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THE HONG KONG UNIVERSITY OF SCIENCE & TECHNOLOGY 

Computer Organization (COMP 2611) 

Spring Semester, 2014 

Final Examination  

May 23, 2014 

 

 

Name:             Student ID:         

 

Email:       Lab Section Number:     

 

 

Instructions: 

 

1. This examination paper consists of 13 pages in total, including 7 questions within 11 

pages, 2 appendices. 

2. Please do NOT use pencils to answer the questions. 

3. Please answer all the questions in the spaces provided on the examination paper.  

4. Please read each question carefully, answer clearly and to the point. Make sure that 

your answers are neatly written. 

5. Keep all pages stapled together. You can tear off the appendix only. 

6. Calculator and electronic devices are not allowed.  

7. The examination period will last for 2.5 hours. 

 

 

 

Question Percentage % Score 

1 Cache Performance 12  

2 Cache Architecture 15  

3 Single-cycle Datapath & Control 13  

4 Multi-cycle Datapath & Control 20  

5 MIPS Recursion 15  

6 MIPS Programming 10  

7 Pipeline 15  

TOTAL 100  
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Question 1: Cache Performance (12 marks) 

 
a) The average memory access latency for a microprocessor with a single level cache is 2.4 

clock cycles. If the data is present in the cache, it takes 1 clock cycle to fetch. Otherwise, (if 

data is not in the cache), 80 clock cycles are necessary to get it from the main memory. 

We want to improve the average memory access latency to 1.5 clock cycles by adding a 2nd 

level of cache on chip. This 2nd level of cache can be accessed in 6 clock cycles, and does not 

affect the first level cache access patterns and hit times, nor the access time to the main 

memory (i.e., 80 additional clock cycles). 

 

1. Give the general equation for the average memory access latency in a memory hierarchy 

with two-level cache, using the following notations: L1 Cache, hit time t1, hit rate h1; L2 

Cache, hit time t2, hit rate h2; main memory access time tmem. (2 marks) 

 

 

 

 

2. What is the expected hit rate in the 2nd level cache to achieve the target speedup (from 

2.4 to 1.5 cycle)?  Briefly show your calculation steps. (6 marks) 

 
 

 

 

 

 

 

 

 

 

b) For a given machine, and a given program, if all the data and instructions could always be 

found in the first level cache, then on average the processor can finish an instruction within 2 

clock cycles (i.e. the ideal CPI, CPIoptimum = 2).  

 

However, measurements obtained show that the instruction miss rate is 12% and the data 

miss rate is 6%, and that on average, 30% of all instructions contain a data reference. The 

miss penalty for the cache is 10 cycles. What is the actual CPI for this program on this 

machine if we consider memory access overhead? (4 marks) 
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 Question 2: Cache Architecture (15 marks) 
 

a) Consider a 16-way set associative cache of size 64K bytes. If a memory address is 32 bits and 

the block size is 64 bytes, answer the following questions.  Briefly show your calculations.  (5 

marks) 

Number of blocks in the cache =  

 

 

Number of sets in the cache = 
 

 

 

Number of bits for the byte offset = 
 

 

 

Number of bits for the Index field =  

 

 

Number of bits for the Tag field =  

 

 

 

b) Given a 2-way set-associative cache with 3-bit tag, below is a sequence of memory accesses 

which are mapped to the same cache set. Assume the cache is initially empty. If LRU cache 

replacement strategy is used, fill in the blank below to indicate if a Hit or Miss happened to 

the each access.  (5 marks) 

 

 Tag field of the memory accesses generated by CPU (from left to right): 

 101 101 100 111 011 100 011 011 100 

Hit/Miss Miss Hit        

 Cache Access Tracking: 

MRU 101 101        

LRU          
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c) Consider the following 4-way set associative cache. 

 
 

Complete the last two columns of the following table for the given sequence of memory accesses. 

(5 marks) 

 

Address of the memory access generated by CPU 

 

Assigned cache set Hit or miss? 

0000 1111 0101 0010 0011 0111 0100 0110   

0000 1111 0101 1010 0011 0111 0100 0110   

0000 1111 0101 0010 0011 0111 0111 1101   

0000 1111 0101 0010 0011 0111 0100 0110   

0000 1111 0101 0010 0011 0111 0111 0110   

0000 1111 0101 0010 0011 0111 0100 1001   
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Question 3:  Single Cycle Datapath & Control (13 marks) 

 

 
 

a) Instruction ori $s0, $t0, 20 is executed in the above single cycle datapath. Assume 

the values stored in registers $s0 and $t0 are 7 and 9 respectively. Fill in the table with the 

proper binary numbers that correspond to the labels in the figure above.  (5 marks) 

 

A Address of the instruction 

B  

F  

G  

I  

N  

 

b) Complete the following table with control signal values to execute the ori instruction. 

‘Don’t care’ signals are represented by ‘x’.  (8 marks) 

 
RegDst Branch MemRead MemtoReg ALU Control 

Input (4 bits) 

MemWrite ALUSrc RegWrite 
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Question 4: Multi-Cycle Datapath & Control (20 marks)  
 

Consider implementing an imaginary R-type instruction; subtract memory (submem), in MIPS. 

The instruction is similar to the subtract (sub) instruction, except that it takes the second 

operand (i.e. the subtrahend) from the memory address stored in register rt. The instruction 

format and its syntax and meaning are shown below: 

 

Field op  rs rt rd shamt func 

Bits 31-26 25-21 20-16 15-11 10-6 5-0 

 
submem $rd, $rs, $rt # $rd = $rs – mem[[Reg[$rt]] 

 

a) Make the necessary changes to the multicycle datapath below to support submem. (8 marks) 

Rules/Hints: i) No modification to the main functional units. No new control signals. You 

should only add wires, and/or expand existing multiplexers. ii) You may assume the ALU 

control module recognizes the instruction (from its func field) and supply the correct control 

signal to the ALU. iii) With assumption that memory access or ALU operations take one 

clock cycle to finish, the submem instruction takes 5 cycles to finish in the modified 

multicycle datatpath. 
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b) Specify the operations done in each cycle in the table below.  (6 marks) 

Cycle Operations 

Cycle 1 - Fetch 

- PC = PC + 4 

Cycle 2 - Decode 

- Read rs and rt 

- Calculate the branch target (for possible beq) 

Cycle 3  

 

Cycle 4  

Cycle 5  

 

c) Complete the finite state machine (FSM) diagram with the submem instruction. Remember to 

fill all the control signals that you have modified in part (a). (6 marks) 

 

MemRead
ALUSrcA=0

IorD = 0
IRWrite

ALUSrcB = 01
ALUOp = 00

PCWrite
PCSource = 00

ALUSrcA = 0
ALUSrcB = 11
ALUOp = 00

ALUSrcA = 1
ALUSrcB = 00
ALUOp = 01

PCWriteCond
PCSource = 01

Start

ALUSrcA = 1
ALUSrcB = 00
ALUOp = 10

ALUSrcA = 1
ALUSrcB = 10
ALUOp = 00

RegDst = 1
RegWrite

MemtoReg = 0

MemWrite
IorD = 1

MemRead
IorD = 1

RegDst = 0
RegWrite

MemtoReg = 1

Op = BEQ

Op = R-type

Op = LW/SW Op = SW

Op = LW

IF
ID

Op = SUBMEM
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Question 5: MIPS Recursion (15 marks) 
Fill in the blanks below to implement a recursive Fibonacci function in MIPS code.  The C 

definition of the function is given below in the comments of the MIPS program. You can use 

any of the instructions from Appendix 1, including pseudo-instructions. 

 
fibo: 

 #$a0 = n, $v0 = fibo(n) 

 #if (n==0) return 0; 

 #if (n==1) return 1; 

 #return( fibo(n-1)+fibo(n-2) ); 

 #Step1: save preserved registers in the stack if needed 

  

 

 

 

 

 #Step 2: check the base case 

 #Jump to return0 if n==0, jump to return1 if n==1 

  

 

 

 

 

 #Step 3: handle the recursive case 

  

 

 

 

 

 

 

 

 

 #Step 4: restore the registers from stack and fib exits 

 exitfib: 

 

 

 

 

 

 return1: 

  li $v0,1 

  j exitfib 

 return0:      

  li $v0,0 

  j exitfib 
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Question 6: MIPS Programming (10 marks)  
 

a) A single precision IEEE 754 number is stored in memory at address labelled X. Write the 

shortest sequence of MIPS instructions to multiply this number by 2, and store the result back 

at memory address X.  Accomplish this without using any floating point instructions. You can 

assume no overflow happens. (4 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Write a MIPS procedure to detect if overflow took place or not for the addition of two 

unsigned integers stored in registers $t1 and $t2. 

 

i) Write the condition under which overflow occurs for the addition of $t1 and $t2 (2 

marks) 
 

   
 

 

 

ii) Provide a sequence of MIPS instructions to detect such overflow. (4 marks) 
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Question 7: Pipelining (15 marks) 
 

a) The pipelined datapath that we have discussed in class is broken down into 5 steps: 

instruction fetch (IF), decode and register read (ID), ALU operation (EX), memory access 

(MEM) and result write back (WB). 

 

Assuming each step takes a number of picoseconds (10
-12

s) to finish as follows: 

 

IF ID EX MEM WB 

305ps 275ps 280ps 305ps 250ps 

 

i) What would be the clock cycle duration for this datapath if we want to build an efficient 

pipeline and why? (2 mark) 

 

 

 

 

ii) In this datapath, assuming there are neither hazards nor stalls (ideal case), how long does it 

take to execute an instruction? (2 marks) 

 

 

 

 

 

iii) Assuming N add instructions are executed. If they don't have any data dependencies, 

what is the speedup of a pipelined implementation when compared with a multi-cycle 

implementation with the same number of stages? Your answer should be an expression that is 

a function of N. (3 marks) 
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b) Assume we execute the following instruction sequence in the pipeline. Our pipeline uses all 

possible forwarding from any stage to any stage (provided it does not violate the timing 

consistency). Fill in the table below with the appropriate pipeline stages (IF, ID, EX, Mem, 

WB) or bubbles (BUB). (4 marks) 

 

 

 1 2 3 4 5 6 7 8 9 10 11 

sub $s1, $t0, $t1 IF ID EX Mem WB       

add $s2, $s0, $s1            

add $s5, $s3, $s4            

add $s6, $s5, $s2            

 

 

Explain every forwarding path you used to attain your answer. (4 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

------ End of Exam Paper ------
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Appendix 1: MIPS instructions 1 
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Appendix 2: MIPS instructions 2 
 

 
 


