ELEC 5200-001/6200-001 Computer Architecture and Design 
Fall 2007
Homework 5 Problems
Assigned 10/12/07, due 10/19/07
Problem 1:
Consider a single-cycle datapath as a single-stage pipeline. Assume that it consists of combinational logic with a maximum delay of T and a register (program counter) with delay q. Show that an upper bound on the performance ratio for multi-stage pipeline to single-cycle datapaths is 1+T/q.
Problem 2:
An n-stage pipeline on an average requires α n bubbles per instruction to resolve hazards, where 0.0 ≤ α ≤ 1.0. Assume that the entire datapath logic delay T is equally divided among n stages with an additional register delay q per stage. Show that for optimum performance the number of stages should be √[T/(α q)]. If T = 10ns, q = 2ns, and α = 0.1, find the optimum number of stages. What is the maximum clock frequency for the optimum pipeline and what is its throughput ratio with respect to a single-cycle datapath using similar hardware?
Problem 3:
How can branch execution be completed in the decode stage of a five-stage MIPS pipeline? If the pipeline also has one-cycle delayed branch, how will the taken branch address be computed from the 16-bit relative address specified in a beq instruction?












































































































































































































