0.05 
increments). 

 
To change any position, use the Params | Positions command again. In the Positions window, select the leg to 

be changed, and click on the Edit leg button.  After the changes have been made, make sure to type Enter.  

 

You can also clear the entire position (Clear Position button) or clear a specific leg (Clear Leg button).  After all 

changes have been made, leave the window by clicking the Done button. 

 

7.2.3 Simulating the Portfolio Position 

 

After you enter variables and positions, you can visualize the payoffs and associated risks of your portfolio.  Do 

this by selecting Simulate | Draw Graph to display the graph and calculate exposures. 

 

To compare the risk profile of different portfolios, you can visualize more than one position on a given graph.  

To do that, select Simulate | Overlay Graph. 

 

After you have graphed a particular position, you can go back and change the portfolio (using the Params | 

Positions command), and graph the new position on top of the old one. 

 

In the graph window, the command Foreground allows you to bring the values, variables, and positions 

associated with the selected graph color into the Stock display window.  You can then look at the details of the 

position, or make any changes you want to the position (using the Params | Positions command to make 

changes to the position, or the Params | Variables command to change the Volatility or the Look Ahead Date).  

You must then redraw the chart using the Simulate | Overlay Graph command. 

 

The command Delete erases the overlay associated with the selected graph color. 



 

The command Detail bring up a magnifying glass and a profit and loss table.  The values displayed in the table 

correspond to the horizontal position of the magnifying glass along the X-axis (price axis). 

 

7.3 Hedge Construction with Optsim 

 

 So far, this chapter has described OptSim’s use as a sophisticated options valuation calculator.  Its full value 

though comes from its use in decision support for comparing alternative options trading and hedging strategies.  

Next I illustrate some roles options analysis software could play for a derivatives trader on a dealing desk. 

 

 Some investors use derivatives for their attractive portfolio risk-return characteristics, while many others use 

derivatives for risk management and “hedging.”  The portfolio approach assumes that an investor buys and sells 

derivatives for the same risk-return reasons that investors buy or sell any asset.  From this perspective, derivatives 

transactions involve speculation and minimal hedging.  The fraction hedged depends on the investors' degree of 

risk aversion. 

 

 Risk management and developing attractive position hedges is one of the primary uses of derivative analysis 

software.  Option Simulator allows for entering up to 12 legs can be used as a decision support system to analyze 

alternative hedges that limit a trader’s risk of adverse movements in the value of an asset.  One motivation for 

hedging in derivatives markets is to "lock in" the profit from a trade at an attractive price (i.e., selling above the fair 

value or buying below).  This is a type of arbitrage, and can fall into two categories: risk-free arbitrage and delta-

neutral hedging. 

 

1)  Risk-Free Hedges.  Financial hedging involves creating offsetting positions that reduce the overall position 

risk.  For instance, a trader with a long stock, bond or index position, to offset the risk, can fully hedge by creating 

a short position that can be synthesized in three transactions: 

 

[1] Buy a Put 

[2] Sell a Call (at the same exercise price) 

[3] After completing the first two trades, borrow the present value of the exercise price.  

 

If market prices are “in line”, the funds generated from [1], [2] and [3] above will be identical to the revenue that 

would have resulted from selling the stock.  The option “conversion” equation below reflects the arbitrage-free 

price relationship that will hold in the stock and options market: 

 
 

Put Premium – Call Premium + Stock Price = PV(Strike Price) 
 

 
 In the formula, PV is Present Value, to reflect interest rates and the “time value of money”, since £5.50 is 

worth more the sooner it is paid to you (then you can begin to earn interest on it).  The parity relationship holds, 



because at expiration, the synthetic position in put and call options becomes a position in the real underlying asset 

regardless of the price of the stock.  Thus, a “free money” arbitrage opportunity exist if the equation above does 

not hold.  Consider the following example of three trades made simultaneously prior to March 17, 2006: 

 
 Cost to trader 
Buy 100 shares for £5.60 £560 
Buy Put Mar17-06 with £5.50 strike price £0.20 £20 
Sell Call Mar17-06 with £5.50 strike price £0.30 –£30 (you receive this) 

Net cost £550 
 
Ignoring the present value computation for now, one (but only one) of the options will be exercised at expiration. 

 
– If the stock is less than £5.50 at expiration, the trader uses the put option to sell the 100 shares at the 

£5.50 strike price. 
– Or, is the stock is greater than £5.50 at expiration, the call option will be exercised and the trader will 

sell the 100 shares at the £5.50 strike price.   
 
In all cases, the trader is certain to receive £550 at expiration and give up the 100 shares – making it a zero-profit 

transaction.  But what if the share price were £5.50 at the time of the three trades?  (The net cost would be £540, 

but we are guaranteed to receive £550 there is free money if parity or the conversion equation does not hold. 

 

The conversion equation can also be used to show that, for instance, a long position can be synthesized by:  [1] Sell 

Put, [2] Buy Call, [3] Invest the present value of the exercise price in an interest-bearing security.  If the “synthetic 

stock” position is less costly than the real stock, a risk-free arbitrage exists by selling the overvalued asset, and 

purchasing the undervalued one. 

 

2)  Managing risk with “Delta Hedging”.  The most typical hedge involves reducing the delta of a trader's 

position to zero through additional transactions.  Delta hedges are constructed to ensure that a potential profit is not 

eliminated by changes in the price of the underlying asset.  Most derivatives traders in sell-side firms try to buy 

underpriced options and sell overpriced options, then construct delta neutral hedges to protect their "theoretical 

profit" against changes in the price of the underlying.  Hedges generally require rebalancing; their market exposure 

has to be reset to zero to compensate for change in any variables that may effect the position value. 

 A delta hedge for an options position can be constructed in three ways using (1) the underlying asset, (2) 

options with different strike prices, or (3) options with different expirations.  To illustrate, we will create a Cisco 

positions to reflect options mispricing and a low-risk arbitrage opportunity.  Assume that we sold 200 Dec 12.50 

Puts at $0.70 (rather than the theoretical value of $0.65), and bought 100 Dec 10 Calls at 3.00 (rather). 

 



 
GRAPH OF RISKY POSITION:  DELTA = +164.51 

 
 The theoretical profit (based on the Black-Scholes Pseudo-American model) of the position on Sept-5 is 

$31.44.  We want to protect the gain, but the position is exposed adversely to decreases in the Cisco share price, 

and at the current price of $13 has a delta value of 164.51.  Our current delta hedging alternatives are: 

 
(1) Sell 164.51 round lots or 16,451 shares of the underlying asset to add to the portfolio. 
 
(2) Add other Cisco December options to the position.  E.g.: 
 

(a) Dec 12.5 calls are $1.35 bid.  These calls have a delta of 0.65 at a share price $13.  Hence selling 
164.51/0.65 = 253 contracts will make our position nearly delta neutral. 

 



 
GRAPH OF SINGLE CALL OPTION TO USE AS HEDGE IN DELTA-NEUTRAL POSITION 

 

 
GRAPH OF DELTA-NEUTRAL POSITION 

 
(3) Add other CSCO options - e.g., puts or calls with other expiration dates.  In (2), we sold 253 Dec calls to 

hedge the delta risk, but put options, or call options with other expiration dates could be used also. The same 

analysis used in (2) is repeated: a) determine the delta value of the individual option, b) divide the delta of one 

contract into the position delta to determine the number of contracts to trade (e.g., 164.51/0.65 = 253). Note, 



Puts will have negative deltas so the hedge may involve buying or selling contracts to create the offsetting 

delta value. 

 

 By constructing delta hedges, the trader ensures that the position profit of selling options higher than fair 

value, or buying options below fair value is not wiped out by adverse market price movements.  Changes in the 

asset price may require resetting the delta exposure of the position to zero.  Delta neutral positions need to be re-

balanced.  If the position delta moves from zero, additional hedging is needed to rebalance the position. 

 The value of a position in derivative instruments can change due to movements in the cash price, 

interest rates, volatility, and the time to expiration.  Each of these exposures can potentially be hedged through 

offsetting transactions that "neutralize" part of the position's risk.  In additional, other forms of option risks can 

be hedged.  For instance, volatility hedges are constructed to protect against misestimation of an asset's 

volatility.  A short straddle falls in value when volatility rises. 

 

7.4 Options 

 

 Among all financial products, derivatives may have benefited the most from the computerization of 

financial markets.  Information systems provide the means for analyzing and pricing derivatives instruments., 

and market systems have been developed to facilitate efficient derivatives trading.  Innovation and 

customization to clients needs have led to increasingly complex structured products.  The benefits are the ability 

to manage risk, and the opportunity to speculate on price and volatility level of many assets and indexes. 

 



Chapter 8 – 

Algorithmic Trading7 

One vision of professional investment management in the future involves traders, their computers, and 

their dogs.  The computers run the trading operations, and the money managers keep the dogs fed and happy.  

The role of the canine companions is to keep the managers away from the computers, lest the humans 

mistakenly think their intuitions can match the emotionless efficiency of the trading software.  I have yet to see 

dogs going in and out of trading offices in London and New York, but the use of algorithms has become 

pervasive. 

Algorithmic trading relies on live market data and rule-driven software to automatically place and 

execute orders.  Trading based on algorithms is changing the landscape of financial markets.  A tremendous 

variety of algorithms is in use, and their application across different asset classes and investing strategies will 

continue to expand.  This chapter will outline the rationale for algorithmic trading, and outline the types of 

algorithms in use.  Algorithms can be generic, and supplied by vendors or brokers to trading clients, or they can 

be proprietary and developed in-house by money managers.  The broad use of algorithms today is evidence that 

trading takes place in a non-random walk environment, and that the supply of trading liquidity is limited and 

costly.  Algorithmic trading is an optimal response to the problems of illiquidity and poor quantity discovery 

observable in today’s markets.  As imperfect market structures are improved and better trading designs appear, 

however, some of the reasons for algorithmic trading will disappear. 

8.1 Introduction 

Algorithmic trading is driven by a specific set of rules, and it is sometimes referred to as rules-based 

trading.  Estimates are that 20 to 40 percent of trades in the major global equity exchanges originate from 

software-based trading algorithms.  Yet algorithms lack a simple, common description.  They come in many 

shapes and flavors, and are used for a broad range of investment purposes. 

Despite their growing presence, many questions about algorithms remain. – What is the economic logic 

for trading with algorithms?  What is an algorithmic trading platform?  What are the types of trading algorithms 

employed and what are their objectives?  What impact does algorithmic trading have on other market 

participants?  And, finally, what will the market look like as trading becomes predominantly or entirely 

algorithm-driven? 



8.2 The Economic Rationale for Algorithms 

 
Recall from your Finance 101 class that in a frictionless, perfectly efficient market, asset prices will 

follow a random walk.  Early statistical tests of random walk by financial economists using day -to-day price 

movements were largely supportive of the weak form of the Efficient Markets Hypothesis (EMH).  That is, day-

to-day price patterns provided no basis for reliable forecasts, and no consistent excess returns.  More recent 

analyses of intraday tick-by-tick data however show contradictory results (Lo and MacKinlay, 1999).  Short-

term returns are statistically predictable in violation of the EMH.   

A related empirical fact is that transactions costs in financial market are positive and significant.  The 

mere attempt to trade leads to costs that are subtracted from investors’ returns.  The Plexus Group’s estimate of 

transactions costs for large cap U.S. stocks in 2004 was $0.23 per share, or 0.71%.  Less liquid, small cap stocks 

impose even high costs. Trading costs are made up of commissions, market impact, trade execution delays, and 

missed trades, which are transactions foregone as a result of costs and market conditions.  Standard models in 

capital markets theory and portfolio theory assume zero transactions costs.  Frictions in trading however are real 

and important.  Winning investment ideas will not “beat the market” unless these trading costs are controlled.   

In a random walk world without trading costs, algorithmic trading would be largely unnecessary.  

Software for automated trading would be useful as a labor saving tool only.  Yet today’s money managers, in 

their quest for outperformance or “alpha” from their investment ideas, use algorithms extensively.   

The value of algorithmic trading lies in the intricacies and imperfections of price and quantity discovery 

(Schwartz, Francioni, and Weber, 2006).  Non-random price behavior and real frictions and costs in trading are 

the two main economic reasons for algorithms’ growing popularity.  As the following sections will detail, 

algorithms are used to time the release of orders into the market to capitalize on price and volume patterns.  

They are also used to manage trading costs by tracking price benchmarks, such as volume-weighted average 

trade price (VWAP), and placing orders to minimize the performance shortfalls from a chosen reference price.  

The Tabb Group estimated that 48% of trading was “low touch” algorithmic trading in 2007, up from 21% in 

2004. 

 
 
 
 

                                                                                                                                                                                                       
7 Based on a chapter Algorithmic Trading in Financial Markets: The Evolving Palette of Techniques, The Handbook of 
Electronic Trading, Joe Rosen (ed.), Capital Markets Media, 2007 



8.3.2. Arbitrage trading analysis 

Algorithms are used to identify and react to arbitrage trading opportunities that arise.  We next examine 

a less subtle way to generate attractive investment returns is to turn a DSS loose trying to find mispriced 

securities.  A financial arbitrage exists when the same security, or substantially the same version of a security or 

underlying asset, trades at more than one price at the same time.  Arbitrage trading generates a low or no risk 

profit by selling the overpriced instrument and buying the underpriced asset.  The offsetting positions are later 

unwound in “closing” trades, or else the purchased security is delivered to the investor then used to fulfill the 

settlement obligation for the security that was sold.  Importantly, arbitrage trader(s) need to ensure that any 

payments and settlement difference(s) are accounted for, so that the purchased leg of an arbitrage does not create 

a costly borrowing need while awaiting the payment for the sold leg.  For instance, U.S. stock trades settle on 

T+3 (three business days after the trade) while foreign currency trades and some non-U.S. stock exchanges 

normally settle on T+2.  Same day or T+0 settlement occurs for exchange-traded futures and options trades via 

initial margin deposits, and for foreign currency trades when the CLS Bank (Continuous Linked Settlement) 

system is used. 

A simple arbitrage model is illustrated below in the Reuters 3000 Xtra workstation.  Many large, global 

companies have a primary stock exchange listing in their home country as well as a secondary listing or 

American Depository Receipts (ADR) trading in the U.S.  Reuter Group is a London-based global news, 

information, and technology company.  The primary market for its stock trading is the London Stock Exchange 

(LSE).  It also trades as an ADR on the U.S. Nasdaq Stock Market.   

Several complications make the arbitrage trading model far from obvious.  First, the London prices are 

in British pounds while the ADRs are priced in U.S. dollars.  In addition, the ADR shares each represent six of 

the underlying shares.  Hence, six London shares must be traded for each ADR share bought or sold.  Finally, a 

trader participating in these markets will buy shares or currency at the higher ask quote, and sell at the slightly 

lower bid quote.   

In the upper left window in Figure 8.1, the London market quotes for Reuters are £7.110 bid and £7.125 

ask.  A buyer in London would pay the ask price of £7.125.  In addition, there are currency conversions that 

need to be analyzed.  For instance, if the investor is based in the U.S., and the London price looks underpriced, 

he or she will need to convert U.S. dollars to British pounds in order to buy in London.  Again, the pounds will 

be bought at the ask price.  In the Figure 8.1 screen shot under EUROPE SPOTS, the spot GBP exchange rate is 



given as $1.4230 Bid and $1.4235 Ask.  To buy Reuters Group shares in London first requires the investor to 

deliver $1.4235 for each £1 bought in order to buy Reuters stock on the LSE. 

 Reuters 3000 Xtra provides DSS functionality including a spreadsheet object that can be populated with 

live prices.  As the market prices change, formulas and calculations are updated.  In the example in Figure 13, 

applying the 6-to-1 ADR ratio and the real-time currency rates indicates the equivalent of one U.S. ADR share 

can be bought for 

ADR Ratio × LSE Ask Quote (£) × Exchange Rate ($’s per £ Ask Quote) 

= 6 × £7.125 × $1.4235 = $60.85 

on the London Stock Exchange. The ADR however can be sold at the bid quote, which is $60.88 on Nasdaq.  A 

$0.03 theoretical arbitrage profit exists.  While interesting, the price gap is probably not large enough to 

generate a profit after the commissions, fees, and risks associated with exchanging dollars for pounds, buying in 

London, and simultaneously selling on Nasdaq. 

 
Figure 8.1: Spreadsheet from December 4, 2001 with live market prices for Reuters stock, ADRs, and European 

currencies. 
 

The no arbitrage conditions for cross-listed securities are BidMarketA < AskMarketB and BidMarketB < 

AskMarketA, where the quotes have been converted into the same currency.  Figure 14 provides another version of 

the arbitrage model for trading a London stock with an ADR listed on a U.S. market. 



 
Figure 8.2: Spreadsheet with live market prices for stocks and currency from August 9, 2006.  In this case the 

model in the upper right shows no arbitrageable mispricing. 
 

 Many other forms of arbitrage-driven investing can be supported by DSS technologies.  In many cases, 

the DSS will alert the investor to prices that for short time periods are out of line, or that while not a pure risk-

free arbitrage, do reflect a divergence from a historical pattern or a substantial move away from a fundamental 

value.  For instance, derivatives contracts such as futures or options are often analyzed in DSS with reference to 

the underlying security and its “cash” market price.  At some level of price dislocation, the investor will seek to 

buy the underpriced instrument and sell the more expensive one. 

 
8.3 Defining Algorithmic Trading 

Defining what constitutes algorithmic trading is not simple.  Experts have offered the following descriptions: 

Algorithmic trading is the automated, computer-based execution of equity orders via direct market-access 

channels, usually with the goal of meeting a particular benchmark. — Ian Domowitz and Henry Yegerman, 

ITG 

 

Algorithmic trading covers automated trading in which large orders are broken up and sent into the 

marketplace according to predetermined quantitative rules.  These rules could be based on a number of 

historical volume patterns, the current day’s price and volume activity, as well as other trading systems. — 



Nina Mehta, Traders Magazine 

Market participants often refer to algorithmic trading platforms.  An algorithmic trading platform is a 

system that receives live market data, and runs it through rule-based software which automatically places and 

executes orders according to trading conditions.  Some of the leading commercial platforms for algorithmic 

trading are detailed in Figure 8.3. 

Provider Product / Product Suite Firm type 

Bear Stearns Smart Order Router (SOR): SOR 
Stealth, SOR Post, SOR Reserve, 
and SOR Cloak 

Brokerage firm 

Citigroup Global Markets Lava electronic execution Brokerage firm 

Credit Suisse Advanced Execution Services (AES) Brokerage firm 

EdgeTrade Covert, FAN (smart order execution 
strategy) 

Agency-only 
broker 

Fidessa BlueBox IT vendor 

4th Story 4S IT vendor 

Goldman Sachs Goldman Sachs Algorithmic 
Trading (GSAT) 

Brokerage firm 

Instinet Sidewinder Agency broker 
subsidiary of 
Nomura (Japan) 

Orc Software Orc Liquidator, Orc Liquidator 
Hosted 

IT vendor 

UBS Investment Bank Tap and TapNow , Comm-PASS 
(Commodities Portfolio Algorithmic 
Strategy System) 

Brokerage firm 

Figure 8.3:  Companies and their algorithmic trading platforms 

 
 
8.3.1 ITG’s Algorithmic Trading Platform 
 

It is helpful to look in detail at one leading firm’s algorithmic trading platform.  Investment Technology 

Group (ITG) has provided IT support for trading since its founding in 1986.  It has always had strong ties with 

quantitative investors, and now offers five general algorithmic trading strategies, which are summarized below: 

 

1. Dark: a liquidity-seeking strategy that probes for liquidity in displayed and hidden execution venues, but 

avoids exposing its orders.  It also splits order submissions among various alternative trading systems, 

including ITG’s own POSIT crossing and order matching system. 

 

2. Active: supplies liquidity and places some of its orders as limit orders to earn the bid-ask spread, and 

removes liquidity with market orders at opportune times. 

 



3. Volume Participation (VP): participates in no more than a user-specified percentage of printed trading 

volume (POV), to avoid distorting the market. 

 

4. VWAP: a volume-weighted average price (VWAP) strategy that executes orders over chosen time window, 

and distributes trading based on past volume patterns to achieve an overall price equal to or better than 

VWAP. 

 

5. Implementation Shortfall (IS): sends orders to minimize execution costs relative to an IS benchmark, 

which is based on arrival price when the trading instruction is first received.  Client-specified urgency levels 

determine the aggressiveness of the strategy. 

Selection Criteria for Algorithmic Trading Platforms 

Client users of algorithmic trading platforms have differing needs.  The most popular features, and their 

usefulness are: 

• Flexible – enable users to seek to generate returns in a range of ways, including automated strategies for 

both long and short position taking, and allow for important parameters to be modified on-the-fly by 

users 

• Venue customization – allow users to seek liquidity from user selected liquidity sources such as 

brokers’ internal pools, alternative trading systems and dark pools, traditional exchanges, and displayed 

markets 

• Time-sensitivity – offer urgency options that control how fast an order is exposed or filled, and how 

much of the order can interact with displayed markets rather than dark pools 

• Balanced execution – minimize the risks of negative selection, which occurs when algorithmic orders 

are “cherry-picked” to execute, leaving many difficult, expensive trades uncompleted 

• Asset class neutral – treat equity, fixed, and derivatives instruments the same so that all analytics and 

scenarios are available in multiple domains 

• Avoid gaming – hide or mix the order release tactics to “not give the strategy away”   

• Rapid development – able to develop and deploy new algorithms quickly 

• Volume-dependence – adjust order sizes and participation rate as a stock’s price moves relative to a 

benchmark.  Gives advantages from "value" or "momentum" situations as they arise in markets 

• Industry standard and in-house strategies – apply generic strategies along with frameworks for building 

in-house proprietary models 



• Portfolio-based algorithms – handle portfolio strategies that seek to buy or sell a set of stock 

simultaneously.  Enabling, for example, a basket or portfolio to be bought or sold based on the price 

movement of a single trigger instrument an index. 

• Compatible with FIX Algorithmic Trading Definition Language – FIXATDL will enable users to 

specify algorithmic order types in an XML format and reduce the effort required to roll out new 

algorithmic order types. 

• Robust – at critical high-volume, high-traffic times, traders need their platforms to be reliable.  Outages 

or latencies undermine the purpose of having algorithmic platforms.  

Robustness is an important consideration.  Algorithmic trading platforms depend on data feeds from 

multiple vendors and exchanges.  On high volume, high volatility days, many brokerage firms’ smart order 

routers are not able to keep up with incoming data traffic.  When these outages occur, traders and clients have to 

fall back on less sophisticated systems.  In some cases, the source of algorithmic trading problems is delayed 

market data feeds from vendors as exchanges occasionally have problems delivering timely data.  High volumes 

of market data, and the possibility of some data being delayed, both affect any underlying algorithm’s ability to 

function.  Since Regulation NMS went into effect in 2006 in the U.S., delays of more than one second in 

responding to an incoming order are deemed too long, and brokers have the right to exclude the slow exchange 

from its venue selection process for orders. 

8.3.2 Major Algorithm Types 

Broadly speaking, five types of algorithms are in wide use.  These are: 

• Trading-strategy algorithms 

• Order execution algorithms 

• Smart routing algorithms 

• Information algorithms 

• Future algorithms 

Matching the algorithm type to the investor, and then customizing it to their needs, requires consideration of 

a number of factors.  Investor and fund characteristics that should influence the decision of what trading 

algorithms to use include: 

- Assets traded and number of positions  



- Investment strategy 

- Frequency of trades 

- Time horizon (how long positions are held) and turnover 

- Size of trades 

- Speed of response to news or price actions 

- Frequency of inflows and outflows to the fund 

An algorithm type that provides significant value for an active, momentum-driven small cap trader may not 

meet the needs of a quantitatively managed value fund.  Kissell (2007) presents a useful statistical framework 

for comparing the performance of alternative algorithms. 

The first type of algorithm, trading-strategy algorithms are developed for short-term, proprietary 

opportunity investing based on historic data relationships, and use real-time analysis of data flows.  Trading 

strategy or quantitative algorithms scan for opportunities to buy or sell profitably based on some pattern or 

relationship that is expected to hold in the market.  To profit from small, short-term opportunities, strategy 

algorithms depend on high frequency data and rapid order entry.  Strategies can include quantitative trading with 

automated programs that implement any of the approaches below: 

 
• High level strategy rules that provide automated market making, placing both buy and sell orders in a 

market, and seeking to earn the spread between them  

• Event-driven and news-driven trading that responds to announcement to capture profit from price moves 

• Tactically-triggered trading, such as buying or selling on moving average cross-overs, such as when a 30-

day moving average falls below a 120-day moving average 

• Risk arbitrage-based trading that uses takeover and mergers activity to buy target companies and sell buying 

companies 

• Statistical arbitrage looking for pairs and spread trading opportunities, such as selling GM stock and buying 

Ford when GM appears too highly valued. 

• Index arbitrage generates orders to buy and sell index products, such as exchange traded funds (ETF) or 

index futures, against the underlying securities in the index 

• Conversion arbitrage: including American Depository Receipts (ADRs), Global Depository Receipts 

(GDRs), and convertible debt 

• Spot-forward arbitrage: bond and currencies 

• Predatory trading exploits forced liquidations, when, for instance, a short seller needs to cover a position, or 



a margin call creates a price-moving demand for immediate liquidity 

A second group of algorithms is order execution algorithms.  Unlike trading strategy algorithms, these 

do not use the algorithm to generate orders, but rather take the orders as given, and seek to execute them as 

efficiently as possible.   

The objective of an order execution algorithm is to achieve the best possible result for the investor.  

Notice the best price or an immediate trade may not be the best result.  A good result means timely completion 

and achieving a fair price for the entire quantity bought or sold.  A challenge arises, because impatient trading 

can impact the market price adversely, while trying to get the best price may mean the order goes largely 

unfilled.  Willingness to accept some price concessions enables the trade to be completed.   

The illustration in Figure 8.2 shows a stylized depiction of how a large sell instruction might incur 

“slippage” costs as it is sliced into smaller orders that are released into the market.  In this case, there is a small 

pre-trade cost as some of the money manager’s negative opinion about the security’s value becomes evident in 

the price.  The price decline accelerates as the sell orders hit the market, leading to lower bid and ask quotes. 

Money managers generating trading instructions typically face an expected base-price move (why else would 

they be buying or selling?), which is a permanent price change after a trading decision is made.  Algorithms are 

used to minimize the expected liquidity impact, which is the short-term, generally temporary, price move needed 

to entice the other side of the market to trade. 

 
Figure 8.4: Trading costs for a large sell instruction that executed in three trades broken into temporary market 

impact and permanent market impact. 

 
Although market impact is difficult to forecast pre-trade, permanent impact is the unavoidable 

revaluation in the market due to the new information (negative for a large sell order).  Order execution 

algorithms are fine-tuned to seek to trade as much as possible before the entire permanent impact is realized, and 

to keep any temporary impact to a minimum.  Order execution algorithms in wide use include: 

 



• Enhanced automated execution – These often rely on Direct Market Access (DMA) systems to reduce 

market impact on buy and sell orders.  This may entail timing and routing of orders, volume slicing, sweep 

orders, iceberg orders, pegging orders to an index, or bid-ask spread capture orders.  Example functions are: 

− Issue single large orders into the market if liquidity is good, or issue them as a series of smaller 

slices if liquidity is poor 

− Decide on the threshold of liquidity when introducing slicing, for instance an absolute 20 percent 

slice, or incrementally as liquidity deteriorates the slices decrease from 20% to 10% to 5%. 

• Benchmark-guided – These use benchmark reference prices, and submit orders to match or beat the 

reference price.  The possible benchmarks to reference are: 

− Volume-weighted or time-weighted average price (VWAP, TWAP).  A sell instruction, for 

example, will be managed to achieve an average execution price greater than VWAP in the 

relevant period of time, such as a day. 

− Arrival price – Used in Implementation Shortfall (IS) approaches that seek to keep a large buy 

or sell instruction from moving the market against the client.  The mid-quote price when the 

order is first entered is a common IS reference.  Then, IS is the pre-trade cost added to the 

market impact. 

− Open-High-Low-Close prices – Combinations of these prices are applied in rules to ensure 

attractive trade prices 

− Participation limits – Percentage or cap orders that ensure the client’s trading is no more than a 

certain proportion of total volume to avoid destabilizing the market 

1. Portfolio trading – These handle a list of stocks whose order submissions are simultaneously managed 

with dynamic controls as the orders begin to execute.  A control, for example, will seek to ensure that 

buy and sell orders execute in balance in order to avoid surplus cash (too many sell orders filled) or a 

cash deficit (too many buy orders execute). 

2. Liquidity-providing – These attempt to enhance returns by placing passive, “resting” orders into the 

market in order to buy at the bid, and sell at the higher ask price.  These orders can be sent to a broker, 

placed in a crossing network, or routed to an exchange or ECN. 

3. Finally FX currency pricing can be an input to algorithms to manage orders in cross-currency equities so 

that strategies can operate across countries. 

An example order execution strategy is illustrated below.  In all algorithmic trading, it is essential to avoid 

predictable schedules and behavior that could be detected.  Prior to the algorithm submitting orders, the system 

or user sets parameters such as the maximum percent volume to join in so as not to affect the price of the 



security.  The following are logical descriptions of the rules a trading algorithm would apply: 

• Example 1: Buy 1.6 million shares of ORCL to match the morning (9:30-12 noon) VWAP.  Price limit 

= Prior Day’s Low ($17).  Remain at or below 10 percent of consolidated volume in each 5 minute 

period the order is being “worked.” 

Order execution algorithms must balance getting the trade done with limiting market impact.  Another 

example that aims for price improvements is below: 

 

• Example 2: Buy 800,000 BRCM with a $28.98 top as quickly as possible but without causing market 

impact.  Track momentum, and attempt to differentiate “noise” from genuine momentum.  Post on the 

bid while price changes are noise.  If prices start to move up, convert to aggressive buys at offer. 

 

Smart routing algorithms use real time market data to select the best market to send an order based on 

predefined rules created by the trader.  This approach consolidates prices for the same security in a single 

display, using screen real estate efficiently.  Routing destinations may include exchanges, electronic 

communication networks (ECN), alterative trading systems, brokers with liquidity-providing desks, or dark 

liquidity pools (e.g., Posit, Liquidnet, Pipeline).  SOR also ensures the best priced market generally receives the 

order.  Example applications of SOR include:  

- simultaneously trading Eurodollar futures on Chicago Mercantile Exchange (CME) and LIFFE from a 
single display 

- basis trading the U.S. Treasury futures on CBOT against the underlying “cash market” securities on the 
E-Speed or BrokerTec market systems 

- trading multiply-listed equity options on the six U.S. options exchanges (Figure 3) 

- trading a liquid U.S. equity such as Cisco using the Nasdaq Market Center or the ECN with the best 
current quote (Figure 4) 

 

 
Figure 8.5:  Consolidated display for IBM Call options with $75 strike.  Smart order routers will 
determine the best market from among six available (the Boston Options Exchange or BOX is showing 
the top bid and ask quote) based on price, order size, and speed. 

 



 
Figure 8.6:  Reuters Xtra’s Nasdaq Level 2 display for Cisco shares.  Smart order router will determine 
the best order execution venue based on user-selected preferences and displayed prices and sizes. 

 
Smart routing algorithms can streamline compliance with “Best Execution” regulations.  The best 

execution destination, however, may not always be the market with the best displayed quote.  In some cases, 

speed of execution, the desire for anonymity, the chance for price improvement, or the need for greater size may 

lead to a different destination for an order. 

Information algorithms are a fourth type of order execution algorithm.  They typically search and filter 

information and news flow, using text information to find securities whose prices are likely to change.  Historic 

market data flows are often related to news releases to set algorithm triggers for buying and selling when news 

text appears to be sufficiently positive or negative.  Certain news releases can initiate alarms that alert human 

traders, or they can be “search and strike” algorithms with auto-executions from live news events. 

Order management behavior will differ depending on how the information is interpreted by the 

algorithm.  After news, an order may be re-priced or cancelled if it is not filled within a given time.  Clipping or 

iceberging a single order into smaller slices, and placing more aggressive order sizes if the market conditions are 

good, or utilizing random factors to mask the size and period between orders will be a part of the user’s input to 

this algorithm. 

Future algorithms are applications that are in development and not yet in wide use.  These include cutting edge 

strategies for dynamic portfolio trading with tilting, multi-asset  algorithms that handle orders simultaneously 

among equities, commodities, and currencies.  Genetic and neuro algorithms are currently finding more 

applications using biologically-inspired rules development such as adaptation and evolution.  Algorithms are 

also gaining favor for pre-trade cost analysis.  These provide a transactions cost forecast, which is then used to 

direct order management tactics subsequently used in trading.  



 

8.3.3 Pre-Trade Analytics – Another illustration 

Algorithms are often adjusted according to real-time pre-trade analysis.  As of summer 2007, over 1,000 

portfolio managers are users of Citigroup’s Best Execution Consulting Services (BECS), which is illustrated 

below.  In this example, an instruction to buy 10,000 shares of Fortis Bank is analyzed for its potential to impact 

the market.  Since the size is just 0.17% of average daily volume, the model recommends splitting the order and 

participating in 13 percent of volume over a 3 minute period to achieve the minimum cost outcome. 

 

Figure 8.7:  User interface for Citigroup’s Best Execution Consulting Services (BECS) 
 

Other features of Citgroup’s BECS system include its Smart Order Routing (SOR) strategy capabilities.  

The four generic strategies offered include: 

− “Sweep ” – In this aggressive strategy, orders are routed to multiple venues at the same time with 
limit prices at better than current market prices.  For instance a market with a 25.10-25.15 price 
quote, a sweep order to buy 10,000 share limit 25.18 will take all shares offered up to the price 
of 25.18.  The sizes sent to each venue are based on the venue’s price, visible volume, and its 
past dark liquidity patterns. 

− “Market” – This strategy releases a sequence of orders with limit prices pegged in real-time to the 
best available price.  A buy market order will not trade through the inside bid and offer quote, 
unless a “discretion offset” is specified in BECS.  The market venues may react to the initial 
orders in a way that impacts the later orders. 



− “Probe” – This strategy sends the entire order as an “Immediate-or-Cancel” order to venues, with 
priority determined by price and past levels of dark liquidity.  Probes can capture hidden 
volume at venues with dark liquidity features. 

− “Discretion” – In this strategy, the user posts an order in a single venue at a limit price, but will 
sweep to a price determined by the discretion offset parameter if unfilled after a period of time. 

 

8.3.4 Risk Management for Algorithmic Trading 

 

The trend toward real-time algorithmic trading has allowed money managers and traders to become 

more responsive and competitive, but has led to strains on risk management systems.  Risk systems typically run 

end-of-day, but trading is becoming increasingly based on intra-day movements and position-taking, which may 

not be monitored.  This mismatch must be improved to give firms an intra-day view of positions and the 

associated risk.  Key indicators for risk management of algorithmic trading are position information, short-term 

value-at-risk calculations, and trades as well as market data to determine what hedging strategy should be 

applied. 

8.4 Conclusions 

 

Algorithmic trading is revolutionizing markets and how traders operate in them.  Trading algorithms 

rely on live market data and rule-driven software to automatically place and execute orders.  A variety of 

algorithms are in use, and their applications continue to expand.  Because of speed demands in the costly, non-

random walk environment of today’s markets, algorithmic trading is an optimal response.  Investors can manage 

more orders with greater consistency, which helps to address the problems of illiquidity and reduce slippage 

observable in today’s markets.  Yet evidence suggests market structures are improving, and that better trading 

intelligence is being built into basic order management software.  As a result, the marginal value of developing 

trading algorithms may decrease in the future.  For now, however, the benefits of well-designed trading 

algorithms more than justify the presence of the proverbial “trading room dog”, who entertains the traders and 

allows the software to do the hard work. 
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Chapter 9 – 

Value-At-Risk Primer8 
 

 Value at Risk (VaR) is a widely used method to express the risk of a financial portfolio that can contain 

any combination of instruments including stocks, bonds, and derivatives.  A VAR number summarizes the 

predicted loss (or worst outcome) over a target horizon within a given confidence interval. 

 Financial institutions, end-users, regulators, and central bankers are turning to VAR as a method to 

foster stability in financial markets, and assess risk in a fair and consistent way.  Many financial implosions such 

as Merrill's $275 million loss in interest-only (IO) mortgage-backed securities in 1987, and Orange County 

California’s $1.6 billion loss on derivatives positions would have been evident to investors had the VAR of their 

positions been computed.   

9.1 How is VAR computed? 

Assume you hold $100 million in medium-term notes or bonds.  A natural question is How much could 

you lose in a month?  As much as $100,000?  Or $1 million?  Or $10 million?  Without an answer to this 

question, investors have no way to decide whether the returns they receive are appropriate compensation for 

risk.  

To answer this question, we first have to analyze the characteristics of medium-term notes.  We obtain 

516 monthly returns on medium-term bonds from 1953 to 1995.  Returns ranged from a low of −6.5% to a high 

of +12.0%.  Now construct regularly spaced “buckets” going from the lowest to the highest number and count 

how many observations fall into each bucket.  For instance, there is one observation below −5%. There is 

another observation between  −5% and  −4.5%.  And so on.  By so doing, you will construct a “probability 

distribution” for the monthly returns, which counts how many occurrences have been observed in the past for a 

particular range. 

 
History of Returns Distribution of Returns 

  
 

For each return, you can then compute a probability of observing a lower return.  Pick a confidence 

level, say 95%.  For this confidence level, you can find on the graph a point that is such that there is a 5% 

probability of finding a lower return.  This number is −1.7%, as all occurrences of returns less than −1.7% add 

                                                           
8 (from Philippe Jorion, “The Orange County Case”, http://www.gsm.uci.edu/~jorion/oc/case.html) 



up to 5% of the total number of months, or 26 out of 516 months.  Note that this could also be obtained from the 

sample standard deviation, assuming the returns are close to normally distributed.  

Therefore, you are now ready to compute the VAR of a $100 million portfolio. There is only a 5% 

chance that the portfolio will fall by more than $100 million multiplied by −1.7%, which is $1.7 million.  The 

value at risk is $1.7 million.  In other words, the market risk of this portfolio can be communicated effectively to 

a non-technical audience with a statement such as:  

Under normal market conditions (19 out of 20), the most the portfolio can lose over a month is 

$1.7 million. 

9.2 What are the effects of changes to the VAR parameters? 

In the previous example, VAR was reported at the 95% level over a one-month horizon. The choice of 

these two quantitative parameters is subjective.  

 9.2.1  Horizon 

For a bank trading portfolio invested in highly liquid currencies, a one-day horizon may be acceptable.  

For an investment manager with a monthly rebalancing and reporting focus, a 30-day period may be more 

appropriate.  Ideally, the holding period should correspond to the longest period needed for an orderly portfolio 

liquidation.  

 9.2.2 Confidence Level 

The choice of the confidence level also depends on its use.  If the resulting VARs are directly used for 

the choice of a capital cushion, then the choice of the confidence level is crucial, as it should reflect the degree 

of risk aversion of the company and the cost of a loss of exceeding VAR.  Higher risk aversion, or greater costs, 

implies that a greater amount of capital should cover possible losses, thus leading to a higher confidence level.  

In contrast, if VAR numbers are just used to provide a company-wide yardstick to compare risks across different 

markets, then the choice of the confidence level is not too important.  

9.3 How can you convert VAR parameters? 

If we are willing to assume a normal distribution for the portfolio returns, then it is easy to convert one 

horizon or confidence level to another.  As returns across different periods are close to uncorrelated, the 

variance of a T-day return should be T times the variance of a 1-day return.  Hence, in terms of volatility (or 

standard deviation), Value-at-Risk can be adjusted as:  

VAR(T days) = VAR(1 day) x SQRT(T)  



Conversion across confidence levels is straightforward if one assumes a normal distribution.  From standard 

normal tables, we know that the 95% one-tailed VAR corresponds to 1.645 times the standard deviation; the 

99% VAR corresponds to 2.326 times sigma; and so on. Therefore, to convert from 99% VAR to 95% VAR:  

VAR(95%) = VAR(99%) x 1.645 / 2.326 

9.4 How can I use VAR? 

This single number summarizes the portfolio’s exposure to market risk as well as the probability of an 

adverse move.  It measures risk using the same units as the bottom line---dollars.  Investors can then decide 

whether they feel comfortable with this level of risk.  

If the answer is no, the process that led to the computation of VAR can be used to decide where to trim 

risk.  For instance, the riskiest securities can be sold.  Or derivatives such as futures and options can be added to 

hedge the undesirable risk.  VAR also allows users to measure incremental risk, which measures the 

contribution of each security to total portfolio risk.  Overall, it seems that VAR, or some equivalent measure, is 

an indispensable tool for navigating through financial markets.  

9.5 Shortcomings of VaR 

VaR has its limitations.  First, VaR provides no information about the extent of losses that might occur 

beyond the threshold level, so is optimistic in the sense that it gives a lower bound on potential loss at a 

percentage level.  Also, VaR is not always “subadditive”, which means that the VaR of the combination of two 

or more investments can exceed the sum of the individual values at risk for each investment. 

Non-subadditivity is contrary to principle of diversification, which holds that risk decreases, not 

increases, when more than one risky asset is held. 

 

 

 

 

 

 

 



 

The first concern is addressed with the use of “Conditional VaR” (CVaR).  CVaR is the expected value 

of a loss, conditional on the loss exceeding the VaR.  In the example, the 5% CVaR is $1,868.07, which is the 

mean of the forecast values that exceed the VaR level of $1,296.78. 

9.6 Illustrations 

In recent years Value at Risk (VaR) models have taken on greater importance especially for risk 

management purposes (Jorion, 2006).  Financial regulators are particularly eager to use VaR to set capital 

adequacy levels for banks and other financial institutions in a consistent way that reflects the risk of the 

positions held.  The Basle II agreement (2004) among 13 central banks uses VaR a part of an international 

standards for measuring the adequacy of a bank's capital, and promoting greater consistency in the way banks 

and banking regulators approach risk management. 

A VaR calculation is aimed at making a plain English statement: “We are X% certain that we will not 

lose more than V dollars in the next N days.”  An analyst would then say that V is the N-day VaR for an X% 

confidence level.  For example, if one day V = $30 million, a bank would say that its daily VaR at a 95% 

confidence level is $30 million.  That is, there is only one chance in 20 that a one-day loss of $30 million or 

more will occur.  Regulators are in the processing of mandating that the capital a bank is required to keep as a 

cushion against losses correspond to its VaR with N=10 and X=99. 

Three examples will help to illustrate how VaR(10, 99%) is computed.  Returns are assumed to be 

normally distributed with mean zero (no positive or negative trend) and standard deviations as given below. 

 

Example 1 - Assume: 

Volatility of Google share price is 2% per day 

Size of Google position is $10 million 

Therefore, the standard deviation of change in value of position over 1 day is 0.02 × $10 million = $200,000.  

The 10 day standard deviation therefore is 000,200$10 ×  = $632,456.  On the normal distribution with mean 

zero and standard deviation equal one, the number of standard deviations to estimate the probability 0.99 is 2.33.  

Therefore the 99% VAR = 2.33 × $632,456 = $1,473,621 over a 10 day period. 

 

Example 2 - Assume: 



Volatility of Vodafone stock is 1% per day 

Size of Vodafone position is $5 million 

Standard deviation of change in one day is $50,000, and S.D. of change over 10 days is 10  times this or 

$158,144.  Therefore, the 10 day 99% VAR = 2.33 × $158,144 = $368,405. 

 

Example 3 - Assume: 

The Google and Vodafone positions from above are combined in a $15 million portfolio.  Their daily 

returns have a correlation of +0.7. 

For a portfolio, the 10-day standard deviation can be derived from the individual standard deviations and the 

cross-correlations, σ:  

.......2....2....2......... 222 +++++++ cbbccaacbaabcba DSDSDSDSDSDSDSDSDS σσσ  

= VGVG DSDSDSDS ....7.02.... 22 ×××++  

= 114,158456,6327.02114,158456,632 22 ×××++  

= $751,665 

Therefore, the 99% VaR is 2.33 × $751,665 = $1,751,379.  Notice, this is about 5 percent less than the sum of 

the VaR’s from the two separate positions: $1,473,621 + $368,405 = $1,842,027.  Again, the diversification of a 

portfolio of securities that have less than perfect (1.0) correlation provides benefits. 

Now that the basic VaR computations have been reviewed, let’s look at a spreadsheet-based DSS for 

VaR analysis.  Often, an investment portfolio is made up of securities for which the precise volatility and 

correlation measures are not known.  This could be due to a lack of historic data or conditions on the security 

that make its past data unrepresentative.  As a result, the variables in the equations just described would not be 

available.  Consider an investor with holdings of bonds that have coupon and principal payments due 1, 5, 10, 

and 30 years from now.   

The investor does not have past prices of these specific bonds, but does have a forecast of the volatility 

of the interest rates for each of these time periods.  In such cases, portfolio simulations can provide VaR 

estimates and help an investor to understand the volatility and risk level of the investment. 

Consider the example below.  The three bonds pay interest and principal according to the table below 

(all cash flows in $ million): 

 



 Year 1 Year 5 Year 10 Year 30 

Bond 1 104 0 0 0 

Bond 2 20 60 400 0 

Bond 3 25 25 25 400 

 

The market’s yields by maturity date are used to graph out the yield curve, and are given in this table: 

Year 1 Year 5 Year 10 Year 30 

4.00% 5.00% 6.50% 8.00% 

 
Based on standard discounting, the market value of Bond 3 is: 

million $96.70 
08.1
400

065.1
25

05.1
25

04.1
25

301051 =+++  

Similarly, the market value of Bond 1 is $100 million, Bond 2 is $279.3 million, and the total value of 

the portfolio is $476.03 million. 

What is the portfolio’s daily Value at Risk at a 95% confidence level? To answer this, a model of the 

portfolio’s valuation is needed.  In Excel (Figure 15), we calculate the portfolio’s value at today’s yields in Cell 

B8.  The assumptions about daily yield changes are in cells C9:F9, which indicate that interest rates will vary 

randomly from day to day with a normal distribution with the expected change equal to zero, and standard 

deviation, or volatility, of 10 to 13 basis points depending on the point on the yield curve. 

 
Figure 15: Spreadsheet for estimation of bond portfolio value and VaR simulation 

 Based on one realization of the four random variable (Cells C10:F10), we compute tomorrow’s value as 

$477.23 million, or $1.20 million more than today.  An important part of VaR modeling is to represent the 

correlations between the different securities accurately. 



 In the case of changes in interest rates on the yield curve, the shifts along the curve are not independent 

of each other.  In other words, when 5-year interest rates rise, the 10-year and 30-year rates tend to rise also.  In 

this illustration, the CrystalBall add-in to Excel is being used to run the VaR simulation.  In CrystalBall we can 

set correlation levels among the random variables or input cells that it will be generating. 

 
 

Figure 16: Specifying the distribution of the random 
variables in the model. 

Figure 17: Entering the correlation assumptions across 
the investment portfolio holdings.  In this case, the 
change in the 1-year and 30-year yields have a 0.70 
correlation. 

 

Once the four interest rate variables have been specified, the model can be run for as many trials as desired.  In 

this case, the simulation ran through 500 days of yield changes.  The observed outcome variable is the daily 

P&L of the portfolio.  We are interested in the 95% VaR, which is the value, v, of the P&L at which 

Prob(P&L≤v) = 5%.  This point v, is at −$6.58 million from Figure 18.  Therefore the 95% VaR is $6.58 

million, which means that one day a month (1 in 20 trading days), the bond portfolio will suffer a loss of $6.58 

million or more. 

 
Figure 18: Distribution of outcomes for 500 runs of bond portfolio simulation to estimate its 95% 1-day VaR = 

$6.58 million 
 

 Value-at-Risk modelling is an increasingly popular method for risk management.  It has the advantage 

of allowing investors and financial institutions to make risk comparisons across asset classes (equities, bond, 



currencies, derivatives, etc.).  Software packages with real-time data links are increasingly used to carry out VaR 

assessments, and to proactively find hedging and risk mitigating opportunities.  As with the portfolio 

optimization and arbitrage trade modelling examples already discussed, the greatest benefits from VaR come 

from using a DSS to empower the investment manager or decision-maker to explore and analyze the complete 

range of alternatives, and to make well-grounded financial decisions in the face of price risk and market 

uncertainty. 
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