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Middleware makes 
Financial Exchanges work

Mats Anderssen
Senior Vice President and Chief Information Officer
OM Group

Management introduction
The OM Group is the derivatives exchange in Sweden. It has two main lines
of business:

n a ‘transaction business’ which runs exchange and
clearing houses, as well as providing facilities manage-
ment services (a subsidiary provides 25 banks and
brokers in Sweden with back-office services)

n a technology business which builds, designs, supports
and operates the exchange and clearing house technol-
ogy which is used to run the OM Stockholm Exchange
and which has since been adopted by some 10 other
Exchanges worldwide, including those in Hong Kong,
Sydney and Milan, as well as the American Stock
Exchange in New York.

In this interview, Mats Anderssen — the CIO for the OM Group — discusses
how middleware technology (primarily RTR) has been developed and
deployed to support financial exchanges where transaction integrity as well
as real time processing is required. In addition, he talks about how the OM
technology is being adapted for non-financial trading — for example for
trading in Norwegian electrical power futures and a similar deployment
occurring on the Californian Power Exchange.
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Planning for the next generation exchange
The genesis of our latest generation of technology
started in 1989 when we realized that we needed
to provide fully electronic trading. Quickly we
understood that the demands of such automated
matching and clearing required a completely new
structure for the future.

Although the exact reasoning is in the past, we
chose to use what we believed would be a highly
flexible client/server-oriented architecture. We
went out to the market to look for an existing soft-
ware product solution because we understood that
our business knowledge domain — where we add
the real value — is in providing the know-how
about how to build futures and derivative markets
and supporting systems rather than middleware
per se. 

That said, our heritage was in using Digital’s VMS,
on a homogeneous basis. It made sense to move to
OpenVMS as our back end server technology
because we already had extensive experience with
standard products like RDB — so long as we could
meet the key requirements for an Exchange, pri-
marily:

n transaction integrity
n reliability (to 99.9999% or

99.99999% uptime)
n stability
n manageability.

In the Exchange business, credibility — as in bank-
ing — is all important. Those trading — whether
investment houses or individual investors — must
possess confidence that their trades and actions
will be executed as ordered. Any degree of uncer-

tainty or unavailability can cause tremendous dam-
age in a very short space of time, as well as the loss
of transaction income to an Exchange.

What did assist us back in 1989/1990 was that
availability, in all senses, had ‘only’ to be provided
for a relatively short period each day — typically a
six hour trading day. That trading day is gradually
becoming longer. We saw, even then, develop-
ments in other markets which pointed towards a
need to provide round the clock mission critical
services. 

For example in California today, where electric
power provision is being deregulated, we see a
much longer trading day being necessary for the
Californian Power Exchange (PX). This is not yet
24x365. But we are edging closer, especially as
Exchanges look to link themselves together to pro-
vide out-of-hours trading across multiple time
zones.

All this mandated that we have a crystal clear strat-
egy for disaster recovery, whether the crisis is:

n damage by fire
n an explosion
n terrorist activities
n simple system failures
n etc.

To achieve this we had to build for full scale and
fast failover. When you have to be able to give full
recovery for financial trading applications ‘running
in place’, the attraction of using a client/server
basis becomes clear. Not least it offered multiple
server support.

In addition, we decided to add what we now refer
to as an open API (Figures 1.1 and 1.2). With this
we aimed to make development easier both for
ourselves as well as for the customers of an
Exchange — the banks and brokers. Indeed, one of
the old dependencies which had hampered us was
that these customers often needed our assistance to
implement and link our applications to theirs. 

By providing an API — with security embedded —
on a number of client platforms, these banks and
brokers could integrate our trading flows into their
internal back office and internal order routing sys-
tems without human intervention. By minimizing
the dependency on us, we have been able to focus
on constantly improving our trading products and
services.
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Choices
In retrospect we made a number of decisions that
were either clever or lucky. Our timing was good
because client/server technology was clearly just
arriving. We also understood that building our
own home-created middleware for reliable trans-
action serving capabilities was something that
would demand man years of our effort and at least
as much for testing and proving.

Using these as principles we decided that it was
preferable — if at all possible — to buy a product
rather than build in-house. Therefore, out we went
to see what was available.

When we looked at the market, Tuxedo was the
obvious candidate along with a number of prod-
ucts that barely exist today. Then, almost by acci-
dent, we stumbled on Digital’s Reliable
Transaction Router (RTR) — even though we were
already a Digital user (RTR was well hidden, even
then). RTR had the attraction that it:

n was transactional

n did not tie closely into a data-
base.

If this last seems odd — particularly in a
client/server environment — you must understand
that we wanted a clear cut, reliable and secure
communication channel between:

n a number of servers (typically
10+, to cover failover, etc.)

n multiples of clients (hundreds,
even thousands, spread across
many different organizations).

RTR gave, and still gives, us:

n reliability
n availability
n failover

in software at a time when hardware fault toler-
ance was expensive. This mattered because — if
the total solution was costly — then the per trans-
action cost would need to be expensive which
would deter trading activity and diminish underly-
ing liquidity. 

RTR, from day one, gave us the capabilities we
needed. We could operate as a small Exchange and
yet grow tremendously fast without pain. We
could run all the Exchange financial products in
one server to start with and, when volumes out-
stripped that server, we could partition the appli-
cations and data across multiple servers. 

For instance, taking a simplistic example in an
equity trading system, equities A to E could be on
one server, F to N on a second and the rest could
be on a third. The nature of RTR facilitates this —
and the associated backup and recovery — because
RTR acts as our middleware software system infra-
structure. 

The database dimension
Now returning to the database dimension, we need
high performance transaction throughput. This
means that we need to hold large amounts of data
in main memory. We are typically seeing order
rates of 50-100 order transactions per second. 

We keep the order book, which is the main ‘data
dispenser’ in a mainstream trading system, in

memory so that we can offer very
short turn-around times. As Figure
1.3 shows, on a typical day we have
around  250,000 transactions per
seven hour trading window with an
average  response time of around 0.2
of a second. This is measured from:

n the bank or bro-
ker client —
where our inter-
face receives the
original buy or
sell order
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Figure 1.2:  IT Architecture Model



n London (for
example) to
Stockholm into
the central server
where the trade
is matched

n Stockholm back
to London
(again, for exam-
ple) — when it
offers the
response (to the
interface at the
Exchange
Member’s site)
about whether the order
closed, was partly filled,
became a trade, etc.

In effect, RTR is our database and it supports a
pan-European wide-area network. That indicates
why we need RTR’s level of sophistication for han-
dling failover as well as multiple sites. If something
falls over then we depend on RTR because it can
automatically continue from servers located else-
where (Figure 1.4).

Of course we had already put in place — not least
for regulatory reasons — an audit trail log. We
could have always re-played from that log,
although this would always have been slower and
infinitely more cumbersome. Instead, the basic
facilities of RTR offer us:

n flexibility, especially across
multiple systems (for example,
we have data driven routing so
transactions can go to different
servers depending on content)

n high throughputs and short
turn-around times

n connections to a high speed
memory database (developed
in-house)

n automated failover and 
recovery

without our having to develop the basic middle-
ware to enable all this. With RTR we could build
our applications on top of an existing transactional
infrastructure.

Development and deployment issues
We use an object oriented database — on top of
Oracle’s RDB — to hold the definition of financial
products, user characteristics, market rules and
regulations. That is used as a source by our main
memory, high performance databases which:

n hold the details of the market-
place and make these available
for dissemination ...

n provide market data to the
traders.

We develop primarily in C and C++ for perfor-
mance although we have many new clients being
developed in Java (and we will shortly have NCs
connected to a single client NT server which will
run our API into our RTR servers). We expect
much of our future to be developed, especially as
we move to accommodate browser-based clients
without losing our transaction capabilities. We also
see that, over time, we will probably introduce
more of the server products based on Java.

In this context it is, I think, worth mentioning
RTR’s location independence, particularly at the
transaction level. Our developers can issue a trans-
action and not worry where it will be processed. In
the context of client/server application develop-
ment, this is a real bonus. Removing the need for
developers to have to know which processes work
where in the RTR network is a real productivity
boost.

In consequence, we have been able to extend trans-
parently the OM Stockholm Exchange with a real
time link to our Exchange in London (OMLX). It
is to this infrastructure that our client API talks. 
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Of course as with all client/server implementa-
tions, testing was and remains complex — espe-
cially with our set up consisting of:

n multiple servers
n hundreds of clients
n thousands of financial instru-

ment and settlement contents.

Throughout we had to be rigorous with all the
transaction implications as well as fail over scenar-
ios. The deployment advantage that RTR brought
us was:

n we did not have to test RTR
itself (as we would have had to
do if we had built our own
middleware)

n the ability to separate the dif-
ferent pieces enabled us to
structure application testing in
ways which would probably
not have been possible in a
host-type solution, although
client/server introduces its own
complexities.

Over time what has consistently helped us is that
we have come to know RTR inside out. We are
past the threshold of viewing it as complex. It has
become part of our culture and we only wish that
it was more widely sponsored by Digital as being
one of the best — in our view — middleware prod-
ucts available in the market place. 

At the user end
While we use the facilities of RTR extensively, we
do not need to present these to our users — the
Members of the various Exchanges that use our
software. As I mentioned earlier we developed an
API which effectively:

n hides much of the RTR com-
plexity

n adds security between client
and server (we envelope the
data, including authentication)

n offers an interface which is
financially-oriented.

This interface is what presents the financial prod-

ucts, prices, trade details, etc. to the user (trader).
It is very much application and industry-oriented
and it is this that we now support on several plat-
forms, including:

n UNIX (HP-UX, Solaris and
AIX)

n Windows NT
n OpenVMS
n etc.

Using this approach we actively try not to lock
Members into our choice of platform or screen. In
the past it was a terminal into the Exchange.
Today, exploiting client/server, Members can:

n choose their platform(s)

n write to our interface

n integrate their selected plat-
forms into their existing and
future systems in-house (with-
out our involvement).

In turn, this enables Members to introduce
‘straight through processing’ — from trade to set-
tlement. This can hugely cut costs because the
human element has been reduced to the bare mini-
mum. Therefore, while Members can build their
own applications, part of our strategy has been to
promote the creation of a portfolio of commer-
cially available applications software which add
functions and features above our API. 

Currently, there are at least 15 third party-sourced
applications and we provide several others, includ-
ing Research and Trade, a small OM-majority-
owned company with products which are popular
in the market. It provides highly advanced market
maker portfolio analysis workstation software. 

Transaction implications
In our environment the transaction is sacrosanct.
We must be able to deliver it with full integrity.
The way we ensure this from the client is that we
always commit — using RTR — at the server. As
part of this, the application which issued the origi-
nal order always obtains a commit status back
from the server. 

If the transaction commits at the server but the
client ‘has been lost’ (for whatever reason), the
originating application will look for the status
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when it returns. If a would-be transaction fails on
transmission between the client and the server, it
has not acquired ‘transactional status’. This is only
obtained once the server accepts the transaction.

In the transaction flow, the links from our central
servers to clients are real time. It has to be this way
to maintain context. We monitor RTR all the time.
If a trader puts an order in and the client ‘disap-
pears’ but meanwhile the market moves, we have
to act. The trader may want to delete the transac-
tion but we have rules that can be set up so that
orders which ‘belong’ to clients that have disap-
peared are automatically deleted from the order
book.

A further, if background, check comes with our
demographics. We tend to have a relatively small
number of clients — despite the high number of
transactions. In Stockholm we have around 250
clients from about 40 organizations. Similarly, in
the various Exchanges using our software —
Sydney, Milan, Hong Kong, etc. — we have
roughly between 800 and 1000 clients connected
(in total) or about one to three screens per organi-
zation. This means that it is reasonably straightfor-
ward to resolve any problems which do occur.

At the same time, one of the attractions is that we
can support any size of organization — from tiny
to massive. This is reflected in the way in which we
charge Members. We do not use a per-transaction
charge. Instead we charge per API — meaning that
all our client software has a definable upper limit
on the number of transactions per second it can
put through. This means that we are charging for
potential peak capacity rather than actual use.

This has one specific benefit. It enables us to plan
and configure our systems to the peak level which
the total of Members want. On the other hand we
have to remember that in our type of market we
have automated trading behavior — more or less
expert systems which are triggered on prices. One
buy order can spawn dozens if not hundreds of
smaller transactions. 

That is not all. Rules can be set up to trigger price
changes in related instruments on the buy side or
on the sell side of different strike prices — all of
which is handled by RTR’s transaction facilities.

At yet another transaction level, our interface pro-
vides the transaction flow, including the destina-
tion, prices and information for clearing and
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settlement information. We have integrated the
functions of the OM Exchange and clearing house
so that the same transaction structure holds the
flow:

n from order
n to trade(s)
n through clearing
n to settlement.

This is wholly paperless. It is handled through the
same API. What is also often overlooked is that
this is more than just software and its documenta-
tion. As with other Exchanges this embraces a legal
framework covering security, method of operation
— and liability. 

Multi-location, inter-enterprise capabilities
A dimension which I have not discussed so far is
the capability which RTR offers for multi-location
— even inter-Exchange — operation. As I have dis-
cussed above, RTR gives us automated fallback
and failover. Necessarily, to make this workable,
we have multiple sites with multiple machines run-
ning. This is what provides the speed, resilience,
recovery, etc.

If you follow the implications through, this enables
us to link to other instances of RTR. For example
— although not yet implemented — the various
Exchanges using OM Group’s software could link
all their systems and provide trading between mar-
kets. Sydney might be accessible to Stockholm
and/or Milan — with a minimum of additional
technical effort (the legal and other implications
would be more difficult to solve).

In one sense we are already utilizing this. In
Stockholm we provide the facilities management
for the Oslo Stock Exchange and the Norwegian
market. In Norway they have a full terminal and
client infrastructure, but the servers are located
here — physically distinct from our Swedish mar-
ket.

In another variant, we are providing the services
for the Norwegian, Swedish and the Finnish
Electricity Exchanges. Electricity is a commodity,
in the same way as oil or pork bellies. In terms of
trade processing, electricity is little different from
other futures. 

Scandinavia is one of the first places where elec-
tricity has been fully deregulated. With multiple

sellers and buyers, it is possible to establish a fair
market. In such circumstances — as either con-
sumer or producer — you can offer prices to create
a transparent market. 

This is not limited to Northern Europe. It is, for
example, also happening in the UK and in the
USA. In California, we are building the systems to
support the California Power Exchange.

In effect, we are using our financial expertise plus
knowledge of middleware and highly reliable
infrastructure to create an integrated and auto-
mated market for those buying and selling power.
We saw the opportunity to deliver an expertise
which was unfamiliar to the power industry. We
have the know-how to build automated exchanges
and to provide the infrastructure to make these
markets liquid. But, at the end of the day, the tech-
nicalities and procedures are much the same as for
a financial market — or even internally within an
organization which needs ‘internal trading’.

Lessons learned
Early on we decided, as policy, not to mix the mid-
dleware structure with data content. We have stuck
to this — to our advantage — and have kept the
network (what we call OMNet — RTR plus our
security solutions) separate from, and ignorant of,
data content. 

This gives operational flexibility in that we have
been able to add servers and applications without
requiring code changes in the infrastructure. We
have also seen that infrastructure has a longer life
span than server applications themselves. 

On a less positive note we had to learn the hard
way about RTR and its complexity (it is not intu-
itively simple). That we use almost 100% of the
functions and features means we are very much
dependent on it as a supported product. If we ever
wanted to swap out RTR, this would be technically
possible because of the separation of middleware
and data/applications. It would also be a major
undertaking, for nothing else in the market place
— after a feature-by-feature comparison — can
provide the same real time transaction processing
which RTR gives us.

My last lesson is that we have learned that middle-
ware needs overt management facilities. You can-
not leave it alone. You have to know the status of
transaction flows, of the middleware itself as well
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as the applications and the underlying operating
system(s). To us, the middleware management
domain should be able to be integrated with tradi-
tional network and system management tools. 

As a business, we have standardized on BMC’s
Patrol and have integrated network system man-
agement as well as all application events and fail-
ures into one colored map/console. RTR does not
fit into this because it has yet to be integrated with
SNMP alarms. This is a feature we feel users
should demand, especially if you are running high
exposure — or enterprise — middleware.

Management conclusion
There can be few such high pressure environments
as an automated futures and options exchange. Not

only is there financial complexity in the extreme
(multiple instruments, swaps, derivatives, etc.) but
individual transactions can be for many millions of
dollars. None can be lost. 

At the same time, such markets depend on real time
access to information and execution. Without exe-
cution there is no liquidity.

As Mr. Anderssen describes, building a dependable
and trusted environment to deliver all this is not
simple. It needs middleware, especially if it is
offered seamlessly, to provide location and process
independence with transaction integrity. The OM
Group has achieved this — and spread it out to
10+ Exchanges world-wide. That is no mean
achievement for a piece of middleware that Digital
barely acknowledges.
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