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1. ( 10%) The following code D2B is designed to print the binary representation of a 
nonnegative decimal number N. 
(a) (4%) Please complete the code using recursion. 
(b) (3%) Suppose the program is correctly implemented. What will be printed 

when D2B(N) is called with N=37? 
(c) (3%) What is the time complexity of D2B(N)? Express your answer in the 

big-O notation. 

void D2B(int N) { 
if (N = = 0 or N = = 1) { 

print (N) 
} else 

(To be completed) 

2. (10%) Floating point representation. 
(a) (4%) What is the binary number representation of a decimal number 2.625? 
(b) (3%) Suppose there is an 8-bit floating number representation for real 

numbers. The floating number representation has three fields in the 
following order: 1 bit for sign, 4 bits for exponent (shifter), and 3 bits for 
mantissa (fixed-point number). The exponent is represented by the excess 
system with bias 7. Use this floating point representation to represent a 
decimal number 2.625. 

(c) (3%) What is the truncation error if the 8-bit floating number representation 
is used to represent a decimal number 2.625? Express your answer in the 
decimal format. 

3. (4%) The following truth table shows a logic function that has two inputs and one 
output. Design a circuit using AND, OR, NOT gates to implement this function. 
The ,number of gates used should be less than four. 

Inputl Input2 Output 
0 0 1 
0 1 0 
1 0 1 
1 1 1 
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4. (6%) Binary search and sequential search. 
(a) (3%) For an unsorted sequence, one needs to sort the sequence first to apply 

the binary search. Under what kind of situations the binary search is faster 
than the sequential search. 

(b) (3%) For a sorted sequence, under what kind of situations the sequential 
search is faster than the binary search. 

5. (8%) Suppose that a program consists of n instructions in sequential order. A 
machine cycle consists of three phases, namely, phase 1, phase 2, and phase 3. 
All phases require the same amount of time, T, to complete. 
(a) (4%) Calculate the total amount of time to complete the execution of the 

program using a CPU with no pipelining. 
(b) (4%) Calculate the total amount of time to complete the execution of the 

program using a CPU with pipelining. 

6. (4%) How many TCP connections are opened and closed to transfer 10 files 
using the FTP protocol? 

7. (8%) Name four services that are provided by the TCP but not provided by the 
UDP. 

8. (9%) Name three pieces of information that can be observed by a TCP sender to 
infer a congestion condition in the network without any explicit feedback from 
routers. 

9. (6%) In an operating system, what are stored in a job queue? What.are stored in a 
process queue? 

10. (15%) Consider a binary tree with height equal to H. The identification numbers 
of the vertices in the binary tree are given in the order of level-order traversal. 
Then each vertex is assigned a weight equal to the inverse of its identification 
number. The identification numbers and weights of the vertices in an example 
binary tree with H= 3 and 6 vertices are illustrated in the figure below . . 

identification number of vertices weights of vertices · 

(a) (5%) How many vertices are there in a binary tree of height H? (H can be 
any positive integer.) 

(b) ( 10%) What is the lowest height of a binary tree whose sum of weights of 
all vertices is greater than 14.3? [Hint: ln2 is roughly equal to 0.69.} 



11. ( 10%) Some data structures. 
(a) (5%) Given a prefix expression +xa+bcd, what is the corresponding postfix 

expression? 
(b) (5%) Consider the list of numbers: 62, 31, 70, 91, 25, 11, 9, 61, 73, 6. Show 

the result of inserting the numbers in the list (in the same order specified 
above) into an initially-empty binary search tree. 

12. (10%) Fill in the five blanks (A, B, ... , E) in the following C++ function, 
Reverse() , which reverses a singly linked list ( or called a Chain in the program 
code). For example, afterrunningXReverse() whereX=(x1, x2, ... , .xn) is a chain, 
Xwill become (xn, Xn- 1, ... , x1). 

// Declaration of a node (in a chain). 
template <class T> 
class ChainNode { 
friend class Chain <T>; 
private: 

} ; 

T data; 
ChainNode<T>* link; 
II "link" points to the next node in the chain. 
II "link" of the last node is set to be NULL. 

II This is the function used for reversing the chain. 

II Declaration of a chain. 
template <class T> 
class Chain { 
private: 

ChainNode<T> *first; 
II "firsr points to the 1st node in the chain. 

public: 
Chain(void) {first = last = NULL;}; II constructor 
void Chain<T>::Reverse(void); II The function. 

}; 

II In other words, it turns a chain (x1, x2, ... , xn) into (xn, Xn-1, ... , x1). 
template < class T > 
void Chain<T>::Reverse(void) { 

ChainNode<T> *next= first, *current = NULL; 
while (next) { 

ChainNode<T> *previous = -~A~- , 
current = B 
next = C 
current->link= -~D~- , 

} 
first= -~E~_ , 

··.• 


