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Software Engineering



Chapter – 8 Design Concepts



- Amit Vadera [Sunshine Group of Institutions]
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Topics of Design Concepts 1. Overview of Design Concepts 2. Design Concepts 3. The Design Model / Elements 1. 2. 3. 4. 5.



Data Design Elements Architectural Design Elements The Interface Design Elements Component-Level Design Elements Deployment-Level Design Elements



4. Questions - Amit Vadera [Sunshine Group of Institutions]
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1. Overview of Design Concepts •



•



•



Software design encompasses the set of principles, concepts, and practices, that lead to the development of a high-quality system or product. Design principles establish an overriding philosophy that guides you in the design work you must perform. It is the place where creativity rules, stockholder requirements, business needs, and technical considerations all come together in the formulation of a product or system.



- Amit Vadera [Sunshine Group of Institutions]
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1. Overview of Design Concepts • • • •



•



Design allows you to model the system or product that is to be built. This model can be assessed for quality and improved before code is generated, tests are conducted, and end users become involved in large numbers. Design is the place where software quality is established. Design depicts the software in a number of different ways. First, the architecture of the system or product must be represented. Then, the interfaces that connect the software to end users, to other systems and devices, and to its own constituent components are modeled. Finally, the software components that are used to construct the system are designed.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts •



As a software designer you must think about…. – – –



–



• •



Which more sophisticated design methods can be applied? What criteria can be used to partition software into individual components? How is function or data structure detail separated from a conceptual representation of the software? What uniform criteria define the technical quality of a software design?



Fundamental software design concepts provide the necessary framework for "getting it right.“ A brief overview of important software design concepts that span both traditional and objectoriented software development. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.1 Abstraction : when you consider a modular solution to any problem, many levels of abstraction can be posed. • At the highest level of abstraction, a solution is stated in broad terms using the language of the problem environment • At the lowest level of abstraction, the solution is stated in a manner that can be directly implemented. • As different levels of abstraction are developed, you work to create both procedural and data abstractions • A procedural abstraction refers to a sequence of instructions that have a specific and limited function. The name of a procedural abstraction implies these functions, but specific details are suppressed. • A data abstraction is a named collection of data that describes a data object. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.2 Architecture : architecture is the structure or organization of program components the manner in which these components interact, and the structure of data that are used by the components • Components can be generalized to represent major system elements and their interactions. • A set of architectural patterns enables a software engineer to solve common design problems. • A set of properties that should be specified as part of an architectural design :



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts Structural Properties : This aspect of the architectural design representation defines The components of a system (e.g. modules, objects, filters) and the manner in which those components are packaged and interact with one another Extra-functional Properties : The architectural design description should address how the design architecture achieves requirements for performance, capacity, reliability, security, adaptability, and other system characteristics Families of related systems : The architectural design should draw upon repeatable patterns that are commonly encountered in the design of families of similar systems. In essence, the design should have the ability to reuse architectural building blocks. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts •



•



• • •



Given the specification of these properties, the architectural design can be represented using one or more of a number of different structural models represent architecture as an organized collection of program components. Framework models increase the level of design abstraction by attempting to identify repeatable architectural design frameworks that are encountered in similar types of applications. Dynamic models address the behavioral aspects of the program architecture, indicating how the structure or system configuration may change as a function of external events. Process models focus on the design of the business or technical process that the system must accommodate. Functional models can be used to represent the functional hierarchy of a system - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.3 Patterns : A design pattern describes a design structure that solves a particular design problem within a specific context and amid "forces" that may have an impact on the manner in which the pattern is applied and used. • The intent of each design pattern is to provide a description that enables a designer to determine (1) whether the pattern is applicable to the current work, (2) whether the pattern can be reused (hence, saving design time), and (3) whether the pattern can reuse as a guide for developing a similar, but functionally or structurally different pattern. - Amit Vadera [Sunshine Group of Institutions]



10



5



2. Design Concepts 8.3.4 Separation of Concerns : separation of concerns is a design concept that suggests that any complex problem can be more easily handled if it is subdivided into pieces that can each be solved and/or optimized independently. • A concern is a feature or behavior that is specified as part of the requirements model for the software. By separating concerns into smaller, and therefore more manageable pieces, a problem takes less effort and time to solve. •



“Divide-and-Conquer Strategy” is easier to solve a complex problem when you break it into manageable pieces. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.5 Modularity : “Modularity is the single attribute of software that allows a program to be intellectually manageable” • The number of control paths, span of reference, number of variables, and over-all complexity would make understanding close to impossible. • In almost all instances, you should break the design into many modules, hoping to make understanding easier and, as a consequence, reduce the cost required to build the software.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts •



• •



The effort (cost) to develop an individual software module does decrease as the total number of modules increases. Given the same set of requirements, more modules means smaller individual size. However, as the number of modules grows, the effort (cost) associated with integrating the modules also grows. These characteristics lead to a total cost or effort curve shown in the figure.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.6 Information Hiding : Modules should be specified and designed so that information (algorithms and data) contained within a module is in-accessible to other modules that have no need for such information. • The use of information hiding as a design criterion for modular systems provides the greatest benefits when modifications are required during testing and later during software maintenance. • Because most data and procedural detail are hidden from other parts of the software.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.7 Functional Independence : Functional independence is achieved by developing modules. you should design software so that each module addresses a specific subset of requirements and has a simple interface when viewed from other parts of the program structure. • Independent modules are easier to maintain (and test) because secondary effects caused by design or code modification are limited, error propagation is reduced, and reusable modules are possible. • To summarize, functional independence is a key to good design, and design is the key to software quality.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts • •



•



Independence is assessed using two qualitative criteria: Cohesion and Coupling. Cohesion is an indication of the relative functional strength of a module. A cohesive module performs a single task, requiring little interaction with other components in other parts of a program. Coupling is an indication of the relative interdependence among modules. coupling depends on the interface complexity between modules, the point at which entry or reference is made to a module, and what data pass across the interface. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.8 Refinement : stepwise refinement is a top-down design strategy. Refinement is actually a process of elaboration. • You begin with a statement of function (or description of information) that is defined at a high level of abstraction. that is, the statement describes function or information conceptually but provides no information about the internal workings of the function or the internal structure of the information. • You then elaborate on the original statement, providing more and more detail as each successive refinement (elaboration) occurs.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.9 Aspects : It is important to identify aspects so that the design can properly accommodate them as refinement and modularization occur. • In an ideal context, an aspect is implemented as a separate module (component) rather than as software fragments that are “scattered” or "tangled" throughout many components. • To accomplish this, the design architecture should support a mechanism for defining an aspect, • A module that enables the concern to be implemented across all other concerns that it crosscuts.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.10 Re-factoring : Re-factoring is a reorganization technique that simplifies the design (or code) of a component without changing its function or behavior. • When software is re-factored, the existing design is examined for redundancy, unused design elements, inefficient or unnecessary algorithms, poorly constructed or inappropriate data structures, or any other design failure that can be corrected to yield a better design. 8.3.11 Object Oriented Design : The object-oriented (OO) paradigm is widely used in modern software engineering. • OO design concepts such as classes, objects, inheritance, messages, polymorphism etc.



- Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts 8.3.12 Design classes : The requirements model defines a set of analysis classes. Each describes some element of the problem domain, focusing on aspects of the problem that are user visible • Five different types of design classes, each representing a different layer of the design architecture, can be developed (1) User interface classes define all abstractions that are necessary for Human Computer Interaction (HCI). The design classes for the interface may be visual representations of the elements of the metaphor.
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2. Design Concepts (2) Business domain classes are often refinements of the analysis classes defined earlier (3) Process classes implement lower-level business abstractions required to fully manage the business domain classes (4) Persistent classes represent data stores (e.g., a database) that will persist beyond the execution of the software (5) System classes implement software management and control functions that enable the system to operate and communicate within its computing environment and with the outside world. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts • • •



•



Design classes present significantly more technical detail as a guide for implementation. Each design class be reviewed to ensure that it is "wellformed.“ it define four characteristics of a well-formed design class (1) Complete and sufficient : A design class should be the complete encapsulation of all attributes and methods that can reasonably be expected (based on a knowledgeable interpretation of the class name) to exist for the class. (2) Primitiveness : Methods associated with a design class should be focused on accomplishing one service for the class. once the service has been implemented with a method, the class should not provide another way to accomplish the same thing. - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts •



(3) High Cohesion : A cohesive design class has a small, focused set of responsibilities and single-mindedly applies attributes and methods to implement those responsibilities



•



(4) Low coupling : within the design model, it is necessary for design classes to collaborate with one another. However, collaboration should be kept to an acceptable minimum. In general, design classes within a subsystem should have only limited knowledge of other classes - Amit Vadera [Sunshine Group of Institutions]
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2. Design Concepts



- Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model • •



•



The design model can be viewed in two different dimensions as illustrated in Figure. The process dimension indicates the evolution of the design model as design tasks are executed as part of the software process. The abstraction dimension represents the level of detail as each element of the analysis model is transformed into a design equivalent and then refined iteratively.



- Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model



- Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model 8.4.1 Data Design Elements •



• • •



Data design (sometimes referred to as data architecting) creates a model of data and/or information that is represented at a high level of abstraction (the customer/user's view of data). This data model is then refined into progressively more implementation specific representations that can be processed by the computer based system. The structure of data has always been an important part of software design. At the program component level, the design of data structures and the associated algorithms required to manipulate them is essential to the creation of high-quality applications.



- Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model •



At the business level, the collection of information stored in disparate databases and reorganized into a "data warehouse" enables data mining or knowledge discovery that can have an impact on the success of the business itself. 8.4.2 Architectural Design Elements • The architectural design for software is the equivalent to the floor plan of a house The floor plan depicts the overall layout of the rooms ; their size, shape, and relationship to one another; and the doors and windows that allow movement into and out of the rooms. The floor plan gives us an overall view of the house. • Architectural design elements give us an overall view of the software. - Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model •



•



The architectural model is derived from three sources: (1) information about the application domain for the software to be built; (2) specific requirements model elements such as data flow diagrams or analysis classes, their relationships and collaborations for the problem at hand; and (3) the availability of architectural styles and patterns The architectural design element is usually depicted as a set of interconnected subsystems, often derived from analysis packages within the requirements model



- Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model 8.4.3 Interface Design Elements • The interface design for software is analogous to a set of detailed drawings (and specifications) for the doors, windows, and external utilities of a house. • These interface design elements allow the software to communicate externally and enable internal communication and collaboration among the components that populate the software architecture • There are three important elements of interface design: (1) the user interface (UI) (2) external interfaces to other systems, devices, networks, or other producers or consumers of information; and (3) internal interfaces between various design components. - Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model •



•



•



Usability design incorporates aesthetic elements (e.g., layout, color, graphics, and interaction mechanisms). In general, the UI is a unique subsystem within the overall application architecture. The design of external interfaces requires definitive information about the entity to which information is sent or received. The design of external interfaces should incorporate error checking and (when necessary) appropriate security features. An interface is a set of operations that describes some part of the behavior of a class and provides access to these operations - Amit Vadera [Sunshine Group of Institutions]
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3. THE Design Model 8.4.4 Component-Level Design Elements • The component-level deign for software is the equivalent to a set of detailed drawings (and specifications for) each room in a house. • These drawings depict wiring and plumbing within each room, the location of electrical receptacles and wall switches, faucets, sinks, showers, tubs, drains, cabinets, and closets. • The component-level design for software fully describes the internal detail of each software component • Detailed procedural flow for a component can be represented using either pseudo code or some other diagrammatic form e.g., flowchart or box diagram. Algorithmic structure follows the rules established for structured programming. - Amit Vadera [Sunshine Group of Institutions]



32



16



3. THE Design Model 8.4.5 Deployment-Level Design Elements • Deployment-level design elements indicate how software functionality and sub systems will be allocated within the physical computing environment that will support the software. • The deployment diagram shows the computing environment but does not explicitly indicate configuration details. • For example, the "personal computer" is not further identified' It could be a Mac or a windows-based PC, a sun workstation, or a Linux-box'. These details are provided when the deployment diagram is revisited in instance form during the latter stages of design or as construction begins. Each instance of the deployment (a specific, named hardware configuration) is identified. - Amit Vadera [Sunshine Group of Institutions]
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3. Questions 1 Explain Design Concepts in detail OR Write a note on Modularity 2 Write a note on Design Classes 3 Discuss design model in detail OR Write various elements of design model



- Amit Vadera [Sunshine Group of Institutions]
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