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1 Introduction  

1.1 Definitions  
- Software architecture: The decomposition of software systems into modules 

o Primary criteria: extendibility and reusability 

- Software engineering: The application of engineering principles and techniques, based on 

mathematics, to the development and operation of possibly large software systems satisfying 

defined standards of quality. 

1.1.1 Software quality factors  

- Product 

o Immediate 

Á Correctness 

Á Robustness 

Á Security 

Á Ease of use 

Á Ease of learning 

Á Efficiency 

o Long-term 

Á Extendibility 

Á Reusability 

Á Portability 

- Process 

o Timeliness 

o Cost-effectiveness 

1.1.2 Task groups of software engineering  

- Describe 

o Requirements, design specification, documentation 

- Implement 

o Design, programming 

- Assess 

o Verification and validation, especially testing 

Á Validation: Ensure that the functionality built works properly (often internal 

process) 

Á Verification: Ensure that the right functionality is being build (often done with 

the customer) 

- Manage 

o Plans, schedules, communication, reviews 

- Operate 

o Deployment, installation  

Specification Error Hostility 

Correctness Robustness Security 
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2 The software life cycle 

2.1 The waterfall model  
- Arguments for the waterfall 

o The activities are necessary 

o The order is the right one 

- Problems 

o Late appearance of actual code 

o Lack of support for requirements change 

o Lack of support for maintenance activities 

o Highly synchronous model  

2.2 The spiral model  
- Apply a waterfall-like approach to successive prototypes. 

 
- tǊƻōƭŜƳǎ ƛƴŎƭǳŘŜ άǇƭŀƴ ǘƻ ǘƘǊƻǿ ƻƴŜ ŀǿŀȅέΣ ǿƘƛŎƘ ƛǎ ōŀŘ ŀŘǾƛŎŜΦ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǘƘŜ Ǌƛǎƪ ƻŦ ǎƘƛp-

ping the prototype. 

2.3 Seamless, incremental development  
- Seamless development 

o Single set of notation, tools, concepts and principles 

o Continuous, incremental development 

o Keep model, documentation and implementation consistent 

- Reversibility: It is possible to go back and forth. 

- Generalization: prepare for reuse 

o Remove built-in limits 

o Remove dependencies 

o Improve documentation, contracts, .. 
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o Few companies have the guts to provide budget for this 

2.3.1 The cluster model  

- The seamless development can be applied to multiple clusters. 

Two extremes variants of this are shown in the image.  
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3 Requirements  

3.1 Definitions  
- Requirements engineering is the process of defining the service that a customer requires from a 

system and the constraints under which it operates. 

- A requirement is a statement of desired behavior for a system or a constraint on a system. 

- The requirements for a system are the collection of all such individual requirements. 

3.2 Overview  
- The costs to correct a defect grow exponentially with the time spent on the project. Correcting a 

bug in the requirements phase is relatively cheap; during the development testing it is still ac-

ceptable while defects found during operation are extremely expensive. 

3.2.1 Goals of performing requirements  

- Understand the problem 

- Decide what the system should do and what it should not do 

- Provide a basis for development and validation/verification, especially testing 

- Identify stakeholders 

- Requirements determine test plan 

- Quality goals for requirements 

o Justified

o Correct 

o Complete 

o Consistent 

o Unambiguous 

o Feasible 

o Abstract 

o Traceable 

o Delimited 

o Interfaced 

o Readable 

o Modifiable 

o Verifiable 

o Prioritized 

o Endorsed 

3.2.2 Difficulties of requirements  

- Natural language and its imprecision 

- Formal techniques and their abstraction 

- Users and their vagueness 

- Customers and their demands 

- Committing too early to an implementation: over-specification 

- Missing parts of the problem: under-specification 

3.2.3 Two parts of requirements  

- Machine specification and domain properties => requirements 

o Machine specification: Desired properties of the machine 

o Domain properties: Outside constraints 

o Requirements: Desired system behavior 
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3.2.4 Standards and methods  

- IEEE Recommended Practice for Software Requirements Specification, IEEE 830-1998 

3.2.5 Requirements under agile methods  

- Requirements are taken into account as defined at the particular time considered. 

- Requirements are largely embedded in test cases 

- Benefits 

o Test plan will be directly available 

o Customer involvement 

- Risks 

o Change may be difficult 

o Structure may not be right 

o Test only cover the foreseen cases 

3.3 Requirements elicitation  
- Before elicitation: at a minimum 

o Overall project description 

o Draft glossary 

- Overall scheme 

o Identify stakeholders 

o Gather wish list of each category 

o Document and refine wish list 

o Integrate, reconcile and verify list 

o Define priorities 

o Add any missing elements and non-functional requirements 

- After elicitation 

o Examine requirements from the viewpoint of requirements quality factors, especially 

consistency and completeness 

o Finalize scope of project 

3.4 Use cases and scenarios 
- A use case describes how to achieve a single business goal or task through the interactions be-

tween external actors and the system 

o Actors are the interacting parties outside of the system, e.g. user classes, other systems 

o Scenario is an instance of a use case representing a single path through the use case 

- A good use case must 

o Single business task goal 

o Describe alternatives, failures and exceptional behavior 

o Treat system as a black box 

o Not implementation specific 

o Captures who (actor) does what (interaction) why (goal) 

- Discussion 
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o Use cases are a tool for requirement elicitation but insufficient to define requirements 

Á Not abstract enough 

Á Too specific 

Á Do not support evolution 
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4 Modularity and abstract data types  

4.1 Modularity  
- General goal: Ensure that software systems are structured into units (modules) chosen to favor: 

o Extendibility 

o Reusability 

o Maintainability 

- Principles 

o Decomposability 

Á The method helps decompose complex problems into subproblems 

o Composabilty 

Á The method favors the production of software elements that may be freely 

combined with each other to produce new software 

Á Few interfaces principle: Every module communicates with as few others as 

possible 

Á Small interface principle: If two modules communicate, they exchange as little 

information as possible 

Á Explicit interface principle: Whenever two modules communicate, this is clear 

from the text of one or both of them 

o Continuity 

Á The method ensures that small changes in the specification yield small changes 

in the architecture. 

o Information hiding 

Á ¢ƘŜ ŘŜǎƛƎƴŜǊ ƻŦ ŜǾŜǊȅ ƳƻŘǳƭŜ Ƴǳǎǘ ǎŜƭŜŎǘ ŀ ǎǳōǎŜǘ ƻŦ ǘƘŜ ƳƻŘǳƭŜΩǎ ǇǊƻǇŜǊǘƛŜǎ ŀǎ 

official information about the module, to be made available of client modules 

Á This is justified due to continuity and decomposability 

o Uniform access principle 

Á It does not matter to the client whether you look up or compute a value 

o The open-closed principle 

Á Modules should be both open and closed. 

Á Open module: may be extended 

Á Closed module: usable by clients. May be approved, baselined and compiled 

o The single choice principle 

Á Whenever a software system must support a set of alternatives, one and only 

one module in the system should know their exhaustive list 

4.2 Abstract data types  
- A formal way of describing data structures with the following benefits 

o Modular, precise description of a wide range of problems 

o Enables proofs 

o Basis for object technology 

o Basis for object-oriented requirements 
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4.2.1 Overview  

An abstract data type specification consists of four parts 

- Types 

o An abstract data type is a set of objects, e.g. ὛὝὃὅὑὋ, possible using genericity. 

- Functions 

o List of functions as signatures that are available for the types, e.g. 

Á ὴόὸȡὛὝὃὅὑὋ ὋᴼὛὝὃὅὑὋ 

Á ὲὩύ: STACK[G] 

o Function in the mathematical sense, absolutely no side-effects 

o Function categories of an ADT specification for type Ὕ 

Á Creator function: functions where Ὕ only appear on the right-hand side of the 

(possibly omitted) arrow, e.g. ὲὩύ 

Á Query function: functions where Ὕ only appear on the left-hand side of the ar-

row, e.g. Ὡάὴὸώ 

Á Command function: functions where Ὕ appears on both sides of the arrow, e.g. 

ὴόὸ 

- Axioms 

o ADTs are free of implementation details, therefore implicit definitions are used to speci-

fy functional behavior, e.g. 

Á ὭὸὩάὴόὸίȟὼ ὼ 

- Preconditions 

o Some functions are not always applicable, i.e. they are partial functions. This is ex-

pressed using preconditions, e.g. 

Á ὭὸὩάίȡὛὝὃὅὑὋ  ÒÅÑÕÉÒÅÓ ÎÏÔ Ὡάὴὸώί 

o {ǳŎƘ ǇŀǊǘƛŀƭ ŦǳƴŎǘƛƻƴǎ ŀǊŜ ŘŜŦƛƴŜŘ όǎŜŜ άCǳƴŎǘƛƻƴǎέ ŀōƻǾŜύ ǳǎƛƴƎ ŀ ǎǇŜŎƛŀƭ ŀǊǊƻǿΥ  ɑ

4.2.2 Sufficient completeness  

- Correct ADT expression 

o Let Ὢὼȟὼȟȣȟὼ  be a well-formed expression involving one or more function on a 

certain ADT. This expression is correct if and only if all the ὼ are (recursively) correct, 

and their values satisfy the precondition of Ὢ. 

- Sufficient completeness 

o An ADT specification for a type Ὕ is sufficiently complete if and only if the axioms of the 

theory make it possible to solve the following two problems for any well-formed expres-

sion Ὡ: 

Á Determine whether Ὡ is correct 

Á If Ὡ is a query expression and has been shown to be correct, express the value of 

Ὡ under a form not involving any value of type Ὕ. 

- ADT consistency 

o An ADT specification is consistent if and only if, for any well-formed query expression Ὡ, 

the axioms make it possible to infer at most one value for Ὡ.  
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5 Designing for reuse  (a.k.a. random things)  
- A component is a program element such that 

o It may be used by other program elements 

o Its authors need not know about the clients 

o /ƭƛŜƴǘǎΩ ŀǳǘƘƻǊǎ ƴŜŜŘ ƻƴƭȅ ƪƴƻǿ ǿƘŀǘ ǘƘŜ ŎƻƳǇƻƴŜƴǘΩǎ ŀǳǘƘƻǊ ǘŜƭƭǎ ǘƘŜƳ 

- Why reuse? 

o Consumer view 

Á Faster time to market 

Á Guaranteed quality 

Á Ease of maintenance 

o Producer view 

Á Standardization of software practices 

Á Preservation of know-how 

- Levels of reusability 

o 0 - Usable in some program 

o 1 - Usable by program written by the same author 

o 2 - Usable within a group/company 

o 3 - Usable within a community 

o 4 - Usable by anyone 

- Remainder of feature classifications 

 
- Referential transparency 

o If two expression have equal value, one may be substituted for the other in any context 

where that other is valid. 

Á If ὥ ὦ, then Ὢὥ Ὢὦ, i.e. this prohibits functions with side effects. 

- How big should a class be? 
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o The first question is how to measure class size. Candidates are: source lines, number of 

features. For features we have:  

Á With respect to information hiding 

¶ Internal size: includes non-exported features 

¶ External size: only exported features 

Á With respect to inheritance 

¶ Immediate size: includes new (immediate) features only 

¶ Flat size: includes immediate and inherited features 

¶ Incremental size: includes immediate and redeclared features 

 
o Shopping list approach: if a feature may be useful, it probably is. No need to limit classes 

ǘƻ άŀǘƻƳƛŎέ ŦŜŀǘǳǊŜǎΦ 

- Language and library 

o The language should be small 

o The library should provide as many useful facilities as possible 

- Arguments are of one of the following two types: 

o Operands: values on which the feature will operate 

o Options: modes that govern how the feature will operate 

Á Criteria to recognize options: 

¶ There is a reasonable default value 

¶ During the evolution of a class, operands will normally remain the same, 

but options may be added 

o Option-operand principle 

Á Only operands should appear as arguments of a feature 
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Á Option values have defaults and can be set to specific values using setter proce-

dures. 

- Naming 

o Use meaningful variable names 

o Achieve consistency by systematically using a set of standardized names 

o Emphasis commonality over differences. Differences will be captures by 

Á Signatures (number and types of arguments) 

Á Assertions 

Á Comments 

o Grammatical rules 

Á Procedures (commands): verbs in infinite form, e.g. make, put, display 

Á Boolean queries: adjectives, e.g. is_full, is_first 

Á Other queries: nouns and adjectives, e.g. count, error_window 
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6 Design patterns  

6.1 Introduction  
- A pattern is a three-part rule, which expresses a relation between a certain context, a problem 

and a solution. 

- Benefits of design patterns 

o Capture the knowledge of experienced developers 

o Newcomers can learn and apply patterns 

o Yield better software structure 

- A design pattern is an architectural scheme ς a certain organization of classes and features ς 

that provides applications with a standardized solution to a common problem. 

o Design pattern are not reusable in general: Each pattern describes a problem that oc-

curs over and over again, and then describes the core of the solution to this problem in 

such a way that you can use this solution a million times over, without ever doing it the 

same way twice. 

6.2 Pattern categorization  
- Creational patterns 

o Hide the creation process of objects 

o Hide the concrete type of these objects 

o Allow dynamic and static configuration of the system 

- Structural patterns 

- Behavioral patterns 

6.3 Patterns  

6.3.1 Observer pattern  

- Intent: 

o Define a one-to-many dependency between objects so that when one object changes 

state, all its dependents are notified and updated automatically. 

 
- Publisher keeps a secret list of observers 

- Subscribers implement a routine update that will be called on all subscribers if an event is pub-

lished. 

- Participants 
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o Publisher 

Á Knows its subscribers 

Á Provides an interface for attaching and detaching subscribers 

o Subscriber 

Á Defines an updating interface for objects 

o Concrete publisher 

Á Stores state of interest and sends notifications to all subscribers when its state 

changes 

o Concrete subscriber 

Á Maintains a reference to a publisher object 

Á Stores ǎǘŀǘŜ ǘƘŀǘ ǎƘƻǳƭŘ ǎǘŀȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǇǳōƭƛǎƘŜǊΩǎ 

- Problems with this (simple approach) 

o Subscribers may only subscribe one operation to at most one publisher (!) 

o Event arguments are tricky to handle 

o Subscriber knows publisher 

o Not reusable 

6.3.2 Event library  

- Intent 

o Improved version of the observer pattern 

- Each event type will be an object (e.g. left click) 

- Context is an object, usually representing a user interface element (e.g. button) 

- Action is an agent representing a routine 

- One basic class EVENT_TYPE 

o publish to publish events 

Á click.publish ([x,y]) 

o subscribe to subscribe to events 

Á click.subscribe (agent find_station) 

6.3.3 Model -view -controller  
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6.3.4 Command pattern (undo/redo)  

- Intent 

o Way to implement an undo-redo mechanism, e.g. in text editors 

- A history is kept as a list of COMMANDs 

o A command object includes information about one execution of a command by the user, 

sufficient to execute the command, and cancel it later 

 
- It is also possible to use pairs of PROCEDUREs to implement the history. This reduces the 

amount of (possibly small) classes 

- Consequences 

o Decouple the object that invokes the operation from the one that knows how to per-

form it 

o Commands are first-class objects that can be manipulated and extended like any other 

object 

o Possible to assemble commands into composite commands 

o Easy to add new commands, no existing classes have to be changed 












































































