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I. LECTURE INTRODUCTION & OBJECTIVES  

Opening Hook: "We've seen linear and evolutionary models. But what about modern 
systems where development activities happen simultaneously? Or systems built from 
pre-existing Lego blocks? Or those where correctness is a matter of life and death? 
Today, we explore specialized, unified, and disciplined process models that address 
these 21st-century challenges." 

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

1.​ Explain the concurrent modeling approach and its relevance to modern iterative 
development. 

2.​ Describe specialized models: Component-Based, Formal Methods, and 
Aspect-Oriented Development. 

3.​ Outline the phases of the industry-standard Unified Process. 
4.​ Understand the value of personal (PSP) and team (TSP) process discipline. 
5.​ Discuss the relationship between product quality and process quality. 

 

II. PART 1: CONCLUDING EVOLUTIONARY & CONCURRENT 

MODELS  

2.3.4 Concurrent Models 

●​ The Problem: Traditional linear models don't reflect the parallelism of real-world 
development activities. 

●​ Core Idea: Represent the state of each software engineering activity as it moves 
through its lifecycle. 



●​ The State Transition Approach: 
○​ An activity (e.g., Modeling) can be in one of several states: Under 

development, Awaiting changes, Under revision, Baselined (approved), 
Done. 

○​ All activities (Communication, Modeling, Construction, etc.) exist 
concurrently but in different states. 

○​ Example: While the Design for component A is Baselined and moving to 
Construction, the Design for component B might still be Under 
development. 

●​ Visual: A state diagram or a "swimlane" chart with parallel tracks for each activity. 
●​ Why it matters: It accurately models modern Agile/Iterative development, where 

analysis, design, and coding for different features happen simultaneously. It 
helps manage change and dependencies. 

2.3.5 A Final Word on Evolutionary Processes 

●​ Key Takeaway: Evolutionary models (Prototyping, Spiral, Concurrent) 
fundamentally accept and manage uncertainty. 

●​ They are iterative, feedback-driven, and designed for learning. 
●​ Trade-off: They are less predictable in cost and schedule than linear models but 

produce software that better meets real user needs in volatile environments. 
●​ This philosophy is the direct precursor to Agile methodologies. 

 

III. PART 2: SPECIALIZED PROCESS MODELS  

For projects with unique characteristics. 

2.4.1 Component-Based Development (CBD) 

●​ Philosophy: "Why build from scratch when you can assemble from pre-built, 
reusable components?" 

●​ The Process: 
1.​ Component Qualification: Find existing components (Commercial 

Off-The-Shelf - COTS or in-house repositories). Do they fit requirements? 



2.​ Component Adaptation: Modify or "wrap" components to work together. 
3.​ Architectural Design: Design the system around the components (not the 

other way around). 
4.​ Component Composition & Testing: Integrate components and test the 

assembly. 
●​ Analogy: Building a high-end PC: Select GPU, CPU, Motherboard (Qualification), 

ensure compatibility (Adaptation), assemble (Composition). 
●​ Benefits: Faster development, reduced cost, higher reliability (if using proven 

components). 
●​ Challenges: Loss of design control, ongoing vendor dependency, integration 

complexities, potential licensing costs. 

2.4.2 The Formal Methods Model 

●​ The "Mathematically Rigorous" Model. 
●​ Core Idea: Use formal mathematical specification languages (like Z, VDM) to 

describe, model, and verify system requirements and design before coding. 
●​ Process: Formal Specification → Mathematical Proofs of Correctness → 

Transformation/Generation of Code. 
●​ When to use? 

○​ Safety-critical systems (aircraft control, railway signaling, nuclear reactor 
software). 

○​ Security-critical systems (cryptographic protocols). 
●​ Advantages: Unambiguous specification, can prove the absence of certain defect 

classes. 
●​ Disadvantages: Extremely high cost, steep learning curve, difficult for 

stakeholders to understand. Often considered "overkill" for most business 
applications. 

2.4.3 Aspect-Oriented Software Development (AOSD) 

●​ The Problem of "Cross-Cutting Concerns": Certain features (like logging, security, 
error handling) are not core to a single module but must be scattered across 
many modules. This tangles the code. 

●​ Core Idea: Separate these cross-cutting concerns (aspects) from the core 
business logic. 

●​ The Process: 



1.​ Identify core concerns and aspectual concerns. 
2.​ Design and code them independently. 
3.​ Use an Aspect Weaver (special compiler) to merge them into the final 

system at specified join points. 
●​ Analogy: In a movie, the main story is the core concern. Special effects, music, 

and color grading are "aspects" added in post-production. 
●​ Benefit: Cleaner, more maintainable architecture. Changing a policy (e.g., 

authentication) means modifying one aspect, not dozens of modules. 

 

IV. PART 3: THE UNIFIED PROCESS (UP) - AN INDUSTRY 

FRAMEWORK  

2.5.1 A Brief History 

●​ Evolved from the Rational Unified Process (RUP), incorporating best practices 
from object-oriented analysis/design. 

●​ A heavyweight, customizable process framework, not a single model. 
●​ Key Characteristics: Use-Case Driven, Architecture-Centric, Iterative & 

Incremental. 

2.5.2 Phases of the Unified Process (The Macro View - Time) 

Each phase contains one or more iterations (the micro view). 

1.​ Inception Phase (The "Feasibility" Phase): 
○​ Establish business case, scope, and core vision. 
○​ Key deliverable: Vision Document. Answer: "Should we build this?" 

2.​ Elaboration Phase (The "Architecture" Phase): 
○​ Refine requirements, analyze the problem domain in detail. 
○​ Establish the architectural baseline (the core, high-risk structure). 
○​ Create a working executable prototype of the architecture. 

3.​ Construction Phase (The "Build" Phase): 
○​ Bulk of the coding. Build the remaining components and features. 
○​ Evolve the prototype from Elaboration into the first beta release. 



4.​ Transition Phase (The "Deployment" Phase): 
○​ Beta testing, user training, performance tuning. 
○​ Move the product from development to the user community (deployment). 

5.​ Production Phase (The "Live" Phase): 
○​ The software is in live use. Ongoing support, maintenance, and minor 

updates. 

 

V. PART 4: PERSONAL & TEAM DISCIPLINE  

2.6.1 Personal Software Process (PSP) 

●​ Developed by Watts Humphrey at SEI. 
●​ Goal: Make individual engineers more effective and predictable by applying 

personal measurement and discipline. 
●​ Core Practices: Individuals plan their work, track time/defects, and use this data 

to improve their personal estimation and quality. 
●​ Benefit: Creates "engineers" who deliver on commitments with high-quality work. 

It's the foundation for team success. 

2.6.2 Team Software Process (TSP) 

●​ The natural extension of PSP to a team setting. 
●​ Goal: Build self-directed, high-performance teams. 
●​ Process: Provides a framework for teams to plan, track, and manage their 

projects using disciplined data from each member's PSP. 
●​ Result: Teams that are more productive, produce higher quality software, and 

have better project visibility. 

Bottom Line: PSP/TSP are about instilling an engineering culture of measurement and 
responsibility at the individual and team levels. 

2.7 Process Technology 

●​ Tools that support the process. 



●​ Computer-Aided Software Engineering (CASE) Tools: 
○​ Upper-CASE: Support early activities (analysis, design modeling). 
○​ Lower-CASE: Support later activities (coding, debugging, testing). 
○​ Integrated-CASE (I-CASE): A full environment from analysis to code 

generation. 
●​ Modern Ecosystem: Integrated Development Environments (IDEs), DevOps 

pipelines, project management tools (Jira), and model-driven engineering (MDE) 
tools. 

 

VI. PART 5: THE FUNDAMENTAL RELATIONSHIP  

2.8 Product and Process 

●​ The Central Thesis of Software Engineering: The quality of the product (the 
software) is directly determined by the quality of the process used to build it. 

●​ A chaotic process → An unpredictable, buggy, late product. 
●​ A mature, disciplined process → A predictable, high-quality, maintainable product 

(even if the initial schedule is longer). 
●​ It's not an either/or. You can't ignore process and just "focus on coding." The 

process is the enabler of efficient, high-quality coding. 
●​ Choose Wisely: The process must be appropriate to the product, team, and 

business context. No single model fits all. 

 

VII. CONCLUSION & KEY TAKEAWAYS  

1.​ Concurrent Models realistically depict the parallel nature of modern 
development. 

2.​ Specialized Models (CBD, Formal Methods, AOSD) solve specific problems like 
reuse, safety, and tangled code. 

3.​ The Unified Process is a robust, iterative framework structuring work into 
Inception, Elaboration, Construction, and Transition. 



4.​ PSP/TSP focus on the human element, instilling personal and team discipline 
through measurement. 

5.​ Process Technology (tools) automates and supports the chosen model. 
6.​ Product Quality is a direct function of Process Quality. The right process is a 

strategic asset. 

Final Thought: "You now have a toolbox of process models. The mark of a skilled 
software engineer is not knowing one, but knowing which one to apply, when, and how to 
adapt it to the challenge at hand." 
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