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Abstract

Enter prise JavaBeans (EJB) isan emerging standard of a support platformfor distributed multitier
applications written in Java. Since the introduction of the standard in 1998, a number of EJB
implementationsbecame available, differing in many aspectsfromthelevel of standard compliance
to the delivered performance. This prompted a demand for evaluation and comparison of the EJB
implementations. In response, we have defined an EJB test suite and carried out a comprehensive
evaluation of several EJB implementations as a part of the EJB Comparison Project [2]. The
purpose of this paper is to share the experience gathered during the evaluation process, and to
outline some of the pitfalls that make the evaluation difficult.
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1 I ntroduction

Withtheexpans on of multitier gpplication architectures, theenterprise software providersfocustheir
attention on the request brokers, transaction monitors, and other middieware services that facilitate
building the multitier gpplications. In response to this demand, Sun Microsystems introduced the
Enterprise JavaBeans (EJB) standard, acomponent framework that provides servicesfor transactions,
security and persgstence in a distributed multitier environment. Since the introduction of the EJB
standard in March 1998, anumber of companies provided their own implementations. Typicdly, these
implementations are offered as a part of the existing gpplication servers of the respective companies.
They differ in many aspects, from the leve of compliance to the EJBB sandard to the class of
performance ddlivered.

Often, it is necessary to evauate the properties of the EJB implementations, in order to assesstheir
suitability for agpecific gpplication, or for asmilar decision related to the EJB technology adoption. To
provide a framework for such an evauation, the Distributed Systems Research Group of Charles
University in Prague, started the EJB Comparison Project [2]. Commenced in 1999, the project aims
at devisng aset of criteriafor evauating specific EIB implementationsin terms of standard compliance
and delivered performance, and at comparing asdected set of EJB implementationsusing thesecriteria.
This paper provides a brief overview of the EJB implementation evauation carried out during the
project, and outlines the experience thus gathered and some of the pitfdls of the EJB implementation
evauation. The public verson of EJB Comparison report [3] is atached to the paper.

2 Enterprise JavaBeans Overview

The Enterprise JavaBeans (EJB) framework, provided by Sun Microsystems, is a component
architecture intended for development of distributed, object-oriented business gpplicationsinthe Java
programming language. The EJB specification [9][10] defines interfaces and behavior of the EJB
deployment environments, EJB servers, and of the reusable components that execute in these
environments, enterprise beans or beans for short.

An enterprise bean implements gppli cati on-dependent businesslogic, and istypicaly structured into
bean objects (Figure 1). A container provides a deployment environment that wraps the beans during
their lifecycle; every bean lives within a container. The container provides services that the contained
beans can use, namely transactions, security and persistence. The EJB specification does not Sate the
way these services areto be implemented; it only specifiestheinterfaces of the container through which
the services are made available to the bean objects. Every bean has a deployment descriptor, a
descriptionof the bean's characteristics and the bean's usage of the services provided by the container.

The dient accesses a bean through the home interface and the remote interface. Both interfaces are
created at deployment time by specia tools supplied by the EJB server provider. The remote interface
reflects the functionality of the bean, also called the business methods of the bean. The homeinterface
supports methodsfor creation and remova of aparticular bean objects, aswell asmethodsfor querying
the population of the EJB objects, termed finder methods.
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Figurel. EIB architecture

To useabusinessmethod of abean, the client hasto obtain areference of the bean'shomeinterface
usng the Java Naming and Directory Interface (JNDI). Using this reference, the client can creste or
find abean object, and obtain areference to a stub implementing the bean'sremote interface. The stub
then delegates method cdls to the corresponding EJB object.

An EJB sarver transparently manages the population of the beans residing in the main memory.
When the population of the bean objectsinsde acontainer grows beyond a certain limit, the container
stores some of the not-recently-used bean objectsin asecondary memory (the objects are passivated).
Whenever a method cal targets a passivated bean object, the object is brought back into the main
memory by the container (the object is activated).

There are two types of enterprise beans. session beans and entity beans. Session beans are
short-lived objectsthat exist on behdf of asingle client and do not represent directly any shared and/or
persstent datain a database. Depending upon its conversational state, a session bean can be Sateful
or stateless. An entity bean, on the other hand, typically represents persistent data, usudly storedina
database. An entity bean is transactiond, dlows shared access from multiple dients, and can be
long-lived.

EJB supports didtributed flat transactions defined in JTS [5]. Every client method invocation on a
bean is supervised by the bean's container, which makes it possible to manage the transactions
according to the transaction attributes that are specified in the corresponding bean's deployment
descriptor. Multiple EJB servers or databases can be involved in a single transaction.

The EJB container hasto provide security servicethat control accessesof clientson beansinstances,
manage user identities and propagate security context along with cals between EJB servers. EJB
security is not based on any standard.



3 Test Suite Overview

Thetest suiteused in the EJB Comparison Project consists of two mgjor parts: the compliancetests,
amed a verifying if and how much the EJB implementation subject to testing complies with the EJB
gpecification, and the performance benchmarks, aimed at eva uating the performance delivered by the
implementation. The performance benchmarks focus in the basic performance, scdability, and
robustness.

Although the EJB comparison project was based on testing of four servers, only the results for the
NetDynamics EJB server are published. The results are attached to this report.

3.1 Compliance Testing

One of the principa tasks is to ascertain an EJB implementation's compliance with the EJB
gpecification. Among other things, this is important because the EJB standard is rdatively young and
rgpidly evolving. Consequently, the EJB implementations are new and tend to be incomplete, which
makes the question to be answered "how much does it comply with the standard” rather than "does it
comply with the sandard”.

In our project, the compliance tests cover dl parts of the EIB specification. In dl, the compliance
tests include more than 40 individua programs aimed a testing specific points of the specification, or
the overal behavior characterized by a mgor part of the specification. In the tests, we have
diginguished an error-free, a partiadly defective, or a totaly defective behavior of the particular
implementation. The tests are listed and precisely described in [3]. The results of the compliance tests
give athorough picture of the functiondity offered by the EIB implementation, and auseful hint on the
qudlity of implementation.

3.1.1 Essential functionality

The EJB server has to provide services necessary for the EJB framework as described in the EJB
specification [9]. These tests have to prove that a server and necessary services (e.g., INDI server,
database connectivity) can be started up. In the next step, basic functionality of both entity and session
beans (e.g. lookup of home interfaces, creating/removing of bean instances) is verified.

Most servers passed these tests without problems.

3.1.2 Session and Entity beans

Two parts of the compliance test suite verify the implementation of the sesson and the entity beans.
They are focused on bean lifecycle, a bean specific behavior (e.g., synchronization, reentrancy) and
bean context implementation.

All serverstested had problems passing these particul ar tests, mostly because of pure or incomplete
implementation.

3.1.3 Requested services

Every EJB server has to implement three essential services. persgstence, security and transaction.
The persstence sarviceisused by theentity beansfor container-managed persstence (CMP) only. This
service provides an implementation-independent-view of the entity bean's state. The security service
is used by the session and the entity beans. This service provides basic security functiondity such as
accessredtriction andidentity propagation. Themost important servicesisthetransaction service, based



onJTS[5]. Thisserviceis used to add transaction behavior to the sesson and the entity beans. Usage
of the transaction service have effect on the lifecycle state diagram of the session beans (e.g., the bean
code can be notified of atransaction state). The entity beans represent data stored in a database, and
therefore the transactions are propagated to the underlying database.

All servers tested had problems passng these particular tests due to poor or incomplete
implementation.

3.2  Performance Testing

In this section, we outline the approach taken to benchmark the EJB implementations. The
benchmarks were executed in different setups, such as with the dients and the server running on the
same machine, or the clients being connected to the server viaadedicated network segment. Thefocus
isfirg on the distribution mechanism, then the transaction management is examined.

3.2.1 Distribution mechanism

The EJB specification defines Java RMI [18] asthe primary ditribution mechanism, but dlowsthe
use of other mechanisms, such as CORBA 110P[14][19]. AsEJB server vendors often chooseto use
a proprietary implementation of the Java Virtua Machine and/or RMI, scaability and performance of
RMI implementations used may vary. Because RMI relies on the Java seridization, performance of the
Java seridization has to be taken into account.

There are two groups of the benchmark tests. Thefirst group providesthe performance view of the
seridizationpart, i.e., how fast different parameter patterns are passed. The second group providesthe
performance view of the digtribution mechaniam, i.e,, how fast an invocation is performed.

To measure the speed of Java Serialization, different parameter patterns and types have to be taken
into account. Therearethree areasthat haveto be measured - primitive datatypes, overhead of objects
and overhead of parameters in amethod signature.

These measurements give us severd results: @) the average speed of the operation (time of the
seridization plus the invocation); b) the scae used to compare different servers (i.e., if aserver isfast
in seridization of primitive types relaive to being dow in seridization of a sructure of objects).

To measurethe speed of the distribution mechanism, different invocation patternsare used. Because
the overhead of Java Seridization is predictable (due to previous measurements), measurements of
invocation overhead are done on methods without parameters. The invocation pattern is given by a
order of method invocation on abean ingances (e.g., cal n-timesmethod on thefirgt instance, then call
n-timesmethod on the second ingtance,...; or thefirst method call onthefirgt instance,...,thefirst method
cdl on thelagt ingtance, the second method cal on the firg instance,..). The transaction serviceis not
involved in these tegts.

4 Scalability

Previous tests give the results based on one client and one bean instance configuration. Using these
results, the scalability of large system (more than one client and/or bean instance) isnot predictable. To
evduate the scaability of the EJB implementation, the following tests were eva uated:

» measurement of the dependency of the method invocation time on the number of clients

connected to the called bean. The test smulated a pool of clients executing requests on a

particular bean object. The time necessary to carry out the method invocation was measured.

In addition, the test examined the distribution of the bean object response to dlients;



» measurement of the dependency of the method invocation time on the number of bean objects.
With the increasing number of objects present, we measured the time of creating a new object
ingance, the time of performing the first and dl subsequent method invocations on the instance,
and the time of removing an ingance. Since some bean instances can be temporarily stored in
an externd memory or database, policies for pooling, passvating and activating bean instances
had to be taken into account.

41 Robustness

By robustness, we understand the ability to perform reliably under demanding conditions. Although
it is not possble to design tests that would verify the suitability of an EJB server for a particular
goplication, we can identify severd benchmarking criteria that are likely to reved the most common
weaknesses of the server. The following tests were provided:

* thelimit of the number of bean objects. Instances were created until the EJB server crashed

or reported that it was not possible to create more instances. The test was performed for both

the session beans and the entity beans. Note that for entity beans, instances can be passivated

and moved to the pers stent store during thetest. Thus, theresultsdid not represent the maximum
number of ingtances resident in memory. Session bean instances, on the other hand, cannot be
passivated, and results represent the number of instances resident in memory;

* thelimit of the request Sze. Requests with increasing Size were sent to the server until elther

an error was reported, or the server crashed,

* thelimit of thenumber of dientsconnected or the number of clientsactively performing method

invocations.

4.2 Transactions

In adigributed system, atransaction is one of the basic abstractions used to provide transparent
concurrency, reiability, and fault tolerance. In the following sections, the tests evduating the
performance, scalability, and robustness of the transaction support are presented.

421 Peformance

With the transactiond attributes applied to bean methods, the transactiona context crestion,
suspension, and transfer can add an overhead to each invocation. Tests were carried out to measure
the exact influence of the transactiona context manipulation operations. For each of the transactiond
attributes, the cost of using the attribute was determined by measuring the time necessary to complete
an invocation of an empty method augmented with the respective transactiona atribute. The
measurements were carried out twice, once within and once outside a client transactiond context, to
evauate the impact of the clients transaction context transfer.

For bean-managed transactions, we have measured invocations of a method that did not use
bean-managed transactions, a method that alway's created and finished a bean-managed transaction,
and amethod that run within a retaining bean-managed transaction.

422 Scalability

Typicdly, alarge number of transactions can be opened concurrently on an EJB server. To evauate
the scalability of the server with respect to transactions, the following tests were provided:
» measurement of the dependency of the commit operation time on the number of smultaneoudy



opened transactions. Unfortunately, it is necessary to have one thread for each open transaction
in this test. Our experience indicates that the limits of the Java Virtud Machine thread system
exhibit themsalves sooner than the potentia dependencies of the EJB server performance onthe
number of transactions.

» measurement of the dependency of the commit operation time on the Sze of the transaction
context; i.e., the dependency between the number of involved bean instances and the time to
commit were measured. Moreover, the involvement of multiple EJB servers and databases was
taken into account.

» measurement of the dependency of the commit operation time on the number of objects
present in the EJB server. Thistest was an addition to the test described in section 4.4.1, where
the dependency of the object's method invocation time on the number of objects present in the
system was examined.

4.2.3 Robustness

We have examined the maximum number of active transactionson aparticular server. Notethat the
results of thistest did not necessarily indicate alimit within the EJB server, asthevirtua memory of the
client's Java Virtud Machine was usudly exhaugted before the limit of the EJB server with respect to
transactions was reached. Also using apool of nodes generating new transactions cannot satisfactory
solve this problem because of the overhead caused by the network.

5 Evaluation Experience

Apart from providing interesting data.on the standard compliance and performance of the individua
EB implementations, the evaluation results dso provided some useful generdizations concerning both
the state of the EJB technology and the methodology of EJB benchmarking.

5.1  On EJB Technology

The most important generdization of the evauation resultsistheindication of immaturity of both the
EB standard and its current implementationsin severd areas. Asfar asthe EJB standard isconcerned,
problems occur mostly in the area of server and client code portability. Our experience indicates the
code requires rewriting partidly due to differences between Java 1.1 and Java 2, which can be used
as the underlying platform for the EJB implementation, and partidly due to ambiguities in the EJB
gandard. They are, however, being fixed very fast by the EJB standardization body (the origind EJB
1.0 specification [9] was published in March 1998, the EJB 1.1 version [10] was published in August
1999, the EJB 2.0 version will likely be available by the end of 2000 or in the first haf of 2001). We
aso have to consder the Java Transaction APl [6] and Java Transaction Service [5] specifications,
which are tightly related to Enterprise JavaBeans.

The EIB implementations themselves carry al the marks of arecently developed system. The level
of standard compliance can vary sgnificantly, with some implementations meeting only one haf of the
requirements of the tandard, and even relatively stable implementationsfailing the requirementsin one
or two points, eg., in the areas of retained transactions or transaction isolation levels. Again, thisis
being remedied very fadt, quite often anew version of an EJB implementation occurs beforethe old one
can be thoroughly evaluated.

The individud EJB implementations aso differ in the bean deployment mechanism and the text
format of the bean deployment descriptor. This might be partidly because the text format of the



deployment descriptor was not defined in the EIJB 1.0 standard. In EJB 1.1 the deployment descriptor
isdefined asan XML file.

In terms of performance, the EIB implementations can differ as much astwo orders of magnitude
inthetimesit takesto finish basic tasks, such asinvoking amethod or committing atransaction. Overal,
however, the performance of the EJB implementations came as a pleasant surprise, with the faster
implementations being close to the performance of, e.g.,, CORBA ORBs and servicesimplemented in
C++.

Quite often, the EIB implementations exhibit performance anomdies tha are difficult to explan.
Theseinclude stuationswhere amethod invocation takeslonger timeto complete when the EIB server
handles a smaller number of objects, or Stuations where invoking amethod within a transaction takes
longer time than outsde a transaction for some servers, and shorter time for others. Hence, it is
important to cover dl aspects of the EJB implementation behavior with specific benchmarks, as the
results are sometimes counterintuitive and trying to deduce behavior in one case from behavior in
another can fall.

5.2  On EJB Benchmarking

The process of benchmarking an EJB implementation is hindered by severd fesatures of the Java
environment. Perhaps the most notable problem here is the disruption of benchmarking results by the
garbage collector runs, which needs to be amortized through a measurement of larger tasks or tasks
with high repetition counts. Also, the Java Virtud Machine consumes quite a lot of resources, which
tends to cause resource sharing delays and swapping, which is aso detrimental to the measurement
precison.

Another source of disruption is the Java timer accessible through the
java.lang. SystemcurrentTineM | 1 i s(), whose granularity can be as high as tens of
milliseconds, i.e., not enough for a measurement of small tasks that get finished quickly. Note that
measuring severd repetitions of the sametask toimprovethe precisonisnot awayspossible, ascertain
tasks cannot be carried out repeatedly without an extra operation in between the repetition steps. A
solution we have adopted isimplementing a more precise timer as a native method through JNI.

The environment itsaf imposeslimitsthat can prevent carrying out certain types of benchmarks. One
of those limitsis related to the number of argumentswithin a Javamethod signature, which islimited to
less than 256. Thislimits, e.g., measuring the dependency of the method invocation time on the number
of its arguments. A smilar Stuation arises when a large number of threads or a large number of
transactions needs to be created. Thislimits, e.g., measuring the scalability with respect to the number
of EJB clients served, as it is not possible to run a large number of clients on a small number of
meachines, and obtaining enough machines to evauate the EJB implementation scalability for thousands
of clients tends to be expensive.

Also, nontrivid isthe issue of configuration of the particular EJB implementation and the underlying
platform. Things to be configured include default vaues for timeouts and pooling mechanisms, the
Settings of the bean passivation and activation criteriawithin the EJB container, the VM virtud memory
settings, dl of which can sgnificantly influence results of some of the benchmarks.

53 Toward Standardization

Naturdly, it would be desirable to sandardi ze the compliance tests and the benchmarking suite, so
that the evaluation results can be published independently for the individuad EJB implementations and



thencompared. Thereare, however, severd problemswhich prevent defining such astandard for EJB.

Firgt and foremogt, the EJB standard and its implementation do not seem to be stable enough yet
to warrant creation of astandardized benchmarking suite. As mentioned earlier, both the client and the
server code are not easily portable. Together with documentation that is often lacking, this leads to
Stuaions where it is necessary to disassemble the EJB implementation to find out how certain features
are implemented and how the benchmarking suite should use them. Also, due to omissonsin the EJB
standard, some of the compliance tests turn out to be "which of the possble interpretations of the
standard doesit implement” testsrather than "doesit comply with the sandard” tests. Thiswill hopefully
change asthe EJB standardization progresses and theindividua EJB implementation vendorsimprove
their adherence to the specification.

It should dso be noted that most EJB servers are integrated with a graphica development
environment, which does not lend itsdf easily to a batch-style processing of a large number of
benchmarks. Having an unwiddy deveopment environment which makes it difficult to import the
benchmarks is another obstacle to the idea of providing a standardized benchmark suite.

Some of the more interesting results were obtained by administering the stub and skeleton code
generated by the EJB implementation with timestamp operations. Thismadeit possibleto eval uatemore
precisaly theindividua phases of the method invocation chain, diminating, e.g., the network overhead.
Unfortunately, patching the code specific to the EJB implementation can hardly be made part of a
standardized benchmark suite.

Asisthe case with most benchmarks, the benchmark results depend not only on the properties of
the particular EJB implementation, but aso onthe underlying database and VM architectures, on the
operating system, and on the hardware used while performing the evauation. This means that it is
difficult to define a precise meaning of the results unlessthey are very generic, asisthe case, eg., with
the TPC benchmark. We believe, however, that even results that depend heavily on the factors
mentioned above are useful, as they characterize the behavior of the EJB implementation in specific
circumstances.

6 Conclusion

The EIB implementation tests outlined in this paper present a comprehensive test suite capable of
evauating most aspects of an EIB implementation. Applied to several EJB implementations during the
course of the EJB Comparison Project [2], thetestsindicate that EIB is promising, athough not quite
fully devel oped, technol ogy, which can offer areasonableleve of functionality and decent performance.
The current EJB implementations leave things to be desired in the area of standard compliance and
code portability, but are otherwise functiond.

The paper d o highlighted severa problemsrelated to EJB implementation eva uation, ranging from
the problemsof benchmark portakility to the problemsof benchmark result interpretationin the Situation
where besides the EJB implementation itself, many other factors influence the results. Some of these
problems can make introducing a Sandardized suite for evauaing EJB implementations difficult, and
should be remedied by changes to the EJB standard itself (portability, ambiguity), or to the individua
EJB implementations (configuration, importing).
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