
Data structures and algorithms 
 
 
1) This question considers data structures and algorithms to represent and traverse graphs. 
In the discussion to follow, assume that graph G is fully connected and undirected, with V 
vertices and E edges. The vertices of G are stored in an array Varray[0..V-1]. Each entry 
of Varray[Vi] is the head of a linked list Elist representing edges. Each node in the linked 
list Elist for vertex Vi stores two values: Vj (a vertex that is connected to Vi) and next (a 
pointer to the next node in Elist). 
 

 
a. [20 points] Use pseudo-code to describe an O(V+E) algorithm 

e=NumEdges(G) that computes the total number of edges in G.  
 

b. [40 points] Use pseudo-code to describe an algorithm d=Distance(G,V1,V2) 
that returns the value “d”, the number of edges in the shortest path between 
vertices V1 and V2. What is its time complexity? 

 
c. [40 points] Use pseudo-code to describe an algorithm i=IsConnected(G,V1) 

that returns a binary value “i” that specifies if graph G remains fully 
connected if vertex V1 (and its associated edges) are removed from graph G 
(i=1 if it remains fully connected, i=0 otherwise). 

 



Operating Systems 
 

2) Consider a single-processor computer with 32-bit virtual and physical 
address spaces. The operating system (O/S) supports multi-tasking with processes 
and virtual memory. For simplicity, assume the page table is single-level and that 
there is no TLB. 
 
a) Consider two processes P1 and P2 running in the system. Consider two pages 

Pg1, Pg2 which are private and mapped by processes P1 and P2, respectively, 
and a shared page Pgs mapped by both P1 and P2, with the following 
properties: 

 
Pg1 : virtual address VA1 maps to physical address PA1, with read-write 
access 
 
Pg2 : virtual address VA2 maps to physical address PA2, with read-only 
access  
 
Pgs : virtual address VAs maps to physical address PAs, with read-write 
access 

 
a.i) [20 points] Consider process P1. Describe, succinctly, three distinct actions 
initiated by P1 or the O/S kernel that can cause the page table entry for Pg1 
to change.  
 
a.ii) [15 points] Consider process P2. Describe, succinctly, how the processor 
and the O/S handle an attempt of P2 to store a byte to address VA2. 
 
a.iii) [15 points] Suppose P2 stores a byte to page Pgs. Does this event cause any 
changes to the page table in P1? Explain, succinctly, why or why not. 
 

 
 
b)  Consider the disk I/O and file sub-systems of the operating system.  
 
b.i) [20 points] Suppose a process P1 successfully opens a file F in disk D1 for 
reading/writing. Can P1 subsequently issue a DMA (Direct Memory Access) 
command directly to D1’s disk controller to read/write file F? Explain, 
succinctly, why or why not. 
 
b.ii) [15 points] Describe one advantage and one disadvantage of a 
hierarchical file system compared to a flat file system. 
 
b.iii) [15 points] Are file access permissions (read, write, execute) checked and 
enforced at the device driver subsystem of the O/S? Explain, succinctly, why 
or why not. 


