ELEC 5200-001/6200-001 (Spring 2010)
Homework 5 Solutions
Assigned 3/10/10, due 3/22/10
Problem 1: Times taken by major hardware units in a MIPS processor are:


Memory read or write

400ps



Register file read and write
300ps



ALU operation

400ps

a. What is the maximum clock frequency for a five-stage MIPS pipeline datapath?

b. Neglecting any hazards and resulting stalls, what are the pipeline latency and the cycles per instruction (CPI) for a long instruction sequence?

c. Compare this datapath with a single cycle datapath:
	Datapath
	Clock cycle time
	Clock frequency
	CPI
	Time per instruction
	Million instructions per second (mips)

	Single-cycle
	
	
	
	
	

	Pipeline
	
	
	
	
	


Problem 2: A single-cycle datapath is a one-stage pipeline. It consists of combinational and asynchronous circuitry and a single clocked register, the program counter. Its total cycle time consists of times q required by the register and h used by the rest of the circuitry:


[image: image1]
(a) Assume that the datapath can be partitioned into n equal delay stages separated by clocked registers, first stage register being the program counter. Neglecting the latency and the occurrence of hazards, compute the execution time of an instruction by an n-stage pipeline.

(b) Show that the performance limit for the pipeline when we neglect the latency and hazards is determined by the register delay q.

(c) For an n-stage pipeline, suppose the average hazard penalty is α(n – 1) cycles per instruction, where 0 < α < 1.0 and n > 1. Find the optimum number of pipeline stages.

(d) For a hardware design it is estimated that h = 9×q and for the ISA, α ≈ 0.1, what is the optimum number of stages for this pipeline and what is the corresponding speed up over a single-cycle datapath?

(e) For q = 100ps, tabulate clock cycle time, clock rate, average CPI and performance in million instructions per second for single-cycle datapath and the pipeline datapath with optimum number of stages found in (d).
Problem 3:

A high-level digital hardware library provides the following blocks:

	Function
	High speed version (HS)
	Low power version (LP)

	
	Delay
	Energy/cycle
	Delay
	Energy/cycle

	SRAM cache (read or write)
	0.5 ns
	15 nJ
	1.0 ns
	2 nJ

	Register file (read and write)
	0.25 ns
	10 nJ
	0.5 ns
	1 nJ

	ALU
	0.5 ns
	10 nJ
	2.0 ns
	1 nJ


Any HS and LP blocks can be integrated in a single design. Assume that all other hardware has negligible delay and dissipation in comparison to these major blocks. Find all options for making tradeoffs between clock frequency and power consumption in the design of a 5-stage MIPS pipeline processor.

Problem 4: A five-cycle MIPS datapath has separate instruction and data caches. It is implemented with a forwarding unit and a hazard detection unit.
(a) To verify the forwarding operation, write an instruction sequence and specify the value in a register that will determine whether or not the operation was correctly done.

(b) Major power consuming hardware blocks in a datapath are memory caches (instruction and data), register file and ALU. For energy efficiency a block is put in a power saving mode (by clock gating, powering down, or sleep state) by the control unit during any cycle in which it is not used by the instruction in the corresponding stage. Specify an instruction stream that will cause the maximum power consumption in a clock cycle to test the peak capability of the power distribution bus.
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