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

Homework 6 Problems
Assigned 10/16/06, due 10/23/06
Problem 1: Single-cycle datapath
Some modern CMOS technologies allow dual supply voltage operation. This means cores operating at different supply voltages can be integrated on the same chip. Following cores are available for designing a datapath:
	Core function
	VDD = 2.5V
	VDD = 1.25V

	
	Delay
	Energy per input
	Delay
	Energy per input

	Memory
	200ps
	10μJ
	400ps
	2.5μJ

	Register file
	100ps
	10μJ
	200ps
	2.5μJ

	ALU
	100ps
	10μJ
	200ps
	2.5μJ


a. What is the minimum clock cycle time for a single-cycle MIPS datapath?

b. What is the CPI (cycles per instruction) rating for the single-cycle datapath?

c. Can you use dual-voltage operation to reduce the power consumption of the single-cycle datapath without reducing its performance?
Problem 2: Multi-cycle data-path

a. What is the minimum clock cycle time for a multi-cycle MIPS datapath?

b. If we assume that all five types of instructions (lw, sw, R-type, branch, and jump) occur with equal frequency, then what will be the CPI for the multi-cycle datapath?

c. Explain whether you can use the low-voltage cores of Problem 1 without affecting the performance of the multi-cycle data-path? How much energy will you save by a dual-voltage design?
Problem 3: Multi-cycle control
In the class, the ten states of finite-state machine (FSM) were encoded 0000 through 1001. Suppose the FSM is constructed using four flip-flops and a CMOS combinational logic block. Assume that the energy consumption of the FSM is proportional to the number of transitions (activity) in flip-flops. Find a state encoding that will, on an average, save at least 30% power when the frequency of instructions is lw 20%, sw 20%, R-type 50%, B-type 5% and J-type 5%.































































































































































