ПЕРЕДМОВА
          Практикум розроблено з метою використання на практичних заняттях з англійської мови професійного спрямування студентами комп’ютерних спеціальностей, зокрема, інженерії програмного забезпечення, а також для самостійної роботи студентів. Впродовж останніх років зроблено значний прогрес в питаннях розробки та вдосконалення комп’ютерного програмного забезпечення, частка якого в сучасних комп’ютерних системах неухильно збільшується. На сьогоднішній день про інженерію програмного забезпечення можна говорити як про окрему вагому підгалузь комп’ютерної науки, яка сама складається з низки більш спеціалізованих питань, таких як конструювання програмного забезпечення, моделювання програмного забезпечення, архітектура програмного забезпечення, проектування програмного забезпечення та інші, що знайшло своє відображення в цьому практикумі.
Практикум містить автентичні тексти фахової тематики, які супроводжуються англо-українськими словниками для введення професійної лексики та комплексом передтекстових і післятекстових вправ різного спрямування (лексичних, лексико-граматичних, комунікативних), націлених на закріплення та контроль засвоєння студентами навчального матеріалу, що сприятиме їх майбутній професійній, інженерній і науковій діяльності в умовах сучасного глобалізованого світу. 

Практикум завершується розділом  “Supplementary Reading”, який містить додаткові оригінальні тексти з нотатками, що пояснюють важкі для розуміння та перекладу словосполучення, призначені для самостійного опрацювання під час позааудиторної роботи.  
UNIT 1. SOFTWARE CONSTRUCTION
Exercise 1. Study the basic vocabulary.
a) terms
software – програмне забезпечення (ПЗ)
software construction – конструювання ПЗ
software engineering – інженерія ПЗ
software design – проектування ПЗ 
software life cycle – життєвий цикл ПЗ
software system – система ПЗ, програмний комплекс
software project – проект ПЗ

hardware – апаратне, технічне забезпечення або оснащення (на відміну від програмного); елементи комп'ютерів; сл."залізо" 

coding -  програмування, кодування 
verification – верифікація
verify – контролювати, перевіряти

unit testing – тестування компонентів системи
integration testing – тестування взаємодії компонентів системи

debugging – налагодження
routine – підпрограма

variable – змінна
formatting - подання (інформації) у форматі
named constant – іменована константа

control structure – керівна конструкція 

statement – оператор (мови програмування)
low(high)-level design – низько(високо)рівневий проект
source file – вихідний файл
software configuration – конфігурація програмних засобів

configuration item – елемент конфігурації

content – зміст, інформаційне наповнення

test case – набір тестових даних, контрольний приклад (документально оформлений посібник, який визначає, як має або може бути протестована функція або комбінація функцій)
b) nouns  

creation – створення

combination – поєднання

activity – дія, операція, процес, робота, захід
activities - діяльність
boundary – межа

integration – інтеграція, поєднання

groundwork – основа, база, фундамент

management – управління, керування

c) verbs
refer (to) – 1) стосуватися 2) називати
involve – включати в себе, передбачати
link – з’єднувати, зв’язувати, сполучати

provide – забезпечувати, надавати
vary – міняти(ся), змінювати(ся), відрізнятися

depend (on) – залежати (від)
integrate – об’єднувати, інтегрувати

lay (p., pp. laid) – класти
proceed – 1) відбуватися 2) продовжувати(ся)
determine – визначати

create – створювати

select – вибирати, добирати; комплектувати
organize – організовувати, створювати, впорядковувати

review – перевіряти; оглядати; рецензувати

polish – шліфувати; детально опрацьовувати; вдосконалювати
tune – регулювати, налагоджувати
produce – створювати, виробляти

d) adjectives
detailed – детальний, досконалий

meaningful – значущий, значимий
significant – значний, важливий, істотний

particular – конкретний, даний
specific – конкретний; специфічний; особливий 

e) adverbs
separately – окремо

successfully – успішно

carefully – уважно, обережно

typically – зазвичай, звичайно
closely – 1) близько; тісно 2) дуже

thus – так, таким чином

Exercise 2. Choose verbs among the following words. Put the first letters of the verbs into the cells in the same order. Read and translate the word. Try to compose a similar exercise yourself.
Vary, routine, enter, boundary, refer, particular, involve, subsystem, facilitate, separately, integrate, few, create, significant, access, specific, tell, instruct, success, operate, meaningful, navigate. 
	
	
	
	
	
	
	
	
	
	
	
	


Exercise 3. Give synonyms (a) and antonyms (b) for the following words:

a)

refer (to), detailed, combination, meaningful, link, involve, vary, component, need, integrate, specific, verify, proceed, create, select, polish, carefully, tune, manage, strongly, typical;
b)

meaningful, integration, strongly, output, carefully, separately, fast, few, closely.

Exercise 4. Write derivatives of the words below and explain their  meanings.

Model: construct – construction – constructor – constructive - constructively 
Construct, mean, combine, verify, integrate, act, strong, system, separate, success, add, select, care, close, detail, create, engine.
Exercise 5. Give Ukrainian equivalents for the following word combinations.
The term software construction refers to; the detailed creation of working, meaningful software; a combination of coding, verification, unit testing, integration testing, and debugging; software engineering; detailed boundaries between design, construction, and testing; to depend upon the software life cycle processes; the integration of separately constructed routines; to lay the groundwork; to proceed successfully; to create the named constants; to select control structures; to organize blocks of statements; to integrate software components; to make the code faster and use fewer resources; to produce such configuration items as source files, content and test cases; software configuration management.
Exercise 6. Read and translate text 1.
Text 1.  Software Construction Activities
The term software construction refers to the detailed creation of working, meaningful software through a combination of coding, verification, unit testing, integration testing, and debugging.

The software construction is linked to all the other software engineering activities, most strongly to software design and software testing. This is because the software construction process itself involves significant software design and test activity. It also uses the output of design and provides one of the inputs to testing. Detailed boundaries between design, construction, and testing (if any) will vary depending upon the software life cycle processes that are used in a project.

One of the key activities during construction is the integration of separately constructed routines, classes, components, and subsystems. In addition, a particular software system may need to be integrated with other software or hardware systems.

The following specific tasks are involved in software construction:

· verifying that the groundwork has been laid so that construction can proceed successfully;

· determining how your code will be tested;

· determining and writing classes and routines;

· creating and naming variables and named constants;

· selecting control structures and organizing blocks of statements;

· unit testing, integration testing, and debugging your own code;

· reviewing other team members’ low-level designs and code and having them review yours;

· polishing the code by carefully formatting and commenting it;

· integrating the software components that were created separately;

· tuning the code to make it faster and use fewer resources.

 Software construction typically produces configuration items that need to be managed in a software project (source files, content, test cases, and so on). Thus, the software construction is also closely linked to the software configuration management.

Exercise 7. Find in text 1 the English for:

конструювання програмного забезпечення; детальне створення робочого, змістовного програмного забезпечення; поєднання кодування, перевірки, тестування компонентів системи, тестування взаємодії компонентів системи та налагодження; бути пов’язаним з розробкою програмного забезпечення; проектування  та тестування програмного забезпечення; чіткі межі; залежати від процесів життєвого циклу програмного забезпечення; поєднання підпрограм, класів, компонентів та підсистем; закласти основу; проходити успішно; створення іменованих констант; вибір керівних конструкцій; створення блоків операторів; налагодження коду; перевірка низькорівневих програмних структур та коду; відрегулювати код так, щоби він був швидший та використовував менше ресурсів; керувати такими елементами конфігурації, як вихідні файли, зміст та набори тестових даних; керування конфігурацією програмного забезпечення.

Exercise 8. Say whether the statements below are true or false. Correct the false ones.

1. The term software construction refers to the detailed creation of working, meaningful software through a combination of coding, verification, unit testing, integration testing, and debugging. 2. The software construction process itself involves significant software design and test activity. 3. The software construction is linked to all the other software engineering activities, most strongly to software design and software modelling. 4. Detailed boundaries between design, construction, and testing (if any) will vary depending upon the hardware life cycle processes that are used in a project. 5. The software construction also uses the output of testing and provides one of the inputs to design. 6. One of the key activities during construction is the integration of separately constructed routines, classes, components, and subsystems. 7. Besides other things, software construction involves testing control structures and routines. 8. In addition, a particular software system may need to be integrated with other software or hardware systems. 9. The code can be polished by carefully formatting and commenting it. 10. Software construction typically produces configuration items that need to be managed in a software project (source files, content, test cases, and so on). 11. The code needs tuning to make it faster and use fewer resources.    12. The software construction is also closely linked to the project management.

Exercise 9. Form all possible word combinations with the words from both columns. Translate them.

	1. to refer to
	a) successfully

	2. to depend on
	b) tasks

	3. to review
	c) the creation of software

	4. to be linked to
	d) configuration items

	5. to create
	e) software engineering activities

	6. to be integrated with
	f) the software life cycle process

	7. to test
	g) low-level designs

	8. to involve
	h) software or hardware systems

	9. to produce
	i) named constants

	10. to proceed 
	j) the code


Exercise 10. Fill in the blanks with prepositions in,(up)on, with, of, to, through, between  where necessary.
1. The term software construction refers … the detailed creation … working, meaningful software … a combination … coding, verification, unit testing, integration testing, and debugging. 2. The software construction is linked … all the other software engineering activities, most strongly … software design and software testing. 3. It also uses the output … design and provides one … the inputs … testing. 4. Detailed boundaries … design, construction, and testing (if any) will vary depending … the software life cycle processes that are used … a project. 5. … addition, a particular software system may need to be integrated ... other software or hardware systems. 6. Some  configuration items that need to be managed … a software project (source files, content, test cases, and so on). 
Exercise 11. Fill in the blanks with proper terms (software engineering, debugging, source file, routine, verification, coding, software, software construction) to complete the sentences.

1. ________is establishment of the correctness of a theory, fact, activity, etc. 2. ________is the detailed creation of working, meaningful software through a combination of coding, verification, unit testing, integration testing, and debugging. 3. _______ is locating and removing defects in a device, system, plan, program, etc. 4. ________is a set of instructions, called a program, which tells a computer what to do. 5. ________ is writing texts of programs. 6. _________ is a part of a program performing a specific function. 7._________ is the original form of a program before it is converted into a machine-readable form. 8._________ is a systematic and disciplined approach to developing software which applies both computer science and engineering principles to the creation, operation and maintenance of the computer systems.

Exercise 12. Answer the questions on text 1.

1. What does the term software construction refer to?  2. What software engineering activities is the software construction linked to?  3. What do the detailed boundaries between design, construction, and testing depend on? 4. What is one of the key activities during construction? 
5. What may a particular software system need to be integrated with?   6. What specific tasks are involved in construction?  7. How can the code be polished?  8. What is the purpose of code tuning?  9. What does software construction typically produce?  10. What is software construction also closely linked to?

Exercise 13. Put all possible questions to the sentences below.

1. The term software construction refers to the detailed creation of working, meaningful software. 2. The software construction is linked to all the other software engineering activities. 3. The software construction process itself involves significant software design and test activity. 4. Detailed boundaries between design, construction, and testing depend upon the software life cycle processes. 5. Software construction typically produces configuration items that need to be managed in a software project. 6. The software construction is also closely linked to the software configuration management.

Exercise 14. Translate into English.

1. Терміном “конструювання програмного забезпечення” називають детальне створення робочого, змістовного програмного забезпечення шляхом поєднання кодування, перевірки, тестування компонентів системи, тестування взаємодії компонентів системи та налагодження. 2. Конструювання програмного забезпечення пов’я-зане з усіма іншими видами роботи з розробки програмного забезпечення, найбільше з його проектуванням та тестуванням. 3. Сам процес конструювання програмного забезпечення включає багато проектування та тестування. 4. Також в процесі конструювання програмного забезпечення використовуються вихідні дані проектування, які забезпечують один із вхідних параметрів для тестування. 5. Чіткі межі між розробкою, конструюванням та тестуванням залежать від процесів життєвого циклу програмного забезпечення, що використовуються в проекті. 6. Одним з ключових процесів конструювання є поєднання окремо створених підпрограм, класів, компонентів та підсистем. 7. Крім цього окремі системи програмного забезпечення можуть потребувати поєднання з іншими програмними чи апаратними системами. 8. Спочатку необхідно перевірити, чи закладені основи для успішного проведення конструювання. 9. Потім потрібно визначити спосіб тестування коду, написати класи та підпрограми, створити й назвати змінні та іменовані константи. 10. Після цього потрібно вибрати керівні конструкції та створити блоки операторів. 11. Всі члени команди повинні перевірити низькорівневі програмні структури та код один одного.12.Код має бути налагоджений, “відшліфований” та відрегульований для його пришвидшення та використання меншої кількості ресурсів. 13. Під час конструювання програмного забезпечення зазвичай створюються елементи конфігурації, що потребують керування в програмному проекті. 14. Такими елементами конфігурації є вихідні файли, зміст та набори тестових даних. 15. Отже, конструювання програмного забезпечення також  тісно пов’язане з керуванням конфігурацією програмних засобів. 
Exercise 15. Write a summary of the text “Software Construction” using the phrases:
	The text deals with the problem of …

	
	is devoted to …

	
	describes …

	
	focuses on …

	
	gives detailed information on …

	
	informs the readers of …

	The key note of the text is …


Exercise 16.  Study the vocabulary to text 2.
Identify - встановлювати, виявляти, визначати

numerous – численний
software architecture – архітектура програмного забезпечення
distinct – ясний, виразний; чіткий
definition – визначення, дефініція; тлумачення
maintenance – супровід, підтримка, експлуатація, технічне обслуговування
preexisting – який існував раніше; існуючий
substantial – 1) істотний, важливий, значний; великий 2) основний, головний
creativity – 1) творчі здібності, здатність до створення 2) креативність, потенціал інформації
judgement - судження, думка, оцінка
interface – інтерфейс, взаємодія, взаємозв’язок
user-interface – користувацький інтерфейс
affect – впливати
ultimate – остаточний, кінцевий
call for – вимагати, потребувати
Exercise 17. Read and translate text 2.

Text 2. Software Development
Developing computer software can be a complicated process, and in the last 25 years researchers have identified numerous distinct activities that go into software development. They include: 

· problem definition;

· requirement development;

· construction planning;

· software architecture or high-level design;

· detailed design;

· coding and debugging;

· unit testing;

· integration testing;

· integration;

· system testing;

· corrective maintenance.

These activities may be grouped together as “programming” or “creating a software product”. If you create software on informal projects you deal with the activity the researchers refer to as “construction”.

Construction focuses on coding and debugging but also includes detailed design, unit testing, integration testing, and other activities. Construction is also sometimes referred to as “coding” or “programming”. But “coding” isn’t really the best word because it implies the mechanical translation of preexisting design into a computer language. Construction is not at all mechanical and involves substantial creativity and judgement.

 But what activities are not part of construction? Important non-constructional activities include management, requirements development, software architecture, user-interface design, system testing, and maintenance. Each of these activities affects the ultimate success of a project as much as construction – at least the success of any project that calls for more than one or two people and lasts longer than a few weeks.

Exercise 18. Find in the text 2 the English for:
складний процес; визначати багато окремих процесів; розробка вимог; визначення завдання; високорівневе проектування; кодування та налагодження; тестування компонентів системи та тестування взаємодії компонентів системи; коригувальний супровід; мати справу з роботою, яку дослідники називають конструюванням; передбачати багато креативності та розсудливості; проектування інтерфейсу користувача; кінцевий успіх проекту; потребувати більше двох людей, продовжуватися більше декількох тижнів.
Exercise 19. Answer the questions on text 2.

1. What activities does software development include?  2. What may these activities be named as?  3. What does software construction focus on?  4. What is construction sometimes referred to as?  5. Is construction just a mechanical process?  6. What activities are not a part of construction?  7. How do these activities affect the ultimate success of a project?

Exercise 20. Use the proper tense form of the verbs in brackets. (Present, Past or Future Indefinite).
1. Software (be) just instructions which (tell) the computer what to do. 2. The IBM 360 (be) the first commercially successful computer family. 3. The Internet (be) the biggest network in the world. 4. Computer professionals (decide) which hardware, software, and networks endure. 5. The PC (start) a revolution which affects nearly everything we do today. 6. Some common operating systems still in use (be) Windows 2000, Windows XP and Windows Vista. 7. Most software (change) over time and the anticipation of change (drive) many aspects of software construction. 8. Our former network administrator (relate) with routing technology such as Cisco. 9. Distance learning and videoconferencing (be) concepts made possible with the use of an electronic classroom.    10. As computers (evolve) throughout the late 20th century, they (become) more interactive. 11. The objective functions (depend) on the perspective of the model's user. 12. The international company (store) their customer information in a central database in Brussels. 13. Today, computers in security systems (result) in safer environments. 14. Our homes and even objects on the street probably (interact) with our smartphones seamlessly. 15. Computer languages that (require) an interpreter often (run) slower than languages that (require) a compiler. 16. The system administrator (need) to upgrade the machine hardware. 17. The iPhone (have) all the features of a PDA, mobile phone, and an MP3 player in one package. 18. The evolution of nanocomputer technology (enable) us to build microscopic machines. 19. Operating system software (run) on laptop computers, cell phones and other so-called embedded devices. 20. During next ten years the size and shape of the computer (become) a major design issue. 21. Steve Jobs (be) famous for making high quality computers. 22. Computers can (help) people work more creatively. 23. The continued success of mainframes likely (depend) on the functionality.  24. Programs written in Java can (run) on many different computer architectures and operating systems. 25. The popularity of computer networks sharply (increase) with the creation of the World Wide Web (WWW) in the 1990s. 26. The Internet’s technical changes (have) an increasing effect on our social and political structures. 27. The early versions of Microsoft Windows (not provide) any computer networking support. 28. With small computing devices people (be) able to spend more time doing what they often do best. 29. The specialist (use) Bluetooth technology to create a personal area network (PAN). 30. Without innovations in the areas of microprocessor and software reliability future systems (face) continuous failure.

Exercise 21. Choose the right form of the verbs in brackets and translate the sentences. Mind the sequence of tenses.

1. The IT support technician asked the end user how often he (update/is updating/updated) his device drivers. 2. The programmers know that PC servers (cost/will cost/costs) in the range of a few thousand dollars.       3. Analysts predict that our homes, cars and even objects on the street (interact/interacts/will interact) with our smart phones and with each other. 4. Teachers say that educational interaction (includes/was included/will include) many factors, among them are students, curriculum, parents, teachers, administrators and more. 5. The woman said she always (is searching/searches/searched) for freeware versions of an application before buying one. 6. I’m sure the company (releases, will release, released) a new software next year. 7. The IT manager said the new information about architect’s project (was/were/will be) unacceptable. 8. We know that online applications and services (will transform/ are transforming/transform) the consumer technology market. 9. The student asked his professor if the course books (was/were/are being) available as hypertext. 10. I suppose that the specialist (is knowing, knew, knows) several foreign languages.
Exercise 22. Change the sentences into indirect speech.

1. The lecturer told his students, “Microsoft Windows has a significant majority of market share in the notebook computer markets.” 2. The professor warned our group, “Don’t forget to review the material of the previous lecture on software engineering”.  3. “You have computer problems that involve your operating system or an application”, the IT specialist said to his client.  4. “Did you study any programming computer codes yesterday?” he asked his groupmates. 5. “Our analysts didn’t establish computer security programs to prevent attacks”, she complained. 6. My friend told me, “Tablets will take over from smartphones as the technology of choice for shopping”. 7. “Last week we developed specialized databases for company needs,” replied the programmer. 8. “What Internet provider will you choose?” asked him his colleague. 9. “Our technicians will help users deal with hardware and software problems”, explained the support engineer. 10. I asked the networking specialist, “What kind of networks do you maintain?” 

Exercise 23. Use Present or Future Simple of the verbs in brackets. Mind that in subordinate clauses of time and condition, Present Simple is used instead of Future Simple. Such clauses begin with conjunctions: if, when, while, since, before, after, unless. 

1. After I (finish) school, I (enter) the University.  2. Since nobody (like) to wait for a computer, high-quality computers (have) fast processors and lots of quick memory. 3. Before she (get) to the theatre, she (go) past the computer centre. 4. If you (not have) previous experience, good contacts, or a good degree from a well-known university, you (be) more successful in getting a lower-level job. 5. If students (keep) learning something new every day, they eventually (be) competent enough to get a high-skill job. 6. Hundreds of books (come) in the future as technologies (mature) and (evolve). 7. If you (work) on networks for a living and you (be) a network engineer, you probably (take) certification exams by networking companies such as Cisco. 8. Unless nanotechnology or some other technology actually (become) operational, this trend (end) according to some predictions around 2022. 9. While both mainframe and other platforms (evolve), there (be) some cost advantages to retaining the old technology. 10. When software (have) a bug the program (crash) and (terminate) with a confusing message.

Exercise 24. Study the vocabulary to text 3.

Fundamentals – основи

minimize – мінімізувати, зменшувати
complexity – складність
anticipate - передбачати 
change – 1) зміна 2) змінювати(ся)
concept – поняття, концепція

apply (to) – 1) стосуватися, відноситися 2) застосовувати(ся)
major – основний, головний  

convey – передавати, висловлювати

intent – намір

severely – дуже, значно, досить

ability – можливість, здатність

driver – драйвер, тут: рушійна сила

essentially – по суті, істотно, надзвичайно

particularly – дуже, надзвичайно, особливо
critical – важливий; необхідний

achieve - досягати

emphasize – надавати особливе значення, акцентувати увагу

drive – тут: запускати, керувати

unavoidably – неминуче

environment – оточення, середовище

in diverse ways – різними способами, по-різному

support – підтримувати, підтримка

technique – техніка, метод

communication method – метод передачі інформації

operating system call – виклик операційної системи

tool – засіб, інструмент, сервісна програма

notation – система числення, система позначень, запис

Unified Modelling Language (UML)– уніфікована мова моделювання

fault – пошкодження, дефект, збій 

ferret out – розшукувати, знаходити
as well as – так само, як; а також

software engineer – спеціаліст з розробки програмного забезпечення

operational – операційний, оперативний

restricted – обмежений

issue – питання, проблема

interaction – взаємодія

software interface specification – специфікація, детальний опис програмного інтерфейсу

Object Management Group (OMG) – група керування об’єктами

International Organization for Standardization (ISO) – Міжнародна організація зі стандартизації

Exercise 25. Translate the word combinations below into Ukrainian.
Fundamentals of software construction; minimizing complexity; anticipating change; constructing for verification; to define the concepts; reduced complexity; to emphasize the creation of code; to be particularly critical to the process of verification and testing of software construction; to be a part of changing external environments; to affect software in diverse ways; to be supported by many specific techniques; communication method; programmer interface standards; operating system calls; to ferret out the faults; software engineers; to support code reviews; hard-to-understand language structures;  standards that directly affect construction issues; numerous sources.

Exercise 26. Read and translate text 3.

Text 3. Software Construction Fundamentals
The fundamentals of software construction include:

· Minimizing complexity 

· Anticipating change 

· Constructing for verification 
· Standards in construction 

The first three concepts apply to design as well as to construction. We will define these concepts and describe how they apply to construction.

Minimizing Complexity

A major factor in how people convey intent to computers is the severely limited ability of people to hold complex structures and information in their working memories, especially over long periods of time. This leads to one of the strongest drivers in software construction: minimizing complexity. The need to reduce complexity applies to essentially every aspect of software construction, and is particularly critical to the process of verification and testing of software construction.

In software construction, reduced complexity is achieved through emphasizing the creation of the code that is simple and readable rather than clever.

Anticipating Change
Most software will change over time, and the anticipation of change drives many aspects of software construction. Software is unavoidably part of changing external environments, and changes in those outside environments affect software in diverse ways.

Anticipating change is supported by many specific techniques:

· Communication methods (for example, standards for document formats and contents) 

· Programming languages (for example, language standards for languages like Java and C++) 

· Platforms (for example, programmer interface standards for operating system calls) 

· Tools (for example, diagrammatic standards for notations like UML (Unified Modelling Language)) 

Constructing for Verification

Constructing for verification means building software in such a way that faults can be ferreted out readily by the software engineers writing the software, as well as during independent testing and operational activities. Specific techniques that support constructing for verification include coding standards to support code reviews, unit testing, organizing code to support automated testing, and restricted use of complex or hard-to-understand language structures.

Standards in Construction

Standards that directly affect construction issues include the use of external standards. Construction depends on the use of external standards for construction languages, construction tools, technical interfaces, and interaction between software construction and other software engineering. Standards come from numerous sources, including hardware and software interface specifications such as the Object Management Group (OMG) and international organizations such as the ISO.

The Use of Internal Standards
Standards may also be created on an organizational basis at the corporate level or for use on specific projects. These standards support coordination of group activities, minimizing complexity, anticipating change, and constructing for verification.

Exercise 27. Answer the questions on text 3.

1. What do the fundamentals of software construction include?  2. What does the need to reduce complexity apply to?  3. What is reduced complexity achieved through?  4. What specific techniques is anticipating change supported by?  5. What does constructing for verification mean? 6. What do specific techniques that support constructing for verification include?  7. What does construction depend on?  8. What do standards in construction come from?  9. May standards also be created on an organizational basis?

Exercise 28. Make up questions to the italicized parts of the sentences.

1. The first three concepts apply to design as well as to construction.  
2. This leads to one of the strongest drivers in software construction.     3.  Reduced complexity is achieved through emphasizing the creation of code. 4. Most software will change over time. 5. Anticipating change is supported by many specific techniques. 6. Standards that directly affect construction issues include the use of external standards.  7. Construction depends on the use of external standards. 8. Standards come from numerous sources. 9. These standards support coordination of group activities, minimizing complexity, anticipating change, and constructing for verification.

Exercise 29. Give nouns corresponding to the following verbs. Translate them.

Construct, verify, apply, define, reduce, achieve, create, anticipate, communicate, program, operate, automate, restrict, direct, manage, interact, organize, specify, coordinate, act.

Exercise 30.  Study the vocabulary to text 4.

Linear – лінійний

waterfall model – водоспадна модель

staged-delivery model – каскадна модель 

treat – розглядати, трактувати, інтерпретувати

occur – траплятися, відбуватися

prerequisite – 1) передумова 2) необхідний як передумова
complete – закінчувати

requirement – вимога

tend to – мати тенденцію, схильність до

precede – передувати

emphasis – акцент, наголос
iterative – ітеративний; той, що повторюється

prototyping - макетування, розробка прототипу

extreme programming – екстремальне програмування

concurrently – одночасно, паралельно

overlap – перекривати(ся), частково збігатися 

approach – підхід

consequently – тому, в результаті

choice – вибір

extent – ступінь, міра, обсяг, величина

objective – мета

define – визначати

allocation – виділення (ресурсу), розташування, розподіл

assignment – призначення, присвоєння, розподіл

Exercise 31. Translate the word combinations below into Ukrainian.
Waterfall and staged-delivery life cycle models; to treat construction as an activity; significant prerequisite work has been completed; extensive design work; to emphasize the activities that precede construction (requirements and design); to create more distinct separations between the activities; to be more iterative, such as evolutionary prototyping and extreme programming; to occur concurrently with other software development activities; the approaches, which tend to mix design, coding, and testing activities; the choice of construction method; to affect the extent to which construction prerequisites are performed; to affect the project’s ability to reduce complexity, anticipate change, and construct for verification; to be addressed at the process, requirements, and design levels; to be influenced by the choice of construction method; to define the order in which components are created and integrated; the software quality management processes; the allocation of task assignments to specific software engineers.   
Exercise 32. Read and translate text 4.

Text 4. Construction Models and Construction Planning
Numerous models have been created to develop software, some of which emphasize construction more than others.

Some models are more linear from the construction point of view, such as the waterfall and staged-delivery life cycle models. These models treat construction as an activity which occurs only after significant prerequisite work has been completed – including detailed requirements work, extensive design work, and detailed planning. The more linear approaches tend to emphasize the activities that precede construction (requirements and design), and tend to create more distinct separations between the activities. In these models, the main emphasis of construction may be coding.

Other models are more iterative, such as evolutionary prototyping and extreme programming. These approaches tend to treat construction as an activity that occurs concurrently with other software development activities, including requirements, design, and planning, or overlaps them. These approaches tend to mix design, coding, and testing activities, and they often treat the combination of activities as construction. 

Consequently, what is considered to be “construction” depends to some degree on the life cycle model used.

The choice of construction method is a key aspect of the construction planning activity. The choice of construction method affects the extent to which construction prerequisites are performed, the order in which they are performed, and the degree to which they are expected to be completed before construction work begins.

The approach to construction affects the project’s ability to reduce complexity, anticipate change, and construct for verification. Each of these objectives may also be addressed at the process, requirements, and design levels – but they will also be influenced by the choice of construction method.

Construction planning also defines the order in which components are created and integrated, the software quality management processes, the allocation of task assignments to specific software engineers, and the other tasks, according to the chosen method. 

Exercise 33. Find in text 4 the English for:
численні моделі; розробляти програмне забезпечення; приділяти особливе значення конструюванню; водоспадні та каскадні моделі життєвого циклу; розглядати конструювання як процес; важлива попередня робота; лінійний підхід; операції, що передують  конструюванню;  чітке розмежування; еволюційне моделювання;  екстремальне програмування; поєднувати вимоги, проектування та планування; впливати на ступінь виконання передумов конструювання; підхід до конструювання; вибір методу конструювання; порядок створення та поєднання компонентів; процес керування якістю програмного забезпечення; розподіл завдань.

Exercise 34.  Make five key questions to the text “Construction Models and Construction Planning”.
Exercise 35.  Study the vocabulary to text 5.

Artifact – артефакт, продукт розробки, робочий продукт
measure – 1) міра 2) вимірювати, оцінювати, визначати

rate – 1) темп, швидкість, частота 2) коефіцієнт 3) інтенсивність
effort – зусилля; обсяг робіт, робота

schedule – 1) графік, розклад; план робіт 2) планувати
fix – 1) визначати 2) зафіксовувати, закріплювати
ensure – забезпечувати
come to terms (with) – домовлятися; приймати чиїсь умови

arbitrary – довільний

chaotic – невпорядкований, хаотичний

constraint – обмеження

proximity – близькість; схожість

drive (p. drove, pp. driven) – рушати, приводити в рух
consideration – міркування
craft-like – професійний, майстерний

explicitly – явно

regardless of – не звертаючи увагу на
immovable – нерухомий, незмінний

impose (a constraint) – накладати (обмеження)
address – 1) спрямовувати (зусилля) 2) звертатися (до когось - to); адресувати 
scale – шкала, масштаб

small-scale – невеликий

account for – враховувати

unanticipated – непередбачуваний
gap - прогалина
flesh out – конкретизувати

Exercise 36.  Read and translate text 5.   

Text 5. Construction Measurement and Design
Numerous construction activities and artifacts can be measured, including code development, code modification, code reuse, code destruction, code complexity, code inspection statistics, fault-fix and fault-find rates, effort, and scheduling. These measurements can be useful for purposes of managing construction, ensuring quality during construction, improving the construction process, as well as for other reasons. 

Construction is an activity in which the software has to come to terms with arbitrary and chaotic real-world constraints. Due to its proximity to these constraints, construction is more driven by practical considerations and software engineering is perhaps most craft-like in the construction area.
Some projects allocate more design activity to construction; others to a phase explicitly focused on design. Regardless of the exact allocation, some detailed design work will occur at the construction level, and that design work tends to be dictated by immovable constraints imposed by the real-world problem that is being addressed by the software. Just as construction workers building a physical structure must make small-scale modifications to account for unanticipated gaps in the builder’s plans, software construction workers must make modifications on a smaller or larger scale to flesh out details of the software design during construction.
Exercise  37. Find in text 5 the English for:
оцінювати численні процеси та артефакти конструювання; включати розробку, модифікацію, повторне використання, руйнування  та складність коду; включати статистику перегляду коду, коефіцієнт визначення та знаходження помилки, обсяг робіт та планування; з метою керування конструюванням, забезпечення якості в процесі конструювання та вдосконалення конструювання; пристосовуватися до довільних та хаотичних обмежень реального  світу; через подібність до обмежень реального світу; розроблення програмного забезпечення; бути найбільш майстерним у сфері конструювання; не звертаючи увагу на чіткий розподіл роботи; проходити на рівні конструювання; зумовлюватися незмінними обмеженнями завдань реального світу; вносити невеликі зміни; конкретизувати деталі розробки програмного забезпечення.
Exercise 38. Write derivatives of the verbs below and explain their meanings.
Measure, develop, use, modify, destruct, act, improve, consider, move, anticipate, allocate, require, restrict, specify, design.
Exercise 39. Find in the text words that can function both as nouns and verbs. Translate them. 

Model:  work – 1) праця

                          2) працювати    
Exercise 40. Answer the questions on text 5.  
1. What construction activities and artifacts can be measured?  2. What can these measurements be useful for?  3. What constraints does the software have to come to terms with?  4. What is construction driven by?  5. Why must software construction workers make modifications on a smaller or larger scale design?
Exercise 41. Find some additional information and speak on:
1. Software design.

2. Software testing.

3. Coding and debugging.  

UNIT 2. SOFTWARE MODELLING
Exercise 1. Study the basic vocabulary.
a) terms
software model – модель програмного забезпечення

software modelling – моделювання програмного забезпечення

Unified Modelling Language (UML) – мова UML, уніфікована мова моделювання)                                        

diagram – діаграма, схема

object-oriented design – об’єктно-орієнтоване проектування

legacy system – успадкована система (система, що не задовольняє вимоги, але використовується через складність її заміни)
fix a bug – виправити помилку (збій)
dependent quantity – залежна величина

process model – модель процесу

external perspective – зовнішній аспект

behavioural perspective – поведінковий аспект

structural perspective – структурний аспект

data architecture – архітектура (структура) даних
b) nouns
practice – 1) технологія, практика 2) метод, спосіб
feature – властивість, характеристика, особливість

image – зображення

set – сукупність, набір

rule – правило
owner – власник

ownership – право власності

dependency – залежність

dependent – тут: залежна величина

identity – ідентичність

violation – порушення

cause – 1) причина 2) спричиняти, викликати
destruction – руйнування, знищення

precedent – прецедент; тут: попереднє значення

behaviour – поведінка, режим роботи

communication – спілкування, зв’язок

stakeholder – учасник

perspective – сторона, ракурс, точка зору, аспект

c) verbs
conjure up – викликати  в уяві
print - друкувати
start from scratch – розпочинати з нуля (з чистого листа) 

permeate – проходити крізь, проникати

evaluate – оцінювати, визначати

reference – 1) давати посилання 2) подавати у вигляді таблиць

implement – реалізовувати, здійснювати, забезпечувати

allow – дозволяти

interchange – 1) обмінювати(ся) 2) переставляти, міняти місцями
access – мати (отримати) доступ

expect – очікувати

support – підтримувати

d) adjectives
wall-sized – розміром зі стіну

internal – внутрішній

out of date – застарілий

unwieldy – громіздкий

available – існуючий, наявний, підходящий
entire – цілий, повний, весь

responsible – відповідальний

transferable – який може передаватися
up to date – сучасний, оновлений

unique – унікальний, незвичайний

identical – однаковий, тотожний, ідентичний

uniform – сталий, рівний, однаковий

e) adverbs
fortunately – на щастя

probably – ймовірно

briefly – коротко, стисло

exactly – точно

whenever – кожного разу, коли; щоразу, коли б не

inherently – за своєю суттю, у своїй основі; від природи
f) prepositions
unlike – на відміну від
Exercise 2. Choose nouns among the following words. Put the first letters of the nouns into the cells in the same order. Read and translate the word. Try to compose a similar exercise yourself.

Permeate, however, modification, responsible, fortunately, object, inherently, conjure up, diagram, dependent, environment, unlike, probably, language, unwieldy, legacy, identify, inherently, interface, briefly, network, evaluate, whenever, generation.
	
	
	
	
	
	
	
	
	


Exercise 3. Give synonyms (a) and antonyms (b) for the following words:

a)

diagram, apply to, bug, architecture, create, permeate, implement, allow, support, feature, cause, perspective, environment, activity, wall-sized, unwieldy, identical, unique, uniform, quickly, fortunately, briefly, probably, apply;
b)
dependent, destruction, out of date, internal, unwieldy, unique, responsible, quickly, fortunately, unlike.

Exercise 4. Write derivatives of the words below and explain their  meanings.

.

Model: create – creation – creator – creativity – creature  –  creative
Create, internal, fortune, simple, dependence, identify, violate, probable, brief, responsible, change, behaviour, differ, develop, architect, structure, apply, quick, cause, active.

Exercise 5. Give Ukrainian equivalents for the following word combinations.
To conjure up images of wall-sized UML diagrams; diagrams are usually out of date by the time they are printed; large-scale and often unwieldy methods; to be not the only kind available for modelling software;   to start from scratch; to permeate the entire system; to apply to all software models; ownership, dependency, interface and identity; to apply   to legacy systems as well as to new projects;  to think back to the last serious bug that you fixed; to identify a violation of one of these rules as the cause;  responsible for creation and destruction; to be not transferable; to  be up to date whenever referenced; to implement some set of interfaces; to inherently identify an object; to access an identical object; to expect uniform behaviour; communication among stakeholders; to present the system from different perspectives; to show the system's context or environment; to show the system development process as well as activities supported by the system.

Exercise 6. Read and translate text 1.
Text 1. Basics of Software Modelling
        Modelling is simply the practice of creating a small system that has some of the same features of a larger system. When applied to software, the word modelling usually conjures up images of wall-sized UML diagrams. Internal software, however,  changes  so  quickly  that  such  diagrams are usually out of date by the time they are printed. Fortunately, such large-scale and unwieldy methods are not the only kind available for modelling software.

         A software model does not have to start from scratch. It does not have to permeate the entire system. The only thing that a software model needs is a set of rules. The same four rules apply to all software models.
         The four rules of software modelling are: 

1) ownership
2) dependency
3) interface
4) identity
         Unlike the rules of object-oriented design, these four apply to legacy systems as well as to new projects. Think back to the last serious bug that you fixed. You can probably identify a violation of these rules as the cause.

         Briefly, ownership means that every object has exactly one owner responsible for its creation and destruction, and that ownership is not transferable. Dependency means that any bit of data used to evaluate a dependent quantity is a precedent, and that dependents must be up to date whenever referenced. Interface means that every object implements some set of interfaces, and that these interfaces allow objects to be interchanged. Identity means that all objects have unique identity, that an interface inherently identifies an object, and that all clients accessing an identical object can expect uniform behaviour.

         Software modelling helps the engineer to understand the functionality of the system. Models are used for communication among stakeholders. Different models present the system from different perspectives:

· external perspective showing the system's context or environment;

· process models showing the system development process as well as activities supported by the system;

· behavioural perspective showing the behaviour of the system;

· structural perspective showing the system or data architecture.

Exercise 7. Find in text 1 the English for:

стосовно програмного забезпечення; викликати в уяві зображення величезних UML діаграм; застарілий; великомасштабні та громіздкі методи; розпочинатися з нуля; проходити через всю систему; набір правил; право власності, залежність, взаємозв’язок та ідентичність; на відміну від правил об’єктно-орієнтованого проектування; застосовуватися до успадкованих систем так само, як і до нових проектів; виправляти серйозну помилку; порушення правил; створення та знищення; право власності не передається; визначати залежну величину; бути найновішими всякий раз, коли до них звертаються; забезпечувати деяку сукупність інтерфейсів; дозволяти переставляти об’єкти; мати доступ до ідентичного об’єкту; очікувати однакової поведінки; обмін інформацією серед учасників; представляти систему з різних сторін; поведінка системи.
Exercise 8.  Say whether the statements below are true or false. Correct the false ones.
1. When applied to software, the word modelling usually conjures up images of matchbox-sized circuit diagrams.  2. Modelling is simply the practice of creating a large system that has some of the same features of a smaller system.  3. Unfortunately, large-scale and unwieldy methods are the only kind available for modelling software. 4. Internal software does not change quickly and diagrams are usually up to date by the time they are printed.  5. A software model has to permeate the entire system. 6. A software model does not have to start from scratch. 7. The four rules of software modelling are: significance, availability, simplicity and minimization. 8. Unlike the rules of object-oriented design, these four do not apply to legacy systems as they do to new projects.    9. Dependency means that any bit of data used to evaluate a dependent quantity is a precedent, and that dependents must be up to date whenever referenced. 10. Briefly, ownership means that every object has exactly one owner responsible for its creation and destruction. 11. Interface means that every object implements some set of interfaces, and that these interfaces do not allow objects to be complementary to one another. 12. Software modelling helps the engineer to understand the functionality of the system. 13. Identity means that all objects have unique identity, that an interface inherently identifies an object, and that all clients accessing an identical object can expect uniform behaviour.     14. Different models present the system from different perspectives: external perspective, system development perspective, behavioural perspective and structural perspective.
Exercise 9. Form all possible word combinations with the words from both columns. Translate them.
	1. to change
	a) uniform behaviour

	2. to be 
	b) the system from different perspectives

	3. to start from
	c) the last serious bug

	4. to apply to
	d) communication among stakeholders

	5. to think back to
	e) legacy systems

	6. to evaluate
	f) some set of interfaces

	7. to implement
	g) scratch

	8. to expect
	h) a dependent quantity

	9.  to be used for
	i)  quickly

	10.  to present
	j)  out of date


Exercise 10. Fill in the blanks with prepositions to, of, by, from, unlike, with, among, up, for where necessary.

1. Modelling is simply the practice … creating a small system that has some … the same features … a larger system.   2. When applied … software, the word modelling usually conjures … images … wall-sized UML diagrams.  3. Internal software, however, changes so quickly that such diagrams are usually … … date … the time they are printed.         4. A software model does not have to start … scratch.  5. …  the rules … object-oriented design, these four apply … legacy systems as well as … new projects.  6. Briefly, ownership means that every object has exactly one owner responsible … its creation and destruction.  7. Software modelling helps the engineer to understand the functionality … the system. 8. Models are used … communication … stakeholders. 9. A software model has to permeate … the entire system. 10. Different models present the system … different perspectives.
Exercise 11. Fill in the blanks with proper terms (structural perspective, behavioural perspective, process models, external perspective, modelling, identity, interface, dependency, ownership) to complete the sentences.
1.__________ means that every object implements some set of interfaces, and that these interfaces allow objects to be interchanged.           2. _________is simply the practice of creating a small system that has some of the same features of a larger system. 3._________ shows the system's context or environment. 4._________ means that any bit of data used to evaluate a dependent quantity is a precedent, and that dependents must be up to date whenever referenced. 5.__________show the system development process as well as activities supported by the system. 6.__________ means that every object has exactly one owner responsible for its creation and destruction, and that ownership is not transferable. 7. _________shows the system or data architecture. 8._________shows the behaviour of the system. 9.__________means that all objects have unique identity, that an interface inherently identifies an object, and that all clients accessing an identical object can expect uniform behaviour.

Exercise 12. Answer the questions on text 1.
1. What is modelling?  2. What does the word modelling usually conjure up when applied to software?  3. Why are such diagrams usually out of date by the time they are printed?  4. Does a software model have to start from scratch or permeate the entire system?  5. What four rules apply to all software models?  6. What projects do these four rules apply to?

7.  What can violation of these rules lead to?   8. What does ownership mean?
9. What does dependency mean?  10. What does interface mean?  11. What does identity mean?  12. What does software modelling help the engineer in?  13. What perspectives do different models present the system from?

14. What do these perspectives show?  
Exercise 13. Put all possible questions to the sentences below.

1. The word modelling usually conjures up images of wall-sized UML diagrams. 2. Internal software changes quickly. 3. Such diagrams are usually out of date by the time they are printed. 4. The only thing that a software model needs is a set of rules. 5. The same four rules apply to all software models.

1. Exercise 14. Translate into English.

2. Моделювання – це метод створення маленької системи, що має деякі характеристики більшої системи. 2. Стосовно програмного забезпечення слово моделювання зазвичай викликає в уяві зображення UML діаграм розміром зі стіну. 3. Проте вміст програмного забезпечення змінюється так швидко, що діаграми зазвичай стають застарілими до того, як їх роздрукують. 4. На щастя, для моделювання програмного забезпечення існують не лише такі великомасштабні та громіздкі методи. 5. Модель програмного забезпечення необов’язково має розпочинатися з нуля й проходити через усю систему. 6. Єдине, чого потребує модель програмного забезпечення – це набір правил. 7. Чотири правила моделювання програмного забезпечення – це право власності, залежність, взаємозв’язок та ідентичність. 8. На відміну від правил об’єктно-орієнтованого проектування, ці чотири правила застосовуються до успадкованих систем так само, як і до нових проектів. 9. Згадайте останню серйозну помилку, яку ви виправили. 10. Причиною цього, ймовірно, можна визначити порушення цих правил. 11. Право власності означає, що кожний об’єкт має лише одного власника, і право власності не передається. 12. Залежність означає, що будь-яка кількість даних, які використовуються для визначення залежної величини, є попереднім значенням. 13. Взаємозв’язок означає, що кожний об’єкт забезпечує деяку сукупність інтерфейсів, які дозволяють переставляти об’єкти. 14. Ідентичність означає, що всі об’єкти мають унікальну ідентичність, і інтерфейс, по суті, визначає об’єкт. 15. Моделювання програмного забезпечення допомагає інженеру зрозуміти функціональність системи. 16. Різні моделі представляють систему з різних сторін. 17. Зовнішній аспект показує контекст або оточення системи. 18. Моделі процесу показують процес розроблення системи, а також функції, які підтримує ця система. 19. Поведінковий аспект показує поведінку системи. 20. Структурний аспект показує архітектуру системи або даних.

Exercise 15. Write a summary of the text “Software Modelling”.
Exercise 16.  Study the vocabulary to text 2.

Natural science - природознавство; одна з природничих наук (фізика, хімія)

engineering discipline – інженерна (технічна) дисципліна

meteorology – метеорологія

electrical engineering – електротехніка

social sciences – суспільні науки

political science – політологія

usable – придатний для використання, практичний, зручний

statіc model – статична модель

differential equation – диференційне рівняння

game theory – теорія ігор

overlap – перекривати(ся), частково збігатися
optimize – оптимізувати

hypothesis – гіпотеза

estimate – оцінювати, підраховувати

unforeseeable event – непередбачувана подія 

affect – впливати

similarly – подібним чином

simulation – моделювання

equation – рівняння

relation(ship) – (взаємо)зв’язок, залежність, співвідношення
real number – дійсне число

integer number – ціле число
boolean - булівський, булів
string – рядок

property – властивість

timing data – часові показники (характеристики)
counters – лічильні функції
event occurrence – настання події

decision variable – змінна рішення

input variable – вхідна  змінна

state variable – змінна стану

exogenous variable – екзогенна (зовнішня) змінна

random variable – випадкова змінна

output variable – вихідна змінна

constant – постійна величина, константа

furthermore – до того ж, крім того, більше  того

objective – ціль

constraint – обмеження

objective function – цільова функція

perspective – тут: бачення, концепція, точка зору
index of performance – показник ефективності (продуктивності)
measure – 1) показник, критерій 2) вимірювати
involved – складний, заплутаний (механізм)
Exercise 17.  Read and translate text 2.

Text 2. Mathematical Models
A mathematical model uses mathematical language to describe a system. Mathematical models are used not only in the natural sciences and engineering disciplines (such as physics, biology, meteorology, and electrical engineering) but also in the social sciences (such as economics, psychology, sociology and political science); physicists, engineers, computer scientists, and economists use mathematical models most extensively.

Eykhoff (1974) defined a mathematical model as “a representation of the essential aspects of an existing system (or a system to be constructed) which presents knowledge of that system in usable form”.

Mathematical models can take many forms, including but not limited to dynamic systems, static models, differential equations, or game theoretic models. These and other types of models can overlap, with a given model involving a variety of abstract structures.

Often when engineers analyze a system to be controlled or optimized, they use a mathematical model. In analysis, engineers can build a descriptive model of the system as a hypothesis of how the system could work, or try to estimate how an unforeseeable event could affect the system. Similarly, in control of a system, engineers can try out different control approaches in simulations.

A mathematical model usually describes a system by a set of variables and a set of equations that establish relationships between the variables. The values of the variables can be practically anything; real or integer numbers, boolean values or strings, for example. The variables represent some properties of the system, for example, measured system outputs often in the form of signals, timing data, counters, and event occurrence (yes/no). The actual model is the set of functions that describe the relations between the different variables.

There are six basic groups of variables: decision variables, input variables, state variables, exogenous variables, random variables, and output variables. Since there can be many variables of each type, the variables are generally represented by vectors.
Decision variables are sometimes known as independent variables. Exogenous variables are sometimes known as parameters or constants. The variables are not independent of each other as the state variables are dependent on the decision, input, random, and exogenous variables. Furthermore, the output variables are dependent on the state of the system (represented by the state variables). 
Objectives and constraints of the system and its users can be represented as functions of the output variables or state variables. The objective functions will depend on the perspective of the model's user. Depending on the context, an objective function is also known as an index of performance, as it is some measure of interest to the user. Although there is no limit to the number of objective functions and constraints a model can have, using or optimizing the model becomes more involved (computationally).
Exercise  18.  Make up 10 key questions on the text.

Exercise  19. Find in text 2 the English for:
природничі науки та технічні дисципліни; соціологія та політологія; метеорологія та електротехніка; найбільш широко використовувати математичні моделі; представлення важливих аспектів існуючої системи; представляти знання про систему в практичній формі; приймати (мати) багато форм; включаючи, але не обмежуючись динамічними системами, статичними моделями, диференційними рівняннями або моделями теорії ігор; моделі можуть накладатися одна на одну; включати різноманітні абстрактні структури; описова модель системи; оцінювати, як непередбачувана подія може вплинути на систему; випробовувати різні концепції керування в моделюванні; описувати систему сукупністю змінних та сукупністю рівнянь; встановлювати зв’язок між змінними; дійсні або цілі числа; булеві величини або рядки; часові характеристики, лічильні функції та настання події; змінні рішення, вхідні змінні, змінні стану, екзогенні (зовнішні) змінні, випадкові змінні та вихідні змінні; цілі та обмеження системи; цільова функція, відома як показник ефективності; показник, що цікавить користувача; використання та оптимізація моделі стають більш складними.

Exercise 20.  Study the vocabulary to text 3.
Vs – проти, відносно
quantity – величина, параметр

otherwise – в іншому випадку, інакше
linearity – лінійність
linearization – лінеаризація

assume – припускати, вважати

predictor variable – предикторна змінна, прогностичний параметр
fairly – досить, доволі
associate – пов’язувати

irreversibility – незворотність 

deterministic – детермінувальний; визначальний
probabilistic (stochastic) model – ймовірнісна (стохастична) модель

state – стан

be uniquely determined – однозначно визначатися
conversely – навпаки

randomness – випадковість, ймовірність

unique value – єдине значення

probability distribution – розподіл ймовірностей
lumped parameter – зосереджений параметр

distributed parameter – розподілений параметр

homogeneous – однорідний, гомогенний

consistent – тут: однаковий, єдиний, стабільний
heterogeneous – гетерогенний, неоднорідний

Exercise 21. Translate the word combinations below into Ukrainian.
Linear vs nonlinear; predictor variables, differential equation, objective functions and constraints; in fairly simple systems; to be often associated with phenomena such as chaos and irreversibility; a common approach to nonlinear problems; aspects such as irreversibility, which are strongly tied to nonlinearity; deterministic vs probabilistic (stochastic) model; every set of variable states; to be uniquely determined by parameters; unique value; probability distribution; lumped vs distributed parameters; consistent state throughout the entire system; varying state within the system.
Exercise 22. Read and translate text 3.

Text 3. Classification of Mathematical Models
Many mathematical models can be classified in the following ways:

Linear vs nonlinear. Mathematical models are usually composed of variables, which are abstractions of quantities of interest in the described systems, and operators that act on these variables, which can be algebraic operators, functions, differential operators, etc. If all the operators in a mathematical model present linearity, the resulting mathematical model is defined as linear. A model is considered to be nonlinear otherwise.

The question of linearity and nonlinearity is dependent on the context, and linear models may have nonlinear expressions in them. For example, in a static linear model, it is assumed that a relationship is linear in the parameters, but it may be nonlinear in the predictor variables. Similarly, a differential equation is said to be linear if it can be written with linear differential operators, but it can still have nonlinear expressions in it. In a mathematical programming model, if the objective functions and constraints are represented entirely by linear equations, then the model is regarded as a linear one. If one or more of the objective functions or constraints are represented with a nonlinear equation, then the model is known as a nonlinear one.

Nonlinearity, even in fairly simple systems, is often associated with phenomena such as chaos and irreversibility. Although there are exceptions, nonlinear systems and models tend to be more difficult to study than linear ones. A common approach to nonlinear problems is linearization, but this can be problematic if one is trying to study aspects such as irreversibility, which are strongly tied to nonlinearity. 

Deterministic vs probabilistic (stochastic). A deterministic model is one in which every set of variable states is uniquely determined by parameters in the model and by sets of previous states of these variables. Therefore, deterministic models perform the same way for a given set of initial conditions. Conversely, in a stochastic model, randomness is present, and variable states are not described by unique values, but rather by probability distributions. 

Static vs dynamic. A static model does not account for the element of time, while a dynamic model does. Dynamic models typically are represented with differential equations. 

Lumped vs distributed parameters. If the model is homogeneous (consistent state throughout the entire system) the parameters are distributed. If the model is heterogeneous (varying state within the system), then the parameters are lumped. Distributed parameters are typically represented with partial differential equations.

Exercise 23. Find in text 3 the English for:     
величини, що нас цікавлять;  оператори, що діють на ці змінні; бути лінійним; питання лінійності та нелінійності; бути залежним від контексту; припускати, що; прогностичний параметр; диференційне рівняння; цільові функції та обмеження; бути представленим виключно лінійними рівняннями; досить прості системи; бути пов’язаним з такими явищами, як хаос та незворотність; загальний підхід; набір (сукупність) змінних; однозначно визначатися параметрами; зосереджені та розподілені параметри; однорідна модель; неоднорідна модель; стабільний стан; мінливий стан.
Exercise  24. Translate into English.

1. Математичні моделі складаються зі змінних та операторів, що діють на ці змінні.  2. Змінні величини є абстракціями величин, які нас цікавлять в системах, що ми описуємо.  3. Операторами можуть бути алгебраїчні оператори, функції та диференційні оператори.  
4. Якщо всі оператори в математичній моделі є лінійними, то кінцева математична модель визначається як лінійна.  5. В іншому випадку модель вважають нелінійною.  6. Питання лінійності та нелінійності залежить від контексту, і лінійні моделі можуть мати в собі нелінійні вирази. 7. Нелінійність часто пов’язують з такими явищами, як хаос та незворотність.  8. Загальним підходом до нелінійних задач є лінеаризація. 9. Детермінована модель – це така, в якій кожна сукупність станів змінних однозначно визначається параметрами в моделі та сукупностями попередніх станів цих змінних.  10. Тому детерміновані моделі діють однаково для даного набору початкових умов. 11. В стохастичній моделі, навпаки, присутня випадковість, і стани змінних описуються не єдиними значеннями, а розподілом ймовірності. 12. Статична модель не враховує елемент часу, тоді як динамічна враховує. 13. Динамічні моделі зазвичай представляються диференційними рівняннями. 14. Якщо модель однорідна (стабільний стан у всій системі), то параметри є розподіленими.  15. Якщо модель є неоднорідною (мінливий стан в системі), то параметри є зосередженими.
Exercise 25. Use the proper tense form of the verbs in brackets (Present, Past or Future Continuous).

1. New types of computers constantly (come) out. 2. I (learn) new software packages at five o’clock yesterday. 3. This time next week, the technicians (troubleshoot) computer problems within a company.          4. Creating new pages for the Web (get) easier all the time. 5. Hardware engineer (design) communications devices for corporate use at the time. 6. This time tomorrow my colleague (work) for a famous hardware manufacturer such as Apple. 7. Computers (get) more powerful over previous generations. 8. When PC specialists (install) computers, they (give) some useful recommendations. 9. I wonder what my friend (do) this time next month.  10. Right now you most likely (use) a GUI interface. 11. The engineer (develop) software for the insurance company all morning yesterday. 12.  I expect I still (work) with the same team of specialists. 13. Trends in computer storage constantly (change).          14. Touch screens rapidly (replace) keypads on mobile phones.            15. What you (do) next weekend? - I will (write) users manuals and training materials as usual.  16. Your network administrators (maintain) company’s Internet connections while we (install) security services in our main office? 17. Computing equipment (get) smaller and more sophisticated. 18. I (demonstrate) multimedia products for our new customers at 9 o’clock tonight.  19. Our database analyst (train) our employees on the systems all day yesterday. 20. Diskettes (get) rare these days and they are replaced by USB flash memory drives. 21. I (take) part in the conference for network professionals tomorrow morning.    22. What network security analyst (do) when hackers attacked and damaged the computer system? 23. I (discuss) a new Web project with programmers when you see me next. 24. As the specialist (design) for University’s website he (use) different sets of programming languages.     25. Look at the time. Your client (come) in a minute and you haven’t even started testing a new computer equipment. 26. Digital distribution over a network rapidly (replace) removable storage media such as CD-ROM's and DVD-ROM's. 27. This time next week he (buy) new hardware. 28. When I first met IT professional he (replace) hardware systems. 29. I am afraid our professor (not deliver) lectures on network design this time next term. 30. Where he (create) multimedia products when you saw him last?
Exercise 26.  Complete the sentences below using the appropriate tense forms of the verbs in brackets (Present /Past Indefinite or Present/Past Continuous). 
1. My computer exam (take place) next week.  2. When I (arrive) the professor (explain) the multi-leveled architecture of a large software system.  3. Dean (conduct) a survey at the moment investigating how students use free educational content on our University website. 4. He (download) e-mail files when malicious computer viruses (attack) and (disable) the antivirus application. 5. I (wonder) what these programmers (talk) about. – They (discuss) common computer problems and their solutions.  6. Network administrator (maintain) a computer network while other specialist (monitor) its security. 7. Software engineers (not take part) in program design today because the project is not approved. 8. I (read) my electronic course-book when suddenly the power (switch off). 9. What the student (do) to his computer system now? – I (think) he (install) an application program. 10. My colleague still (use) Windows XP when Microsoft (release) a new version with advanced features. 11. The programmer (design) new applications for business operations yesterday morning. 12. My friend usually (learn) foreign languages very quickly and now he (learn) German.  13. I just (update) the database at the time when I suddenly (note) unauthorized access. 14. Using different search engines (become) increasingly popular. 15. Why you (lend) him this book? I still (read) it.
Exercise 27. Choose the right form of the verbs in brackets and translate the sentences. Mind the sequence of tenses.

1.  The programming editor said, “I (am writing, was writing, will be writing, write) the source code of an application”. 2. The student asked the lecturer what questions he (consider, would consider, was considering) in this lecture.  3. The clerk asked if she (typed, types, is typing, was typing) data into a database. 4. He wondered if employees (was using, use, will use, were using) packaged software.  5. Ann said with regret that she (can’t, is able to, couldn’t, will be able) install security programs. 6. He told us that he (is going, was going, will go) to take an English exam the following year. 7. They informed that participants of the conference (discussed, will discuss, were discussing) the latest scientific discoveries at that moment. 
Exercise 28. Change the sentences into indirect speech.

1. The lecturer said, “Current chip technology is approaching the limits of physics.” 2. The teacher asked his students, “Are recent advances in computing communications and software transforming the way people live?” 3. “A number of changes are affecting mainframe technology,” he said.  4. “What security programs were you testing when I saw you yesterday morning?” the programmer asked his colleagues.    5. “Are data analytics going to prevent new research opportunities to the computer graphics?” I asked the web designer. 6.“The programmer was not using presentation software for his report yesterday morning”, the lecturer said. 7. “Is the Internet of Things moving to the mainstream activity at the moment?” his friend asked him. 8. “The researchers were doing quantum computing experiments when I saw them last”, the scientist claimed. 9. “In-memory computing is rapidly growing because of its power, versatility and incorporation into several software and hardware products,” explained the hardware specialist. 10. The information manager told me, “Our company is planning to address big data in our integration infrastructure.”
Exercise 29. Study the vocabulary to text 4.
Collage – колаж, комбінація різних елементів
general-purpose – універсальний, загального призначення

specify – визначати, задавати

visualize – наглядно представляти, візуалізовувати

software intensive system – система з громіздким ПЗ
blueprint – ескіз, креслення, проект

actor – актор (в мові UML – людина або пристрій, що взаємодіє з системою; зображується у вигляді фігурки людини)
database schema – схема даних, логічна структура даних (зовнішній опис або діаграма заданої в СКБД структури запису; термін було запроваджено у 1971 р. для дворівневого підходу до опису структури БД)
entity relationship diagram – діаграма відношень логічних об’єктів-сутностей, ER-діаграма
business modelling – бізнес-моделювання

workflow – послідовність операцій

throughout – впродовж

software development life cycle – життєвий цикл розробки ПЗ
synthesize – синтезувати

notation – система позначень

Object-modellingtechnique (OMT) – метод об’єктного моделювання

Object-oriented software engineering (OOSE) – об’єктно-орієнтована програмотехніка

fuse – комбінувати, поєднувати

aim – 1) мета, намір, прагнення 2) прагнути

distributed system – розподілена система

de facto – фактично, де-факто

evolve – розвиватися

auspice – сприяння

customization – пристосування під вимоги замовника 

profile – профіль, сукупність параметрів користувача
transformation – перетворення, трансформація
stereotype – стереотип (в мові UML – створення нових елементів моделі шляхом розширення функціональності базових елементів)
compatible – сумісний

recast – змінювати, переробляти

take advantage of – скористатися, використовувати

Rational Unified Process (RUP) – раціональний уніфікований процес (розробки)
Exercise 30. Translate the word combinations below into Ukrainian.
Standardized general-purpose modelling language; to specify, visualize, modify, construct and document the artifacts; object-oriented software intensive system under development; to visualize a system's architec-tural blueprints; actors, business processes, (logical) components, activi-ties, programming language statements, database schemas and reusable software components;  best techniques of data modelling (entity relationship diagrams); business modelling (workflows); object modelling and component modelling; throughout the software development life cycle; to synthesize the notations of the Object-modelling technique (OMT) and Object-oriented software engineering (OOSE); common and widely usable modelling language; to model concurrent and distributed systems; a de facto industry standard; to evolve under the auspices of the Object Management Group (OMG); to be extensible; mechanisms for customization; to be compatible (with); to recast the methods; to take advantage of the new notations; Rational Unified Process (RUP); Abstraction Method; Dynamic Systems Development Method; to achieve different objectives.

Exercise 31. Read and translate text 4.
Text 4. Unified Modelling Language
     Unified Modelling Language (UML) is a standardized general-purpose modelling language in the field of software engineering. It is used to specify, visualize, modify, construct and document the artifacts of an object-oriented software intensive system under development. It offers a standard way to visualize a system's architectural blueprints, including elements such as actors, business processes, (logical) components, activities, programming language statements, database schemas and reusable software components.

     UML combines best techniques of data modelling (entity relationship diagrams), business modelling (workflows), object modelling, and component modelling. It can be used with all processes, throughout the software development life cycle, and across different implementation technologies. UML has synthesized the notations of the Object-modelling technique (OMT) and Object-oriented software engineering (OOSE) by fusing them into a single, common and widely usable modelling language. It aims to be  a  standard  modelling language which can model concurrent and distributed systems. It is a de facto industry standard, and is evolving under the auspices of the Object Management Group (OMG). UML models may be automatically transformed to other representations (e.g. Java) by means of transformation languages, supported by the OMG. UML is extensible, offering such mechanisms for customization as profiles and stereotypes.
UML is not a development method by itself, however, it was designed to be compatible with the leading object-oriented software development methods.  Since  UML has  evolved,  some  of  these methods have been 
 




Fig. 1. A collage of UML diagrams.

recast to take advantage of the new notations, and new methods have been created based on UML. The best known is IBM Rational Unified Process (RUP). There are many other UML-based methods like Abstraction Method, Dynamic Systems Development Method, and others, designed to provide more specific solutions, or achieve different objectives.
Exercise 32. Answer the questions on text 4.
1. What is UML?  2. What is UML used for?  3. In what way does UML visualize a system’s architectural blueprints? 4. What kinds of modelling techniques does UML combine?  5. What notations has UML synthesized?  6. What kinds of systems can UML model?  7. What mechanisms does UML offer for customization? 8. Is UML a development method by itself?  9. What are the best known object-oriented software development methods?

Exercise 33. Decipher the abbreviations below.

UML, OMT, OOSE, OMG, RUP, ISO.
Exercise 34.  Study the vocabulary to text 5.
Distinguish – відрізняти

partial – частковий

semantic backplane – семантичний задній план (в UML об’єднує модель і наповнює її змістом)
use case – прецедент (в мові UML – за допомогою прецедентів моделюють діалог між актором і системою; набір усіх прецедентів визначає її функціональність; на діаграмах прецедент зображують у вигляді овалу)
view – 1) вид 2) погляд, аспект, точка зору
system mode – системний режим

emphasize – надавати особливе значення, наголошувати, підкреслювати, робити акцент, акцентувати увагу 
attribute – атрибут

composite structure diagram – діаграма композитних структур  
collaboration – співпраця, сумісна праця
sequence diagram – діаграма послідовностей
activity diagram – діаграма діяльності (в UML – діаграма, на якій представлені переходи потоку керування від однієї діяльності до іншої)
state machine diagram – діаграма кінцевого автомату
hierarchically – ієрархічно

structure diagram – структурна діаграма 
behaviour diagram – діаграма поведінки

class diagram – діаграма класів (діаграма UML, на якій представлено статичний погляд на систему з точки зору класів і відносин між ними)
component diagram – діаграма компонентів

object diagram – діаграма об’єктів

profile diagram – профілограма

deployment diagram – діаграма розгортання (діаграма UML, яка окреслює фізичну конфігурацію системи в термінах вузлів і з’єднань між ними, наприклад, за допомогою обчислювальної мережі)
package diagram – діаграма пакетів

use case diagram – діаграма прецедентів (в мові UML – графічне зображення акторів, прецедентів та їх взаємодій у системі; розрізняють головну діаграму прецедентів і додаткові діаграми)         

interaction diagram – діаграма взаємодії (загальна назва діаграм UML, на яких представлено динамічний погляд на систему з точки зору об’єктів і повідомлень, якими вони обмінюються; на практиці використовується або діаграма кооперації або діаграма послідовності)
communication diagram – діаграма комунікації (починаючи з        UML 2.0; в UML 1x – це діаграма кооперації)
interaction overview diagram – діаграма огляду взаємодії

timing diagram – часова діаграма

restrict – обмежувати

flexibility – гнучкість

extend – розширювати, збільшувати, нарощувати

engineering drawing – технічне креслення

intent – намір, мета
Exercise 35. Translate the word combinations below into Ukrainian.
To distinguish between the UML model and the set of diagrams of a system; a partial graphical representation of a system's model; to contain a “semantic backplane”; written use cases that drive the model elements and diagrams; different views of a system mode; static (or structural) view and dynamic (or behavioural) view;  class diagrams and composite structure diagrams; to emphasize the dynamic behaviour of the system; to show collaboration among objects; sequence diagrams, activity diagrams and state machine diagrams; partially restricted flexibility; structure diagram and behaviour diagram; component diagram and object diagram; profile diagram, deployment diagram and package diagram; use case diagram and interaction diagram; communication diagram and timing diagram; interaction overview diagram.

Exercise 36. Read and translate text 5.

Text 5. UML Modelling
It is very important to distinguish between the UML model and the set of diagrams of a system. A diagram is a partial graphical representation of a system's model. The model also contains a “semantic backplane” – documentation such as written use cases that drive the model elements and diagrams.

UML diagrams represent two different views of a system mode.
Static (or structural) view emphasizes the static structure of the system using objects, attributes, operations and relationships. The structural view includes class diagrams and composite structure diagrams. 

Dynamic (or behavioural) view emphasizes the dynamic behaviour of the system by showing collaborations among objects and changes to the internal states of objects. This view includes sequence diagrams, activity diagrams and state machine diagrams. 

UML 2.2 has 14 types of diagrams divided into two categories. Seven diagram types represent structural information, and the other seven represent general types of behaviour, including four that represent different aspects of interactions. These diagrams can be categorized hierarchically as shown in the class diagram (Fig.2).     

UML does not restrict UML element types to a certain diagram type. In general, every UML element may appear on almost all types of diagrams; this flexibility has been partially restricted in UML 2.0. UML profiles may define additional diagram types or extend existing diagrams with additional notations.

In keeping with the tradition of engineering drawings, a comment or note explaining usage, constraint, or intent are allowed in a UML diagram.
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Fig.2. UML class diagram
Exercise 37. Do the assignments below.

1. Explain the difference between a model and a diagram.

2. Compare two different views of a system mode.

3. Name the categories of UML 2.2 diagrams.

4. Name the diagrams which represent each category.
Exercise 38.  Study the vocabulary to text 6.

Depict – описувати, зображувати

split up – розподіляти(ся)

system implementation – реалізація системи

execution environment – 1) середовище виконання 2) елементи процесора
deploy – розгортати, розташовувати

logical grouping – логічна група

extension – розширення
extensively – значно, дуже, широко

relation – матем. відношення

metamodel – метамодель, модель високого рівня

since – оскільки

step-by-step – поступовий, ступінчастий, поетапний

business workflow – потік бізнес-операцій

operational workflow – потік функціональних операцій

overall – повний, весь, загальний

flow of control – потік керування

subset – підмножина

sequenced – 1) послідовний 2) впорядкований

node – вузол

life-span – довговічність 

Exercise 39. Translate the word combinations below into Ukrainian.
Relationship among the classes; to be split up into components; composite structure diagram; collaboration; deployment diagram; execution environment;  package diagram; step-by-step workflows of components in a system; to show the overall flow of control; state machine diagram; use case diagram; in terms of actors; to be used extensively; a subset of behaviour diagrams; sequenced messages; interaction overview diagram; life-spans of objects; timing diagram.
Exercise 40. Read and translate text 6.

Text 6. UML Diagrams
Structure diagrams
Structure diagrams emphasize what things must be in the system being modeled:

Class diagram describes the structure of a system by showing the system's classes, their attributes, and the relationships among the classes. 

Component diagram depicts how a software system is split up into components and shows the dependencies among these components. 

Composite structure diagram describes the internal structure of a class and the collaborations that this structure makes possible. 

Deployment diagram serves to model the hardware used in system implementations, and the execution environments and artifacts deployed on the hardware. 

Object diagram shows a complete or partial view of the structure of a modeled system at a specific time. 

Package diagram depicts how a system is split up into logical groupings by showing the dependencies among these groupings. 

Profile diagram operates at the metamodel level to show stereotypes and profiles. The extension relation indicates what metamodel element a given stereotype is extending. 

Since structure diagrams represent the structure they are used extensively in documenting the architecture of software systems.

Behaviour diagrams
Behaviour diagrams emphasize what must happen in the system being modeled:

Activity diagram represents the business and operational step-by-step workflows of components in a system. An activity diagram shows the overall flow of control. 

State machine diagram standardized notation to describe many systems, from computer programs to business processes. 

Use case diagram shows the functionality provided by a system in terms of actors, their goals represented as use cases, and any dependencies among those use cases. 

Since behaviour diagrams illustrate the behaviour of a system, they are used extensively to describe the functionality of software systems.

Interaction diagrams
Interaction diagrams, a subset of behaviour diagrams, emphasize the flow of control and data among the things in the system being modeled.
Communication diagram shows the interactions between objects or parts in terms of sequenced messages. They represent a combination of information taken from class, sequence, and use case diagrams describing both the static structure and dynamic behaviour of a system. 

Interaction overview diagram is a type of activity diagram in which the nodes represent interaction diagrams. 

Sequence diagram shows how objects communicate with each other in terms of a sequence of messages. Also indicates the life-spans of objects relative to those messages. 

Timing diagram is a specific type of interaction diagram, where the focus is on timing constraints. 

 Exercise 41. Find in text 6 the English for:
структурна діаграма; зв’язки між класами; розподілятися на компоненти; діаграма композитних структур; діаграма розгортання; реалізація системи; повна або часткова картина системи; діаграма пакетів; логічна група; профілограма; поетапний потік бізнес-операцій та функціональних операцій компонентів у системі; весь потік керування; діаграма кінцевого автомату; діаграма прецедентів; підмножина діаграм поведінки; акцентувати увагу на потоці керування і даних між об’єктами у системі, що моделюється; діаграма комунікації; у вигляді послідовності повідомлень; діаграма огляду взаємодії; діаграма послідовностей; довговічність; часова синхронізація; часові обмеження.
Exercise 42.  Match the names of the diagrams with their functions.
	1. Class diagram
	a) depicts how a software system is split up into components and shows the dependencies among these components.

	2. Object diagram
	b) serves to model the hardware used in system implementations, and the execution environments and artifacts deployed on the hardware.

	3. Component diagram
	c) describes the structure of a system by showing the system's classes, their attributes, and the relationships among the classes. 

	4.  Package diagram
	d) shows the functionality provided by a system in terms of actors.

	5. Activity diagram
	e) shows a complete or partial view of the structure of a modeled system at a specific time.

	6. Composite structure diagram
	f) depicts how a system is split up into logical groupings by showing the dependencies among these groupings.

	7.  Deployment diagram
	g) represents the business and operational step-by-step workflows of components in a system and the overall flow of control.

	8. Use case diagram
	h) is standardized notation to describe many systems, from computer programs to business processes.

	9.  State machine diagram
	i) describes the internal structure of a class and the collaborations that this structure makes possible.


Exercise 43. Use the class diagram of exercise 36 to speak on:
1. Structure diagrams.
2. Behaviour diagrams.
3. Interaction diagrams.
UNIT 3. SOFTWARE ARCHITECTURE
Exercise 1.  Study the basic vocabulary.
a) terms
performance – 1) робота, функціонування; експлуатаційні властивості 2) ККД
global control structure – структура глобального керування 

scaling – масштабування, масштабне перетворення
partitioning – розподіл, декомпозиція

typed object – типізований об’єкт

interface point – інтерфейсний вузол

gross-level component – макрорівневий компонент
decompose – розкладати на складові, піддавати декомпозиції

decompositional – декомпозиційний

throughput – продуктивність; пропускна здатність

latency – час очікування, затримка

maintainability – 1) відновлюваність; 2) зручність супроводу (програмного забезпечення)
platform independence – незалежність від платформи
b) nouns
issue – проблема, питання

synchronization – синхронізація

composition – 1) склад  2) побудова, формування, утворення

mapping – відображення 

semantics – семантика

extent – ступінь, міра

с) verbs
go beyond – виходити за межі

specify – уточнювати, деталізувати, конкретизувати

emerge – виникати, поставати
aggregate – об’єднувати

eliminate – видаляти; усувати
d) adjectives
gross – великий, макроскопічний 

refinable – що піддається деталізації
e) adverbs
explicitly – 1) ясно, чітко 2) явно   
 Exercise 2. Choose nouns among the following words. Put the first letters of the nouns into the cells in the same order. Read and translate the word. Try to compose a similar exercise yourself.
         Development, refer, structural, environment, architectural, constraint, refinable, object, satisfy, maintainability, protocol, increase, objection, emerge, semantics, overall, integration, discrete, template, share, independence, important, orientation, explicitly, network.

	
	
	
	
	
	
	
	
	
	
	
	
	


Exercise 3. Give synonyms (a) and antonyms (b) for the following words:

a)
design, consist, importance, decomposition, computation, specify, overall, selection, interaction, collection, eliminate, aggregate, issue, gross property;
b)

compose, overlapping, explicitly, dependent, variable, connect, concrete, important, refinable, emerge, complexity, abstract.
Exercise 4. Write derivatives of the words below and explain their  meanings.
Model: vary – variant – variety – various – variously
Vary, develop, communicate, assign, maintain, inform, represent, function, part, depend, compose, connect, perform, explicit, define, exist,  configure. 
Exercise 5. Give Ukrainian equivalents for the following word combinations.
Means of communication between modules; representation of shared information; to go beyond the algorithms and data structures, to emerge as a new kind of problem; assignment of functionality to design elements; scaling and performance; partitioning strategy; discrete, non-overlapping parts; a set of well-formedness constraints that must be satisfied by any architecture; to be decomposed, aggregated, or eliminated in a concrete architecture; key design issues; life-cycle issues such as maintainability, extent of reuse, and platform independence.
Exercise 6. Read and translate text 1.
Text 1. Software Architecture Strategies and Concepts
Software architecture is the study of the large-scale structure and performance of software systems. Important aspects of a system’s architecture include the division of functions among system modules, the means of communication between modules, and the representation of shared information. 

As the size and complexity of software systems increase, the design problem goes beyond the algorithms and data structures of the computation: designing and specifying the overall system structure emerges as a new kind of problem. Structural issues include gross organization and global control structure; protocols for communication, synchronization, and data access; assignment of functionality to design elements; composition of design elements; scaling and performance; and selection among design alternatives. This is the software architecture level of design.
The architecture consists of (a) a partitioning strategy and (b) a coordination strategy. The partitioning strategy leads to dividing the entire system in discrete, non-overlapping parts or components. The coordination strategy leads to explicitly defined interfaces between those parts. 

Software architecture is represented using the following concepts: 1. Component: An object with independent existence, e.g., a module, process, procedure, or variable.  2. Interface: A typed object that is a logical point of interaction between a component and its environment.  3. Connector: A typed object relating interface points, components, or both.  4. Configuration: A collection of constraints that wire objects into a specific architecture.  5. Mapping: A relation between the vocabularies and the formulas of an abstract and a concrete architecture. The formula mapping is required because the two architectures can be written in different styles.  6. Architectural style: A style consists of a vocabulary of design elements, a set of well-formedness1 constraints that must be satisfied by any architecture written in the style, and a semantic interpretation of the connectors. Components, interfaces, and connectors are treated as first-class objects- i.e., they have a name and they are refinable. Abstract architectural objects can be decomposed, aggregated, or eliminated in a concrete architecture. The semantics of components is not considered part of architecture, but the semantics of connectors is.

Software architecture is an important level of description for software systems. At this level of abstraction key design issues include gross-level decompositional components, protocols of interaction between those components, global system properties (such as throughput and latency), and life-cycle issues (such as maintainability, extent of reuse, and platform independence).
_____________________________
                   1 well-formedness – формальна правильність
Exercise 7. Find in text 1 the English for:

дослідження великомасштабної структури та функціонування програмних систем; розподіл функцій між системними модулями; обсяг та складність програмних систем; проектування та деталізація загальної структури системи; новий тип задачі; організація на макрорівні та структура глобального керування; протоколи зв’язку, синхронізації та доступу до даних; склад структурних компонентів; вибір між варіантами проектів; стратегії розподілу та координування; розподіл системи на дискретні частини або елементи, що не перетинаються; чітко визначені інтерфейси між частинами; незалеж-но існуючий об’єкт; модуль, процес, процедура, або змінна; логічна сутність взаємодії між елементом та його середовищем (оточенням); сукупність обмежень, що пов’язують об’єкти в певну архітектуру; абстрактна та конкретна архітектура; відображення формул; формальні обмеження; ключові питання проектування; декомпозиційні компоненти на макрорівні; глобальні властивості системи; пропускна здатність і час очікування.
Exercise 8. Say whether the statements below are true or false. Correct the false ones.

1. Software architecture is the study of the small-scale and large-scale structures and performance of software systems. 2. Important aspects of a system’s architecture include the division of functions among system modules, the means of communication between modules, and the representation of shared information. 3. The size and complexity of software systems decrease. 4. The design problem goes beyond the algorithms and data structures of the computation: designing and specifying the overall system structure emerges as a new kind of problem. 5. The architecture consists of (a) a partitioning strategy and (b) a communication strategy. 6.  The partitioning strategy leads to dividing the entire system in discrete, overlapping parts or components. 7. The coordination strategy leads to explicitly defined interfaces between those parts. 8. A typed object is a logical point of interaction between components.  9. The formula mapping is required because the two architectures can be written in similar styles.  10. An architectural style consists of a vocabulary of design elements, a set of well-formedness constraints that must be satisfied by any architecture written in the style, and a semantic interpretation of the connectors. 11. Components, interfaces, and connectors are treated as first-class objects- i.e., they have a name and they are nonrefinable. 12. Abstract architectural objects can be decomposed, aggregated, or eliminated in a concrete architecture. 13. The semantics of components is considered part of architecture, as well as the semantics of connectors. 
Exercise 9. Form all possible word combinations with the words from both columns. Translate them.

	1. to include
	a) a new kind of problem

	2. to write
	b) a partitioning strategy

	3. to go beyond
	c) formula mapping

	4. to consist of
	d) explicitly defined interfaces

	5. to emerge as
	e) division of functions

	6. to lead to
	f) part of architecture

	7. to require
	g) the algorithms and data structures

	8. to be treated as
	h) constraints

	9. to be considered
	i) in different styles

	10. to satisfy
	j) first-class objects


Exercise 10. Fill in the blanks with prepositions in, to, between, among, beyond, of, as, by, at, for where necessary.
1. Software architecture is the study … the large-scale structure and performance … software systems. 2. Important aspects … a system’s architecture include the division … functions … system modules, the means … communication … modules, and the representation … shared information. 3. As the size and complexity …  software systems increase, the design problem goes … the algorithms and data structures … the computation: designing and specifying the overall system structure emerges … a new kind … problem. 4. Structural issues include gross organization and global control structure; protocols … communication, synchronization, and data access; assignment … functionality … design elements; composition … design elements; scaling and performance; and selection … design alternatives. 5. The partitioning strategy leads … dividing the entire system … discrete parts. 6. Interface is a typed object that is a logical point … interaction … a component and its environment. 7. Architectural style consists … a vocabulary … design elements, a set … well-formedness constraints that must be satisfied … any architecture written … the style, and a semantic interpretation … the connectors. 8. Software architecture is an important level … description … software systems. 9. … the level … abstraction key design issues include gross-level decompositional components and protocols … interaction … those components.
Exercise 11. Fill in the blanks with proper terms (configuration, component, mapping, interface, coordination strategy, connector, partitioning strategy, software architecture) to complete the sentences.
1. _______________ is a typed object relating interface points, components, or both. 2. _______________is a strategy that leads to dividing the entire system in discrete, non-overlapping parts or components.       3. ______________ is an object with independent existence, e.g., a module, process, procedure, or variable. 4. _______________ is a collection of constraints that wire objects into a specific architecture.          5. _______________ is  a relation between the vocabularies and the formulas of an abstract and a concrete architecture.   6. _____________ is the study of the large-scale structure and performance of software systems. 7. ________________ is a strategy that leads to explicitly defined interfaces between those parts. 8. ________________ is a typed object that is a logical point of interaction between a component and its environment.  
Exercise 12. Answer the questions on text 1.
1. What is software architecture?  2. What do important aspects of a system’s architecture include?  3. Why does the design problem go beyond the algorithms and data structures of the computation?  4. What emerges as a new kind of problem? 5. What do structural issues include? 6. What strategies does the architecture consist of? What do they differ in?        7. What concepts is software architecture represented by?  8. What is an object/ interface/ connector?  9. What is configuration/ mapping/ an architectural style? 10. What does an architectural style consist of?        11. What kind of semantics is considered to be a part of architecture?  12. What do the key design issues of software architecture include? 
Exercise 13. Put  all possible questions to the sentences below.
1. Important aspects of a system’s architecture include the division of functions among system modules, the means of communication between modules, and the representation of shared information. 2. As the size and complexity of software systems increase, the design problem goes beyond the algorithms and data structures of the computation. 3. Structural issues include gross organization and global control structure; protocols for communication, synchronization, and data access; assignment of functionality to design elements; composition of design elements; scaling and performance; and selection among design alternatives.        4. The architecture consists of a partitioning strategy and a coordination strategy. 5. The partitioning strategy leads to dividing the entire system in discrete, non-overlapping parts or components. 5. Software architecture is represented using the following concepts: a component, an interface, a connector, a configuration, mapping, an architectural style.        6. Components, interfaces, and connectors are treated as first-class objects. 7. Abstract architectural objects can be decomposed, aggregated, or eliminated in a concrete architecture. 8. The semantics of components is not considered part of architecture, but the semantics of connectors is.

Exercise 14. Translate into English.
1.   Архітектура програмного забезпечення – це дослідження великомасштабної структури та функціонування програмних систем.    2.  Важливі аспекти архітектури системи включають розподіл функцій між системними модулями, засоби зв’язку між модулями та представлення розподіленої інформації. 3. У зв’язку із зростанням обсягу та складності програмних систем завдання проектування виходить за межі алгоритмів та структур даних обчислення – проектування та деталізація загальної структури системи постає як новий тип задачі. 4.  Архітектурний рівень проектування програмного забезпечення включає такі структурні питання, як організація на макрорівні та структура глобального керування; протоколи зв’язку, синхронізації та доступу до даних; розподіл функціональності між структурними компонентами та їх склад; масштабування та функціонування; вибір між варіантами проектів. 5. Архітектура складається зі стратегій розподілу та координування. 6. В aрхітектурі програмного забезпечення використовуються такі поняття: компонент, інтерфейс, з’єднувальний елемент, конфігурація, відображення та архітектурний стиль. 7. Компонент – є незалежно існуючим об’єк-том, наприклад, модулем, процесом, процедурою, або змінною.        8. Інтерфейс – це типізований об’єкт, що є пунктом здійснення взаємодії між компонентом та його оточенням. 9. З’єднувальний елемент – є типізованим об’єктом, який пов’язує між собою інтерфейсні вузли, компоненти, або й те, й друге. 10. Конфігурація – це сукупність обмежень, що пов’язують об’єкти в певну архітектуру.    11. Відображення відтворює взаємовідношення між словниками та формулами абстрактної та конкретної архітектур. 12. Архітектурний стиль складається зі словника структурних компонентів, низки формальних обмежень, яким має відповідати будь-яка архітектура,  написана в певному стилі, та семантичної інтерпретації з’єднувальних елементів. 13. Компоненти, інтерфейси та з’єднувальні елементи розглядаються як об’єкти першого класу, тобто вони мають ім’я і піддаються деталізації. 14. Абстрактні архітектурні об’єкти можна розкладати, об’єднувати та видаляти в конкретній архітектурі. 15. Архітектура програмного забезпечення є важливим рівнем опису програмних систем. 16. На цьому рівні абстракції ключові питання проектування включають макрорівневі декомпозиційні компоненти, протоколи взаємодії між цими компонентами, глобальні властивості системи (такі як пропускна здатність і час очікування) та питання життєвого циклу (такі як зручність супроводу, ступінь повторного використання і незалежність від платформи).  

Exercise 15. Write a summary of the text “Software Architecture”.

Exercise 16.  Study the vocabulary to text 2.
Structural view – структурне представлення
systemic view – системне представлення

component view – компонентне представлення
deployment view – представлення розміщення (представлення системної архітектури, що виділяє вузли, котрі формують апаратну топологію системи)
network-centric deployment view – мережоцентричне представлення розміщення

logical view – логічне представлення
conceptual view – концептуальне представлення
domain – (предметна) область, контекст (середовище, в якому повинна працювати програма)
legitimate – розумний, прийнятний, обґрунтований
with respect to – відносно

criteria (pl. від criterion) – критерії

structural arrangement – структура 

evolution – 1) розвиток 2) розробка 

essential characteristics – істотні, важливі характеристики
reveal – показувати, розкривати
implementation details – деталі реалізації

specifically – а саме, зокрема, конкретно
responsibility – відповідальність
deploy – розміщувати

deployment – розміщення
use case – варіант використання

actor – прогр. актор, учасник (в мові UML – людина або пристрій, що взаємодіє з системою; зображується у вигляді фігурки людини) 

stakeholder – прогр. учасник 
meet the requirements – відповідати вимогам 

development team – група розробників
hardware team – група розробників апаратного забезпечення

installation team – група встановлення
in terms of – в показниках, в одиницях, в перерахунку на
simplistic – спрощений

concise – короткий, стислий, лаконічний

generic – узагальнений

two-tier/ three-tier/ multi-tier – дворівневий, трирівневий, багаторівневий 

layered – багаторівневий, багатошаровий

Component Object Model (COM) - модель компонентних об’єктів Microsoft
Common Object Request Broker Architecture (CORBA) – загальна архітектура брокера (посередника) запитів до об’єктів, стандарт CORBA (технологія побудови розподілених об’єктних програм, запропонована фірмою IBM)
Microsoft Transaction Server (MTS) – сервер транзакцій корпорації Microsoft
Enterprise Java Beans (EJB) – специфікація EJB (на серверній частині стандартизує доступ до баз даних та до систем обробки транзакцій, що важливо для корпоративних прикладних програм, так як забезпечує їх перенесення на інші платформи)
domain specific – що визначається сферою застосування 

account for ​– пояснювати

map – відображати(ся)
threading – організація потокової обробки (повідомлень або даних) 

concurrency – паралелізм

capture – збирати (дані)
Exercise 17. Read and translate text 2.
Text 2. Essential Characteristics of Software Architecture
Software architecture usually refers to some combination of structural views of a system, with each view being a legitimate abstraction of the system with respect to certain criteria, that facilitate a particular type of planning or usage.  

· Software architecture represents the structure of the software. This includes the structural arrangements of software components, and various static and dynamic interrelationships between these components. 

· Software architecture is expressed using certain views, each of which serves a specific purpose. Each view is a specific abstraction of the architecture, for a specific purpose. 

· Software architecture includes the principles behind design and evolution of the software. 

   The following are some of the essential characteristics of architecture. 

· Software architecture should represent a high-level view of the system revealing the structure, but hiding all implementation details. Specifically, it should reveal attributes such as responsibilities (of the constituents of the architecture), distribution, and deployment. 

· Architecture should realize all the use case scenarios. While the use case model serves to record the functional requirements as seen by various actors, the architecture should enable the stakeholders of the software to walk through the scenarios of each use case. This guarantees that the structure as represented by the architecture meets the functional requirements. 

· It should present other systemic views to all the stakeholders of the software. Examples are  –  a component view for the development team, a network-centric deployment view for the network and hardware team, and a distribution-centric deployment view for the installation team etc. 

   However, how does the architecture look like? Some of the common representations of software architecture are as follows. As discussed below, none of these representations is complete.

· High-level design: A simplistic approach is to represent the architecture as a concise view of a high-level design of the software. However, design is an implementer’s view of the software – a view that reveals how to arrive at the structure of the software. So a high-level design does not necessarily represent the architecture of the software. 

· Deployment: This is the most common form of representations of architecture. In this view, the software is described in terms of how it is deployed across various platforms, and how these parts communicate with each other. Note that deployment view is only one of the possible views of architecture, and does not necessarily reveal the structure of the software. Also note that during the life-cycle of a software, the deployment could change with no or minimal changes to the structure of the software. This is one of the reasons that is driving distributed component based technologies.

· Generic Technology Architectures: In this form, software architecture is represented as a two-tier, three-tier or a multi-tier system. Note that architectures such as these, distributed (and layered) architectures such as COM or CORBA, or component based architectures such as MTS or EJB are generic and do not address the needs of the domain in which the software is to operate and evolve. However, these technology architectures provide the basis for developing domain specific application architectures.

   The architecture should at least present the following views of the software (in the order of the importance). 

· Logical or Conceptual View: This view of the software represents various abstractions of the system and accounts for various use case scenarios. Using this view, one should be able to walk through these abstractions to realize the use case scenarios. In the case of distributed applications, some of these abstractions may directly map to distributed components. 

· Deployment View: As pointed earlier, this view depicts how various parts of the software are deployed. 

In both views, it is necessary to depict responsibilities of each of the parts of the architecture, static and/or dynamic dependencies between them, the nature of communication between the parts, etc. Additional views such as development views (to show how the application will be developed) and process views (to reveal threading, concurrency etc.) may also be considered if required. 

In general, software architecture is considered important as it serves as a means of mutual communication between the stakeholders of the software, allows to capture early design decisions, and lets the architecture be reused for similar systems in the same domain.  
Exercise 18. Answer the questions on text 2.  
1. What does software architecture usually refer to?  2. What does the structure of the software include?  3. How is software architecture expressed?  4. What are some of the essential characteristics of software architecture?  5. What are examples of systemic views presented to all stakeholders of the software? 6. What does a high-level design represent?  7. What does a deployment view show?  8. How is software architecture represented in generic technology architectures?  9. What are examples of generic technology architectures?  10. What does a logical or conceptual view present?  11. What is it necessary to depict in logical and deployment views?  12. What additional views may also be considered?  13. Why is software architecture considered important?
Exercise 19. Choose the right form of the verbs in brackets. Mind the sequence of tenses.

1. He says, “I … just … a class of problems!” (has solved; have solved; had solved). 2. They told us, “We … already …a high-level prototype”. (have built; had built; has built). 3. The students say, “We …just …proven patterns to solve problems”. (had used; were used; have used). 4. He said, “I … … … the system in compliance with the plan by next month”. (will have developed; would have developed).     5. They announce, “We … … our decisions to developers”. (have disseminated; had disseminated; will be disseminated). 6. He told us, “I … … … structural patterns by evening”. (would have identified; will have identified). 7. She said, “Application developers … already … available capabilities”. (has used; had used; have used). 8. We … … that he … just … the problems to be solved. (find out/have identified; found out/had identified; found out/has identified). 9. He asked me what … … me facilitate the standardization of services. (has helped; had helped; will help). 10. I didn’t know you … … your assignment. (have completed; had completed; has completed).
Exercise 20.  Use the proper tense form and voice of the verbs in brackets. 
1.The complexity of software systems (increase) significantly recently. 2. A new kind of problem (appear) before the designing the overall system structure. 3. By next year two architectures (write) in different styles. 4. Abstract architectural objects just (decompose). 5. He already (represent) the architecture as a concise view of a high-level design of the software. 6. The deployment view just (reveal) the structure of the software. 7. I (finish) presenting the view of the software by next week. 8. The evolution of software (review) before his arrival.     9. By next week he (capture) design decisions. 10. You already (determine) the components to build the system? 11. He just (realize) the importance of past experiences for software architecture. 12. How long you (solve) this technical problem? 13. He (gain) enough breadth and depth in the relevant domain long before I did it. 14. My friend (not have) the capability to envision a software system before it was developed. 15. I hope you already (understand) the importance of software architects. 16. You (get) enough development and debugging skills by next interview? 17. Unfortunately many projects already (make) mistake of trying to impose a single partition in multiple component domains. 18. His irresponsible actions (lead) to problems in development before we had time to correct the mistakes.19. The implementation of a complex functional feature (split) between two groups by next meeting. 20. Yesterday I knew that the performance (compromise).            21. Since recently we (use) the resulting models to plan the subsequent development activities. 22. You (determine) the purpose and specifications of software before you started developing a plan for a solution? 23. Software developers (design) a plan by next decade? 24. He (not analyze) yet the software requirements . 25. It just (let) us produce various models. 26. Software designers (evaluate) these models since last month. 27. He said that various alternative solutions and trade-offs (examine) before. 28. More sophisticated methods (apply) by next year. 29. We knew that a set of fundamental design concepts (evolve). 30. I’m sure that a good software architecture already (yield) a good return on investment.

Exercise  21. Put the verbs in brackets into an appropriate form of Perfect or Indefinite Tense. 
1. Last time he (divide) the program structure both horizontally and vertically. 2. He (work) on designing modules last week. 3. He never (consider) many aspects in the design. 4. When you (manage) to maintain the software effectiveness? 5. Since last trial the components (test). 6. He already (design) the software with a resilience to low memory conditions. 7. You ever (achieve) these goals? 8. When you (choose) the default values for the parameters? 9. You already (enumerate) all design criteria? 10. Last week he (work) at multiple levels of abstraction. 11.Today I (know) a lot about Human Machine Interface. 12. A month ago he (buy) a new backlit display. 13. He (forget) to ask about data transfer rate when he was in the office. 14. We (study) local area networks since last month. 15. This week they (install) a full keypad. 16. When you (learn) about operating temperature? 17. I don’t think he ever (hear) about Ethernet. 18. You already (design) the program? 19. When you last (change) your display? 20. I (learn) about this feature yesterday. 
Exercise 22. Change the sentences into indirect speech.
1.The teacher asked, “Did you define the problem?” 2. He enquired,” Will you have finished your report by evening? 3. The professor told us, “We have already performed the major part of our work”. 4. My friend said to me, “I have just separated the interface from implementation”. 5. They said to us, “We have been trying to make it work for a long time”. 6. I asked my groupmate, “Have you already found your mistake?” 7. He said, “I have implemented the design before you did it.” 8. She asked, “How long have you been searching for the decision?” 9. The student said to the teacher,” I will have sent my report by Friday.” 10. He asked, “Did they understand their tasks last time?”

Exercise 23.  Study the vocabulary to text 3.

Software architect – розробник структури ПЗ, фахівець з архітектури систем ПЗ

blueprint – тут: схема, будова, структура
overview – загальне уявлення, загальна картина
structural architect – архітектор-будівельник

all along – впродовж усього часу
edge – перевага

envision – уявляти, передбачати
exposure (to) – тут: можливе залучення (до)
impart – наділяти, надавати

anticipate – передбачати, передчувати

navigator – штурман, навігатор

shoot (p., pp. shot) – стріляти
convince – переконувати 

cross – мішаний, гібридний 

proficiency – досвідченість, уміння, вправність, професіоналізм
appreciation – розуміння, уміння добре розібратися (в чомусь)
maturity – розвиненість

predefined – наперед визначений, стандартний
pattern – шаблон

design pattern – конструктивний шаблон 

architecture pattern – архітектурний шаблон 

vogue – популярність, широке застосування
industry – індустрія, галузь
recurring – такий, що повторюється, періодичний, 
excited – захоплений

be on the lookout (for) – бути насторожі, пильнувати, шукати
challenging – складний
thought leadership – інтелектуальне лідерство

equate – прирівнювати, ототожнювати
progression – просування, рух уперед, прогрес
Exercise 24. Translate the word combinations below into Ukrainian.
To give an edge; envisioning a solution; to impart in you the ability to choose among various solutions available; to anticipate and solve technical problems;  to gain enough breadth and depth in the relevant domain and technologies; to convince the people above and below them in the hierarchies; to be a vogue in the Software Development industry; to equate one’s success to that of the customer’s; to be a natural progression. 
Exercise 25. Read, translate and entitle text 3.

      Text 3 
Software architecture is the blueprint of a software system. It provides an overview of the composition and functionality of the given software system. Just like a structural architect, a software architect needs to analyze the requirements, determine components that should be used to build the system, and support the project by guiding and solving problems all along the execution cycle. Architecting software is like planning for war. Past experiences are very useful here. Strategizing gives you an edge. Understanding of the domain provides you with capability to analyze the requirements and envisioning a solution. Exposure to various tools and technologies imparts in you the ability to choose among the various solutions available, and anticipate and solve technical problems. 

A person becomes a software architect when he has gained enough breadth and depth in the relevant domain and technologies, and has the capability to envision a software system before it is developed. 

Architects are needed for most of the Software Projects, more as the navigator for a sailing ship. Architects design the software system, guide the development team in implementing the system, and anticipate/diagnose problems, find/develop solutions to those problems. These days, most of the organizations are realizing the importance of software architects, because with an architect you are no longer shooting in the dark. 

Architects need to have good written/spoken communication since they have to convince the people above and below them in the hierarchies about their ideas effectively, strong development and debugging skills, domain and technology proficiency and appreciation, and customer’s point of view can be very useful for an architect. 

Due to the maturity of Software Development practice, there are several predefined solutions available for certain problems called Patterns. Design and Architecture patterns are a vogue in the Software Development industry. They are the solutions for a recurring class of problems. Most of the time, they are the best possible solutions to those problems. Knowledge of patterns in their domain/technology areas is an added advantage for an architect. 

For a person, who is excited by new tools, technologies and domains, who is on the lookout for challenging problems to solve, who is capable of thought leadership, who equates his success to that of the customer’s, the role of Software Architect is a natural progression. 

Exercise 26. Find in  text 3 the English for:

структура програмної системи; загальне уявлення про будову і функціональність програмної системи; інструктування і розв’язання проблем впродовж усього циклу виконання; розуміння предметної області; можливе залучення різноманітних засобів і технологій; міцні навички у розробці і налагоджуванні; вправність і уміння добре розібратися як у предметній області, так і в техніці; завдяки розвиненій практиці розроблення програмного забезпечення; стандартні рішення; клас задач, що періодично постають перед розробником; нові інструменти, технології та сфери застосування; шукати складних проблем, що потребують розв’язання; спроможний на інтелектуальне лідерство. 

Exercise 27. Answer the questions on text 3.
1. What is software architecture?  2. What does software architecture provide?  3. What does a software architect need to do?  4. What aspects should he consider in architecting software?  5. When does a person become a software architect?  6. What is architects’ job?  7. What skills do architects need to have?  8. What are patterns?  9. For what kind of person is the role of Software Architect a natural progression?  10. Do you have any experience in architecting software? Speak to your group-mates about it.
Exercise 28. Explain the meaning of the following words in English.

Software architecture, a blueprint, a software system, an overview, a software architect, a problem, experience, to give an edge, a domain, to envision, an exposure, a software project, shooting in the dark, debugging, a skill, technology proficiency, appreciation, maturity, predefined solution, a pattern, a vogue, Software Development industry, a recurring class of problems, to be on the lookout for, a challenging problem, a leadership, a success, a customer, a progression. 
Exercise 29. Study the vocabulary to text 4.
affect – впливати

write time – час запису

build time – час компонування (побудови) поточного варіанту програми 

configuration time – час конфігурування

upgrade time – час модернізації (оновлення)  
startup – (за)пуск

start time – час запуску, початковий момент

run time – час виконання (програми), час прогону (програми)

shutdown – вимкення, зупинка

shutdown time – час зупинки

porting – портування (в програмуванні під портуванням розуміють адаптацію програми або її частини для роботи в іншому середовищі, відмінному від того, для якого її було написано)
diversification – введення різноманітності, диверсифікація 

address – займатися (проблемою, питанням); братися (за щось)
primarily – головним чином

appropriate – відповідний, належний

similarly – так само, аналогічно
independent operation – автономне (незалежне) функціонування
failure mode – стан відмови

executable – що виконується

availability – 1) експлуатаційна готовність 2) працездатність, безперебійність

execution thread – потік виконання; потік задач, що виконуються

equate – тут: пов’язувати
in turn – по черзі, послідовно, в свою чергу
succeed – досягати мети, мати успіх

adjustment – регулювання, налагодження, корегування 

eventually – кінець кінцем, зрештою, з часом

invariably – неодмінно

occasionally – іноді

cluster – група

interprocess communication mechanism – механізм взаємодії між процесами
consideration – міркування

fault tolerance – відмовостійкість
cure – ліки, засіб
subsequently – згодом, пізніше, потім

timing characteristic – часова характеристика

violate – порушувати

cure – засіб вирішення проблеми

timeliness – своєчасність (реагування, подачі інформації в комп. системі)
capacity – продуктивність, пропускна здатність

conformance (to) – відповідність

propagation – поширення, передача

pertinent to sth – такий, що стосується чогось, відповідний
result in – призводити до
associated – пов’язаний, відповідний 

Exercise 30. Choose verbs among the following words. Put the first letters of the verbs into the cells in the same order. Read and translate the word.  
 Software, include, different, internal, relation, component, architecture, necessitate, domain, transform, exist, porting, availability, with, load, important, independent, specific, architectural, legislate, current, along, scheme, extend, basic, create, therefore, earlier, concerns, partition, transact. 

	
	
	
	
	
	
	
	
	


Exercise 31. Give synonyms for the following words.

Require, basic, component, partition, complex, execution, in the end, plan, particular, combine, user, modern, along with, significant, address, the problem, cluster, initial, subsequently, specify, pertinent to.
Exercise  32. Read and translate text 4.

Text 4. Architectural Structures
The structure of software in a component domain is created by a partition of software into components and their composition into an integrated whole. For every system it is necessary to determine which structures of software affect architecturally significant requirements and to group the requirements in such a way that each group is supported primarily by independent structures that exist in different component domains.

One effective way to identify independent (or partly independent) requirements is by different stages of software life cycle with which they are concerned. A typical (though somewhat simplified) set of stages when different structures of software play major roles includes write time, build time, configuration time, upgrade time, start time, run time, and shutdown time. The most important software structure at write time is the structure of modules. Thus write time-related requirements, such as feature addition and evolution, porting, and diversification, are addressed primarily by appropriate module structures that play a major role at write time.

Similarly, start time-related requirements (such as order, presence, independent operation, and failure modes) are addressed primarily by appropriate executable structures – the startup or shutdown unit or component. In addition, of course, run time-related requirements, such as performance or availability, are addressed by the structures of objects and execution threads - the domain of run-time software components. 
Many projects make the mistake of trying to impose a single partition in multiple component domains, such as equating threads with objects, which are equated with modules, which in turn are equated with files. Such an approach never succeeds fully, and adjustments eventually must be made, but the damage of the initial intent is often hard to repair. This invariably leads to problems in development and occasionally in final products. 

In one case, implementation of a complex functional feature was split between two groups. Two functional clusters were defined, along with the necessary interfaces. Unnecessarily, the modules also ended up in different processes and had to interact at run time using slower interprocess communication mechanisms.

Another example involved a system that was partitioned into a set of distributed processes. The partition was motivated by considerations of required parallelism, availability, and fault tolerance. This partition was subsequently used to allocate additional functionality, which affected resource requirements and timing characteristics, violating the original design. As a cure, non-real-time functionality was allocated to new components. However, because the software architecture was identified with its process structure, these components became independent processes. Consequently, the components had complex interfaces and performance was compromised.

Designing a software architecture must start with specific architectural concerns, specify the partition in different component domains, along with a scheme for integration and coordination of the parts, and explain how this specific partition and the corresponding integration of the software address the specified architectural concerns. Examples of architectural concerns may include timeliness, capacity, availability, effective division of work, conformance to standards, use of existing parts, or controlled propagation of change. To address these concerns, different partitions may exist in different component domains.

From the point of view of software reuse, architecture that separates concerns pertinent to different requirement and component domains also results in more reusable components. Therefore it is important to recognize multiple software existence planes with the associated component domains and independent partitions of software and their relations to different requirement domains. 
Exercise 33. Put some key questions on text 4.
Exercise 34. Say whether the statements below are true or false. Correct the false ones.

1. A scheme of software in a component domain is created by a partition of software into components and their composition into an integrated whole.  2. One effective way to identify independent requirements is by different stages of software life cycle with which they are concerned.  
3. A typical set of stages when different structures of software play major roles includes run time, write time, configuration time, build time, start time, upgrade time and shutdown time. 4. The most important software structure at write time is the structure of diagrams.  5. Many projects make the mistake of trying to impose a larger partition in multiple component domains, such as equating threads with objects. 6. Implementation of a complex functional feature was split between three  groups.  7. Two functional clusters were defined, along with the necessary interfaces.  8. The modularities also ended up in different processes and had to interact at run time using slower interprocess communication mechanisms.  9. Because the software architecture was identified with its process structure, these components became independent processes.  10. Examples of component domains may include timeliness, capacity, availability, effective division of work, conformance to standards, use of existing parts, or controlled propagation of change.  11. From the point of view of software architecture, reuse that separates concerns pertinent to different requirement and component domains also results in more reusable components.  12. It is important to recognize multiple software existence planes with the associated component domains and independent partitions of software and their relations to integration of the software.
Exercise 35. Form all possible word combinations with the words from both columns. Translate them.
	1. to be created by
	a) appropriate module structures

	2. to affect
	b) considerations of required parallelism

	3. to play
	c) a partition of software into components

	4. to be addressed by
	d) functional clusters

	5. to make
	e) major roles

	6. to lead to
	f) complex interfaces

	7. to define
	g) more reusable components

	8. to be motivated by
	h) the mistake

	9. to have
	i) problems in development

	10. to result in
	j) architecturally significant requirements


Exercise 36. Decipher the abbreviations below. 
MTS, EJB,COM, CORBA, VDU, SPARC, API, CLI, UI, USB.

Exercise 37. Compose a dialogue on “Architectural structures”.

Exercise 38. Find some additional information and speak on:

1. Architectural strategies and concepts.

2. Essential characteristics of software architecture.

3. Structure of software in a component domain. 
UNIT 4. SOFTWARE DESIGN
Exercise 1. Study the basic vocabulary.
a) terms
software design  – 1) проектування ПЗ 2) проект ПЗ
software solution – 1) програмний продукт 2) програмне рішення

specification – 1) специфікація 2) часто pl технічні вимоги

platform-dependent (platform-specific) – залежний від платформи
software architectural design – архітектурне проектування ПЗ, проектування архітектури ПЗ

software detailed design – детальне проектування ПЗ

b) nouns
activity – тут: операція

level of detail – ступінь деталізації 

trade-offs – тут: плюси й мінуси, баланс переваг та недоліків
listing – перелік

c) verbs
employ – наймати (на роботу)
call for – вимагати  

fulfill – виконувати, задовольняти (вимоги)
examine – досліджувати, аналізувати

fit between – розташовуватися між, бути на стику
allow for – дозволяти, забезпечувати
e) adverbs
precisely – точно

sufficiently – достатньо, достатньою мірою
Exercise 2. Choose nouns among the following words. Put the first letters of the nouns into the cells in the same order. Read and translate the word. Try to compose a similar exercise yourself.

Precisely, define, concept, evaluate, object, subsequent, maintainability, sufficiently, procedure, fulfill,  availability, implement, text, enable, item, examine, blueprint, analyze, integration, various, level, observable, interoperability, sophisticated, tolerance, internal, year.  
	
	
	
	
	
	
	
	
	
	
	
	
	


Exercise 3. Give synonyms (a) and antonyms (b) for the following words:

a)

software, purpose, architecture, designer, enable, consist, identify, various, precisely, activity, blueprint, trade-off, examine, fulfil, in the end, requirement, basis;
b)

hardware, advantage, platform-independent,  sufficiently,  sophisticated,
precisely, finally, top-level design, internal, employ, various.
Exercise 4. Write derivatives of the words below and explain their  meanings.
Model: specify – specification – specifier – specific – specifically 

Specify, solve, process, depend, design, require, describe, produce, develop, precise, add, sufficient, vary, implement, maintain, operate, evaluate, available, refine, elaborate.
Exercise 5. Give Ukrainian equivalents for the following word combinations.
Software design; software solution; to determine the purpose and specifications of software; to employ designers; platform-independent or platform-specific; availability of the technology called for by the design; software requirements; to produce a description of the software internal structure; more precisely; to enable construction; software developing; to plan subsequent development activities; in addition to; a standard listing of software life cycle processes; to consist of two activities; to fit between software requirements analysis and software construction; identifying various components; to describe each component sufficiently. 

Exercise 6. Read and translate text 1.

Text 1. Software Design Activities
Software design is the process of defining the architecture, components, interfaces, and other characteristics of a system or component and planning for a software solution. After the purpose and specifications of software are determined, software developers will design or employ designers to develop a plan for a solution.

Software design may be platform-independent or platform-specific, depending on the availability of the technology called for by the design.

Viewed as a process, software design is the software engineering life cycle activity in which software requirements are analyzed in order to produce a description of the software internal structure that will serve as the basis for its construction. More precisely, software design (the result) must describe the software architecture and the interfaces between those components. It must also describe the components at a level of detail that enables their construction.
Software design plays an important role in developing software: it allows software engineers to produce various models that form a kind of blueprint of the solution to be implemented. We can analyze and evaluate these models to determine whether or not they will allow us to fulfill the various requirements. We can also examine and evaluate various alternative solutions and trade-offs. Finally, we can use the resulting models to plan the subsequent development activities, in addition to using them as input and the starting point of construction and testing.

In a standard listing of software life cycle processes software design consists of two activities that fit between software requirements analysis and software construction:

· Software architectural design (sometimes called top-level design): describing software top-level structure, organization and identifying various components. 
· Software detailed design: describing each component sufficiently to allow for its construction.

Exercise 7. Find in text 1 the English for:
процес визначення архітектури, компонентів, інтерфейсів та інших характеристик системи; планування програмного продукту; призначення і технічні вимоги до програмного забезпечення; розробник програмного забезпечення; бути незалежним чи залежним від платформи; технологія, потрібна для проектування; операція з розроблення життєвого циклу програмного забезпечення; описувати компоненти на рівні деталізації, що спрощує їх побудову; відігравати важливу роль в розробці програмного забезпечення; структура рішення, яке потрібно реалізувати; оцінювати моделі; задовольняти різні вимоги; аналізувати та оцінювати різні варіанти рішень; стандартний перелік процесів життєвого циклу програмного забезпечення; проектування архітектури програмного забезпечення; детальне проектування програмного забезпечення. 
Exercise 8. Say whether the statements below are true or false. Correct the false ones.

1. Software design is the process of defining the architecture, components, interfaces, and other characteristics of a system or component and planning for a hardware solution. 2. After the purpose and specifications of software are determined, software architects will design or employ designers to develop a plan for a solution. 3. Software design may be platform-independent or platform-specific, depending on the availability of the technology called for by the design. 4. Viewed as a process, software design is the software engineering life cycle activity in which software requirements are analyzed in order to produce a description of the software’s internal structure that will serve as the basis for its construction. 5. More precisely, software design (the result) must describe the software construction and the interfaces between those components. 6. Software design plays a minor role in developing software. 7. Software design allows software engineers to produce various models that form a kind of blueprint of the solution to be implemented. 8. In a standard listing of software life cycle processes software design consists of three activities that fit between software requirements analysis and software construction.
Exercise 9. Form all possible word combinations  with the words from both columns. Translate them.

	1. to define
	a) a plan for a solution

	2. to employ
	b) software requirements 

	3. to determine
	c) components and interfaces

	4. to develop
	d) various models

	5. to be 
	e) the purpose and specifications of software

	6. to analyze
	f) subsequent development activities

	7. to produce
	g) alternative solutions

	8. to serve as
	h) designers

	9. to examine
	i) platform-independent

	10. to plan 
	j) the basis for construction


Exercise 10. Fill in the blanks with prepositions in, on, of, for, to, as, between, by where necessary.
1. Software design is the process … defining the architecture, components, interfaces, and other characteristics … a system or component and planning … a software solution. 2. After the purpose and specifications … software are determined, software developers will design or employ designers to develop a plan … a solution. 3. Software design may be platform-independent or platform-specific, depending … the availability … the technology called …  …  the design. 4. Viewed … a process, software design is the software engineering life cycle activity … which software requirements are analyzed … order to produce a description … the software internal structure that will serve … the basis … its construction. 5. Software design must also describe the components … a level … detail that enables their construction. 6. Software design plays an important role … developing software: it allows software engineers to produce various models that form a kind … blueprint … the solution to be implemented. 7. Finally, we can use the resulting models to plan the subsequent development activities, … addition … using them … input and the starting point … construction and testing. 8. … a standard listing … software life cycle processes software design consists … two activities that fit … software requirements analysis and software construction.
Exercise 11. Fill in the blanks with proper terms (component, software architectural design, software development,  software design, software detailed design, software construction, interface, software architecture) to complete the sentences.
1. ______________ is a typed object that is a logical point of interaction between a component and its environment. 2. ______________ is the study of the large-scale structure and performance of software systems. Important aspects of a system’s architecture include the division of functions among system modules, the means  of communication between modules, and the representation of shared information.                 3. _____________ is the process of defining the architecture, components, interfaces, and other characteristics of a system or component and planning for a software solution. After the purpose and specifications of software are determined, software developers will design or employ designers to develop a plan for a solution. 4. _____________is the term that refers to the detailed creation of working, meaningful software through a combination of coding, verification, unit testing, integration testing, and debugging. 5. ______________ is describing software’s top-level structure, organization and identifying various components.    6. ______________ is an object with independent existence, e.g., a module, process, procedure, or variable. 7. ______________ is the process of writing and maintaining the source code that may include research, prototyping, modification, reuse, re-engineering, maintenance, or any other activities that result in software products.                              8. _______________ is describing each component sufficiently to allow for its construction.
Exercise 12. Answer the questions on text 1.

1. What is software design?  2. What may software design depend on?        3. What kind of activity is software design?  4. What must software design describe? 
 5. What is the role of software design in developing software? 6. What can software models be used for?  7. What activities does software design consist of in a standard listing of software life cycle processes?  8. What is the difference between these activities?          9. Can you explain the difference between software architectural design and software detailed design?
Exercise 13. Put  all possible questions to the sentences below.
1. After the purpose and specifications of software are determined, software developers will design or employ designers to develop a plan for a solution. 2. Software design may be platform-independent or platform-specific, depending on the availability of the technology called for by the design. 3. Viewed as a process, software design is the software engineering life cycle activity in which software requirements are analyzed in order to produce a description of the software’s internal structure that will serve as the basis for its construction. 4. Software design must describe the software architecture and the interfaces between those components. 5. Software design plays an important role in developing software. 6. Software design allows software engineers to produce various models that form a kind of blueprint of the solution to be implemented. 7. We can analyze and evaluate these models to determine whether or not they will allow us to fulfill the various requirements.      8. In a standard listing of software life cycle processes software design consists of two activities that fit between software requirements analysis and software construction.

Exercise 14. Translate into English.

1.   Проектування програмного забезпечення – це процес визначення архітектури, компонентів, інтерфейсів та інших атрибутів системи та планування програмного продукту. 2.  Після визначення мети та технічних характеристик програмного забезпечення, розробники програмного забезпечення розробляють план створення продукту. 3. Проектування програмного забезпечення може бути незалежним або залежним від платформи, що зумовлено наявністю технології, необхідної для проекту. 4. Якщо проектування програмного забезпечення розглядати як процес, воно є операцією розроблення життєвого циклу програмного забезпечення, де аналізуються вимоги до програмного забезпечення для того, щоби описати його внутрішню структуру, яка служитиме основою для конструювання. 5. Точніше кажучи, проект програмного забезпечення повинен описувати архітектуру програмного забезпечення та інтерфейси між його компонентами. 6. Проектування програмного забезпечення дозволяє інженерам з розробки програмного забезпечення створювати різні моделі, що утворюють певну схему рішення, яке належить реалізувати. 7. Можна проаналізувати та оцінити ці моделі та визначити, чи дозволятимуть вони задовольняти різні вимоги. 8. Можна також дослідити та оцінити різні варіанти рішень, їх переваги й недоліки. 9.  Зрештою можна використати кінцеві моделі для планування наступних етапів розробки, а також щоби розпочати конструювання та тестування. 10. У стандартному переліку процесів життєвого циклу програмного забезпечення розроблення програмного забезпечення розпочинається з аналізу вимог до нього і закінчується конструюванням. 11. Проектування архітектури програмного забезпечення включає опис високорівневої структури програмного забезпечення, організацію та визначення різних компонентів. 12. Детальне проектування програмного забезпечення включає опис кожного компонента, достатній для забезпечення його побудови.

Exercise 15. Write a summary of the text “Software Design Activities”.

Exercise 16. Study the vocabulary to text 2.
Foundation – фундамент, підвалина, основа
sophisticated – складний, витончений
observable – спостережуваний

retain – утримувати, зберігати

relevant – такий, що стосується (даного питання, справи), релевантний
refinement – доводка, удосконалення

elaboration – детальна розробка, уточнення

stepwise – поетапний
in a fashion - деяким чином, певною мірою
complementary – доповняльний, додатковий 

modularity – модульність

yield – давати (результат)
schedule – графік

imply – означати, передбачати, мати на увазі
top down – згори донизу
data structure – структура даних

software procedure – програмна процедура

information hiding – приховування інформації
Exercise 17. Translate the word combinations below into Ukrainian.
Design concept, to apply sophisticated methods, a set of fundamental design concepts, an observable phenomenon, in order to retain the information which is relevant to a particular purpose, the process of elaboration, decomposing a macroscopic statement of function in a stepwise fashion, complementary concepts, to yield a good return on investment with respect to the desired outcome of the project, in terms of performance, quality, schedule and cost, to imply a hierarchy of control, horizontal and vertical partitions, information hiding, to specify modules.

Exercise 18. Read and translate text 2.
Text 2. Design Concepts
Design concepts provide a software designer with a foundation from which more sophisticated methods can be applied. A set of fundamental design concepts has evolved. They are:

1. Abstraction. Abstraction is the process or result of generalization by reducing the information content of a concept or an observable phenomenon, typically in order to retain the information which is relevant to a particular purpose.

2. Refinement. It is the process of elaboration. A hierarchy is developed by decomposing a macroscopic statement of function in a stepwise fashion until programming language statements are reached. In each step, one or several instructions of a given program are decomposed into more detailed instructions. Abstraction and refinement are complementary concepts.

3. Modularity. Software architecture is divided into components called modules.

4. Software Architecture. It refers to the overall structure of the software and the ways in which that structure provides conceptual integrity for a system. A good software architecture will yield a good return on investment with respect to the desired outcome of the project, e.g. in terms of performance, quality, schedule and cost.

5. Control Hierarchy. A program structure that represents the organization of program components and implies a hierarchy of control.

6. Structural Partitioning. The program structure can be divided both horizontally and vertically. Horizontal partitions define separate branches of modular hierarchy for each major program function. Vertical partitioning suggests that control and work should be distributed top down in the program structure.

7. Data Structure. It is a representation of the logical relationship among individual elements of data.

8. Software Procedure. It focuses on the processing of each module individually.

9. Information Hiding. Modules should be specified and designed so that information contained within a module is inaccessible to other modules that have no need for such information.

Exercise 19. Answer the questions on text 2.

1. What do design concepts provide a software designer with?  2. What are the fundamental design concepts?  3. What is abstraction?  4. What is refinement?  5. How is hierarchy developed?  6. What is software architecture divided into?  7. What is software architecture?  8. What will a good software architecture yield?  9. What is control hierarchy?  
10. What does the horizontal and vertical partitioning of a structure suggest?  11. What is data structure?  12. What does a software procedure focus on?  13. What does information hiding imply?
Exercise 20. Change the following sentences to the Passive Voice.
1. Recently this firm has designed a new operating system. 2. He said that Sun Microsystems had developed Solaris as a more open option of SunOS. 3. Solaris will have got the largest share of the Internet market by next decade. 4. This new operating system has already offered a number of services to application programs and users. 5. We knew that they had released Windows XP in October 2001. 6. Each field of science will have imposed it’s own requirements on the hardware by next year. 7. This kind of hardware has greatly facilitated connections between computers. 8. The teacher told us that the system case had provided a solid structural framework. 9. The student says that he will have presented his project by next month.10. An operating system has relieved applications from having to control the hardware. 11. The teacher said that they designed the Macintosh operating system to be used on Apple Macintosh computers. 12. He will have assigned the tasks by next week. 13. Microsoft has spent money to significant marketing research and development. 14. He said that after more than five years of development work, Microsoft released Windows Vista. 15. By next decade they will have replaced an old version by a new one.
Exercise 21. Change the following sentences to the Active Voice.
1. Since the last 25 years numerous distinct activities have been identified by researchers. 2. We found out that detailed design, unit testing, integration testing had been included in construction. 3. Substantial creativity and judgement have been involved in the process of construction. 4. I suppose that the latest enterprise information systems will have been adapted by some client service companies by next decade. 5. Reduced complexity has been recently achieved through emphasizing the creation of the code that is simple and readable. 6. They said that our tasks had already been defined by him. 7. A lot of efforts will have been made to reach an agreement by next time. 8.  Significant constraints have been recently introduced in our activity. 9. I knew that some unanticipated actions had been observed by him. 10. Details of the software design will have been fleshed out by next meeting. 11. Many mathematical models have been classified as: linear and nonlinear. 12. The professor explained that the notations of the object-modelling technique and object-oriented software engineering had been synthesized by UML. 13. A standard modelling language will have been created by us by that time. 14. UML has been designed to be compatible with the leading object-oriented software development methods. 15. We learnt that they had been used extensively to describe the functionality of software system. 
Exercise 22. Make the following sentences interrogative using the Passive Voice. 
	Model: Employees have already used new programs. – Have new programs been already used by employees? 



1. He had illustrated his example before we asked him about it. 2. We will have designed a new program before they know it. 3. We have identified primary keys very quickly. 4. We have implemented data model by generating SQL. 5. They said that they had used the process model in structured analysis and design methods. 6. He will have carried out these experiments in his laboratory by next month. 7. We have used the model due to its ability to express concurrency. 8. He has used the task model to create high-level system. 9. They will have attached all components by the time you ask. 10. This device has performed all calculations at high speed. 11. They will have introduced significant changes by next week. 12. I knew that he had already determined the types of peripherals. 13. We will have run applications on the machine before they come. 14. He has downloaded the programs quite easily. 15. She has bought a new lightweight notebook to carry on business trip.
Exercise 23. Complete these sentences using the correct passive form of the verbs in brackets (Present, Past or Future Perfect  Passive).
1. The teacher said that executive information systems (develop) as mainframe computer-based programs. 2. This computer applications (use) so far to satisfy senior executive’s needs. 3. I’m sure that great success (achieve) by the company by next term. 4. Computer security problems always (consider) as a significant factor in the development of computer technology. 5. The lecturer explained us that a web server (hide) in a matchbox so that a few people could give an accurate count of the number they had in their homes. 6. By next decade good prevention measures (introduce) to stop unauthorized users from accessing any part of the computer system. 7. Valuable information and services just (protect) from publication by collective processes and mechanisms. 8. It is impossible to determine whether a disclosure or modifications (authorize) properly without authentication. 9. He informed me that information just (share) among companies. 10. I want to remind you that my computer system (secure) recently. 11. He mentioned that the threats for computer security (classify) into several categories. 12. A software flaw (discover) by specialists recently. 13. In two year’s time the code from the exploit program (reuse) in Trojan horses. 14. I’m very sorry to say that his private conversation (eavesdrop). 15. I found out that the program (intend) to act as a system of eavesdropping protocols. 
Exercise  24. Use the verbs in brackets in the Active or Passive form of Perfect Tenses.

1. The plan for construction of the system (create) before we knew about it. 2. I hope the architect (make) a right decision by next meeting. 3. We (not find) any rough mistakes in our research. 4. I found out that each interface in the system (mechanize) with more than one of the coordination protocols. 5. It just (ensure) conceptual integrity. 6. The need to retest components (reduce) by next experiment. 7. Up to now these instructions (reflect) choices about particular analysis. 8. He was sure that it (foster) the creation of the simplest solution to the system problem. 9. Lately all solutions (take into account) and a right one (choose). 10. The software (restore) by next week by a good team of specialists. 11. I think they already (define) their tasks. 12. Their achievements (evaluate) by next summit. 13. Some trade-offs already (find). 14. He announced that the implementation of a complex functional feature (split) between three groups. 15. Today I (review) multiple software existence planes. 

Exercise 25. Translate into English. 
1. Він повідомив, що декілька складних завдань було виконано цим процесором досить швидко. 2. Ця операційна система буде встановлена до вечора. 3. Нещодавно були розроблені нові версії цієї операційної системи. 4. Вони сказали, що результати їх досліджень вже опубліковані. 5. Всі проблемні питання щодо вдосконалення програмної системи будуть вирішені до наступного місяця. 6. Архітектуру програмного забезпечення було представлено досить детально. 7. Я дізнався, що в процес проектування були введені нові важливі компоненти. 8. Деякі критерії покращення процесу планування були щойно розглянуті. 9. Він сказав нам, що всі функціональні вимоги були враховані. 10. Значні переваги цього методу щойно знайшли підтвердження.
Exercise 26.  Study the vocabulary to text 3.

Compatibility – сумісність

backward-compatible – зворотно-сумісний, сумісний назад (такий, що не виключає використання попередніх версій чи модифікацій)

interoperability – функціональна сумісність, можливість взаємодії (програмних та апаратних виробів різних поставників)
extensibility – розширюваність, можливість розширення (нарощення)
underlying – такий, що лежить в основі, основний, головний, базовий
tolerate – витримувати 

fault-tolerance – відмовостійкість

resistant – стійкий
recover – відновлювати(ся)
component failure – відмова елемента

comprise – містити в собі

packaging – упакування
manual - посібник; довідник, покажчик; підручник

enhance – збільшувати, поліпшувати

usability – 1) зручність у користуванні 2) практичність

reusability – можливість повторного використання

robustness – міцність
invalid – неправильний, недійсний, помилковий, 

resilience – стійкість
withstand – протистояти, витримувати

hostile – ворожий

target user – цільовий користувач
target audience – цільовий аудиторія

default value – значення за умовчанням
Exercise 27. Read and translate text 3.

Text 3. Design Considerations
There are many aspects to consider in the design of a piece of software. The importance of each should reflect the goals the software is trying to achieve. Some of these aspects are:

· Compatibility. The software is able to operate with other products that are designed for interoperability with another product. For example, a piece of software may be backward-compatible with an older version of itself.

· Extensibility. New capabilities can be added to the software without major changes to the underlying architecture.

· Fault-tolerance. The software is resistant to and able to recover from component failure.

· Maintainability. The software can be restored to a specified condition within a specified period of time. For example, antivirus software may include the ability to periodically receive virus definition updates in order to maintain the software's effectiveness.

· Modularity. The resulting software comprises well defined, independent components. That leads to better maintainability. The components could be then implemented and tested in isolation before being integrated to form a desired software system. This allows division of work in a software development project.

· Packaging. Printed material such as the box and manuals should match the style designated for the target market and should enhance usability. All compatibility information should be visible on the outside of the package. All components required for use should be included in the package or specified as a requirement on the outside of the package.

· Reliability. The software is able to perform a required function under stated conditions for a specified period of time.

· Reusability. The software is able to add further features and modification with slight or no modification.

· Robustness. The software is able to operate under stress or tolerate unpredictable or invalid input. For example, it can be designed with a resilience to low memory conditions.

· Security. The software is able to withstand hostile acts and influences.

· Usability. The software user interface must be usable for its target user/audience. Default values for the parameters must be chosen so that they are a good choice for the majority of the users.

Exercise 28. Match the aspects to be considered in the software design with their explanations.

	1. Security
	a) The software can be restored to a specified condition within a specified period of time. 

	2. Reusability
	b) New capabilities can be added to the software without major changes to the underlying architecture.

	3. Robustness
	c) The software is able to add further features and modification with slight or no modification.

	4. Usability
	d) The software is able to operate with other products that are designed for interoperability with another product.

	5. Modularity
	e) The software is resistant to and able to recover from component failure.

	6. Maintainability
	f) The software is able to perform a required function under stated conditions for a specified period of time.

	7. Fault tolerance
	g) The software is able to withstand hostile acts and influences.

	8. Compatibility
	h) Printed material such as the box and manuals should match the style designated for the target market and should enhance usability.

	9. Packaging
	i) The software is able to operate under stress or tolerate unpredictable or invalid input.

	10. Extensibility
	J) The software user interface must be usable for its target user/audience.

	11. Reliability
	k) The resulting software comprises well defined, independent components.


Exercise 29. Answer the questions on text 3.

1. What aspects should be considered in the design of a piece of software? 2. What is compatibility? 3. How can extensibility be explained? 4. What does fault tolerance mean? 5. What is maintainability? 6. What is modularity and what does it allow?  7. What components and information should be included in the package?           8. What are reliability and reusability?  9. Why is robustness important?  10. What acts is well designed software able to withstand?  11. What is the software user interface designed for?  
Exercise 30. Compose a dialogue on different design aspects.

Exercise 31. Study the vocabulary to text 4.
Enumerate – перелічувати, перераховувати

concern – проблема, питання, справа

black-box – “чорна скриня”, пристрій або програма з невідомою внутрішньою структурою
similar – подібним чином

fancy – незвичайний

buggy – що містить велику кількість помилок, проф. глючний

verify – перевіряти, контролювати

huddle (together) – збирати(ся) (разом)
multiple – багатократний

open-ended – з можливістю розширення, розширюваний

immaterial – нематеріальний, неістотний

inversion – інверсія, зворотне перетворення

granule – гранула, частинка

release – 1) вивільнення, розблокування 2) вивільняти(ся)
tracking system – система стеження
closure – замикання

directed acyclic graph (DAG) – орієнтований ациклічний граф
prove - 1) доводити, доказувати 2) засвідчувати, підтверджувати документами
proven – доведений, випробуваний, перевірений 

paradigm – 1) парадигма 2) зразок, еталон
pollute – забруднювати

entity – об’єкт

derived – похідний
consistency – логічність, послідовність, зв’язність

skip – пропускати, стрибати, перестрибувати

preceding – попередній

frequently – часто

distil – очищати

commonality – спільність, уніфікованість

exhaustive – вичерпний, повний, виснажливий

Computer-Aided Software Engineering (CASE) – система автоматизованої розробки програм, CASE-технологія

Exercise 32. Read and translate text 4.

Text 4. Rules of Design
· Make sure that the problem is well-defined.

- All design criteria, requirements, and constraints should be enumerated before a design is started.

- This may require a “spiral model” approach.
· What comes before how.

- i.e., define the service to be performed at every level of abstraction before deciding which structures should be used to realize the services.
· Separate orthogonal concerns.

- Do not connect what is independent.

· Design external functionality before internal functionality.

- First consider the solution as a black-box and decide how it should interact with its environment.

- Then decide how the black-box can be internally organized. Likely it consists of smaller black-boxes that can be refined in a similar fashion.

· Keep it simple.

- Fancy designs are buggier than simple ones; they are harder to implement, harder to verify and often less efficient.

- Problems that appear complex are often just simple problems huddled together.

· Our job as designers is to identify the simpler problems, separate them, and then solve them individually.

· Work at multiple levels of abstraction.
– Good designers must be able to move between various levels of abstraction quickly and easily.
·  Design for extensibility. 
– A good design is “open-ended,” i.e., easily extendible.

– A good design solves a class of problems rather than a single instance.

– Do not introduce what is immaterial.

– Do not restrict what is irrelevant.

– Before implementing a design, build a high-level prototype and verify that the design criteria are met.
· Details should depend upon abstractions.
– Abstractions should not depend upon details.

– Principle of Dependency Inversion.

· The granule of reuse is the same as the granule of release.

– Only components that are released through a tracking system can be effectively reused.

· Classes within a released component should share common closure.

– That is, if one needs to be changed, they all are likely to need to be changed.

– i.e., what affects one, affects all.

· Classes within a released component should be reused together.

– That is, it is impossible to separate the components from each other in order to reuse less than the total.

· The dependency structure for released components must be a DAG.

– There can be no cycles.

· Dependencies between released components must run in the direction of stability.

· The more stable a released component is, the more it must consist of abstract classes.

– A completely stable component should consist of nothing but abstract classes.

· Where possible, use proven patterns to solve design problems.

· When crossing between two different paradigms, build an interface layer that separates the two.

– Don’t pollute one side with the paradigm of the other.

· Software entities (classes, modules, etc) should be open for extension, but closed for modification.

– The Open/Closed principle – Bertrand Meyer.

· Derived classes must be usable through the base class interface without the need for the user to know the difference.
– The Liskov Substitution Principle.

· Make it work correctly, then make it work fast.

– Implement the design, measure its performance, and if necessary, optimize it.

·  Maintain consistency between representations.

– e.g., check that the final optimized implementation is equivalent to the high-level design that was verified.

· Don’t skip the preceding rules!

– Clearly, this is the most frequently violated rule!!! 

· Good designs can generally be distilled into a few key principles:

– Separate interface from implementation.

– Determine what is common and what is variable with an interface

and an implementation.

– Allow substitution of variable implementations via a common interface.

- i.e., the “open/closed” principle.

– Dividing commonality from variability should be goal-oriented rather than exhaustive.

· Design is not simply the act of drawing a picture using a CASE tool or using graphical UML notation!!!

· Design is a fundamentally creative activity.
Notes
Orthogonal – тут: незалежний
Open/Closed principle – принцип відкриття-закриття (один з принципів об’єктно-орієнтованого проектування, що дозволяють розробникам усунути помилки проекту, сформувавши найкращий проект на основі наявного набору властивостей)
Liskov Substitution Principle – принцип підстановки “Лісков” (запропонований Барбарою Лісков у 1987 році, цей принцип є важливим критерієм для оцінки якості рішень, що приймаються під час побудови ієрархій наслідування в об’єктно-орієнтованому проектуванні)

Exercise 33. Find in text 4 the English for: 
переконатися, що задача добре визначена; перераховувати критерії проектування, вимоги та обмеження; розглядати рішення як “чорну скриню”; деталізувати подібним чином; містити більше помилок; прості задачі, об’єднані разом; декілька рівнів абстракції; легко розширюваний; обмежувати те, що не стосується справи; відповідати критеріям проектування; принцип інверсії залежностей; орієнтований ациклічний граф; принцип підстановки “Лісков”; оцінювати функціонування; ігнорувати попередні правила; порушуване правило; система автоматизованого розроблення програм.
Exercise 34. Discuss the rules of design. Which of them are the most important/ more often used/ can be skipped? Can you add any other rules to those listed above?

Exercise 35. Prepare a presentation on one of the topics:

· “Software Design Fundamentals”

· “Software Design Context”

· “Key Issues in Software Design”

· “Concurrency”

· “Design Patterns”

· “Software Design Notations”

· “Software Design Strategies and Methods”

· “Function-Oriented -Structured Design”

· “Object-Oriented Design”

· “Data-Structure-Centered Design”

· “Component-Based Design”
SUPPLEMENTARY READING

Text 1. Class Model
Class diagrams are fundamental to object-oriented analysis and design. The Unified Modelling Language (UML) is the industry standard notation for class diagrams. The class model shows static class objects in a system and the relationships between them. Two particularly important relationships are generalization (inheritance) and aggregation (whole-part). Each class object on the diagram often shows the class name, its attributes and operations. Details like data types for attributes and arguments for operations can also be shown on the diagram for some notations. Many class modelling notations are available but most developers have standardized on UML as illustrated below (Fig.1).
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Fig.1. UML Class Model
Notes
Notation – нотація, система позначень, набір символів і правил для запису синтаксису
generalization – узагальнення

inheritance – 1) успадкування 2) спадщина 3) спадок
aggregation – аґреґування (механізм багаторазового використання одним об’єктом методів іншого об’єкта; зазначений механізм реалізує розподіл інтерфейсів)
event handler – обробник подій

point – пункт
point data – координати точок, дані про координати 

map point – план (схема) пунктів (координат)

override – 1) перевизначення 2) обхід 3) скасування (команди)

alarm monitor – монітор аварійних сигналів
alarm condition – аварійна (небезпечна) ситуація

sound alarm – звукове попередження про небезпеку

shared memory – розподілена пам’ять

generic – типовий, стандартний, звичайний

lock – 1) замикати, блокувати 2) замикати, блокувати
unlock – 1) розмикати, розблоковувати 2) розблокування

loop gain – коефіцієнт підсилення замкненого ланцюга

enable – 1) активувати, вмикати 2) розблокувати 3) уможливлювати, дозволяти
port – порт

Assignments
1. Read and translate text 1.

2. Find in the text the English for:

показувати статичні об’єкти класу та  важливі відношення між ними; узагальнення (наслідування) та аґреґування; показувати назву класу, його атрибути та операції; атрибути та аргументи для операцій; система позначень у моделюванні класів; обробник подій; монітор аварійних сигналів; звукове попередження про небезпеку; небезпечна ситуація; розподілена пам’ять.
3. Ask questions on the text.

4. Use Fig.1 to describe a UML class model.

Text 2. Data Model 

An entity-relation diagram, called an ERD, illustrates the data structure of an information system. A database can be designed using logical and physical data models that highlight primary and foreign keys. Martin’s Information Engineering notation is typically used for data models. An entity-relation diagram (ERD), also referred to as a data model, typically shows the name of each entity, its list of attributes and relationships with other entities. Primary keys can be identified for each entity and foreign keys can be used to express relationships between entities. 

Often the data model is later implemented by generating Structured Query Language (SQL) for a Relational Database Management System (RDBMS) where entities become tables and attributes become columns. Martin’s Information Engineering notation is illustrated in Fig.2. 
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Fig.2. Information  Engineering ERD

Notes
Data model – модель даних

entity-relation diagram (ERD) – діаграма відношень логічних об’єктів-сутностей, ER-діаграма 

highlight – підкреслювати, виділяти, акцентувати увагу

primary key – первинний ключ (в базах даних)

foreign key – зовнішній ключ (в базах даних)
information engineering – інформаційна інженерія, інфотехніка

entity – (логічний) об’єкт

Structured Query Language (SQL) – мова структурованих запитів, мова SQL
Relational Database Management System (RDBMS) – реляційна система керування базою даних, СКРБД (інформацію в таких базах даних зберігають у двовимірних таблицях, які називають відношеннями (relations); кожний стовпець таблиці має назву атрибут (attribute), який описує тип елементів стовпця; рядок даних таблиці називають кортеж (tuple)

dollar amount – сума в доларах

ID (identifier) – ідентифікатор

char (character)  –  знак

ZIP – найбільш поширений стандарт ущільнення; формат архівів на FTP (File Transfer Protocol)-серверах 

integer – ціле число

shipping – поставка, відправлення, відвантаження

orderline – кількість найменувань у замовленні
Assignments
1. Read and translate text 2.

2. Find in the text the English for:

модель даних; діаграма відношень логічних об’єктів; виділяти первинні та зовнішні ключі; список атрибутів та зв’язків з іншими логічними об’єктами; мова структурованих запитів; реляційна система керування базою даних (СКРБД); підсумок; сума в доларах; ціле число; ідентифікатор.
3. Ask questions on the text.

4. Use Fig.2 to describe Information  Engineering ERD.

Text 3. Process Model

        The process model is typically used in structured analysis and design methods. Also called a data flow diagram (DFD), it shows the flow of information through a system. Each process transforms inputs into outputs. 
        The model generally starts with a context diagram showing the system as a single process connected to external entities outside of the system boundary. This process explodes to a lower level DFD that divides the system into smaller parts and balances the flow of information between parent and child diagrams. Many diagram levels may be needed to express a complex system. Primitive processes, that don't explode to a child diagram, are usually described in a connected textual specification. [image: image5.png]0.4
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Fig.3. Yourdon/DeMarco DFD

The Gane & Sarson style DFD shown in Fig.3 is typically used for information systems. The diagram shows the flow of information in a small software company. 
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Fig.4. Gane & Sarson DFD

Notes
Data flow diagram – діаграма потоків даних

context diagram – контекстна діаграма (модель, яка зображує систему з її оточенням на високому рівні абстракції, – вона містить об’єкти, які є зовнішніми стосовно системи і взаємодіють з нею, але вона не показу внутрішню структуру системи та її поведінку)

explode – тут: розбиватися (на складові)
parent diagram – породжувальна діаграма, діаграма першого рівня
child diagram – породжена діаграма, діаграма другого рівня

specification – специфікація

packet queue – черга пакетів

trigger – пусковий сигнал

key entry – клавішне введення

receiver – приймач

PAT = PaT= P&T – 1) (picture and text) – “малюнок і текст”, режим або функція PAT 2) program association table – таблиця з перерахуванням програм потоку та їх ідентифікація

match – відповідність, збіг

sales income – прибуток від реалізації

invoice – рахунок-фактура
inventory – інвентаризація, облік товару

Assignments
1. Read and translate text 3.

2. Find in the text the English for:

діаграма потоків даних; методи структурного аналізу та проектування; зовнішні об’єкти; за межами системи; діаграми першого та другого рівня; проектування та аналіз систем в реальному часі; текстова специфікація; відеовихід; черга пакетів; клавішне введення; активувати; потреби клієнтів; підтримка споживачів; реклама; витрати на розробку; технічна підтримка; випуск продукції; проведення бухгалтерського обліку; сировина; опрацьовувати замовлення; ділові документи; прибуток від реалізації; рахунок-фактура; облік товару.
3. Ask questions on the text.

4. Describe Yourdon/DeMarco and Gane & Sarson DFDs using figures 3 and 4.

Text 4. State Models

The state model describes the states and events in a system using a diagram or table. There are many different types of state diagrams and tables. Causal loop diagrams are used for system models. 
In a structured analysis and design method, state models show the modes in a system and usually connect to data flow diagrams using control bars and control flows. In an object-oriented approach a state model is typically used to describe the lifecycle of a complex object. The Harel state model illustrated in Fig.5 has become popular in recent years due to its ability to express concurrency. 
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Fig.5. The Harel state model

Tables are also an effective way of expressing information about states and events as illustrated in the state transition table below. Tables can be created with the table editor much like filling in cells of a spreadsheet. Tables can also be generated automatically from information in a state diagram. 
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Fig. 6. State transition table
Notes
State model – модель станів

causal – причинний

loop diagram – контурна схема

bar – прямокутник (на блок-схемі)

control flow – потік керування

concurrency – паралелізм

update time – час поновлення даних

tick – імпульс

state transition – перехід станів

bill – банкнота, купюра, рахунок

reject – не приймати, викидати

dispense – видавати 

coin – монета

sufficient – достатній

funds – гроші, кошти, сума

refill – 1) поповнення 2) поповнювати
Assignments

1. Read and translate text 4.

2. Find in the text the English for:

описувати стани та події; метод структурного аналізу та проектування; об’єктно-орієнтований підхід; через свою здатність передавати паралелізм; імпульс часу поновлених даних; ефективний спосіб представлення інформації; таблиця переходу станів; заповнення комірок електронної таблиці; завантажувати купюру; перевіряти долари; видавати монети; достатня сума; недостатня сума; засвітити табло “немає грошей”; поповнювати гроші.
3. Ask questions on the text.

4. Use Fig.5. to describe the Harel state model.

Text 5. Object Models

An object model shows object instances, their operations and messages between objects to document the design mechanisms within an object-oriented design. Each diagram illustrates a part of the design with a collection of communicating objects. 

Popular notations include UML sequence diagrams and UML collaboration diagrams.

UML communication (called collaboration prior to UML 2.0) diagram is a type of object interaction diagram that emphasizes the data links between participants. It is illustrated in Fig.7 below with association lines drawn between objects and couples attached to the lines showing the name, direction and parameters of object operation calls.
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Fig.7. UML Communication Diagram
The UML Sequence diagram (Fig.8) shows the same type of information, but it highlights the time sequence of object operations and events. 
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Fig.8. UML Sequence Diagram

Assignments
1. Read and translate text 5.

2. Answer the questions on the text.

- What does an object model show?  
- What is UML communication?  
- What do the couples attached to the lines in UML communication diagram show?  
- What does the UML sequence diagram highlight?   
3. Describe a UML Communication Diagram and UML Sequence Diagram using figures 7 and 8.

Text 6. Task Model
The task model is used to create high level system or architectural diagrams of a software system or lower level task diagrams showing threads of execution.      

Architectural diagrams (Fig.9) illustrate the physical design of complex systems using processors, devices and interfaces. Client-server or other distributed systems can be shown with predefined or user defined icons like computers, printers or communication systems. 
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Fig.9. System (Architectural) Diagram

Task diagrams (Fig.10) show detailed interactions between independent threads of execution (tasks or interrupt service routines). These interactions use operating system services including queues, semaphores, mailboxes, event flags and input/output ports. 
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Fig.10. Task Diagram

Notes
Thread – потік, тред
task model – модель задачі

backplane – з’єднувальна плата 

interrupt service routine – підпрограма оброблення переривання

semaphore – семафор

event flag – прапорець події 

msec (millisecond) – мілісекунда

wakeup – активізація
Assignments
1. Read and translate text 6.

2. Find in the text the English for:

архітектурні діаграми; потоки виконання; діаграма системи; розподілені системи; попередньо визначені піктограми; діаграма задачі; з’єднувальна плата; програма оброблення переривання; прапорець події; виміряний вхід; активізація.

3. Answer the questions.

- What is the task model used for?  
- What do architectural diagrams illustrate? 

- What can client-server or other distributed systems be shown with?  
- What do task diagrams show?  
- What do the interactions between independent threads of execution use?

4. Describe a System (Architectural) Diagram and a Task Diagram using figures 9 and 10.

Text 7. Software Development
In today’s software world, there are boundless discussions and thoughts around “how best to develop software.” There are many books and standards written on this subject. However, it all comes down to the organization, the expectations of the users/business, and how much time and money is provided to software projects. 
The Integrated Development Environment (IDE) directs an organization toward specific tools as well as techniques of modelling. 
If an organization requires documentation, there are several possible approaches to design and modelling techniques. Most of the expectations in any development organization are focused on creating the code. While design is an absolute necessity, the method of describing the design varies greatly, as does the techniques used to produce such designs. The level of detail will often dictate the effort and time required to produce the artifacts that communicate the design of the system.

         Technology offers some great capabilities in pulling together the design of any software system. Regardless of platforms, the technologies available to create models are vast and highly efficient in today’s development world. Design techniques include standard modelling languages such as the Unified Modelling Language (UML), frameworks such as the Model-Driven Architecture (MDA), and software processes such as the Enterprise Unified Process (EUP). Tools are available for download, purchase from various vendors, and even developed in-house. Modelling tools that support the standards should be the first choice for organizations. The Integrated Development Environment (IDE) directs an organization toward specific tools as well as techniques of modelling.

In most discussions of “how” modelling is accomplished, the conversation will ultimately include topics such as diagrams, artifacts, technologies, and platforms. While this certainly does not sum up modelling as a phase of development, it is often the primary considerations. While having these discussions will guide the organization towards appropriate decisions of “how to design,” you must also consider standards such as the Software Engineering Body of Knowledge (SWEBOK), IEEE 1074-2006, and ISO 9001 for appropriate design techniques and concerns.

Assignments
1. Read and translate text 7.

2. Ask questions on the text.
3. Decipher the abbreviations: MDA, ISO, UML, IDE, SWEBOK, EUP
4.   Divide the text into logical parts and entitle each of them.
Text 8. ModellingTechniques
Modelling techniques usually come down to artifacts (diagrams). You must define the desired artifacts for the system definition, the audience for the artifacts, and how the artifact will be used. If documentation is the goal, then technology and techniques should work towards delivering structured output, be that in the form of a document or a graphics representation of the design (diagrams). The goal should be to produce only what is needed and what is effective to communicate the design. You should not produce content or artifacts “just because you can.” Reduce output for the system specification to pertinent details, focusing more information on software modelling and UML.
If you want to effectively communicate the architect's design to the developers producing the code, then technology that closely ties design techniques with the resulting code should be your focus. Little attention to documentation output and large focus on effective communication will help produce desired project results. People and processes define effectiveness for development results while technology defines the efficiency of that same effort. Design is the software development life cycle (SDLC) step between the customer needs and the developer code. Make that step as streamlined and effective as possible while being efficient on the part of all interested parties. If customers don't need to see it, discuss it, or approve it, then do not consume their time by producing it. If developers spend unnecessary cycles translating documents to code, give them efficiency by sharing design technologies in the coding phase. The techniques that accomplish bringing together requirements, design and code should be the focus for improving the development effort. This is true whether waterfall or agile methods are the software development process for the organization.

Assignments
1. Read and translate text 8.

2. Ask questions on the text.

3. Speak on software design and modelling.

Text 9. Effective Use of Architecture

Effective use of architecture is indicated by the creation of a plan, addressing critical system-wide issues, for structuring the resulting system and then developing the system in compliance with that plan. Thus, most effective architectures are defined prior to detailed development and constrain detailed design. They carry the decisions made by the architect and disseminate those decisions to developers. 

There must be clear identification of structural patterns and coordination patterns that abstract important characteristics of the application domain. The architects must clearly identify a small number of key patterns of structure that are sufficient for implementation of the system. These structural patterns are templates for the organization of the system and elaboration of its components. They must be clear and understandable with minimal complexity and the number of patterns must be relatively modest. Each pattern, to be effective, must leverage a substantial portion of the system organizational structure. They serve to reduce the variability of design across a system while clearly identifying the anticipated locations for variation. The reduction of variability minimizes the complexity of the system allowing more effective reasoning about the system as a whole based on the understanding of the characteristics of a small number of repeating patterns. They also facilitate the standardization of infrastructure services and common utilities and provide a consistent context for components that increases component reusability. The notion of leveraging system understanding from the characteristics and properties of a small number of archetypes applies equally to coordination of activities in the system. These coordination patterns or protocols characterize the interactions that are permitted between components of the system and allow designers to leverage understanding of how the system components dynamically interact by understanding the properties and behaviour of a small number of coordination protocols. Each interface in the system is mechanized with one or more of these coordination protocols. The architecture usually embodies these coordination patterns in infrastructure capabilities that are made available for use by the various system components. 

Architectures must provide identification of partitions within the system. A primary division is that between system infrastructure and the applications. The architecture must clearly identify the existence of a system infrastructure, defined in detail by the architecture specification, and the existence of the system applications, parts that implement the mission specific functionality of the system. Infrastructure is ubiquitous and provides capabilities to all applications uniformly. The architecture specification identifies the details of infrastructure design and characteristics, including the interfaces used by applications. This gives an unambiguous picture of what system capabilities are provided as common services to the application developers and allows them to focus on application related details and not be diverted by functionality required to integrate their components into the system. Further partitions are identified within the infrastructure to organize the system wide capabilities and allow efficient allocation of requirements related to common services and overall integration of the system. Applications partitions are also identified along with the allocation of functional requirements to them. This represents the first mechanism for validating the coverage of system requirements. Application partitions provide placeholders for mission specific functionality defined by the application developers. 

Partitions are a way of ordering a system in its decomposition. There are a great many ways of organizing solutions to a design problem but partitions are not arbitrary. We generally expect tighter cohesion and coupling among components within the same partition than between components across partition boundaries. Partition boundaries are often a location where architectural constraints govern the interaction of components. Tighter cohesion between the functions allocated to a partition allows1 for components within a partition that are more tightly focused on a specific set of application capabilities and helps reduce the number of interfaces required within partitions and between partitions. Partitions do not necessarily reflect the physical model of the system or structure of compilation units. 

An architecture must identify interfaces between the target system and external systems and major and critical interfaces within the target system itself. Architectural views should be provided that illustrate the interfaces and identify those infrastructure capabilities (and the coordination patterns they implement) used to mechanize each interface. Architectural views for a reference architecture will identify the external and component level interfaces by specific details where known and by abstractions where they are determined by target system elaboration. Target architectures will provide specific details of interface content. 

Assignments

1. Read and translate text 9.

2. Ask key questions on the text.

3. Give the gist of the text.
Text 10. Architectural Specification
The architectural specification should fully characterize interface mechanisms so that infrastructure developers will know what to build and application developers will know what capabilities are available and how to use them. 

The architectural specification should identify common services and utilities, other than interface mechanisms, that the infrastructure will provide. The specification should describe how they are used, what their intent is, what assumptions are incorporated in their design, and the details of their interface. The architecture should identify system states and modes and describe what each component is expected to provide to support those states and modes and what general behaviours they can expect from the system in each state and mode. 
The development environment in support of the architecture should provide structural types used for component construction. Structural types are a realization of structural patterns identified during architectural design and embody the coordination protocols supported by the infrastructure. They identify locations where developers must provide functionality and where development tools or templates provide default capabilities. Each component of the system is an instance of a structural type defined by the architecture. The environment may provide special tooling, component templates, or instruction guides for developers to use in instantiating these types. 

The architectural design must provide an effective information protection strategy to encapsulate components, infrastructure, and external interfaces. This protection strategy supports a decoupling of components from the implementation details of other components and external systems. Within the constraints of performance requirements this is one
_____________________________

                  1allow for – передбачати; враховувати, брати до уваги

of the most important properties enforced by an architecture. It ensures conceptual integrity by managing proliferation of complexity and allows abstraction of stereotypical behaviours. It is a major contributor to the ability of the architecture to provide intellectual control over the system. It insures against side effects and hidden interfaces. An effective information protection strategy has a major impact on the integrability and maintainability of the system as well as on its reliability. We look for protection from the specific details of system components such as operating systems, file management systems, database management systems, hardware devices, inter-process communications facilities, and user interfaces. 

Architectures should isolate system components from the environment in which they operate as far as is feasible. Application components should not be tasked with dealing with contention for system resources, determining communications routing, or maintaining a model of the location of other system components, except where unavoidable. 

The architecture should provide an explicit description of the assumptions built into the architecture including those required by the infrastructure. It should further provide a detailing of the assumptions that components make that effect the interfaces in which they participate. Knowledge of the assumptions used in constructing system components is invaluable in being able to integrate the system  in a  timely  and cost 
effective manner and in maintaining the system over its lifetime. 

The architecture should support the incremental addition of system capability. The infrastructure should support incremental development allowing new functionality to be added without requiring changes to existing functionality or without requiring extensive retest of previously integrated components. Incremental development facilitates integration, parallel development of system components, and testing of components as black boxes. This reduces the need to retest components when changes are made to implementations or when common components are incorporated into other products. 

The architecture should provide instructions and guidelines for detailed decomposition and lower level partitioning by developers during detailed design. These should be based upon a comprehensive approach to systematize the analysis of the system and documentation of the design. These instructions reflect choices about particular analysis and design paradigms and, frequently, reflect capabilities of the development support environment. It allows for compatible methods of analysis and design across the system that enable modellingof the system and parameterization of component costs (technical as well as financial). 

Architectures should foster the creation of the simplest solution to a system problem that is consistent with performance requirements, functional requirements, and system qualities. 

Assignments
1. Read and translate text 10.

2. Ask questions on the text.

3. Speak on characteristics of effective architecture.

Text 11. Effective Architectural Requirements

In general, an architecture should strive through its standards for uniformity across a single class of problem. Systems are more robust and more predictable when a uniform solution is applied across the system instead of using a collection of unique point solutions for what is essentially the same problem. 

Adaptation instructions and implementation guidelines for the architecture should provide a clear identification of what decisions or kinds of decisions are left to the discretion of designers and what decisions are conveyed by structural types. Adaptation instructions and implementation guidelines identify where application designers must provide functionality to satisfy allocated requirements. They also identify where implementers may use discretion in providing unique or non-standard components or component implementations and interface mechanizations. They further identify what infrastructure capabilities must be used by components and what behaviour and service those capabilities provide components. 

Exceptions to any architecture are probably inevitable, especially over an extended lifetime, and in particular where a reference architecture is instantiated for multiple target systems (products). There must be specific processes defined for how exceptions are requested and adjudicated including where the authority lies to grant exceptions. The processes must ensure that exceptions are granted only for compelling reasons since they are a source of complexity that can compromise conceptual integrity and intellectual control. They can also foster the spawning of multiple baselines offering relatively low payback and limited additional capability in the face of high maintenance costs. The processes must, however, be reasonable and efficient. 

The architecture must anticipate the necessity for exceptions and provide mechanisms to accommodate them with a minimal degradation of system qualities. The architecture must be designed for change, and must acknowledge the need for variation. Where applicable, It must anticipate the use of legacy components or components from other vendors (e.g., COTS1) with foreign architectures in a way that preserves the conceptual integrity of the system. 

The architecture must clearly derive from a set of driving architectural requirements that are adjudged by the architects and other stakeholders to be of sufficient importance to the system and its qualities that specific architectural mechanisms are required to insure their coverage. These requirements must be a manageably small set or the resulting architecture will be unwieldy and brittle. There is a fine balance between controlling development and over-controlling development and quashing innovation or forcing  application  developers to im-

plement inefficient, overly complex, or fragile components. The architecture and its infrastructure should be the minimum required to guarantee satisfaction of the driving requirements. Requirements not critical to 
the system overall should be allocated to application components or utilities, as appropriate. Driving requirements should succinctly establish the need for each capability and capabilities not supported by driving requirements should be omitted. 

The architecture must provide adequate documentation so all users can understand how to employ it and how it structures the system and its behaviours. There must be a sufficient number of static views and dynamic views. It should include a high level description sufficient to impart the abstractions provided by the architecture. It also should include sufficient details for understanding how infrastructure services and utilities operate, what specific capabilities they provide to components, the intent of the developers with regards to their use, and how they are to be used. Documentation should include adaptation guidelines 
____________________________

              1COTS – (commercial off-the-shelf) готовий, що є в продажу; покупний

for instructing architects and systems engineers how to adapt the architecture to products and how to instantiate target architectures from the reference architecture, where applicable. Guidelines for implementation must also be provided for component developers including a complete description of structural types and their use in creating components. Those guidelines must also discuss the coordination protocols that govern how the components communicate and synchronize so developers understand how to integrate multiple components. If architects anticipate the reuse of the architecture on multiple products they should provide information for systems designers on how to analyze their problem within the framework of the architecture and guidelines for evaluating the suitability of the architecture for their purposes. 
Assignments
1. Read and translate text 11.

2. Ask questions on the text.

3. Divide the text into logical parts and entitle each of them.
Text 12. [image: image13.png]
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Software Design Principles
          Software design principles represent a set of guidelines that helps us to avoid having a bad design. The design principles are associated to Robert Martin who gathered them in "Agile Software Development: Principles, Patterns, and Practices". According to Robert Martin there are 3 important characteristics of a bad design that should be avoided: 

· Rigidity - It is hard to change because every change affects too many other parts of the system.

· Fragility - When you make a change, unexpected parts of the system break.

· Immobility - It is hard to reuse in another application because it cannot be disentangled from the current application.

Open Close Principle
· Software entities like classes, modules and functions should be open for extension but closed for modifications.
           OPC is a generic principle. You can consider it when writing your classes to make sure that when you need to extend their behaviour you don’t have to change the class but to extend it. The same principle can be applied for modules, packages, libraries. If you have a library containing a set of classes there are many reasons to extend it without changing the code that was already written (backward compatibility, regression testing). This is why we have to make sure our modules follow Open Closed Principle.

          When referring to the classes Open Close Principle can be ensured by use of Abstract Classes and concrete classes for implementing their behaviour. This will enforce having Concrete Classes extending Abstract Classes instead of changing them. Some particular cases of this are Template Pattern and Strategy Pattern.

Dependency Inversion Principle
· High-level modules should not depend on low-level modules. Both should depend on abstractions.

· Abstractions should not depend on details. Details should depend on abstractions.

           Dependency Inversion Principle states that we should decouple high level modules from low level modules, introducing an abstraction layer between the high level classes and low level classes. Furthermore it inverts the dependency: instead of writing our abstractions based on details, we should write the details based on abstractions.

           Dependency Inversion or Inversion of Control is a better known term referring to the way in which the dependencies are realized. In the classical way when a software module (class, framework) needs some other module, it initializes and holds a direct reference to it. This will make the 2 modules tight coupled. In order to decouple them the first module will provide a hook (a property, parameter) and an external module controlling the dependencies will inject the reference to the second one.

           By applying the Dependency Inversion the modules can be easily changed by other modules just changing the dependency module. Factories and Abstract Factories can be used as dependency frameworks, but there are specialized frameworks for that, known as Inversion of Control Container.

Interface Segregation Principle
· Clients should not be forced to depend upon interfaces that they don't use.

            This principle teaches us to take care how we write our interfaces. When we write our interfaces we should take care to add only methods that should be there. If we add methods that should not be there the classes implementing the interface will have to implement those methods as well. For example if we create an interface called Worker and add a method lunch break, all the workers will have to implement it. What if the worker is a robot?

            As a conclusion Interfaces containing methods that are not specific to it are called polluted or fat interfaces. We should avoid them.

Single Responsibility Principle
· A class should have only one reason to change.

           In this context a responsibility is considered to be one reason to change. This principle states that if we have 2 reasons to change for a class, we have to split the functionality in two classes. Each class will handle only one responsibility and on future if we need to make one change we are going to make it in the class which handle it. When we need to make a change in a class having more responsibilities the change might affect the other functionality of the classes.

          Single Responsibility Principle was introduced Tom DeMarco in his book Structured Analysis and Systems Specification, 1979. Robert Martin reinterpreted the concept and defined the responsibility as a reason to change.

Liskov's Substitution Principle
· Derived types must be completely substitutable for their base types.

          This principle is just an extension of the Open Close Principle in terms of behavior meaning that we must make sure that new derived classes are extending the base classes without changing their behavior. The new derived classes should be able to replace the base classes without any change in the code.

Liskov's Substitution Principle was introduced by Barbara Liskov in a 1987 Conference on Object Oriented Programming Systems Languages and Applications.

Assignments

1. Read and translate text 12.

2.  Ask key questions on the text.

3.  Give the gist of the text.

Text 13. Software Design Pattern

       Although design patterns have been applied practically for a long time, formalization of the concept of design patterns languished for several years. 

       Design patterns can speed up the development process by providing tested, proven development paradigms. Effective software design requires considering issues that may not become visible until later in the implementation. Reusing design patterns helps to prevent subtle issues that can cause major problems, and it also improves code readability for coders and architects who are familiar with the patterns.

       In order to achieve flexibility, design patterns usually introduce additional levels of indirection, which in some cases may complicate the resulting designs and hurt application performance.

       By definition, a pattern must be programmed anew into each application that uses it. Since some authors see this as a step backward from software reuse as provided by components, researchers have worked to turn patterns into components. Meyer and Arnout were able to provide full or partial componentization of two-thirds of the patterns they attempted. 

        Often, people only understand how to apply certain software design techniques to certain problems. These techniques are difficult to apply to a broader range of problems. Design patterns provide general solutions, documented in a format that does not require specifics tied to a particular problem.

      Design patterns are composed of several sections (see Documentation below). Of particular interest are the Structure, Participants, and Collaboration sections. These sections describe a design motif: a prototypical micro-architecture that developers copy and adapt to their particular designs to solve the recurrent problem described by the design pattern. A micro-architecture is a set of program constituents (e.g., classes, methods...) and their relationships. Developers use the design pattern by introducing in their designs this prototypical micro-architecture, which means that micro-architectures in their designs will have structure and organization similar to the chosen design motif.

      In addition to this, patterns allow developers to communicate using well-known, well understood names for software interactions. Common design patterns can be improved over time, making them more robust than ad-hoc designs.

     Efforts have also been made to codify design patterns in particular domains, including use of existing design patterns as well as domain specific design patterns. Examples include user interface design patterns, information visualization, secure design, "secure usability", Web design and business model design. 

       The annual Pattern Languages of Programming Conference proceedings include many examples of domain specific patterns.

       Design patterns were originally grouped into the categories: creational patterns, structural patterns, and behavioral patterns, and described using the concepts of delegation, aggregation, and consultation. For further background on object-oriented design, see coupling and cohesion, inheritance, interface, and polymorphism. Another classification has also introduced the notion of architectural design pattern that may be applied at the architecture level of the software such as the Model–View–Controller pattern.

Assignments

1. Read and translate text 13.

2. Ask questions on the text.

3. Speak on software design patterns.

Text 14. Documenting Design Patterns

The documentation for a design pattern describes the context in which the pattern is used, the forces within the context that the pattern seeks to resolve, and the suggested solution. There is no single, standard format for documenting design patterns. Rather, a variety of different formats have been used by different pattern authors. However, according to Martin Fowler, certain pattern forms have become more well-known than others, and consequently become common starting points for new pattern-writing efforts. One example of a commonly used documentation format is the one used by Erich Gamma, Richard Helm, Ralph Johnson and John Vlissides (collectively known as the "Gang of Four", or GoF for short) in their book Design Patterns. It contains the following sections:

· Pattern Name and Classification: A descriptive and unique name that helps in identifying and referring to the pattern.

· Intent: A description of the goal behind the pattern and the reason for using it.

· Also Known As: Other names for the pattern.

· Motivation (Forces): A scenario consisting of a problem and a context in which this pattern can be used.

· Applicability: Situations in which this pattern is usable; the context for the pattern.

· Structure: A graphical representation of the pattern. Class diagrams and Interaction diagrams may be used for this purpose.

· Participants: A listing of the classes and objects used in the pattern and their roles in the design.

· Collaboration: A description of how classes and objects used in the pattern interact with each other.

· Consequences: A description of the results, side effects, and trade offs caused by using the pattern.

· Implementation: A description of an implementation of the pattern; the solution part of the pattern.

· Sample Code: An illustration of how the pattern can be used in a programming language.

· Known Uses: Examples of real usages of the pattern.

· Related Patterns: Other patterns that have some relationship with the pattern; discussion of the differences between the pattern and similar patterns.

         The concept of design patterns has been criticized in several ways.       The design patterns may just be a sign of some missing features of a given programming language (Java or C++ for instance). Peter Norvig demonstrates that 16 out of the 23 patterns in the Design Patterns book (which is primarily focused on C++) are simplified or eliminated (via direct language support) in Lisp or Dylan. See also Paul Graham's essay Revenge of the Nerds.

Assignments
1. Read and translate text 14.

2. Ask questions on the text.

3. Divide the text into logical parts and entitle each of them.
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