Making Performance Transparent

Benefits for Technology End Users

Make your technology research

1 Faster
1 Deeper
1 Cheaper

For more information, see www.STACresearch.com or contact info@STACresearch.com.
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Todayods c Bas$nlag abgus staying fast

Increased market volatility and the growth of high-frequency trading make technology
performance more important than ever to successful trading. |IT managers are constantly
asking themselves:

fAre we as fast as our competitors? 0

Whi c h ¢ hoarrexjsting system would have the biggest bang for the buck?0
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Which new tewbhsaafl @lgy eisgra@ame ?0
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How nreitwilweneed to keep up with vol umes
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A wide range of software and hardware innovations is now available. These innovations put
further pressure on firms to invest, lest they fall behind their competitors.

Applications (including appliances)
Business apps, middleware, etc.

Operating environments
Operating systems, virtualization platforms, etc.

Processors & Co  -Processors
CPU, GPU, FPGA, etc.

Server platform
Blades, rack servers, etc.

Storage
Hard disks, solid -state disks, file systems, etc.

Network & Interconnects
Switches, NICs, HCAs, etc.

But selecting new technologies i s ra8yt Each link in a trading system is a fstackoof
increasingly interchangeable hardware and software parts. Altering different layers in the
stack has different effects on performance. Tight budgets and headcount make this even
tougher. Managers must achieve not just better performance but the best performance
possible with their IT dollars.

Trading firms need a So how does a trading firm decide how to evolve its
way to ac celerate technology? Mo st f i rhave thediimenod rhoney to

technology asse ssment

conduct detailed research into many of the options. In
short, trading firms need a way to accelerate the process of

while reducing its cost. technology assessment while reducing its cost.
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In 2007, a number of trading firms and vendors acted on this need. Together with the
Securities Technology Analysis Center (STAC®), they formed the STAC Benchmark Council
and began to change the way the technology game is played on Wall Street.

For more information, see www.STACresearch.com or contact info@STACresearch.com.

Copyright © 2011 Securities Technology Analysis Center LLC. STAC and all STAC names
are trademarks or registered trademarks of the Securities Technology Analysis Center LLC.
Other trademarks are the property of their respective owners.
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A Council on a Mission

Today the STAC Benchmark Council includes dozens of firms (for the latest list, see

www.STACresearch.com/members). Th e

Counci | 0smakeipefermnamee i s

transparent. EThat means making it easier to discover the performance of new technologies
in a way that can be related precisely to the performance of an existing system.

Through STAC, the Council provides:
1 Industry-standard test methodologies for trading-related workloads

1 STACresearch.com, a single location for standard benchmark results, including the

members-only STAC VaultE

1 Standard test harnesses that any player in the industry can deploy in its own lab.

These innovations are establishing a common language for performance in the capital
markets. This gives end-user firms a less expensive way to obtain the hard evidence
required to make sound technology decisions.

STAC Benchmark Council members
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[ Platform

- ABMN AARO Clearing

=AHL

*Mgo Engineering

« Allston Trading

» fezpect Capital

» fthena Capital Research

= Agtomat Limited

» Bank of AmercaMdemill Lynch
» Barclays Capital

*BATS Buchange

- BAXTER-FX

» Belvedere Trading, LLC
=BGC Partners

»Blue Capital Group

= Bluefin Trading

» Bluefire Capital

-BNP Paribas

«BNY Convergex

» Boston Options Exchange
-BTG Pactual

- Carttor Fitzgerald

» Capstone Holdings Group

= Caxton

» Celeritas Markets LLC

» Chicago Board Options Exchange
» Chicago Trading Comparny
= Citi

» Citadel Investment Group

» Citylndex Ltd

= CMC Markets

» CMWE Group

= CWT fsia

» Cognitive Capital LLC

= Commerzbank AG

= Crabel Capital anagement LLC
= Credit Suisse

- Daiwa Institute of Research

» Fox River Exacution
=FRAl

» Gain Capital Group, LLC
- Gelber Group

- Getoo LLC

» GFI Group

- Gloucester Research Ltd
= Goldman Sachs

» G5A Capital

=Hard Bght Futures LLC
«High Speed Analytics
=HEBC

- ICAP Services North America
=G Index

= IMC Financial Markets

=ING

» Intercontinental Exchange (ICE)
«Intemational Agorthmic Trading GmbH
» Intermational Securities Exchange
-ITG

« ITG/OE Trading Corporation
»JP Morgan Chaze

»Jump Trading

- Kapital Trading

» Kohl Trading

»Knight Capital Burope Limited

- Kyte Group

»lime Brokerage, LLC

» Liquid Capital Group

= Liquidnet

» Uoyds Banking Group

»London Metals Exchange Ltd
*Marquette Partners

-Marzhall Wiace LLP

*Matlock Capital, LLC

=MF Global

=Millennium Partners

-Peregrine Financial Group
»Pipeline Financial Group

» Puppetmaster Trading

= Quantlab Finaneial LLC

= Questrade

*RBC Capital Markets

=R GM Advizors LLC
-RiverCross

-ROFEX

»Ronin Capital

»Rooftop Trading

»Rotella Capital Management
»Royal Bank of Seotland
»Schneider Trading Associates Ltd
- Societe Generale

»Source Capital AG

»Speed Trading Group

«Spot Trading, LLC

= Standard Bank

=Standard Chartered

-Storm Loan Marketplace
»Sunningdale Capital LLP
»5un Trading LLC

« SurfacExchange

= Swedbank

»Suzquehanna Intemational Group
=TD Amertrade

Tenth Senze Group Pty Ltd
»Teza Technologies LLC
Tibra Capital

»ThiX Group

»Townzend Analytics
-TradeForecaster LLC
=TradeLink LLC

«Trade Station Technologies
-Tradeweb LLC

All company names amd logos are trademarks or registered trademarks of their respective owrers.
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For more information, see www.STACresearch.com or contact info@STACresearch.com.

Copyright © 2011 Securities Technology Analysis Center LLC. STAC and all STAC names
are trademarks or registered trademarks of the Securities Technology Analysis Center LLC.
Other trademarks are the property of their respective owners.
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http://www.stacresearch.com/members

The Council is a collaborative effort of highly
gualified and influential users and creators of
technology. Council meetings bring the
industry together to explore new technologies
and the latest techniques for measuring
them. Members benefit from both the
content and networking opportunities at
these events. In 2009, the Council will build
on this success by holding meetings outside
the US and holding events focused on
particular workloads.

STAC-M2 Producer architecture propasal

Fuolks,

Here's what came out of the breakout mesting yesterday

Contributing Members of the Council take part in the Lok fovrd o discuszng.
standards process through working groups. They have -
access to pre-release test harnesses and are the first to
learn how to put the new standards to work. J st
O[ STAC] has done a gr m
an organizationéwhere e s et e s
together and talk about these common
problems: €éhow to mat T
solutions to the problems that we  have as
developers in our dai P ————
- Director & Chief Technologist,
leading investment bank
Each working group consists of both end users and vendors kil

*delete  Tedit rephy

and focuses on a specific workload. End users specify
priorities and requirements and rule on debates among

. . . . . To facilitate h¥ working group discussions, e dramn
vendors while sharing their perspectives with each other.

threads on the send side. - Bob

Possible M2 Pracess and Thresd Models

sttachment EE]

Process- Thread-hiadel png 4532 KB

Working groups meet
by teleconference and

occasional in-person - s o L
white-board sessions. - i S
They also communi- s - e — —

cate via forums on the A e
STAC site. Forums
and meeting notes are
a good way for firms
not on a particular
working group to follow
its progress.

For more information, see www.STACresearch.com or contact info@STACresearch.com.

Copyright © 2011 Securities Technology Analysis Center LLC. STAC and all STAC names
are trademarks or registered trademarks of the Securities Technology Analysis Center LLC.
Rev 11 Other trademarks are the property of their respective owners.




Deep insight

STAC BenchmarksE measure the performance of key trading workloads when applied to a
given solution stack. The purpose of the benchmarks is to be meaningful to technology
user s. T h at éuser finns yre alowedsto veta ah the specifications.

Workloads in Scope

STAC -M STAC-A
(Market Data) (Analysis)

Consolidated Marketplaces

Marketplaces feeds

Connectivity / Co-location Services

Feed Execution
handling gateways
Market Tick Pre-trade . . Order
) Trading Risk management / .
data storage/ analytics . Matching
. . 7 algorithms management smart order
processing retrieval & pricing routing

Market data distribution

Persistent messaging

Order
acceptance

Connectivity / Co-location Services

Customer

Most of the benchmarks are designed to simulate current or future real-world conditions.
While STAC Benchmarks are about performance, they also put performance into a business
context by focusing tests on relevant use cases and by relating performance to key cost
drivers such as power, space, and other operational resources.

Unlike other technology benchmark standards, the benchmarks created by the STAC
Benchmark Council are not reduced to just one or two numbers. Each STAC Report CardE
contains dozens of metrics intended to provide a cross-sectional view across all the
dimensions of performance that customers care about. This anti-reductionist philosophy has
been a primary requirement from the end-user firms on the Council.

For more information, see www.STACresearch.com or contact info@STACresearch.com.

Copyright © 2011 Securities Technology Analysis Center LLC. STAC and all STAC names
are trademarks or registered trademarks of the Securities Technology Analysis Center LLC.
Rev 11 Other trademarks are the property of their respective owners.




Rev 11

oWhi |l e

A STAC Report Card
summarizes STAC
Benchmark results. Itis
made available to all
STACresearch.com
subscribers when a
vendor wishes to publish
how it performs.

Council Members can
cross-reference this with
the specs to understand
exactly what the results
mean.

Specification ID Description VALUE | MEAN | MEDIAN | 99P MAX | sTov [T
m1.V0.-95.0PRALs1.1a.RESP1 | Watchiist response time for a single client (seconds) 39
m1.V0-95,0PRALs1.1a.LATI Latency to a single client during 2x replay (psec) 27 27 “ 67 7
1 1
Total CPU utilization of a single client machine (active cores) during
s,
m1.V0-95,0PRALs1.1a.CPUL 2xreplay (neersst percent) 197 220
m1.V0-95.0PRALsL.1a.MEM1 | Max memory utiization of a single client during 2x replay (GB) 0.26
‘Max sustainable Ingress (Integer multiple of market rate and one- 15/
m1.V0-95.0PRALs2.1a.TPUT1 | second peak message rate in mps) while supporting a single client 2.8m
| (Max possible: 15x/2.8m.) 2
Max sustainable Ingress (integer multiple of market rate and one- 150
m1.V0.-95. OPRALs2.1a.TPUT2 | second peak message rate in mps) while supporting a single client 2.8m
with 99P latency <1ms. (Max possible: 15x/2.8m.)
Max proportion of total ingress sustained by a single client during 2x 100%
m1.V0-95, OPRALs3.Ib.TPUT1 | replay. and one-second peak msg rate (mps). (Max possible 612k 3
100%/612K.)
m1.V0-95, OPRALs4.5a.LAT1 | Latency to § clients with unique watchiists at 2x replay (usec) 26 27 4 274 6 4
Max sustainable Ingress (integer multiple of market rate and one- 5%/
m1.V0-95, OPRALsS.8a. TPUT1 | second peak message rate in mps) while supporting 5 clients with 2.8m
| unique watchlists. (Max possible: 15x/2.8m.) ! 5
Max sustainable ingress (integer multiple of market rate and one- 150
m1.V0.95. OPRALsS.5a. TPUT2 | second peak message rate in mps) while supporting 5 clients with 2.8m
unique watchlists. with 9P latency <1ms. (Max possible: 15x/2.8m.)
2
m1.V0.95. OPRALs6.Sb.LAT1 :.:;x;:y to 5 clients with some overiap in watchlists, during 2x replay 27 28 42 280 B
m1.V0.95. OPRALs6.5b.PWR1 | Power consumed when idle (watts) 1414 6
m1.V0.95, OPRALs6.Sb.PWR2 | Peak message rate per watt during 2x replay (mps/watt) 433K

Seq

By contrast with a STAC Report Card, detailed STAC ReportsE from standard benchmarks
are only available to Council members.

Through charts and text, the full STAC Report shows the detail behind the benchmarks. It also
shows metrics that are not designated as benchmarks. It also shows additional metrics and
additional tests. Examples include graphical analysis of latency versus throughput for a range
of rates or performance of the system under exception scenarios such as slow consumers or
consumer restarts. These are important metrics but are not designated as benchmarks.

al |

of

claim to offer ultralow latency and

optimize performance, there has been

no way to prove these marketing
claims--unt i |

- Wall Street & Technology

Microseconds

now. O

t hhese

Another category of information
available only to Council members is

what STACcalsfiper f or manc e

anal ysi Whie STAC a .

Benchmarks focus primarily on real-
world scenarios, the detailed STAC

Report also examinesfic or neases 0

that provide additional insight into the
strengths and weaknesses of a given

architecture.

Ultimately, end-user Council members decide which information is reserved for the Council.

Blagee i mnica)

For more information, see www.STACresearch.com or contact info@STACresearch.com.
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