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Instructions : Answer ANY FIVE questions 

1. (a) Give a neat diagram of a typical single cycle nonpipelined datapath of a CPU with a single ALU; 
let the effective address computation for memory referencing instructions be carried out in the 
ALU; however, a separate adder/subtractor is used for computing the branch target address 
computation (for branch instructions). 

(b) Explain by means of a separate diagram how to convert it to a pipelined datapath; you need 
not depict the data forwarding mechanism in the diagram. 

(c) Consider the execution of the following sequence of instructions over this datapath: 
add r3, r4, r5; 
sub r7, r3, r9; 
sw r7, 40(r6); 
bne r7, r8, -30; 
add r8, r7, r5; 

How many clock cycles are needed for cop1pleting the sequence on the datapath (with proper 
forwarding) assuming that the compiler avoids the control hazards by delayed branching by 
using useful instructions wherever possible. Justify your answer by a neat time chart depict
ing the relative progress of the instructions in proper order along the time axis capturing data 
forwarding and delayed branching, if applicable. 

[7 + 5 + 8 = 20] 

2. (a) Consider a cache with an access time of 2.5 ns, a block size of 64 B of data and a hit ratio H 
= 0.95. The main memory uses a block transfer capability with the first word access time of 50 
ns and thereafter an access time of 5 ns for each word in the block; every word is 4 B. 

1. What is the access time when there is a cache miss? Assume that the cache waits until the 
entire block from main memory is written into the cache and then re-executes for a hit. 

ii. What is the effective access time? 

iii. Suppose that increasing the block size to 128 B increases H to 0.97. Does it reduce the 
effective access time? 

(b) A computer system has a main memory consisting of 1 G 16 bit words. It has a 2 way set 
associative cache with 4 K word data capacity and 64 words per block. 

1. Depict the various fields and their sizes in the address generated by the CPU. 

ii. Give a neatly drawn schematic depicting the cache accessing mechanism. 

iii. What is the total size of the cache in bits. 

[8 + 12 = 20] 
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3. (a) Consider a CPU having one interrupt input line INTR. Let there be 5 interrupting modules. 
Assume that the CPU controller hardware ensures that only the content of the PC is stored in 
the interrupt processing phase of an instruction cycle against a valid interrupt; saving of other 
registers, if needed, is to be carried out by explicit instruction execution. Let for each word 
transfer, a memory cycle take 100 ns and an I/0 bus cycle take 10 ns. Consider two situations 
-in one case the CPU has no interrupt acknowledge (INTA) output and in the other case CPU 
does have one INTA output line. Compare the time taken in jumping to proper interrupt service 
routine in both the cases; make further assumptions, only if needed. 

(b) Consider a disk having 20 recording surfaces each having 1024 tracks and each track having 256 
sectors; each sector has a capacity of 512 B of data. The disk rotates at 10000 rpm. 

1. Find the data transfer rate of the disk unit. 

ii. Let the interrupt service overhead be 100 ns, the memory data bus width be 4B (= 1 word), 
memory read/write speed be 50 nsf word. Assume that there is no other source of interrupts. 
Let the CPU be executing instructions from a user process P when it is not busy / stalled 
due to disk transfer. Identify the percentage of time CPU executes instructions from P in 
each of the following situations: (i) word by word interrupt controlled transfer, (ii) word by 
word cycle stealing mode of D MA transfer and (iii) sector by sector burst mode of D MA 
transfer. Justify your answer in brief for each of the cases. 

4. (a) Why should a CPU have two modes- privileged and user? 

(b) How does the CPU change from user mode to privileged mode and back? 

(c) What happens if the CPU is not in proper mode at any point of time? 

[8 + (3 + 9)= 20] 

(d) Let a process P1 be running on the CPU. How can it be interrupted from an I/0 device which 
transfers data character by character like a keyboard? Enumerate the sequence of steps involved 
at the process level in processing one such interrupt. 

(e) Suppose a short term scheduler uses FCFS strategy. Describe a situation under which context 
switching takes place. Give the broad steps involved in the process. 

[3 + 4 + 3 + 5 + 5 = 20] 

5. (a) Note that if a short term scheduler has to use the shortest job first (SJF) scheduling policy, 
then it needs to predict the next CPU burst of a process. Describe how this can be done. 

(b) Suppose that the following processes arrive for execution at the times indicated. Each process 
will run for the amount of time listed. In answering the questions, base all decisions on the 
information you have at the time the decision must be made. 

Process 

Pi 
P2 

P3 

Arrival Time 

0.0 
0.5 
2.5 

Burst Time 

9 
3 
2 

What are the average turnaround time and average waiting time for 
(i) the FCFS scheduling algorithm? (ii) the nonpreemptive shortest job first (SJF) scheduling 
algorithm? (iii) the preemptive SJF scheduling algorithm? 
In each case, draw the Gantt chart to explain your answer. 

[5 + 15 = 20] 
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6. (a) Two processes, Po and P1, use the following two variables and the following algorithm to solve 
the critical section problem around some shared variable: 

(b) 

boolean flag[2]; I* initially false *I 
int turn; 

do { flag[i] = true; 
while (flag [j] ) 

{ if (turn == j) 

} 

{ flag[i] = false; 

} 

while (turn== j); I* do nothing *I 
flag [i] = true; 

II critical section 

turn= j; 
flag[i] = false; 

II remainder section 
} while (true); 

The structure of processes Pi (i = 0 or 1) is as shown above; the other process is Pj (j = 1 or 
0). Prove that the algorithm satisfies all three requirements of mutual exclusion, progress and 
bounded waiting for the critical section problem. 

Recall that the first readers-writers problem requires that no reader is kept waiting unless a 
writer has already obtained permission to enter its critical section. Give a solution to this 
problem using semaphores. Explain in brief how it ensures mutual exclusion among writers, 
and between a writer and a reader. Does it ensure bounded waiting? 

[10 + 10 = 20] 

7. (a) Show that for any given page size, there is a total size of a process for which the memory 
overhead (in terms of the fraction of memory lost due to paging) is optimized. 

(b) Let each page of processes be of size 2 K words. Let the CPU generate 32 bit logical byte 
addresses and the physical byte address be also 32 bit. How many entries are there in the page 
table of a process? Suppose the page table is memory resident and an 8-way set associative 
TLB is used with each TLB block having 2 pages and the TLB holding 16 blocks. Give the size 
of the TLB in terms of tag bits, valid/invalid bits and data bits. 

(c) Consider the following reference string with four page frames: 
2, 3, 1, 4, 5, 1, 3, 4, 6, 1, 7, 8, 2, 3, 9,4, 9, 5, 7, 8,6, 2 
What is the minimum number of page faults for an optimal page replacement strategy? 
What is the number of page faults for the LRU algorithm? 

[5 + 7 + 8 = 20] 
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