
 

IT6602 SOFTWARE ARCHITECTURES 

UNIT I          INTRODUCTION AND ARCHITECTURAL DRIVERS 

Introduction – What is software architecture? – Standard Definitions – Architectural structures – Influence  

of  software  architecture  on  organization-both  business  and  technical    –  Architecture Business Cycle- 

Introduction – Functional requirements – Technical constraints – Quality Attributes. 

 

INTRODUCTION 

WHAT IS SOFTWARE ARCHITECTURE? 

Software Architecture as a Design Plan 

 Software architecture provides a design plan, a blueprint of a system, an abstraction to help manage 

the complexity of a system, and also a communication medium between stakeholders. 

 Critical factor for a product’s success: good software architecture that is understood by the 

stakeholders and by the developers. 

 Structural plan that describes the elements of the system, how they fit together, and how they work 

together to fulfill the system’s requirements. 

•Used to negotiate system requirements, and to set expectations with customers, marketing and management 

personnel. 

•Used as a blueprint during the development process  

•Guides the implementation tasks, including detailed design, coding, integration, and testing. 

 Comes after the domain analysis, requirements analysis, and risk analysis, and before detailed 

design, coding, integration and testing. 
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WHAT IS SOFTWARE ARCHITECTURE? – STANDARD DEFINITIONS 

 

“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.” 

   Externally visible properties are those assumptions other elements can make of an element, such as: 

 its provided services, 

 performance characteristics, 

 fault handling, 

 shared resource usage, and so on. 

 

Some of the implications of this definition in more detail.  

 Architecture defines software elements. 

 The definition makes clear that systems can and do comprise more than one structure and that no one 

structure can irrefutably claim to be the architecture. 

 The architecture defines relationship 

 The behavior of each element is part of the architecture in so far as that behavior can be observed or 

discerned from the point of view of another element. 

 Finally, the definition is indifferent as to whether the architecture for a system is a good one or a bad one, 

meaning that it will allow or prevent the system from meeting its behavioral, performance, and life-cycle 

requirements.  

 

Various Definitions of Software Architecture: 

 Architecture is high-level design.  

 Architecture is the overall structure of the system.  

 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. 

 Architecture  is  components  and  connectors.   
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REQUIREMENTS OF SOFTWARE ARCHITECTURE 

Actually architecture is a set of components and connections among them and it should satisfy following 

requirements like: 

 What is the nature of the elements? 

 What are the responsibilities of the elements? 

 What is the significance of the connections? 

 What is the significance of the layout? 

Software architecture is the process of defining a structured solution that meets all of the technical and 

operational requirements, while optimizing common quality attributes such as performance, security, and 

manageability. 

 

Goals of Architecture 

 The primary goal of the architecture is to identify requirements that affect the structure of the application.  

 Good architecture reduces the business risks associated with building a technical solution.  

 An architect must consider the overall effect of design decisions, the inherent tradeoffs between quality 

attributes (such as performance and security), and the tradeoffs required to address user, system, and 

business requirements.  

The architecture should: 

 Expose the structure of the system, but hide its implementation details. 

 Realize all the use-cases and scenarios. 

 Try to address the requirements of various stakeholders. 

 Handle both functional and quality requirements. 

 Reduce the goal of ownership and improve the organization’s market position. 

 Improve quality and functionality offered by the system. 

 Improve external confidence in either the organization or system. 

 

ARCHITECTURAL PATTERNS, REFERENCE MODELS & REFERENCE ARCHITECTURES 

 An architectural pattern is a description of element and relation types together with a set of constraints 

on how they may be used. 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

For ex: client-server is a common architectural pattern. Client and server are two element types, and 

their coordination is described in terms of the protocol that the server uses to communicate with each of its 

clients. 

 A reference model is a division of functionality together with data flow between the pieces.A reference 

model is a standard decomposition of a known problem into parts that cooperatively solve the problem. 

 A reference architecture is a reference model mapped onto software elements (that cooperatively 

implement the functionality defined in the reference model) and the data flows between them. Whereas a 

reference model divides the functionality, A reference architecture is the mapping of that functionality onto 

a system decomposition. 

 

 

 

 

 

 

 

 

 

  

 

 

Limitations of Software architecture 

Software architecture is still an emerging discipline within software engineering. It has the following 

limitations − 

 Lack of tools and standardized ways to represent architecture. 

 Lack of analysis methods to predict whether architecture will result in an implementation that meets the 

requirements. 

 Lack of awareness of the importance of architectural design to software development. 

 Lack of understanding of the role of software architect and poor communication among stakeholders. 

 Lack of understanding of the design process, design experience and evaluation of design. 
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Role of Software Architect 

A Software Architect provides a solution that the technical team can create and design for the entire 

application. A software architect should have expertise in the following areas − 

Design Expertise 

 Expert in software design, including diverse methods and approaches such as object-oriented design, 

event-driven design, etc. 

 Lead the development team and coordinate the development efforts for the integrity of the design. 

 Should be able to review design proposals and tradeoff among themselves. 

Domain Expertise 

 Expert on the system being developed and plan for software evolution. 

 Assist in the requirement investigation process, assuring completeness and consistency. 

 Coordinate the definition of domain model for the system being developed. 

Technology Expertise 

 Expert on available technologies that helps in the implementation of the system. 

 Coordinate the selection of programming language, framework, platforms, databases, etc. 

Methodological Expertise 

 Expert on software development methodologies that may be adopted during SDLC (Software   

Development Life Cycle). 

 Choose the appropriate approaches for development that helps the entire team. 

Deliverables of the Architect 

An architect is expected to deliver clear, complete, consistent, and achievable set of functional goals to 

the organization. Besides, he is also responsible to provide − 

 A simplified concept of the system 

 A design in the form of the system, with at least two layers of decomposition. 

 A functional description of the system, with at least two layers of decomposition. 

 A notion of the timing, operator attributes, and the implementation and operation plans 

 A document or process which ensures functional decomposition is followed, and the form of 

interfaces is controlled 
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Hidden Role of Software Architect 

Besides, facilitating the technical work among team members, it has also some subtle roles such as reinforce 

the trust relationship among team members and protect team members from the external forces that could 

distract them and bring less value to the project. 

 

 Why Is Software Architecture Important? 

There are fundamentally three reasons for software architecture’s importance from a technical perspective. 

1. Communication among stakeholders: software architecture represents a common abstraction of a system 

that most if not all of the system’s stakeholders can use as a basis for  mutual understanding, negotiation, 

consensus and communication. 

2.   Early  design  decisions:  Software  architecture  manifests  the  earliest  design  decisions  about  a system 

with respect to the system's remaining development, its deployment, and its maintenance life.  It is  the  

earliest  point  at  which design  decisions  governing  the  system  to  be  built  can be analyzed. 

3.   Transferable abstraction of a system: software architecture model is transferable across systems. It can be 

applied to other systems exhibiting similar quality attribute and functional attribute and functional 

requirements and can promote large-scale re-use. 

 

 ARCHITECTURAL  STRUCTURES 

 

Architectural structures is the set of elements itself as they exist in h/w or s/w. 

Architectural structures can be divided into three groups, depending on the broad nature of the elements 

they show. 

1 . Module structures. 

  Here the elements are modules, which are units of implementation.  

 Modules represent a code-based way  of  considering  the  system.  

 They are assigned areas of functional responsibility.   

 Module structures allow us to answer questions such as  

 What is the primary functional responsibility assigned to each module? 

 What other software elements is a module allowed to use?  

 What other software does it actually use?  

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 What modules   are   related   to   other   modules   by   generalization   or   specialization   (i.e.,   

inheritance) relationships? 

2. Component-and-connector structures. 

  Here the elements are runtime components (which are the principal units of computation) and 

connectors (which are the communication vehicles among  components).  

 Component-and-connector structures help answer questions such as  

 What are the major executing components and how do they interact?  

 What are the major shared data stores? 

 Which parts of the system are replicated? 

 How does data progress through the system?  

 What parts of the system can run in parallel?  

 How can the system's structure change as it executes? 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Allocation structures. 

  Allocation structures show the relationship between the software elements and the elements in one or 

more external environments in which the software is created and executed.  

 They answer questions such as 

  What processor does each software element execute on?  

 In what files is each element stored during development, testing, and system building? 
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  What is the assignment of software elements to development teams? 

 

Software  Structures 

Module 

Module-based structures include the following structures. 

 Decomposition: The units are modules related to each other by the "is a submodule of " relation, 

showing how larger modules are decomposed into smaller ones recursively until they are small enough to be 

easily understood. 

 Uses: The units are related by the uses relation. One unit uses another if the correctness of the first 

requires the presence of a correct version (as opposed to a stub) of the second. 

 Layered:  Layers  are  often  designed  as  abstractions (Virtual machines) that hide implementation 

specifics below from the layers above, engendering portability. 

 Class or generalization: The class structure allows us to reason about re-use and the incremental 

addition of functionality. 

 

Component-and-connector 

Component-and-connector structures include the following structures 

 Process or communicating processes: The units here are processes or threads that are connected with each 

other by communication, synchronization, and/or exclusion operations. 

 Concurrency:  The  concurrency  structure  is  used  early  in design  to  identify  the  requirements  for 

managing the issues associated with concurrent execution. 

 Shared data or repository: This structure comprises components and connectors that create, store, and 

access persistent data 

 Client-server:  This is useful for separation of concerns (supporting  modifiability),  for  physical 

distribution, and for load balancing (supporting runtime performance). 

 

 

Allocation 

Allocation structures include the following structures 

 Deployment: This view allows an engineer to reason about performance, data integrity, availability, and 

security 
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 Implementation: This is critical for the management of development activities and builds processes. 

 Work assignment: This structure assigns responsibility for Implementing and integrating the modules to 

the appropriate development teams. 

 

Relating Structures To Each Other 

Each of these structures provides a different perspective and design handle on a system, and each is valid 

and useful in its own right. In general, mappings between structures are many to many. Individual 

structures  bring  with  them  the  power  to  manipulate  one  or  more quality attributes. They represent a 

powerful separation-of- concerns approach for creating the architecture. 

 

Which Structure to choose? 

Kruchten' s  four views follow : 

 Logical. The elements are "key abstractions," which are manifested in the object-oriented world as 

objects or object classes. This is a module view. 

 Process. This view addresses concurrency and distribution of functionality. It is a component-and- 

connector view. 

 Development. This view shows the organization of software modules, libraries, subsystems, and units of 

development. It is an allocation view, mapping software to the development environment. 

 Physical. This view maps other elements onto processing and communication nodes and is also an 

allocation view. 

 

THE ARCHITECTURE BUSINESS CYCLE: 

Definition: Architecture Business Cycle (ABC): 

“Software architecture is a result of technical, business, and social influences. Its existence in turn 

affects the technical, business, and social environments that subsequently influence future 

architectures. We call this cycle of influences, from the environment  to  the  architecture  and  back  

to  the  environment,  the  Architecture Business Cycle (ABC).” 

 

1. The organization goals of Architecture Business Cycle are beget requirements, which beget an 

architecture, which begets a system. The architecture flows from the architect's experience and the technical 

environment of the day. 
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2. Three things required for ABC are as follows: 

i. Case studies of successful architectures crafted to satisfy demanding requirements, so as to help set the 

technical playing field of the day. 

ii. Methods to assess an architecture before any system is built from it, so as to mitigate the risks 

associated with launching unprecedented designs. 

iii. Techniques  for  incremental  architecture-based  development,  so  as  to  uncover design flaws before 

it is too late to correct them. 

 

INFLUENCE  OF  SOFTWARE  ARCHITECTURE  ON  ORGANIZATION-BOTH  BUSINESS  

AND  TECHNICAL 

 

Where Do Architectures Come From? 

 An  architecture  is  the  result  of  a  set  of  business  and  technical decisions.  

 There are many influences at work in its design, and the realization   of   these   influences   will   change   

depending   on   the environment in which the architecture is required to perform.  

 Even with the same requirements, hardware, support software, and human resources available, an architect 

designing a system today is likely to design a different system than might have been designed five years ago. 

 

ARCHITECTURES ARE INFLUENCED BY SYSTEM STAKEHOLDERS 

 Many people and organizations interested in the construction of a software system are referred to as 

stakeholders. E.g. customers, end users, developers, project manager etc. 

 Figure below shows the architect receiving helpful stakeholder “suggestions”. 
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o  

 Having an acceptable system involves properties such as performance,      reliability,      availability, 

platform compatibility, memory utilization, network usage, security, modifiability, usability and  

interoperability  with  other systems as well as behavior. 

 The   underlying   problem,   of   course,   is   that   each stakeholder  has  different  concerns  and  

goals,  some  of which may be contradictory. 

 The reality is that the architect often has to fill in the blanks and mediate the conflicts. 

 

ARCHITECTURES ARE INFLUENCED BY THE DEVELOPING ORGANIZATIONS. 

 Architecture is influenced by the structure or nature of the development organization. 

 There  are  three  classes  of  influence  that  come  from the  developing  organizations:  immediate 

business, long- term business and organizational structure. 

1. An organization may have an immediate business investment in certain assets, such as 

existing architectures and the products based on them. 

2. An organization may wish to make a long-term  business investment in an infrastructure 

to pursue strategic goals and may review the proposed system as one means of financing and 

extending that infrastructure. 

3. The organizational structure can shape the software architecture. 
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ARCHITECTURES   ARE   INFLUENCED   BY   THE BACKGROUND   AND   EXPERIENCE   

OF   THE ARCHITECTS. 

 If the architects for a system have had good results using a particular architectural approach, such 

as distributed objects or implicit invocation, chances are that they will try that same approach on a new 

development effort. 

 Conversely,  if  their  prior experience  with  this  approach was  disastrous,  the  architects  may  be 

reluctant to try it again. 

 Architectural  choices  may  also  come  from  an architect’s  education  and  training,  exposure  to 

successful architectural patterns, or exposure to systems that have worked particularly poorly or 

particularly well. 

 The  architects  may  also  wish  to  experiment  with  an architectural pattern or technique learned 

from a book or a course. 

 

ARCHITECTURES ARE INFLUENCED BY THE TECHNICAL ENVIRONMENT 

 A    special    case    of    the    architect’s    background    and experience is reflected by the   

technical environment. 

 The environment that is current when an architecture is designed will influence that architecture. 

 It might include standard industry practices or software engineering prevalent in the architect’s 

professional community. 

RAMIFICATIONS OF INFLUENCES ON AN ARCHITECTURE 

 The influences on the architect, and hence on the architecture, are shown in Figure. 
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 Influences on an architecture come from a wide variety of sources. Some are only implied, while others 

are explicitly in conflict. 

 Architects need to know and understand the nature, source, and priority  of constraints on the project as 

early as possible. 

 Therefore,  they  must  identify  and  actively  engage  the stakeholders  to  solicit  their  needs  and 

expectations. 

 Architects are influenced by the requirements for the product as derived from its stakeholders, the structure 

and goals of the developing organization, the available technical environment, and their own background 

and experience. 

 

THE ARCHITECTURE AFFECTS THE FACTORS THAT INFLUENCE THEM 

 Relationships among business goals, product requirements, architects experience, architectures and fielded 

systems form a cycle with feedback loops that a business can manage. 

 A  business  manages  this  cycle  to  handle  growth,  to expand  its  enterprise  area,  and  to  take 

advantage of previous investments in architecture and system building. 

 Figure 1.4 shows the feedback loops. Some of the feedback comes from the architecture itself, and 

 some comes from the system built from it. 

 

Working of architecture business cycle: 

1)  The architecture affects the structure of the developing organization. An architecture prescribes a 

structure for  a  system it particularly prescribes the units of software that must be implemented  and  

integrated  to form   the   system.   Teams   are formed   for   individual   software   units;   and   the   

development, test,    and integration activities around the units. Likewise, schedules and budgets allocate 

resources in chunks corresponding to the units.  Teams become embedded in the organization’s structure. 

This is feedback from the architecture to the developing organization. 

2)     The   architecture   can   affect   the   goals   of   the   developing organization.  A  successful  system  

built  from  it  can  enable    a company  to  establish  a  foothold  in  a  particular  market  area. The 

architecture can provide opportunities for the efficient production and deployment of the similar systems, 

and the organization may adjust its goals to take advantage of its newfound expertise to plumb the market. 

This is feedback from the system to the developing organization and the systems it builds. 
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3)    The   architecture   can   affect   customer   requirements   for   the next  system  by  giving  the  customer  

the opportunity to receive a system in a more reliable, timely and economical manner than if the 

subsequent system were to be built from scratch. 

4)   The process of system building will affect the architect’s experience with subsequent systems by adding to 

the corporate experience base. 

5)    A  few  systems  will  influence  and  actually change  the  software engineering  culture.  i.e,   The  

technical  environment  in  which system builders operate and learn. 

 

Software Processes and the Architecture Business Cycle 

ARCHITECTURE ACTIVITIES 

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 

 It is an important step in creating and constraining any future requirements. 

 How much should the product cost? 
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 What is its targeted market? 

 What is its targeted time to market? 

 Will it need to interface with other systems? 

 Are there system limitations that it must work within? 

 These are all the questions that must involve the system’s architects. 

 They cannot be decided solely by an architect, but if an architect is not consulted in the creation of the 

business case, it may be impossible to achieve the business goals. 

 

  Understanding the requirements 

 There are a variety of techniques for eliciting requirements from the stakeholders. 

 For ex: 

o Object oriented analysis uses scenarios, or “use cases” to embody requirements. 

o Safety-critical systems  use  more  rigorous approaches,  such  as  finite-state-machine models or formal 

specification languages. 

 Another technique that helps us understand requirements is the creation of prototypes. 

 Regardless of the technique used to elicit the requirements, the desired qualities of the system to be 

constructed determine the shape of its structure. 

 

 Creating or selecting the architecture 

In the landmark book The Mythical Man-Month, Fred Brooks  argues  forcefully  and  eloquently  that 

conceptual   integrity   is   the   key   to   sound   system design  and  that  conceptual  integrity  can only be 

had by a small number of minds coming together to design the system's architecture. 

 

   Documenting and communicating the architecture 

 For  the  architecture  to  be  effective  as  the backbone  of  the  project’s  design,  it  must  be 

communicated clearly and unambiguously to all of the stakeholders. 

Developers must understand the work assignments it requires of them, testers must understand the     task 

structure it imposes on them, management must understand    the    scheduling implications it suggests, and 

so forth. 

 

 Analyzing or evaluating the architecture 
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Choosing among multiple competing designs in a rational way is one of the architect’s greatest challenges. 

Evaluating an architecture for the qualities that it supports is essential to ensuring that the system 

constructed from that architecture satisfies its stakeholders needs. 

Use scenario-based techniques or architecture tradeoff analysis   method   (ATAM)   or   cost   benefit   

analysis method (CBAM). 

 

 Implementing the system based on the architecture 

This activity is concerned with keeping the developers faithful to the structures and interaction protocols 

constrained by the architecture. 

Having  an explicit and well-communicated architecture is the first step toward ensuring architectural 

conformance. 

 Ensuring that the implementation conforms to the architecture 

 Finally, when an architecture is created and used, it goes into a maintenance phase. 

 Constant vigilance is required to ensure that the actual architecture  and its  representation remain to 

each other during this phase. 

 

WHAT MAKES A “GOOD” ARCHITECTURE ?  

 Given the same technical requirements for a system, two different architects in different organizations 

will produce different architectures, how can we determine if either one of them is the right one? 

 We  divide  our  observations  into  two  clusters:  process recommendations  and  product  (or  

structural) recommendations. 

 

Process recommendations are as follows: 

 

 The architecture should be the product of a single architect or a small group of architects with an 

identified leader. 

 The architect (or architecture team) should have the functional requirements for the system and an 

articulated, prioritized list of quality attributes that the architecture is expected to satisfy. 

 The architecture should be well documented, with at least one static view and one dynamic view, using an 

agreed-on notation that all stakeholders can understand with a minimum of effort. 

 The architecture should be circulated to the system’s stakeholders, who should be actively involved in. 
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 The  architecture  should  be  analyzed  for  applicable quantitative  measures  (such  as  maximum 

throughput) and formally evaluated for quality attributes before it is too late to make changes to it. 

 The architecture should lend itself to incremental implementation via the creation of a “skeletal” system in 

which the communication paths are exercised but which at first has minimal functionality. This skeletal 

system can then be used to “grow” the system incrementally, easing the integration and testing efforts. 

 The architecture should result in a specific (and small) set of resource contention areas, the resolution of 

which is clearly specified, circulated and maintained. 

 

Product (structural) recommendations are as follows: 

 

 The architecture should feature well-defined modules whose functional responsibilities are allocated 

on the principles of information hiding and separation of concerns. 

 Each module should have a well-defined interface that encapsulates or “hides” changeable aspects from 

other software that uses its facilities. These interfaces should allow their respective development teams to 

work largely independent of each other. 

 Quality attributes should be achieved using well-known architectural tactics specific to each attribute. 

 The architecture should never depend on a particular version of a commercial product or tool. 

 Modules that produce data should be separate from modules that consume data. This tends to increase 

modifiability. 

 For parallel processing systems, the architecture should feature well-defined processors or tasks that do 

not necessarily mirror the module decomposition structure. 

 Every task or process should be written so that its assignment to a specific processor can be easily 

changed, perhaps even at runtime. 

 The architecture should feature a small number of simple interaction patterns. 

 

Architectural Drivers 

Architectural drivers are formally defined as the set of requirements that have significant influence over 

your architecture.  

Architectural drivers are nearly always divided into four categories. 

1. Business Constraints 

2. High-Level Functional Requirements 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

3. Technical Constraints 

4. Quality Attributes 

Architectural Driver – Business 

Business constraints are decisions imposed by business considerations that must be satisfied in the 

architecture.  

Architectural Driver – Functionalities 

High-level functional requirements 

 provides an overview for what the system will do, the functions and features of the system.  

 The ultimate goal of the software you are building is to achieve these functionalities. 

Architectural Driver – Technical  

Technical constraints are  

• technical design decisions which absolutely must be satisfied in the architecture.  

• These are generally fixed from the beginning of a project and may be expensive to change as the 

project progresses. 

Architectural Driver – Quality 

• Quality attributes are specific criteria by which a system’s operations can be judged – that is,  

• how well a system performs specific functions.  

• Quality attributes greatly influence the design of the system. E.g indexing a big data file 

 

Requirements  

• Should specify external behaviour of the system so the requirements should not be defined using a 

computational model 

• Includes functional and non-functional requirements 

1. Functional requirements are statements of the services that the system should provide 

2. Non-functional requirements are constraints on the services and functions offered by the 

system 

Functional requirements 

o Describe functionality / services provided by system. 

o Depend on the type of software, expected users and the type of system where the software is 

used. 
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o Functional user requirements may be high-level statements of what the system should do but 

functional system requirements should describe the system services in detail. 

Typical Functional Requirements 

• Business Rules 

• Transaction corrections, adjustments and cancellations 

• Administrative functions 

• Authentication 

• Authorization levels 

• Audit Trail and Tracking 

• External Interfaces 

• Certification Requirements 

• Query / Reporting Requirements 

• Historical Data 

• Legal or Regulatory Requirements 

 

Functional Requirements- Definitions 

• Descriptions of data to be entered into the system 

• Descriptions of operations performed by each screen 

• Descriptions of work-flows performed by the system 

• Descriptions of system reports or other outputs 

• Who can enter the data into the system ( Roles and Responsibilities)  

• How the system meets applicable regulatory requirements 

 

Technical Constraints 

 

• Network topology 

• Use of a given database vendor or an existing database 

• Web environment (server configurations, firewall, DMZs, and so forth) 

• Servers (hardware model, operating system) 

• Use of third-party software or a particular technology 

• Compliance with existing standards 
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• Programming Language 

• Use of specific libraries  

 

Business constraints 

• Schedule  

• Budget ( Cost)  

• Marketability 

• Team composition  

• Software licensing restrictions or requirements  

 

 

QUALITY  ATTRIBUTES 

 

Quality attributes are system properties that are separate from the functionality of the system. 

Quality attributes are the overall factors that affect run-time behavior, system design, and user experience.  

There are two types of quality attributes: those that are measured at run time, and those that can only be 

estimated through inspection. 

Quality attribute scenarios are the means by which quality moves from   the eye of the beholder to a more 

objective basis. 
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 Common Quality Attributes 

 

 

 

Engineering Quality Attributes 

There are other attributes of a software-intensive system that cannot be discerned at runtime. They are : 
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1.Modifiability 

The ability to make changes quickly and cost effectively follows directly from the architecture: 

Modifiability is largely a function of the locality of any change.  

An architecture effectively classifies all possible changes into four categories  

i. Extending or changing capabilities. Adding new functionality, enhancing existing functionality, or 

repairing bugs. The ability to acquire new features is called extensibility. Adding new capabilities is 

important to remain competitive against other products in the same market.  

ii. Deleting unwanted capabilities. To streamline or simplify the functionality of an existing application, 

perhaps to deliver a less-capable (and therefore less expensive) version of a product to a wider customer 

base.  

iii. Adapting to new operating environments. For example, processor hardware, input/output devices, and 

logical devices. This kind of modification occurs so often that the quality of being amenable to it has a 

special name, portability, which we will discuss separately. Portability makes a product more flexible in 

how it can be fielded, appealing to a broader customer base.  

iv. Restructuring. For example, rationalizing system services, modularising, . optimising, or creating reusable 

components that may serve to give the organization a head start on future systems.  

 

2.Portability is the ability of the system to run under different computing environments.  

These environments can be hardware, software, or a combination of the two. A system is portable to the 

extent that all of the assumptions about any particular computing environment are confined to one 

component (or at worst, a small number of easily changed components).  

 

3.Reusability is usually taken to mean designing a system so that the system's structure or some of its 

components can be reused again in future applications.  

Designing for reusability means that the system has been structured so that its components can be chosen 

from previously built products, in which case it is a synonym for integrability . In either case, reusability can 

be conceived of as another special case of modifiability.  

 

4. Integrability is the ability to make the separately developed components of the system work correctly 

together. This in turn depends on the external complexity of the components, their interaction mechanisms 
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and protocols, and the degree to which responsibilities have been cleanly partitioned, all architecture-level 

issues.  

 

5.Interoperability is a special kind of integrability.  

lntegrability measures the ability of parts of a system to work together; interoperability measures the ability 

of a group of parts (constituting a system) to work with another system.  

 

6.Software testability refers to the ease with which software can be made to demonstrate its faults through 

(typically execution-based) testing.  

In particular, testability refers to the probability that, assuming that the software does have at least one fault, 

the software will fail on its next test execution.  

 

 Business Quality Attributes 

In addition to the preceding qualities that apply directly to a system, there are a number of business quality 

goals that frequently shape a system's architecture.  

We distinguish two kinds of business goals.  

 The first concerns cost and schedule considerations;  

 The other business goal deals with market and marketing considerations;  

1.Time to market. If there is competitive pressure or if there is a short window of opportunity for a system 

or product, development time becomes important.  

This in turn leads to pressure to buy or otherwise reuse existing components. Time to market is often 

reduced by using prebuilt components such as commercial off-the-shelf (COTS) products or components 

reused from previous projects. The ability to insert a component into a system depends on the 

decomposition of the system into components, one or more of which are prebuilt.  

2.Cost. The development effort will naturally have a budget that must not be exceeded.  

Different architectures will yield different development costs; for instance, an architecture that relies on 

technology (or expertise with a technology) that is not resident 
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UNIT II         QUALITY ATTRIBUTE WORKSHOP 

Quality Attribute Workshop – Documenting Quality Attributes – Six part scenarios – Case 

studies. 

 

QUALITY ATTRIBUTE WORKSHOP (QAW) 

To develop a software for a system, the requirements must be known. 

There are several methods available to elicit these requirements from the stakeholders. 

Quality Attribute Workshop (QAW)  is the systematic approach to elicit the needed 

requirements to ensure that all needed quality attributes are included in the final design 

 The QAW elicits, collects, and organizes software quality attribute requirements. 

 The vehicle for moving the QAW forward is the scenario. Scenarios are created for the attributes so 

that their purpose is better understood. 

 This allows the developer to better understand what the attributes of the software need to be, and how 

they are supposed to be used. 

 This also allows the stakeholders to better understand the system as a whole. 

 The final goal is to produce documentation most of the quality attributes specified by the stakeholders. 

 The QAW elicits and records six-part scenarios, where the parts include the  

1. stimulus of the scenario 

2. source of the stimulus 

3. response 

4. response measure 

5. artifact stimulated 

6. environment. 

Inputs to the QAW 
Inputs include the 

•     system’s business/mission drivers 

•     system’s architectural plan 

Steps of the QAW 
This method includes the following steps: 

1. Business/Mission Presentation: 

 A representative of the stakeholder community presents the business/mission drivers for the 

system: its business drivers, key quality attributes, and high-level requirements. 

2. Architectural Plan Presentation: 
 Even though a detailed architecture may not exist, high- level system descriptions, context 

drawings, control, communications, computer, intelligence, surveillance, and reconnaissance 

(C4ISR) documentation may exist. At this point in the workshop, a technical stakeholder presents 

the architectural plans. 

3. Identification of Architectural Drivers:  

When the business drivers and architectural plan are presented, the QAW facilitators capture 

what they hear as architectural drivers. These include high-level requirements, business concerns 

and objectives, and quality attributes. At the conclusion of the presentation, the facilitators share 

their list and ask for clarifications and corrections. 

4. Scenario Brainstorming:  

The facilitators review the parts of a scenario and ensure that each scenario is well formed during 

the workshop. Stakeholders in the workshop express scenarios representing their concerns about 

the system. Scenarios are offered by each stakeholder in a round-robin fashion. During a nominal 
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QAW, two round-robin passes are made so that each stakeholder can contribute at least two 

scenarios. The facilitators ensure that representative scenarios exist for each architectural driver. 

5. Scenario Consolidation:  

After the scenario brainstorming, the group consolidates the scenarios and prioritizes the 

remaining ones. If two scenarios are similar, stakeholders might split their votes when 

prioritizing them, causing neither scenario to be refined. 

6. Scenario Prioritization:  

Each stakeholder is allocated a number of votes equal to 30% of the total number of scenarios 

generated after consolidation. Voting occurs in round-robin fashion, in two passes. During each 

pass, stakeholders allocate half of their votes. 

7. Scenario Refinement:  
After scenarios are prioritized, the top four or five are refined in more detail and turned into six-

part scenarios. This refinement adds a list of organizations, business drivers, actors, quality 

attributes, and questions to the raw scenario.  

 

Outputs of the QAW 
Outputs include a list of 

•     raw scenarios 

•     consolidated scenarios 

•     prioritized scenarios 

•     refined scenarios 

 

DOCUMENTING QUALITY ATTRIBUTES 

 

Functionality and architecture 

Functionality: It is the ability of the system to do the work for which it was intended. 

Software architecture constrains its allocation to structure when other quality attributes are 

important. 

Architecture and quality attributes 
Achieving  quality  attributes  must  be  considered  throughout  design,  implementation,  and  

deployment.  No quality  attribute  is  entirely  dependent  on  design,  nor  is  it  entirely  

dependent  on  implementation  or deployment. 

Quality Attributes  

 1. Availability  

It is concerned with system failure and duration of system failures. 

 2. Modifiability  

 It is about the cost of change, both in time and money. 

 3. Performance 

It is about time.  Events occur and the system must respond in a timely fashion. 

 4. Security 

It  is the ability of the system to prevent or resist unauthorized access while providing access to 

legitimate users.   

 5. Testability  

It refers to the way with which the software can be made to demonstrate its faults.  
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 6. Usability 

It is how easy it is for the user to accomplish tasks and what support the system provides for the 

user to accomplish this.   

Quality attribute scenarios 
A quality attribute scenario is a quality-attribute-specific requirement.  

It consists of six parts. 

     1) Source of stimulus. This is some entity (a human, a computer system, or any other 

actuator) that generated the stimulus. 

2) Stimulus. The stimulus is a condition that needs to be considered when it arrives at a system. 

     3) Environment.  The stimulus  that occurs  within  certain  conditions.   

4) Artifact. Some artifact is stimulated. This may be the whole system or some pieces of it. 

5) Response. The response is the activity undertaken after the arrival of the stimulus. 

     6)  Response measure. When the response occurs, it should be measurable in some fashion so 

that the requirement can be tested. 

 

 

 

 

 

 

 

Fig: shows the parts of a quality attribute scenario 

 

 

 

AVAILABILITY SCENARIO 
Availability is concerned with system failure and its associated consequences 

Failures are usually a result of system errors that are derived from faults in the system. It is 

typically defines as 

 

 

Source of stimulus. We differentiate between internal and external indications of faults or failure 

since the desired system response may be different. In our example, the unexpected message 

arrives from outside the system. 

Stimulus. A fault of one of the following classes occurs. 

- omission. A component fails to respond to an input. 

- crash. The component repeatedly suffers omission faults. 

- timing. A component responds but the response is early or late. 

- response. A component responds with an incorrect value. 
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MODIFIABILITY SCENARIO 
Modifiability is about the cost of change. It brings up two concerns. 

 What can change (the artifact)? 

 When is the change made and who makes it (the environment)? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PERFORMANCE SCENARIO: 
Performance is about timing. Events (interrupts, messages, requests from users, or the passage 

of time) occur, and the system must respond to them. There are a variety of characterizations of 

event arrival and the response but basically performance is concerned with how long it takes the 

system to respond when an event occurs. 

 

 

 

 

 

 

 

 

 

 

 

 

SECURITY SCENARIO 

Security is a measure of the system's ability to resist unauthorized usage while still providing 

its services to legitimate users. An attempt to breach security is called an attack and can take a 

number of forms. It may be an unauthorized attempt to access data or services or to modify 

data, or it may be intended to deny services to legitimate users. 

Security  can  be  characterized  as  a  system  providing  non-repudiation,  confidentiality,  

integrity,  assurance, availability, and auditing. For each term, we provide a definition and an 

example. 

 Non-repudiation is the property that a transaction (access to or modification of data or 

services) cannot be denied by any of the parties to it. This means you cannot deny that you 

ordered that item over the Internet if, in fact, you did. 
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 Confidentiality is the property that data or services are protected from unauthorized access. 

This means that a hacker cannot access your income tax returns on a government computer. 

 Integrity is the property that data or services are being delivered as intended. This means that 

your grade has not been changed since your instructor assigned it. 

 Assurance is the property that the parties to a transaction are who they purport to be. This means 

that, when  a  customer  sends  a  credit  card  number  to  an  Internet  merchant,  the  merchant  

is  who  the customer thinks they are. 

 Availability is the property that the system will be available for legitimate use. This means 

that a denial-of-service attack won't prevent your ordering this book. 

 Auditing is the property that the system tracks activities within it at levels sufficient to 

reconstruct them. This means that, if you transfer money out of one account to another account, 

in Switzerland, the system will maintain a record of that transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TESTABILITY SCENARIO: 
Software testability refers to the ease with which software can be made to demonstrate its 

faults through testing.  

In particular, testability refers to the probability, assuming that the software has at least one fault 

that it will fail on its next test execution.  

Testing is done by various developers, testers, verifiers, or users and is the last step of various 

parts of the software life cycle. Portions of the code, the design, or the complete system may be 

tested. 
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USABILITY SCENARIO 
Usability is concerned with how easy it is for the user to accomplish a desired task and the kind 

of user support the system provides. It can be broken down into the following areas: 

 Learning system features. If the user is unfamiliar with a particular system or a particular 

aspect of it, what can the system do to make the task of learning easier? 

 Using a system efficiently. What can the system do to make the user more efficient 

 Minimizing the impact of errors. What can the system do so that a user error has minimal 

impact? 

 Adapting the system to user needs. How can the user (or the system itself) adapt to make the 

user's task easier? 

 Increasing confidence and satisfaction. What does the system do to give the user confidence 

that the correct action is being taken? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BUSINESS QUALITIES 

 Time to market. 

 Cost and benefit. 

 Projected lifetime of the system. 

 Targeted market. 

 Rollout schedule. 
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UNIT III    ARCHITECTURAL VIEWS 

Introduction – Standard Definitions for views – Structures and views - Representing views-

available notations – Standard views – 4+1 view of RUP, Siemens 4 views, SEI's 

perspectives and views – Case studies 

 

INTRODUCTION ABOUT VIEWS 

The most important concept associated with software architecture documentation is the view. 

Software architecture for a system is "the structure or structures of the system, 

which comprise elements, the externally visible properties of those elements, and the 

relationships among them."  

View is a representation of a coherent set of architectural elements, as written by and read by 

system stakeholders.  

A structure is the set of elements itself, as they exist in software or hardware. 

 

STANDARD DEFINITIONS FOR VIEWS 

A view simply represents a set of system elements and relationships among them, so 

whatever  elements  and  relationships  you  deem  useful  to  a  segment  of  the 

stakeholder community constitute a valid view. 

Software architecture is a complex entity that cannot be described in a simple one- dimensional 

fashion. 

Documenting an architecture is a matter of documenting the relevant views and then adding 

documentation that applies to more than one view. 

 Choosing the relevant views 

 Documenting a view 

 Documenting information that applies to more than one view 

1] Choosing the Relevant Views: 

 A view represents a set of system elements and relationships among them, so whatever 

elements and relationships you think useful to a segment of the stakeholder community 

constitute a valid view. 

 This is a three-step procedure for choosing the views for your project: 

1.   Produce a candidate view list: 
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Begin by building a stakeholder/view table, for your project. Your stakeholder list is likely to 

be different from the one in the table, but be as comprehensive as you can. For the columns, 

enumerate the views that apply to your system. Some views (such as decomposition or uses) 

apply to every system, while others (the layered view, most component-and-connector views 

such as client-server or shared data) only apply to systems designed that way. Once you have 

the rows and columns defined, fill in each cell to describe how much information the stakeholder 

requires from the view: none, overview only, moderate detail, or high detail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.   Combine views: 

The candidate view list from step 1 is likely to yield an impractically large number of views. To 

reduce the list to a manageable size, first look for views in the table that require only overview 

depth or that serve very few stakeholders. 

3.   Prioritize: 

After step 2 you should have an appropriate set of views to serve your stakeholder community. 

2] Documenting a View: 

There is no industry-standard template for documenting a view, but the seven-part standard 

organization that we suggest in this section has worked well in practice.  

The seven-part standard organization for documenting view is as follows: 

1. Primary  presentation-  elements  and  their  relationships,  contains  main  information  

about  these system , usually graphical or tabular. 
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2. Element catalog- details of those elements and relations in the picture, 

3. Context diagram- how the system relates to its environment 

4. Variability   guide-   how   to   exercise   any   variation   points .  A   variability   guide   

should   include documentation about each point of variation in the architecture, including 

the options among which a choice is to be made 

a. Some choices are made at design time, some at build time, and others at runtime. 

5. Architecture  background  –why  the  design  reflected  in  the  view  came  to  be?  an    

architecture background includes rationale, explaining why the decisions reflected in the 

view were made and why alternatives were rejected analysis results, which justify the 

design or explain what would have to change in the face of a modification assumptions 

reflected in the design 

6. Glossary of terms used in the views, with a brief description of each. 

7. Other information includes management information such as authorship, configuration 

control data, and change histories. Or the architect might record references to specific 

sections of a requirements document to establish traceability 

 

ARCHITECTURAL STRUCTURES AND VIEWS 

Architectural structures can be divided into three groups, depending on the broad nature of the 

elements they show. 

1 . Module structures. 

  Here the elements are modules, which are units of implementation.  

 Modules represent a code-based way  of  considering  the  system.  

 They  are  assigned  areas  of  functional  responsibility.   

 Module structures allow us to answer questions such as  

 What is the primary functional responsibility assigned to each module? 

 What other software elements is a module allowed to use?  

 What other software does it actually use?  

 What modules   are   related   to   other   modules   by   generalization   or   

specialization   (i.e.,   inheritance) relationships? 

2. Component-and-connector structures. 
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  Here the elements are runtime components (which are the principal units of computation) 

and connectors (which are the communication vehicles among  components).  

 Component-and-connector structures help answer questions such as  

 What are the major executing components and how do they interact?  

 What are the major shared data stores? 

 Which parts of the system are replicated? 

 How does data progress through the system?  

 What parts of the system can run in parallel?  

 How can the system's structure change as it executes? 

 

 

 

 

 

 

 

 

3. Allocation structures. 

  Allocation structures show the relationship between the software elements and the 

elements in one or more external environments in which the software is created and 

executed.  

 They answer questions such as 

  What processor does each software element execute on?  

 In what files is each element stored during development, testing, and system 

building? 

  What is the assignment of software elements to development teams? 

 

WHICH STRUCTURES TO CHOOSE? 

Kruchten's four views follow: 

1. Logical. The elements are "key abstractions," which are manifested in the object-

oriented world as objects or object classes. This is a module view. 
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2. Process. This view addresses concurrency and distribution of functionality. It is a 

component-and-connector view. 

3. Development. This view shows the organization of software modules, libraries, 

subsystems, and units of development. It is an allocation view, mapping software to the 

development environment. 

4. Physical. This view maps other elements onto processing and communication nodes 

and is also an allocation view 

 

4+1 VIEW OF RUP 

 

 4+1 is a view model designed by Philippe Kruchten for "describing the architecture of 

software-intensive systems, based on the use of multiple, concurrent views". 

 The views are used to describe the system from the viewpoint of different stakeholders, 

such as end-users, developers and project managers. 

 The four views of the model are logical, development, process and physical view.  

 In addition selected use cases or scenarios are used to illustrate the architecture serving as 

the 'plus one' view. Hence the model contains 4+1 views. 

1. Logical view :  

 The logical view is concerned with the functionality that the system provides to 

end-users.  

 UML Diagrams used to represent the logical view include Class diagram, 

Communication diagram, Sequence diagram.  

2. Development view :  

 The development view illustrates a system from a programmer's perspective and 

is concerned with software management.  

 This view is also known as the implementation view.  

 It uses the UML Component diagram to describe system components. 

3. Process view :  

 The process view deals with the dynamic aspects of the system, explains the 

system processes and how they communicate, and focuses on the runtime 

behavior of the system. The process view addresses concurrency, distribution, 
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integrators, performance, and scalability, etc. 

 UML Diagrams to represent process view include the Activity diagram.  

4. Physical view :  

 The physical view depicts the system from a system engineer's point of view.  

 It is concerned with the topology of software components on the physical layer, as 

well as the physical connections between these components.  

 This view is also known as the deployment view.  

 UML Diagrams used to represent physical view include the Deployment diagram. 

5. Scenarios :  

 The description of an architecture is illustrated using a small set of use cases, or 

scenarios which become a fifth view.  

 The scenarios describe sequences of interactions between objects, and between 

processes. They are used to identify architectural elements and to illustrate and 

validate the architecture design. 

 They also serve as a starting point for tests of an architecture prototype. 

 This view is also known as use case view. 
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SIEMENS FOUR VIEWS 

 

 The Siemens approach uses four views to document an architecture.  

 The four views and their associated design tasks are shown in Figure.  

 The first task for each view is global analysis.  

 The second and third groups of tasks are the central and final design tasks, which define 

the elements of the architecture view, the relationships among them, and important 

properties. 

 

 

Fig: The Siemens Four Views approach to software architecture  

1. Global Analysis 

 In global analysis, you identify the factors that influence the architecture and analyze 

them to derive strategies for designing the architecture.  

2. Conceptual Architecture View 

 The conceptual architecture view explains how the system's functionality is mapped to 

components and connectors. 

3. Module Architecture View 

 The module architecture view explains how the components, connectors, ports, and roles 

are mapped to abstract modules and their interfaces.  
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 The system is decomposed into modules and subsystems.  

4. Execution Architecture View 

 The execution architecture view explains how the system's functionality is mapped to 

runtime platform elements, such as processes and shared libraries.  

 Platform elements consume platform resources that are assigned to a hardware resource. 

5. Code Architecture View 

 The code architecture view explains how the software implementing the system is 

organized into source and deployment components.  
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UNIT V       DOCUMENTING THE ARCHITECTURE 

Good practices – Documenting the Views using UML – Merits and Demerits of using visual languages 

–  Need  for  formal  languages  -    Architectural Description  Languages  –  ACME  –  Case  studies.  

Special topics: SOA and Web services – Cloud Computing – Adaptive structures 

 

DOCUMENTING THE ARCHITECTURE 

 

Documenting an architecture is a matter of documenting the relevant views and then adding  

documentation that applies to more than one view. 

 Choosing the relevant views 

 Documenting a view 

 Documenting information that applies to more than one view 

 

Uses of Architecture Documentation  

1. A vehicle for communicating the system’s design to interested stakeholders at each  

stage of its evolution. 

2. A basis for performing up-front analysis to validate architectural design decisions and 

 refine or alter those decisions where necessary. 

3. The first artifact used to achieve system understanding. 

 

Reason for documenting the architecture: 

1. Others can understand and evaluate the design.  

2. We can understand the design when we return to it after a period of time.  

3. Others in the project team and development organization can learn from the architecture by digesting the 

thinking behind the design.  

4. We can do analysis on the design to assess its performance, or to generate standard metrics like coupling and 

cohesion.  

 

Problems in documenting the architecture:  

1. There’s no universally accepted architecture documentation standard.  
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2. Architecture can be complex, and documenting it is time consuming.  

3. Architecture has many possible views. Documenting all the views is time consuming and expensive.  

 

GOOD PRACTICES FOR DOCUMENTING THE ARCHITECTURE 

1. Documentation should be written from the point of view of the reader, not the writer. 

A document is written approximately once. We hope it is read many scores of times.  

Therefore, the document’s “efficiency” is optimized if we make things easier for the reader.  

In the realm of software documentation, documents written for the writer often take one of two forms:  

Stream of consciousness and stream of execution. 

 Stream of consciousness writing captures thoughts in the order in which they occurred to the writer.  

 Stream of execution writing captures thoughts in the order in which they occur during the execution 

of a software program.  

2. Avoid repetition. 

Each kind of information should be recorded in exactly one place. This makes documentation easier to use 

 and much easier to change as it evolves. It also avoids confusion, because information that is repeated 

 is often repeated in a slightly different form, and now the reader must wonder. 

3. Avoid unintentional ambiguity. 

Ambiguity in writing can be either intentional or unintentional.  Intentional ambiguity may be used to 

mislead a reader or might be necessary due to the context or subject matter.  Unintentional ambiguity should 

always be avoided and can be with care and practice. 

4. Use a standard organization. 

Each document should conform to a standard, planned organization scheme, and this scheme should 

be made known to the reader. A standard organization offers many benefits. It helps the reader  

navigate the document and find specific information quickly. But it also helps the writer of the document. 

5. Record rationale. 

If you are documenting the results of decisions, record the decisions you avoided and say why.  

Next year (or next month) when those decisions come under pressure to change, you will find 

yourself revisiting the same arguments and wondering why you didn’t take some other path.  

Recording rationale will save you enormous time in the long run. 

6. Keep it current. 
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Documentation that is incomplete, out of date, does not reflect truth, and does not obey its 

own rules for form and internal consistency will not be used. Documentation that is kept 

current and accurate will be used. 

7. Review documentation for fitness of purpose. 

Only the intended users of a document will be able to tell you if it contains the right information  

presented in right way. Before a document is released, have it reviewed by representatives of the  

community for whom it was written.  

Any software documentation should obey these seven rules, including software architecture documentation.  

 

DOCUMENTING THE VIEWS USING UML 

VIEWS 

A view simply represents a set of system elements and relationships among them, so whatever 

elements  and  relationships  you  deem  useful  to  a  segment  of  the stakeholder community 

constitute a valid view. 

Documenting an architecture is a matter of documenting the relevant views and then adding  

documentation that applies to more than one view. 

 Choosing the relevant views 

 Documenting a view 

 Documenting information that applies to more than one view 

Uses of Architecture Documentation  

4. A vehicle for communicating the system’s design to interested stakeholders at each  

stage of its evolution. 

5. A basis for performing up-front analysis to validate architectural design decisions and 

 refine or alter those decisions where necessary. 

6. The first artifact used to achieve system understanding. 

 

The UML 2.0 modeling notations cover both structural and behavioral aspects of software systems. 

The structure diagrams define the static architecture of a model, and specifically are: 

• Class diagrams: Show the classes in the system and their relationships.  

• Component diagrams: Describe the relationship between components with well-defined 
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 interfaces. Components typically comprise multiple classes.  

• Package diagrams: Divide the model into groups of elements and describe the dependencies 

 between them at a high level.  

• Deployment diagrams: Show how components and other software artifacts like processes are 

 distributed to physical hardware.  

• Object diagrams: Depict how objects are related and used at run-time. These are often  

called instance diagrams.  

• Composite Structure diagrams: Show the internal structure of classes or components in terms 

 of their composed objects and their relation-ships.  

 

Behavior diagrams show the interactions and state changes that occur as elements in the model 

execute. 

• Activity diagrams: Similar to flow charts, and used for defining pro-gram logic and business processes.  

• Communication diagrams: also called collaboration diagrams, they depict the sequence of calls 

    between objects at run-time.  

•  Sequence diagrams: Often called swim-lane diagrams after their vertical timelines,  

    they show the sequence of messages exchanged between objects.  

• State Machine diagrams: Describe the internals of an object, showing its states and events, and  

    conditions that cause state transitions.  

• Interaction Overview diagrams: These are similar to activity diagrams, but can include other 

• UML interaction diagrams as well as activities. They are intended to show control flow across a  

    number of simpler scenarios. 

 Timing diagrams: These essentially combine sequence and state diagrams to describe an object's  

     various states over time and the messages that alter the object’s state.  

• Use Case diagrams: These capture interactions between the system and its environment,  

including users and other systems.  

 

NOTATIONS IN UML FOR ARCHITECTURE VIEWS  

Unified Modeling Language 

Unified Modeling Language (UML) is a standard notation for documenting a software architecture. 
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Types of views: 

1. Module views 

2. Component & Connector views  

3. Allocation views 

MODULE VIEWS 

 A module is a code or implementation unit and a module view is an enumeration of modules together with 

their interfaces and their relations. 

 

Interfaces 

 UML uses a "lollipop" to denote an interface, which can be appended to classes and subsystems. 

 UML also allows a class symbol (box) to be stereotyped as an interface; the open-headed dashed arrow 

shows that an element realizes an interface.  

Modules 

 To represent modules, UML use class construct, package construct and sub system construct 

 UML has a class construct, which is the object-oriented specialization of a module. 

  Packages can be used in cases where grouping of functionality is important, such as to represent layers and 

classes.  

 The Module decomposition relies on the "is-part-of" relation. 

  The module uses view relies on the dependency relation.  

 The module class view relies on the generalization, or "is-a" relation (also called "inheritance"). 
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Aggregation 

 In UML, the subsystem construct can be used to represent modules that contain other modules; the class box 

is normally used for the leaves of the decomposition.  

 Subsystems are used both as packages and as classifiers.  
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 In UML, composition is a form of aggregation with implied strong ownership— that is, parts live and die with 

the whole. 

 If module A is composed of modules B and C, then B or C cannot exist without A, and if A is destroyed at 

runtime, so are B and C. 

Generalization 

 Expressing generalization is at the heart of UML in which modules are shown as classes. 

 

 

 

Dependency 

 Dependency is found in layers.  

 But  UML has no built-in primitive corresponding to a layer.  

 However, it can represent simple layers using packages. We can designate a layer using the package notation 

with the stereotype name <<layer>> preceding the layer name. 
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COMPONENT-AND-CONNECTOR VIEWS 

Components 

 Components are represented using class construct. 

Interfaces 

 Interfaces to components, sometimes called ports, can be shown in five ways.  

  Option 1: No explicit representation.  

  Option 2: Interfaces as annotations.   

  Option 3: Interfaces as class/object attributes.  

  Option 4: Interfaces as UML interfaces. The UML lollipop notation provides a compact description of an 

interface in a class diagram depicting a component type.  

  Option 5: Interfaces as classes.  
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Connectors 

 There are three reasonable options for representing connectors.  

• Option 1: Connector types as associations and connector instances as links.  

• Option 2: Connector types as association classes.  

• Option 3: Connector types as classes and connector instances as objects.  

 

ALLOCATION VIEWS 

 In UML, a deployment diagram is a graph of nodes connected by communication associations.  
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 Nodes may contain component instances, which indicates that the component lives or runs on the node. 

Components may contain objects, which indicates that the object is part of the component.  

 Components are connected to other components by dashed-arrow dependencies (possibly through interfaces). 

 A node is a runtime physical object that represents a processing resource, generally having at least a memory 

and often processing capability as well. 

 Nodes may be connected by associations to other nodes. An association indicates a communication path 

between them.  

 

VISUAL LANGUAGES 

 

Visual language is a form of communication that uses visual elements as opposed to formal written language 

 to convey meaning or an idea. Graphicacy, the ability to communicate visually, is considered as important  

as literacy and numeracy, the abilities to read and count. Some people are visual thinkers, literally thinking 

 in pictures, using that part of the brain that is emotional and creative to process and give meaning 

 to information. Visual communication can find expression in paintings, drawings, symbols, or simply lines 
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 and shapes arranged for a specific effect. 

Art is an example of visual language. A painting or sculpture can convey ideas or evoke specific kinds 

 of emotional responses. It may also express ideas about historical events, abstract concepts, or simply be  

about the way certain shapes or forms “work” together or create a certain effect on the mind. Some 

researchers believe that different parts of the brain respond in unique ways to colors and shapes. 

Pictograms and ideograms are types of visual language. Pictograms are pictures that resemble what they 

signify. They are still used today to communicate information.  

Ideograms are pictures that represent ideas and can often be understood without the aid of written language. 

 

MERITS OF USING VISUAL LANGUAGES 

1. Complementary: Non-verbal cues complement a verbal message by adding to its meaning.  

You can pat someone you offended at the back as you say sorry to him or her. 

2. Easy presentation: Information can be easily presented in non-verbal communication through using  

visual, audio-visual and silent means of non-verbal communication. 

3. Substituting: Non-verbal message may substitute for the verbal message especially if it is blocked by 

 noise, interruption, long distance etc. for example: gestures-finger to lips to indicate need for quite,  

   facial expressions- a nod instead of a yes. 

4. Accenting: Often used to accent a verbal message. Verbal tone indicates the actual meaning of the 

 specific words. 

5. Repeat: Used to repeat the verbal message (e.g. point in a direction while stating directions.) 

6. Help to illiterate people: This type of communication use gestures, facial expressions, eye  

   contact, proximity, touching etc. and without using any spoken or written word. So, it is very much helpful 

   for illiterate people. 

7. Help to handicapped people: Non-verbal cues of communication greatly help in handicapped 

    people especially to deaf people. Deaf people are exchange message through the movements of hands,  

     fingers, eye ball etc. 

8. Attractive presentation: Non-verbal communication is based on visual, picture, graph, sign etc. that can 

    be seen very much attractive. 

9. Reducing wastage of time: The message of non-verbal communication reached the receiver very fast. 

    For this reason it reduces the wastage of valuable time of the communicator. 
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10. Quick expression of message: Non-verbal cues of communication like sign and symbol can  

     also communicate some messages very quickly than written or oral messages. 

 

DEMERITS OF USING VISUAL LANGUAGES 

1. Vague and imprecise: Non-verbal communication is quite vague and imprecise. Since in  

this communication there is no use of words or language which expresses clear meaning to the receiver. 

 No dictionary can accurately classify them. Their meaning varies not only by culture and context but by  

 degree    of intension. 

2. Continuous: It is possible to stop talking in verbal communication, but it is generally not possible to  

 stop nonverbal cues. Also, spoken language has a structure that makes it easier to tell when a subject 

 has changed, for instance or to analyze its grammar. Nonverbal does not lend itself to this kind of analysis. 

3. Multi-channel: while watching someone’s eyes, you may miss something significant in a hand gesture.           

Everything is happening at once and therefore it may be confusing to try to keep up with everything.  

Most of us simply do not do so, at least not consciously. 

4. Culture-bound: Non-verbal communication is learnt in childhood, passed on to you by your parents 

 and others with whom you associate. A few other gestures seem to be universal. Evidence suggests 

 that humans of all cultures smile when happy and frown when unhappy. However, most nonverbal  

  symbols seem to be even further disconnected from any “essential meaning” than verbal symbols.  

 Gestures  seen as positive in one culture (Like the thumbs-up gesture in the USA) may be seen as obscene 

 in another culture. 

5. Long conversations are not possible: In non-verbal communication, long conversation and 

  necessary explanations are not possible. No party can discuss the particular issues of the messages. 

6. Difficult to understand: Difficult to understand and requires a lot of repetitions in  

non-verbal communication. Since it uses gestures, facial expressions eye contact, touch etc. 

 for communicating with others which may not be understandable for the simple and foolish people. 

7. Not everybody prefers: Everybody not prefers to communicate through non-verbal communication  

with others. Sometimes it cannot create an impression upon people or listeners. It is less influential and  

cannot be used everywhere. It is cannot be used as a public tool for communication. 

8. Lack of formality: Non-verbal communication does not follow any rules, formality or structure like 

other communication. Most of the cases people unconsciously and habitually engaged in  
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non-verbal communication by moving the various parts of the body. 

9. Costly: In some cases non-verbal communication involves huge cost. For example, neon sign, 

 power point presentation, cinema etc are very much costly compared to others form of communication. 

10. Distortion of information: Since it uses gestures, facial expressions, eye contact, touch, sign, sound, 

paralanguage etc. for communicating with others, there is a great possibility in distortion of information in 

non-verbal communication. 

 

FORMAL LANGUAGE 

In mathematics, computer science, and linguistics, a formal language is a set of strings of symbols that may 

be constrained by rules that are specific to it. 

The alphabet of a formal language is the set of symbols, letters, or tokens from which the strings of the 

language may be formed; frequently it is required to be finite. The strings formed from this alphabet are 

called words, and the words that belong to a particular formal language are sometimes called well-formed 

words or well-formed formulas. A formal language is often defined by means of a formal grammar such as a 

regular grammar or context-free grammar, also called its formation rule. 
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NEED FOR FORMAL LANGUAGE: 

 

 

 

 

Finite state automata are used a lot in the design of digital circuits like the electronics in a hard drive and 

embedded systems such as burglar alarms or microwave ovens. Anything that has a few buttons on it and 

gets into different states when you press those buttons such as alarm on/off, high/med/low power is 

effectively a kind of formal languages. 
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With such gadgets, formal languages can be used by designers to plan what will happen for every input in 

every situation, but they can also be used to analyze the interface of a device.  

 

ARCHITECTURAL DESCRIPTION  LANGUAGES 

 A software architecture describes the structure and behavior of a software system and the non-software 

entities the system interfaces with. 

 In a software architecture, a system is represented as a set of software components, their connections, and 

their important behavioral interactions.  

 Creating a software architecture promotes better understanding of the system, thus aiding the design 

process.  

 It also provides a basis for rigorous analysis of the system design, making possible the early detection of 

design errors and flaws that lead to improvements in software quality and help ensure correctness. 

 Architecture Description Languages (ADLs) are computer languages describing the software and hardware 

architecture of a system. The description may cover software features such as processes, threads, data, and 

subprograms as well as hardware component such as processors, devices, buses, and memory. 

 An architectural description language (ADL) is a formal specification language for describing the 

behavior and structure of software architecture.  

 Architectural description language  must be able to focus on what is needed by the stakeholders involved in 

the architecting process. 

 It may be a formal language like ACME,AADL or  a UML based notation to describe a software 

architecture.   

 An ADL is designed to specify software architecture concepts like components, connectors, interfaces etc 

through different viewpoints. 

 A formal specification language consists of syntax, semantics and satisfies relation. 

 

Types of  formal specification language: 

1. Structural specification 

2. Behavioral specification 

 

Structural specification 
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 It describe topological constraints 

 Properties on the structure of the element in the specification 

 

Behavioral specification 

 It describes the constraints on the  behavior  of the system. ie functional properties. 

 Most ADLs have some common features: 

 They have a graphical syntax as well a formally defined syntax and semantics.  

 They often have features for modeling distributed systems.  

 Little support for capturing design information, except through general purpose annotation mechanisms  

 They often have ability to represent hierarchical levels of detail including the creation of substructures by 

instantiating templates.  

 ADLs have several advantages as well as disadvantages. One advantage is that they are designed to 

represent architectures in a formal way. Another advantage is that they often are designed to be 

readable to both human and machines.  

 A disadvantage is that there is not yet an agreement of what the ADLs shall represent, especially 

when it comes to the behavior of the system. 

 

Languages 

 

1.AADL 

 Architecture Analysis & Design Language (AADL) is a large and complete language intended for design 

both the hardware and the software of a system. 

  It supports processors, buses, devices, and ports as well as processes, threads, and data.  

 

2.ACME 

 

 The Architectural Based Language and Environment (ACME) language is a small and rather simple 

language.  

 It holds the concepts system, component, connector, port, role and representation. A system is constituted by 

components connected by connectors; the ports are end-points of the connectors. Actually, ACME can be 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



17 

 

considered a subset of AADL.  

 One peculiar thing about ACME is that its representation can vary depending on the underlying model. For 

instance, a UNIX pipeline could be modelled in a syntax similar to C as follows: 

 

3.Rapide 

 Rapide is a set constituted by a type language, a definition language, a constraint language, and a executable 

programming language.  

 The type language is intended to provide interfaces for the definition language, which defines the 

architecture. 

  The constraint language defines requirements for timing and other pattern events. The executable language 

is concurrent and reactive.  

 Its main purpose is to construct behaviour of components and connections between components. 

 

4.Wright 

 Wright is built upon the abstractions components, connectors, and configurations. The configurations can be 

divided into instances (a type if a specification of a component), attachments (describes the topology of the 

system), and hierarchy (a component may hold other components).  

 

5.Darwin 

 Darwin supports hierarchical composition. One component is composed of other components or of primitive 

components; that is, built -in features of the language. 

  Darwin also supports the structure of parallel programs and modelling of network topologies. 

 

6.Aesop 

 The Software Architecture Design Environment Generator (Aesop) is a set of tools designed to develop a 

system model. 

  It is based on the UNIX environment; it has pipe and filter style extensions in order to model those futures. 

However, it has a generic kernel, suitable for all environments. 

  It has also a generic real -time extension. The tool does not provide a plain text description of the model; all 

modelling is done in the graphic editor of the tool.  
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7.UML 

 The Unified Modeling Language (UML) is a popular and widely spread modeling language. 

  It was developed by James Rumbaugh, Grady Booch, and Ivar Jacobson. Technically, UML is not an ADL 

and was not intended to be. However, it is rather suitable to model a system.  

 

 

ACME 

 Acme is a simple, generic software architecture description language (ADL) that can be used as a common 

interchange format for architecture design tools and/or as a foundation for developing new architectural 

design and analysis tools.  

 It holds the concepts system, component, connector, port, role and representation. A system is constituted by 

components connected by connectors; the ports are end-points of the connectors. 
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 Acme Design Element Types 

 Acme is built on a core ontology of seven types of entities for architectural representation: components, 

connectors, systems, ports, roles, representations, and rep-maps. These are illustrated in Figures 3 and 4. Of 

the seven types, the most basic elements of architectural description are components, connectors, and 

systems.  

 Components represent the primary computational elements and data stores of a system. Intuitively, they 

correspond to the boxes in box-and-line descriptions of software architectures. Typical examples of 

components include such things as clients, servers, filters, objects, blackboards, and databases. 

 Connectors represent interactions among components. Computationally speaking, connectors mediate the 

communication and coordination activities among components. Informally they provide the ''glue'' for 
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architectural designs, and intuitively, they correspond to the lines in box-and-line descriptions. Examples 

include simple forms of interaction, such as pipes, procedure call, and event broadcast. But connectors may 

also represent more complex interactions, such as a client-server protocol or a SQL link between a database 

and an application. 

 Systems represent configurations of components and connectors. 

  

 

Figure 1: Simple Client-Server Diagram  

System simple_cs = { 

Component client = { Port send-request; }; 

Component server = { Port receive-request; }; 

Connector rpc = { Roels { caller, callee}}; 

Attachments { 

client.send-request to rpc.caller; 

server.receive-request to rpc.callee; 

} 

} 

Figure: Simple Client-Server System in Acme 

 

Figure 1 shows a trivial architectural drawing containing a client and server component, connected by an 

RPC connector. Figure 2 contains its Acme description. The client component is declared to have a single 

send-request port, and the server has a single receive-request port. The connector has two roles designated 

caller and callee. The topology of this system is declared by listing a set of attachments.  
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Figure 3: Elements of an Acme Description 

 

 

Figure 4: Representations and Properties of a Component 

 

 

 Acme supports the hierarchical description of architectures. Specifically, any component or connector can 
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be represented by one or more detailed, lower-level descriptions. (See Figure 4 .) Each such description is 

termed a representation in Acme. The use of multiple representations allows Acme to encode multiple views 

of architectural entities (although there is nothing built into Acme that supports resolution of inter-view 

correspondences). It also supports the description of encapsulation boundaries, as well as multiple 

refinement levels.  

 When a component or connector has an architectural representation there must be some way to indicate the 

correspondence between the internal system representation and the external interface of the component or 

connector that is being represented. A rep-map (short for ``representation map'') defines this 

correspondence. In the simplest case a rep-map provides only an association between internal ports and 

external ports  

Acme Properties 

Figure 4 shows several properties attached to a hypothetical architecture.  

System simple_cs = { 

Component client = { 

Port send-request; 

Property Aesop-style : style-id = client-server; 

Property UniCon-style : style-id = client-server; 

Property source-code : external = "CODE-LIB/client.c"; 

} 

Component server = { 

Port receive-request; 

Property idempotence : boolean = true; 

Property max-concurrent-clients : integer = 1; 

source-code : external = "CODE-LIB/server.c"; 

} 

Connector rpc = { 

Role caller; 

Role callee; 

Property asynchronous : boolean = true; 

max-roles : integer = 2; 
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protocol : Wright = " ... "; 

} 

Attachment client.send-request to rpc.caller; 

Attachment server.receive-request to rpc.callee; 

} 

Figure 5: Client-Server System with Properties in Acme 

 

From Acme's point of view the properties are uninterpreted values. Properties become useful only when a 

tool makes use of them for analysis, translation, and manipulation. In Acme the ''type'' of a property 

indicates a ''sublanguage'' with which the property is specified. Acme itself predefines simple types such as 

integer, string, and boolean. Other types must be interpreted by tools: these tools use the ''name'' and ''type'' 

indicator to figure out whether the value is one that they can process. The default behavior of a tool that 

does not understand a specific property or property type should be to leave it uninterpreted but preserve it 

for use by other tools. This is facilitated by requiring standard property delimiter syntax so that a tool can 

know the extent of a property without having to interpret its contents. Figure 5 shows the simple client-

server system elaborated with several properties. For example, several of the properties indicate how the 

elements relate to constructs in target ADLs---such as Aesop and UniCon styles. Likewise, the ''protocol'' 

property of the RPC connector is declared to be in the ''Wright'' language and would only be meaningful to a 

tool that knows how to process that language. Of course, in order for properties to be useful when 

interchanged between different ADLs, there must be a common understanding of their meaning. As we have 

noted, Acme does not explicitly define those meanings, but it does allow for the shared use of properties 

when those meanings do exist. We anticipate that over time Acme will serve as a vehicle for 

conventionalization of properties that are useful to more than one ADL. Several property sublanguages are 

currently being developed. One is a standard for specifying visualization properties to be used by graphical 

editors to display architectural descriptions. Another sublanguage is being developed to describe temporal 

constraints on an architectural description. Details of these sublanguages are beyond the scope of this report.  

Acme Families 

 The Acme features described thus far are sufficient to define an architectural instance, and, in fact, form the 

basis for the core capabilities of Acme parsing and unparsing tools. As a representation that is good for 

humans to read and write, however, these features leave much to be desired. Specifically, they provide no 
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facilities for abstracting architectural structure. As a result, common structures in complex system 

descriptions need to be repeatedly specified. Consider, for example, extending the simple client-server 

system described in Figure 5 to include multiple clients and multiple servers. Although there is significant 

common structure underlying each of the clients and servers in the design, the language facilities presented 

thus far would require the architect to explicitly specify this structure for each design element. To address 

this problem the Acme language includes types, a mechanism for the specification of recurring component, 

connector, port and role structures. These types can then be instantiated within the systems in a Acme 

description. A Family in Acme includes a set of type defintions which define the common structures or 

design vocabulary system. NOTE: The Acme Language also includes a template mechanism which is not 

described here. Please see the original paper for more information on templates. Although Acme is not 

intended to be a full-fledged ADL, the addition of families greatly enhances the readability and abstraction 

capabilities of the language.  

 

SOA AND WEB SERVICES 

 Service oriented architecture (SOA) is an architecture where independent systems and applications 

communicate with each other by exposing and using services. Services are defined using open standards, 

making inter-communication much easier to implement, and less dependent on proprietary communication 

protocols.  

 Service-oriented architecture (SOA) is an evolution of distributed computing based on the 

request/reply design paradigm for synchronous and asynchronous applications. 

 

From DOA to SOA 

 SOA follows the idea of a Distributed Object Architecture (DOA) where objects in applications could move 

around freely between servers and call each other remotely etc. The idea was that an object calling another 

object should not have to know whether the called object was residing locally, or remotely. This should be 

transparent to the calling object.  

 This architecture is slowly being abandoned, as too fine grained distributed object communication is both 

very complex, and does not perform well.  

 Distributed objects are complex because there are more error possibilities when calling a remote object, than 

when calling a local. For instance, you typically need two phase commit transactions to coordinate a 
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distributed transaction, where a single phase transaction may do locally.  

 Additionally, you had less control over the communication overhead incurred from unnecessary out-of-

process communication, and from moving objects between "containers" or "servers" behind your back. Thus 

application designers wanted to be able to control location of objects, to lower complexity and increase 

performance.  
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 The main difference is that today services are more and more communicating via open standards, like 

SOAP, REST etc. meaning the communication layer becomes easier to implement. SOA is not, however, 

the big increaser of "Return on Investment" as some authors wants you to believe. 

 

key characteristics of Service-oriented architectures: 

 SOA services have self-describing interfaces in platform-independent XML documents. Web Services 

Description Language (WSDL) is the standard used to describe the services. 

 SOA services communicate with messages formally defined via XML Schema (also called XSD). 

Communication among consumers and providers or services typically happens in heterogeneous 

environments, with little or no knowledge about the provider. Messages between services can be viewed as 

key business documents processed in an enterprise. 

 SOA services are maintained in the enterprise by a registry that acts as a directory listing. Applications can 

look up the services in the registry and invoke the service. Universal Description, Definition, and Integration 

(UDDI) is the standard used for service registry. 

 Each SOA service has a quality of service (QoS) associated with it. Some of the key QoS elements are 
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security requirements, such as authentication and authorization, reliable messaging, and policies regarding 

who can invoke services. 

 

Web services 

 Web services are open standard (XML, SOAP, HTTP etc.) based Web applications that interact with other 

web applications for the purpose of exchanging data. 

 Web Services can convert your existing applications into Web-applications. 

 

Different definitions to Web Services. 

 A web service is any piece of software that makes itself available over the internet and uses a 

standardized XML messaging system. 

 Web services are self-contained, modular, distributed, dynamic applications that can be described, 

published, located, or invoked over the network to create products, processes, and supply chains.  

 Web services are XML-based information exchange systems that use the Internet for direct 

application-to-application interaction. 

 A web service is a collection of open protocols and standards used for exchanging data between 

applications or systems. 

 

Components of Web Services 

 SOAP (Simple Object Access Protocol) 

 UDDI (Universal Description, Discovery and Integration) 

 WSDL (Web Services Description Language) 

 

How Does a Web Service Work? 

 A web service enables communication among various applications by using open standards such as HTML, 

XML, WSDL, and SOAP. A web service takes the help of: 

 XML to tag the data 

 SOAP to transfer a message 

 WSDL to describe the availability of service. 

 You can build a Java-based web service on Solaris that is accessible from your Visual Basic program that 
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runs on Windows. 

 You can also use C# to build new web services on Windows that can be invoked from your web application 

that is based on JavaServer Pages (JSP) and runs on Linux. 

 

benefits of using Web Services: 

 Exposing the Existing Function on the network 

A web service is a unit of managed code that can be remotely invoked using HTTP, that is, it can be 

activated using HTTP requests. Web services allows you to expose the functionality of your existing code 

over the network. Once it is exposed on the network, other application can use the functionality of your 

program. 

 Interoperability 

Web services allow various applications to talk to each other and share data and services among themselves. 

Other applications can also use the web services. For example, a VB or .NET application can talk to Java 

web services and vice versa. Web services are used to make the application platform and technology 

independent. 

 Standardized Protocol 

Web services use standardized industry standard protocol for the communication. All the four layers 

(Service Transport, XML Messaging, Service Description, and Service Discovery layers) use well-defined 

protocols in the web services protocol stack. This standardization of protocol stack gives the business many 

advantages such as a wide range of choices, reduction in the cost due to competition, and increase in the 

quality. 

 Low Cost of Communication 

Web services use SOAP over HTTP protocol, so you can use your existing low-cost internet for 

implementing web services. This solution is much less costly compared to proprietary solutions like 

EDI/B2B. Besides SOAP over HTTP, web services can also be implemented on other reliable transport 

mechanisms like FTP. 

 

web service architecture: 

 Web Service Roles 
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 There are three major roles within the web service architecture: 

 Service Provider 

 This is the provider of the web service. The service provider implements the service and makes it available 

on the Internet. 

 Service Requestor 

 This is any consumer of the web service. The requestor utilizes an existing web service by opening a 

network connection and sending an XML request. 

 Service Registry 

 This is a logically centralized directory of services. The registry provides a central place where developers 

can publish new services or find existing ones. It therefore serves as a centralized clearing house for 

companies and their services. 

 Web Service Protocol Stack 

 A second option for viewing the web service architecture is to examine the emerging web service protocol 

stack. The stack is still evolving, but currently has four main layers. 

 Service Transport 

 This layer is responsible for transporting messages between applications. Currently, this layer includes 

Hyper Text Transport Protocol (HTTP), Simple Mail Transfer Protocol (SMTP), File Transfer Protocol 

(FTP), and newer protocols such as Blocks Extensible Exchange Protocol (BEEP). 

 XML Messaging 

 This layer is responsible for encoding messages in a common XML format so that messages can be 

understood at either end. Currently, this layer includes XML-RPC and SOAP. 

 Service Description 

 This layer is responsible for describing the public interface to a specific web service. Currently, service 

description is handled via the Web Service Description Language (WSDL). 

 Service Discovery 

 This layer is responsible for centralizing services into a common registry and providing easy publish/find 

functionality. Currently, service discovery is handled via Universal Description, Discovery, and Integration 

(UDDI). 
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CLOUD COMPUTING 

 What is Cloud? 

 The term Cloud refers to a Network or Internet.  

 Applications such as e-mail, web conferencing, customer relationship management (CRM) execute on 

cloud. 

 What is Cloud Computing? 

 Cloud Computing refers to manipulating, configuring, and accessing the hardware and software resources 

remotely. It offers online data storage, infrastructure, and application. 

 Cloud computing offers platform independency, as the software is not required to be installed locally on 

the PC. 

  

 Types of Cloud: 
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 Public Cloud 

 The public cloud allows systems and services to be easily accessible to the general public. Public cloud 

may be less secure because of its openness. 

 Private Cloud 

 The private cloud allows systems and services to be accessible within an organization. It is more secured 

because of its private nature. 

 Community Cloud 

 The community cloud allows systems and services to be accessible by a group of organizations. 

 Hybrid Cloud 

 The hybrid cloud is a mixture of public and private cloud, in which the critical activities are performed 

using private cloud while the non-critical activities are performed using public cloud. 

 Service Models 

 Cloud computing is based on service models. These are categorized into three basic service models which 

are - 

 Infrastructure-as–a-Service (IaaS) 

 Platform-as-a-Service (PaaS) 

 Software-as-a-Service (SaaS) 

 Anything-as-a-Service (XaaS) is yet another service model, which includes Network-as-a-Service, 
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Business-as-a-Service, Identity-as-a-Service, Database-as-a-Service or Strategy-as-a-Service. 

 The Infrastructure-as-a-Service (IaaS) is the most basic level of service. Each of the service models 

inherit the security and management mechanism from the underlying model, as shown in the following 

diagram: 

  

 Infrastructure-as-a-Service (IaaS) 

 IaaS provides access to fundamental resources such as physical machines, virtual machines, virtual storage, 

etc. 

 Platform-as-a-Service (PaaS) 

 PaaS provides the runtime environment for applications, development and deployment tools, etc. 

 Software-as-a-Service (SaaS) 

 SaaS model allows to use software applications as a service to end-users. 

 Benefits 

 One can access applications as utilities, over the Internet. 

 One can manipulate and configure the applications online at any time. 

 It does not require to install a software to access or manipulate cloud application. 

 Cloud Computing offers online development and deployment tools, programming runtime environment 
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through PaaS model. 

 Cloud resources are available over the network in a manner that provide platform independent access to any 

type of clients. 

 Cloud Computing offers on-demand self-service. The resources can be used without interaction with cloud 

service provider. 

 Cloud Computing is highly cost effective because it operates at high efficiency with optimum utilization. It 

just requires an Internet connection 

 Cloud Computing offers load balancing that makes it more reliable. 

 technologies working behind the cloud computing 

 Virtualization 

 Service-Oriented Architecture (SOA) 

 Grid Computing 

 Utility Computing 

 Virtualization 

 Virtualization is a technique, which allows to share single physical instance of an application or resource 

among multiple organizations or tenants (customers). It does this by assigning a logical name to a physical 

resource and providing a pointer to that physical resource when demanded. 
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 The Multitenant architecture offers virtual isolation among the multiple tenants. Hence, the organizations 

can use and customize their application as though they each have their instances running. 

 Service-Oriented Architecture (SOA) 

 Service-Oriented Architecture helps to use applications as a service for other applications regardless the 

type of vendor, product or technology. Therefore, it is possible to exchange the data between applications of 

different vendors without additional programming or making changes to services. 

 The cloud computing service oriented architecture is shown in the diagram below. 
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 Grid Computing 

 Grid Computing refers to distributed computing, in which a group of computers from multiple locations 

are connected with each other to achieve a common objective. These computer resources are heterogeneous 

and geographically dispersed. 

 Grid Computing breaks complex task into smaller pieces, which are distributed to CPUs that reside within 

the grid. 
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 Utility Computing 

 Utility computing is based on Pay-per-Use model. It offers computational resources on demand as a 

metered service. Cloud computing, grid computing, and managed IT services are based on the concept of 

utility computing. 

 loud Computing architecture comprises of many cloud components, which are loosely coupled. We can 

broadly divide the cloud architecture into two parts: 

 Front End 

 Back End 

 Each of the ends is connected through a network, usually Internet. The following diagram shows the 

graphical view of cloud computing architecture: 
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 Front End 

 The front end refers to the client part of cloud computing system. It consists of interfaces and applications 

that are required to access the cloud computing platforms, Example - Web Browser. 

 Back End 

 The back End refers to the cloud itself. It consists of all the resources required to provide cloud computing 

services. It comprises of huge data storage, virtual machines, security mechanism, services, deployment 

models, servers, etc.Architectural languages must be able to focus on 

 “ 

2 marks 

List the pros and cons of UML as ADT? 

1) The UML can be used to model just about any type of application, running on any type and combination 

of hardware, operating system, programming language, and network, in UML.  
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  2) UML can be used for modeling middleware and this is effective for modeling large, complex software 

systems  

  3) Built upon the Microsoft Operating Framework (MOF) metamodel for object oriented modeling.  

  4) UML Profiles (that is, subsets of UML tailored for specific purposes) to help model Transactional, Real-

Time, and Fault-Tolerant Systems in a natural way.  

  5) This has an ability to generate the test scripts separately from stub code When integrated with Integrated 

Development Network.    

6) The reverse engineering support, UML regenerate level design artifacts in accor dance with   the changes 

you made to the structure or class relationship  

Disadvantages of UML   

 1)       UML does not define a standard file format, meaning That each UML tool vendor stores the 

representation of its UML model in a proprietary format.  

2)       The result Is that the UML model is former rally limited to what the vendor biedt out of the box-which 

is Usually some form of code generation. Code will be generated once.  

 3) UML is large and complex (very much like the systems it wants to model)     Comprises many different 

concepts and imprecise    semantics   4) Synchronizing code with models is Difficult: Using multiple models 

/ diagrams makes it kettle to keep them consistent with each other and the code and much code has to be 

added by hand  

What is the difference between open system and closed system? 

An open system is defined as a “system in exchange of matter with its environment, presenting import and 

export, building-up and breaking-down of its material components.”  

An open system is one that interacts with its environment and thus exchanges information, material, or 

energy with the environment, including random and undefined inputs. Open systems are adaptive in nature as 

they tend to react with the environment in such a way organizing', in the sense that they change their 

continued existence. 

Such systems are ‘self organizing’, because they change their organization in response to changing 

conditions. Closed systems, on the other hand, are held to be isolated from their environment. 

A closed system is one, which doesn’t interact with its environment. Such systems, in business world, are 

rare. Thus the systems that are relatively isolated from the environment but not completely closed are termed 

closed systems.  
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UNIT IV      ARCHITECTURAL STYLES 

Introduction – Data flow styles – Call-return styles – Shared Information styles - Event styles – 

Case studies for each style. 

 

INTRODUCTION ABOUT ARCHITECTURAL STYLE 

 

DEFINITION OF ARCHITECTURAL STYLE 

 An architectural style, sometimes called an architectural pattern, is a set of 

principles or a coarse grained pattern that provides an abstract framework for a 

family of systems. 

 An architectural style improves partitioning and promotes design reuse by providing 

solutions to frequently recurring problems.  

 A set of design rules that identify the kinds of components and connectors that may 

be used to compose a system or subsystem, together with local or global constraints 

on the way the composition is done. 

Benefits of using architectural styles: 

 Reuse 

 Understandability of system organization 

 Interoperability 

 Style specificity 
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DATA FLOW STYLES 

Data-Flow architectures have the goal of achieving the qualities of reuse and modifiability.  

Two types of data flow styles are 

1. Pipes and filter styles 

2. Batch sequential styles  

 

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 output begins 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 of another. Hence, connectors are termed pipes. 

 

Conditions of this style are: 
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1. Filters must be independent entities. 

2. They should not share state with other filter 

3. Filters do not know the identity of their upstream and downstream filters. 

4. Specification might restrict what appears on input pipes and the result that appears 

on the  output pipes. 

5. Correctness of the output of a pipe-and-filter network should not depend on the order 

in which filter perform their processing. 

 

 

 

 

BATCH SEQUENTIAL SYSTEM: 

 A special case of pipeline architecture occurs when each filter processes all of its input 

data as a single entity. 

 In these systems pipes no longer serve the function of providing a stream of data and are 

useless. 
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Example : 

 Traditionally compilers have been viewed as pipeline systems. Stages in the pipeline 

include lexical analysis parsing, semantic analysis and code generation. 

 Other examples of this type are. 

 Signal processing domains 

 Parallel processing 

 Functional processing 

 Distributed systems. 

 

Pipe-and-filter systems advantages:  

 The pipe-and-filter style simplifies system maintenance and enhances reuse for the same 

reason-filters stand alone, and we can treat them as black boxes.  

 Both pipes and filters can be hierarchically composed: Any combination of filters, 

connected by pipes, can be packaged and appear to the external world as a filter.  

 Because a filter can process its input in isolation from the rest of the system, a pipe-and-filter 

system is easily made parallel or distributed, providing opportunities for enhancing a 

system's performance without modifying it.  

Pipe-and-filter systems disadvantages.  

 There is no way for filters to cooperatively interact to solve a problem.  

 Performance in such a system is frequently poor.  

 Each filter operates as a separate process or procedure call, thus incurring some overhead 

each time it is invoked 

 

 

DATA CENTERED ARCHITECTURES   (SHARED INFORMATION STYLES) 

 

 Data-Centered architectures have the goal of achieving the quality of integrability of 

data.  

 The term Data-Centered Architectures refers to systems in which the access and update 

of a widely accessed data store is an appropriate description.  
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 At its heart, it is nothing more than a centralized data store that communicates with a 

number of clients.  

 The means of communication (sometimes called the coordination model) distinguishes 

the two subtypes: repository (the one shown) and blackboard.  

 

REPOSITORY STYLE 
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 Data-centered styles are becoming increasingly important because they offer a structural 

solution to illegibility.  

 This style is scalable: New clients can be easily added. It is also modifiable with respect 

to changing the functionality of any particular client because otherwise will not be 

affected.  

 

The Blackboard Style 

A blackboard is a global accessible database which is used for intermediate, partial results of 

problem solving. 

Three major parts: 

1.  Knowledge sources: 

Knowledge sources are independent modules that contain the knowledge needed for problem 

solving. They don’t need to know about the existence of the others, but they have to understand 

the state of problem-solving process and the representation of relevant information on the 

blackboard. Knowledge sources can be represented with different kind of knowledge; they can 

include rule-based systems, case-based systems, neural networks, fuzzy logic systems, genetic 

algorithms, legacy software systems 

2.   Blackboard data structure: 
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Blackboard is used as a global database for sharing different information as input data, partial 

solutions, alternatives and final solutions. Blackboard applications tend to have complex 

blackboard structures, with multiple levels of analysis or abstraction. 

3.  Control: 

Control component makes runtime decisions which of knowledge sources to execute 

next for optimal problem solution 
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Advantages and Disadvantages of Blackboard 

Advantages  

1. General style suitable for network-based applications, including network database servers  

Disadvantages  

Blackboard becomes a bottleneck with too many clients 
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CALL-AND-RETURN ARCHITECTURES 

Call-and-Return architectures have the goal of achieving the qualities of modifiability and 

solvability.  

1. Main-Program-and-Subroutine architectures: 

 It  is the classical programming paradigm.  

 The goal is to decompose a program into smaller pieces to help achieve modifiability.  

 A program is decomposed hierarchically.  

 There is typically a single thread of control and each component in the hierarchy gets this 

control from its parent and passes it along to its children.  

 

 

 

2. Remote procedure call systems 

 They are main-program-and-subroutine systems that are decomposed into parts that live 

on computers connected via a network.  

 The goal is to increase performance by distributing the computations and taking 

advantage of multiple processors.  

 In remote procedure call systems, the actual assignment of parts to processors is deferred 

until runtime, meaning that the assignment is easily changed to accommodate 

performance tuning.  

 

3. Object-oriented or abstract data type systems 

 They are the modern version of call-and-return architectures.  
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 The object-oriented paradigm, emphasizes the bundling of data and methods to 

manipulate and access that data.  

 In this approach, data representation and their associated primitive operations are 

encapsulated in the abstract data type (ADT) or object. 

 The object abstractions form components that provide black-box services and other 

components that request those services.  

 The goal is to achieve the quality of modifiability.  

 

Two important aspects of this style are: 

 Object is responsible for preserving the integrity of its representation. 

 Representation is hidden from other objects. 

 

 

 

 

 

 

 

 

 

 

 

 

 This bundle is an encapsulation that hides its internal secrets from its environment. 
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 Access to the object is allowed only through provided operations, typically known as 

methods, which are constrained forms of procedure calls.  

 This encapsulation promotes reuse and modifiability, principally because it promotes 

separation of concerns:  

 The user of a service need not know, and should not know, anything about how that 

service is implemented.  

Advantages 

 It is possible to change the implementation without affecting the clients because an 

object hides its representation from clients. 

 The  bundling  of  a  set  of  accessing  routines  with  the  data  they  manipulate  

allows  designers  to decompose 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 invoke it. 

 

4. Layered systems : 

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  adjacent layers. 

 Connectors are defined by the protocols that determine how layers interact each other. 

 Goal is to achieve qualities of modifiability portability 

 They are ones in which components are assigned to layers to control intercomponent 

interaction.  

 In the pure version of this architecture, each level communicates only with its immediate 

neighbours.  
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• Each successive layer is built on its predecessor, hiding the lower layer and providing 

some services that the upper layers make use of.  

Components Programs or subprograms  

            Connectors Procedure calls or system calls  

Configurations ‘Onion’ or ‘stovepipe’ structure, possibly replicated  

Underlying computational model Procedure call/return  

 

Examples: 

1. Layered communication protocol 

2. Operating systems 

3. Database systems 
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Advantages and Disadvantages of layered systems: 

Advantages  

1. Effective separation of concerns  

2. Well-defined levels of abstraction  

3. Reduced impact of change when changes don’t affect layer interfaces  

• Disadvantages  

1. Performance degrades with too many layers  

2. Can be difficult to assign functionality cleanly to the ‘right’ layer  
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CLIENT SERVER STYLE: 
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 EVENT-BASED SYSTEMS AND THE IMPLICIT INVOCATION STYLE 

 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 registered for the event. Thus an event announcement “implicitly” causes the 

invocation of procedures in other modules. 

 Architecturally speaking, the components in an implicit invocation style are modules 

whose interface provides both a collection of procedures and a set of events. 

 

Advantages: 

 It  provides strong support for reuse 

 Implicit invocation eases system evolution. 

 Allows for decoupling and autonomy of components  

 Enhances reuse and evolution  

Disadvantages: 

    Components announcing events have no guarantee of getting a response. 

 Components announcing events have no control over the order of responses  

 Event abstraction does not cleanly lend itself to data exchange  

 Difficult to reason about behavior of an announcing component independently of 

components that register for its events  

1. Components  

 Programs or program entities that announce and/or register interest in events  
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 Events represent happenstances inside an entity that may (or may not) be of interest to 

other entities  

Connectors  

 Direct registration with announcing entities Or, explicit event broadcast and registration 

infrastructure  

Configurations  

 Implicit dependencies arising from event announcements and registrations  

 

INTERPRETER STYLE: 
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PUBLISH SUBSCRIBER STYLE 
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PEER TO PEER STYLE: 
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CASE STUDIES 

CASE STUDY : 1 

1. KEYWORD IN CONTEXT (KWIC) 

This case study shows how different architectural solutions to the same problem provide different 

benefits. Parnas proposed the following problems: 
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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 software design.  He  shows  that  different  problem  decomposition  vary  greatly  

in  their  ability  to  withstand  design changes. 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 are read 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 or implicitly. 

Garlan,  Kaiser and Notkin  also  use KWIC problem  to illustrate modularization schemes  

based  on  implicit invocation. They considered the following. 

3.    Enhancement to system function: 

Modify  the  system  to  eliminate  circular  shift  that  starts  with  certain  noise  change  the  

system  to interactive. 

4.    Performance: 

Both space and time 

5.    Reuse: 

Extent to which components serve as reusable entities 

 

Let’s outline 4 architectural designs for KWIC system. 

SOLUTION 1: MAIN PROGRAM/SUBROUTINE WITH SHARED DATA 

 Decompose the problem according to 4 basic functions performed. 

1. Input 
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2. Shift 

3. Alphabetize 

4. Output 

 These computational components are coordinated as subroutines by a main program 

that sequence through them in turn. 

 Data is communicated between components through shared storage. 

 Communication  between  computational  component  and  shared  data  is  constrained  

by  read-write protocol. 

 

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  easily accommodated. 

 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. 
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 Each module provides an interface that permits other components to access data only 

by invoking procedures in that interface. 

 

 

 

 

 

 

 

 

 

 

 

Advantage: 

 Both  Algorithms  and  data  representation  can  be  changed  in  individual  modules  

without  affecting others. 

 Reuse is better supported because modules make fewer assumption about the others with 

which they interact. 

 

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 

1. Interface to the data is abstract 

2. Computations are invoked implicitly as data is modified. Interactions is based on an 

active data model. 
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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 

 Each filter can run whenever it has data on which to compute. 

 Data sharing between filters are strictly limited. 
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Advantages: 

 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 

 

 

 

CASE STUDY : 2 

2. 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 them on screen. 

 Oscilloscope also performs measurements on the signals and displays them on screen. 
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 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 

sophisticated user interface, including touch panel screen with menus, built-in help 

facilities and color displays. 

 

   Problems faced: 

1. Little reuse across different oscilloscope products. 

2. Performance  problems  were  increasing  because  the  software  was  not  rapidly  

configurable within 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 of oscilloscopes. 

 

SOLUTION 1: OBJECT ORIENTED MODEL 

 Different data types used in oscilloscope are: 

 Waveforms 

 Signals 

 Measurements 

 Trigger modes so on 
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 There was no overall model that explained how the types  fit  together.  This  led  to  

confusion  about  the partitioning   of   functionality.  

 Ex:   it   is   not   clearly defined  that  measurements  to  be  associated  with types    of    

data    being    measured    or    represented externally. 

 

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 as they enter the oscilloscope. 

 Initially the layered model was appealing since it partitioned the functions of an 

oscilloscope into well defined groups. 

 But, it was a wrong model for the application domain. Because, the problem was that the 

boundaries of abstraction 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. 

 Signal transformer: to condition external signal. 

 Acquisition transformer: to derive digitized waveforms 

 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  it is not clear how the user should interact with it. 
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SOLUTION 4: MODIFIED PIPE-AND-FILTER MODEL: 

 To overcome the above said problem, associate control interface with each filter that 

allowed external entity to set 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  modified dynamically by the user. 

 It explains how user can change functions by incremental adjustments to the software. 

 

 

 

 

 

 

 

 

 

 

FURTHER SPECIALIZATION 

The above described model is greater improvement over the past. But, the main problem 

with this is the performance. 

a.    Because waveform occupy large amount of internal storage 

b.    Different filters run at different speeds 

 

CASE STUDY : 3 

3. MOBILE ROBOTICS 
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 Controls a manned or semi-manned vehicle 

 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 its mission and reactions to unexpected situations 

  REQ2: Allows uncertainty and unpredictability of environment. The situations are not 

fully defined and/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 

interaction between the robot and the outside. 

  Req2:  control  loop  paradigm  is  biased  towards  one  method    reducing  the  unknowns  

through iteration 

  Req3: fault tolerance and safety are supported which makes duplication easy and reduces the 

chances of errors 
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  Req4: the major components of a robot architecture are separated from each other and can be 

replacedindependently. 

 

 

 

 

 

 

SOLUTION 2: LAYERED ARCHITECTURE 

 

Figure 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  exception handling and re-

planning) 

 Top level deals with UI and overall supervisory functions 
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  Req1:  it  overcomes  the  limitations  of  control  loop  and  it defines 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  easy replacement and addition of 

components. 

 

SOLUTION 3: IMPLICIT INVOCATION 

 The 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 before B starts (selective concurrency) 

 Allows dynamic reconfiguration of task tree at run time in response to   sudden 

change(robot and environment) 

 Uses implicit invocation to coordinate tasks.Tasks communicate using multicasting 

message (message server) to tasks that are registered for these events 

 TCA’s implicit invocation mechanisms support three functions: 

1. 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 

2. 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 

3. Monitors: Monitors read information and execute some action if the data satisfy certain 

condition 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



             E.g. battery check 

 

  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 ARCHITECTURE 

The 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 integrate it into a coherent situation 

interpretation 
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Fig: blackboard solution for mobile robots 

 

The requirements are as follows: 

   Req1:     the     components     communicate     via     shared repository of the blackboard 

system. 

  Req2:  the  blackboard  is  also  the  means  for  resolving cts or uncertainties in the robot’s 

world view 

  Req3: speed, safety and reliability is guaranteed 

  Req4: supports concurrency and decouples senders from receivers, thus facilitating 

maintenance.                                     

          COMPARISONS 

 

 

 

 

 

 

 

 

 

 

 

CASE STUDY : 4 

CRUISE CONTROL 

A cruise control (CC) system that exists to maintain the constant vehicle speed even over varying 

terrain. 

Inputs: 

System On/Off: If on, maintain speed 

Engine On/Off: If on, engine is on. CC is active only in this state 

Wheel Pulses: One pulse from every wheel revolution 

Accelerator: Indication of how far accelerator is de-pressed 
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Brake: If on, temp revert cruise control to manual mode 

Inc/Dec Speed: If on, increase/decrease maintained speed 

Resume Speed: If on, resume last maintained speed 

Clock: Timing pulses every millisecond 

 

 

 

 

 

Outputs: 

Throttle: Digital value for engine throttle setting 

 

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    important quantities and physical entities in the 

system 

 Each blob represents objects 

 Each  directed  line  represents  dependencies among the objects 

 The figure corresponds to Booch's object oriented design for cruise control 
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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 

Change throttle setting accordingly presents the issue: 

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 

 

 

 

 

 

 

 

 

 

Fig: control architecture for cruise control 

The active/inactive toggle is triggered by a variety of events, so a state transition design is 

natural. The system is completely off whenever the engine is off. Otherwise there are three 

inactive and one active state. 
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Fig:state machine for activation 

 

 

We  can  now  combine  the  control  architecture,  the  state  machine  for  activation,  and  the  

event  table  for determining the set point into an entire system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: complete cruise control system 
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