Putting Components into Context
Supporting QoS-Predictions with an explicit Context Model
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Abstract. The evaluation of Quality of Service (QoS) attributes inyeedevelopment stages of
a software product is an active research area. For compbaset systems, this yields many
challenges, since a component can be deployed and usedrthypé#rties in various environ-
ments, which influence the functional and extra-functigraperties of a component. Current
component models do not reflect these environmental depeiegdesufficiently. In this po-
sition statement, we motivate an explicit context modeldoftware components. A context
model exists for each single component and contains itsestimms, its containment, the al-
location on hard- and software resources, the usage prafitethe perceived functional and
extra-functional properties in the actual environment.

1 Introduction

One of the most cited definitions of a software componentmmaigs from the first WCOP and is
stated as follows in [1]:

A software componentis a unit of compaosition with contraltytspecified interfaces and explicit
context dependencies only. A software component can bey@epindependently and is subject to
composition by third parties.

Thus, a component has to specify its context dependencied, flemains a bit vague what is
actually part of the context. It is evident that there are errefationships between a component and
its context than only its provided and required interfades. example, the functional and extra-
functional properties of the component depend on the uyiderihardware. This relationship is
important when predicting the behaviour and the qualityhef assembled system, but it is usually
not specified as an explicit context dependency. Coming tmaitie definition, the second important
fact is that a component is composed by third parties. Asudtyése component developer does not
know about the context in which the produced component isgolalt is the responsibility of the
system architect to assemble components to build new coemp®or systems.

To analyse functional and extra-functional properties cbmponent based system, additional
information is needed besides the structure of the systeaariims of components and their intercon-
nections. There are four major influencing factors perakbsethe user of a component (see figure
1):
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Fig. 1. Influences on quality

. The implementation of the component, e.g., the selectidhe used algorithms.

2. The quality of required services, e.g. calling a slow oast tervice will result in a different
performance for the provided service perceived by a user.

3. The runtime environment the component is deployed ors ifilcludes the hardware and system
software like the operating system and middleware platéorm

4. The usage of the component, e.qg. if the component hasue s&ny requests per time span it

is more likely to slow down.

=

To denote the QoS of a component more formally, we could satyttte quality of a servicé
can be characterised as a function taking these dependescieput. However, the implementation
of a component has to be handled differently, since it is flxg¢the component developer opposed
to the other parameters, which are determined during itgieyent. Hence, the function specifying
the context dependencies is defined independent of the ingpitation:

Qimpl : P(S) x DR x UP — @

whereP(.S) is the domain of the set of external services of sendic® R specifies the deployment
relationship saying which component and connector is dgeglan which part of the execution
environment and/ P describes the usage profile. As a result, the function yieldslue in the
domain of the investigated quality metdz

From the introduced function, we can learn that functional extra-functional properties cannot
be specified within component specifications as a fixed valbé fact has to be reflected in a
component model, which generally states what needs to l#igplenvhen describing a component.
We propose using parametric contracts (see section 2) arekflicit modelling of the component
context in this position statement as a solution to this [emob

Related work in this field of research is coming from two ar€ase area is concerned with
the construction of component models and algorithms usifigrination in model instances. An
example for such a model is the SOFA component model [2]. IQ#lated work comes from the
analysis of the influences of the different context parts.diVe one example paper per influence
factor in the following. The usage profile is investigatecHamlet et al. [3], the deployment context
by Liu et al. [4] and external services by Firus et al. [5].

The contribution of this paper is an explicit model of contiex each component usage in order
to support QoS predictions. Contextual influences on coreptnare illustrated by the means of



examples. In each example, we demonstrate how the additidoemation specified in the context
model can be used for QoS predictions.

The position statement is structured as follows. Afterittioduction, we give some foundations
on parametric contracts in section 2. Section 3 highlight®ral context influences by means of
examples. Some model attributes of the context are presémteection 4. The open issues are
discussed in section 5. Section 6 summarises this positoensent.

2 Parametric Contracts

Additional information on the inner component structuraegded, to predict the QoS of a compo-
nent that is embedded into a concrete context. This infdomdias to be specified in a way such
that it uses the influences of external services, the exatativironment, and the usage profile (see
Fig. 1) as input, to derive the QoS attributes perceived leysusf the component. Parametric con-
tracts [6] allow us to create a component QoS specificatiahithindependent of those influences
and can be evaluated when the environment of a componenbvgrkn

Parametric contracts characterise the intra-componeyerdkencies of provided and required
interfaces with so-calledervice effect specification8 service effect specification models how a
provided service calls the services specified in the reduireerfaces. Thus, it is an abstraction of
the provided service’s control flow. A service effect speeifion can be a signature list or a set of
call sequences, depending on whether the execution orlep@tant or not. Call sequences can be
described by any kind of language specification.
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Fig. 2. Parametric Component Contract.
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Figure 2 illustrates parametric contracts for QoS attebutn the service effect specification
shown there as a finite state machine, transitions repreatito external services that are specified
in the required interfaces. States represent internal comt code.

Both can be associated with QoS annotations, which desitrébeslations of the context model
attributes and the perceived functional and extra-funetiproperties in a parametric manner. For
example, the execution time of a service is specified by a mufabstract work units executed on a
computational resource. The actual computational regdgamescribed in the component’s context.
The specification of the resource contains information ow heany work units the resource can
process in a given time span. With this information, the exea time of the service on that resource
is determined.



Parametric contracts also allow to model the influence ofree services. For example, the
component shown in figure 2 provides a single service calleghich requires two servicdsand
c. The execution time o& can be calculated from the execution timesot, and the execution
time of the internal component code. The computation regtine service effect specificationaf
depicted in the component. In this case, the only variabtarpater of the component specification
are the external services.

3 Context Influences

Since QoS attributes of a component are strongly influengethd® environment the component
is deployed in, the actual delivered QoS can only be detexdhkmowing all influencing factors.

We identified three aspects defined during system desigririrat the context model: Assembly,
hierarchy, and allocation.

3.1 Assembly - Horizontal Composition

An assembly specifies which components are used within @rsyand how they communicate.
Within the assembly, the required interfaces of a compoaentonnected to provided interfaces
of another component. That way it is determined which caecegternal services are called by a
component. The assembly thus determines one of the inflogfectors shown in figure 1.
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Fig. 3. Component assembly.

A component can be used multiple times within a single asseraigure 3 illustrates this with
a simple example. Three different types of components @xigte assembly shown there. On the
right hand side, we have two 1/O components that either maiag access to a file or network
connection. Two different kinds of caching components timiement different caching strategies
are shown in the middle. THgync Cache component on the left-hand side allows multiple tasks to
access the caches concurrently without producing an iactstate of the connected single-threaded
caches.

The same componengyncCache) is inserted at two different places within the assembly.
Both representations of the component are connected elifigr Thus, users or other components
that call the services provided by the different componeptesentations will experience different
QoS on the provided interfaces of the respective comporgnésentations. This is caused by the



different caching strategies and 1/O devices used bySthec Cache components. Modelling the
component context explicitly allows us to hold the inforioaton the diverse connections and the
resulting quality attributes without changing the compurspecification.

3.2 Hierarchy - Vertical Composition

Besides the assembly, another important part of the coigelée hierarchy in which a component
is used. In figure 4, a composite componeBitl(l i ngManager ) is depicted which has been de-
signed to create bills and store each one in a single PDFglerDocument Format) file. The
component is additionally supposed to write a summary ahallcreated bills as PDF file. Hence,
the componer®DFCr eat or is used in two different places. Notice however, that thigllof usage

is usually unknown to the creator of the outer composite aumept. For her, the inner component
(Bi I'| Creat or)is ablack box. She does not know the internal details ami;éheghe usage of the
innerPDFCr eat or is hidden.
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Fig. 4. Component hierarchy.

In this case, th&DFCr eat or component is used in different contexts on different highmgr
levels. Note, that this only makes sense if the underlyingmanent model supports hierarchical
components at all. Considering parametric contracts, batiponents might offer different charac-
teristics (QoS, functions offered, etc.). Additionallyey areuseddifferently in their contexts. The
PDFCr eat or of the inner component produces bills with less pages tharstimmary PDF file
created by the outd?DFCr eat or .

3.3 Allocation

An explicit context model is especially advantageous to ehdke allocation of components on
hardware and software resources. Figure 5 depicts a sys&tmdes replicated components to fullfil
requests. In our example, server | is assumed to be slow awner $kis assumed to be fast. Hence,



the workload is not distributed equally, but 30% of the rexisi@re directed to server | and 70% are
directed to server Il.
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Fig. 5. Component allocation.

Here, we see several context influences. We have two copit® game component allocated
on different machines and, thus, in different contexts. Woekload of each replicated component
is different because of the distribution strategy. The pssing power available to both replicated
components is varying with the underlying hardware systeétasvever, both components are con-
nected with an identical logical link going from the requiriaterface of the workload balancer to
the provided service of the replicated component. But agzach of these logical connections is
most likely using a different physical communication chelnne., different network links.

4  An Explicit Context Model

In the previous section, we identified different input fastof the provided QoS of theamecom-
ponent in various contexts. In order to cope with these facige encourage the explicit modelling
of the context when using components. Tabular 1 summaiizesttributes of our context model.

We arrange the tabular according to two dimensions. Oneigidg the attributes into ones that
have to be specified during the design process and such thbeaomputed or predicted using the
former ones. The other dimension divides the propertiestimise defined by system composition,
those determined by the allocation to an execution envienpand those determined by the actual
usage characteristics of the components.

During component and/or system composition, assembly aledjdtion connectors are used to
describe the communication channels of the componentswitieid the architecture. By doing so,
the QoS attributes of the external services of the compesreamt be determined and their influence
on the QoS attributes of the component under consideratioie derived. Furthermore, the actual
available services can be computed by using parametricastiaf7]. This is especially important if



Composition Allocation Usage Profile
Connection Deployed-on relation System usage:
Containment Execution environment - Call probability
Specified |Component - Concurrency, security, ... |- Call parameter
- Container properties - Workload
- Component configuration
Functional Non-Functional Inner Component usage
Computed |Results of parametric | QoS-Attributes
contracts

Table 1. Properties of the context

not all required interfaces of a compenent are connectetiidrcase, parametric contracts allow us
to determine the provided services that are not affectetidybbound interfaces.

Attributes specified in the allocation dimension contaim®imation on the actual hardware
(CPU speed, cache sizes, available memory, available bdtidw.) and on system software (details
on the used middleware, virtual machines, container cordt@gns, ...). Using this information, it
is possible to estimate QoS properties, like the actualgi@ttime of given code segments on the
specified runtime environment.

The specification of the Usage Profile contains probalslitie calling specific services, prob-
ability distributions on the actual parameter charactiegsor the request arrival rate. From this
information, the usage profile of the components connect#itet required interfaces of the compo-
nents with system boundary interfaces can be computed. Hoyniedepends on the capabilities of
the analysis method, which information has to be specifieldrdrich QoS metrics can be derived.

Note, that our context model differs from existing apprazim context-aware computing (e.g.,
[8]). There, dependencies between components and thext@meedynamic, i.e. variable during
runtime, whereas in our approach the context model is statit fixed during the design phase
when modelling the deployment environment. Deploymentde®ors, which are used in J2EE-
architecture contain similar information as in our contexddel. However, deployment descriptors
specify the connection within the whole architecture, velasrour context model is specified in-
dividually for each component. Deployment descriptors doailow hierarchical composition of
components and do not contain functional and extra-funatiproperties of components such as
computed parameterised contracts and QoS attributes.

5 Open Issues

The explicit identification and modelling of a componentmtext allows us to describe the depen-
dencies of functional and extra-functional propertiestenusage context of a component. However,
some questions are still open.

State of Component Protocold?arametric contracts model dependencies between comjponen
terfaces with protocols which, therefore, have a stateomescases, this leads to difficulties when
analysing the interoperability of components communigatiia an interface. Assume an interface
provided by componera is accessed by compone@sandC. If B changes the state of the inter-
faces by calling a service, does compon€rsee the changes or does it have its own viewA8n



This question cannot be answered in general. In some casaponents share the state, e.g. when
using the Singleton pattern, in other cases they don’t. Teesthis issue, additional information
in the component model is required. Ports and interfacds ed@tdinalities seem to be a promising
concept.

Identification of the Relevant QoS Parametefs: achieve accurate QoS predictions, the parameters
influencing the attributes of interest need to be identiffelbt of work has already been done in this
context, in UML for example by the definition of the UML SPT fite [9]. However, the existing
work needs to be reviewed, to be extended and the identifiemhpeers needed to be specified
within our component model. Furthermore, means to analggedarive the desired performance
metrics from the input values have to be found and/or deweslop

Implementation:The concept of a component’s context model needs to be inguited within the
Palladio component model. In our case, this means that wethadefine a transformation from the
model of a component architecture to an implementationyisition, or analytical model.

6 Conclusion

In this position statement, we motivate the explicit madelof the context of software components
in component models. With various examples we demonstnatehis information can be used by
algorithms based on parametric contracts to predict fanati and extra-functional properties of
the components. We identify initial attributes which aretjphthe context. Finally, open issues with
models for component contexts are highlighted.
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