




Consider an exporter who will receive A$100,000 for goods in three months. The current exchange rate is 0.80 USD/
AUD, which means the exporter expects to receive US$80,000. If, after three months, the exchange rate falls to 0.75,
the exporter stands to lose  US$5000.  By purchasing an option to sell A$100,000 for US$80,000,  he can  choose to
exercise the option and still receive US$80,000 mindrs`the option premium. If, however, the exchange rate is 0.85, the
exporter can abandon the option and make a profit of US$5000 minus the option premium. The expected payoff is given
in the graph below.
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Flqute 1. Example
Payoffdiagrdm.
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Expected   payoff at maturity if the
exchange rate has moved

-....-.     Expected  payoff after purchasing option

An option can be purchased as a form of insur-
ance  policy,  protecting  the  purchaser  from  ad-
verse price movements (see Figure 1 for an exam.

plc). By buying an option, the buyer can lose, at
most, the option premium from an adverse move-
ment. But the purchaser can benefit from advan.
tageous movements by abandoning the option.

Option purchases are also useful for contingent
cash.flow situations.  In the example in Figure  1,
the exporter can buy the option before the sale of
goods is finalized and still be protected from ad-
verse  price  movements.  An  option  purchase  is
attractive to buyers with poor credit ratings be.
causetheydonotrequirepriorcreditapprovalfor
the underlying transaction, merely the ability to
pay the premium. Finally, options are attractive
as speculative instmments when the price of an
asset is expected to move in a specific direction.
Options have limited risk and are not generally
subject to margin calls.

Risks and Options
The option writer gains, at most, the option pre.
rnium from a sale but risks unlimited loss, being
exposed to the full extent of price movements in
the  underlying  instruments.  Large.scale  option
writing by traders in bank treasuries can create a
position with unacceptable risk unless  methods
are used to contain or minimize the risk due to the
exposure. The method of accompfishing this is to
hedge  the  portfolio  through  trades  that  solely
minimize risks.

Ad hoc or manual hedtlng methods typically
involve the use of spreads (the simultaneous pur-
chase  and  sale  of similar  options)  or  straddles,
which involve the purchase of equal numbers of
both  call  and  put  options  of  the  same  type.

USD/AUD
Exchange Rate

SpreaLds seek to use an option purchase to reduce
the risk of the option sale and vice versa. Straddles
allow an option writer to be protected from mar-
ket movement in either direction.  The effective
use  of ad  hoc  strategies  such  as  these requires
careful judgment by the hedge trader, which can
be  obtained  only  from  experience.  The  use  of
spreads and straddles also results in a reduction in

profit from the option sale.
Modern computerized hedging techniques in.

volve the quantitative evaluation of risks, based
on  mathematical  models  of option  pricing,  to.
gethcr with continuous dynamic trading based on
monitoring of positions and a means of mathe-
matically determining hedging trades.

Risk Immunization
Hedgingreliesondevelopingaccuratemathemat-
ical models for the fair price of option premiums
and hedging instruments. A hedging instrument
is a financial contract used to hedge the sale of an
option,whichcanbeassimpleasbuyingorselling
a portion of the underlying asset. The fair price of
a financial instrument is the expected value of the
instrument if current market conditions prevail.

Depending on certain assumptions about distri-
bution of asset-price movements, the fair price of
an option premium is deterlnined by five mann
factors:

• The current asset price.
• The strike price of the option.
• The time to maturity of the option.
• The interest rate for holding the underlying

asset.
• The volathity of the asset price-an indication

of the variation of asset price with time.
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These are the only quantifiable influences on
the premium. The fair price is a function of these
factors. In practice, nonquantifiable factors, such
as market expectations, can also affect the premi-
urn. The writer is exposed to the risk of changing
market conditions-that is, to the risk of any of
the  above  factors  chaLnging  from  the  time  the
option is sold to the time it is exercised. From the

pricing model,  the partial derivative of the  fair
price with respect to any one of these factors calm
be derived, giving a measure of the risk due to a
change in that factor.

Risk immunization  consists  of constructing  a
series of hedging trades such that the sum of the
risk measures for the hedging trades are equal to
and opposite from the risk measures of the op-
tion.  If the option and the set of hedging trades
are traded as a group, the resultant portfolio will
not be affected by market movement.

Risk immunization occurs only for limited peri-
ods.  Large  or  sudden  market  movements  will
cause the portfolio to lose immunization and must
be rebalanced; rebalancing involves constructing
new hedging trades.  Risk management also  en.
tallsperformingsensitivityanalysesofhowaport-
folio  will  respond  to  chaLnges  in  market  condi-
tions,  and simulations of predicted or historical
market movement give an indication of the effec.
tiveness of rebalancing.

The Optech Option Trading Systems
Option Technology is developing options-trading
systems with advanced risk-analysis and control
facilities. The primaLry objective is to design a risk.
management  system  that  is  directly  linked  to
trading-floor activities.  To achieve this goal,  Op-
tionTechnologyhasidentifiedthefollowingprop-
ertiesasrequirementsinatradingorrisk-manage-
ment system:

• Continuous monitoring of market activity via a
digital interface to market.data services.

• Online, realtime ca.pture of a trade.
• Fast, accurate pricing of trades.
• Accurate, timely risk analysis and reporting.
• Effective security system.
• Advanced error detection, logging, recovery.
• Fault-tolerant operation.

In order to fulfill the above requirements, Op-
tion Technology has decided on a portable fault.
tolerant  distributed  approach.  The  systems  are
written entirely in the C  and C+ +  languages.
The software currently runs on Sun workstations
under Sunos 4.0.3 but is designed to work in a
heterogeneous  NFS  (Network File  System)  envi-
ronment.  Distributed processing is  achieved be-
cause activity is  spread among machines in the
network.  Replication of critical processes  across
the  network  offers  fault-tolerant  operation.  All
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daLtabase transactions go through a machine run-
ming the Sybase SQL database server. Normal file
access is provided by networked fileservers.

Two  kinds  of  user  interfaces  are  available.
Front-office  trading  and  risk  analysis  are  per-
formed on bitmapped workstations running the
Xl I  window system.  Back-office trade modifica-
tion,  confirmation,  reporting,  a.nd  maintenance
are  accessed  from  a  screen-oriented  interface
from inexpensive character terminals connected
to a networked minicomputer or fileserver.

Optech trading systems feature:

• Open architecture,  modular design.  The sys-
ten  is  designed  as  a  collection  of building
blocks or software modules that arejoined into
applications.   Module  interfaces  are  flexible
enough that modules can be replaced or ex.
tended without affecting other modules in the
System.

• Reliability  and  integrity.  In  order  to  ensure
database consistency, the system rolls back all
filed transactions.  It logs  all transactions  to

provide a complete audit trail. It applies auto.
matic   data-consistency   checks   as   a   guard
against   data   cormption/inconsistency/tarn.
pering.  The system can automatically detect
hardwa.re/softwarefailuresinthenetworkand
compensate/rea.djust.

• Interfaces to data feeds such as Reuters. These
interfaces   allow   continuous   monitoring  of
market activity and movement. Sophisticated
data filters avoid use of anomalous data. Users
can manually override data.

• Online trading with deal.capture and back-of-
fice  support  for  trade  confirmation  and  ac-
counting/auditing.

• Realtime  risk  and  sensitivity  analysis.   This
analysis automatically revalues portfohos and
recomputes   risk   measures   as   the   market
changes. As an aid to risk immunization, users
receive suggestions for rebalancing trades.

• Fast simulation of random,  predicted,  or his.
torical market movements.

• Extensive reporting and auditing fachities.
• Interfaces to external systems, such as main-

frame accounting systems.

System Architecture
Optech  option  systems  are  distributed  across  a.
network, and hence each system does not consist
of one monolithic executable but a group of relat.
ed applications that work closely together in an
integrated environment.  Each application is de-
signed  to  work by  itself or in conjunction with
other applications in the system, no matter where
they are located on the network. Interapplication
communication is performed by the TCP/IP sock-
et  mechanism  via  the  XII  windows  system  for

point.to-point  communication  and  through  the
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S`'basesQLDataserverorremoteprocedurecalls
i-6r broadcast communication.

The  following  applications  have  been  devel-
oped for the Optech system:

• Pricing and Trading Screen (PTS). This screen

gives traders a window in which they can do
online  trading.  A trader can perform opera-
tions on the PTS such aLs entering option details
and accessing live market dataL and using it to

price options.  Traders can view the risk mea-
sures associa.ted with a portfolio and the effect
a new traLde will have on the risk measures. The
system  can  suggest  hedging  trades  for  new
option trades. The PTS is built from advanced
screen-design tools  and is customized for the
kind of options being traded.  Figure 2 shows
how  trading activity is  centered  on  the PTS.
Figure 3 gives examples of trading screens cur-
rently under development.

• Greek Letters  Module  (GLM).  The GLM  is  a

daemon that continuously revalues and recal.
culates the risk measures of all portfolios in the
Portfolio  Database  in  response  to  changing
market dataL. The GLM is a transparently dis-
tributed application. Multiple instances of the
GLM can start aLcross machines in a network
and  behave  as  one  application.  The  GLM  is
also fault-tolerarit:  Different instances can be
started and stopped at any time.

• Sensitivity Analysis Module (SAM). This mod.
ules allows users to determine exactly how the
value of a particular portfolio and associated
risk measures win change should the market
move in a particular way. Users can enter sen-
sitivity-analysis parameters and then view the
results as a graph on-screen or a.s a report on
the printer.  Users can alter up to two market

parameters independently, viewing the effects
on portfolio value and risk measures.

• Simulator (SIM). This application analyses the
effects of rebalancing on portfolio value  and
risk meaLsures when random or historical mar-
ket movements are applied. Simulation results
are effective for analyzing the effectiveness of
different hedging techniques.  The user inter-
face allows simulation results to be printed as a.
report or displayed on-screen as a graph.

• The  Clipboard  (CLB).  The  Clipboard  passes
data between parts of the trading system and
stores data for later retrieval.  Different types
of data can be passed not only from one in.
stance of an application to another on one rna.
chine but also a.cross machines of different ar.
chitectures within the network. The Clipboard
window shows current Clipboard entries and
allows users to extract or post entries.

• The Communications Module (COM). This ap-

plication retrieves relevant market/economic
data from information providers such as Reu-
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ELg"e 3a. Foreign-exchange options-trading system.

T!Lg"e ?h. Caps, f ooors, and collars trading system.
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FIg"rc 3c. OTC bond-option trading system.
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ters  or  Micrognosis.  It  interfaces  to  a  digital
information   channel,    such   as   a   Reuters
RDCDF  unit,  and  automatically  updates  the
market-information    database.    Page-transla-
tion algorithms convert text screens into rele.
vant  data  according  to  predefined  formats.
Screen pages are archived for future analysis
and  simulation purposes.  Sophisticated  error
detection and recovery from hardware failure
are available.

• Report Daemon (RPD). This daemon handles

generating and printing scheduled reports on
an automatic or semiautoma.tic basis.

• Back-Office Support. The Back Office applica-

tion has a character-oriented interface to back.
office staff, allowing the performance of day-
to-day system operations.

The Optech Libraries and Modules
All Optech applications a.re written using the vari-
ous modules in the Optech system. Each module
handles one aspect of the system, and the source
code for every module is encapsulated in an ob-

ject-code  library  that  Optech  applications  link
with.

• Pricing module
• Transaction Processor module
• Market Event Calendar library
• Tine Series Database library
• Live Data Repository library

• Security Access Control module
• Clipboard libraLry
• Report library

Conclusion
Graphical  user  interfaces  and  networked.work-
station technology are gaining rapid acceptance
within the finance industry as tools for manage.
ment of trading-floor activities. The volume and
rate of trading and the complexity of risk man-
agement  demand  fast  response  to  market
changes. In a rapidly expanding market, a distrib-
uted approach provides  the  extensibility that is
required.  Although  designing  a  distributed  sys-
tem  imposes   substantial  software-engineering
challenges, it also offers many benefits, including
concurrency  and  fault-tolerance.  The  resulting
implementation  can  be  made  efficient,  despite
the  networking  overhead,  through  careful  divi-
sion of labor throughout the network.

The  Optech  FX  (Foreign  Exchange)  options.
trading system is currently undergoing alpha test-
ing, and the development of an interest-rate sys.
tern is already underway  The  system currently
consists of more than 250,000 lines of source code
and takes up in excess of 5 megabytes of storage.
Stripped executables range from a few hundred
kilobytes to more than 1 megabyte in size depend.
ing on the complexity of the application. A port of
the system to the IBM RT workstation under the
AIX operating system is nearing completion, and
a port to DECstations running the VMS operating
system win soon commence.                             -
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