ELEC 5200-001/6200-001 Computer Architecture and Design 
Fall 2009
Homework 4 Problems
Assigned 9/21/09, due 10/5/09
Problem 1: 
The following predesigned hardware cores are available in 90nm CMOS technology:

	Function
	Delay (ps)
	Energy (nJ)

	
	
	Active (when used by an instruction)
	Standby (not used by instruction)

	Register file
	50
	10
	2

	ALU or Adder
	200
	50
	10

	Memory
	100
	30
	3

	32-bit register
	50
	2
	0


Assume that the delay and energy consumption of other hardware is negligible. Find an upper bound on the clock rate at which a single-cycle MIPS datapath can correctly work. Calculate the energy this datapath will consume for R, B and J types of instructions, respectively.

Problem 2: 
Consider two types of MIPS datapaths. The clock rates for single-cycle and multicycle implementations are 250MHz and 1GHz, respectively. The following subroutine is used for estimating the performances. The argument register $a0 contains a very large positive integer (a million or greater):



repeat

beq
$a0, $zero, finish





addi
$a0, $a0, –1





jump
repeat



finish

add
$v0, $a0, $zero


Determine:

(a) Average cycles per instruction (CPI) for two datapaths.





(b) How much faster is the multicycle execution of the program 




(ratio of single-cycle to multicycle execution times)?












































































































































































































