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Abstract

This deliverable defines an overall abstract workflow of tHenRrESS working method.

The main goal of the deliverable is to outline the working method, neither focusing on a
specific change scenario nor taking into account a given domain.

The perspecte is on the overall workflow, divided in processes. Each process is described in
terms of inputs/outputs and main actions.

A proof of concept of the method is described by means of a basic example.
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1 Introduction
1.1 Purpose of this document

This deliverable defines an overall abstract workflow of thenRrESS working method.

The main goal of the deliverable is to outline the working method, not focusing on a specific
change scenario nor taking into account a given domain.

The perspdove is on the overall workflow, divided in processes. Each process is described in
terms of inputs/outputs and main actions.

A proof of concept of the method is described by means of a basic example.

This deliverable will guide method validation perforniedVP7 and will be used as a basis

to derive the operating guidelines for the specific domains.

The mapping between the processes and the tools adopted is not part of this deliverable but
will be described in the following D6.2, D6.3 and D6.4.

This deliveable is organized as follows: chapter 1 provides an overview of the deliverable;
chapter 2 describes the users and the change scenarios targetddhByEQS, chapter 3
describes the generic working method; chapter 4 describes the workflow appliedsic a ba
example; chapter 5 provides a reference table of all the processes listed in the workflow;
chapter 6 lists a glossary of common terms. Conclusions are finally drawn in chapter 7.

1.2 Status of this document
Final.
1.3 Related Documents

D1.17 System Requireents
D2.11 Service Architecture Meta Model
QImPrESS_BasicExample.doc WP2/WP3 technical note

1.4 Motivations for a working method

The main goal of the working method is to guide the-es®ls of the @QmPrESS toolkit

getting the results he/she is interesie. The QIMPrESS toolkit can be successfully used to
tackle a broad range of change scenarios that cover most of the events that can happen during
system life time. Each different change scenario will need a slightly adapted workflow to be
tackled succssfully by the QmPrESS toolkit. Anyhow all these workflows can be seen as
specialisations of the abstract method outlined in this deliverable.

The path the user will follow to reach his goal can be divided in several processes, the method
clarifies how hese processes are connected one each other, their requirements and what they
do.

Moreover different users may approach thém@rESS toolkit with different goals in mind.

As a result, the use of the-I@QIPrESS toolkit may require the application of somd sb
guidelines that will help users reaching their goals.

Another consideration is time: applying thel@PrESS method can be tirsensuming, as

some phases could require large computational efforts or several iterations involving users
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with different @pabilities (i.e.: system architects, system engineers, product managers); a
method with accompanying guidelines should help tracking the current status and providing a
rough estimation of the time to finish.

1.5 Q-ImPrESS Project overview

The main project ggl is to facilitate the adoption of serviogented architectures in large,
complex and critical environments. To achieve this goal a set of tools to assess software
quality with different metrics and to predict impacts of software changes is provided.

The QIMPrESS project will validate the toolkit in three different domains:
Telecommunications, Automation and Enterprise.

The vision of the proposed project is to enable service oriented architectures with predictable
endto-end quality using analysis asdnulation techniques for quality impact analysis.

This deliverable describes the generic working method that should be used in order to reach
the desired goals.
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2 Users and change scenarios targeted by the project

This working method has been derived itgk into consideration Deliverable D1.1
(Requirements Document) and Deliverable D2.1 (Service Architecture Mtedal (SAMM)
specification)The QIMPrESS toolkit aims at assessing the quality of complex, service
oriented software systems, such as automairotelecommunication systems. These systems

are also characterized by long life expectations, so usually a deployed system is kept for
several years before being replaced with a brand new one. Usually software systems are
replaced when system maintainahior performance degrade below an acceptable threshold.
Such big systems usually involve the work of several people with different roles: Product
Managers (business level decisions), Software Architects (responsible for the whole-system
or a single sulsystem high-level architecture and work planning), Software Engineers
(responsible for component design and implementation).

The QIMPrESS toolkit achieves its goal by building a Service Architecture Model (SAM) of

the target system and performing as@édyon the model. The adherence of the Service
Architecture Model with the system it describes is crucial, as the predictability of the results
heavily rely on this. The SAM creation process is described in details in the working method.
The system is endalded in a runtime environment that is not fixed but usually changes during
system lifetime; as runtime environment we consider the runtime platform the system is
deployed upon, the system users and tpady service providers the system interacts with;
these changes lead to new requirements, which produce change demands for the system.

The runtime environment is not the only responsible for change requests: for example new
requirements can come from the Pr o dluecrn Ma n a
time and the product under analysis has to cope with new features required by the market.
Q-ImPreSS addresses the impact of these changes on the system quality, such as system
performance, reliability and maintainability.

No matter what caused themshanges can affect the topology of the software system
(assembly change scenarios), the deployment environment (allocation change scenarios), or
the user behaviour (usage change scenarios). Refer to chapter 2.2 for a (not exhaustive) list of
use casesatgeted by the QMmPrESS platform.

2.1 Q-ImPreSS tool landscape

The QIMPrESS method is accompanied by different tool@stMof these tools will be
integrated within a GUI application.

The tools landscape is represented by the following tool classes:

1. Revese engineering tools (SISSy/SoMoX/ArchiRec) to analyse and inspect software
source code (of whitbox components) in order to derive a standard, vendor
independent partial service architecture model,

2. Tools that derive system behaviour from system exegution

3. Model editing tools to update system models;

4. Tools to derive and solve prediction models for quality attributes of services (i.e.,
performance, reliability and maintainability);

5. Tools for model transformations between the different tools providelidimg
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methods to ensure consistency and traceability between tools specific models;

6. Tools for analysis and simulation to make predictions on the quality attributes of
services;

7. Tools for tradeoff analysis;

2.2 Change scenarios

The QImMPrESS method targethanges in servieeriented software systems. Thet@nges

can be divided ilmssembly change scenarioshich affect the topology of the software
system,allocation change scenaripsvhich affect the deployment environment amshge
change scenarigswhich result from evolving user behaviour. The following examples
illustrate concrete change scenarios. They can also be found in Chapter 4.4.3 of Deliverable
D1.1 (Requirements Document).

Assembly change scenarios affect the implementation and topologne @bftware system

itself. This covers new services being designed and implemented from scratch. Changing
requirements may also impose the need to change existing services. Another possible concrete
change scenario is the change in service granularity.e®ample for this is a service that is
partitioned into several fingrained services. Also the wiring between services may change.
For example a single instance of a service is replaced by multiple service instances and a load
balancer.

Allocation change cover changing hardware and middleware next to the allocation of
services on the hardware or middleware. The used hardware resources may change due to
evolving technology. A middleware may be replaced by a newer version. It may also be
necessary to chaagthe allocation of software system components on the hardware or
middleware resources, e.g. deploying two services, which previously ran on the same
machine on two different machines.

Usage change scenarios are also targeted by-h&P€ESS method anadls. An emerging

IT enterprise might experience a sudden rise in the number of users which concurrently use
the software system. Also, the characteristics of the usage may change. One example for
change in usage characteristics may be an audio and videdodd service, where users
previously concentrated on downloading smaller audio files, but now more prominently
download large video files.

The above list of examples is not intended to represent a complete enumeration of change
scenarios. There may lharther examples for change scenarios which are also covered by the
Q-ImPrESS method and tools.

| © Q-ImPrESS Consortium | Dissemination level: public | Page8/43 |




/‘} D6.1: Method and Abstract Workflow
¢« ./ ImPrESS

Version:1.0 Last changel4/05/2009

3 The working method

In this chapter the working method is thoroughly investigated and explained.

The main workflow can be divided in processes. Each preasessmpasses a closely related

list of activities.

The following picture depicts the main workflow; each box represents a process, grey boxes
tag activities not taken into consideration by the project, box numbers match chapters ones:

Process: Q-ImPrESS Overall Process

Gather New Reguirements
(3.1)

¥

Define Change Scenarios
(3.2)

scenarios

/<<iterate>> 7 ™~
| scenano relevantQualityAttributes scenario SAMWithResults \
r
| Model Change Scenario Predict System Quality
(3.3 34 \
\ (33) h ) sam B4 rh )
-

alternativeSAMsWithResults

altemativeSAMsWithResulis

[no viable alternative] TradeOff-Analysis Deploy System
™M

selectedSAM

[suited altemative exists]
[model valid]

| S 5 -~ >
Implement SAM implamientaion Validate Model by Measurements
(3.6) (3.7) [model revision needed)

Figurel- The QImPrESS Overall Process

3.1 Gathering new requirements

The workflow starts with the collection of new requirements. Usually the product manager
collects new requirements. These requirements could for example come from the customers
or could be defined after a comparison with similar products from competitors.

Any new requirement leads to a change in the system. When the impact of the change on the
system quality is not predictable, or when more than one potential change scenario can be
followed, the impact of the solution can be assessed first using Mm@ ESS method.

The QIMPrESS method does not support with any tool the collection of requirements, but
this process triggers anyway the entire workflow.
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3.2 Defining change scenarios

A brief analysis of these requirements leads to the selection of the change scenarios to assess.
This activity is performed by the product manager with the help of the System architect as
deep knowledge of the system is needed. The System architect proposesiternative
solutions to meet the requirements. These alternative solutions will be modelled and their
impact analysed by the-finPrESS toolkit. These first introductory activities are performed
several times during a product life cycle and, up to ,hdce not require any use and
knowledge on specific gmPrESS tools.

3.3 Modelling a change scenario

The QIMPrESS toolkit can be used to easily identify the implementation alternative that fits
best the required quality of service, without having to proceid the implementation of

each of them. This is the most prominent added value in using 4An@P(ESS working
method compared to proceeding the usual way.

Even if the System architect does not have to know athRYESS platform internals to use

the QIMPrESS toolkit, the knowledge of the main abstractions and ideas at the base of Q
IMPrESS is necessary in order to understand the overall workflow.

To predict the effects of a change scenario on quality attributtsP@ESS analysis tools use

a model of thesystem, the Service Architecture Model (SAM).

Any change scenario (either usage, assembly or allocation) leads to an update of the Service
Architecture Model of the system under analysis.

Actually, the modelling of the system is split in two levels. Eanhlysis tool has its own
internal representation of the system information, specialized for the tool goal. This
specialized system model representation can be seen as the result of a transformation over a
common Service Architecture Mekodel (SAMM). Mocel-to-model transformation from
SAMM to a tool prediction model is automatic and performed behind the scenes (using a
standard model transformation engine like QVT). Automatic Mtaokehodel transformation

in the other direction (from tool prediction modehck to SAMM) is not foreseen at the
moment.

Deliverable D2.1 (Service Architecture Meta Model) explains in details the SAMM
specification.

Figure 2 represents the workflow to be followed to model a change scenario:
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Process: Model Change Scenario (3.3)

Model Non-Functional Requirements
(3.3.1)

: Decide on Maodel Granularity
Ea scenario [ (332) J
s

[not all components modelled)

selOfComponents
E External model 7 -
Manage Single Component's Models r+|
(3.3.3)
3
samm::Repository I
s o
Model System Assembly
(3.3.4)
\
samm::ServiceArchitectureModel
SR
odel System Deployment
(3.3.5)

samm::Repository
samm::ServiceArchitectureModel
samm::Deployment

Model System Usage
. (3.3.6)

samm::Repository
samm::ServiceArchitectureModel
samm::Deployment
samm::Usage

OD=s—11 =0=—]

]

vV
Import model Add System Quality Annotations
(3.3.8) (3.3.7)

wJ

al
\ SO

sam
External model

[model invalid

Validate SAM or incomplete]
(3.3.9)
-

sam| [model valid]

[=—-]

Figure2: Modelling change scenario workflow

This process will be detailed further in the following siiapters.

3.31 Modelling Non-Functional Requirements

Updating the service architecture model to adhere to an implementation scenario means
starting with listing eme norfunctional requirements.

| © Q-ImPrESS Consortium | Dissemination level: public | Pagell/43 |




/‘} D6.1: Method and Abstract Workflow
¢/ ImPresSsS

- Version:1.0 Last changel4/05/2009

3.3.2 Deciding on Model granularity

The system architect has to decide on the granularity of the model: there is of course a trade
off between the costs of modelling and the accuracy and predictability of the results we get
backfrom the system. Systems architecture can be modelled as a composition of components,
connected by connectors (see the glossary for a definition of terms). Systems addressed by Q
IMPrESS are composed by a large set of components. An exhaustive desofiptech
component of a complex system could be simply useless if, from the perspective of the
prediction analysis to perform on the system, some of them could be modelled alsolxack
componentsvithout affecting the behaviour of the components undewyaisal

For complex systems as the ones addressed-lyRGESS, it is envisaged that the product
manager starts the workflow giving a high level description of the system, detailed further by
the system architect. If reversagineering is adopted to generavhitebox models of
components, this process can be iterated. In each iteration, the SoMoX tool tries to detect
more abstract structures in composed compone
Different components can be modelled with different granulaggyending on their impact

on the quality attributes of the system. For example, some core and crucial components could
require to be modelled in more detail than others.

3.3.3 Managing the models of each single component

Modelling the system means modelling leaingle component and updating the model of

those components affected by the assembly change scenario currently under analysis.

This can be a time consuming process (some hints on processes time requirements are listed
in the reference section), althoutite service model can be saved and reused in the future,

this means that, after a while thellQPrESS method is adopted, this process should be
limited to updating the model of the few components affected by the change scenario, this
should greatly limithe overall workflow time consumption.

Basically, the workflow followed for the modelling of a component depends on the
availability of the componentds source code.
Figure 3 outlines the workflow for component modelling:
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Process: Manage Single Component’s Model (3.3.3)

Source Available?
[no] [yes]

E Source Code /

[blackbox) l ComponentDetail? (whitebox]

;

S

Manual Component Model Management Deploy Component Analyse Source Code
(3.3.3.1) (3.3.3.2) (3.3.34)
G I}
sam::Component sam::Component

Monitor Component
(3.3.3.3)
1

Add/Revise Quality Annotations
(3.3.3.5)
I}

J(

)

g samm::Component

sam::Component

sam::Component 1

g

Figure3: Managing single Component's Model

Wor kfl ow splits depending if componentds sou
If source code is not available then the component model has to be managed manually
(process 3.3.3.1).

If source code is available then the systarchitect has two options depending on the level of
details he wants to have for the component: he can deploy (process 3.3.3.2) and monitor
(process 3.3.3.3) the component in order to smmomatically get a model of the component
useful forthe predici on anal ysis (but with no details
he can perform a source code analysis (process 3.3.3.4), getting information on the
component static structure as well, but with potentially the need to manually adjust the quality
annotations (process 3.3.3.5):IQPrESS will provide a textual editor for editing quality
annotations (with improved functionalities like contextual syntax highlighting, code
completion and context awareness).

Each process is described in detail in tBgtrsubchapters.

0

3.3.3.1 Manual Component Model Management

If the source code of the component is not available, the system architect has to model the
component manually. The system architect has to know the system and components very well
and has to hae some experience on how the components behave to successfully perform this
process.

In order to create component models manually, the system architect used editors provided for
SAMM instances in the @nPreSS toolkit. These editors allow modelling of gmnent

details like provided or required interfaces, component behaviour, etc.
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3.3.3.2 Component Deployment

For creation of some nefunctional attributes of a bladkox component, the application
components have to be deployed and executed. System erch#e uses a monitoring
framework provided by @mPrESS or his own monitoring infrastructure, which may not be,
however, supported in the sense of conversion of the measurement data into SAMM quality
annotations. Depending on the monitoring framework &me of the norfunctional
attributes, before deployment, the components of interest need to be instrumented with the
monitoring frameworks to allow the planned quality analysis. For example, for performance
prediction, the data on amount of loop iteraoand the requested CPU time are to be
collected and a corresponding instrumentation is required. Afterwards, the component
(usually entire component application) needs to be deployed and executed. This can be done
either in a tesbed environment with aartificial workload (i.e., component parameters and
number of concurrent accesses) or using the real workload from a real running system.
Getting the correct instrumentation points may be a time demanding task and expertise in
performance analysis a regement on the system architect. However, the instrumentation
can be refined later and the monitoring beingue if the model is found to be inaccurate.

The deployment process is, however, not directly targeted and supported bynifReESS

tools.

3.3.33 Component Monitoring

Monitoring methodgget information from software systems at runtime. Tools available for
component monitoring follow different methods: code instrumentation, runtime monitoring,
logging, or trace analyses. The system architect c@namy monitoring framework, some
glue have to be implemented to import monitoring results into SAMM (this is out of the
project scope).

3.3.3.4 Source Code Analysis

If the component source is available, the system architect can decide to use reverse
engneering techniques to extract the component model.

Reverse engineering integrates into the overalM®rESS as an alternate model creation
step. It can also be applied for some of the available components or in scenarios where not for
all components soae code is available. In these cases, the remaining components need to be
modelled manually.

The process is detailed in figure 4:
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Figure4: Reverse Engineering Models

3.3.3.4.1 Source Code Analysis with SISSy

The tool SISSyStructurallnvestigation ofSoftware Systems) will be integrated into the-Q
IMPrgSS platform and used for source code analysis. SISSy is a platform for problem pattern
identification in OO source code written in Java, C++ or Delphi. SISSy produceSST (Ga
language independent model of the source code explained in detail in Deliverable D2.1 (

Service Architecture Metlodel (SAMM)).

3.3.3.4.2 Component and interfaces extraction with SoMox

SoMoX (Sdtware Model eXtractor) is another tool provided withg QImMPrgESS toolkit. It
identifies the static structure of components, including their nesting and interconnections. It
takes as input the output of SISSy and produeeSAM instance containing the static
structure of the software. To detect parts ofdtadic structure, such as components, various

metrics are used.
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3.3.3.4.3 Component Behaviour extraction

This process aims at extracting a component behaviour, in terms of interaction flow with
other components.

Figure 5 depicts again the reverse engiimg process to derive a component model from its
source code:

Source code G-AST
(Java/C/C++) =
= ﬁ =EET=
Service Architecture
Model /
%1 Annotations Static structure
Usage Model Behaviour i o C
:fx.. ) , < G G
1“ el ‘E,,,O,m] | :

Quality
Annotations

Figureb5: Source code Analysis with SISSy and SoMox

3.3.3.5 Quality Annotations Management

Quality annotations model quality relevant properties of the systgm,resource demands,

loop iteration counts, arrival rates. They include the type of the annotation, i.e., whether it is a
requirement, an estimated value, or a value taken measured on the running system. The
component developer or the system architectpraxide the annotations manually by editing

them in the dedicated editor. Alternatively, they can be collected by the monitoring tools. The
quality annotations need to be attached to other elements of the SAMM. Therefore, they can
only be added to modelemments which already exist in the SAMM. Annotations can be
updated as soon as the implementation or measuring of the system advances and new data is
available.
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3.34 Modelling system assembly

At this point models for individual components are available. N®y heed to be assembled

to represent a Service Architecture Model.

Hence the system architect takes components from repository and plugs them together using
connectors.

If assemblies are already present software architect can adapt them (e. g. exchange
components).

3.3.5 Modelling system deployment

Before the system architect can proceed with the prediction analysis, two more processes
have to be performed:raodel of the deployment environméntterms of allocation schema

and resources) has to be providaldng with amodel of system usage

The deployment model needs to be updated if the assembly change scenario involves the
creation of new components (that need to be allocated), or in case of the HW resources are
changed.

3.3.6 Modelling system usage

The workload intensity caused by the users of the service oriengéehsyan be potentially
extracted during the runtime monitoring process, anyhow the need for a manual update of this
model is foreseen and therefore included in the workflow.

3.3.7 Adding quality annotations

Once all models are updated, quality annotations are added by the system architect.

Quality annotations are a type of information directly attached to elements in a SAM. This
information is needed for the prediction of runtime properties (pedoce and reliability).
Examples of quality annotations can be resource demands caused by certain steps in the
architecture or loop iteration counts. Moreover quality annotations specifies the source of the
annotation, i.e., whether the value is a requirima predicted value, an estimation, or a
measured value. A predicted value stands for the result of the prediction process, i.e., it is an
out put of the method, whil e an estimation i
input parameter ofhe method. If it is a measured value it should contaormation on the
execution environment (sedlfmving paragraph) and usage model used to measure it.

3.3.8 Importing an external model into SAM

The QImPrESS tools also enable the System Architect tsereaxisting models. Existing
SAMM instances which were saved externally, may be imported intonePCESS toolset.

It is also possible to import models which are instances of othermutels (e.g. UML
models or instances of Ecepased metanodels). Inorder to import these models, the
System Architect has to transform these models to an instance of the SAMM using external
modetto-model transformation facilities, such as openArchitectureWare or QVT.
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3.3.9 Validating SAM

Before the start of the predictiongmess, the @mPrESS platform automatically runs a
consistency check and displays model inconsistencies that have to be fixed in order to
proceed to the following activities.

3.4 Predict System Quality

The following process is the prediction of the qualitgtnts with respect to the updated
Service Architecture Model (3.4). This process will be detailed further in a following chapter.
Processes 3.3 and 3.4 will be iterated for each defined change scenario, results will be saved
along with the model of the iplementation alternative.

34.1 Performance Prediction

Having a SAM, the user can start a performance prediction using a transformation into the
Palladio Component Model (PCM). For this, the SAM has to be complete, i.e., all
components arenodelled the servicearchitecture is available, it is allocated and its usage
model is available. Furthermore, all model elements have the needed quality annotations. The
Q-ImPrESS tool set will check whether the model is valid which mainly means that all model
elements andllaneeded quality annotations are available. The transformation to PCM and the
resulting system simulation are executed transparently for theRgESS method's user.

As a result, the PCM's performance prediction annotates the SAM model with average
respnse time distribution, resourcatilisation distribution, and an estimated system
throughput. Any of these predicted values can be used in an succeediraffteaddysis.

3.4.2 Reliability Prediction

Q-ImPrESS toolkit uses KLAPER for the reliability predastianalysis.

KLAPER (Kernel LAnguage for PErformance and Reliability analysis) is a kernel language
which can be used as starting point to carry out performance or reliability analysis. KLAPER
adopts a single model of the system, which can carry diffeneds of additional information

to support the analysis of different attributes (of performance or reliability). In the Q
IMPrESS scope, KLAPER is used to support only reliability prediction. This information can
be used by the system architect to verifya given system architecture satisfies reliability
constraints or to evaluate multiple candidate design alternatives fotifealgalysis.

Reliability is a measure of the continuous delivery of correct service, or, equivalently, of the
time to failureand in theQ-ImPrESSframework is evaluated as the probability that the
system performs its required functions under stated conditions for a specified period of time.
Furthermore KLAPER allows working at a finer grain obtaining phebability that any
subsystem or a set of them successfully complete a given service invoca@beliverable
D3.1).

To support the reliability analysis, KLAPER uses information embedded in models expressed
in SAMM, decorated with quality annotations such as usage pwefiecomponent failure
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rates. At the end of the analysis KLAPER provides reliability values of components and
systems nodes.

3.4.3 Maintainability Prediction

The maintainability prediction has the goal to guide a software architect to estimate the effort
which is necessary to implement a given change request in the architecture described by an
architecture model.

Therefore the maintainability prediction process takes as inputs the architecture model, i. e. an
instance of the SAMM and the description of a charegpiest. The description of change
request is represented as scenario in the overall workflow.

The workflow of maintainability prediction process is depicted in Figure 6. The following
paragraphs explain the process steps and sub processes in mare detalil

Process: Maintainability Prediction (3.4.3)

sam
—3am ___change request
1 et é.* ’
. Map Change Request to Architecture Model
Seanano = (3.4.3.1)
change request 1}

sam with marks for affected artifacts

Create Workplanmzh Change Tasks
(3.4‘%.2)

\I;workplan (= hierarchical task structure)

tasks of workplan W
/ <<iterate>> o \ Investigate Estimation Supports
I @ task (3.434)
Estimate and Annotate Time Effort to Task I
l (3.433) )
e s s s e

workplan with annotations

workplan with annotations \l/

Calculate Aggrega{eé Change Effort
(34.35)

workplan with effort annotations and
aggregated change effort

Figure6: Maintainability Prediction Analysis
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3.4.3.1 Map Change Request to Architecture Model

The software architect maps the given change request to the architecture. The software
architect identifies parts in the archit@® model which are affected by the change and marks
them.

3.4.3.2 Create Workplan with Change Tasks

The software architect identifies basic steps which describe changes in the architecture that
fulfil the change request. These basic steps are modeallagrarchical tasks which form a
workplan.

3.4.3.3 Estimate and Annotate Time Effort to Task

The software architect annotates each task with an estimation of work time necessary for
execution of this task.

3.4.3.4 Investigate Estimation Supports

In order to facilitate and improve estimations the tool provides to the system architect some
estimation supports. As illustrated in Figure 7 these consist of investigation of team
organization, investigation of architectural properties and investigation oflagperent
environment.

Process: Investigate Estimation Supports (3.4.3.4)

®

{ R

Investigate Team Investigate Architectural Investigate Development
Organization Properties Environment
(3.4.3.4.1) (3.4.342) (3.4.3.4.3)

N )

Figure7: Investigate Estimation Supports

Investigate Team Organization:The tool guides the software architect in creation of a team
organization model, which covers the department structure of a contpangam structure

within departments, the roles which are present in these teams (e. g. software architect,
software developers, etc.) and the association to people which perform these roles. Once a
team organization model is created its parts are ntappehe work plan. This mapping
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enables architects to see whether a workplan involves more or less complex parts of the team
organization.

Investigate Architectural Properties: The tool guides the software architect to investigate
properties of the arctacture which influence the change effort. These consist of a couple of
metrics, patterns, and antipatterns which are calculated or identified.

Investigate Development Environment:The tool guides the software architect to gather
information about the delopment environment. The development environment usually
influences the change effort because it determines which activities can either be automated or
at least are facilitated by tool support or otherwise have to be done manually. It also
determines theffort necessary for poeshange activities (e. g. building, testing, debugging,

deploying).

3.4.3.5 Calculate Aggregated Change Effort

Once a workplan with annotated effort estimates is present the aggregated total effort can be
calculated.

3.5 Performing a Trade-off Analysis

Quality prediction results are compared in the T+@dfie Analysis Process. To perform a
tradeoff analysis, the designer needs the following inputs: the architectural design
alternatives, together with the predicted values of the @t$utes. In addition, inputs
pertaining to various usage profiles should be specified, such as utilization functions, size of
data, loop counts etc., as well as the change scenarios. Under these inputs, a model builder
generates an optimisation modehich is then fed to a model solver that generates the Pareto
curves needed for determining the tradfs between maintainability, performance and
reliability obtained via approximated techniques. Based on such curves, the most appropriate
architecturadesign alternative is chosen.

The result of the tradeff analysis could be that none of the proposed alternatives actually
meets the requirements, and the overall process will have to continue again with 3.2, defining
new implementation scenarios.

Let us assume that the prediction analysis gives us a set of QoS values as its outputs. We are
interested in finding the optimal paik,(Q), whereA models the current architecture a@d

a vector of QoS attribute values. By changing elements of the a&tdnégelike introducing or
replacing a component, we will get a new architectiré Also, A 6can be obtained by
performing changes as, e.g., varying the range of a variable. In such Adses,= &/ +
whereeeA encodes the .architectur al change

The trae-off analysis then subsumes two steps: (1) generate the Pareto curves that let the
designer select the best architectural alternative(s) by determining theffebdetween QoS
attributes, and (2) find a ranking of the selected solutions by encodimgghef the change
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scenarios as a weighted sum of QoS attribute prediction values, in which the weights
represent the ponder given by the designer to each QoS attribute.

If the tradeoff analysis finds an implementation scenario fulfilling all thguieements, the
system architect can proceed as usual, detailing the implementation scenario and guiding its
implementation by the system engineers.

After having implemented the chosen implementation scenario the system architect has to
check that the sfem actually matches the updated Service Architecture Model. If the
validation is not positive, the system architect has to update again the Service Architecture
Model.

If the model is valid, then the updated system can be deployed (Process 3.8).dShiseen
working method.

3.6 Implementing Service Architecture Model change scenario

After the system architect has selected the change scenario which best meets the
requirements, he can proceed with the implementation. The system architect therefore creates
basic implementation stubs for the new code. He has the choice to either do this manually or
use model driven engineering techniques, where parts of the Service Architecture Model or
other models can be used to generate code artefacts.

Having created thedeasic code artefacts, the system architect can delegate the responsibility
for parts of the new system architecture to system engineers, who implement the necessary
changes.

Should the system architect decide not to use model driven techniques for ldraemtation

of the change scenario, he needs to make sure that the architecture represented by the source
code actually matches the change scenario defined in the Service Architecture Model. This
step can be omitted, if the Service Architecture Model étosgenerate architectural code
fragments.

3.7 Validating the Model by Measurements

To make sure the implemented model meets the requirements for which the change scenarios
have been evaluated, it has to be validated by measurements. For example, lieh@sted
if the Proxy component actually yields the performance that has been predicted.

3.8 Deploying the System

When the system architect has verified that the system meets the defined requirements, he can
proceed by deploying the system. The used metbothe deployment heavily depends on
the domain for which the system is implemented. It may be as simple as manually copying
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and executing the system on the target platform. In more complex scenarios, the deployment
may be automated using deployment deripsing Make, Perl, Ant or other script based
approaches, where the system architect simply executes the script for the system to be

deployed.
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4 Proof-for-concept of the method

A basic example system has already been used in WP2 and WP3 to get a common
understanding on how the project partners expect tHeJESS method and its tools to
interoperate. The same example is used again in this deliverable to illustrate the envisaged
working method.

This basic example has been implemented and has been wspdoasfor-concept of the €
ImMPrESS method.

4.1 The basic use case

The developed case study illustrates a clgamter architecture where a client communicates
with a server offering a service to retrieve user data (e.g., login, password, etc.) stored in a
database. Refer to Deliverable D2.1 for further details on the example.

4.1.1 Client-Server Example
The static structure of the example application is given in Figure 8.

<<Developer Machine>>

ISessionBean

JDBC

2 | 2 |
Client —@— Server —C@— Database

SOAP Native JDBC
RMI Protocol

<<Interface>>
ISessionBean

User queryDat abase(int |D)
User[] massQueryDatabse(int[] |Ds)

Figure8 Basic Example Clier@ener Architecture
The simple architecture consists of the following components:
1. Clienti issues the requests for service
2. Serveri provides the service by simple querying the database
3. Databasé contains the data

Communication between components is annotateth possible communication style
specification.
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41.2 Client-Server Interaction

The client currently supports two types of interactions. A basic query (see Figure 9) where it
simply sends a query to the server, and a mass query mode (see Figure 10) whertoit tr
retrieve a set of users from the database with a probabilistic number of users. In order to keep
the example brief, please note, that Figure 9 and Figure 10 omit the quality annotations
needed for the quality predictions (i.e., resource demandmdune rates).

Client Server Database

I
|
queryDatabase(id) }

\j

execute(SQL)

[y

ResultSet=execute(SQL)

- User=queryDatabase(id) }

Figure9 Sequence diagram basic query

g ]

Client Server Database

I
|
massQueryDatabase(IDs) }

I
|
|
- |
|
|
|

loop J o

execute(SQL)

ResuItSet:execute(SQL)g:i
|
|

s Userﬂ:massQueryDatabase(icji)

Figure 10 Sequence diagram mass query

If client server communication is done via SOAP the following picture tdescthe overall
interaction:
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Figure 11 Sequence diagram Cliéggrver Interaction

}
|
|
|
|
|
|
|
|
|
|
|
|
| > marshal results
| - —————=== =+ -
|
|
|
-
|
|

Figure 11 outlines the sequence diagram describing the execution of both basic and mass
query in case the SOAP protocol is used for server interaction; the RMI altercatild be
represented in a similar way and is omitted

The following chapters describe in details the method applied on the basic example.

4.2 Process 3.1: Gather New Requirements for the test system

The new requirement is the following: given a definedtesysusage model, we want to
enhance the system performance for the mass query call. System performance is measured as
system response time; on the reference deployment environment and usage scenario the
average response time for the mass query call issLlOrhe requirement is to lower response

time to an average of 8ms.

4.3 Process 3.2: Define implementation scenarios

Once the new requirement is formulated, the system architect (who knows the system very
well) comes into play and proposes a couple of chargyeasios:

1 First assembly change scenario (component addition): the system architect, based on
his experience in client/server architectures, suggests to introduce a Proxy component
between the server and the database. The Proxy component allows more teerver
connect to the same database, keeps track in a cache of each server request and
database response, sends back to servers cached responses if still valid or send
requests to database if already expired, handle response expiration. Even for such an
easytest system it is not so trivial to predict if the introduction of such a component in
the sequence really boosts system performance, which is the performance gain, and
how much performance differs with respect to different caching options;
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1 Second changscenario (component update): the system architect, based on the
performance results of the implemented system, realizes that most of the system
latency is produced by the massQueryDatabase query, therefore suggests a new
implementation of the method whidwoids the looping of database queries and
instead prepares a single SQL statement to be executed over the database (eventually
changing the interaction method). The throughput and response time of this new
implementation can be modelled as strictly adhienath the ones of the DBMS.

4.4 Process 3.3: Model Implementation scenarios

For the first change scenario, the software architect could model the static structure as
follows:

<<Developer Machine>>

ISessionBean
JDBC JDBC

z ] z ] g ]
Client —©0— Server —(O— Proxy ——©—  Database

SOAP SOAP Native JDBC
RMI RMI Protocol

Figure 12 Model of the first change scenario

The canection between the Server and the Database component has been replaced by the
intermediary Proxy component. The model of the Proxy component has to capture all relevant
performance impacts that may arise when caching database requests or managirg multipl
server connections.

For the second change scenari o, the Server
to reflect that database queries do not occur in loops but in a single SQL statement. The
following picture shows the sequence diagram of tlve mass query implementation:
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Client Server Database

I
|
massQueryDatabase(IDs) }

I
|
|
|
Ll |
|
|
|
|

execute(SQL)

ResultSet=execute(SQL)

|

|

! |

— User[]=massQueryDatabase(id) !

Figure 13 Sequence diagram of the second change scenario interaction

Based on the models for the change scenarios, the resulting system quality can be predicted.

4.5 Process 3.4: Predict system quality

45.1 Predict system performance

Doing a performance prediction of the three design alternatives can result in three different
tuples of figures, each tuple representing some characteristics of the design options. For
example, consider a tuple (average osse time, utilization). Then for the initial
implementation, we get a prediction of average response time = 10ms and utilization = 70%
for the defined usage profile, i.e., the tupelli®éris 70%). For the scenario with the proxy,

the response time is tas and the utilization lower, e.g8rfis, 55%). For the mass query, the
response time is even higher, however, causing the sameéhadbb%).

45.2 Predict system reliability

KLAPER tool allows evaluating the reliability of the whole system in the thogesidered
design alternatives. The initial implementation, according to the defined usage profile and
component nodes characteristics, provides an overall reliability equab.td’he second
change scenario provides the best reliability value equ8l9@9 which can be expected
since the new design alternative reduces the execution time and hence the busy period of the
DB component. The scenario with the proxy (first change scenario) provides an intermediate
level of reliability equal t00.95 which is due by the fact that a further component is
introduced and also the busy period of DB is reduced trough caching. This is reasonable
since, in general the higher is the number of tiers of a elienier application, the lower is

the reliability. Indeed, aiming the same reliability values of components and failure
independency, the reliability of the overall system is obtained as the product of the
reliabilities in the execution path.
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45.3 Predict system maintenance

Applying Maintainability Prediction to tki example means to determine cost effort
estimations for implementation of the change scenarios. For each alternative the user has to
describe the change steps (tasks) that lead from the current implementation to the
implementation of the alternative. Tleéore a workplan is determined which consists of a list

of simple or hierarchical tasks. Each task represents some kind of change.

Maintainability Prediction of the first assembly change scenario:

Wor kplan Al ntroduce Proxy Component:
Task l:createnew o mponent type fAproxyo

Task 1.1: implement provided JDBC interface (from server to proxy)

Task 1.2: implement query delegation logic and required JDBC interface to DB
Task 1.3: implement cache

Task 1.3.1: caching logic,

Task 1.3.2: lookup logic,

Task 1.33: decision logic (simple string comparison)

Task 2: allocate fiproxyo component on machin
Task 3: configure connection from server to proxy

Task 4: configure connection from proxy to database

The following time estimates are annotated to tasks.

Annotaed Time estimates for workplan:
Task 1: 30 PersonHours

Task 2: 6 PersonHours

Task 3: 3 PersonHours

Task 4: 3 PersonHours

Aggregated Time Effor42 PersonHours.
Maintainability Prediction of alternative fAm

For this alternave just the implementation of the massQueryDatabase() service function has
to be changed.

Wor kpl an AUpdate massQueryDatabaseo:
Task 1. Change implementation of massQueryDatabase()

Task 1.1: remove loop

Task 1.2: join data requests and build compositebdae query

Task 1.3: separate query results

Aggregated Time Effors PersonHours.
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Total results of maintainability prediction:
Proxy alternative costs 42 PersonHours, massQueryDatabase adaptation alternative costs 6
PersonHours. Hence last alternatis@ times cheaper than the first one. Alternative 0 (Initial

i mpl ementation) is already present (doesnodt
4.6 Process 3.5: Perform trade-off analysis

Let us assume that performance, reliability and maintainability are modelled by vadgmidles
Orabn 6 6 respectively. Since in our example t

alternative that would improve the cliente r v e r systembs perfor manc¢
decide to weigh the performance higher than reliability and maihiitgaHence, suppose

that the designer weighs the performance twice as much as reliability and maintainability: w

= 2, w = W= 1. The weights can be normalized accordingly, such that they sum up to 1. In

our example, the obvious best solution seems rimplemented massQueryDataBase
alternative, since it results in best performance, reliability and maintainability.

The tradeoff analysis problem reduces to calculating the following sum; eost, * p, + w,
*Up+ W ¥, + Wy * mp, nin {1,2}, for each design alternative and then pick the design
alternative that has the least cost. Heres W encodes the utilization weight.

Instantiating the above formula with the actual values for the three QoS attributes, we get the
following: for the proxy mplementation scenario, cgsfy = 151201.516sand for the new
mass query implementation, cestq = 21601.561s Therefore, the new mass query

i mpl ementation scenario is the O0Ocheapestd s
intuition.
4.7 Process 3.6: Implement change scenario

The results of the traeeff analysis are used to select the change scenario which should be
implemented. The implementation of the Service Architecture Model can be done semi
automatically or manually. If it is done seanitomatically, code generation techniques have

to be used that generate source code and configuration code based on the Service Architecture
Model. Alternatively, the implementation of the components and the system provided in the
Service Architecture Modean be done manually. For example, for every component of the
Service Architecture Model, a corresponding Enterprise Java Bean (EJB) is being created
which already contains some part, probably not complete, of the implementation logic of the
component As the models are still abstract the implementation cannot be fully generated.
There may for example be placeholders to insert manually written Smndee the Service
Architecture Model is more abstract than the final code, not all code can be generated.
Therefore, manually written code has to be inserted into corresponding placeholders.
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4.8 Process 3.7: Validate Model by Measurements

To make sure the implemented model meets the requirements for which the change scenarios
have been evaluated, it has to bedatied by measurements. For example, it has to be tested
if the Proxy component actually yields the performance that has been predicted.

4.9 Process 3.8: Deploy updated test system

Finally, the test system has to be deployed. This involves allocating the cempam the
corresponding infrastructure and providing configuration data for the system. For example,
EJB components have to be configured by means of deployment descriptors.
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5 Workflow Process Reference table

This chapter contains a reference descniptiball the processes defined in the workflow.

5.1 Main workflow processes

Process: Q-ImPrESS Overall Process

Gather New Reguirements
(3.1)
v
Define Change Scenarios
(32)

scenarios

/<<iterate>>
| scenano

r
| Model Change Scenario
(3.3)

alternativeSAMsWithResults

altemativeSAMsWithResults

[no viable alternative] TradeOff-Analysis
(3.5)
mM

selectedSAM

[suited altemative exists]

relevaniQualityAttributes

scenario SAMWithResults \

Predict System Quality
(3.4)

Deploy System
(3.8)

[model valid]

J ! ‘o
Implement SAM mplamientaion Validate Model by Measurements
(3.6) (3.7) [model revision needed)

3.1

Process Name

Gather new requirements

Process input

None

Process output

A list of requirements.

Process description

The Product Manager collects new requirements ®syistem.

Expected duration
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3.2

Process Name

Define ImplementatiorScenarios

Process input

Output of P1.1

Process output

A list of change scenarios to evaluate.

Process description

System architect, based on the list of requirements, definegtdish
of implementation alternatives

Expected duration

3.3

Process Name

Model ImplementatiorScenario

Process input

A list of change scenarios to evaluate

Process output

The updated system SAM

Process description

The alternative change scenarawe described in the system SAM

Expected duration

3.4

Process Name

Predict System Quality

Process input

The updated system SAM with alternative scenario described

Process output

Prediction analysis results saved in SAM for each change scenar

Process description

Prediction analysis is performed for each change scenario and
are saved in SAM.

Expected duration

3.5

Process Name

TradeOff Analysis

Process input

Prediction analysis results saved in SAM for each change scenar

Processoutput

The selected change scenario

Process description

The system architecture evaluates the different alternatives and
the best one

Expected duration

3.6

Process Name

Implement SAM

Process input

The SAM of the selected change scenario

Process output

System updates implemented

Process description

The software engineer implements changes

Expected duration

3.7

Process Name

Validate Model By Measurements

Process input

Change scenario implemented

Process output

SAM validated

Processdescription

The software engineer analyses the implemented change and V
the model

Expected duration
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3.8
Process Name Deploy System
Process input Change scenario implemented
Process output New system deployed
Process description| Software enmpeer deploys the new system.
Expected duration
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5.2

Process 3.3: Model Implementation Scenario processes

Process: Model Change Scenario (3.3)

-

(3.3.1)

Model Non-Functional Reguirements

F—

Decide on Madel Granularity
(3.3.2)

)

selOfComponents

[not all components modelled)

E External model [

Manage Single Component's Models rh

(3.3.3)
samm:;:Repository
"~ Model System Assembly
(3.3.4)

=i
samm::ServiceArchitectureModel I
LP\‘ﬁodel System Deployment
py

P (

)

(3.3.5)
samm::Repository G i
samm::ServiceArchitectureModel
samm::Deployment
{1
Model System Usage
L] (3.36)

samm::Repository
samm::ServiceArchitectureModel
samm::Deployment
samm::Usage

\

<

[model invalid

] or incomplete] )

Import model Add System Quality Annotations

(3.3.8) (3.3.7)

1 ™
J sam
External model I
d
Validate SAM
(3.3.9)
[model valid]

sam

3.3.1

Process Name Model NonFunctional Requirements

Process input

Functional specification of the target application

Process output

Set of gality attribute and constraints for the target implementatio

Process description

The system architect, according to the -esdrs requirements, defi
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the reliability, performance and maintainability constraints for
specific service components or the whole architecture

Expected duration

Depending on the complexity of the system and the coordination
needed it can take from hours to days

3.3.2

Process Name

Decide on Model Granularity

Process input

Set of quality attribute and constrtrior the target implementation

Process output

Decision for each component on which level, i.e., white box, grey,
or black box, it should be modelled

Process description

The system architect can hierarchically model the system and ¢
on the compnents granularity depending on the required accura
the output and on the impact of the specific component on the
guality of the system

Expected duration

A couple of hours

3.3.3

Process Name

A

Manage single componento6s mod

Process input

Component characterized with the quality attributes of intg
Componentso interfaces, human

Process output

SAM of a component

Process description

The system architect specifies the SAM of individual compon
including the lhaviour specification of the component and/or
component 6s services. See det
Table 3.3.3.1 up to Table 3.3.3.5.

Expected duration

Depends on the complexity of the component, but should be V
hours.
Dependingon the number of components and measurements ng
See Process 3.3.3 tables for more details.

3.3.4

Process Name

Model System Assembly

Process input

SAM of a target system components

Process output

SAM assembly model

Process description

The systemarchitect details the service components and
connectors

Expected duration

Depends on the size of the target execution environment, but shc
doable from hours to a few days

3.3.5

Process Name

Model System Deployment

Process input

SAM of atarget system components

Process output

SAM deployment model

Process description

The system architect defines the deployment of the service comp
to a candidate physical infrastructures

Expected duration

Depends on the size of the target executiovironment, but should |
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| doable from hours to a few days

3.3.6

Process Name

Model System Usage

Process input

Behavioural and deployment SAM models

Process output

SAM usage model

Process description

The system architect specifies the usage probf the syster
according to monitoring data or to a prediction of the usage patts
the system by endsers

Expected duration

Depends on the complexity of the usage but should be doable in

3.3.7

Process Name

Add System Quality Annotations

Process input

Static, Behavioural, deployment, and usage SAM models

Process output

SAM with annotated quality attribute and constraints for the ti
implementation

Process description

The system architect, using the SAMM quality annotation pac
defines the components quality annotations and introduces
constraints for the specific service components or for the v
architecture

Expected duration

Hours to a few days depending on the amount of missing annot
not yet modelled for components

3.3.8

Process Name

Import Model

Process input

External model in a valid format

Process output

SAM with annotated quality attribute and constraints for the ft:
implementation

Process description

The system architect, loads an external model.

Expected duration

Should take some minutes, depending on the model size.

3.3.9

Process Name

Validate SAM

Process input

SAM models for the whole architecture

Process output

Validated SAM models or set of detected inconsistencies

Process descriptiorn

The QIMPrESS platform runs a consistency check in order to prd
validated models which will be further analyzed by thén@®rESS
toolkit or to notify the system architect with a set of inconsistenci
the specifications to be fixed

Expected duration

Maximum a couple of seconds
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