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Abstract

Financial markets perform a seemingly simple function: facilitating the transfer
of securities into cash, or cash into securities. Closer inspection of the activities
and the information intensity of a trading floor or & dealing room reveals great
complexity. Information technology (IT) plays a crucial role in supporting market
activities, and no trader today could operate without real-time data services, and
computer-based analytical tools. Market information — about prices, interest
rates, transactions, investor supply and demand, and company and economic news
— is at the heart of any trading operation. Consequently, the major international
markets from Tokyo to Zurich are making increased use of information techno-
logy. While IT is capable of making physical marketplaces and trading floors
obsolete, no consensus is emerging on the design of an integrated global financial
market. and many technological and regulatory issues remain unsolved. Multiple,
fragmented markets may be a consequence of the lack of coordination. This
chapter highlights the technologies that are revolutionizing international financial
markets. The future direction of financial markets will be charted by automation
and svstems, and IT’s influence on banks, securities firms, and the markets
themselves will continue to be a subject of debate and controversy.
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1. Introduction

Financial markets around the world are in the midst of a dramatic transformation.
Regulatory and market barriers have fallen, and automation continues to restructure trading
processes, lowering the costs of transacting and monitoring financial markets. Observers have
declared "The End of Geography" in financial markets'; location plays a greatlv diminished role
in investors’ decisions. International market integreion is occurring at a rapid pace, and
globalization 1s no longer a buzzword; it has arrived. It is not unusual to hear of a British
broker placing & Japanese conglomerate’s Deutschmark-denominated securities with a U.S.
pension fund manager as part of an underwriting arranged by a subsidiary of a Swiss bank in
Luxembourg. To hedge the risk of adverse shifts in currency values or interest rates, the
investor may simultaneousiy execute trades in z screen-based market, such as Globex. Such
acuvities provide benefits through increased investor diversification, lower costs of company

funding, and increased competition across market participants.

Such vansformauons do not occur without upheaval and discomfort for some market
partcipants. The move to global markets has heightened competition, and financial technology
often leads to low-margin, undifferentiated products [CLEM91]. The return on capital for
member firms of the London Stock Exchange between 1987-1990 was negarive 2 percent.
Employment in the U.S. securities industry has fallen from 262,000 in 1987 to 224,000 in 1992.
Responding efiectively to the changes and pressures will be the hallmark of successful firms and
expanding market centers in the coming vears. While information technology threatens some
sources of profits. 1t also creates opportunities and @ means of reacting to market challenges.
For instance, ep:sodes of intensified market volatility such as the October 1987 and October

1989 price breaks hzave lead to the development of increasingly sophisticated risk management

' See O’Brien, R. Global Financial Integration: The End of Geography, Royal Institute
of International Affairs, Pinter Publishers, London, 1992.
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svstems. Technology has spawned "financial engineening”, the packaging of sophisticated,

hybrid financial instruments tailored to investor needs.

This chapter surveys the technologies and computer innovations that are transforming
financial markets worldwide. Indicative of the changes, the most advanced information
technology on the New York Stock Exchange (NYSE) floor in 1964 was a standard annunciator
board on the wall, similar to those used in 1ozdside diners to alert waitresses that customer
orders were readv. The board notified members by their badge number of incoming telephone
orders. In a 5-'4 hour trading day, floor traders often walked 15 miles. In contrast, today’s
foreign exchange market is based on screen pnce displays and traders operating from well-
equipped dealing rooms. Over a third of all foreign exchange trzdes tocay are executed on-line

via screen "conversations” among between market participants spread across the globe.
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Although commercial applications of computers expanded rzpidly in the 1960s and 1970s,
primitive communications systems were unable to handle the intricacies of trading. Markets
required face-to-face contact on physical trading floors, or extensive telephone searches of
brokers and dealers. Nineteenth century technologies such as the telephone and the stock ticker
increased the outside exposure of trading, but until recently the need for floor markets was
unquestioned.” Today’s more advanced information systems can perform many of the market’s
informauonally intensive functions such as matching buyers and sellers, finding prices at which
trades should occur, and processing transactuons. Many capital markets today function as
networks of linked trader terminals, and a number of firms operate global communications
networks for sharing data on positions and activities, and for serving clients without regard to
location. Responding to their customers and competitive pressures from information vendors
that have established trading networks, traditional floor-based stock exchanges and futures

markets have undertaken significant automation projects.

Firms operating in financial markets are among the most intensive and innovative users
of information technology. Securities firms in the U.S. spent $7.5 billion on IT in 1991, or
about 20 percent of their noninterest expense. Other types of organizations using IT extensively
are investment institutions, information vendors, and the market regulators. Information vendors
supply data to market participants, and make use of advanced telecommunications networks and
satellites to speed transmissions around the globe. The exchanges themselves spend a large
percentage of their operating budgets on technology for information retrieval and trading
support. A third of the NYSE's 1990 budget of $300 million was spent on systems and

technology. The London’s LIFFE market devotes 35 percent of its operating budget to

* Among the earliest proposals for electronic trading were Fischer Black’s "automated
specialist”, descmbed in 1971. and Mendelson’s - Automated Trading System [BLAC71]
[MEND72]. Researchers have since suggested a number of other electronic means for facilitating
markets and securiues trading [PEAK79][AHIH&5][SCHW&9].
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information technology. The Securities and Exchange Commission (SEC), the industry regulator
in the U.S., 1s currently phasing in its Electronic Datz Gathening, Analysis and Retneval system
(EDGAR) for on-line filing of disclosure documents from corporations and investment managers.
EDGAR will cost $75 million. and by 1997 will replace current paper filings, which total 10

million pages per year.

25 Financial Basics: Instruments, Investment, and Market Infrastructure

Financial markets exist as a complex of secunities and instruments, investor decision-
making, and a financial infrastructure to support trading and trade processing. These are

detailed below.

Instruments. Anything of value can be traded, and merchants, marketplaces, and bazaars have
existed since the dawn of civilization. Financial markets {acilitate the transfer of money into
financial instruments, which are issued, or sold to investors by companies to raise capital, or
by government bodies to borrow funds. Most traded instruments fall into one of several
standard categories. While a Jarge company may manufacture many products in varjous sizes,
colors, and configurations, its securities will be standardized into a narrow range by the type of

claim they represent for the investor.

e Common stock or equity 1s an ownership share in & firm’s profits and net worth. Equity
holders receive dividends, and vote on corporate actions.

¢  Bonds or fixed income obligarions represent loans or contractual claims to a specified
stream of repayments. The typical bond pays interest up to the maturity date, when the
face value or pnincipal is returned. Bonds are issued by government bodies and
companies. Notes and bills are similar to bonds. but have shorter maturities. Bills
mature 1n a year or less. and notes have an original matunity of 1 to 10 years.

e Markets also exist for physical commodiries like gold, oil, and agricultural products, and
for foreign currencies.
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Markets differ depending on the timing of the asset’s transfer. Often. 2 transaction
occurs today for a financial instrument that the purchaser may not own until some months or

vears Into the future.

¢ Incash or spot markets. ownership of the traded instrument is transferred immediately.
Purchasing 100 shares of Intel stock at $118& today means that 100 Inte] shares will be
added to the buver’s account and $11.800 will be credited to the seller’s funds on the
settlement date (5 cays after the trade in the U.S.).

¢  (Options contracts confer the right to buy or seli an asset or financial instrument at a
specified strike price during the contract lifetme, which ends on the option’s expiration
date. For instance. the purchaser of a call option on Intel with a strike price of $120
expiring in two months has the right to buy 100 Intel shares at $120 up to the expiration
date regardless of Intel market price. 1f Intel’s share price rises, the value of this option
will increase. The opuon expires worthless if Intel’s price is below $120 at expiration.

€ In forward or futures markets, a price and a delivery date sometime in the future are
specified. On the delivery or expiration cate, ownership transfers and the pre-agreed
price is paid by the buyer and received by the seller. For instance, an investor may buy
a $1 m:lhon futures contract in April at a yield of 5.0% for December delivery of 90-day
Treasury Bills. On the delivery day in April, the seller delivers a T-Bill having 90 days
to matunty, and the buver pays the present value of $1 million discounted at 5.0%, or:

$1,000,000 - (0.050~1.000,000)*90/360 = $987.500.

Futures markets developed to meet the needs of farmers and food merchants to protect
or hedge themselves against fluctuations in agriculture prices caused by weather and crop cvcle
uncertainues. Trading typically occurs in open outcry trading pits with prices shouted out and

eood "as long as the breath is warm."” Today’s largest futures exchange, the Chicago Board of
Trede (CBOT). was founded in 1848. With futures, farmers could lock-in a price for crops at
the beginning of the growing season, and food producers could be certain of a supply of
materials at a fixed cost. Financial futures were introduced for foreign currencies in 1972 at
the Chicago Mercantile Exchange (CME). Today, financial futures on bonds, interest rates,

stock indexes, and currencies are the most heavily traded futures contracts. Future trading has

grown in part due to the lower costs of trading futures compared to the cash market instruments.
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A study by Prudenual Portfolio Managers in London showed the cost of buying and later selling
a stock position was 1.9 percent of the position value. For a similar position, a round trip trade
in futures cost 0.054 percent.® With futures, investors can gain exposure to a market, or lavoff
some of the risk of their positions quickly and cheaply. In order io maintain the exposure,
however, the futures contracts need to be rolled over at their expiration date (every 3-6 months

on average), leading to another trade and set of transaction costs.

Futures and options are called derivanve securities because their prices are based on, or
are derivative of, the cash market price for the underlving asset. The derivatives markets are
among the most rapidly growing financial markets. Volumes at the CBOT and the CME, the
world’s two largest futures markets, tripled between 1982 and 1992. In the same time period.
the managed futures industry in the U.S. has grown from several million doliars to $21 billion
under management. — Warrants, swaps, commercial paper, rights. convertible bonds, and

several other financial instruments are actively traded, but will not be described here.

Investment. Investments are made in expectation of attractive, positive returns, but any
investment entails risk. Stock pnces fluctuate according to market conditions, and the.
company’s profits and prospects. Bonds prices vary according to interest rates in the economy,
and changes 1n the creditworthiness of the issuer. Bonds are subject to default when worsening
business conditons make it impossible for an issuer to meet its obligations. Hence, bonds with
a greater likelihood of default pay a higher interest rate.

Technology can improve the management of risk, but it will not eliminate market price
fluctuations. Some observers believe that financial markets are excessively volatile, and that

reducing transactions costs through automation only exacerbates volatility by promoting

*  Waters, R. "U.K Insurance Groups See a Brighter Future in Derivatives", Financial

Times, 21 December 1992, p. 19.
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superfluous trading. The evidence on market inefficiencies and excess volatility is inconclusive.
Analysis of NYSE prices since 1840 showed that between 1980 and 1990 prices were only
slightly more volatile than in the 1970s, but were less volzatile than in the 1920s, 1940s, and
1890s.* Since systems can increase participation and information access, a move toward screen-

based 24-hour markets may have the effect of reducing price shocks and volatility.,

Investors typically diversify their investment portfolio by holding a range of securities.
The value of diversification was quantified by the Nobel prize-winning economist Harrv
Markowitz in the 1950s. Markowitz demonstrated that a diversified portfolio had a higher
expected rate of return or a lower variance (risk) of return than an undiversified portfolio.® The
landmark Capital Asset Pricing Model (CAPM)® followed from Portfolio Theory, and
established that rational investors will expect a return from any security I that is proportional to
its risk as measured by its bera, §;. Betz is the undiversifiable risk of investing in asset i, and
is measured by §; = Cov(i,M)/Var(M), where Cov(i,M) is the covariance of returns on secuﬁtj.'
i with returns on the entire market. M, and Var(M) is the variance of returns on the market.
Beta reflects a stock’s volatility, and is the amount that investors expect the stock price to change
for each 1 percent change in the market. A beta of 1.5 implies that a 1 percent change in entire

market 1s expected to result in a 1.5 percent change in security i’s price.

¢ "Safer than It Looks", The Economist, 4 August 1990, p. 63.

Markowitz, H.M., "Portfolio Selection", Journal of Finance. Vol. 7, pp. 77-91, March

® Sharpe, W.F., "Capital Asset Prices: A Theory of Market Equilibrium under Conditions
of Risk", Journal of Finance, Vol. 19, pp. 425-442, September 1964.
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Figure 2: Flow Diagram of Securities Investment Decisions and
examples (shaded) of Portfolio Marzgement Technology
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Vendors and in-house systems groups have developed information technology to suppon

all siages of the securities investment process.

Market infrastructure. The keys to a well-functioning financial market are capiral, people,
ang technology. Capital in a market is the sum of the financial resources that back the bzanke
and securities firms that participate in the market. Greater levels of capital raise credit-
worthiness, 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 bninging together those companies and governments seeking to raise funds, with
those individuals and institutions seeking 1o invest wealth. While financial resources are ::mcié.'..
the adzge "the assets wa]k out the door at the end of the day" applies to firms operating in

financial markets.

In only a few advanced expert systems applications is technology used to displace human
trading judgment. However, sysiems 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
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operating in Britain in 1900, but in 1973 all trading was consolidated in London. Markets today
can reach out to a vast collecuon of customers, and consoliczte diverse opinions from any point
on the global, and at any time of day. Technology has ziso increased the back-gffice efficiency
of the securities indusury. In many markets, tedious trade settlement paperwork has been
replaced by computerized book entry for transferring ownership, and electronic funds transfer

for moving payments.

The principal measure of a market’s attractiveness is its liquidity. The liguidity of a
market or a financial instrument is measured by the ease and the economy of transforming cash
into the secunty, and back again at prices that reflect the asset’s fair value. Amihud and

Mendelson (1991) identified four transactions costs that Jower a security’s liquidity:

(1) Bid-ask spread is & cost resulting from the difference between the best price to sell and
to buy in the market

(2) Market 1mpact costs are incurred when a large trade can only be completed with a price
concession by the 1nvestor

(3) Delayvs 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. For instance,
insututional investors pay 6.5 cents a share on average for trading NYSE stocks.

Low transacuons costs improves trading and market liquidity. This allows securities

ownership to shift easily so that capital flows efficiently from investors to expanding businesses.
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3. Technology in Financial Markets

3.1. History

In 17th century Britain, trading companies such as the East India Company issued
securities to finance shipbuilding and dock construction in London, and to pay for long voyages
that returned tez. spice, and silk for England’s home markets. U.S. financial markets were
o;ganized to enzble the trading of former colonies’ revolutionary war debts. Scandals and frauds
were prevalent in the early stock markets. Shares were issued in 1720 in London by the South
Sea Company. which proposed to open up trade and markets for new commodities in South
America and the Pacific. The price rose from £128 10 £1,050 between March and September,

but collapsed and the shares were nearly valueless by December when the promised dividends

failed to appear.

The London Stock Exchange has its origins in New Jonathan's Coffee House when an
entrance fee was 1mposed on traders in 1748 to keep out "nff-raff”. The participating brokers
formally established London’s Stock Exchange in 1773. The forerunner of the New York Stock
Exchange was formed in 1792 by the Buttonwood agreement of twenty-four brokers to establish
an orderly market and to share trading information. A minimum commission of 0.25% was set
(and maintained untl 1975), and members agreed to give preferential treatment to one another.
Fixed commissions, along with the restrictions and licensing mandated by the agreement, had
the effect of creating a profitable cartel for the traders that took part. An outside, "curb” market

remained, and later became the American Stock Exchange.

The formation of organized secunues markets led to official market information.
Newspaper-published stock prices in New York first appeared in 1815, The telegraph was
invented in 1838 by Morse and Vail, and was quickly used to transmit prices between New York

and Philadelphia and New Orleans, replacing horse and train journeys that delayed the news

Center for Dieital Economy Research
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from half a day to a week. As Garbade and Silber (1978) demonstrated. the Transatlantic cable,
which in 1866 established-telegraph communication between New York and London, affected
pricing and changed trading practices in those cities’ currency, stock. and bonds markets. Time
lags that had been 20 days were reduced to minutes, and the average absolute price differences
for securities traded in both markets dropped €9 percent from their previous levels. The electro-
mechanical stock ticker (1867) and the telephone (1876) were also rapidly adopted by marke!
participants. and enabled financial markets at the time to extend their reach and their imporiance
in the economy. New York-based brokerage houses that established a presence in other parts
of the country to serve retail investors became known as "wirehouses" for their reliance on

telegraph communications.

Insider trading takes flight

An early case of windfall prefits from trading with inside, nonpublic information
occurred when Nathan Rothchild received advenced news via carrier pigeon of
Wellington’s defeat of Napolean at Weaterloo in 1815. Rothchild bought shares at low
prices from uninformed and anxiety-racked traders in London, and made his family's
fortune from having received the tavorabie news first. Since the timeliness of a trader’s
news relative to fellow traders mzakes the difference between fortunes and losses,
technology that speeds the flow of price-sensitive information has always found ready
application in financial markets.

The commercialization of computers in the 1950s greatly increased access to financial
market informaton. Quotron introduced on-line interrogation for stock market information in
1960. Brokers anywhere could enter a 4-letter code for a stock, and receive the last trade price.
daily volume of shares traded, and the current price quotes. Previously, only reported prices
of prevailing trades were availeble on the ticker, and consolidation and querying of historic
prices was not possible. Information sysiems also made possible the streamlining of the after-
trade settlement and clearing process. Archaic, paper-based settlement systems led to the 1967-

1968 "back-office crisis”, and forced U.S. stock markets to close on Wednesdays during the Jas:
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six months of 1968. The subsequent improvements to settlement enabled exchanges to cope with

surging trading volumes of the 1970s and 1980s.

Economic Effects of 1T

8]
LB
.

Microeconomic theories of financial markets are built on the assumption of 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.
Information technology, however, lessens the imporiznce of ume and distance in securites
trading, and has been shown to reduce transactions cosis and frictions. In addition, IT has
opened up markets to additional participants and has increased competition. Research into the
general effects of IT on industries has claimed that electronic markets allow customers to search
and compare many products at Jow cost, thus heightening competitive pressure among suppliers
[MALOS7][BAKO91]. The overall effect of IT i1s to bnng financial markets closer to

microeconomic 1deal, and maximize the economic benefits provided by market activities.

Market theory has at its foundation the assumption of market clearing through an
equilibrium price formaton model. For securities markets, this has meant a frictionless trading
mechanism based on a call-type, Walrasian aucrion. In @ Walrasian auction, an equilibrium
price is reached through an iterative process known as rézonnement in which buyers and seller
indicate their net demands for all securities at all combinations of prices. The Walrasian auction
Is an abstraction, and practical difficulties in operating such a procedure prevent its application
in actval secuniies markets. Instead, markets use trading mechanisms 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

P
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events or condiuons in @ market. For instance, & 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 difierent market structures in use in stock markets
around the world. Although details can vary, markets differ on two principal dimensions. First,
markets may faciliate continuous trading, or baich or call trading. 1In z continuous market,
such as the New York Stock Exchange, trades can execute at any time at the quoted bid and
ofier prices. The bid price in a continuous market 1s the price at which investors can sell
secunities, and will be somewhat Jess 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 investors. In a call market, a single
price 1s set at the ume of the clearing to most closely eguate 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. The second
distincuon is between aucrion 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 that
investors can trade at. Aucuon markets are termed order-driven, and dealer markets are guote-

driven.

3.3. Automation Functions in Financial Markets

Automation serves a number of functions in financial markets, yet most markets are
incompletely automatec, and most retain some manual functions. Listed below are the market

functions that can be automated.
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¢  Information systems play an order collection role in the processing of trading instructions
in investors’ and traders’ offices. Once an order 1s entered into an electronic system,
order 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 Dy a trader to the appropriate market.
The DOT svstem (Designated Order Turnaround) was introduced in 1976 for order
routing on the NYSE. The system enzbles 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 the phone to floor traders’ booths.

e  Price determination is often supported by svstems that aggregate the orders submitted
to a market. The Anzona 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 quanuty to buy equals the
quantity to sell.

¢ Order execution systems electronically match buy and sell orders in a market, and order
confirmation systems route electronic verificaiions of a trade to the participants involvec.
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. No more than several seconds elapse between order entry
to final trade confirmation.

e  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.

e  Systems disseminate market informarnion more broadly. The Consolidated Tape System
(CTS) was introduced in 1976, and imposed unified trade reporting nilcs, and facilitated
ticker publication of last sale information occurring in any of e*znt U.S. stock markets.
Previously only NYSE and American Stock Exchange (Ai£X) trades were reported on
the ticker. The CTS informs a far broader audience uf all trading activity on the NYSE,
AMEX, the five regional stock exchanges, ar2Z the OTC market.

Information techt .y 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
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valuable economies of scale. In automated markets, grezter trading volumes lead to fractional
increases in overall costs, and a Jowering in per transaction costs. lnregration 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. z 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 in Singapore, requires margin to be put up for just the ner
position of 5 contracts. Settlement efficiency is enhanced with systems. The number of
questioned trades (QTs), don’t knows (DXKs), and fails drops when trading is automated and

trade detzails are captured electronically, reducing costly exception processing.
3.4. Constituents in Screen-based Markets

Screen-based securities markets serve many stakeholders including investors, securities
firms, and listed companies, as well as the securities exchange or vendor providing the system.
The organizations that play operational or informational roles in a screen-based markets are
depicted below.
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Figure 3: Informztion Flows in Automated Financial Markets
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To succeed, an automated, screen-based market requires cooperation between a number of
organizations, the setting of technical siandards, and integration of multiple information systems.
As markets have globalized and drawn more dispersed participants, achieving cooperation has

become more challenging.

4. Screen-based Global Financial Markets: The Foreign Exchange Market

Today’s most active and most zutomated global market is in foreign currencies. Billions
of U.S. dollars are exchanged daily for Japanese Yen (¥), British pound sterling (£).
Deutschmarks (DM), Swiss Francs. Canadian Dollars. French Francs, and other currencies. A

dollar-ven exchange rate of 116.75 means that $1 buys 116.75 ven, or that ¥1 is worth 0.857¢.

As active as it is, the foreign exchange market has oniv a 20 year history. To stzbilize
the world economy after World War 11, leaders of major nztions met in 1946 in Bretion Woods,
New Hampshire and agreed to a system of a fixed exchange rates centered on the 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 convertability 1nto 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) e nation with a growing balance of payments deficit with another country can expect its
currency’s value to decline relative to the other naton’s currency
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(3)  increasing inflation in one country lower the value of its currency

FX Volumes. In 1992, daily turnover in the international foreign exchange (FX) market was
esumated at close to $1 trillion. The three maior financial centers are credited with the

following daily FX volumes.

(S billion) March 1986  Apnl 1989 Apnl 1992
London $90 $187 $303
New York $58 $12¢ $192
Tokvo S48 115 $128
TOTAL 5196 $43] $623

Tzble 1: Daily Foreign Exchange Trading Volumes
Source: Bank of England, Quanery Bulletin, November 1992

Significant FX trading also occurs in Singapore (fourth with $80 billion traded daily in

1992), Zurich, Toronto, and Hong Kong.

FX Trading Technology. The FX market is dominated by the world’s largest banks, most of
whom trade currencies 24 hours & day from technologically sophisticated dealing rooms in the
major financial centers. There is no market floor for institutional spot market trading of

currencies.

The FX trader’s desk contains an abundance of information sysiems 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.

(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 setung up multiparty conversations.
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(2) Real-time market data 1s 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 Gatz. Analytics software 1s either purchased as a
package from a vendor, or 1s developed in-house.

(4) Both traders will enter the order into their firm’s record keeping or on-line transactions
processing sysiems, 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 exf:hange market. The widely
scattered market that was emerging after the Bretton Woods breakdown needed some way of
posting prices. Banks and other firms fed 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 traditionzally been effected over
the phone. For 1nstance, a bank representing @ mulunatonal customer that requires yen to pay
a Japanese supplier will phone a dealer that 1s displaying an attractive offering quote for yen.
In a short conversation, the bank’s trader will reveal him or herself, confirm the quote for the
intended trade, agree to the quantity and price. The dealer will read back details of the trade

such as "I sell vou 50,000,000 ven at 116.7500 for $428,265.52."

About 177,000 Reuters terminals were installed around the globe in 1990, up from just
55,000 in 1985. Ezach terminal has access to 73,000 pages of continuously updated financial
news and market prices. In 1981, Reuters introduced Dealing, a conversational electronic
dealing system that enables subscribers to negotiate and execute FX trades over their terminals.

For the first terminal at a site, Monitor costs $1,800 a month and Dealing is $5,400. There
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were about 16.000 Dealing terminals in use in 1992. It is estimated that half of world’s spo:

FX trades were executed electronically over the Dealing trading system.”
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Figure 4: Reuters Terminal with Composite Display of
British Money Rzles. a Price Chan, Foreign Exchange Rates, and News

Transactions Cost lllustration

Q: How much would be paid in round-trip treansactions costs for converting $100,000
into Deutschmarks, and back to dollars the indicated spot market prices?

A: Reading from the top line of the middle screen, a customer can sell dollars at the bid
quote and receive 1.5385 DM for each dollar sold. The customer can buy dollars with
Deutsch Marks from a dezler who will pay 1.5285 DM for each dollar purchased.

Buy @ 7.5385: 153,850.00 DM Sell @ (1/1.5395)= $0.6496: $99,935.04

Transactions (spread) costs = $£$7100,000 — $99,935.04 = $64.96

By making markets more transparent and accessible, one effect of screen trading is to

narrow bid-ask sprezds, and reduce transzctions costs. In the example above, the spread is

7 Gandy, T. "Monopoly Mavhem", The Banker, February 1993, pp. 56-59.

Center for Digital Fconomy Rese

Stern School of Business
Working Paper 18-93-12



IT in International Financial Markets Page 20

(1.5395—-1.5385)/1.5390 = 0.065%. which is narrow and reflective of the FX market's size and

efficiency.

Assessment. The foreign exchange market has become & successful screen-based market for 2
number of reasons. FX is a 24-hour market with pariicipants dispersed around the globe.
Coming into existence in 1971, it Jacked 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 organi-
zations such as the Bank for Intermzuonal Settlements (BIS). The participants are sophisticated
financial institutions, requiring Iittle of the supervision and protection necessary in other markets

with greater numbers of individual investors. Hence, the market operates without the extensive

cooperative arrangements that would be required in other markets.

X Anp International Survey

fn

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 grqwlh in cross-border trading volumes. The activities of non-domestic
investors grew dramatically in the 1980s. Between 1980 and 1990, U.S. investors’ trading
acuvity 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

International Securities Transactions
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Figure 5: Growth in Cross-Border Securities Trading
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In zddition to facilitating the growth in cross-border trading, many markets have been pressured
o automate in response to competiive 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.

5.1. Europe

The six largest European stock markets traded 2 total of about $6 billion daily in 1991.

This is comparable to the daily volume of $6.3 biliion on the NYSE in 1991.

Averzge Daily Trading Voiume (miliions)

Figure 6: Trading Volumes in Mzjor European Stock Markets
Source: Financial Times (U.K.)

United Kingdom. The U.K. stock market is the largest in Europe, and its trading volume in
international (non-U.K.) equites is the largest in the world. lLondon is also the largest currency
dezling center in the world with $303 billion in daily turnover according the Bank of England.
London’s current status as a leading international moneyv center reflects a reversal from a

wezkening position between 1950 and 1979. Up to October 1979, government exchange controls
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restricted the conversion of pounds to other currencies and prevented most British investment
outside of the U.K. At the ume, the London Stock Exchange was closed to non-U.K members,
and imposed high, fixed commissions. Trading in major British companies was flowing into
New York, where they traded as American Depository Receipts (ADRs). Subseguent financial
deregulation in Brtain and growing trade and financial flows within the European Community

have revitalized London’s status as a financial hub.

U.K. Domestic Equities. On October 27, 1986, the London Stock Exchange (LSE) was
deregulated and restructured by the Big Bang reforms [CLEMS0]. Big Bang was the result of
a 1983 settlement reached with the British Government’s Office of Fair Trade to end a lawsuit
over restricive practices and anti-compeltitive rules by the Exchange. The Big Bang changes
abolished a fixed commission rate schedule, and permitted firms to operzte in dual capacity as
a broker-agent and as market makers trading for their own account with customers. A 30
percent limit on outside ownership of member firms was removed, and Exchange membership
was opened up to overseas firms. Finally, SEAQ, a2 screen-based market mechanism, was
introduced to support the new Exchange operztions. In the figure, four of the seventeen market
makers are bidding £13.03 to buy ICI shares, and four other market makers are offering £13.08

to sell. The bid-ask spread of 5 pence, or 0.4% 1s considered tight, and indicative of a liquid

and competitive market. i

ek Day’s exmnulauve Eesimg  Bestoffer IE
i share velume (0002 /
\ SEAQ/FT-SE 100 CUGTES 45? A7 11:36 Time
Frowvioos €ay's
icl ICI s 1300-1805 (oAt o
VOLB8BO LT1303 5 € 3 ? B )JC1 14 11:33 Time of
. - f Jazt wrsee
Last trade prices /
RAML BZWE SB8RO 13038 WAHRB F&DT MGSH
AITK 1306-010 5x5 MCST  1303-012 5x5
BZWE  1302-00¢ 5Cx 5L NMRA  1300-010 50x5C
CNwM  1300-010 50x 50 P&DT 1303-008 5x5
FLMG  1302-00¢ 50250 RaMl  1303-013 10x1C
C5C0  1298-00¢ 2SR E SALE 1302-012 SOx50C
HOAE  1300-01C 5050 SBRO  1303-01i0 1lx1L
KGCLE 1301-008 0w 5C SLaM 1301-011 50x50
MERL 1202-012 D5HE WARE  1301-008 Iixll
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\ Competing // Quoie prices
market makers and sizes

Figure 7: Sample SEAQ Screen Display for Imperial Chemicals Industries
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The London Stock Exchange operates as a competing dealer market. In each stock there
are a number of dealers, or market makers, that provide bid quotes (the price at which they will
buy shares from customers), and ask quotes (the price at which thev will sell shares to
customers). The SEAQ system has one "page" for each issue that displays all market makers
registered in that security with their bid and ask quotes. There is also an indication of the
number of shares the market maker is willing to commit to at those prices. For instance, 50 x50
means 50,000 shares bid and 50,000 shares offered, and 1L means 100,000 shares. By
negotiating over the phone, a trader can usually buy and sell in larger quantities than those

shown, and market makers will often agree to trade at prices different than those on the screen.

SEAQ was modeled on the NASDAQ"(Nalional Association of Securities Dealers
Automated Quotations) market in the U.S.. which was introduced in the U.S. in 1971 as 2
screen display of trading pn"ces for OTC stocks. Prior to NASDAQ, OTC prices were Iconve_\'ed
via "pink sheets” that were distributed daily. The pink sheets listed dealers and their indicative
quotes. NASDAQ and SEAQ enable dealers to be geographically dispersed. Several SEAQ
market makers are in fact located in Edinburgh, Scotland, and several SEAQ-International
market makers operate out of dealing rooms in Paris and Frankfurt. SEAQ information is
displayed on computer screens, and investors, or brokers acting on behalf of investors, contact
and make trades with dealers over the telephone. The inside quotes displayed on the SEAQ
screen — also called the rouch — represent the best bid and offer available in London, and are
prominently displaved, double sized, in a vellow strip at the top of the SEAQ screen for each
stock. The intent when SEAQ was implemented was for the vellow strip to givé a rapid and
accurate indication of the price at which the next trade in any share could be expected to occur.
Once a trade 1s executed the details of price and number of shares are transmitted to the
Exchange, which then publishes the stock’s cumulative trading volume and the prices of the most

recent transactions on the screen above the vellow strip.
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London: Overseas Equities. In 1985, the London Stock Exchange introduced SEAO
International, a screen-based dealer market for the shares of foreign companies. The Exchange
succeeded in establishing an active international market for lradjnghof non-U.K. secunties away
from their home exchanges. Trading volume on SEAQ Iniernational grew from nothing in 1984
to £400 million a day in 1987, and in'1992 averaged £1.30 billion a day, up from £1.12 billion
in 1891. For comparison, in 1992, London trading in U.K. and Irish equities was £1.71 billion

daily.

London is the most global stock exchange today, lisung zbout 760 non-U.K. stocks,
compared with 121 foreign stocks traded on the NYSE.* London atiracts more than two-third
of all equities trading that occurs outside of the stock’s countrv of origin, according to the Bank
of England. There were 49 firms operating as market makers on SEAQ-International in January

1993.

Although daily trading volume of domestic stocks in New York and Tokyo is far greater
than in London, trading volume of overseas securities on the New York Stock Exchange
averaged just $441 million (£250 million) a day in 1991. and on the Tokyo Stock Exchange, it

was just $77 million per day in 1991.

* "Daimler’s Arrival Marks New Spirit at U.S. Securities Agency", Financial Times, ]

Apnl 1993, p. 17.
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Domestic Average daily | Non-Domestic Average daily  As a percentage

; Listings trading volume in Listings trading volume 1n of total market
| 1991 domestic shares 1981  non-domestic shares trading volume

1991 (& mullion) 1991 (S million)

lLondon 2,243 2,318 F25 1,962 4.2%

New York 1,67¢ 6,278 108 441] 6.6%

NASDAQ 3,917 2,938 27¢ 114 3.7%

Tokyo 1,614 3,384 125 77 22%

Germany 646 1,620 570 48 29%

Pans 446 468 236 18 3.7%

Table 2: Extent of Cross-Border Trading in Major Stock Markets
Source: Londorn Stock Exchange, Financial Times (U.K.) :

The success of SEAQ-] has come mostly at the expense of less liquid and more costly
bourses in Continental Europe. SEAQ-I turnover in some shares is often far greater than in the
stock’s home market. Table 5 indicates the volume of SEAQ-I trading in London relative to

totals on the home markets.

Home country SEAQ-I Trading Volume: Dailv As a percentage of the home
of stock Average in 1991 (millions) market’s trading volume
Netherlands $165.¢ 50.53%
Sweden $100.0 45.0%
France $244.¢ 26.7%
Switzerland $125.2 25.8%
Germany $£500.0 12.2%

Table 3: SEAQ-Internztional Trading Volume in Continental European Stocks
Source: London Stock Exchange, Financial Times (U.K.)

The Panis, Amsterdeam, Stockholm, and Frankifurt markets have responded in an effort
to regain volume in their domestic shares. Market zuthorities in those countries have
modernized their markets and enacted reforms aimed at lowering costs and repatriating trading
volume. For example, in the fourth quarter of 1991, trading volume in the 18 leading Swedish

stocks was 8.4 percent higher in London than in Stockholm. A two percent tumover tax
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introduced in 1984 on securities transactions in Sweden was repealed in December 1991, and
some volume has returned to Stockholm. In 1952, volumes in both markets were up, but the

Stockholm exchange had 12 percent more turnover than London in those 18 stocks.

London: Futures and Options. The London International Financial Futures Exchange
(LIFFE) opened in September 1982. In November 1989, LIFFE introduced its Automated Pit
Trading (APT) system, which simulates open ouicry trading on a screen for LIFFE members.
APT operates from the close of the floor market 2t 3:00 p.m. to 6:00 p.m., and averaged 5,000

contracts a day in 1992, or about 4 percent of the LIFFE total.

Germany. The 1989 fall of the Berlin Wall and the reunification of the country have had a
massive impact on the economy. The country is undeterred in 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. Screen-based trading has been introduced. 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 a centralized German stock exchange, the Deursche Bérse, to consolidate
trading now spread across Frankfurt and seven regional markets. Trading is planned for the 30-

50 most frequently traded equities and bonrds in a fully-electronic screen dealing system.

The technological showpiece of the German financial markets 1s the Deutsche
Terminborse (DTB). Inaugurated in January 1990, the DTB cost $85 million to develop. It is
a fully computerized exchange for futures and options contracts. In November 1990, the DTB
lJaunched its Bund (German Government Bond) futures contract to compete with the active, floor-
based LIFFE Bund market that opened in 1588. In spite of 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. Another
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electronic market, IBIS (Interbank Information System) was introduced in December 1989 for
screen-bzsed trading of German equities. 1BIS cost DM16 million ($10 million), and extendeg
the three hours of operations of the Frankfurt floor market. IBIS was later acquired by the
Frankfurt Stock Exchange. In September 1991, IBIS accounted for 12 percent of the Frankfurt’s
trading volume 1n the 30 blue-chip stocks in the DAX index. Overall, trading volume on IBIS
averaged just 300,000 shares daily in 1991, or less than 10% of London’s SEAQ-I volume in

German stocks.

France. 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 stockbrokers.
The Paris Bourse introduced the CAC svstem (Cotation Assistée en Continu) for electronic
trading in July 1989. 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 "dematerialized" settlement,
moving all ownership records to electronic form, and prompting the destruction of 40 tons of
French share certificates. A tummover tax of 0.15% to 0.30% of the value of any transaction is
expected to be abolished. 1BM is among the most active stocks on the automated foreign section
of the Paris Bourse, and averaged 3.5k (80.5) million a day in trading value in 1991, compared

to about $200 million in daily trading on the NYSE.

Switzerland. SOFFEX (Swiss Options and Financial Futures Exchange), an electronic trading
and clearing svstem for denvative instruments, opened in May 1988. Recognizing the success
of SOFFEX and the likely demise of their floor markets, an the Basel, Geneva, and Zurich
exchanges formed the Association Tripartite Bourses, which is developing a screen-market based

on Sun Microsystems SPARCstations.
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North America

Canada. Toronto is Canada’s principal financial center. The Toronto Stock Exchange (TSE)
handles 75 percent of the total value of trading on Canada’s five exchanges. The TSE traded
117 million shares a day (CS$1.2 billion) on average in 1292, up 25.5 per cent from 1991. The
second and third largest markets are in Montreal and Vancouver. In 1977, the TSE introduced
the Computer Assisted Trading Svstem (CATS). At the ume. the market floor was fully
occupied, and CATS provided a means of expanding capacity at low cost. The original plan weas
1o 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. Facing the renewal of the Jease
on the floor market in Februarv 1992, 80 percent of the 72 TSE member firms voted to close

the trading floor in late 1993, saving C$30 million a vear.

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

Treasury bond market is the largest securities market in the world.

U.S. Equities. The Securities Exchange Act of 1934 created a regulatory structure fos
the U.S. securities industry to guard zgainst fraud and the excesses that were exposed in the
October 1929 crash. The Secunities 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 mandzte for the SEC to develop 2 "Narional 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

Versions of CATS are now in use in stock markets in Tokyo, Paris, Brussels, and
Madrid.
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securities market. It has, however, led to the introduction of many important market information

systems.

e  The National Securities Clearing Corp. (NSCC) was crezted in 1976 from the merger of
the cleaninghouses of the NYSE, the AMEX, and the NASD. The NSCC instituted
computerized book entry transier of securities ownership. and electronic payments.

¢  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
upsiairs dealers, and trades can be executed over 1TS.

Stock exchanges in the U.S. are competing to attract order flow from each other. Several
regional exchanges offer automated execution systems for small orders that guarantee the best
ITS price with faster execution ume than on the NYSE floor. SelectNetr allows NASDAQ
members to send buy and sell order to other members’ terminals, and has begun to offer trading
in NYSE-listed stocks. In private, bilateral "conversations”, orders can be accepted in part or

full, and on-screen price and quantity negotiations can occur between traders.

U.S. Futures and Options. The Chicago Board of Trade and the Chicago Mercantile
Exchange are the two largest derivatives exchanges in the world. The CBOT and the CME
traded an average of 600,000 and 525,000 contracts daily in 1992. Rapid growth in overseas
derivatives exchange is diminishing the dominance of the Chicago markets. Combined CBOT-
CME volumes accounted for zbout 43 percent of the world’s exchange-traded derivatives volume

in 1992, which is down from 55 percent in 1990.

The Chicago exchanges are using IT to maintain their international position. Globex was
initiated by Reuters and the CME with tremendous fanfare in September 1987. The CBOT
eventually abandoned its competing Aurora project. and joined Globex as a sponsor. Globex

was developed at a cost of $80 million, and opened in June 1992. It is not a 24-hour market,
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and only operates after the 2:30 P.M. close of the Chicago floor markets. Trading hours are

6:00 P.M. to 6:00 A.M., but plans exist to add & 2:30 P.M. 10 4:00 P.M. session.

Figure &:
Globex Trading
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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 Jaunch. Hence, Globex accounts for just 0.3% of

the volume of the two floor markets.

U.S. Off-Exchange Markets. U.S. anges 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 marker. The five regional exchanges (Boston, Philadel-
phia, Cinciﬁnati, Chicago, and San Francisco) are considered the second marker. The third
market 1s made up of dealers trading over the telephone from offices using NASDAQ screen
prices. The fourth marker is direct trading between institutional investors. Technology has led
to a proliferation of third and fourth market trading systems, which have proven to be attractive
to investors and traders. Equities trading away from the NYSE in NYSE-listed stocks is
increasing. In 1980, just 12 percent of reporied 1rading in NYSE-listed stocks occurred off the
NYSE floor. In 1992, it was 18.2 percent. Reported trade volumes miss an estimated 10-20

million shares a day that are traded in oversezs stock markets, or on electronic crossing

networks. The distribution of trading below is based on available data and estimates.
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Figure 9: Market Share of Trading Volume
in NYSE-Listed Equities — Third Quarter 129]

Burion Malkiel’'s A Random Walk Down Wall Street (1973) popularized the notion that
active stock picking was unlikely to lead to investment performance that is consistently betier
than the return on the broad market as measure by indexes. Detailed studies of the investment
performance of fund managers made clear that the majority were generally unable to achieve
even the returns registered on the benchmark unmanaged indexes of the market. As a result,
"passive management” and "indexation" have become increasingly popular. Such strategies
require holding the securities in an index, and trading baskets of the stocks in an index at as Jow
a cost as possible. Today, estimates are that between 30 and 35 percent of institutional equity
holdings in the U.S. are passively managed index matching funds. A September 1989 survey'®
of 36 of the largest U.S. pension funds with assets totaling $259 biliion found 34% of their
domestic equities holdings were indexed, a 4 % increase from 1986. Passive fund managers have

become imporant users of off-exchange trading systems.

' Committee on Investment of Emplovee Benefits, "Survey of Pension Fund Investment
Practices”, Financial Executives Institute, Morristown, NJ, 1990.
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There are 2 number of types of third and fourth market trading systems that compete for

order with the floor-based exchanges.

ey
qTrgding Mechanism/Essis fcr Trading Examples (Introduction date) -
System Type Price Pricing, Owzer, Daily Trading
Volume estimates
Crossinc i Batch trading based cn : The Crossing Network (1986) -
Network iclosing prices from NYSE or Run by Reuters, 1 cent per
.imid-spresd of NRSDAQ .. . .Share, Z.Z million shares
icall auction. Price set by .rizonz Stock Exchange, RZX,
Single Price iintersecticn of supply and (crig.: SPAWorks, 1991) - 0.t
2uction idemand curves from sutmitted cents per share. 45
iorders instituticns, 200,000 shzres
i Feceit (1%EE) — Z cents per
FPortfclic Use volume weighted average | cshere. Run by Jefferies/ITG,
Crosesing iprice of day's tradincg. vsed by 80 institutions
B i Trades in morning and arcund managing 80% of US pensicn
i noon. funcé zessets. Traders must
' enter corcers for at lesst 10
stockes. Crder not expcsec. 3.5
millicn shares
Instinet (1969) — Run by
: Reuters, 1 cent per share, 1€
Orcer i Coentinucus open crcer book million shares
Matchinc {for individuesl shares or QLcnuEX (1€20) — Run by
i i portfolics Jefferies/ITG, used by 30
3 instit ut;cns, 1 millicon sheres
i MatchPlus (2 991) — Run by Morgan
: Stanley, 200 000 shares
{SelectlNet :_-0) — Run by
: NASDRQ, 200,000 shares after-
hcurs, 10 millicn Shares
.................................................................. Cur na U h.- ma"REt hours PETTErTT—
SEAQ Intermational, U.S. Section
Internsticnal Screen display cf market- (1985) - 11d1cat1ve guotes, £-
off-Eours imakers' cuoctes for U.S.- : 10 millicn shares
Markets §1isted stocks §NASDAQ Intl (Jan 1992) — 3:30 am
H tc 9:00 am N.Y. time, flrw
_____-_____________-___,_-___________________-_C.n£0~e= . 100,000 shares __________
NYSE Recspcnses (Began June 1%9%1) §“emder firms enter orders from
............................ L iinstituticonal clients, 112,000
Crcssing EEnter orders from 4:15 pm to ! sheres treded per night. Fill
(Fixed Price) :5:00 pm, to crcess at NYSE iratio: about 10% of orders
Session 1 iclosing price at 5:00 pm iexecute. Ordinary fees apply.
Palred (prearranged) orders
Cressing i for 15 or more stocks with i¢ million shares per night with
(Basket) _value greater than S1 ipeak of 4€ million. ©No user
Seccsion 11 imillion are executed when :commissions or fees. NYSE pays
ireceived Operates from 4:00 :SEC fees.
ipm to S5:15 pm. :

Table 4: Off-Exchange Trading Alternatives in the U.S.

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
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multplication of electronic market systems and varied level of information disclosure in some
trading mechanisms mean some investors find it difficult to assess the quality of the trade prices.
Liquidity and the accuracy price discovery is greatest when trading 1s centralized, and 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 pnice. The SEC 1s currently reviewing these market fragmentation issues.
5.3. Asia

The Asian financial industry is dominated by Japan. Success of Japanese companies in
internauonal markets, and & high saving rate have led to vast pool of investment capital. The

Japanese financial markets are the largest in Asia, and nine of the world twenty largest banks

Averzce Daily Trading Volurme (millicns)

|
SEﬂOEf’//T SERpRTeE Singooore

are Japanese.

Senckok
Hong Aong.—
Seou

Figure 10: Treding Volumes in Major Asian Stock Markets
Source: Financial Times (U.K.)

Not included in figure are the consolidated Australian Stock Exchanges, which had caily trading

volume of $187 million in 1991, or slightly greater activity than the Hong Kong market.
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Japan. The Tokyo Stock Exchange (TSE) was the world’s largest equities market in 1988, but
in 1992 placed third behind the NYSE and NASDAQ. The TSE's average daily trading value
was about $3.5 billion in 1992. After rising at g 20 percent annual rate between 1980 and 1990,
prices in the Japanese stock market entered a proionged slump in January 1990. The market

index has fallen by half, and trading volumes are 60 percent below their peak ievel from 1988.

-

The TSE’s trading mechanism is an zgency auction overseen by a "Saiftori”, a special
class of TSE member, that matches submitied orders, and smooths price swings by calling
treding halts when an imbalance of buy and seli orders exists. TSE stocks have "price collars"
that specify the maximum allowzble price movement in 2 day. When these limits are reached
trading stops and can contnue only at prices within the limits. In contrast, NYSE specialists
are expected to facilitate a continuous, "fair and orderly" market by trading as a principal for
their own account. The TSE introduced the Computer Assisted Order Routing and Execution
System (CORES) in 1982. CORES is modeled on Toronto’s CATS. Floor trading has remained

for the 150 most active issues, and CORES zccounted for 44 percent of the TSE’s volume in
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Figure 11: Trading on the Tokvo Stock Exchange — Floor
Trading Process and CORES Screen Display

Source: Tokyo Stock Exchange
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The CORES screen is broken into three sections. On the right hand side is a display of prices
for a number of stocks and the index. On the left hand side is detalled information on a single
stock. The top left section displays the name of the stock, its maximum allowable trading range
for the day, and market orders and market-on-close orders. The lower left section is limit order
book, which in this case displays a bid of ¥1.840 for 9,200 shares and an offer price of ¥1,850

for 36,000 shares with another 20,600 shares available at ¥1,860.

Dragon Countries. Singapore, Hong Kong, Taiwan, and Seoul (Korea) are the financial
capitals of the four Dragon countries. These countries experienced rapid economic growth and
development in the 1980s. While the financial markets in these countries are not large by New
York-London-Tokvo standards, they are growing rapidly. The use of trading technology varies
from market to market. In Taiwan’s market, for instance, share prices are posted on a

chalkboard, and traders use binoculars to monitor changes.

China. The financial markets in China have tremendous potential, but also 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 current speculative frenzy may hinder capital formation in the long term unless
government regulations are introduced. As commercial and property laws are written.
accounting standards are established, and technology improves, the Chinese markets will grow

and attract greater global interest.
6. International Market and Technology lssues
Advances in data processing and communications technology, and the opening up of

markets, have increased the flow of financial information around the world. This has attracted
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investors into overseas markets that previously lacked visibility. and resiricted market entry and
competition. Developments in trading networks and international cross-listings of securities have
heightened competition for trading volumes, are forcing antiquated exchanges to respond. Many
observers foresee a unified global financial market based on screen trading. Despite optimistic
forecasts for integrated, 24-hour securities markets, this vision 1s many years off. A number
of barriers exist to the technology that could support an integrated global financial market.
These hurdles include inerua and the critical mass required to establish liquidity in a new trading
mechanism, vested interests, regulatory discord, and 1T development costs in an industry

contending with declining margins.

Critical Mass. In markets, a "network externality” exists because liquidity 1s a self-reinforcing
characteristic of trading; the greater the level of trader participation, the more liquid and
attractive the market. For a new trading system to develop liquidity requires a critical mass of
adopters, whose participation is based on the system’s liquicity. This paradox is reflected by
a partner in a major Wall Street firm commenting on the 1991 introduction of NASDAQ Inter-
national for trading U.S. stocks between 3:30 a.m. and 9:00 a.m. New York time: "People may
not use ir because it’s not very active, but if it becomes more active, then they’ll use ir.™
Most evidence about intermarket competition indicates that order flow is retained by the market
that alrezdy has the greatest liquidity and depth. The director of financial markets at a French
bank pointed out "people don’t care what medium they trade through, as long as it has the
business."'? Experience has shown that when an off-hours market is introduced, its liquidity

is limited, and investors prefer io wait for the domestic market 1o open.

" Newman, A. and Torres, C. "SEC Will Vote on Plan to Allow Earlv-Hours U.S. Stock Trading”.
Wall Sireet Journal Europe, 9 October 1991, p. 15.

2 "Frankfurt Fights to Regain Bunds", Financial Times, November 26, 1990, p. 21.
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Some observers believe that "in the long run, automated trading systems offer a richer
mixture of the market information and the anonymity necessary for trading than either the crowd
or the telephone.""* Although automated markets are technically feasible, trading systems do
not create markets; public buying and selling, and in some cases dealers or specialists, are

required to create liquidity and a viable market.

In rare instances traders have demonstrated an abilitv to move their activities to an alter-
native market when it appeared advantageous. The primary and secondary markets for Euro-
bonds quickly moved from New York to London after 1965, when the Kennedy administration
imposed the Interest Equalization Tax (IET), lowering investors’ returns on such bonds by about
one percent. London did not offer a different trading mechanism; the market remained an over-

the-counter market. Yet beczuse trades are physically settled — certificates need to be delivered

to & clearinghouse or to the contra-party — the market derives operational benefits from a single
locale, and the relocation of the Eurobond market represented a tacit collective decision to move
trading to an alternative center. The IET was repealed in 1974, but the market has remained
in London. Trading volume in Eurobonds in 1992 was about $10 billion a day, up from $6

billion in 1990.%

In other cases, trading mechanisms that appeared to offer technological advantages were
ignored by traders and remained illiquid. Many atiempts to create alternative markets for
securities have failed; the Cincinnati Stock Exchange (1983), Ariel (1974) in the U.K., Boss in
Germany (1989), and Intex (1984), a Bermuda-based automated futures exchange, are examples
are examples of electronically-supported trading mechanisms that failed to attract liquidity and

never seriously challenged the dominance of estzblished, floor-based markets.

2 [CMSWS6), p. 66.

14

"Complaints about Poor Liquidity", Financial Times, 21 December 1992, p. 19.
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Vested Interests. Computer-based market sysiems enzble traders in diverse geographic
locations to interact, discover prices, and execute trades through a trading screen. The result
is a new market structure without the time and geographic constraints of participating in floor-
based stock exchanges. In many screen-based markets, investors are capable of trading directly
with each other, bypassing the traditional role piaved by dealer intermedianes. Since the
existing, dominant structure for securities trading In most countries involves a profitable
intermediary role similar to the NYSE specialist, estzblished participants may resist change.
Furthermore, firms that are earning inadequate returns on capital are not willing to cooperate

and support trading technology project that could further reduce margins.

New markets often operate as open limit orcer books, which are visible to market
participants, who can enter limit orders, or trede immediately by matching an existing order.
It is often argued that without the necessity of paying the intermedianes’ costs, investors will
reap larger gains from trade and higher market quality will result. However, this neglects tr'le
potential value of intermediation. Market makers with a continuous markel presence, such as
specialists on the New York Stock Exchange, may improve the quality of the market at a cost
less than the value of the service [WEBES1]. Iniermediaries stabilize prices by buying or selling
as principals when the net order flow is imbalanced, and also contribute by maintaining a "fair

and orderly" market.

The Eurobond market has resisted attempts 1o introduce real-ime screen prices. A
proposed system, Eurex, was rejected by the seli-regulatory body and trade association for
Eurobond dealers in 1983. Since then, several refined proposals have been spurned by dealers
in the market. The banks that trade in the market feel their ability to trade profitably would be
compromised by too much transparency. Vested interests strive to maintain the current market
mechanism, which is telephone search of dealers. who can quote comforiably wide bid-ask

spreads.
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Discordant Regulations. To achieve an integrated global market requires unified regulatory
policies. In fact, regulations vary considerable from country to country, and are often self-
serving responses to national rivalnies. Despite the efforts of international coordination
committees, an inconsistent pattern of regulations exists. Many countries have established of
murual recognirion, or reciprocity agreements, whereby one country’s firms can sell financial
products to another’s domestic investors, and vice versa. Such bilateral access agreements are
useful, but illustrate the protective stance tzken toward financial markets in most countries.
Until regulatory authorities begin to converge on a global standard, markets will remain multi-

domestic rather than global.

The changes in global markets have prompied the reexamination of regulations to ensure
the international competitiveness of a country’s or a region’s financial sector. The U.S. financia!
markets are undergoing thorough study. Recent studies of policy issues include "Securities
Trading: SEC Action Neesded to Address National Market System Issues" by the General
Accounting Office (1990), "Electronic Bulls and Bears" by the Office of Technology Assessment

(1990), and the Securities and Exchange Commission’s Market 2000 study. due in early 1993.

The twelve member nations of the European Community (EC) are seeking to harmonize
regulations and financial services access. The idea of a single market for securities trading has
not taken hold because of contention about its market structure and regulation. A system 1o
electronically link EC stock markets was approved in 1989. The system was termed PIPE for
Price Information Project Europe, and a company named Euroguote was establishéd to develop
the network. The objective was to publish the prices of 200 or more securities on a new list of
European blue-chip stocks. In 1991, the project stalled when EC exchanges admitted their

conflicting objecuves for PIPE, and declined to inject $15 million in capital into the project.

Center for Digital Economy Research
Stern School of Business

Working Paper 18-93-12



IT in Internauonal Financial Markets Page 40

Cost and inexperience with technology. Some observers argue that markets are highly
sophisticated processors of informzation and signzais. Given such complexity, it is not evident that
screen-based trading currently offers a more attractive market design than a market based on
face-to-face interaction. Mark Harding, the head financial markets group at Clifford Chance.
a law firm, said "I do not think anyone has found a computerized svstem, which is user friendly

"

or simple enough to take the place of open outcry trading.” Skeptics point out that a market
may appear to be an easily-automated transaction process. but it is also a complex price

discovery mechanism. -

Furthermore, initiatives to develop more sophisticated market systems are expensive.
Globex cost $80 million. The DTB cost $85 million to develop. The London Stock Exchange
abandoned its TAURUS settlement system in March 1993, after spending £75 million and
encouraging the industry to incur costs of £325 million in developing interfaces and connections

to the planned systems.
Fe Conclusions

Information technology enhances a market’s ability to perform valuable economic
functions: providing liquidity and channelling investment funds into productive uses. Across the
globe, trading processes are being resiructured, and automation continues to Jower the costs of
transacting and monitoring financial markets. Technology, along with sweeping changes in
regulauons, and investor interest in cross-border diversification, are driving up international
trading volumes. Competing for trading volumes, network providers such as Reuters, and the
major international exchanges are increasing their use of information technology. In a number
of markets, screen-based trading has taken the place of physical marketplaces and trading floors.
Experience shows that information technology threatens some sources of profits in the securities

industry, but it also creates opportunities and a means of reacting to market challenges.
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International market integration 1s occurring, but in a haphazard way. Today’s "global
financial market" is actually multiple trading structures, and firms with a patchwork of local
experiise in many markets. Piogress toward uniformity of regulations and market practices is
spotty, and the design of an integrated global financial market remains clouded with many
technological and regulatory issues unsolved. Fragmented markets that impose inefficiencies anc
require expertise in local practices may be a consequence of lack of agreement on the structure
of an integrated financial market. The consolicated, worldwice exchange is illusory. "The End

of Geography" remains an elusive goal.

The trading systems of the near future will likely be global routing systems that connect
and maintzin consistent prices across multiple markets internationally. Regulators will continue
to seek coordination among markets to reduce risks and inefficiency. Indexation and passive
investing will grow. More risk management activities and denivatives trading are likely. All
of these strategies require extensive IT investments and systems capabilities on the part of firms.
and advanced market technologies to be provided by exchanges and trading network providers.
Clearly, responding effectively to the changes and pressures will be the hallmark of successful

firms and expanding market centers in the coming vears.
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