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Performance Metrics

It depends  H/w . S/w N/w

Compiler , Programs of interest

,etc .Thus, we need:

Metrics that reflect the underlying

architecture in a program

independent fashion.

A suite of programs, or

benchmarks.



Execution time & MIPS

• EXCPU = Number of instructions × Time 

to execute one instruction 

• EXCPU = Number of instructions(IC) ×

CPI × cycle time 

• For  Pipeline : CPI = 1 + CPIload latency + 

CPIbranches + CPIcache 

• IPC= 1/CPI

• MIPS= IPC * F / 10 6



Pipelining

• CPI = 1 + CPIload latency + CPIbranches 

+ CPIcache (4)

• Mix of Instruction : can put as (instead of 

1)



Example 1

• Determine CPI , IPC for a program that

Contains 15% load, 20% instructions 

following a load depend on its results and 

are stalled for 1 cycle

a) Assume further that 20% of instructions 

are branches, with 60% of them being 

taken. The penalty is 2 cycles if the branch 

is not taken, and it is 3 cycles if the branch 

is taken



• Then, 1 cycle is lost for 20% of the loads,

2 cycles are lost when a conditional

branch is not taken, and 3 cycles are lost

for taken branches. This can be written as

• CPIload latency = 0.15 × 0.2 × 1 = 0.03

• and

• CPIbranches = 0.2 × 0.6 × 3 + 0.2 × 0.4 ×

2 = 0.52

• Thus

• CPI = 1.55 and IPC = 0.65.



b) A very simple optimization

implementation for branches is to

assume that they are not taken. There

will be no penalty if indeed the branch

is not taken, and there will still be a 3

cycle penalty if it is taken.

In this case, we have

CPIbranches = 0.2 × 0.6 × 3 = 0.36,

yielding CPI = 1.39 and IPC = 0.72



Based on b, let us assume now

that the hit ratio of loads in the

first level cache is 95%. On a

miss, the penalty is 20 cycles.

For this case, we have:

CPIcache = (1 − 0.95) × 20 = 1

yielding (in the case of the

branch-not-taken optimization)

CPI = 2.39 and IPC = 0.42.



Performance Equations

For parallel processors





Amdahl ‘s law



Suppose that we want to enhance the processor used for

Web serving. The new processor is 10 times faster on

computation in the Web serving application than the

original processor. Assuming that the original processor is

busy with computation 40% of the time and is waiting for

I/O 60% of the time, what is the overall speedup gained by

incorporating the enhancement?



Example

A common transformation required in graphics

processors is square root. Implementations of floating-

point (FP) square root vary significantly in

performance, especially among processors designed

for graphics. Suppose FP square root (FPSQR) is

responsible for 20% of the execution time of a critical

graphics benchmark. One proposal is to enhance the

FPSQR hardware and speed up this operation by a

factor of 10. The other alternative is just to try to make

all FP instructions in the graphics processor run faster

by a factor of 1.6; FP instructions are responsible for

half of the execution time for the application. The

design team believes that they can make all FP

instructions run 1.6 times faster with the same effort as

required for the fast square root. Compare these two

design alternatives.



Answer



Example 

Suppose we have made the following 

measurements:

Frequency of FP operations = 25%

Average CPI of FP operations = 4.0

Average CPI of other instructions = 1.33

Frequency of FPSQR= 2%

CPI of FPSQR = 20

Assume that the two design alternatives are 

to decrease the CPI of FPSQR to 2 or to 

decrease the average CPI of all FP 

operations to 2.5. Compare these two 

design alternatives using the processor 

performance equation.



CPInew FP = (75% × 1.33) + (25% × 2.5) = 1.62












