ELEC 5200-002/6200-002 Computer Architecture and Design 
Fall 2006

Homework 5 Solutions
Assigned 10/9/06, due 10/16/06
Problem 1: Interpret the following numbers, given in IEEE754 floating point format, as decimal numbers. Do you recognize any physical constants?

(a)   0   1000 0111    0010 1011 1110 0000 0000 000

(b)   0   0011 0011    0000 1011 0000 0000 0000 000

Answer:
(a) Sign bit, S 

= 0

Biased exponent 
= 128 + 4 + 2 + 1 
= 135


Unbiased exponent, E = 135 – 127 

= 8


Fraction, F 

= 2-3 + 2-5 + 2-7 + 2-8 + 2-9 + 2-10 + 2-11




= 0.17138671875


Significand, 1 + F 
= 1.17138671875


Number
 
= (-1)S × (1+F) × 2E
 = (-1)0 × 1.17138671875 × 256




= 299.875
(~300K, absolute room temperature)

(b) Sign bit, S 

= 0


Biased exponent 
= 32 + 16 + 2 + 1 
= 51


Unbiased exponent, E = 51 – 127 

= – 76


Fraction, F 

= 2-5 + 2-7 + 2-8 





= 0.04296875


Significand, 1 + F 
= 1.04296875


Number
 
= (-1)S × (1+F) × 2E
 = (-1)0 × 1.04296875 × 2-76




= (1.04296875 / 64) (1000 / 1024)7 ×10-21







(Because 2-10 = (1000 / 1024) ×10-3)




= 0.01380358 ×10-21




= 1.38 ×10-23
(Boltzmann’s constant, k = 1.38 × 10-23 J/K)
Problem 2:
(a) Suppose operations involving memory, register file, or ALU, each takes one unit of time. How much time will each MIPS instruction take on a single-cycle datapath? Consider R-type, lw, sw, beq and j instructions.
(b) What will be the execution times for MIPS instructions on a 5-cycle datapath if the clock period is 1 time unit?
(c) Can j instruction be executed in two cycles on the multicycle datapath? If not, why?

(d) A program contains the following mix of instructions:



Memory operations
20%, equally divided between load and store




R-type


70%




Branch


5%




Jump


5%


What is the ratio of CPU times for running this program on the multicycle and 
single-cycle datapaths?
Answer:

(a) Each instruction will take 5 units of time.

(b) The times for MIPS instructions will be:




Load, lw

5 time units




Store, sw

4 time units




R-type, add, etc.
4 time units




Branch, beq

3 time units




Jump, j


3 time units

(c) The j instruction cannot be executed in two cycles, even though its function of updating the PC is performed in just one cycle. It takes one cycle to fetch the instruction from memory and then another cycle to decode it, before it can be actually executed. Therefore, the instruction occupies three cycles.





 Multicycle (cycles per instruction × cycle time)
(d) Speed ratio
= 
————————————————————



  
Single-cycle (cycles per instruction × cycle time)




(0.1×5 + 0.1×4 + 0.7×4 + 0.05×3 + 0.05×3) ×1



=
———————————————————







1 × 5



=
(4 ×1)/(1 × 5)

=
0.8





















































































































