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

Homework 7 Solutions
Assigned 10/23/06, due 10/30/06
Problem 1: The SPEC ratios are the ratios of run times for SPEC benchmark programs on Sun Ultra 5_10 processor running at 300MHz to the respective run times for a computer whose performance is being evaluated. Suppose a computer has the following SPEC ratios for the SPECINT2000 benchmarks:
	No.
	Program
	Function
	SPEC ratio

	1
	gzip
	Data compression
	1400

	2
	vpr
	FPGA place and route
	800

	3
	gcc
	Gnu C compiler
	1700

	4
	mcf
	Combinatorial optimization
	1000

	5
	crafty
	Chess player
	1300

	6
	 parser
	Word processor
	1250

	7
	 eon
	Computer visualization
	1750

	8
	perlbmk
	Perl application
	1500

	9
	gap
	Group theory
	1750

	10
	vortex
	Object-oriented database
	2400

	11
	bzip2
	Data compression
	1000

	12
	twolf
	VLSI place and route
	900


Compute the summary SPECINT2000 performance rating for the computer.
Solution: Taking the geometric mean of 12 SPEC ratios, we get a SPECINT2000 rating of 1330.
Problem 2: Reconsider Amdahl’s law. Suppose when we speed up a fraction fenh of computation by factor n, where n ≥ 1, we also add certain performance overhead due to additional communication in the parallelized hardware. Let us denote this overhead by a quantity ( ≥ 0, such that Amdahl’s speed up formula is written as:
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1 – fenh + (fenh/n) + (n – 1)(
Show that a speed up is possible only when ( < fenh. Also show that for a given (, maximum speed up is obtained when n = (fenh/()1/2. Compute the maximum achievable speed up if fenh= 0.8 and ( = 0.05. What will this speed up be according to the conventional form of Amdahl’s law in which ( = 0 is assumed?
Solution: Setting S > 1, we find a condition for speed up,

                                                         (   <   fenh/n 

Since n ≥ 1, the speed up condition can be written as

                                                           (   <   fenh


(2)
We differentiate the expression for S with respect to n and equate the derivative to 0. Solving ∂S/∂n = 0 for n, we get,
                                                    n2 = fenh/( or n = (fenh/()1/2


(3)

Equation (3) is the condition for maximum speed up because it gives ∂2S/∂n2 < 0.
For fenh = 0.8 and ( = 0.05, Equation gives n = 4. That is, the fraction fenh should be speeded up 4 times. Substituting in (1), we get
                                                 S =      1/0.55    =  1.82

When we neglect the overhead, i.e., ( = 0, but fenh is improved by the same factor n = 4, the speed up is,

                                                 S =      1/0.40    =   2.50

In the conventional form of Amdahl’s law, however, the maximum speed up is obtained when we assume that n = (. Then 

                                                  S =      1/0.20   =   5.00
The following chart shows the speed up behaviors with and without the overhead of parallelization.
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