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University of Waterloo 
Department of Electrical and Computer Engineering 

Final Exam – CS 446/E&CE 452 
July 31, 2000 

 
Instructor: P. Dasiewicz 

Answer all questions. The number in brackets [..] denotes the mark assigned to each question. If 
information appears to be missing from a problem, make a reasonable assumption, state it and proceed.  
No aids except basic calculators.  
Write your solutions in the space provided on the question sheets. The exam consists of 10 pages. 
Time allowed: 3 hours. 
Print your name and ID on each page in the space provided.  

Q1: 10 Q2: 10 Q3: 15 Q4: 15 Q5: 15 Q6: 15 Q7: 10 Q8: 10 T: 100 

 
 

        

 
 

Question 1 [10 points] 
a) We have used the term “program to an interface, not to an implementation”. Why is this desirable? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) We also used the term “favor object composition over class inheritance”. Explain this concept and indicate 
what possible advantages there may be. In your discussion explain what object composition is, discuss the 
advantages and disadvantages of class inheritance and the possible advantages of object composition. 
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Question 2 [10 points] 
 

We discussed architectural styles, architectural design patterns and basic design patterns. Explain the difference 
between these concepts and when (during the development cycle) they could be used. Why would one even 
consider applying these methods? Is there any useful result in the short or long term for the software system? 
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Question 3 [15 points] 
Explain the Abstract Factory and Bridge design patterns. Include in you discussion a description of the patterns 
themselves, where they could be used, a small code snippet and various pros and cons of the patterns. 
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Question 4 [15 points] 
Expression trees consist of nodes containing operators and operands. Operators have different precedence levels, 
different associativities, and different arities; e. g., multiplication takes precedence over addition. The 
multiplication operator has two arguments, whereas unary minus operator has only one. Operands are integers, 
doubles, variables, etc. We’ll just handle integers in this question. Expression trees may be “evaluated” via different 
traversals: e.g., in- order, post- order, pre- order, level- order. The evaluation step may perform various operations: 
e.g., traverse and print the expression tree, return the “value” of the expression tree, generate code and perform 
semantic analysis 

Consider the example of an expression tree given below: 

Binary 
nodes 

Integer 
nodes 

Unary 
node 

* 
- + 

5 4 3 

 
Instead of using an adhoc data driven design approach, it has been decided to use design patterns. Show how the 
Abstract Factory and Bridge design patterns could be effectively used in this application. First, show the class 
collaboration diagrams for each pattern applied to the problem using appropriate class names and some of the more 
important operations and instance variables required for use. Second, show some code snippets of the actual C++ 
class declarations for each class in your design and illustrate how the nodes would be created and possibly be 
traversed. You may reference your answer in the previous question to reduce any duplication. 
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Question 5 [15 points] 
For the following electronic chess game, list the applicable style(s) of system architecture: pipe and filter, event 
driven implicit invocation, layered system, real-time system, client-server system. Provide a skeletal software 
architecture for the system and explain your selection(s). 

“The electronic chess game consists of a chess board with a built-in computer, lights, chess clock and membrane 
switches. The human player registers moves by moving and pressing chess pieces on the board, activating 
membrane switches mounted under each square. After each move the computer updates the chess clock. The 
computer should only make legal moves, should reject attempted illegal human moves, and should try to win”. 
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Question 6 [15 points] 
Consider again the description of the chess game of Question 5 which is repeated again below: 

“The electronic chess game consists of a chess board with a built-in computer, lights, chess clock and 
membrane switches. The human player registers moves by moving and pressing chess pieces on the 
board, activating membrane switches mounted under each square. After each move the computer updates 
the chess clock. The computer should only make legal moves, should reject attempted illegal human 
moves, and should try to win”. 

Recall the Model-View-Controller (MVC) architectural design pattern. Give an overview of how the MVC could 
be applied to this system. First, give the generic MVC class structure and then show how it could be applied to this 
system. Second, give the class descriptions together with some sample code snippets showing the mapping of the 
MVC to the chess game. Third, could there be any possible advantage to using an MVC-like approach for this 
system? Justify you conclusions. 
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Question 7 [10 points] 
Consider the following software planning problem. The system consists of 11 modules (M1 .. M11) whose duration 
(in days) and priority graph is shown below. 

Duration Table for each module: 

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 

2 2 3 6 8 8 4 5 2 4 5 

 

M1 

M2 

M3 M4 

M5 

M6 

M7 M8 M9 

M10 

M11 

Priority Graph 

 
The module implementation has been assigned to three programmers as: 

Programmer Module Assignment

A M7, M8, M9, M10 

B M3, M5, M6, M11 

C M1, M2, M4 

a) Using a PERT graph, give the schedule for the above development. Label the arcs with the module 
names and indicate the earliest possible start time for each module and hence determine the estimated 
duration for the project. 

b) Next, annotate the graph with the latest possible start time for each module and determine the critical 
path. You need not draw a second graph, just add the required information to the graph drawn for part 
a) of this question. 

c) What if programmer A decides to go on a 3 day vacation after completing M8. What impact would this 
have on the overall schedule with respect to the graph obtained in part b) of this question? Explain. 
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Question 8 [10 points] 
Part A 
You have started your own software consulting company and have contracted to develop a 100,000-line embedded 
system to be written in C++. You have the choice of hiring from two pools of engineers: highly capable 
programmers with very little experience in C++, or programmers of low quality but a lot of experience in C++. You 
are planning to use the intermediate COCOMO cost estimation model. What would be the impact of hiring all your 
engineers from one or the other group. To aid in your evaluation, an excerpt from the table of effort multipliers is 
shown below: 

   Ratings    
Cost Drivers Very 

low 
Low Nominal High Very 

High 
Extra 
High 

Personnel attributes       
Analyst capability 1.46 1.19 1.00 0.86 0.71  
Applications experience 1.29 1.13 1.00 0.91 0.82  
Programmer capability 1.42 1.17 1.00 0.86 0.70  
Virtual machine 
experience 

1.21 1.10 1.00 0.90   

Programming language 
experience 

1.14 1.07 1.00 0.95   

 
 
 
 
 
 
 
 
 
 
 
 
 
Part B 
Pick any two (2) Object-Oriented metrics discussed in lectures. For each metric, briefly discuss: i) how the metric is 
obtained; ii) what the metric attempts to quantify; and iii) the potential implications of the metric – how is it 
interpreted. 
 
 


	Part B

