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Introduction

Terveladevelopeda new, extensibl@aradigmfor enterprise communicationshe Open Data Framework that
furtherbroadensi KS aSaal 35S b S AsmdlétiblettoolsHt, this xgemsidle framework wait on

a foundation ofspeed, scalbility andstability to simplify data management and drive interoperability across the
enterprise with application, standards and protocol supptirtanreadilybe enhancedy customers and
partnerswith new features and message semantit€analsobe adapted to beome the transport of choice for
other messaging standard§his paperas developed to provida brief overview of the platforrand showcase

how the open frameworloffers support for industry standards such as the Advanced Message Queuing Protocol
(AMQP)X; an open standard application layer protocol for Message Oriented Middleware.

Architecture Overview
Message Network Components

The following componentscomprisethe TervelaMessag Networkplatform:

TervelaTPMt NB A &aA2YyAY3 YR alyl3aSySyid {eadSyux

The TPM is the administrative and management interface to the Tervela Message Network. A Hraseskr

GUI interface allows an administrator to configurenaitwork components in the networkestablish user rights,
manageusers and createdit message s@mas. The TPM also monitors the status of each component, reports
events deliversalarms and logs system statistics.

Tervela ClienAPIApplication Programming Interface

The API is the user applicatitevel interface to the Tervela Message Network. A provides calls for logging
in to the Message Network, publishing messages and subscribing to message flows. The API has also been
extended to supportnessagaeplayfrom persistent storage in the netwodndrequest of lasknownvalue
(LKVYor specfic message floa API supporis availabldor a variety of programming languages and operating
systems.

TervelaTMXa S&a &l 3S { 6A G 0OKxu

The TMXs the core of the Tervela Message Network andtains a hardware routing engitleat receives
messages, performs subscription lookum message topg and transmits messagéo all consumers that have
registered forthosetopics. The TMX supports a variety of transport protocelsich includeboth unicast and
multicast.It canalsodynamically optimize usage of multicast addresses to minimize network traffic and
message discard by consumers.

TervelaTPEPersistence Engine

The TPBfferspersistence foall messages in the Tervela Messagewdsk. Configured to subscribe to message
flows, the TPEwtomaticallyreceivesndexesand stores messages to disk at higates ofspeed. The Tervela API
includes support for replay of topics from the persistence engine.
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TervelaTSH SNIWA OS 9y 3IAYySuxu

TheTSE is a higberformance messagingnginethat can be used to extend the capabilities of the Message
Network. Providinga highspeed interface to the Message Netwotke TSE serves aglatform for value

added message servers. For example, the Tev&@and BookService functions are implemented on the TSE
and accessed through the Tervela API.

RealTime Messaging

Many of today's existing messaging architectures are overwhelmingly softveesed systems. While this may
have served the industry well the infancy of electronic market data distribution and trading, current market
conditions and data trends are significantly changingdperational dynamicsRouting topologies and
consumption patterns in the financial services world are gngwnore complex for both market data and
internally-published informationThis is especially criticidr i 2 R | & €nde, hiyipkerformance data centers.
In this context, reatime means deterministic, predictable performance. This is not just abaterfa
performance, but also about the minimization of deviation and jitter, wisieherely impactcritical programs
and threads.

With demand for datgoroliferatingthroughout the enterprisesoftware-basedmessage distribution is no longer
sufficient in workgroupsized environments. Similar trends in the networking world led to the end of software
basednetwork switches and routers running on commodity hardware, thereby paving the way for the hardware
fast path. The hardware fast path provides a ngeneration foundation that eliminates the message transport
bottleneck by:

w Ensuring dedicated, pipelined hardware processing that is predictable up to nearly full utilization

w Decoupling applications to free ygocessing capabilities and eliminate the cascading impact of any
dissemination or consumption failures

w Providing consistent performance regardless of data patterns

The Tervela Message Network has been built from the ground up to banmealCare has been taken to ensure

that slow subscriberdo notimpact other subscribers. It follows that a message subscriber cannot be allowed to
impact a message publisher since the same traffic might be received by many subscribers. So, publishers and
subscribers are decoupled from each other. The publisher delivers messages to the Message Network, and the
network ensureshe delivery of messages to all interested subscribers.

Thereaktime nature of the Message Network is also achieved by sepaydtrte-planerouting (message traffic)
from the control and mangement functionsThis is best illustratedith the TMXswitch The hardware routing
engine is 100% dedicated to routing messaging traffic. The control and management functions are segregated
onto traditional embedded processor subsystems. No amount of control or management load will impact the
routing of the message traffic.

Once the reatime infrastructure is in place, it is easy to layer other types of messaging functions on top. For
exampe, a traditional poirtto-point queue with backpressure to the publisher when the consumer is slow is
easy to implement wth a windowed protocol and entb-end acknowledgement§.he order of this layering is

2
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important. While t is easy to layer a traditi@ queue on top of a redlme message delivery systemis
impossible to build reaime messaging on top of a traditional queuing system.

Scalability

Having the ability to easily scale data distribution is instrumental to organizational successtiire, let's

consider a bluehip financial services firm that was recently forced out of the market for tirynours

because market data volumes exceeded the capacity of its message systems. In today's volatile marketplace, a
scenario like this isot unusuat especially when one considers that many of today's messaging systems are
software-based. In these casascreasing volumes of information quickly outstrip legacy systems.

This is when a hardwat&ccelerated, lowatencymessaging solutiohecomes instrumental. As an easily
integrated mezzanine layer that sits between the underlying transport network and applications, the message
network couples scalability wittinprecedented levels of performance, lateranyd resilience to solve the
information distribution challenges of the world's most demanding customers.

The Tervela Message Network caasilyscaleto handle increasing volumes of traffic by creating TMX, TPE and
TSE clusters. Once the client application hands off the message, the TkéKaiismatically delivers it to the
correct subscribers.

1 ———
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The Tervela Message Network

Figure 1: The Tervela Message Network
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Extending theMessag Network Platform

The need foand importance ofnulti-standard supporhas driven the adoption of platforms that are open and
extensible. Whilghe native Tervela AR capable of supportinghnessaging applicatiorsich as the one
depicted in the diagrarbelow, more extensiveapplicationsmight need toleverage other mgsaging standards.

Publishers Tervela TMX Message Switches Subscribers

- Message
i Routing
E ot -
g c Engine
w8
TVA API £ TVA Protocol TVA API
TVA COM 2 ° | Network1/0 TVA COM
OS Drivers / NIC OS Drivers / NIC

ANY NETWORK: InfiniBand e Ethernet* LAN * WAN

Figure 2: Extending the Message Network Platform

Applications developed utilizing other messaging standardseailybe deployed on the Tervela Message
Network without modificatiorby leveraging the Open Data Framewokk.a fully open and extensible
FNI YSE2N] I ¢ SNIS tustan@rs, pairters anal diheér ti8rgattydapplication vendors to access

the following tools to quickly develop and implement extensions to the network without costly customization
and iniegration efforts:

¢ Open API Extensiongxposerich messagng meta-data to facilitate API customization and greater
application integration

¢ Open ServiceSoftware Development Kit (SDKjresents a comprehensive development libramgat
enables rapidntegration, provisioning and management of a diverse set of messaging seywities
TSE

e OpenDataTransport extends the TMX to provide the ability to seamlessly add data sources and map
communications directly to the network

e Open Data Formatprovides access to data stored on the TPE for gaystessing and analytical
application development
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The following examples illustrate how each of these three methods can be used to interface applications based
on AMQP to the Tervela Message Network.

Open API Eensions

The simplest extension to the Tervela fabric can be accomplished by creating athiatarijlizes the Tervela
message ARIxtensionsand contains logic to add value or emulate an existing standgetbw is an example of

a library whichmplements a standard AMQP API and interfaces to the Tervela Message Network. For a subset
of the AMQP standard, the TMX switch in the Message Network can perform the routing functions of an AMQP
message broker. In this example, the AMQP messages arpiated in Tervela messages. The transport is
Tervela messaging.

Figure 3: Open API Extensi&étMQPExample



