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Problem 1.

A program is run on a load and store processor that has a clock cycle time of 0.2nsec. The instruction mix is given below. 

	Instruction type
	Executed instructions
	Multi-cycle CPIi
	Pipeline CPIi

	ALU
	9.3X108
	4
	1

	Load
	8.1X108
	5
	1

	Store
	4.3 X108
	4
	1

	FP inst.
	1.2 X108
	6.8
	4.8

	Branch
	3.4 X108
	3
	2


Please determine:

a) The CPI for each implementation.

b) What implementation is faster and by how much.

Problem 2.  Control and Data Hazards


Clara, now a senior engineer, at C3 (Creative Computer Corporation) is working on a new pipelined processor. She has a benchmark that has the following characteristics:

33%
ALU instructions,

27%
load instructions (15% of loads are followed by instructions that use the data being loaded)

16%
store instructions


24%
branch instructions (58% of these branches are taken).

This processor’s CPIint is 1 (when there are no hazards). Please answer the following questions:

a) Considering control and data hazards, please compute the overall CPI. Assume that all branch instructions cause hazards (the penalty is 1 clock cycle; actually, a NO-OP instruction is inserted after every branch).

b) Clara has an idea, she would move some instructions (in order to remove some NO-OPs) without causing any side effects on the program execution. Remember, the instruction after the branch is always executed by this machine.  She could replace some of the NO-OPs as follows: 11% with an instruction from the before the branch and 9% with an instruction from the target. Please compute the new CPI.







Problem 3. 


A benchmark in a five-stage pipelined processor has the following characteristics:

26%
ALU instructions,

23%
load instructions

14% of the loads are followed by instructions that use the data being loaded.

25% of these loads are followed by stores that write in memory the data being loaded.

14%
store instructions

19%
floating point instructions, and 

18%
branch instructions (54% of these branches are taken).

This processor’s CPIint and CPIFP are equal to 1 and 3.1, respectively (when there are no hazards). Please answer the following questions:

a) Assuming that all the branch instructions cause hazards (the penalty is 1 clock cycle), please compute the overall CPI.

b) If the branch delay slot is scheduled using the three strategies and NO-OP as follows:

	Delay Slot
	NO-OP
	Fall through
	Target
	Before

	%
	44%
	11%
	23%
	22%
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