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I. LECTURE INTRODUCTION & OBJECTIVES  

Opening Hook: "Think of building a city versus building a house. A city needs a master 
plan—where to place residential zones, commercial districts, transportation networks, 
and utilities. Software architecture is that master plan for a software system. It's the 
single most important design activity because it dictates everything from performance 
to security to your ability to change the system over the next decade." 

Objectives: By the end of this lecture, you will be able to: 

1.​ Define software architecture and articulate its critical importance. 
2.​ Distinguish between architectural genres and styles. 
3.​ Describe key architectural styles and patterns. 
4.​ Explain the initial steps of architectural design: system context and archetype 

identification. 

 

II. PART 1: THE ESSENCE OF SOFTWARE ARCHITECTURE  

9.1 Software Architecture 

9.1.1 What Is Architecture? 

●​ Definition: "The fundamental organization of a system embodied in its 
components, their relationships to each other and to the environment, and the 
principles guiding its design and evolution." (IEEE 1471) 

●​ In simpler terms: It's the high-level structure of the software—the big boxes and 
how they connect and communicate. 



●​ Analogy: The blueprint of a building shows rooms (components), doors/hallways 
(relationships), and building codes (principles). Architecture does the same for 
software. 

9.1.2 Why Is Architecture Important? 

●​ The Foundational Impact: Architecture is the earliest set of design decisions and 
the hardest to change later. It influences: 

1.​ Communication among Stakeholders: Serves as a technical blueprint 
everyone can discuss. 

2.​ System Analysis: Allows you to reason about quality attributes early (e.g., 
"Will this structure support 1 million users?"). 

3.​ Large-Scale Reuse: The architecture itself can be reused across similar 
systems. 

4.​ Evolution & Maintenance: A good architecture localizes changes, making 
the system resilient to change. 

●​ Bottom Line: The architecture enables or hinders every quality goal of the system 
(performance, security, modifiability, reliability). 

9.1.3 Architectural Descriptions 

●​ A single diagram is not enough. A proper architectural description is a collection 
of views, each addressing specific stakeholder concerns. 

●​ Example Views (4+1 View Model - Kruchten): 
○​ Logical View: Key abstractions (classes, packages). For 

end-users/analysts. 
○​ Process View: Concurrency, run-time behavior. For integrators. 
○​ Development View: Module organization, build management. For 

developers. 
○​ Physical View: Deployment to hardware. For system engineers. 
○​ Scenarios (+1): Use cases that tie the views together. 

9.1.4 Architectural Decisions 

●​ Architecture is a set of conscious, strategic decisions. You must document: 
○​ What was decided? 
○​ Why (the rationale)? 
○​ What alternatives were considered and rejected? 

●​ This creates an architectural knowledge base critical for future maintainers. 



 

III. PART 2: ARCHITECTURAL GENRES & STYLES  

9.2 Architectural Genres 

●​ Broad categories of software systems that suggest certain architectural forms. 
●​ Examples: 

○​ Information Systems (Databases, transaction processing) 
○​ Real-Time & Embedded Systems (React to physical events, timing 

constraints) 
○​ Distributed Systems (Components across networks) 
○​ Web-based Systems & Apps 
○​ Artificial Intelligence Systems 

●​ Importance: The genre often points you toward suitable architectural styles. 

9.3 Architectural Styles 

9.3.1 A Brief Taxonomy of Architectural Styles 

●​ An architectural style is a named, coordinated set of architectural constraints. It's 
a pattern for overall system structure. 

●​ Major Categories: 
1.​ Data-Centered Architectures: 

■​ Idea: A central data store (repository) is the core, accessed by 
independent components. 

■​ Example: Repository Architecture (e.g., a shared database 
accessed by various apps), Blackboard (for AI systems like speech 
recognition). 

■​ Pro: Data is consistent, integration is easy. 
■​ Con: Single point of failure, bottlenecks. 

2.​ Data-Flow Architectures: 
■​ Idea: System is structured as a series of transformations on data 

streams. 
■​ Example: Pipe-and-Filter (e.g., Unix command line: ls | grep .txt 

| wc -l). 



■​ Pro: Good for batch processing, easy to understand. 
■​ Con: Not interactive, often inefficient. 

3.​ Call-and-Return Architectures: 
■​ Idea: Hierarchical control structure. 
■​ Examples: Main Program & Subroutine (structured programming), 

Layered Architecture (e.g., OSI network model, 3-tier: Presentation, 
Business Logic, Data). Client-Server is a classic 2-layer example. 

■​ Pro: Separation of concerns, reusable layers. 
■​ Con: Performance can suffer as calls go up/down layers. 

4.​ Object-Oriented Architectures: 
■​ Idea: System decomposed into interacting objects that encapsulate 

data and behavior. 
■​ Pro: Modularity, information hiding. 
■​ Con: Complex interactions can be hard to trace. 

5.​ Event-Driven Architectures: 
■​ Idea: Components communicate via event announcements. 

Components subscribe to events of interest. 
■​ Example: Publish-Subscribe, Implicit Invocation. 
■​ Pro: Highly decoupled, easily extensible. 
■​ Con: Control flow is hard to understand, debugging is challenging. 

Diagram on Board: Compare Layered vs. Client-Server vs. Pipe-and-Filter. 

9.3.2 Architectural Patterns 

●​ A refinement of an architectural style, applied to a specific problem domain. 
●​ Style: General idea (e.g., Layered). 
●​ Pattern: Specific application of that idea (e.g., Model-View-Controller (MVC) is a 

layered pattern for UI applications). 
●​ Other Examples: Microkernel pattern (for OS), Broker pattern (for distributed 

systems like CORBA). 

9.3.3 Organization and Refinement 

●​ Architecture is iteratively refined. Start with a high-level style (e.g., Layered), then 
apply patterns within layers (e.g., MVC in the presentation layer), then define 
subsystems. 

 



IV. PART 3: INITIATING ARCHITECTURAL DESIGN 

9.4 Architectural Design 

9.4.1 Representing the System in Context 

●​ Step 1: Understand the system's external environment. What external entities 
(people, systems, devices) does it interact with? 

●​ Tool: Architectural Context Diagram (ACD) or a Level 0 DFD. 
○​ The system is a single box in the center. 
○​ Surrounding boxes are external entities (actors, other systems). 
○​ Arrows show data/control flows between them. 

●​ Purpose: Defines the boundary and external interfaces of the system. 

9.4.2 Defining Archetypes 

●​ Archetypes: The most abstract, fundamental abstractions that are critical to the 
system's architecture. They represent the stable core conceptual elements. 

●​ How to find them: Look at the analysis class model. Which classes are central, 
pervasive, and structurally essential? 

●​ Examples: 
○​ For a Game Engine: GameObject, Renderer, PhysicsEngine, Asset. 
○​ For an E-commerce System: Customer, Product, Order, Inventory, 

ShoppingCart. 
●​ Purpose: Archetypes form the architectural foundation. They often become major 

subsystems or frameworks within the architecture. 

 

V. CONCLUSION & KEY TAKEAWAYS  

1.​ Software Architecture is the fundamental structure of a system, its most critical 
design element, impacting all quality attributes. 

2.​ It must be described through multiple views to address different stakeholder 
concerns. 



3.​ Architectural Styles (Data-Centered, Data-Flow, Call-and-Return, Event-Driven) 
provide proven high-level templates. Patterns (like MVC) refine them for specific 
domains. 

4.​ Architectural design begins by defining the system context (interfaces with the 
outside world) and identifying archetypes (the core conceptual building blocks). 

Final Thought: "Architecture is not about making things work; that's construction. 
Architecture is about deciding what will be easy and what will be hard for the life of the 
system. A good architect makes the right things easy and the wrong things hard." 

 

Suggested Reading: 

●​ Software Architecture in Practice by Bass, Clements, Kazman – The definitive 
textbook. 

●​ Pattern-Oriented Software Architecture (POSA) Vol. 1 by Buschmann et al. – A 
catalog of architectural patterns. 
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