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Agenda

• System Architecture of a Traditional Trading System

• Manual TradingVs Algorithmic Trading System

• System Architecture of an Automated Trading System

• Various Market Data transmission methodologies

• Interactive Order Sending to exchanges

• Deep dive into Complex Event Processing (CEP) Module

• Deep dive into the Order Manager

• Future Trends
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System Architecture of a Traditional Trading System

Traditionally a trading system would consist of 

• A system to read data from the market

• A storehouse of historical data

• A tool to analyze historical data

• A system where the trader can input his trading decisions

• A system to route orders to the exchange
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System Architecture of a Traditional Trading System

A subset of the information is stored locally in an operational data store for individual use
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The trader’s tool would then analyze current data against patterns discovered in the operational 
data store
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The trader’s tool would then generate orders which will be forwarded to the order management 
tool
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The order manager would then route the orders to the exchange
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The order manager would also get response from the exchange about executions
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The data warehouse would also probably store records of orders sent out
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The whole system could be broken down to three components
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The exchange (and other data sources) – i.e. the external world
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The server – a central node for understanding exchange data and forwarding to multiple trading 
applications. And a centralized node for handling all orders to the exchange
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The applications in the trader’s pc which do all the processing
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System Architecture of a Traditional Trading System

Or the operational data store could reside in centralized servers themselves
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All said and done, the main decision making happens at the application level by the trader 
himself
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System Architecture of a Traditional Trading System

All said and done, the main decision making happens at the application level by the trader 
himself – who has to manually compare patterns in current exchange data to historical patterns, 
and then type his order into the system himself/herself to trade on the exchange
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System Architecture of an Automated Trading System

The first step was to automate the monitoring of prices, and automate the trading decisions, and 
automate the executing of orders – this is handled in the CEP
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System Architecture of an Automated Trading System

The CEP gets a feedback about orders, current positions and executions. It can use the same 
information for making trading decisions.
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System Architecture of an Automated Trading System

Complex mathematical operations are handled in a dedicated calculation block in the server block 
(e.g. Options Greeks calculations)
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The role of the application layer has reduced drastically – (i) an input screen for strategy settings
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The role of the application layer has reduced drastically – (ii) monitor of system state, i.e. orders, 
executions and positions
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The role of the application layer has reduced drastically – (iii) preliminary fat finger RMS checker

(RMS = Risk Management System)
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RMS is now automated and checked by the OMS before an order is generated
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System Architecture of an Automated Trading System

Because RMS is automated, a second level of monitoring is necessary – an overall global position 
monitor
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Since scaling up is now possible, the systems are now connected to multiple exchanges 
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To make it easier to connect to new exchanges, standardized protocols like FIX became the norm
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This also necessitated adding data normalizer block in the market data adaptors to convert data 
from multiple exchanges into a standard format
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Moreover, an Order Router had to be added to the OMS to route orders from the same OMS to 
multiple exchanges
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Regulatory requirements have complicated storage requirements – requiring storage of trade 
information (in addition to market data that firms were storing for in-house use)
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Moreover, the CEP engine has its own storage requirements of event history to identify future 
opportunities (without doing entire re-calculations)
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The amount of data in the market data has also gone up drastically – because market participants 
now respond to micro events and to more events
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With increase in complexity of the data, the sophistication of the data tools have gone up.
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Third party data analytical applications have to be tightly integrated with all the blocks
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System Architecture of an Automated Trading System

Inputs could also be diverse and not just limited to exchange market data. These could be quantified 
news scores, or economic/earnings data in standardized format. The external data may be 
integrated with the market data server or may directly be consumed by the CEP engine.
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To validate the correctness of implementation an algorithmic trading strategy, simulators were 
added which would simulate the behavior of exchanges on receiving market data

Trader’s app

Order Manager

Market Data

Complex Event Processing 
engine

Exchange 1

Storage

Application Server Exchange

Strategy 
Settings          
UI

State Mgmt 
(PnL + 
Pos ition)

Order / 
Execution 
Monitor

Within 
application 
RMS

Maths
Calc

RMS

Admin 
Monitor

Exchange 2

F
I
X

Data 
Normalizer

Order 
Router

Back 
office 
record

MktData
Store

Event 
History

Adaptor for 
third party 
apps – R, 
MATLAB, etc

Data  
Retrieval

Data Vendor

Simulator 
exchange

58

External data
(Quantified 
News, eco 

data)

F
I
X



Version 10.1.1

System Architecture of an Automated Trading System

Simulators should also be able to see the current state of the market data to be able to simulate 
the exchange behavior most accurately.
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To increase productivity, and to provide the ability to test against any historical scenario – the 
ability to feed (a.k.a. replay) historical data back to the system was added
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System Architecture of an Automated Trading System

This is thus where we have ended up now.

Trader’s app

Order Manager

Market Data

Complex Event Processing 
engine

Exchange 1

Storage

Application Server Exchange

Strategy 
Settings          
UI

State Mgmt 
(PnL + 
Pos ition)

Order / 
Execution 
Monitor

Within 
application 
RMS

Maths
Calc

RMS

Admin 
Monitor

Exchange 2

F
I
X

Data 
Normalizer

Order 
Router

Back 
office 
record

MktData
Store

Event 
History

Adaptor for 
third party 
apps – R, 
MATLAB, etc

Data  
Retrieval

Data Vendor

Replay of 
stored 
data

Simulator 
exchange

61

External data
(Quantified 
News, eco 

data)

F
I
X



Version 10.1.1

System Architecture of a Traditional Trading System

This is what we have evolved from
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System Architecture of an Automated Trading System

The complexity is often more than this diagram can depict. Often entire blocks are implemented 
entirely in hardware (FPGA, ASICs) instead of being coded in high level application languages
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System Architecture of an Automated Trading System

FPGA implementations are done / attempted in the following blocks – (i) Market Data Adaptor
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System Architecture of an Automated Trading System

FPGA implementations are done / attempted in the following blocks – (ii) RMS checks in OMS
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System Architecture of an Automated Trading System

FPGA implementations are done / attempted in the following blocks – (iii) the entire OMS in 
some cases !
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System Architecture of an Automated Trading System

FPGA implementations are done / attempted in the following blocks – (iv) extremely simple 
trading strategies which are very very very latency sensitive
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Market Data

The market data that the exchange shares with market participants typically contains the 
following basic set of information (and more):

This information is often provided in one out of 3 broadly popular ways …

68

5th Best Ask Price Cumulative Quantity at 5th Best Ask Price

4th Best Ask Price Cumulative Quantity at 4th Best Ask Price

3rd Best Ask Price Cumulative Quantity at 3rd Best Ask Price

2nd Best Ask Price Cumulative Quantity at 2nd Best Ask Price

1st Best Ask Price Cumulative Quantity at 1st Best Ask Price

1st Best Bid Price Cumulative Quantity at 1st Best Bid Price

2nd Best Bid Price Cumulative Quantity at 2nd Best Bid Price

3rd Best Bid Price Cumulative Quantity at 3rd Best Bid Price

4th Best Bid Price Cumulative Quantity at 4th Best Bid Price

5th Best Bid Price Cumulative Quantity at 5th Best Bid Price
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Market Data

Market Data Method 1: Snapshot market data

The snapshot of the top ‘n’ buy and sell prices in each instrument are provided to all market participants 
every ‘n’ timeframe

Snapshot data 

packet:

The market participants are thus totally in the dark between two snapshots.
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5th Best Ask Price Cumulative Quantity at 5th Best Ask Price

4th Best Ask Price Cumulative Quantity at 4th Best Ask Price

3rd Best Ask Price Cumulative Quantity at 3rd Best Ask Price

2nd Best Ask Price Cumulative Quantity at 2nd Best Ask Price

1st Best Ask Price Cumulative Quantity at 1st Best Ask Price

1st Best Bid Price Cumulative Quantity at 1st Best Bid Price

2nd Best Bid Price Cumulative Quantity at 2nd Best Bid Price

3rd Best Bid Price Cumulative Quantity at 3rd Best Bid Price

4th Best Bid Price Cumulative Quantity at 4th Best Bid Price

5th Best Bid Price Cumulative Quantity at 5th Best Bid Price
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Market Data

Market Data Method 2: Tick By Tick Data

Each and every tick that happens at the exchange is provided to the market participants. The 
market participants have to then construct the order book from these basic sets of data. 

TBT data packets:

70

New Buy Order Quantity 100, Price 150.50

Cancel Buy Order
Cancel existing buy order for Quantity 100, Price 

151

Modify Buy Order
Modify existing buy order for of (Quantity 100, 

Price 150.5) to (Quantity 100, Price 150)
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Market Data

Market Data Method 3: Snapshot TBT

The snapshot of the top ‘n’ buy and sell prices in each instrument are provided to the market 
participants the moment any  of these prices (within the top ‘n’ levels) change

Snapshot TBT data 

packet:

Market participants don’t have to maintain the order book, and also get information the moment it 
changes
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5th Best Ask Price Cumulative Quantity at 5th Best Ask Price

4th Best Ask Price Cumulative Quantity at 4th Best Ask Price

3rd Best Ask Price Cumulative Quantity at 3rd Best Ask Price

2nd Best Ask Price Cumulative Quantity at 2nd Best Ask Price

1st Best Ask Price Cumulative Quantity at 1st Best Ask Price

1st Best Bid Price Cumulative Quantity at 1st Best Bid Price

2nd Best Bid Price Cumulative Quantity at 2nd Best Bid Price
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Market Data

In case of snapshot data, typically various financial instruments are grouped together. Market 
participants can subscribe to snapshot data for various groups, and get snapshot data for all 
instruments in that group.

Snapshot market data usually has the lowest volume of data. And is useful for market participants 
who do not have the need for micro-timeframe information.

In case of Tick By Tick data (TBT data) and Snapshot TBT, the amount of data is huge. Typically 
exchanges  allow market participants to listen to TBT (or Snapshot TBT) for specific  financial 
instruments only (even within a group). This reduces the data load on the exchange infrastructure 
as well.

Since in case of TBT or Snapshot TBT, information is provided immediately after the occurrence of 
the event - therefore  arbitrageurs, market makers, and high frequency traders use such data.
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Order Sending

In some exchanges, they force participants to send orders to a piece of software provided by the 
exchange but residing on the trading member’s servers. Such pieces of software perform load 
smoothening at the trader’s end and ensures that a smooth stream of information reaches the 
exchange.

However, this design is getting obsolete – and exchanges  force traders to do flow management at 
their end themselves. If algorithmic  trading software violate flow management metrics, the 
exchange disconnect them.
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Order Sending

In terms of order sending, trading systems have to mainly handle the following limits:

i) Number of Orders sent per second. (higher order rates (but only up to a certain limit) can be
received on paying more)

ii) Ratio of Orders sent to Trades done. (This ratio depends upon the liquidity category of the
instrument in which orders have been sent – often this ratio is applied in a lax way for illiquid
instruments. This ratio is also sometimes calculated only if the orders are sent at
untradeable prices – i.e. prices which are far away from the top of the order book)
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The Complex Event Processing (CEP) Module

The CEP is the heart of the system – which listens to market data and determines what actions to 
take based on algorithm settings
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The Complex Event Processing (CEP) Module

The Input to the CEP is ‘Event Data’. This could be (i) market data or (ii) change of strategy 
settings in the application. This could also be (iii) order reports (execution or acknowledgement) 
from the exchange

CEP Engine

Event Data (from any event generator)

76



Version 10.1.1

The Complex Event Processing (CEP) Module

The Output of the CEP module is (i) an action (sending an order request to the Order Manager)

CEP Engine

Event Data (from any event generator)

Action Destination (Order Manager)
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The Complex Event Processing (CEP) Module

… and (ii) sending notifications to both the trader and the application
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The Complex Event Processing (CEP) Module

Within the CEP black box, the first task is to decode the event data in a receptor, as well as store 
it in event-history
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The Complex Event Processing (CEP) Module

The next block checks the event for known patterns
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The Complex Event Processing (CEP) Module

Based on Decision Processing Rules, a Decision Processing Engine determines what to do in case 
a pattern is recognized
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The Complex Event Processing (CEP) Module

If the Decision Processing Engine determines that an action has to be done, then it is conveyed to 
the action destination outside the CEP
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The Complex Event Processing (CEP) Module

For regulatory and for analysis purposes, this information is stored in an action-store

CEP Engine

Event Data (from any event generator)

Event Data 
Receptor

Pattern 
Detection

Decision 
Processing 

Engine

Processing 
Rules

Action 
Action         
Store

Event Store/ 
History

Noti fication 

to app

Noti fication 
to trader

Action Destination (Order Manager)

83



Version 10.1.1

The Complex Event Processing (CEP) Module

Information about the action is then conveyed to traders & application by the Action Notification 
block
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The Complex Event Processing (CEP) Module

In a boot-strapping CEP, the Decision Processing Engine could consult the event store and action 
store to formulate processing rules in the fly
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The Order Manager

The Order Manager generates and manages Orders sent from the system to multiple 
destinations. Moreover it also perform RMS in real time before sending an order
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The Order Manager

The input to the OM is the signal from the CEP block

87

Order Manager

Trigger from application or CEP for generating / replacing order



Version 10.1.1

The Order Manager

Another input to the OM is order acknowledgements and execution reports from the exchanges
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The Order Manager

The output of the OM is (i) orders routed to exchanges / other destinations
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The Order Manager

… (ii) notifications back to the application
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The Order Manager

… and (iii) writing order information into a database
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The Order Manager

The trigger is handled by the OM implementer which maintains  an overall state of orders
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The Order Manager

It does the Pre-Order RMS (max order size, net portfolio position, max trade value,  etc)
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The Order Manager

… and then checks the OM Queue for each destination
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The Order Manager
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The Order Manager

This information is conveyed to the app/CEP and is also noted into the database
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The Order Manager

For FIX protocol destinations, the orders are generated in FIX format
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The Order Manager

Next the Order Router determines the destination of the order, and forwards the message to the 
correct line
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The Future

What’s going on?

• Computing: Approaching limit of transistor density, i.e. computing is hitting the deadlock

• Speed: Approaching speed of light

We are almost hitting the boundaries of the laws of physics.
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Thank You
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