
CCIT4026 Introduction to Computer Organization (Assignment #3) 

Solutions 
 

Q1. 

 

In a Von Neumann architecture, groups of bits have no intrinsic meanings 

by themselves. What a bit pattern represents depends entirely on how it is 

used. The following table shows bit patterns expressed in hexadecimal 

notation. 

 

i. 0x2210 0004 

ii. 0xAD110000 

 

a. What decimal number does the bit pattern represent if, 

i. It is a two’s-complement integer?  

ii. It is an unsigned integer? 

 

b. If this bit pattern is placed into the Instruction Register, what MIPS 

instruction will be executed?  

 

c. What decimal number does each bit pattern represent if it is a 

floating-point number in IEEE 754 standard? 

 

d. The following table shows decimal numbers. 

 

i. 2821.25 

ii. -998.125 

 

Write down the binary and hexadecimal representation of the 

decimal number, assuming the IEEE 754 single precision format. 

 

 

  



Solutions: 

 

(a)  
 

0x22100004 = (0010 0010 0001 0000 0000 0000 000 0100)2 

0xAD110000 = (1010 1101 0001 0001 0000 0000 0000 0000)2 

 

 2’s complement integer Unsigned integer 

i. 0x22100004 571,473,924 571,473,924 

ii. 0xAD110000 -1,391,394,816 2,903,572,480 

 
For (a), as it is a positive number, it is the same positive value whether it be in an 

unsigned representation of 2’s complement representation 

(note that the question is NOT asking you to “convert”) 

 

(b)  

 

i. 0x2210 0004 

(0010 0010 0001 0000 0000 0000 000 0100)2 

(001000 10000 10000  0000000000000100)2 

 

Opcode for 0010002 = 8d is addi, it is an I-type instruction 

Thus second field is register rs, register 16, $s0 

Third field is register rt, register 16, $s0 

Fourth field is immediate data: 4 

 

The instruction should be “addi $s0, $s0, 4” 

ii. 0xAD110000 

(1010 1101 0001 0001 0000 0000 0000 0000)2 

(101011 01000 10001 0000 0000 0000 0000)2 

 

Opcode for 1010112 is sw, it is an I-type instruction 

Thus second field is base register 8, $t0 

Third field is register rt, register 17, $s1 

Fourth field is 16-bit offset: 0 

 

The instruction should be “sw $s1, 0($t0)” 

 



(c)  

 

i. 0 01000100  00100000000000000000100 

sign (0) is positive    

Biasd exp is 68 => Exp is 68-127 = -59    

There is a hidden 1 mantissa = 1.XXXX 

Significand = 1.0 + 2-3 + 2-21 = 1.125000477 

 

Answer: +1.125000477 × 2-59 

= 1.95156473765x10-18 

 

ii. 1 01011010   00100010000000000000000 

sign is negative  

Biasd Exp=0x5A=90 =>Exp = 90–127 = –37  

there is a hidden 1  

Significand = 1.0 + 2-3 + 2-7 = 1.1328125 

answer = -8.24229573482x10-12 

 

 

 

 

 

 

 

 

  



 

(d)  
 

(i) 

2821.25 = 1011 0000 0101.01 

   = 1.011 0000 010101x211 (normalized) 

 

Sign bit (1 bit) = 0  

Exponent (8 bits) = 11 = 138 – 127  

Based exponent = 138 = 10001010  

Significand (23 bits) =11000111011000000000000 (zero-padding at the right-hand 

side) 

 

The result is 0 10001010 01100000101010000000000 

In HEX, 0x45305400 

 

(ii)  

-998.3125 =-(1111100110.001)2 

      =-(1.111100110001)2x 29 

 

Sign bit = 1 

Exponent = 9 = 136 – 127 => Bias Exp = 136 = 100010002 

Significand = 1111 0011 0001 0000 0000 0002 

 

 

The result is 1 10001000 1111 0011 0001 0000 0000 000 

In HEX, 0xC4798800 

 

 

 

 

 

 

 

 

 

  



Q2.  

 

Consider two different implementations, P1 and P2, of the same instruction set. 

There are five classes of instruction (A, B, C, D and E) in the instruction set. 

 

P1 has a clock rate of 1 GHz. P2 has a clock rate of 2 GHz. The average 

number of cycles for each instruction class for P1 and P2 is as follows: 

 

Class CPI on P1 CPI on P2 

A 1 2 

B 2 3 

C 3 3 

D 3 4 

E 4 4 

 

(a) Assume that peak performance is defined as the fastest rate that a 

computer can execute any instruction sequence. What are the peak 

performances of P1 and P2 expressed in instructions per second? 

 

(b) If the number of instructions executed in a certain program is divided 

equally among the classes of instructions except for class B, which occurs 3 

times as often as each of the others, how much faster is P2 than P1? 

  



 

Solutions: 

 

(a) 

 
The ideal instruction sequence for P1 is one composed entirely of instructions from 

class A (which has CPI of 1). 

So P1’s peak performance is (2e9 cycles/second) / (1 cycle/instruction) = 2000 MIPS. 

Similarly, the ideal sequence for P2 contains only instructions from A and B (which all 

have a CPI of 2). 

So P2’s peak performance is (3e9 cycles/second) / (2 cycles/instruction) = 1500 MIPS. 

 

(b) 
 

The average CPI of P1 is (1 + 2*3 + 3 + 3 + 4)/7 = 17/7. 

The average CPI of P2 is (2 + 3*3 + 3 + 4 + 4)/7 = 22/7. 

P2 then is ((3e9 cycles/second) / (22/7 cycles/instruction)) / ((2e9 cycles/second) / 

(17/7 cycles/instruction)) = 51/44 = 1.159 times faster than P1. 

 

 

 

  



Q3.  

 

(a) A benchmark program takes 80 seconds to finish on a machine, with 

floating point arithmetic representing 70% of the time. The hardware 

engineering team plans to optimize floating point arithmetic of the 

machine by a factor of 4. What is the expected overall improvement of 

speed?  

(clearly show your steps) 

 

 

(b) It turns out that the hardware team is only able to optimize the 

floating-point arithmetic by a factor of 2.4. To remedy the shortfall, the 

software team now wants to adjust the proportion of floating-point 

arithmetic in the program so as to still achieve the performance 

improvement claimed in (a) above. What is the required final proportion of 

floating-point arithmetic in the benchmark program?  

(Clearly show your steps) 

 

Solutions: 

 

(a)   
80/n = (0.7x80/4) + (80(1-0.7)),  

1

𝑛
=
0.7

4
+ 0.3 = 0.475 

  

Overall speed improvement, n = 2.105 

 

(b)   
 

Still want to achieve the same performance boost so left hand side is 80*0.475 

X is the proportion of floating point-related portion  

 

80*0.475 = (x/2.4) + (80-x) 

38 = x/2.4 + 80-x 

x = 72   

Percentage of final proportion = 72/80 = 90% 

 

 



 

  



 


