
Figure 2.1 : Typical, but uninformative, presentation of a software architecture]
Figure 2.1, taken from a system description for an underwater acoustic simulation, purports todescribe that system's "top-level architecture" and is precisely the kind of diagram most oftendisplayed to help explain an architecture. Exactly what can we tell from it? The system consists of four elements. Three of the elements— Prop Loss Model (MODP), Reverb Model (MODR), and Noise Model(MODN)—might have more in common with each other than with the fourth—Control Process (CP)—because they are positioned next to each other. All of the elements apparently have some sort of relationship with each other, since thediagram is fully connected.Is this an architecture? What can we not tell from thediagram? What is the nature of the elements?What is the significance of their separation? Do they run on separate processors? Do they run atseparate times? Do the eleme nts consist of processes, programs, orboth? Do they represent ways in which the project labor will be divided, or do they convey asense of runtime separation? Are they objects, tasks, functions, processes, distributedprograms, or something else? What are the responsibilities of the elements?What is it they do? What is theirfunction in the system? What is the significance of the connections?Do the connections mean that the elements communicate with each other, control eachother, send data to each other, use each  other, invoke each other, synchronize with eachother, share some information-hiding secret with each other, or some combination of these orother relations? What are the mechanisms for the communication? What information flowsacross the mechanisms, whatever they may be? What is the significance of the layout?Why is CP on a separate level? Does it call the other three elements, and are the others notallowed to call it? Does it contain the ot her three in an implementationunit sense? Or is there simply no room to put all fourelements on the same row in the diagram?

This diagram does not show a software architecture. We now define what does constitute asoftware      architecture:
The software architecture of a program or computing system is the structure or structures of
the system,
which comprise software elements, the externally visible properties of those elements,
and the relationships among them.

WHAT IS SOFTWARE ARCHITECTURE

2.1 WHAT SOFTWARE ARCHITECTURE IS AND WHAT IT ISN'T
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Let's look at some of theimplications of thisdefinition in more detail.Architecturedefines software elementsThe definition makes clear that systems can and do comprisemore than one structure and that no onestructurecanirrefutablyclaim to bethearchitecture.The definition implies that every computing system withsoftware has a software architecture because every systemcan be shown to comprise elements and the relations amongthem.The behavior of each element is part of the architectureinsofar as that behavior can be observed ordiscerned from the point of view of another element. Suchbehavior is what allows elements to interact with each other,which is clearly part of the architecture.The definition is indifferent as to whether the architecturefor a system is a good one or a bad one,meaning that it will allow or prevent the system frommeeting its behavioral, performance, and life- cyclerequirements.
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 Architecture is high-level design. Other tasks associatedwith design are not architectural, such as deciding onimportant data structures that will be encapsulated.
 Architecture is the overall structure of the system. Thedifferent structures provide the critical engineering leveragepoints to imbue a system with the quality attributes that willrender it a success orfailure. The multiplicity of structures in anarchitecture lies at the heart of the concept.
 Architecture is the structure of the components of a

program or system, their interrelationships, and the
principles and guidelines governing their design and
evolution over time. Any system has an architecture that canbe discovered and analyzed independently of any knowledgeof the process by which the architecture was designed orevolved.

Architecture is components and connectors. Connectors imply aruntime mechanism for transferring control and data around asystem. When we speak of "relationships" among elements, weintend to capture both runtime and non-runtime relationships.
2.3 ARCHITECTURAL PATTERNS, REFERENCE MODELS
& REFERENCE ARCHITECTURES An architectural pattern isa description of element and relation types together with a set ofconstraints on how they may be used.For ex: client-server is a common architectural pattern. Client andserver are two element types, and their coordination is described interms of the protocol that the server uses to communicate with each ofits clients.

The study of software architecture is an attempt to abstract thecommonalities inherent in system design, and as such it must accountfor a wide range of activities, concepts, methods, approaches, andresults.
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A reference model is a division of functionalitytogether with data flow between the pieces.A reference model is a standard decomposition of a knownproblem into parts that cooperatively solve the problem.
A reference architecture is a reference model mapped onto softwareelements (that cooperatively implement the functionality defined inthe reference model) and the data flows between them. Whereas areference model divides the functionality, A reference architecture isthe mapping of that functionality onto a system decomposition.

Reference models, architectural patterns, and reference architecturesare not architectures; they are useful concepts that capture elementsof an architecture. Each is the outcome of early design decisions. Therelationship among these design elements is shown in Figure 2.2. Asoftware architect must design a system that provides concurrency,portability, modifiability, usability, security, and the like, and thatreflects consideration of the tradeoffs among these needs.
2.4 WHY IS
SOFTWARE
ARCHITECTURE
IMPORTANT?There are fundamentally three reasons for software architecture’simportance from a technical perspective.

 Communication among stakeholders: softwarearchitecture represents a common abstraction of a systemthat most if not all of the system’s stakeholders can use asa basis for mutual understanding, negotiation, consensusand communication.
 Early design decisions: Software architecture manifeststhe earliest design decisions  about  a system withrespect to the system's remaining development, itsdeployment, and its maintenancelife.  It is the earliest point at which design decisionsgoverning  the system to be built can be
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analyzed.
 Transferable abstraction of a system: softwarearchitecture model is transferable across systems.It can be applied to other systems exhibiting similarquality attribute and functional attribute and functionalrequirements and can promote large-scale re-use.

 ARCHITECTURE IS THE VEHICLE FOR STAKEHOLDER
COMMUNICATION

 Each stakeholder of a software system – customer, user,project manager, coder, tester and so on - is concernedwith different system characteristics that are affected bythe architecture.
 For ex. The user is concerned that the system is reliableand available when needed; the customer is concernedthat the architecture can be implemented on scheduleand to budget; the manager isworried that the architecture will allow teams towork largely independently, interacting in disciplinedand controlled ways.
 Architecture provides a common language in whichdifferent concerns can be expressed, negotiated, andresolved at a level that is intellectually manageable evenfor large, complex systems.

 ARCHITECTURE MANIFESTS THE EARLIEST SET OF DESIGN
DECISIONSSoftware architecture represents a system’s earliest set of designdecisions. These early decisions are the
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most difficult to get correct and the hardest to change later in thedevelopment process, and they have the most far-reaching effects.
 The architecture
defines constraints
on implementation

o This means  that the implementation must bedivided into the prescribed elements, theelements must interact with each other in theprescribed fashion, and each element must fulfill itsresponsibility to the others as dictated by thearchitecture.
 The
architecture
dictates
organizational
structure

o The normal method for dividing up the labor in alarge system is to assign different groups differentportions of the system to construct. This is calledthe work breakdown structure of a system.
 The architecture inhibits
or enables a system’s quality
attributes

o Whether a system will be able to exhibit itsdesired (or required) quality  attributes issubstantially determined by its architecture.
o However, the architecture alone cannot guaranteefunctionality or quality.
o Decisions at all stages of the life cycle—from high-level design to coding andimplementation—af
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fectsystemquality.
o Quality is not completely a function ofarchitectural design. To ensure quality, a goodarchitecture is necessary, but not sufficient.

 Predicting system
qualities by studying
the architecture

o Architecture evaluation techniques such as thearchitecture tradeoff analysis method supporttop-down insight into the attributes of softwareproduct quality that is made possible (andconstrained) by software architectures.
 The architecture makes it
easier to reason about and
manage change

o Software systems change over their lifetimes.
o Every architecture partitions possible changesinto three categories: local, nonlocal, andarchitectural.
o A local change can be accomplished by modifying asingle element.
o A nonlocal change requires multiple elementmodifications but leaves the underlyingarchitectural approach intact.

 The
architecture
helps in
evolutionary
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prototyping
o The system is executable early in the product's lifecycle. Its fidelity increases as prototype parts arereplaced by complete versions of the software.
o A special case of having the system executableearly is that potential performance problems canbe identified early in the product’s life cycle.

 The architecture enables
more accurate cost and schedule
estimates

o Cost and schedule estimates are an importantmanagement tool to enable the manager toacquire the necessary resources and to understandwhether a project is in trouble.
 ARCHITECTURE AS A TRANSFERABLE, RE-USABLE MODELThe earlier in the life cycle re-use is applied, the greater thebenefit that can be achieved. While code re- use is beneficial,re-use at the architectural level provides tremendous leveragefor systems with similar requirements.

 Software
product lines
share a common
architectureA software product line or family is a set of software-intensivesystems sharing a common, managed set of features thatsatisfy the specific needs of a particular market segmentor mission and that aredeveloped from acommon set of coreassets in a prescribedway.
 Systems can be built
using large. Externally
developed elementsWhereas earlier software paradigms focused on programmingas the prime activity, with progress measured in lines of code,architecture-based development often focuses on composingor assembling elements that are likely to have been developedseparately, even independently, from each other.
 Less is more: it pays to
restrict the vocabulary of design
alternativesWe wish to minimize the design complexity of the system weare building. Advantages to this approach include enhanced re-use more regular and simpler designs that are more easily
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understood and communicated, more capable analysis, shorterselection time, and greater interoperability.
 An architecture
permits template-
based
developmentAn architecture embodies design decisions about howelements interact that, while reflected in each element'simplementation, can be localized and written just once.Templates can be used to capture inone placethe inter-elementinteractionmechanisms.
 An
architect
ure can
be the
basis for
trainingThe architecture, including a description of how elementsinteract to carry out the required behavior, can serve as theintroduction to the system for new project members.

2.5 ARCHITECTURAL STRUCTURES AND VIEWSArchitectural structures can by and large be divided into threegroups, depending on the broad nature of the elements they show.
 Module structures.Here the elements are modules, which are units ofimplementation. Modules represent a code-based way ofconsidering the system. They are assigned areas offunctional responsibility. There is lessemphasis on how the resulting software manifests itself atruntime. Module structures allow us toanswer questions such as What is the primary functionalresponsibility assigned to each module? What other softwareelements is a module allowed to use? What other softwaredoes it actually use? What modules are related to othermodules by generalization or specialization (i.e.,inheritance) relationships?
 Component-and-connector structures.Here the elements are runtime components (which are theprincipal units of computation) and connectors (which arethe communication vehicles among components).
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Component-and-connector structures help answer questionssuch as What are the major executing components and how dothey interact? What are the major shared data stores? Whichparts of the system are replicated? How does data progressthrough the system? What parts of the system can run inparallel? How can the system's structure change as it executes?

 Allocation structures.Allocation structures show the relationship between thesoftware elements and the elements in one or more externalenvironments in which the software is created andexecuted. They answer questionssuch as What processor does each software element executeon? In what files is each element storedduring development, testing, and system building? What is theassignment of software elements to development teams?
S
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E
S

 ModuleModule-based structures include the following structures.
 Decomposition: The units are modules related to eachother by the "is a submodule of " relation, showing howlarger modules are decomposed into smaller ones recursivelyuntil they are small enoughto be easily understood.
 Uses: The units are related by the uses relation. One unituses another if the correctness of the first requires thepresence of a correct version (as opposed to a stub) of thesecond.
 Layered: Layers are often designed as abstractions(virtual machines) that hide implementation specifics belowfrom the layers above, engendering portability.
 Class or generalization: The class structure allows us toreason about re-use and the incremental addition offunctionality.
 Component-and-connectorComponent-and-connector structures include the followingstructures
 Process or communicating processes: The units here areprocesses or threads that are connected with each other bycommunication, synchronization, and/or exclusion operations.
 Concurrency: The concurrency structure is used early indesign to identify the requirements for managing the issuesassociated with concurrent execution.
 Shared data or repository: This structure comprisescomponents and connectors that create, store, and accesspersistent data
 Client-server: This is useful for separation of concerns(supporting modifiability), for physical distribution, and forload balancing (supporting runtime performance).
 AllocationAllocation structures include the following structures
 Deployment: This view allows an engineer to reason aboutperformance, data integrity, availability, and security
 Implementation: This is critical for the management ofdevelopment activities and builds processes.
 Work assignment: This structure assigns responsibility forimplementing and integrating the modules to the appropriatedevelopment teams.
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REach of these structures provides a different perspective and designhandle on a system, and each is valid and useful in its own right. Ingeneral, mappings between structures are many to many. Individualstructures bring with them the power to manipulate one or morequality attributes. They represent a powerful separation-of- concernsapproach for creating the architecture.
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O
S
E
?Kruchten'sfourviewsfollow:
 Logical. The elements are "key abstractions," which aremanifested in the object-oriented world as objects or objectclasses. This is a module view.
 Process. This view addresses concurrency and distributionof functionality. It is a component-and-connector view.
 Development. This view shows the organization of softwaremodules, libraries, subsystems, and units of development. It isan allocation view, mapping software to the developmentenvironment.
 Physical. This view maps other elements onto processingand communication nodes and is also an allocation view
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THEARC
HITECT
URE
BUSINES
S CYCLEThe software architecture of a program or computing system is thestructure or structures of the system, which comprise softwareelements, the externally visible properties of those elements, and therelationships among them.Software architecture is a result of technical, business and socialinfluences. Its existence in turn affects the technical, business andsocial environments that subsequently influence future architectures.We call this cycleof influences, from environment to the architecture and back to theenvironment, the Architecture Business

Cycle (ABC). This chapter introduces theABC in detail and examine the following:
 How organizational goals influence requirements anddevelopment strategy.
 How requirements lead to architecture.
 How architectures are analyzed.
 How architectures yield systems that suggest neworganizational capabilities and requirements.

1.1 WHERE
DO
ARCHITECTU
RES COME
FROM?An architecture is the result of a set of business and technicaldecisions. There are many influences at work in its design, and therealization of these influences will change depending on theenvironment in which the architecture is required to perform. Evenwith the same requirements, hardware, support software, and humanresources available, an architect designing a system today is likely todesign a different system than might have been designed five yearsago.
 ARCHITECTURES ARE INFLUENCED BY SYSTEM
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STAKEHOLDERS
 Many people and organizations interested in theconstruction of a software system are referred to asstakeholders. E.g. customers, end users, developers, projectmanager etc.
 Figure below shows the architect receiving helpfulstakeholder “suggestions”.

Having an acceptable system involves  properties such asperformance, reliability,  availability, platformcompatibility, memory utilization, network usage, security,modifiability, usability, and interoperability with othersystems as well as behavior.
 The underlying problem, of course, is that eachstakeholder has different concerns and goals, some ofwhich may be contradictory.
 The reality is that the architect often has to fill in the blanksand mediate the conflicts.

 ARCHITECTURES ARE INFLUENCED BY THE DEVELOPING
ORGANIZATIONS.
 Architecture is influenced by the structure or nature of thedevelopment organization.
 There are three classes  of influence that come fromthe developing organizations: immediate business, long-term business and organizational structure.

 An organization may have an immediate businessinvestment in certain assets, such as existingarchitectures and the products based on them.
 An organization may wish to make a long-term
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business investment in an infrastructure to pursuestrategic goals and may review the proposed systemas one means of financing andextending that infrastructure.
 The organizational structure can shape the softwarearchitecture.

 ARCHITECTURES ARE INFLUENCED BY THE
BACKGROUND AND EXPERIENCE OF THE ARCHITECTS.

 If the architects for a system have had good results usinga particular architectural approach, such as distributedobjects or implicit invocation, chances are that they willtry that same approach on anew development effort.
 Conversely, if their  prior experience with this approachwas disastrous, the architects may be reluctant to try itagain.
 Architectural choices may also come from anarchitect’s education and training, exposure tosuccessful architectural patterns, or exposure to systemsthat have worked particularly poorly or particularly well.
 The architects may also wish to experiment with anarchitectural pattern or technique learned from a book or acourse.

 ARCHITECTURES ARE INFLUENCED BY THE TECHNICAL
ENVIRONMENT

 A special case of the architect’s background andexperience is reflected by the technical environment.
 The environment that is current when an architecture isdesigned will influence that architecture.
 It might include standard industry practices or softwareengineering prevalent in the architect’sprofessional community.

 RAMIFICATIONS OF INFLUENCES ON AN ARCHITECTURE
 The influences on the architect, and hence on thearchitecture, are shown in Figure 1.3.

Influences on an architecture come from a wide variety ofsources. Some are only implied, while others are
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explicitly in conflict.
 Architects need to know and understand the nature,source, and priority of constraints on the project asearly as possible.
 Therefore, they must identify and actively engage the
stakeholders to solicit their needs and

expectations.
 Architects are influenced by the requirements for theproduct as derived from its stakeholders, the structureand goals of the developing organization, the availabletechnical environment, and theirown background and experience.

 THE ARCHITECTURE AFFECTS THE FACTORS THAT
INFLUENCE THEM
 Relationships among business goals, productrequirements, architects experience, architectures andfielded systems form a cycle with feedback loops that abusiness can manage.
 A business manages this cycle to handle growth, toexpand its enterprise area, and to take advantage ofprevious investments in architecture and system building.
 Figure 1.4 shows the feedback loops. Some of the feedbackcomes from the architecture itself, andsome comes from the system built from it.

Working of architecture business cycle:1) The architecture affects the structure of the developingorganization. An architecture prescribes a structure for a systemit particularly prescribes the units of software that must beimplemented and integrated to form the system. Teams areformed for individual software  units; and the development,test, and integration activities around the units. Likewise,schedules and budgets allocate resources in chunks correspondingto the units. Teams become embedded in the organization’sstructure. This is feedback from the architecture to the developingorganization.2) The architecture can affect the goals of the developingorganization. A successful system built from it can enable a
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company to establish a foothold in a particular market area.The architecture can provideopportunities for the efficient production and deployment of thesimilar systems, and the organization mayadjust its goals to take advantage of its newfound expertise toplumb the market. This is feedback from the system to thedeveloping organization and the systems it builds.3) The architecture can affect customer requirements for thenext system by giving the customer the opportunity to receivea system in a more reliable, timely and economical manner thanif the subsequentsystem were to be built from scratch.4) The process of system building will affect the architect’sexperience with subsequent systems by adding tothe corporate experience base.5) A few systems will influence and actually change the softwareengineering culture. i.e, The technical environment in whichsystem builders operate and learn.
1.2 SOFTWARE PROCESSES AND THE ARCHITECTURE
BUSINESS CYCLE
Software process is the term given to the organization, ritualization,and management of software development activities.The various activities involved in creating software architecture are:
 Creating the business case for the system

o It is an important step in creating and constraining anyfuture requirements.
o How much should the product cost?
o What is its targeted market?
o What is its targeted time to market?
o Will it need to interface with other systems?
o Are there system limitations that it must work within?
o These are all the questions that must involve thesystem’s architects.
o They cannot be decided solely by an architect, but if anarchitect is not consulted in the creationof the business case, it may be impossible to achieve thebusiness goals.

 Understanding the requirements
o There are a variety of techniques for elicitingrequirements from the stakeholders.
o For ex:

 Object oriented analysis usesscenarios, or “use cases” to embodyrequirements.
 Safety-critical systems use more rigorous
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approaches, such as finite-state-machinemodels or formal specification languages.
o Another technique that helps us understandrequirements is the creation of prototypes.
o Regardless of the technique used to elicit therequirements, the desired qualities of the systemto be constructed determine the shape of its structure.

 Creating or selecting the architecture
o In the landmark book The Mythical Man-Month, FredBrooks argues forcefully and eloquently thatconceptual integrity is the key to sound systemdesign and that conceptual integrity can only be hadby a small number of minds coming together to designthe system's architecture.

 Documenting and communicating the architecture
o For the architecture to be effective as thebackbone of the project’s design, it must becommunicated clearly and unambiguously to all of thestakeholders.
o Developers must understand the work assignments itrequires of them, testers must understand the taskstructure it imposes on them, management mustunderstand the scheduling implications it suggests,and so forth.

 Analyzing or evaluating the architecture
o Choosing among multiple competing designs in arational way is one of the architect’s greatestchallenges.
o Evaluating an architecture for the qualities that itsupports is essential to ensuring that the systemconstructed from that architecture satisfies itsstakeholders needs.
o Use scenario-based techniques or architecture tradeoffanalysis method (ATAM) or cost benefit analysismethod (CBAM).

 Implementing the system based on the architecture
o This activity is concerned with keeping the developersfaithful to the structures and interaction protocolsconstrained by the architecture.
o Having an explicit and well-communicatedarchitecture is the first step toward ensuringarchitectural conformance.

 Ensuring that the implementation conforms to the
architecture

o Finally, when an architecture is created and used, it goes
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into a maintenance phase.
o Constant vigilance is  required to ensure that theactual architecture and its  representationremain to each other during this phase.

1.3 WHAT MAK ES A “G O OD” A RCHI T ECT UR E ?Given the same technical requirements for a system, two differentarchitects in different organizations will produce differentarchitectures, how can we determine if either one of them is the rightone?We divide our observations into two clusters: processrecommendations and product (or structural)recommendations.
Process recommendations are as follows:
 The architecture should be the product of a single architector a small group of architects with an identified leader.
 The architect (or architecture team) should have thefunctional requirements for the system and anarticulated, prioritized list of quality attributesthat the architecture is expected to satisfy.
 The architecture should be well documented, with at least onestatic view and one dynamic view, using an agreed-on notationthat all stakeholders can understand with a minimum of effort.
 The architecture should be circulated to the system’sstakeholders, who should be actively involved in.
 The architecture should be analyzed for applicablequantitative measures (such as maximum throughput) andformally evaluated for quality attributes before it is too late tomake changes to it.
 The architecture should lend itself to incrementalimplementation via the creation of a “skeletal” systemin which the communication paths are exercised but which atfirst has minimal functionality. This skeletal system can thenbe used to “grow” the system incrementally, easing theintegration and testing efforts.
 The architecture should result in a specific (and small) set ofresource contention areas, the resolution of which is clearlyspecified, circulated and maintained.

Product (structural) recommendations are as follows:
 The architecture should feature well-defined modules whosefunctional responsibilities are allocated on the principles ofinformation hiding and separation of concerns.
 Each module should have a well-defined interface thatencapsulates or “hides” changeable aspects from
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other software that uses its facilities. These interfaces shouldallow their respective development teams to work largelyindependent of each other.
 Quality attributes should be achieved using well-knownarchitectural tactics specific to each attribute.
 The architecture should never depend on a particular version ofa commercial product or tool.
 Modules that produce data should be separate from modulesthat consume data. This tends to increase modifiability.
 For parallel processing systems, the architecture shouldfeature well-defined processors or tasks thatdo not necessarilymirror the moduledecompositionstructure.
 Every task or process should be written so that itsassignment to a specific processor can be easily changed,perhaps even at runtime.
 The architecture should feature a small number of simpleinteraction patterns.
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Software Quality Attributes

3.1 Quality Attributes

Much of a software architect’s life is spent designing software systems to meet a set
of quality attribute requirements. General software quality attributes include scal-
ability, security, performance and reliability. These are often informally called an
application’s “-ilities” (though of course some, like performance, don’t quite fit this
lexical specification).

Quality attribute requirements are part of an application’s nonfunctional
requirements, which capture the many facets of how the functional requirements
of an application are achieved. All but the most trivial application will have
nonfunctional requirements that can be expressed in terms of quality attribute
requirements.

To be meaningful, quality attribute requirements must be specific about how an
application should achieve a given need. A common problem I regularly encounter
in architectural documents is a general statement such as “The application must be
scalable”.

This is far too imprecise and really not much use to anyone. As is discussed later
in this chapter, scalability requirements are many and varied, and each relates to
different application characteristics. So, must this hypothetical application scale to
handle increased simultaneous user connections? Or increased data volumes? Or
deployment to a larger user base? Or all of these?

Defining which of these scalability measures must be supported by the system is
crucial from an architectural perspective, as solutions for each differ. It’s vital
therefore to define concrete quality attribute requirements, such as:

It must be possible to scale the deployment from an initial 100 geographically dispersed
user desktops to 10,000 without an increase in effort/cost for installation and configuration.

This is precise and meaningful. As an architect, this points me down a path to a
set of solutions and concrete technologies that facilitate zero-effort installation and
deployment.

Note however, that many quality attributes are actually somewhat difficult to
validate and test. In this example, it’d be unlikely that in testing for the initialSVCET

IT6602 - Software Architecture                Prepared by P.Ramya,AP/CSE

Page 22www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



24 3 Software Quality Attributes

release, a test case would install and configure the application on 10,000 desktops. I
just can’t see a project manager signing off on that test somehow.

This is where common sense and experience come in. The adopted solution must
obviously function for the initial 100-user deployment. Based on the exact mechan-
isms used in the solution (perhaps Internet download, corporate desktop manage-
ment software, etc), we can then only analyze it to the best of our ability to assess
whether the concrete scalability requirement can be met. If there are no obvious
flaws or issues, it’s probably safe to assume the solution will scale. But will it scale
to 10,000? As always with software, there’s only one way to be absolutely, 100%
sure, as “it is all talk until the code runs”.1

There are many general quality attributes, and describing them all in detail could
alone fill a book or two. What follows is a description of some of the most relevant
quality attributes for general IT applications, and some discussion on architectural
mechanisms that are widely used to provide solutions for the required quality
attributes. These will give you a good place to start when thinking about the
qualities an application that you’re working on must possess.

3.2 Performance

Although for many IT applications, performance is not a really big problem, it gets
most of the spotlight in the crowded quality attribute community. I suspect this is
because it is one of the qualities of an application that can often be readily quantified
and validated. Whatever the reason, when performance matters, it really does matter.
Applications that perform poorly in some critical aspect of their behavior are likely
candidates to become road kill on the software engineering highway.

A performance quality requirement defines a metric that states the amount of
work an application must perform in a given time, and/or deadlines that must be met
for correct operation. Few IT applications have hard real-time constraints like those
found in avionics or robotics systems, where if some output is produced a millisec-
ond or three too late, really nasty and undesirable things can happen (I’ll let the
reader use their imagination here). But applications needing to process hundreds,
sometimes thousands and tens of thousands of transactions every second are found
in many large organizations, especially in the worlds of finance, telecommunica-
tions and government.

Performance usually manifests itself in the following measures.

3.2.1 Throughput

Throughput is a measure of the amount of work an application must perform in unit
time. Work is typically measured in transactions per second (tps), or messages

SVCET

IT6602 - Software Architecture                Prepared by P.Ramya,AP/CSE

Page 23www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



3.2 Performance 25

processed per second (mps). For example, an on-line banking application might
have to guarantee it can execute 1,000 tps from Internet banking customers. An
inventory management system for a large warehouse might need to process 50
messages per second from trading partners requesting orders.

It’s important to understand precisely what is meant by a throughput require-
ment. Is it average throughput over a given time period (e.g., a business day), or
peak throughput? This is a crucial distinction.

A stark illustration of this is an application for placing bets on events such as
horse racing. For most of the time, an application of this ilk does very little work
(people mostly place bets just before a race), and hence has a low and easily
achievable average throughput requirement. However, every time there is a racing
event, perhaps every evening, the 5 or so minute period before each race sees
thousands of bets being placed every second. If the application is not able to process
these bets as they are placed, then the business loses money, and users become very
disgruntled (and denying gamblers the opportunity to lose money is not a good
thing for anyone). Hence for this scenario, the application must be designed to meet
anticipated peak throughput, not average. In fact, supporting only average through-
put would likely be a “career changing” design error for an architect.

3.2.2 Response Time

This is a measure of the latency an application exhibits in processing a business
transaction. Response time is most often (but not exclusively) associated with the
time an application takes to respond to some input. A rapid response time allows
users to work more effectively, and consequently is good for business. An excellent
example is a point-of-sale application supporting a large store. When an item is
scanned at the checkout, a fast, second or less response from the system with the
item’s price means a customer can be served quickly. This makes the customer and
the store happy, and that’s a good thing for all involved stakeholders.

Again, it’s often important to distinguish between guaranteed and  average
response times. Some applications may need all requests to be serviced within a
specified time limit. This is a guaranteed response time. Others may specify an
average response time, allowing larger latencies when the application is extremely
busy. It’s also widespread in the latter case for an upper bound response time
requirement to be specified. For example, 95% of all requests must be processed
in less than 4 s, and no requests must take more than 15 s.

3.2.3 Deadlines

Everyone has probably heard of the weather forecasting system that took 36 h to
produce the forecast for the next day! I’m not sure if this is apocryphal, but it’s an
excellent example of the requirement to meet a performance deadline. Deadlines in
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3.3 Scalability 27

the  IT world are  commonly associated with batch systems. A social  security
payment system must complete in time to deposit claimant’s payments in their
accounts on a given day. If it finishes late, claimants don’t get paid when they
expect, and this can cause severe disruptions and pain, and not just for claimants. In
general, any application that has a limited window of time to complete will have a
performance deadline requirement.

These three performance attributes can all be clearly specified and validated.
Still, there’s a common pitfall to avoid. It lies in the definition of a transaction,
request or message, all of which are deliberately used very imprecisely in the above.
Essentially this is the definition of an application’s workload. The amount of
processing required for a given business transaction is an application  specific
measure. Even within an application, there will likely be many different types of
requests or transactions, varying perhaps from fast database read operations, to
complex updates to multiple distributed databases.

Simply, there is no generic workload measure, it depends entirely on what work
the application is doing. So, when agreeing to meet a given performance measure,
be precise about the exact workload or transaction  mix, defined in application-
specific terms, that you’re signing up for.

3.2.4 Performance for the ICDE System

Performance in the ICDE system is an important quality attribute. One of the
key performance requirements pertains to  the interactive  nature of ICDE. As
users perform their work tasks, the client portion of the ICDE application traps
key and mouse actions and sends these to the ICDE server for storage. It is
consequently extremely important that ICDE users don’t experience any delays in
using their applications while the ICDE software traps and stores events.

Trapping user and application generated events in the GUI relies on exploiting
platform-specific system application programming interface (API) calls. The APIs
provide hooks into the underlying GUI  and operating system event handling
mechanisms. Implementing this functionality is an ICDE client application con-
cern, and hence it is the responsibility of the ICDE client team to ensure this is
carried out as efficiently and fast as possible.

Once an event is trapped, the ICDE client must call the server to store the event
in the data store. It’s vital therefore that this operation does not contribute any delay
that the user might experience. For this reason, when an event is detected, it is
written to an in-memory queue in the ICDE client. Once the event is stored in the
queue, the event detection thread returns immediately and waits to capture the next
event. This is a very fast operation and hence introduces no noticeable delay.
Another thread running in the background constantly pulls events from the queue
and calls the ICDE server to store the data.

This solution within the ICDE client  decouples event  capture and storage.
A delayed write to the server by the background thread cannot delay the GUI
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3.3 Scalability 27

code. From the ICDE server’s perspective, this is crucial. The server must of course
be designed to store events in the data store as quickly as possible. But the server
design can be guaranteed that there will only ever be one client request per user
workstation in flight at any instant, as there is only one thread in each client sending
the stream of user events to the server.

So for the ICDE server, its key performance requirements were easy to specify.
It should provide subsecond average response times to ICDE client requests.

3.3 Scalability

Let’s start with a representative definition of scalability2:

How well a solution to some problem will work when the size of the problem increases.

This is useful in an architectural context. It tells us that scalability is about how a
design can cope with some aspect of the application’s requirements increasing in
size. To become a concrete quality attribute requirement, we need to understand
exactly what is expected to get bigger. Here are some examples:

3.3.1 Request Load

Based on some defined mix of requests on a given hardware platform, an architec-
ture for a server application may be designed to support 100 tps at peak load, with
an average 1 s response time. If this request load were to grow by ten times, can the
architecture support this increased load?

In the perfect world and without additional hardware capacity, as the load
increases, application throughput should remain constant (i.e., 100 tps), and
response time per request should increase only linearly (i.e., 10 s). A scalable
solution will then permit additional processing capacity to be deployed to increase
throughput and decrease response time. This additional capacity may be deployed
in two different ways, one by adding more CPUs3 (and likely memory) to the
machine the applications runs on (scale up), the other from distributing the appli-
cation on multiple machines (scale out). This is illustrated in Fig. 3.1.

Scale up works well if an application is multithreaded, or  multiple single
threaded process instances can be executed together on the same machine. The
latter will of course consume additional memory and associated resources, as
processes are heavyweight, resource hungry vehicles for achieving concurrency.

2From http://www.hyperdictionary.com
3Adding faster CPUs is never a bad idea either. This is especially true if an application has
components or calculations that are inherently single-threaded.
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Scale-out: Application
replicated on different
machines

Application

Scale-up:
Single application
instance is executed
on a multiprocessor
machine

Application

CPU

Application Application
Application

Fig. 3.1 Scale out versus scale up

Scale out works well if there is little or ideally no additional work required
managing the distribution of requests amongst the multiple machines. The aim is to
keep each machine equally busy, as the investment in more hardware is wasted if
one machine is fully loaded and others idle away. Distributing load evenly amongst
multiple machines is known as load-balancing.

Importantly, for either approach, scalability should be achieved without modifi-
cations to the underlying architecture (apart from inevitable configuration changes
if multiple servers are used). In reality, as load increases, applications will exhibit a
decrease in throughput and a subsequent exponential increase in response time.
This happens for two reasons. First, the increased load causes increased contention
for resources such as CPU and memory by the processes and threads in the server
architecture. Second, each  request consumes some additional resource (buffer
space, locks, and so on) in the application, and eventually this resource becomes
exhausted and limits scalability.

As an illustration, Fig. 3.2 shows  how six different versions of the same
application implemented using different JEE application servers perform as their
load increases from 100 to 1,000 clients.4

4The full context for these figures is described in: I.Gorton, A Liu, Performance Evaluation of
Alternative Component Architectures for Enterprise JavaBean  Applications, in IEEE Internet
Computing, vol.7, no. 3, pages 18-23, 2003. Bear in mind, these results are a snapshot in time and
are meant for illustrative purposes. Absolutely no conclusions about the performance of the current
versions of these technologies can or should be drawn.
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3.3 Scalability 29

Fig. 3.2 Effects of increasing client request load on JEE platforms

3.3.2 Simultaneous Connections

An architecture may be designed to support 1,000 concurrent users. How does the
architecture respond if this number grows significantly? If a connected user con-
sumes some resources, then there will likely be a limit to the number of connections
that can be effectively supported.

I encountered a classic example of this problem while performing an architec-
ture review for an Internet Service Provider (ISP). Every time a user connected
to the service, the ISP application spawned a new process on their server that
was responsible for distributing targeted advertisements to the user. This worked
beautifully, but each process consumed considerable memory and processing
resources, even when the user simply connected and did nothing. Testing quickly
revealed that the ISP’s server machines could only support about 2,000 connec-
tions before their virtual memory was exhausted and the machines effectively
ground to a halt in a disk thrashing frenzy. This made scaling the ISP’s operations
to support 100,000 users a prohibitively expensive proposition, and eventually,
despite frantic redesign efforts, this was a root cause of the ISP going out of
business.

3.3.3 Data Size

In a nutshell, how does an application behave as the data it processes increases in
size? For example, a message broker application, perhaps a chat room, may be
designed to process messages of an expected average size. How well will the
architecture react if the size of messages grows significantly? In a slightly different
vein, an information management solution may be designed to search and retrieve
data from a repository of a specified size. How will the application behave if the
size of the repository grows, in terms of raw size and/or number of items? The latter
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30 3 Software Quality Attributes

is becoming such a problem that it has spawned a whole area of research and
development known as data intensive computing.5

3.3.4 Deployment

How does the effort involved in deploying or modifying an application to an
increasing user base grow? This would include effort for distribution, configuration
and updating with new versions. An ideal  solution would provide automated
mechanisms that can dynamically deploy and configure an application to a new
user, capturing registration information in the process. This is in fact exactly how
many applications are today distributed on the Internet.

3.3.5 Some Thoughts on Scalability

Designing scalable architectures is not easy. In many cases, the need for scalability
early in the design just isn’t apparent and is not specified as part of the quality
attribute requirements. It takes a savvy and attentive architect to ensure inherently
nonscalable approaches are not introduced as core architectural components. Even
if scalability is a required quality attribute, validating that it is satisfied by a
proposed solution often just isn’t practical in terms of schedule or cost. That’s
why it’s important for an architect to rely on tried and tested designs and technol-
ogies whenever practical.

3.3.6 Scalability for the ICDE Application

The major scalability requirement for the ICDE system is to support the number of
users expected in the largest anticipated ICDE deployment. The requirements specify
this as approximately 150 users. The ICDE server application should therefore be
capable of handling a peak load of 150 concurrent requests from ICDE clients.

3.4 Modifiability

All capable software architects know that along with death and taxes, modifi-
cations to a software system during its lifetime are simply a fact of life. That’s
why taking into account likely changes to the application is a good practice during

5A good overview of data intensive computing issues and some interesting approaches is the
Special Edition of IEEE Computer from April 2008 – http://www2.computer.org/portal/web/csdl/
magazines/computer#3
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3.4 Modifiability 31

architecture formulation. The more flexibility that can be built into a design
upfront, then the less painful and expensive subsequent changes will be. That’s
the theory anyway.

The modifiability quality attribute is a measure of how easy it may be to change
an application to cater for new functional and nonfunctional requirements. Note the
use of “may” in the previous sentence. Predicting modifiability requires an estimate
of effort and/or cost to make a change. You only know for sure what a change will
cost after it has been made. Then you find out how good your estimate was.

Modifiability measures are only relevant in the context of a given architectural
solution. This solution must be expressed at least structurally as a collection of
components, the component relationships and a description of how the components
interact with the environment. Then, assessing modifiability requires the architect
to assert likely change scenarios that capture how the requirements may evolve.
Sometimes these will be known with a fair degree of certainty. In fact the changes
may even be specified in the project plan for subsequent releases. Much of the time
though, possible modifications will need to be elicited from application stake-
holders, and drawn from the architect’s experience. There’s definitely an element
of crystal ball gazing involved.

Illustrative change scenarios are:

l Provide access to the application through firewalls in addition to existing
“behind the firewall” access.

l Incorporate new features for self-service check-out kiosks.
l The COTS speech recognition software vendor goes out of business and we need

to replace this component.
l The application needs to be ported from Linux to the Microsoft Windows

platform.

For each change scenario, the impact of the anticipated change on the architec-
ture can be assessed. This impact is rarely easy to quantify, as more often than not
the solution under assessment does not exist. In many cases, the best that can be
achieved is a convincing impact analysis of the components in the architecture that
will need modification, or a demonstration of how the solution can accommodate
the modification without change.

Finally, based on cost, size or effort estimates for the affected components, some
useful quantification of the cost of a change can be made. Changes isolated to
single components or loosely coupled subsystems are likely to be less expensive to
make than those that cause ripple effects across the architecture. If a likely change
appears difficult and complex to make, this may highlight a weakness in the
architecture that might justify further consideration and redesign.

A word of caution should be issued here. While loosely coupled, easily modifi-
able architectures are generally “a good thing”, design for modifiability needs to be
thought through carefully. Highly modular architectures can become overly com-
plex, incur additional performance overheads and require significantly more design
and construction effort. This may be justified in some systems which must be highly
configurable perhaps at deployment or run time, but often it’s not.
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You’ve probably heard some systems described as “over engineered”, which
essentially means investing more effort in a system than is warranted. This is often
done because architects think they know their system’s future requirements, and
decide it’s best to make a design more flexible or sophisticated, so it can accom-
modate the expected needs. That sounds reasonable, but requires a reliable crystal
ball. If the predictions are wrong, much time and money can be wasted.

I recently was on the peripheral of such a project. The technical lead spent 5
months establishing a carefully designed messaging-based architecture based on the
dependency injection pattern.6 The aim was to make this architecture extremely
robust and create flexible data models for the messaging and underlying data store.
With these in place, the theory was that the architecture could be reused over and
over again with minimal effort, and it would be straightforward to inject new
processing components due to the flexibility offered by dependency injection.

The word theory in the previous sentence was carefully chosen however. The
system stakeholders became impatient, wondering why so much effort was being
expended on such a sophisticated solution, and asked to see some demonstrable
progress. The technical lead resisted, insisting his team should not be diverted and
continued to espouse the long term benefits of the architecture. Just as this initial
solution was close to completion, the stakeholders lost patience and replaced the
technical lead with someone who was promoting a much simpler, Web server based
solution as sufficient.

This was a classic case of overengineering. While the original solution was
elegant and could have reaped great benefits in the long term, such arguments are
essentially impossible to win unless you can show demonstrable, concrete evidence
of this along the way. Adopting agile approaches is the key to success here. It would
have been sensible to build an initial version of the core architecture in a few weeks
and demonstrate this addressing a use case/user story that was meaningful to the
stakeholder. The demonstration would have involved some prototypical elements in
the architecture, would not be fully tested, and no doubt required some throw-away
code to implement the use case – all unfortunately distasteful things to the technical
lead. Success though would’ve built confidence with the stakeholders in the techni-
cal solution, elicited useful user feedback, and allowed the team to continue on its
strategic design path.

The key then is to not let design purity drive a design. Rather, concentrating
on known requirements and evolving and refactoring the architecture through
regular iterations, while producing running code, makes eminent sense in almost
all circumstances. As part of this process, you can continually analyze your design
to see what future enhancements it can accommodate (or not). Working closely
with stakeholders can help elicit highly likely future requirements, and eliminate
those which seem highly unlikely. Let these drive the architecture strategy by all
means, but never lose sight of known requirements and short term outcomes.

6http://martinfowler.com/articles/injection.html
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3.5 Security 33

3.4.1 Modifiability for the ICDE Application

Modifiability for the ICDE application is a difficult one to specify. A likely
requirement would be for the range of events trapped and stored by the ICDE client
to be expanded. This would have implication on the design of both the ICDE client
and the ICDE server and data store.

Another would be for third party tools to want to communicate new message
types. This would have implications on the message exchange mechanisms that the
ICDE server supported. Hence both these modifiability scenarios could be used to
test the resulting design for ease of modification.

3.5 Security

Security is a complex technical topic that can only be treated somewhat superfi-
cially here. At the architectural level, security boils down to understanding the
precise security  requirements for an  application, and devising mechanisms to
support them. The most common security-related requirements are:

l Authentication: Applications can verify the identity of their users and other
applications with which they communicate.

l Authorization: Authenticated users and applications have defined access rights
to the resources of the system. For example, some users may have read-only
access to the application’s data, while others have read–write.

l Encryption: The messages sent to/from the application are encrypted.
l Integrity: This ensures the contents of a message are not altered in transit.
l Nonrepudiation: The sender of a message has proof of delivery and the receiver

is assured of the sender’s identity. This means neither can subsequently refute
their participation in the message exchange.

There are well known and widely used technologies that support these elements
of application security. The Secure Socket Layer (SSL) and Public Key Infrastruc-
tures (PKI) are commonly used in Internet applications to provide authentication,
encryption and nonrepudiation. Authentication and authorization is supported in
Java technologies using the Java Authentication and Authorization Service (JAAS).
Operating systems and databases provide login-based security for authentication
and authorization.

Hopefully you’re getting the picture. There are many ways, in fact sometimes
too many, to support the required security attributes for an application. Databases
want to impose their security model on the world. .NET designers happily leverage
the Windows operating security features. Java applications can leverage JAAS
without any great problems. If an application only needs to execute in one of these
security domains, then solutions are readily available. If an application comprises
several components that all wish to manage security, appropriate solutions must be
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designed that typically localize security management in a single component that
leverages the most appropriate technology for satisfying the requirements.

3.5.1 Security for the ICDE Application

Authentication of ICDE users and third party ICDE tools is the main security
requirements for the ICDE system. In v1.0, users supply a login name and password
which is authenticated by the database. This gives them access to the data in the
data store associated with their activities. ICDE v2.0 will need to support similar
authentication for users, and extend this to handle third party tools. Also, as third
party tools may be executing remotely and access the ICDE data over an insecure
network, the in-transit data should be encrypted.

3.6 Availability

Availability is related to an application’s reliability. If an application isn’t available
for use when needed, then it’s unlikely to be fulfilling its functional requirements.
Availability is relatively easy to specify and measure. In terms of specification,
many IT applications must be available at least during normal business hours. Most
Internet sites desire 100% availability, as there are no regular business hours on-
line. For a live system, availability can be measured by the proportion of the
required time it is useable.

Failures in applications cause them to be unavailable. Failures impact on an
application’s reliability, which is usually measured by the mean time between
failures. The length of time any period of unavailability lasts is determined by the
amount of time it takes to detect failure and restart the system. Consequently,
applications that require high availability minimize or preferably eliminate single
points of failure, and institute mechanisms that automatically detect failure and
restart the failed components.

Replicating components is a tried and tested strategy for high availability. When
a replicated component fails, the application can continue executing using replicas
that are still functioning. This may lead to degraded performance while the failed
component is down, but availability is not compromised.

Recoverability is closely related to availability. An application is recoverable if
it has the capability to reestablish required performance levels and recover affected
data after an application or system failure. A database system is the classic example
of a recoverable system. When a database server fails, it is unavailable until it has
recovered. This means restarting the server application, and resolving any transac-
tions that were in-flight when the failure occurred. Interesting issues for recoverable
applications are how failures are detected and recovery commences (preferably
automatically), and how long it takes to recover before full service is reestablished.
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During the recovery process, the application is unavailable, and hence the mean
time to recover is an important metric to consider.

3.6.1 Availability for the ICDE Application

While high availability for the ICDE application is desirable, it is only crucial that it
be available during the business hours of the office environment it is deployed in.
This leaves plenty of scope for downtime for such needs as system upgrade, backup
and maintenance. The solution should however include mechanisms such as com-
ponent replication to  ensure as close  to  100% availability  as possible during
business hours.

3.7 Integration

Integration is concerned with the ease with which an application can be usefully
incorporated into a broader application context. The value of an application or com-
ponent can frequently be greatly increased if its functionality or data can be used in
ways that the designer did not originally anticipate. The most widespread strategies
for providing integration are through data integration or providing an API.

Data integration involves storing the data an application manipulates in ways
that other applications can access. This may be as simple as using a standard
relational database  for data storage, or perhaps implementing mechanisms  to
extract the data into a known format such as XML or a comma-separated text file
that other applications can ingest.

With data integration, the ways in which the data is used (or abused) by other
applications is pretty much out of control of the original data owner. This is because
the data integrity and business rules imposed by the application logic are by-passed.
The alternative is for interoperability to be achieved through an API (see Fig. 3.3).
In this case, the raw data the application owns is hidden behind a set of functions
that facilitate controlled external access to the data. In this manner, business rules
and security can be enforced in the API implementation. The only way to access the
data and integrate with the application is by using the supplied API.

Application API

Interoperability through an
API facade

Fig. 3.3 Integration options
Data

Third Party
Application

Interoperability achieved by
direct data access
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The choice of integration strategy is not simple. Data integration is flexible and
simple. Applications written in any language can process text, or access relational
databases using SQL. Building an API requires more effort, but provides a much
more controlled environment, in terms of correctness and security, for integration.
It is also much more robust from an integration perspective, as the API clients are
insulated from many of the changes in the underlying data structures. They don’t
break every time the format is modified, as the data formats are not directly exposed
and accessed. As always, the best choice of strategy depends on what you want to
achieve, and what constraints exist.

3.7.1 Integration for the ICDE Application

The integration requirements for ICDE revolve around the need to support third
party analysis tools. There must be a well-defined and understood mechanism for
third party tools to access data in the ICDE data store. As third party tools will often
execute remotely from an ICDE data store, integration at the data level, by allowing
tools direct access to the data store, seems unlikely to be viable. Hence integration
is likely to be facilitated through an API supported by the ICDE application.

3.8 Other Quality Attributes

There are numerous other quality attributes that are important in various application
contexts. Some of these are:

l Portability: Can an application be easily executed on a different software/
hardware platform to the one it has been developed for? Portability depends on
the choices of software technology used to implement the application, and the
characteristics of the platforms that it needs to execute on. Easily portable code
bases will have their platform dependencies isolated and encapsulated in a
small set of components that can be replaced without affecting the rest of the
application.

l Testability: How easy or difficult is an application to test? Early design decisions
can greatly affect the amount of test cases that are required. As a rule of thumb,
the more complex a design, the more difficult it is to thoroughly test. Simplicity
tends to promote ease of testing.7 Likewise, writing less of your own code by
incorporating pretested components reduces test effort.

l Supportability: This is a measure of how easy an application is to support once it
is deployed. Support typically involves diagnosing and fixing problems that

7“There are two ways of constructing a software design: One way is to make it so simple that there
are obviously no deficiencies, and the other way is to make it so complicated that there are no
obvious deficiencies. The first method is far more difficult”. C.A.R. Hoare.
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occur during application use. Supportable systems tend  to  provide explicit
facilities for diagnosis, such as application error logs that record the causes of
failures. They are also built in a modular fashion so that code fixes can be
deployed without severely inconveniencing application use.

3.9 Design Trade-Offs

If an architect’s life were simple, design would merely involve building policies
and mechanisms into an architecture to satisfy the required quality attributes for a
given application. Pick a required quality attribute, and provide mechanisms to
support it.

Unfortunately, this isn’t the case. Quality attributes are not orthogonal. They
interact in subtle ways, meaning a design that satisfies one quality attribute require-
ment may have a detrimental effect on another. For example, a highly secure system
may be difficult or impossible to integrate in an open environment. A highly
available application may trade-off lower performance for greater availability. An
application that requires high performance may be tied to a particular platform, and
hence not be easily portable.

Understanding trade-offs between quality attribute requirements, and designing
a solution that makes sensible compromises is one of the toughest parts of the
architect role. It’s simply not possible to fully satisfy all competing requirements.
It’s the architect’s job to tease out these tensions, make them explicit to the system’s
stakeholders, prioritize as necessary, and explicitly document the design decisions.

Does this sound easy? If only this were the case. That’s why they pay you the big
bucks.
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Quality Attribute Workshop

Quality Attribute Workshops (QAWs) provide a method for identifying a system's architecture-critical
quality attributes, such as availability, performance, security, interoperability, and modifiability, that
are derived from mission or business goals. The QAW does not assume the existence of a software
architecture. It was developed to complement the SEI Architecture Tradeoff Analysis Method (ATAM) in
response to customer requests for a method to identify important quality attributes and clarify system
requirements before there is a software architecture to which the ATAM could be applied.

Challenges

1. How can you determine which quality attribute requirements are important before a system is
built?

2. How can you find out stakeholders' needs and expectations in an organized and effective way?
3. How do you improve and increase communication among stakeholders?

Description

In the QAW, an external team facilitates meetings among stakeholders during which scenarios
representing the quality attribute requirements are generated, prioritized, and refined (i.e., adding
additional details such as the participants and assets involved, the sequence of activities, and questions
about quality attributes requirements). The process of refining the scenarios allows stakeholders to
communicate among themselves, thereby exposing assumptions that may not have surfaced during
requirements elicitation. The refinement also provides insights as to how these attributes interact,
forming a basis for making tradeoffs between these attributes.

There may be more than one scenario-generation workshop, depending on the number and type of
organizations and stakeholders involved in the development, maintenance, or use of the system. The
QAW process ends with the list of prioritized, refined scenarios. The refined scenarios can be used in
different ways, for example as seed scenarios for ATAM or as test cases in an acquisition effort.

The QAW involves these steps:

1. QAW Presentation and Introductions: QAW facilitators describe the motivation for the QAW
and explain each step of the method.

2. Business/Programmatic Presentation : A representative of the stakeholder community presents
the business and/or programmatic drivers for the system.

3. Architectural Plan Presentation: A technical stakeholder presents the system architectural plans as
they stand with respect to early documents, such as high-level system descriptions, context
drawings, or other artifacts that describe some of the system's technical details.
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4. Identification of Architectural Drivers : Architectural drivers often include high-level requirements,
business/mission concerns, goals and objectives, and various quality attributes. During this step,
the facilitators and stakeholders reach a consensus about which drivers are key to the system.

5. Scenario Brainstorming: Stakeholders generate real-world scenarios for the system. Scenarios
comprise a related stimulus, an environmental condition, and a response. Facilitators ensure that
at least one scenario addresses each of the architectural drivers identified in Step 4.

6. Scenario Consolidation : Scenarios that are similar in content are consolidated.
7. Scenario Prioritization: Stakeholders prioritize the scenarios through a voting process.

8. Scenario Refinement: The top four or five scenarios are further clarified and the following are
described:

1. the business/programmatic goals that are affected by those scenarios
2. the relevant quality attributes associated with those scenarios

In addition, stakeholders get a chance to ask questions and raise any concerns they have about
those scenarios.

Organizations can use the QAW results to

1. update the organization’s architectural vision
2. refine system and software requirements
3. guide the development of prototypes
4. exercise simulations
5. understand and clarify the system’s architectural drivers
6. influence the order in which the architecture is developed
7. describe the system’s operation

In addition, after the architecture is created, the scenarios can be used as seed scenarios during an ATAM
evaluation.

Benefits

The QAW helps you determine the right qualities for your system before it is developed—something that is
crucial for system success and for your stakeholders' satisfaction. Clarifying those requirements and then
achieving them in the first version of your system saves money and avoids future rework. The QAW
provides a structured and efficient setting for communicating with your stakeholders and supports analysis
and testing throughout the life of the system.

The QAW provides a forum for a wide variety of stakeholders to gather in one room at one time early
in the development process. It is often the first time such a meeting takes place and generally leads to
the identification of conflicting assumptions about system requirements.

Documenting Quality Attributes

"A science is as mature as its measurement tools," (Louis Pasteur in Ebert Dumke, p. 91). Measuring
software quality is motivated by at least two reasons:

Risk Management: Software failure has caused more than inconvenience. Software errors have caused
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human fatalities. The causes have ranged from poorly designed user interfaces to direct programming
errors. An example of a programming error that led to multiple deaths is discussed in Dr. Leveson's
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paper.[4] This resulted in requirements for the development of some types of software, particularly and
historically for software embedded in medical and other devices that regulate critical infrastructures:
"[Engineers who write embedded software] see Java programs stalling for one third of a second to perform
garbage collection and update the user interface, and they envision airplanes falling out of the sky.".[5] In
the United States, within the Federal Aviation Administration (FAA), the Aircraft Certification Service
provides software programs, policy, guidance and training, focus on software and Complex Electronic
Hardware that has an effect on the airborne product (a “product” is an aircraft, an engine, or a propeller)".

Cost Management: As in any other fields of engineering, an application with good structural software
quality costs less to maintain and is easier to understand and change in response to pressing business
needs. Industry data demonstrate that poor application structural quality in core business
applications (such as Enterprise Resource Planning (ERP), Customer Relationship Management (CRM)
or large transaction processing systems in financial services) results in cost and schedule overruns and
creates waste in the form of rework (up to 45% of development time in some organizations ).
Moreover, poor structural quality is strongly correlated with high-impact business disruptions due to
corrupted data, application outages, security breaches, and performance problems.

However, the distinction between measuring and improving software quality in an embedded system
(with emphasis on risk management) and software quality in business software (with emphasis on cost
and maintainability management) is becoming somewhat irrelevant. Embedded systems now often
include a user interface and their designers are as much concerned with issues affecting usability and user
productivity as their counterparts who focus on business applications. The latter are in turn looking at ERP
or CRM system as a corporate nervous system whose uptime and performance are vital to the well-being
of the enterprise. This convergence is most visible in mobile computing: a user who accesses an ERP
application on their smartphone is depending on the quality of software across all types of software layers.

Both types of software now use multi-layered technology stacks and complex architecture so software
quality analysis and measurement have to be managed in a comprehensive and consistent manner,
decoupled from the software's ultimate purpose or use. In both cases, engineers and management need to
be able to make rational decisions based on measurement and fact-based analysis in adherence to the
precept "In God (we) trust. All others bring data". ((mis-)attributed to W. Edwards Deming and others).

CISQ's Quality Model

Even though "quality is a perceptual, conditional and somewhat subjective attribute and may be
understood differently by different people" (as noted in the article on quality in business), software
structural quality characteristics have been clearly defined by the Consortium for IT Software Quality
(CISQ). Under the guidance of Bill Curtis, co-author of the Capability Maturity Model framework and
CISQ's first Director; and Capers Jones, CISQ's Distinguished Advisor, CISQ has defined five major desirable
characteristics of a piece of software needed to provide business value.[16] In the House of Quality model,
these are "Whats" that need to be achieved:

1. Reliability: An attribute of resiliency and structural solidity. Reliability measures the level of risk
and the likelihood of potential application failures. It also measures the defects injected due to
modifications made to the software (its “stability” as termed by ISO). The goal for checking and
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monitoring Reliability is to reduce and prevent application downtime, application outages and
errors that directly affect users, and enhance the image of IT and its impact on a company’s
business performance.
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2. Efficiency: The source code and software architecture attributes are the elements that ensure
high performance once the application is in run-time mode. Efficiency is especially important for
applications in high execution speed environments such as algorithmic or transactional processing
where performance and scalability are paramount. An analysis of source code efficiency and
scalability provides a clear picture of the latent business risks and the harm they can cause to
customer satisfaction due to response-time degradation.

3. Security: A measure of the likelihood of potential security breaches due to poor coding
practices and architecture. This quantifies the risk of encountering critical vulnerabilities that
damage the business.

4. Maintainability: Maintainability includes the notion of adaptability, portability and transferability
(from one development team to another). Measuring and monitoring maintainability is a must for
mission-critical applications where change is driven by tight time-to-market schedules and where it
is important for IT to remain responsive to business-driven changes. It is also essential to keep
maintenance costs under control.

5. Size: While not a quality attribute per se, the sizing of source code is a software characteristic
that obviously impacts maintainability. Combined with the above quality characteristics, software
size can be used to assess the amount of work produced and to be done by teams, as well as their
productivity through correlation with time-sheet data, and other SDLC-related metrics.

Software functional quality is defined as conformance to explicitly stated functional requirements,
identified for example using Voice of the Customer analysis (part of the Design for Six Sigma toolkit
and/or documented through use cases) and the level of satisfaction experienced by end-users. The latter
is referred as to as usability and is concerned with how intuitive and responsive the user interface is, how
easily simple and complex operations can be performed, and how useful error messages are. Typically,
software testing practices and tools ensure that a piece of software behaves in compliance with the
original design, planned user experience and desired testability, i.e. a piece of software's disposition to
support acceptance criteria.

The dual structural/functional dimension of software quality is consistent with the model proposed in
Steve McConnell's Code Complete which divides software characteristics into two pieces: internal and
external quality characteristics. External quality characteristics are those parts of a product that face its
users, where internal quality characteristics are those that do not.

Six part scenarios

Actual quality attribute requirements are stated in terms of quality attribute scenarios, the non-functional
equivalent of a user story. Much like a user story, it has a styled format, consisting of 6 parts:
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1. Source of stimulus: the entity generating the stimulus. Could be anactor, an actuator, a
sensor, and so on.

2. Stimulus: a condition arriving at a system. Includes faults, stated intentions by actors,
and so on.

3. Environment: the conditions surrounding the stimulus. Might be normal
operation, degraded operation, overload, and so on.

4. Artifact: the part or parts of the system stimulated.
5. Response: the response the system takes to the stimulus.
6. Response measure: how the response can be measured and tested.

For the different quality attributes, we can define a general scenario template by constraining
the kinds of items that may be used for each of the six parts. Specific quality attribute scenarios
may then be generated for a component, project or product by using specific values from the
template.

Evaluating the Quality Attribute Scenarios

Each scenario should be evaluated in terms of its importance, difficulty, and, maturity support:

1. Importance - The product owner evaluates each scenario on its importance to the
specific project (since different project may prioritize the same scenario differently)

2. Difficulty - The architect evaluates the difficulty of supporting and implementing
each scenario within the system architecture

3. Maturity Support - The architect evaluates how well the proposed or current
architecture meets (or does not meet) the scenario.
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Srividya College of  Engineering & TechnologySOFTWARE ARCHITECTURE NOTESUNIT 4ARCHITECTURAL STYLES & CASE STUDIES
ARCHITECTURAL STYLESList of common architectural styles:Dataflow systems: Virtual machines:
 Batch sequential  Interpreters
 Pipes and filters  Rule-based systems

Call-and-return systems: Data-centered systems:
 Main program and subroutine  Databases
 OO systems  Hypertext systems
 Hierarchical layers.  Blackboards.

Independent components:
 Communicating processes
 Event systems

PIPES AND FILTERS
 Each components has set of inputs and set of outputs
 A component reads streams of data on its input and produces streams of data on its output.
 By applying local transformation to the input streams and computing incrementally, so that outputbegins before input is consumed. Hence, components are termed as filters.
 Connectors of this style serve as conducts for the streams transmitting outputs of one filter to inputs ofanother. Hence, connectors are termed pipes.
Conditions (invariants) of this style are:
 Filters must be independent entities.
 They should not share state with other filter
 Filters do not know the identity of their upstream and downstream filters.
 Specification might restrict what appears on input pipes and the result that appears on the outputpipes.
 Correctness of the output of a pipe-and-filter network should not depend on the order in which filterperform their processing.

Common specialization of this style includes :
 Pipelines:Restrict the topologies to linear sequences of filters.
 Bounded pipes:Restrict the amount of data that can reside on pipe.
 Typed pipes:Requires that the data passed between two filters have a well-defined type.
Batch sequential system:

Prepared By: P.Ramya Page 13
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A degenerate case of a pipeline architecture occurs when each filter processes all of its input data as asingle entity. In these systems pipes no longer serve the function of providing a stream of data and arelargely vestigial.

Example 1:Best known example of pipe-and-filter architecture are programs written in UNIX-SHELL. Unix supportsthis style by providing a notation for connecting components [Unix process] and by providing run-timemechanisms for implementing pipes.
Example 2:Traditionally compilers have been viewed as pipeline systems. Stages in the pipeline include lexical analysisparsing, semantic analysis and code generation other examples of this type are.
 Signal processing domains
 Parallel processing
 Functional processing
 Distributed systems.

Advantages:
o They allow the designer to understand the overall input/output behavior of a system as a simplecomposition of the behavior of the individual filters.
o They support reuse: Any two filters can be hooked together if they agree on data.
o Systems are easy to maintain and enhance: New filters can be added to exciting systems.
o They permit certain kinds of specialized analysis eg: deadlock, throughput
o They support concurrent execution.

Disadvantages:
o They lead to a batch organization of processing.
o Filters are independent even though they process data incrementally.
o Not good at handling interactive applications
 When incremental display updates are required.
 They may be hampered by having to maintain correspondences between two separate butrelated streams.
 Lowest common denominator on data transmission.This can lead to both loss of performance and to increased complexity in writing the filters.

OBJECT-ORIENTED AND DATA ABSTRACTIONIn this approach, data representation and their associated primitive operations are encapsulated in the abstractdata type (ADT) or object. The components of this style are- objects/ADT’s objects interact through functionand procedure invocations.
Two important aspects of this style are:

 Object is responsible for preserving the integrity of its representation.
 Representation is hidden from other objects.

Advantages
 It is possible to change the implementation without affecting the clients because an object hides itsrepresentation from clients.Prepared By: P.Ramya Page 14
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 The bundling of  a set  of accessing routines with the  data  they manipulate allows designers todecompose problems into collections of interacting agents.

Disadvantages
 To call a procedure, it must know the identity of the other object.
 Whenever the identity of object changes it is necessary to modify all other objects that explicitly invokeit.

EVENT-BASED, IMPLICIT INVOCATION
 Instead of invoking the procedure directly a component can announce one or more events.
 Other components in the system can register an interest in an event by associating a procedure to it.
 When the event is announced, the system itself invokes all of the procedure that have been registeredfor the event. Thus an event announcement “implicitly” causes the invocation of procedures in othermodules.
 Architecturally speaking, the components in an implicit invocation style are modules whose interfaceprovides both a collection of procedures and a set of events.

Advantages:
 It provides strong support for reuseAny component can be introduced into the system simply by registering it for the events of that system.
 Implicit invocation eases system evolution.Components may be replaced by other components without affecting the interfaces of othercomponents.

Disadvantages:
 Components relinquish control over the computation performed by the system.
 Concerns change of dataGlobal performance and resource management can become artificial issues.

LAYERED SYSTEMS:
 A layered system is organized hierarchically
 Each layer provides service to the layer above it.
 Inner layers are hidden from all except the adjacentlayers.
 Connectors are defined by the protocols that determinehow layers interact each other.
 Goal is to achieve qualities of modifiability portability.

Examples:
 Layered communication protocol
 Operating systems
 Database systems

Advantages:
o They support designs based on increasing levels abstraction.
o Allows implementers to partition a complex problem into a sequence of incremental steps.
o They support enhancement
o They support reuse.

Disadvantages:
o Not easily all systems can be structures in a layered fashion.
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o Performance may require closer coupling between logically high-level functions and their lower-levelimplementations.
o Difficulty to mapping existing protocols into the ISO framework as many of those protocols bridgeseveral layers.Layer bridging: functions is one layer may talk to other than its immediate neighbor.

REPOSITORIES: [data cantered architecture]
 Goal of achieving the quality of integrability of data.
 In this style, there are two kinds of components.i. Central data structure- represents current state.ii. Collection of independent components which operate on central data store.The choice of a control discipline leads to two major sub categories.
 Type of transactions is an input stream trigger selection of process to execute
 Current state of the central data structure is the main trigger for selecting processes to execute.Active repository such as blackboard.

Blackboard:Three major parts:
Knowledge sources:Separate, independent parcels of application –dependents knowledge.
Blackboard data structure:Problem solving state data, organized into anapplication-dependent hierarchy
Control:Driven entirely by the state of blackboard

 Invocation of a knowledge source (ks) is triggered by the state of blackboard.
 The actual focus of control can be in- knowledge source- blackboard- Separate module or- combination of theseBlackboard systems have traditionally been used for application requiring complex interpretation of signalprocessing like speech recognition, pattern recognition.
INTERPRETERS
 An interpreter includes pseudo program beinginterpreted and interpretation engine.
 Pseudo program includes the program andactivation record.
 Interpretation engine includes both definition ofinterpreter and current state of its execution.Interpreter includes 4 components:
1 Interpretation engine: to do the work
2 Memory: that contains pseudo code to beinterpreted.
3 Representation of control state of interpretationengine
4 Representation of control state of the programbeing simulated.Ex: JVM or “virtual Pascal machine”

Prepared By: P.Ramya Page 16

SOFTWARE ARCHITECTURE NOTES
o Performance may require closer coupling between logically high-level functions and their lower-levelimplementations.
o Difficulty to mapping existing protocols into the ISO framework as many of those protocols bridgeseveral layers.Layer bridging: functions is one layer may talk to other than its immediate neighbor.

REPOSITORIES: [data cantered architecture]
 Goal of achieving the quality of integrability of data.
 In this style, there are two kinds of components.i. Central data structure- represents current state.ii. Collection of independent components which operate on central data store.The choice of a control discipline leads to two major sub categories.
 Type of transactions is an input stream trigger selection of process to execute
 Current state of the central data structure is the main trigger for selecting processes to execute.Active repository such as blackboard.

Blackboard:Three major parts:
Knowledge sources:Separate, independent parcels of application –dependents knowledge.
Blackboard data structure:Problem solving state data, organized into anapplication-dependent hierarchy
Control:Driven entirely by the state of blackboard

 Invocation of a knowledge source (ks) is triggered by the state of blackboard.
 The actual focus of control can be in- knowledge source- blackboard- Separate module or- combination of theseBlackboard systems have traditionally been used for application requiring complex interpretation of signalprocessing like speech recognition, pattern recognition.
INTERPRETERS
 An interpreter includes pseudo program beinginterpreted and interpretation engine.
 Pseudo program includes the program andactivation record.
 Interpretation engine includes both definition ofinterpreter and current state of its execution.Interpreter includes 4 components:
1 Interpretation engine: to do the work
2 Memory: that contains pseudo code to beinterpreted.
3 Representation of control state of interpretationengine
4 Representation of control state of the programbeing simulated.Ex: JVM or “virtual Pascal machine”
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SOFTWARE ARCHITECTURE NOTES
Advantages:Executing program via interpreters adds flexibility through the ability to interrupt and query the program
Disadvantages:Performance cost because of additional computational involved
PROCESS CONTROL

PROCESS CONTROL PARADIGMSUseful definitions:
Process variables  properties of the process that Closed-loop system  system in which informationcan be measured about process variables is used to manipulate a
Controlled variable  process variable whose value process variable to compensate for variations inof the system is intended to control process variables and operating conditions
Input variable  process variable that measures an Feedback control system  the controlled variableinput to the process is measured and the result is used to manipulate one
Manipulated variable  process variable whose or more of the process variablesvalue can be changed by the controller Feed forward control system some of the process
Set point  the desired value for a controlled variables are measured, and anticipated disturbancesvariable are compensated without waiting for changes in the
Open-loop system  system in which information controlled variable to be visible.about process variables is not used to adjust thesystemThe open-loop assumptions are rarely valid for physical processes in the real world. More often, propertiessuch as temperature, pressure and flow rates are monitored, and their values are used to control the process bychanging the settings of apparatus such as valve, heaters and chillers. Such systems are called closed loop
systems.

Figure 2.8 open-loop temperature controlA home thermostat is a common example; the air temperature at the thermostat is measured, and the furnace isturned on and off as necessary to maintain the desired temperature. Figure 2.9 shows the addition of athermostat to convert figure 2.8 to a closed loop system.

Figure 2.9 closed-loop temperature control
Feedback control:Figure 2.9 corresponds to figure 2.10 as follows:
 The furnace with burner is the process
 The thermostat is the controller
 The return air temperature is the input variable
 The hot air temperature is the controlled variablePrepared By: P.Ramya Page 17
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SOFTWARE ARCHITECTURE NOTES
 The thermostat setting is the set point
 Temperature sensor is the sensor

Figure 2.10 feedback control

Feedforward control:It anticipates future effects on the controlled variable by measuring other process variables and adjusts theprocess based on these variables. The important components of a feedforward controller are essentially thesame as for a feedback controller except that the sensor(s) obtain values of input or intermediate variables.

 These are simplified models Figure 2.11 feedforward control

 They do not deal with complexities - properties of sensors, transmission delays & calibration issues
 They ignore the response characteristics of the system, such as gain, lag and hysteresis.
 They don’t show how combined feedforward and feedback
 They don’t show how to manipulate process variables.

A SOFTWARE PARADIGM FOR PROCESS CONTROLAn architectural style for software that controls continuous processes can be based on the process-controlmodel, incorporating the essential parts of a process-control loop:
 Computational elements: separate the process of interest from the controlled policy

 Process definition, including mechanisms for manipulating some process variables
 Control algorithm, for deciding how to manipulate variables

 Data element: continuously updated process variables and sensors that collect them
 Process variables, including designed input, controlled and manipulated variables andknowledge of which can be sensed
 Set point, or reference value for controlled variable
 Sensors to obtain values of process variables pertinent to control

 The control loop paradigm: establishes the relation that the control algorithm exercises.
OTHER FAMILIAR ARCHITECTURES
 Distributed processes: Distributed systems have developed a number of common organizations formulti-process systems. Some can be characterized primarily by their topological features, such as ringand star organizations. Others are better characterized in terms of the kinds of inter-process protocolsthat are used for communication (e.g., heartbeat algorithms).
 Main program/subroutine organizations: The primary organization of many systems mirrors theprogramming language in which the system is written. For languages without support formodularization this often results in a system organized around a main program and a set ofsubroutines.
 Domain-specific software architectures: These architectures provide an organizational structuretailored to a family of applications, such as avionics, command and control, or vehicle managementPrepared By: P.Ramya Page 18
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SOFTWARE ARCHITECTURE NOTES
systems. By specializing the architecture to the domain, it is possible to increase the descriptive powerof structures.

 State transition systems: These systems are defined in terms a set of states and a set of namedtransitions that move a system from one state to another.
HETEROGENEOUS ARCHITECTURESArchitectural styles can be combined in several ways:
 One way is through hierarchy. Example: UNIX pipeline
 Second way is to combine styles is to permit a single component to use a mixture of architecturalconnectors. Example: “active database”
 Third way is to combine styles is to completely elaborate one level of architectural description in acompletely different architectural style. Example: case studies

CASE STUDIES

KEYWORD IN CONTEXT (KWIC)This case study shows how different architectural solutions to the same problem provide different benefits.Parnas proposed the following problems:
KWIC index system accepts an ordered set of lines. Each line is an ordered set of words and each
word is an ordered set of characters. Any line may be circularly shifted by repeated removing the
first word and appending it at the end of the line. KWIC index system outputs a listing of all
circular shifts of all lines in alphabetical order.Parnas used the problem to contrast different criteria for decomposing a system into modules.He describes 2 solutions:a) Based on functional decomposition with share access to data representation.b) Based on decomposition that hides design decision.From the point of view of Software Architecture, the problem is to illustrate the effect of changes on softwaredesign. He shows that different problem decomposition vary greatly in  their ability to withstand designchanges. The changes that are considered by parnas are:

1. The changes in processing algorithm:Eg: line shifting can be performed on each line as it is read from input device, on all lines after they areread or an demand when alphabetization requires a new set of shifted lines.
2. Changes in data representation:Eg: Lines, words, characters can be stored in different ways. Circular shifts can be stored explicitly orimplicitlyGarlan, Kaiser and Notkin also use KWIC problem to illustrate modularization schemes based on implicitinvocation. They considered the following.3. Enhancement to system function:Modify the system to eliminate circular shift that starts with certain noise change the system tointeractive.4. Performance:Both space and time5. Reuse:Extent to which components serve as reusable entitiesLet’s outline 4 architectural designs for KWIC system.

Prepared By: P.Ramya Page 19
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SOFTWARE ARCHITECTURE NOTES
SOLUTION 1: MAIN PROGRAM/SUBROUTINE WITH SHARED DATA
 Decompose the problem according to 4 basic functions performed.

o Input
o Shift
o Alphabetize
o output

 These computational components are coordinated as subroutines by a main program that sequencethrough them in turn.
 Data is communicated between components through shared storage.
 Communication between computational component and shared data is constrained by read-writeprotocol.

Advantages:
 Allows data to be represented efficiently. Since, computation can share the same storage

Disadvantages:
 Change in data storage format will affect almost all of the modules.
 Changes in the overall processing algorithm and enhancement to system function are not easilyaccommodated.
 This decomposition is not particularly support reuse.

SOLUTION 2: ABSTRACT DATA TYPES
 Decomposes The System Into A Similar Set Of Five Modules.
 Data is no longer directly shared by the computational components.
 Each module provides an interface that permits other components to access data only by invokingprocedures in that interface.

Advantage:Prepared By: P.Ramya Page 20
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SOFTWARE ARCHITECTURE NOTES
 Both Algorithms and data representation can be changed in individual modules without affectingothers.
 Reuse is better supported because modules make fewer assumption about the others with which theyinteract.

Disadvantage:
 Not well suited for functional enhancements
 To add new functions to the system
 To modify the existing modules.

SOLUTION 3: IMPLICIT INVOCATION
 Uses a form of component integration based on shared data
 Differs from 1st solution by these two factors

o Interface to the data is abstract
o Computations are invoked implicitly as data is modified. Interactions is based on an active datamodel.

Advantages:
 Supports functional enhancement to the system
 Supports reuse.

Disadvantages:
 Difficult to control the processing order.
 Because invocations are data driven, implementation of this kind of decomposition uses more space.

SOLUTION 4: PIPES AND FILTERS:
 Four filters: Input, Output, Shift and alphabetize
 Each filter process the data and sends it to the next filter
 Control is distributed

o Each filter can run whenever it has data on which to compute.
 Data sharing between filters are strictly limited.

Advantages:Prepared By: P.Ramya Page 21
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SOFTWARE ARCHITECTURE NOTES
 It maintains initiative flow of processing
 It supports reuse
 New functions can be easily added to the system by inserting filters at appropriate level.
 It is easy to modify.

Disadvantages:
 Impossible to modify the design to support an interactive system.
 Solution uses space inefficiently.

COMPARISONS

INSTRUMENTATION SOFTWARE:
 Describes the industrial development of software architecture.
 The purpose of the project was to develop a reusable system architecture for oscilloscope
 Oscilloscope is an instrumentation system that samples electrical signals and displays pictures of themon screen.
 Oscilloscope also performs measurements on the signals and displays them on screen.
 Modern oscilloscope has to perform dozens of measurements supply megabytes of internal storage.
 Support an interface to a network of workstations and other instruments and provide sophisticateduser interface, including touch panel screen with menus, built-in help facilities and color displays.
 Problems faced:

 Little reuse across different oscilloscope products.
 Performance problems were increasing because the software was not rapidly configurablewithin the instrument.

 Goal of the project was to develop an architectural framework for oscilloscope.
 Result of that was domain specific software architecture that formed the basis of the next generation ofoscilloscopes.

SOLUTION 1: OBJECT ORIENTED MODELDifferent data types used in oscilloscope are:
 Waveforms
 Signals
 Measurements
 Trigger modes so onThere was no overall model that explained how thetypes fit together. This led to confusion about thepartitioning of functionality. Ex: it is not clearlydefined  that measurements to be  associated  withtypes of data being measured or representedexternally.

Prepared By: P.Ramya Page 22
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SOFTWARE ARCHITECTURE NOTES
SOLUTION 2: LAYERED MODEL
 To correct the problems by providing a layered model of an oscilloscope.
 Core-layer: implemented in hardware represents signal manipulation functions that filter signals asthey enter the oscilloscope.
 Initially the layered model was appealing since it partitioned the functions of an oscilloscope into welldefined groups.
 But, it was a wrong model for the application domain. Because, the problem was that the boundaries ofabstraction enforced by the layers conflicted with the needs for interaction among various functions.

SOLUTION 3: PIPE-AND-FILTER MODEL:
 In this approach oscilloscope functions were viewed as incremental transformers of data.

o Signal transformer: to condition external signal.
o Acquisition transformer: to derive digitized waveforms
o Display transformers: to convert waveforms into visual data.

 It is improvement over layered model as it did not isolate the functions in separate partition.
 Main problem with this model is that

o It is not clear how the user should interact with it.

SOLUTION 4: MODIFIED PIPE-AND-FILTER MODEL:To overcome the above said problem, associate control interface with each filter that allowed external entity toset parameters of operation for the filter.Introduction of control interface solves a large part of the user interface problem
 It provides collection of setting that determines what aspect of the oscilloscope can be modifieddynamically by the user.
 It explains how user can change functions by incremental adjustments to the software.

FURTHER SPECIALIZATIONThe above described model is greater improvement over the past. But, the main problem with this is theperformance.
a. Because waveform occupy large amount of internal storageIt is not practical for each filter to copy waveforms every time they process them.
b. Different filters run at different speedsPrepared By: P.Ramya Page 23

sv
ce

t

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



SOFTWARE ARCHITECTURE NOTES
It is unacceptable to slow one filter down because another filter is still processing its data.To overcome the above discussed problems the model is further specialized.Instead of using same kind of pipe. We use different “colors” of pipe. To allow data to be processed withoutcopying, slow filters to ignore incoming data.These additional pipes increased the stylistic vocabulary and allowed pipe/filter computations to betailored more specifically to the performance needs of the product.

MOBILE ROBOTICS
 Mobile Robotic systems

 Controls a manned or semi-manned vehicle
o E.g., car, space vehicle, etc

 Used in space exploration missions
 Hazardous waste disposal
 Underwater exploration

 The system is complex
 Real Time respond
 input from various sensors
 Controlling the motion and movement of robots
 Planning its future path/move

 Unpredictability of environment
 Obstacles blocking robot path
 Sensor may be imperfect
 Power consumption
 Respond to hazardous material and situations

DESIGN CONSIDERATIONS
 REQ1: Supports deliberate and reactive behavior. Robot must coordinate the actions to accomplish itsmission and reactions to unexpected situations
 REQ2: Allows uncertainty and unpredictability of environment. The situations are not fully definedand/or predicable. The design should handle incomplete and unreliable information
 REQ3: System must consider possible dangerous operations by Robot and environment
 REQ4: The system must give the designer flexibility (mission’s change/requirement changes)

SOLUTION 1: CONTROL LOOP
 Req1: an advantage of the closed loop paradigm is its simplicity  it captures the basic interactionbetween the robot and the outside.
 Req2: control loop paradigm is biased towards one method  reducing the unknowns throughiteration
 Req3: fault tolerance and safety are supported which makes duplication easy and reduces the chancesof errors
 Req4: the major components of a robot architecture are separated from each other and can be replacedindependently

Prepared By: P.Ramya Page 24

sv
ce

t

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



SOFTWARE ARCHITECTURE NOTES
SOLUTION 2: LAYERED ARCHITECTUREFigure shows Alberto Elfes’s definition of the layered architecture.
 Level 1 (core) control routines (motors, joints,..),
Level 2-3 real world I/P (sensor interpretation and integration(analysis of combined I/Ps)
Level 4 maintains the real world model for robot
Level 5 manage navigation
Level 6-7 Schedule & plan robot actions (including exceptionhandling and re-planning)
Top level deals with UI and overall supervisory functions
 Req1: it overcomes the limitations of control loop and itdefines abstraction levels to guide the design
 Req2: uncertainty is managed by abstraction layers
 Req3: fault tolerance and passive safety are also served
 Req4: the interlayer dependencies are an obstacle to easyreplacement and addition of components.

SOLUTION 3: IMPLICIT INVOCATIONThe third solution is based on the form of implicit invocation, as embodied in the Task-Control-Architecture(TCA). The TCA design is based on hierarchies of tasks or task trees
 Parent tasks initiate child task
 Temporal dependencies between pairs of tasks can be defined

 A must complete A must complete before B starts (selective concurrency)
 Allows dynamic reconfiguration of task tree at run time in response to sudden change(robot andenvironment)
 Uses implicit invocation to coordinate tasks

 Tasks communicate using multicasting message (message server) to tasks that are registeredfor these eventsTCA’s implicit invocation mechanisms support three functions:
 Exceptions: Certain conditions cause the execution of an associated exception handling routines

 i.e., exception override the currently executing task in the sub-tree (e.g., abort or retry) tasks
 Wiretapping: Message can be intercepted by tasks superimposed on an existing task tree

 E.g., a safety-check component utilizes this to validate outgoing motion commands
 Monitors: Monitors read information and execute some action if the data satisfy certain condition

 E.g. battery check

Prepared By: P.Ramya Page 25
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SOFTWARE ARCHITECTURE NOTES
 Req1: permits clear cut separation of action and reaction
 Req2: a tentative task tree can be built to handle uncertainty
 Req3: performance, safety and fault tolerance are served
 Req4: makes incremental development and replacement of components straight forward

SOLUTION 4: BLACKBOARD ARCHITECTUREThe components of CODGER are the following:
 Captain: overall supervisor
 Map navigator: high-level path planner
 Lookout: monitors environment for landmarks
 Pilot: low-level path planner and motor controller
 Perception subsystems: accept sensor input and integrateit into a coherent situation interpretationThe requirements are as follows:
 Req1: the components communicate via sharedrepository of the blackboard system.
 Req2: the blackboard is also the means for resolvingconflicts or uncertainties in the robot’s world view
 Req3: speed, safety and reliability is guaranteed
 Req4: supports concurrency and decouples senders fromreceivers, thus facilitating maintenance. Figure: blackboard solution for mobile robots

COMPARISONS

CRUISE CONTROLA cruise control (CC) system that exists to maintain the constant vehicle speed even over varying terrain.
Inputs:System On/Off: If on, maintain speedEngine On/Off: If on, engine is on. CC is active only in this stateWheel Pulses: One pulse from every wheel revolutionAccelerator: Indication of how far accelerator is de-pressedBrake: If on, temp revert cruise control to manual modeInc/Dec Speed: If on, increase/decrease maintained speedResume Speed: If on, resume last maintained speedClock: Timing pulses every millisecond
Outputs:Throttle: Digital value for engine throttle settingPrepared By: P.Ramya Page 26
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SOFTWARE ARCHITECTURE NOTES
Restatement of Cruise-Control Problem
Whenever the system is active, determine the desired speed, and control the engine throttle setting to maintain
that speed.

OBJECT VIEW OF CRUISE CONTROL
Each element corresponds to importantquantities and physical entities in the system
Each blob represents objects
Each directed line represents dependenciesamong the objectsThe figure corresponds to Booch's object orienteddesign for cruise control

PROCESS CONTROL VIEW OF CRUISE CONTROL
 Computational Elements

 Process definition - take throttle setting as I/P & control vehicle speed
 Control algorithm - current speed (wheel pulses) compared to desired speed

o Change throttle setting accordingly presents the issue:
o decide how much to change setting for a given discrepancy

 Data Elements
 Controlled variable: current speed of vehicle
 Manipulated variable: throttle setting
 Set point: set by accelerator and increase/decrease speed inputs

 system on/off, engine on/off, brake and resume inputs also have a bearing
 Controlled variable sensor: modelled on data from wheel pulses and clock

Figure 3.18 control architecture for cruise controlThe active/inactive toggle is triggered by a variety of events, so a state transition design is natural. It's shown inFigure 3.19. The system is completely off whenever the engine is off. Otherwise there are three inactive and oneactive state.

Figure 3.19 state machine for activationPrepared By: P.Ramya Page 27
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SOFTWARE ARCHITECTURE NOTES

We can now combine the control architecture, the state machine for activation, and the event table fordetermining the set point into an entire system.

Figure 3.21 complete cruise control system

ANALYSIS AND DISCUSSION[Interested students can refer text book since this has not been asked in exam till date]
THREE VIGNETTES IN MIXED STYLE

A LAYERED DESIGN WITH DIFFERENT STYLES FOR THE LAYERS

Each level corresponds to a different process management function with its own decision-supportrequirements.
 Level 1: Process measurement and control: direct adjustment of final control elements.
 Level 2: Process supervision: operations console for monitoring and controlling Level 1.
 Level 3: Process management: computer-based plant automation, including management reports,optimization strategies, and guidance to operations console.

Prepared By: P.Ramya Page 28
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SOFTWARE ARCHITECTURE NOTES
 Levels 4 and 5: Plant and corporate management: higher-level functions such  as cost accounting,inventory control, and order processing/scheduling.Figure 20 shows the canonical form of a pointdefinition; seven specialized forms support the mostcommon kinds  of control. Points are, in essence,object-oriented design elements that encapsulateinformation about control points of the process. Dataassociated with a point includes: Operatingparameters, including current process value, set point(target value), valve output, and mode (automatic ormanual); Tuning parameters, such as gain, reset,derivative, and alarm trip-points; Configurationparameters, including tag (name) and I/O channels.

AN INTERPRETER USING DIFFERENT IDIOMS FOR THE COMPONENTSRule-based systems provide a means of codifying the problem-solving knowhow of human experts. Theseexperts tend to capture problem-solving techniques as sets of situation-action rules whose execution oractivation is sequenced in response to the conditions of the computation rather than by a predeterminedscheme. Since these rules are not directly executable by available computers, systems for interpreting suchrules must be provided. Hayes-Roth surveyed the architecture and operation of rule-based systems.
The basic features of a rule-based system, shown inHayes-Roth’s rendering as Figure 21, are essentiallythe features of a   table-driven interpreter, asoutlined earlier.• The pseudo-code to be executed, in this case theknowledge base• The interpretation engine, in this case the ruleinterpreter, the heart of the inference engine• The control state of the interpretation engine, inthis case the rule and data element selector• The current state of the program running on thevirtual machine, in this case the working memory.Rule-based systems make heavy use of pattern matching and context (currently relevant rules). Adding specialmechanisms for these facilities to the design leads to the more complicated view shown in Figure 22.We see that:• The knowledge base remains a relatively simple memory structure, merely gaining substructure todistinguish active from inactive contents.• The rule interpreter is expanded with the interpreter idiom, with control procedures playing the role of thepseudo-code to be executed and the execution stack the role of the current program state.• “Rule and data element selection” is implemented primarily as a pipeline that progressively transforms activerules and facts to prioritized activations.• Working memory is not further elaborated.
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SOFTWARE ARCHITECTURE NOTES

A BLACKBOARD GLOBALLY RECAST AS AN
INTERPRETERThe blackboard model of problem solving is a highly structured special case of opportunisticproblem solving. In this model, the solution space is organized into several application-dependent hierarchies and the domain knowledge is partitioned into independent modules ofknowledge that operate on knowledge within and between levels. Figure 24 showed the basicarchitecture of a blackboard system and outlined its three major parts: knowledge sources, theblackboard data structure, and control. The first major blackboardsystem was theHEARSAY-II speech recognitionsystem. Nii's schematic of theHEARSAY-II architectureappears as Figure 24. Theblackboard structure is a six- toeight-level hierarchy in whicheach level abstracts informationon its adjacent lower level andblackboard elements representhypotheses about the
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interpretation of an utterance.HEARSAY-II was implementedbetween 1971 and 1976; thesemachines were not directlycapable of condition-triggeredcontrol, so itshould not be surprising to findthat an implementationprovides the mechanisms of avirtual machine that realizes theimplicit invocation semanticsrequired by the blackboardmodel.Interested students can refer text bookfor blackboard and interpreter view ofHEARSAY II which is similar to abovefigure
Prepared By: P.Ramya Page 30
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