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Abstract
You have an application that reads in configuratiata at start-up. Your program consists of
multiple threads with similar functionality. Sométhe configuration data applies to all threads;
the other part of the data applies to individuak#ds only. The configuration data should be
read-only after it has been provided at start-ugps Paper introduces the patteéZonfiguration
Provider as an implementation suggestion for this context.
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1 Context

1.1 Thumbnail

The following categories display a brief perspexfior the suitable environment of the pattern.

Systems: General purpose systems (such as personal ceramurtworkstations)

Applications: Multi-threaded object-oriented applications; aguafable applications and
threads

Users: Application developers, software architects

L anguages. Java, possibly any object-oriented language aiml Java (e.g. C#)

1.2 Use Case

The use case includes multi-threaded applicatioasrely on global as well as on thread-specific
read-only configurations.

1.3  Setup

A threaded application owns two different configioa types. The first one is the thread-specific
configuration that is unique for each thread. Thezosd one is the global application
configuration. Each thread should have access tih lsonfigurations. Furthermore, each
configuration object should be immutable aftennigialization is finished. The reason for relying

on threads in the paper is that there may be tereatth similar functionality and thus similar

configuration requirements living in the same agation.



2 Considerations

The objects that build your application need actesspplication-specific configuration data. A
common solution for solving this problem would ke use a Singleton [2] to provide the
configuration data application-wide. This solutmuld also be applied to a threaded class.

Now: the configuration data must be available tchethread after start-up. Obviously it may lead
to buggy application states in case a thread aesdle configuration before it is actually read in
completely. When using a Singleton you could sdhes problem of reading an uninitialized or
partly initialized configuration. For this the Sletpn is required to provide some locking
mechanism which releases the lock after the cordigan has been determined. Relying on a
static variable that stores the configuration is feasible here as locking could not be provided
easily. A lot of discussions and resources exst itdicate the difficulties with implementing a
locked access in a Singleton.

The process of reading the configuration may be4ionsuming. You therefore have to ensure
that it is not executed more than once. Even ie ¢las reading process is not critical in time, it
may not be a good idea executing it twice becaeseden two read accesses to a configuration
file, e.g., the contents of the file could have raed. Implementing a mechanism to avoid
doubled processes is also possible via a lockitBiould be considered that a thread accessing
the configuration could be constrained by a timetutase calling the Singleton returning the
configuration when a lock is set because the repdnocess is ongoing, the timeout constraint
may come into play. It could be avoided runninghee@d before the configuration is fully
available, but this meant for the developer knowamgput this problem and to invest manual
effort and energy in solving it. Singleton itsetfes not seem to offer a self-contained solution to
this problem. For the problem of preventing procegssonfiguration resources twice, a double-
checked locking mechanism might be better to uae the simple lock from the previous figure.

After constructing and fully initializing a configation object it should become immutable. This
is a property that has to be attached to your gardition object.

Each thread should have as easy access as pdssiisl¢hread-specific configuration data. Such
data could be implemented by putting parameters angeneric collection, by sub classing the
global configuration class or by providing two éifént configuration objects, one global and one
thread-specific. The first case is not desirable tu working with generic, type-unsafe data.
With the second case in place the Singleton pateturns a common type to any caller. Each
caller had to either store the retrieved configanrabbject in a typed class attribute, or it had to
guery the Singleton for the configuration each tiime needed. The developer is not hindered to
proceed as the latter when working with a Singletdmclean design may become an issue. The
third case, having two configuration objects, i4 remlizable with a Singleton as it could only
return a single object. A wrapper object had topbevided as a workaround. The design may
degenerate as well.

In case serialization of the object tree providiagthread's functionality is needed, the
configuration is not serialized when it is not stbdirectly in one of the thread's classes. This
may happen if the configuration is accessed byyguga possible Singleton each time. To get to



a serialization containing the configuration manuark would be required when using the
classic solution. Finally we end up with a refeehe the configuration within a threaded class:

In general, static methods or the Singleton pattseif may not be desirable, depending on the
individual developer’'s perspective and imaginatdra clean design. Singleton, for example, is
often seen as an antipattern (also compare [&dore arguments against Singleton).

21 Forces

Summing up the consequences, the following foreasbe identified:

Application-specific as well as thread-specific iguration data is needed.

Configuration data must be completely initialize=fdye it can be accessed.

Reading the configuration may be a time-consumasd,tthus it should not be executed
more than once.

The configuration data should be read-only (immlefghfter initialization.

Access to the configuration data should be as aappssible.

Serialization of objects relying on configuratioata should automatically include the
configuration.

The solution should enable the developer to achaeslean design.

VVV VYV
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3 Solution

Provide an ordinary (instantiable) class that stbineead-specific configuration information. This
is called theThread Configuration Provider (short: ThreadConfigProvider). Pass the same
instance of a certain thread configuration objecry other object of the same thread that needs
access to this configuration.

Also provide an instantiable class holding glolagdglication-wide) configuration information.
This is called theApplication Configuration Provider (short: AppConfigProvider). An instance

will be passed to th&hread Configuration Provider at its construction.

The actors of this pattern are displayed in thescthagram irfigure 1

Client ThreadConfigProvider AppConfigProvider
-configFParami:Chject -configParamA Chject
-configFParam2:Chject -configParamB:Object
config: ThreadConfigProvider appConfigAppConfigP rovider

Figure 1: Classdiagram of the pattern.



A Client class that has to have access to the configurajeis passed a reference to a
ThreadConfigProvider at construction. Th&hreadConfigProvider in turn keeps a reference to an
AppConfigProvider. The overall workflow is shown in the sequencegdhan in figure 2
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Figure2: Sequencediagram of the pattern.

In the above figure, &lient class is any class needing a reference to thegewaftion. The above
sequence diagram indicates with “Client i” that enéinan oneClient class exists, which is the
typical case. Eacklient gets constructed the same way during system gbaais shown in the
figure. The system’s start-up is individual to eagplication. It is only important that the class
invoked to start-up the system cares about thetean®n of the configuration as early as
possible to make it accessible as soon as poswibilee whole application. An altnerative to
passingAppConfigProvider to the constructor ofhreadConfigProvider is indicated in figure 2.
Proceeding that way would make sense in case tmsian of AppConfigProvider should be
encapsulated, e.g. by package protected accedss ttass.



4

Consequences

This pattern brings the developer several benefiatrasted by some liabilities. The benefits

mainly result from the straight-forward way configtions are implemented, i.e. as ordinary

objects without static methods. The main originstfe benefits and liabilities are the forces the

pattern puts on the class design, and the logicishaecessary to ensure the consistency of a
global configuration object.

4.1
>

YV VYV

Benefits

Enforces a complete setup at start-up of the aguhic as there is the need for having a
completely setup configuration available before a@lyent dependant on it can be
constructed.

Avoids the need for using locks for ensuring a ecity initialized configuration object
before accessing it the first time.

Reading in the configuration twice is prevented.

Grants threads straight-forward access to theribpas well as to a global configuration
which makes it easy to access configuration data.

Avoids static methods and Singletons which may leaal cleaner design.

Makes serialization of classes relying on configjoramore easily.

Permits the easy identification of configurable emt$ by inspecting each class’s
constructor.

When cloning a thread's class relying on configaratiata, the implementation of the
clone mechanism has to ensure that the clonetialined with the configuration data if
the class instance to duplicate stored the cordtgam in a local attribute. This can be
accomplished quite easily by the developer buirsitit is a source of errors that earliest is
recognized when actually doing the cloning andhiemnore executing a clone's function
that relies on configuration data.

Liabilities

For existing classes it may break their interfatean additional parameter for the
Configuration Provider is introduced to their constructor(s). Passinghm configuration
provider to theClient later than on construction (e.g. by using a sehiears the danger
that the configuration is not available with tG&ent when needed. This case may only
come into play if a relevant part of the applicateosource code cannot be changed.
Relevant parts normally contaf@lient classes only. Third party classes are not to be
considered as they work already without configoratand will not have to be integrated
into a configuration process.

Cloning a configuration may become more difficidichuse no two configurations of the
same type (e.g. local, global) could be permittedekist in the same scope (thread,
application). This assumption may come into playewhimplementing a locking
mechanism for making the configuration read-only.

Inheriting from aConfiguration Provider forces the developer to ensure that a locking
mechanism of the inheriting class is synchronizéd the one of the super class. This is a
source for errors and raises the effort necessary.



5 Implementation

51 Providing a global configuration instance

It is suggested passing a reference of a configurabbject to theThreadConfigProvider.
Constructing a sampl@lient class could look like as shown in figure 3:

/1 Systemstart-up: construct gl obal configuration once.
AppConfi gProvi der gl obal Conf = new AppConfi gProvider();

/1 Setup gl obal configuration paraneters.
gl obal Conf. set Par anX(" Y");

/1 Setup paraneters of thread-specific configuration #1.
ThreadConfi gProvi der confl = new ThreadConfi gProvi der (gl obal Conf);

conf 1. set Parani(42) ;
conf 1. set Par an(" XYZ") ;

/1 Construct a client and provide the global configuration.
Clientl clientl = new Clientl(confl);

/1 Do something with clientl here.
/1 Setup paraneters of thread-specific configuration #2.
ThreadConfi gProvi der conf2 = new ThreadConfi gProvi der (gl obal Conf);

/] Construct 2" client with different thread config but same gl obal config.
Cient2 client2 = new Client2(conf?2);

Figure 3: Setting up a configuration and dependent client classes.

It may seem curious at first glance passing theesastance of an object to all classes needing
access to it. This means adding an additional patemnto the constructor of each such class. But

the issue can be resolved after looking at somardgdyges of the solution:

» Having a direct reference to an object is the sagiay accessing it.

» Itis immediately clear when the configuration éugp and accessible to an object, i.e. just

when the configuration instance is passed to tiectb

» The application’s design is directed towards areeavay because the configuration has

to be setup first after it can be used.

» Passing an object's instance to a constructor caraltomated via the principle of

Inversion of Control (see section 6).

5.2 Ensuring consistency of the central instance

With a single global instance passed to multiplgects, the question arises: How can it be
ensured that the global instance is not changednbgbject (here: thread) having access to it?

Several solutions are possible to make the glob@iguration instance immutable:



1. Do not provide setters or global attributes forfaguration parameters in the configuration
object. This seems inconvenient when setting ugdmdiguration.

2. Verify that the caller of a setter is valid, e.g.dvaluating the stack.

3. Allow locking the configuration after it has beegtig and do not permit further changes to
the configuration after it has been locked.

Aspect three in the above list seems the cleanésdicon while the second one could be added to
lay over an additional authorization. Aspect oneawvas down possible scenarios too much and
will be discussed shortly in the variants section.

It should be noted that even if the Singleton sofutliscussed at the beginning of the paper was
used, these issues came into play.

An example code illustrates the solution up to mowore detail (figure 4)

public class StartApplication {
public static void main(String[] args) {
Thr eadConfi gProvi der conf = new ThreadConfi gProvi der();
conf.setUp();
conf.lock();
Client client = new dient(conf);
client. begi nWork();
}
}

public class ThreadConfigProvider() {
private int mparanl; // any configuration paraneter here
private String _paran®; // ditto

private bool ean m.islLocked; // is the configuration |ocked?

public void setUp() {
/1 Set up the configuration by provider paraneters if necessary.
/1 This coul d al so be done fromoutside the configuration via the
/] bel ow setters.

}

public void I ock() {
m_isLocked = true;
}

public void setParanl(int paraml) ({
i f (m.isLocked) {
throw new | | | egal St at eExcepti on(" Confi gurati on already |ocked.");

}
m paraml = parant;

}

/1 Same as above for paran® (skipped here)




public class Cient() {
pri vat e ThreadConfigProvi der m conf;

public dient(ThreadConfigProvider a_conf) {
m conf = a_conf;

}

}

Figure4: Source codefor Configuration Provider (basics for three classes).

In case it may be necessary to dedicatedly chdmgednfiguration after it has been locked, an
explicit and secured unlock mechanism could be idexlz This temporary unlock could be

feasible for single parameters as well as for theles configuration (compare JGAP [1] for a

possible implementation). Adding an optional unlatlecking guard with elective timeout to all

parameter-returning getter methods of the configumapermits the getters to wait until the

configuration is re-setup completely.

6 Variants

Configuration Provider is extendable in some ways. Actually this is apested property of the
pattern as no static methods are used. This papeduced the main concept of the pattern.
Functional extensions exist in quite a large number

6.1 Facilitate construction of configuration-dependent objects

This paper proposes to pass the relevant configaratformation at construction of each object
relying on it. To facilitate this construction, @-salled IoC container (loC =Inversion of
Control, also calledDependency Injection) could be used. ThéoC container is capable of
building a construction tree of all classes invdiwwhen constructing a specific class. The
involved classes are determined by the referentdseaclass to be constructed itself as well as
by considering its children and the children of thddren.

6.2 Additional configurations

Besides a thread and an application configurabdmer configurations could exist as well. The
implementation is straight forward as only new amdependent classes have to be introduced
which could be referenced by thitaread Configuration Provider or passed to it at construction
time.

6.3 Configuration objects without setters

As shortly described in section 5.2, a way of mgkam object immutable is skipping public
attributes and setters (the mechanisms of intrdgpecand reflection to still overcome
immutability are not discussed here). Then, to pahe configuration, a single mechanism is
delivered: the constructor-based initialization. é&my other possibilities, a good way of
providing the configuration data is by passing imame of a file holding the data. The



configuration object can then read in and parsefitaeand store the information in its private
attributes.

6.4 Direct access to configuration object

Skip passing a reference of the configuration dbjechread classes and access it by directly
reading out system properties where needed. Thiswaak when only a few classes have to
access the configuration. But it becomes annoyaging out a system property in the same way
for many classes.

7 Known Uses

Known uses of the pattern or a similar form include

» JGAP [1] implements &onfiguration Provider by passing a convenience object to all
objects needing access to the configuration. Thevexience object returns an instance
(that is unique within a thread) of ti@®nfiguration Provider.

» The Excalibur framework [3] from Apache provides iaterface namedonfigurable.
Any class implementing it realizes a method calledfigure. Via this method — not at
construction — an instance of a configuration adgpassed to the configurable object.

» FreeMarker [4], a template engine, allows to setrfiguration object for each template.
It is up to the developer to either let multiplenfdates share a common configuration
instance or to grant each template a unique coraimgn.

8 Related Patterns

Configuration Provider has some aspects in common with other patterreserlpatterns will be
shortly described in this section to differentiitem fromConfiguration Provider.

The well-known Singleton ensures that only oneans¢ of an object exists. The typical
Singleton implementation is often regarded as agdeflaw as it relies on a static method
getinstance() which constrains inheritance and often is implet®@&nin a way which has
problems with concurrent access.

A Data Transfer Object (short:DTO) [5] is commonly used as a data container forsieming
data in a distributed environment. In contrasCanfiguration Provider aDTO can be passed to
an object at virtually any time. It is not meanthie accessible by multiple objects at the same
time.DTO itself may be seen as part@dnfiguration Provider in that aDTO serves as a (dumb)
data container that could hold configuration d&&0O does not contain mechanisms to ensure
consistency or global accessibility.

Thread-Specific Storage [5] provides each thread with an object that dahby specific thread can
write to. Other threads can concurrently read batdbject as well. A typical use case is keeping
a variable with the number of an error occurredmduprocessing a specific thread.
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