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Clock (cycles)

Data transfer
and computation

Update state .

CPU Time = CPU Clock Cyclesx Clock Cycle Time

~ CPUClock Cycles
Clock Rate
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_ Clock Cycles, 1.2xClock Cycles,,
CPU Time, 6s

Clock Cycles, =CPU Time , xClock Rate ,
=10sx2GHz = 20x10°

1.2x20x10° 24x10°

Clock Rate,

=4GHz

Clock Rate, =

6S 6S




tlock cycle per mstruction

Clock Cycles =Instruction Count x Cycles per Instruction
CPU Time = Instruction Count x CPIx Clock Cycle Time

. Instruction Count x CPI
Clock Rate
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CPU Time , =Instruction CountxCPIl , xCycle Time

A A

=1x2.0x250ps =1x500ps

CPU Time,, =Instruction Countx CPI, xCycle Time

B B

=1x1.2x500ps =1x600ps

CPUTImep _ 1x600ps _
CPUTime | x 500ps

1.2

A

PouolS csjloso



9o cslaclSuw b <) jgilny =—

b Shglws shls CPU Ay a3 ¢3)g0 )s
Gcln gl shad bl Oglais sl JSaw
awlas ) Sypo @ asby Ay shal sy
30,8

Clock Cycles = > (CPJ xInstruction Count,)
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Class A B C
CPI for class 1

2 3
IC in sequence 1 2 1 2
IC in sequence 2 4 1 1
e Sequence 1:IC =5 e Sequence 2:IC =6
— Clock Cycles — Clock Cycles
=2x1 + 1x2 + 2x3 =4x1 + 1x2 + 1x3
=10 =9 : :.'B
— Avg. CPI=10/5=2.0 — Avg.CPI1=9/6=15 3 :
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CPU Time = Instructions _ Clock cycles _Seconds
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Mary Jane Irwin ( www.cse.psu.edu/~mji )

Op Freq | CPIl. | Freq x CPI,
ALU 50% 1 5 5 5 25
Load 20% S 1.0 4 1.0 1.0
Store 10% 3 3 3 3 3
Branch 20% 2 4 A 2 4
= 22| 16 20 195
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CPUtimenew =16 XICxCC so 2.2/1.6 means 37.5% faster
cund @ gy OleTws shal gaSilis Gy Ol)eiws (inguw b a5 o )y
)5 3olgd (SHNET as Ay b JLalS
CPUtime new =2.0xICx CC so 2.2/2.0 means 10% faster
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SoolS cglasoCPU time new = 1.95 X IC X CC so 2.2/1.95 means 12.8% faster "
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multiprocessing
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AMD Opteron X4

| | Execution time ratio,

=1
Name Description ICx10° CPI Tc Exec time | Reftime SPECratio
(ns)

perl Interpreted string 2,118 0.75 0.40 637 9,777 15.3
processing

bzip2 Block-sorting 2,389 0.85 0.40 817 9,650 11.8

compression

gcc GNU C Compiler 1,050 0.47 24 8,050 11.1

mcf Combinatorial 336 0.40 1,345 9,120 6.8
optimization

go Go game (Al) 1,658 1.09 0.40 721 10,490 14.6

hmmer Search gene sequence 2,783 0.80 0.40 890 9,330 10.5

sjeng Chess game (Al) 2,176 0.48 37 12,100 14.5

libquantum Quantum computer 1,623 0.40 1,047 20,720 19.8
simulation

h264avc Video compression 3,102 0.40 993 22,130 22.3

omnetpp Discrete event 587 40 690 6,250 9.1
simulation

astar Games/path finding 1,082 0.4\ 773 7,020 9.1

xalancbmk XML parsing 1,058 0.40 1,143 6,900 6.0

11.7
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MIPY: million instructions per second

Instruction count

MIPS = =
Execution time x10
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Instruction count Clock rate
~ CPIx10°

MIPS=—————————————
Instruction countxCPI_, o

Clock rate
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