CMPT 117 (02)
Instructor: Kevin Grant

Midterm Examination
February 22, 2006
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Rules:

1) You have 50 minutes to complete the exam. You have approximately one minute
per mark, so allocate your time wisely

2) This is a closed book examination. You may not use any reference material
(electronic or non-electronic) of any kind.

3) You may not communicate with others

4) Cheating is not tolerated, and will result in a forfeiture of the exam, and a 0%
grade.

Good luck!!



Part I: Theory (10 Marks)

1. (4 Marks) In class, we discussed four advantages that linked lists have over vectors.
Name two of them, and explain with a small example/illustration.
p p
@pO f‘O{ i"?f‘(‘// /a/jf /]/Ockf ﬁp("']%’ﬁ oS Me/ndﬂj - /‘(1:7/5,
> Véff/ﬁff Ve avays an of Me’o/ to havt §(7uen)1/q/ mesmgry
((//‘!,( qs L“n /(Cc/ ’1'35{3 ﬁayp /w/[u{{,‘; ,‘(ft_f ‘//‘(‘ ;:Q,_;.",.J' /d“/#/;‘[ 4:/{_[ )
test, Eock Ahem 'n te 15F /s g ;é/(c/ coscl hode ponde uy7 OF

4 > 4 74 g
lo e pagd noole tn #e ISt

/ ;
5/[("0» A m&/ LYy €7
r~—1 - S
(/((4{‘/4 [2 /=27

L\ Lk A7 T3]
” P / ,
@;‘_[75 "‘0/’[\0(’0/ '}LU (’n/u’tJ- 4"»‘0/ f’/(’_["‘ i,’\‘»z,*/;:'ﬂrf»‘oh M//t[#'l 0&/(:%"1/!5,
Vechr [T1Z 61T . i % . gt
3 ‘}1 /l‘/ . "/‘F(l// #0’ /'G‘f‘.‘;,y 4’!)’1}‘{9 5% /‘:x‘_‘,;v#/lf; l, %': 4 ot f/:'t«'fz«j,g/,‘ Oro Llorm
¢ 1L
l.] ;
b pISTITIEL = A2 T
&g Tr L (—77/’&~’T_’
- 0/9%6[(“5 M/F ai o/ P2 $r ared chavse fv;h?"f/' ot pre vlonms w?_'?[:/.r

Congrou t Y o/ ‘_'-'l‘25;I

2. (3 marks) When a class uses heap memory, what three methods must we always
include in order to ensure correct functionality?

O
\

3. (3 Marks) Compare and contrast our container class with our vector class, using our
following table:

Container Ote) X ) 0 (n)

B Vector O/ Bl 3 7
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Part II: Code Tracing (5 Marks)

Often in debugging, many programmers (who do not have access to Visual Studio) will
leave little cout commands to help them find errors in code. In the following code
segments, cout commands have been left in order to follow what the code is doing.

a) (3 marks) What would the output of this code be?

int £fl({int x) {
cout << “Calling fl(int)” << endl;
return x * Xx;

}

double f1 (double x) {
cout << “Calling f1l(double)” << endl;
return x * X;

}

float fl(float x) {
cout << “Calling fl(float)” << endl;
return x * Xx;

}

int main() {
£1(2.0F);
£1(2)3
£1(2.0);

f1({fl1(2.0f) * £1(2.0));

}

Output:
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b) (2 marks) I were no cout commands in our f1 functions, write a function

template for/f] that would take the place of all three functions above.
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Part III: Linked Lists (10 marks)

NOTE: The header file for the node class and linked list toolkit has been included at the

back of your exam. It is not necessary to use a function from the toolkit in the following
questions, but feel free if you like.

a) (5 marks) Write a function /ist_count, that takes a pointer to the head of a linked
list and a data item, and returns the number of times that data item occurs in the

list. Be sure your function is template’d, and that you use an appropriate

pararneter type in the header.
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b) (5 marks) Write a function /ist_max, that takes a pointer to the head of a linked
list, and returns the item that occurs the most frequently inside the list. Be sure
your function is template’d, and that you use an appropriate parameter type in the

header. (HINT: You may use your /ist_count function).
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Part IV: (5 Marks) Complexity

(a) (3 marks) Give the order notation (Big O) for the following functions:
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(b) (2 marks) What is the complexity of the following algorithm? Give a brief
explanation for your answer.

int bisector(int *a, size t n) ({
int min = a[0]; '
int max = a[0]; ]
for (size_ t i =1; i < n; i++) n
if (a[i] < min)
min = af[i];
for (size_t i = 1; i < n; i++) /N
if (a[i] > max)
max = al[i];

return (min + max)/2; |
/ f . e
[olh/J/f>' "y 13 ,[Iﬁ(’a/-
: / /] Wi, - o of operntiong, Al
///\ car Dece: L5€ baa V4 L Vi oL YOr 'O;' <l TA N nuwklr U 4 J il |
.I(/‘.C( {i"l‘.(f Ve he / ' / Il 4 g +HS Co (“," £ "-f
4 e o/ [ / v . 7
0[ Haf /9§ T “* W "y . Hie ‘(C;vla/ Cay //

> o) I'n g « b
StAN_ whet 4, finse



Part V: (20 Marks) Object-Oriented Programming and Data Types
Numbers are represented in a computer in binary (base 2). Each digit is eithera 0 or a 1.
In contrast, humans are used to dealing with decimal (base 10) numbers, where each digit comes

from the set {0, 1,2, 3,4, 5,6, 7, 8,9}. We could store a number using a linear array of single-
valued digits. So we could store the number 316 as an array of three values.

[6,1,3]

Notice that the higher-order digits are stored in higher-ordered indices. Here are some other
examples:

62 : [2,6]
729: [9,2,7]
4513: [3,1,5.4]

Your job will be to write a class called Number. Number will store an array of numbers between
0 and 9, as per the description above.

Your number class will have two constructors. The default constructor will take a size_t variable
indicating the number of digits the number can hold. The other constructor is a copy constructor.

Your number class will provide access to its digits through the subscript [] operator.

On the following page is a partially completed number class. Note that the implementation for
the copy constructor has been deliberately omitted.

Here is how we would build the number “240” using our number class.

Number p(3); // indicates three digits

p[0] = 0;
p[l]1=4;
pl2] =2;

You may use the following function in your code:

max(a, b) — returns the maximum value between a and b.



//mumber.h

class Number {

public:
Number (const size t &sz = 1);
Number (const Number &n);
A /VU mlf;ﬁ . ( ; /'

// Mutators
int & operator([] (const size_t &i);
/Vdm;r)@' éfc’/’(’b”,a" = (m‘w/h’f L‘L’ﬂ / ;

// Accessors
size t size() const {return num digits;}
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private:

int *data;

size t num digits;
}i

//number.cpp

Number: :Number (const int &sz) {
data = new int([sz]:
for (size_t i = 0; i < sz; i++)
data[i] = 0;
num_digits = s2z;

}

int& Number::operator[] (const size t &i) {
assert( (i >= 0) && (i < num digits) );
return datali];






