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Objective:
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Performance Metrics:
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Performance Metrics:
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CPU Performance Equation:
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CPU Performance Equation:
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Execution Time (T):

T: CPU time (seconds/program) needed to execute a program.
Ic: Number of Instructions in a given program.
CPI: Cycle per Instruction.
t: Cycle time. t=1/f, f=clock rate.

• The CPI can be divided into TWO component terms;
- processor cycles (p)
- memory cycles (m)

• The instruction cycle may involve (k) memory references, for example;
k=4; one for instruction fetch, two for operand fetch, and one for store
result.

tCPIIT c **=

tkmpIT c *)*(* +=
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System Attributes:

The above five performance factors (Ic, p, m, k & t) are influenced by these attributes:

XXCache & memory hierarchy
XXCPU implementation & control

XXXCompiler technology.
XXInstruction set architecture.

tkmpIcFACTORS

tkmpIT c *)*(* +=

•The instruction set architecture affects program length and p.

•Compiler design affects the values of IC, p & m.

•The CPU implementation & control determine the total processor time= p*t

•The memory technology & hierarchy design affect the memory access time= k*t
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MIPS Rate:
• The processor speed is measured in terms of million instructions per seconds.
• MIPS rate varies with respect to:

– Clock rate (f).
– Instruction count (Ic).
– CPI of a given machine.

Where N is the total number of clock cycles needed to execute a given program.

• The CPU Time (T) can also be written as
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MIPS rate of a given computer is directly proportional to the clMIPS rate of a given computer is directly proportional to the clMIPS rate of a given computer is directly proportional to the clMIPS rate of a given computer is directly proportional to the clock rate and ock rate and ock rate and ock rate and 
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Throughput Rate (Wp):
• The Throughput Rate is defined by:

• The CPU Throughput is a measure of how many programs can be 
executed per second, based on MIPS rate and average program length 
(Ic).

• System Throughput Rate (Ws) is a measure of how many programs a 
system can execute per unit time.

• Why Ws<Wp? 
• Because additional system overheads caused by the I/O, compiler & OS 

when multiple programs are interleaved for CPU execution by 
multiprogramming or time sharing operation.
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• For CPU design:

• The overall CPI is given by:

Where;
CPIi: represents the average number of instructions per clock for instruction (i).
Ici: represents number of times instruction (i) is executed in a program.
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Example:
Suppose you have made the following measurements;

– Frequency of FP operations (other than FP SQR)= 25%
– Average CPI of FP operations= 4
– Average CPI of other operations=1.33
– Frequency of FPSQR=2%
– CPI of FPSQR=20

• Assume that 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?

• CPI (with new FPSQR)= CPIoriginal - 2%*[CPIoldFPSQR-CPInewFPSQR]
» = 2-2%*[20-2]=1.62 for design 1

• CPI (with new FP)= [75%*1.33] + [25%*2.5]= 1.625 for design 2
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Example:
Consider the execution of a task with 100000 instructions on 500 MHz processor. The program

consists of FOUR major types of instructions:
Instruction Type CPI Instruction%

Integer arithmetic 1 60%
Floating point arithmetic 2 20%
Load/Store 4 10%
Memory Reference 6 10%

When the task is executed on a uniprocessor;
– Calculate the average CPI?
– Determine the corresponding MIPS rate?

Solution:
Average CPI= 1*0.6+2*0.2+4*0.1+6*0.1= 2 cycles/instruction.
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Example:
• Now, when the task given in the previous example is executed on a FOUR-processor system

with shared memory. Due to the need for synchronization among the FOUR program parts,
2000 extra instructions are added to each part.

– Calculate the average CPI?
– Determine the corresponding MIPS rate?
– Calculate the speedup factor of the FOUR-processor system?
– Calculate the efficiency of the FOUR-processor system?

– Show the interconnection network of this system?

Solution:
Average CPI= 2 cycles/instruction.
MIPS= (4*500MHz)/2=1000
Speedup= [Tex1/Tex4]
Tex1=[Ic/MIPS]=100000/250=0.400 msec
Tex4= =[Ic/MIPS]=[100000+4*2000]/1000=0.108 msec
Speedup=0.4/0.108=3.703
Efficiency=Speedup/#Processors=3.703/4=92.59%


