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Introduction

Nowadays companies face the problem that business relevant data accumulates
much faster, arrives much faster and needs to be processed and analyzed much
faster than ever. This problem occurs in all industries, ranging from financial
enterprises, which process thousands of market data per second to detect trading
opportunities, over manufacturers, who continuously monitor their production
lines to avoid machine breakdowns, to network specialists, who inspect huge
amounts of network packets to identify attacks.

RTM Analyzer, our innovative, modular complex event processing platform, allows
your company to meet these demanding challenges. With RTM Analyzer, you can
derive in realtime the knowledge you need for your decision making from the data
and thus react proactively to current trends. Our solutions help you to get the
competitive edge.

RTM Analyzer at a glance

RTM Analyzer is a kind of building set for realtime analysis solutions, comprising different modules with
complementary functionality. According to your requirements we configure and connect the modules
required for your application. We additionally develop application-dependent components like management
cockpits or specific backup interfaces. You as customer only pay for the required functionality which can be
problem-free extended by additional modules.

The basic approach of RTM Analyzer is to utilize approved database-style functionality for the analysis of
incoming data. RTM Analyzer provides for that purpose a SQL interface, which can be used e.g. to filter or
group data streams, to search for interesting patterns in the streams, or to derive comprehensive statistics.
However, RTM Analyzer is not based on a database system as those systems are not designed to meet the
challenges of high-volume, low-latency stream processing. While implementing the CEP paradigm strictly by
an event-driven architecture, RTM Analyzer instead exploits innovative, push-based processing mechanisms,
which immediately report new analysis results.

Your benefits

We offer you

9 CEP solutions tailored to your specific needs based on the flexible,
modular architecture of RTM Analyzer

1 meaningful online analysis of massive data streams by means of
continuously evaluated SQL queries and advanced statistics

9 high performance and scalability ensured by optimized, purely event-

driven data processing

intuitive interfaces for the development of your own CEP applications

easy integration into your system landscape due to open interfaces and

flexible Java implementation

1 low integration, administration, and maintenance cost resulting from
the use of well-established standards.
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Architecture of RTM Analyzer

RTM Analyzer is based on a flexible and extensible architecture which facilitates the rapid development of
tailored CEP applications. Essentially, the development of a new CEP application is a three-step process:
1) plug in the streams that are to be analyzed, 2) determine the corresponding business logic, i.e., how to
analyze incoming data, and 3) choose how to report the analysis results.

The architecture of RTM Analyzer reflects these steps in the following components:
0 adapters to connect to data sources
0 intuitive interfaces to specify the business logic
o internal CEP engine to execute the business logic
0 adapters to connect to data sinks, which report the analysis results
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Three steps to your CEP application

By means of a simple example, we will illustrate the ease with which CEP applications can be developed with
RTM Analyzer. The example originates from the field of financial services. We investigate so-called pair
trading, a common trading strategy. The assumption behind pair trading is a correlation between two
stocks, e.g., the stocks of two companies in the same market with similar portfolios. In case one stock jumps
out of this correlation, the trader can make money with the expectation of both stocks converging again.
Hence, a CEP application for pair trading must continuously compare the two stocks and inform the trader in
case of significant deviations.
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Buy A and sell B!
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Example: pair trading
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Step 1: Data integration

The first step in developing a CEP application is to establish a connection to your data sources. For that
purpose, RTM Analyzer provides a plethora of standard adapters, e.g. for files, sockets, JDBC/ODBC, web
services. Concerning the development of special adapters, we provide a modular framework for the
integration of arbitrary live data sources.

The adapter in the example has to connect to a financial market service provider like Reuters or Bloomberg.

After the data source has been successfully connected, its schema can be defined with SQL, similar as in
database systems.

CREATE STREAM st ock_A (

pri ce NUMERI C, /* current price */
change NUMERI C, /* change (%) */
open NUVERI C, /* open*/
hi gh NUMERI C, /* day high */
| ow NUMVERI C, /* day low */
prevd ose NUMERI C, /* previous close */
ti mestanp TI MESTAMP /* timestamp */

)

Schema of a data source

Step 2: Data analysis

The next step after connecting to the data sources is to specify the business logic for the analysis of
incoming data. RTM Analyzer provides a SQL interface, a standardized and well-established language for
analyzing data. The broad acceptance of SQL particularly relies on its declarative approach. Instead of
specifying the concrete steps required to determine the analysis results, you solely have to describe the
results you are interested in.

In the financial example, a simplified pair trading strategy could be described as follows:

"Notify me if the average ratio of the prices of stock A and B in the last 10 minutes deviates
from the common ratio of 5 to 3 by more than 10%."

Prose decription of pair trading strategy

The corresponding counterpart in SQL is as follows:

SELECT *
FROM ( SELECT AVGAGL. price/ AQ.price) AS ratio
FROM AGL W NDOW RANGE 10 mi nutes),
AG W NDON RANGE 10 minutes)) AS tenp
WHERE ABS(tenp.ratio-5/3) > 0.1*5/3;

Pair trading strategy in SQL

This simple example underlines how fast and easy the underlying logic for a CEP application can be specified
in terms of SQL. The rich functionality of SQL, including for instance filter, group, join, and aggregation, can
be exploited to develop much more sophisticated CEP applications for a diversity of application scenarios.
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The example also illustrates a central concept of RTM Analyzer, namely the use of time windows in SQL
queries. By restricting the query evaluation to a sliding time window, we can process incoming data directly
without time-consuming intermediate storage in a database. More important, the use of time windows
complies with the time-critical notion of most CEP applications, which typically focus on the analysis of
recent data. However, RTM Analyzer can also incorporate knowledge stored in a database into the analysis
of live data.

Besides the SQL interface, RTM Analyzer provides a visual programming interface, where the business
logic can be modeled similar to workflow diagrams. Additionally, several techniques from the area of data
mining/statistics can be exploited for a well-founded data analysis. For the implementation of user-defined
functionality, we provide an open, well-documented API.

Step 3: Data presentation

The final step in developing a CEP application is the connection to so-called data sinks. These sinks report
the continuously provided query results according to the user's needs. Appropriate data sinks for our
financial example query are alarm monitors, external trading applications, web frontends, or data
warehouses.

Similar to the connection with data sources, RTM Analyzer provides a set of standard adapters to data sinks,
e.g. sockets, databases, GUIs. The implementation of adapters for special data sinks is again facilitated by a
modular implementation framework.

Presentation
of results

Connection to
data sources

Specification of
business logic

Typical CEP applications

RTM Analyzer and its rich realtime analysis functionality gives our customers a cross-sectional technology at
hand which can be utilized to tackle a variety of time-critical questions. Amongst other industries the
following ones can reap the benefits of our tailored solutions for their business cases:

0 Manufacturing: realtime control center, support of continuous improvement processes, flexible
monitoring of production lines, intelligent data management

0 Telecommunication: fraud detection, monitoring of network state, billing support, revenue assurance,
support of campaign management

0 Capital markets: algorithmic trading, risk management, fraud detection, profit & loss, implementation
of compliance checks

0 Business activity monitoring: specification of KPIs, crossing of SLAs, monitoring of complex process
states

0 Your industry and your business case!
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Powerful CEP engine

In order to cope with the demanding requirements of typical CEP applications, we optimized RTM with
regard to performance and scalability. The main innovation of RTM Analyzer is the provision of well-
established database functionality for data analysis without using a database internally, which would
adversely affect the performance. RTM Analyzer can process a few 100.000 events per second, while
traditional database systems only achieve 100 events per second under comparable conditions. RTM
Analyzer also leverages multicore CPUs effectively by making extensively use of multithreading.

SQL interface without internal database

Due to the restriction of query results to sliding windows, we do not need a database for intermediate data
storage. Common databases are not designed for the processing and storage of data streams; they
inevitably would become the major bottleneck in a CEP application. For that reason, we focused our
research on the development of technologies that compute query results directly, i.e., without the need to
store the incoming data persistently in a database. The resulting online algorithms are at the heart of our
CEP engine. They ensure instantaneous and well-defined query responses which are directly reported to the

user.
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High performance and scalability

Due to an innovative query optimizer and a purely event-driven architecture (EDA), RTM Analyzer features
high performance as well as high scalability. The latter one refers to the number of data sources and to the
number of queries running parallel in the system.

The query optimizer transfers queries over data streams into an internal operator graph. It automatically
detects subqueries shared among all queries and ensures that they are evaluated only once per element
(subquery sharing). By means of a powerful publish/subscribe architecture, users can pose new queries or
stop running ones without stopping the system. In the background the operator graph is continuously
optimized.

Our EDA takes care of a direct processing of new elements by routing them without delay through the
operator graph. Similar to a row of dominoes, one operator triggers the subsequent operator to process a
new result and so on. Internally, those evaluations are efficiently distributed among several threads in order
to reap the benefits of multithreading.
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Advanced data analysis

Besides SQL, RTM Analyzer features several technigues from
the area of data mining/statistics to draw statistically well-
founded conclusions from data streams. These techniques
can estimate the value distribution of the stream, detect
outliers, and determine comprehensive statistics. For
example, the estimated value distribution delivers a compact
statistical model of a data stream. The comparison of models
computed with respect to different time horizons allows you
to detect and reveal important trends and characteristics
hidden in the data. In compliance with the CEP paradigm,
RTM Analyzer computes and visualizes this statistical
information in a push-based online manner. RTM Statistics

Enterprise features

Nowadays the IT landscape of companies is characterized by a plethora of heterogeneous systems and their
complex interactions. For that reason, the effort for the integration and adaptation into an existing IT
landscape is a crucial factor in the decision process for a software product. Also of utmost importance are
availability and stability of the software.

Platform independency

RTM Analyzer is written in 100% pure Java. We particularly took care of flexible interfaces so that RTM
Analyzer can be seamlessly integrated into your complex and heterogeneous IT landscape. Due to its
building set design and its flexible adapter framework, RTM Analyzer can easily connect to external
applications and interact with them.

Distributed processing

To avoid you worrying about the stability of your CEP application, you can also run it in a redundant
manner. Running your queries redundantly on two or more servers significantly increases stability and
availability of your system. We also provide a novel migration technology which allows you to migrate
running business logic on-the-fly to other computers; thus you can easily execute maintenance jobs or
balance load among different computers.

System monitoring

The administration of RTM Analyzer is facilitated by a
system monitor that gives a comprehensive view on the
current system load and system state. More precisely,
this monitor visualizes for each running query the
corresponding metadata like memory allocation or
average output rate. For example, the system itself
exploits this information to decide whether or not to
accept a new query based on the expected memory
allocation. Furthermore, these runtime statistics give an
appropriate insight into system internals for
configuration and maintenance purposes.

System monitor of RTM Analyzer
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System specifications

oS due to 100%pure Java e.g.
Windows XP, Vista
Windows Server 2003, 2008
Linux (Red Hat, Fedora, SuSe,...)
Solaris

SDK APIs Java (requires version 1.5)
.Net

Adapters Files
JDBC/ODBC
Sockets (TCP/IP)
IMS
SOAP (web services)
SNMP
JMX
OPC DA (Microsoft Windows platform)
etc.

About RTM Realtime Monitoring GmbH

We are the first German provider of tailored complex event processing solutions. Our software solutions
are designed to process and analyze time-critical data in realtime. Due to the building set approach of our
software, we can provide lean, highly efficient solutions tailored to your specific application requirements.
According to recent studies, CEP will play a fundamental role in the heterogeneous information landscapes
of companies, in particular against the background of SOA and event-driven architectures. Our years of
expertise in the area of CEP make us a strong partner for you. Besides planning, development, and
integration of your tailored solution, we also offer you competent support and training services around CEP.

RTM Realtime Monitoring GmbH originates from a research project supported by the German Research
Foundation (DFG) under the direction of Prof. Dr. Bernhard Seeger, one of the leading experts in database
and information systems. The goal of this successful project has been the development of unique
processing and analysis techniques for data which arrives continuously at high volumes. The highly
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applications. RTM Analyzer unifies these technologies and brings them into practice. With the aim to
become a major provider of CEP solutions, the team of the DFG project has founded RTM Realtime
Monitoring GmbH. The founding stage has been supported by the German Federal Ministry of Economics

and Technology and the European Social Fund.

Contact

RTM Realtime Monitoring GmbH
Software Center 1

35037 Marburg

Tel +49 (0)6421 304800-0

Fax +49 (0)6421 304800-19
info@realtime-monitoring.com
www.realtime-monitoring.com

© 2007-2010 RTM Realtime Monitoring GmbH. All rights reserved. Other product and 8
company names mentioned here in may be the trademarks of their respective owners.
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