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RESpeRnseE time or throughput
s Response time: time to finish one single program
s Throughput: total amount of work done in unit time

ra program (cycles)

Cycles per instruction (CPI)
~ Cycle times (the inverse of the clock rate)
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©Organization and ISA
Clock cycle time
— Hardware technology and organization

X performs n times better than Y




GPUMIme?

Instruction Type CPI Instruction Mix

ALU 1

60%

Load/Store with 2 18%
cache hit

Load/store with 8
cache miss

Branch 4

10%

12%

MELOPS (million floating point operations
per second)

—MFLOPS = floating point operations in a
program / (CPU Time x 10°)
— Problems?
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¥ A is 10x faster than B for Prog P1
i B is 10x faster than A for Prog P2

A is 20x faster than C for Prog P1

C is 50x faster than A for Prog P2

B is 2x faster than C for Prog P1

= C is 5x faster than B for Prog P2

_ Computer 1 Computer 2

Both program A and B run equal number of times.

What if Program A and B run different times?




Sighted arithmetic mean

ietic mean (weighted) Comp A [Comp B Comp C
Prog 1 it 10 20
Prog2 = 1000 100 20
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dlized Executionslimer
malize to.a.particular.machine by dividing
execution times by chosen machine’s time

On machine A: 10 secs

On machine B: 100 secs

On machine C: 150 secs
Normalized to A: A=1, B=10, C=15 ExecuTiontnt
Normalized to B: A=.1, B=1, C=15 ratio

ling the average of the normalized times

rmalized geometric mean
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AEEhI%S Law,

Improvement by the faster mode is limited by the
fraction of time the faster mode can be used

Xecution time of any code has two portions
Crotal = C\wl i C;u
(1-a) * :: not affected by enhancement
2 : affected by enhancement

Let n be the speedup factor for C_,, then

As n -> infinity, C,,, -> (1-o) * C ;i

new

ample: alpha = 80%

Speedup factor =n

Speedup execution time.
SPeeaup. — N
ion time




ZIXAtiaster in vector mode.
SWRBt 9% of original code must be vectorizable to

= achieve speedup, e = 27

execution timess 1
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iEAGpEration AVG CPI =4.0
AV(6\CPI for others = 1.33
ERAOPEratios for FPSQR = 2%
PIFGf"FPSQR = 20
Design 1: decrease the CPI of FPSQR to 2
Deisgn 2: decrease average CPI of all FP to 2.5.
s Which one is better?




=\Weighted mean,

= normalization, geometric mean
S"Principles in architecture design

— Amdahl’s law




