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Abstract

Caching isawiddy used concept in many applications and systems to improve performance. This
paper discusses a Message-Oriented Middleware (MOM) Cache pattern as a reusable solution to
accelerate service response in a Service Oriented Architecture (SOA) environment. As an
important communication channel in distributed computing environments like SOA,
Message-Oriented Middleware (MOM) increases the interoperability, portability, and flexibility of
the applications [Rao]. A MOM cache is a cache residing on the MOM between the service
providers and the service consumers. Unlike traditional design patterns, this pattern is more on the
infrastructure level and leverages existing capability provided by MOM. Moreover, the pattern is
implemented using pattern authoring and application support from current commercial tools, and
takes care of not only design, but aso instantiations and depl oyment.

1 Introduction

Service Oriented Architecture (SOA) raises alot of interest in both researchers and practitioners. One
major concern for SOA is peformance. Reducing the response time of costly remote service
invocations in such environmentsisacritical challenge in many real life cases. Caching, awidely used
technology to improve performance, has been used in many solutions successfully to address the issue.
This paper discusses a Message-Oriented Middleware (MOM) Cache pattern as a reusable solution to
accelerate service response in a SOA environment. As a communication channd in the distributed
computing environments like SOA, MOM normally provides a message queue between the service
provider and the service consumer to transfer messages. MOM s typically asynchronous, but it aso
supports synchronous message passing as well [MOM]. MOM s the foundation of Enterprise Service
Bus (ESB) [ESB], which is widely believed to be a cornerstone of many SOA environments. In this
paper, we introduce a MOM Cache pattern based on Enterprise Service Bus (ESB) cache pattern
proposed in [Hutchison et al.]. The cache concepts here are easy to understand for a senior college
student. Getting exposed to a hot architecture style (SOA) and a hot family of products (MOM) should
provide enough mativation to encourage the students to get through the implementation and
deployment details.

Asynchronous messaging is widely recognized as an effective communication channd in an SOA
environment where service provider and consumer may be separated across the Internet [Brown et al.].
Unlike traditional cache on server side or client sde, MOM Cache resides in the middle between
service consumers and service providers. Therefore providing a cache solution in MOM can serve the
purpose of accelerating service requests from multiple service consumers residing on different
locations, and aso benefit multiple service providers. Meanwhile it is an under-utilized technology
because Web Services is arelatively new technology. Using the MOM Cache pattern in the messaging
middleware to address performance issuein SOA environment is also arelatively new practice.

Unlike traditional design patterns which usually deal with object oriented solution design at a class
leve, this pattern is designed as a solution at the infrastructure level and leverages existing capability
provided by MOM. Such a pattern is especially useful in giving the students a redigtic setting where
today’ s practitioners devel op software based on existing middleware by using tools, i.e. if they want to
build a cache for messaging, they can build the cache on top of an existing cache capability rather than
from scratch. Furthermore, tools like Rationa Software Architect (RSA) provide strong tooling support
to define and apply patterns [Mitta]. We implemented the pattern in RSA using its pattern authoring
and transformation framework to help practitioners apply the pattern.

The rest of the paper is organized as follows: related works are introduced in Section 2, Section 3
presents the MOM Cache pattern, Section 4 illustrates how the pattern implementation and application
in Rational Software Architect, and Section 5 concludes our work.
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2 Related Works

There are different categories of patterns— from the design pattern dealing with code level design issue
of software components [Gamma et al.], to system-level patterns providing solution at macro-design of
system components [Buchmann et a.], to patterns for e-business as described in [Adams et a.] which
extend the software patternsto earlier phases of the application development life cycle. The patterns for
e-business have four major types of patterns business patterns, integration patterns, application
patterns, and runtime patterns. The MOM Cache pattern is an integration pattern that provides a cache
solution in a SOA environment at the middieware layer.

In an SOA environment, service providers and requesters are loosely coupled and distributed across
network, either within an organization or across organization boundaries. The performance issue of
services raises more concerns than traditional distributed systems as SOA solutions are designed more
for interoperability than for performance. For example, XML is a widdly used message format for
service providers and consumers in SOA. XML message packaging and parsing brings extra overhead
to both ends. Therefore a web service call costs more in terms of response time than some other kinds
of remote procedure invocation. Caching is a widedy used technology to improve application
performance. Various caches have been designed and implemented to improve responsiveness of
application in various software products, like JoossCache [JBoss|, SpiritCache [Spirit], Websphere
Application Server DynaCache [Bakalova et al.]. Using cache to reduce service performance cost is a
problem of interest to cache technology practitioners. Some cache patterns are proposed to provide
reusabl e cache solution.

[Hutchison et al.] propose an Enterprise Service Bus (ESB) cache pattern to accel erate service response
time in the ESB context (481! RLFI5[H¥E. ). The ESB is the messaging backbone in the SOA
environment. It handles message transfer and provides various mediation capabilities like message
transformation, logging, routing, etc. In the ESB context, both service provider and consumer are
attached to the Enterprise Service Bus. Message mediation resides on the service bus to handle request
or response messages. In this caching scenario, when cache mediation finds a response to a service
request in the cache, it will return the cached response directly to the message requester. If it does not
find such items within the cache, it will forward the request to the service provider which in turn
generates response which is routed back to the message requester. Meanwhile response messages will
be cached by the cache mediation. Unlike various server side cache frameworks like JoossCache
[JBoss] and SpiritCache [Spirit], an ESB cache accelerates the costly remote service invocations by
providing a cache on the messaging middieware leve, or in the communication channd, therefore it
can benefit multiple service consumers and service providersin one solution.

In this paper, we flesh out the ESB pattern and generadize it as the MOM Cache pattern with detailed
descriptions of its context, structure, consequences, etc. We aso illustrate the application of the
pattern in the RSA tool.
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3 MOM Cache pattern

This section provides detailed description of the MOM Cache pattern following the pattern description
framework used in [Gamma et a]. MOM Cache pattern described here is not targeted to provide
detailed design for a general purpose cache, but rather tackles the specific cache problems in the
messaging middleware.



3.1 Motivating Problem

In an SOA environment, MOM provides an integration layer between multiple service providers and
multiple service consumers. The MOM, in addition to routing the message requests and responses to
and from service providers, also support mediation functionality such as data transformations,
enrichment, caching etc. The MOM Cache pattern targets to help developers build caching in
mediation subsystem.

3.2 Context

In a messaging environment, the request message and response message are ddlivered in the messaging
middleware independently — the processors of request and response message, or message mediations
work independently and asynchronously. Figure 2 depicts the behavior of mediations in messaging
system. In this environment, message mediations work in a message-driven way. Request messages
and response messages trigger request message mediation and response message mediation
respectively. For example, in the SIBus implementation of ESB in the Websphere Application Server
[Whyley], message mediation handlers are implemented as EJB beans [SUN]. Individual message
mediation can not handle both request message and response message during one execution lifecycle.
This particular behavior needs special consideration for cache design.

3.3 Solution to the Problem

The solution is to shorten service response time by caching service response messages in messaging
middleware. When an identical request message is issued, the message system retrieves the
corresponding response message from cache and returns it directly to service consumer, instead of
forwarding the request message to the service provider. By doing so, costly remote service invocation
is eliminated and service response time isimproved.
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34  Structure — Two Cache Mediations Coupled by One Cache

Figure 3 depicts the structure of the MOM Cache pattern. The structure can be characterized as two
cache mediations coupled by one cache instance. As mentioned earlier, mediation refers to the message
processor in a messaging system. It performs tasks like logging, routing, message format
transformation and other tasks which need to be performed on each message. The rationae behind such
adesign isbased on the behavior of mediations described earlier.

3.5 Collaboration

Collaboration among the pattern participants is described in Figure 4. The interaction between service
provider, cache mediations, and service consumer is as follows. Firstly, a service consumer sends a
request message to a service provider. MOM routes the message to the destination of service provider.
When the message arrives at the destination, the cache request mediation attached to the destination
can access the message content and perform some actions on the message. The cache request mediation
generates a cache key based on the request message, and searches for aresponse in the cache.



If a matching response is found, the cache request mediation returns the response message to the
service consumer immediately. Otherwise, the request message will be sent to the service provider and
anew cache entry, with the cache key generated, will be inserted into the cache.

When the service provider returns the response message and the MOM routes the response to the
service consumer, the cache response mediation is invoked. It completes the cache entry created by the
cache request mediation by identifying the correlated request message's cache key in the cache, and
updating the cache item with response message.
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Figure4 Behavior of Participantsin MOM Cache pattern

3.6 Cache Contents

A cache entry is organized as a duple of <cache key, cache item>. Cache key is utilized to identify
request message. Here, identical messages mean that two request messages are equal from the
perspective of the cache user. For example, the cache key can be composed from the requester message
destination / service endpoint address, the service operation, and the operation parameters. It is
desirable to use the underlying message identification method provided by the messaging system, if it
provides such capability. Fast cache key generation is critica for cache performance.

The cacheitem is composed from the response message.

Another supportive cache entry is created as <message ID, cache key>. It is used by the cache response
mediation to find a cache key of its correlated request message.

3.7 Cache Palicy

Cache policy specifies various configurable behaviors of cache. Here we focus on two kinds of cache
policies — the cache item identification policy, and the invalidation palicy.

Cache item identification policy describes how a cache item is identified, or how the cache key is
generated. The default policy for cache item identification is the combination of service endpoaint,
operation, and parameters to identify the request message. Users should also be able to specify other
identification methods. For example, user can specify using the entire request message payload to
generate cache key; or only using service endpoint and operation to identify cache item.



Invalidation policy describes how the data in cache is invalidated. Cached data gets stae as the data
source change over time. Therefore, we need to invalidate the cache data so that the cache can refresh
its contents.  For example, two kinds of invalidation policy are supported in Websphere Application
Server’s DynaCache — time based invalidation and programmatic active invalidation. For time based
invalidation, a timeout value is set for each cache entry. When the cache entry’s lifetime exceeds the
timeout value, cache will automatically invalidate the cache entry. The timeout value should be set as
less than average data change time. For programmatic active invalidation, applications being
accelerated can actively invalidate the cache data when data changes are detected.

Cache policy heavily depends on the underlying cache mechanism used in the cache pattern. For
different caches, a different cache policy may be provided.

3.8 Applicability

Communication channel
The communication channel between service provider and consumer needs to be MOM if we want to
apply the pattern.

Cachelocation
The cache is associated with the cache mediation that resides in MOM. Caches on the service provider
side or the service requester side are not applicable for this pattern.

Invocation style

To apply the pattern, invocation style should be request and response, where one response message is
generated according to one request. Other invocation styles like publish/subscribe are not applicable to
this pattern.

Service provider sidetolerance

Cache pattern requires that the service to be accelerated can tolerate identical request not being
delivered to it and responses can be cached by messaging middleware. This implies severa
characterigtics: serviceis not transactional; data change frequency is not high, or data expiration timeis
not short; data auditing policy allows request data not arriving at the service provider sde; data privacy
policy allows data to be cached in a communication channel.

3.9 Consequences

Behavior

The behavior of the messaging middleware is changed. It actively changes the routing path of request
message and sends cached response message back to the service consumer.

The service provider will not receive every request messages.

Data

With the cache in messaging middieware, response messages may not be up to date. The data staleness
introduced by the cache needs to be understood by cache users, and can be alleviated by a cache data
refresh policy.

Performance

The cache increases the responsiveness of the service by caching request and corresponding response
messages. However, caching has its cost. Message mediations need extra cost to access the payload of
messages and store cached messages.

3.10 Dependency

M essage correation

MOM needs to provide message correlation mechanism to correlate request and corresponding
response messages

Correlation can be either automatically done by messaging middieware, or by the service provider with
correlation APIs provided by MOM.

M essage identification
Message middleware can provide faster message identification options so that pattern users can choose
appropriate message identification for cache item identification key generation and comparison.

Underlying cache

The MOM Cache pattern is not adesign pattern for general purpose cache design, it leverages existing
basic cache capability provided in MOM or other cache system. In our referencing implementation, we
are using the Websphere Application Server’ s DynaCache as the underlying cache for this pattern.



4 Pattern Implementation and Application in Rational Software Architect

The pattern application in RSA is illustrated in Figure 5. We implemented the MOM Cache pattern in
RSA using its pattern authoring and transformation technology. The pattern is a parameterized
representation of a solution to a problem in RSA. When different input parameter’s value is s,
different specific solution is expanded from general solution. Transformation is the automatic
generation of various software artifacts from UML modes. Patterns and transformations are two key
technologies enabling Model Driven Architecture (MDA) and Model Driven Development (MDD).
When users need to apply the pattern, it needs to be instantiated first. A UML model is then created
with service client and service, as well as an association class of mediation handler. To apply the
pattern on the moded, we need to associate mediation handler with one cache pattern parameter to
specify the application target. After instantiating the pattern parameters, we can apply the UML model
transformation to generate a deployment model for the MOM Cache, here specifically Websphere
Application Server(WAS); and transform from the deployment model to runtime artifacts like EJB
beans and deployment scripts. After these transformations, the cache code can be automatically
generated and deployed on WAS, which saves alot of effort for cache users.
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Figure5 Pattern Application and Transformation in Rational Software Architect

5 Conclusions and Future Work

A pattern is a solution a a certain level of abstraction intended to solve reoccurring problems in
different contexts. This paper proposes the MOM Cache pattern as a killer example for patternsin an
SOA environment. Also it introduces its implementation in RSA. This patern can be used as a
challenge to senior college student, or term assignment for 2™ year graduate students to set a realistic
pattern design, implementation and application.

The following are ideas for further enhancements to the current MOM Cache pattern and its
implementation:

Cache Palicy Guidance.

Besides cache invaidation policy and cache item identification policy discussed earlier, cache palicy
includes various aspects like persistency policy, cache item eviction palicy, etc. Guidance on these
cache policies can be provided to help users choose a suitable cache policy in different specific
environments.



Variation Accommodation.

As a general solution to a reoccurring problem, how to design a pattern to support many variations in
different contexts needs to be considered for pattern authors. In the case of the MOM Cache pattern,
style of access, item identification, cache popul ating mechanism, and other variations can be further be
designed. Accommodation of other customer cache implementations like JBossCache can aso be
considered.
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