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Improving Performance

Our favorite program runs in 10 seconds on computer A, which has a 2GHz
clock. We are trying to help a computer designer build a computer, B, which will
run this program in 6 seconds. The designer has determined that a substantial
increase in the clock rate is possible, but this increase will affect the rest of the
CPU design, causing computer B to require 1.2 times as many clock cycles as
computer A for this program. What clock rate should we tell the designer to
target?

Let’s first find the number of clock cycles required for the program on A:

_ CPU clock cycles ,
CPUtime, =
Clockrate
CPU clock cycles
10seconds = . };les A
2% 10° Y
second

CPUclockcycles, = 10seconds X 2 X 10’ Gyces 20 X 10° cycles
second

CPU time for B can be found using this equation:

2 X
CPU time, = 1.2 X CPU clock cycles ,

Clock rateg

1.2 X 20 X 107 cycles
Clock rateg

6 seconds =

1.2 X 20 X 10° cycles _ 0.2X20X 10° cycles 4 X 10° cycles
6 seconds second second

Clock rate; = = 4 GHz

To run the program in 6 seconds, B must have twice the clock rate of A.
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Using the Performance Equation

Suppose we have two implementations of the same instruction set architecture.
Computer A has a clock cycle time of 250 ps and a CPI of 2.0 for some program,
and computer B has a clock cycle time of 500 ps and a CPI of 1.2 for the same
program. Which computer is faster for this program and by how much?

We know that each computer executes the same number of instructions for
the program; let’s call this number I. First, find the number of processor clock
cycles for each computer:

CPUclockcycles, =1 X 2.0
CPUclockcyclesy = I X 1.2

Now we can compute the CPU time for each computer:

CPU time, = CPU clock cycles, X Clock cycle time
= I X 2.0 X 250 ps = 500 X I ps

Likewise, for B:

CPUtimey = I X 1.2 X 500ps = 600 X Ips

Clearly, computer A is faster. The amount faster is given by the ratio of the
execution times:

CPU performance, _ Executiontimey _ 600 X Ips i
CPU performance; ~ Execution time, 500 X I'ps

We can conclude that computer A is 1.2 times as fast as computer B for this
program.
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Amddal's Law

1.15 Assume a program requires the execution of 50 X 10° FP instructions,
110 x 10° INT instructions, 80 X 10° L/S instructions, and 16 X 10° branch
instructions. The CPI for each type of instruction is 1, 1, 4, and 2, respectively.
Assume that the processor has a 2 GHz clock rate.

1.15.1 [10] <$§1.11> By how much must we improve the CPI of FP instructions if
we want the program to run two times faster?

1.15.2 [10] <§1.11> By how much must we improve the CPI of L/S instructions
if we want the program to run two times faster?

1.15.3 [5] <§1.11> By how much is the execution time of the program improved
if the CPI of INT and FP instructions is reduced by 40% and the CPI of L/S and
Branch is reduced by 30%?

1.15.1 Clock cycles = CPI, X No. FP instr. + CPI_ X No. INT instr. + CPI, X No.
L/Sinstr.4+ CPL__, X No.branchinstr.

T, = clock cycles/clock rate = clock cycles/2 x 10°

oru
clockcycles=512x 10% T, ,=0.2565

CPU
To have the number of clock cycles by improving the CPI of FP instructions:
Cplmm_nlIr x No. FP instr. + CF’]ml X No. INT instr. + CPI, x No. L/S instr. +
CPL .. % No. branch instr. = clock cycles/2
CPL e = (clock cycles/2 = (CPI x No. INT instr. + CPI, x No. L/S
instr. + CPI,__, x No.branch instr.)) / No. FP instr.

CPI = (256 — 462)/50 < 0 = => not possible

improved fp

1.15.2 Using the clock cycle data from a.
To have the number of clock cycles improving the CPI of L/S instructions:

CPI, % No.FPinstr. + CPI_ x No. INTinstr. + CPI__ X No.L/Sinstr.
+ Clglb"m_h X No. branch instr. = clock cycles/2

CPI"“PM“I v, = (clock cycles/2 — (CPI, X No. FP instr. + CPI_ X No. INT
instr.+ CPI,__, X No. branch instr.)) I No. L/S instr.
CPI, . .= (256—198)/80=0.725

1.15.3 Clock cycles = CPI, X No. FP instr. + CPI_ X No. INT instr. + CPI,, X No.
L/Sinstr.+ CPI__, X No.branch instr.

T, = clock cycles/clock rate = clock cycles/2 x 10°

C
CPI, =0.6X1=06;CPl_ =0.6X1=0.6;CPl, =0.7x4=28CPl_ =
0.7x2=14

T, (before improv.) =0.2565s; T,

e

(after improv.) =0.171s
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Solutions:
1.12.1 CPI= clock rate X CPU time/instr. count
clock rate = 1/cycle time =3 GHz
CPI(bzip2) =3 x 10” X 750/(2389 X 10°) = 0.94
1.12.2 SPECratio = ref. time/execution time
SPEC ratio(bzip2) =9650/750 = 12.86
1.12.3 CPU time = No. instr. X CPI/clock rate

If CPI and clock rate do not change, the CPU time increase is equal to the
increase in the number of instructions, that is 10%.

1.12.4 CPU time(before) = No. instr. X CPI/clock rate
CPU time(after) = 1.1 X No. instr. X 1.05 X CPI/clock rate

CPU time(after)/CPU time(before) = 1.1 X 1,05 = 1.155. Thus, CPU time is
increased by 15.5%.

1.12.5 SPECratio = reference time/CPU time

SPECratio(after)/SPECratio(before) = CPU time(before)/CPU time(after)
= 1/1.1555 = 0.86. The SPECratio is decreased by 14%.

1.12.6 CPI=(CPU time X clock rate)/No. instr.
CPI=700x4 x 107/(0.85 x 2389 x 10”) = 1.37

1.12.7 Clock rate ratio=4GHz/3GHz = 1.33
CPl@4GHz=1.37, CP1@ 3 GHz = 0.94, ratio = 1.45

They are different because, although the number of instructions has been

reduced bv 15%. the CPU time has been reduced bv a lower percentage. | , N
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Benchmarks

For the reference machine results for the bzip2, and libquantum benchmarks, refer to
the slides that we explained in class on how to measure SPECRatios

1.12 The results of the SPEC CPU2006 bzip2 benchmark running on an AMD
Barcelona has an instruction count of 2.389E12, an execution time of 750s, and a
reference time of 9650s.

1.12.1 [5] <§§1.6, 1.9> Find the CPI if the clock cycle time is 0.333 ns.
1.12.2 [5] <$§1.9> Find the SPECratio.

1.12.3 [5] <§§1.6,1.9> Find theincreasein CPU timeif the number of instructions
of the benchmark is increased by 10% without affecting the CPI.

1.12.4 [5] <§§1.6,1.9> Find theincreasein CPU time if the number of instructions
of the benchmark is increased by 10% and the CPI is increased by 5%.

1.12.5 (5] <§§1.6, 1.9> Find the change in the SPECratio for this change.

1.12.6 [10] <§1.6> Suppose that we are developing a new version of the AMD
Barcelona processor with a 4 GHz clock rate. We have added some additional
instructions to the instruction set in such a way that the number of instructions
has been reduced by 15%. The execution time is reduced to 700s and the new
SPECratio is 13.7. Find the new CPL.

1.12.7 [10] <§1.6> This CPI value is larger than obtained in 1.11.1 as the clock
rate was increased from 3 GHz to 4 GHz. Determine whether the increase in the
CPI is similar to that of the clock rate. If they are dissimilar, why?
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MIFS and Actuadl Speeda

A certain computer program is compiled to run on two different machines A and B with
different ISAs and Designs. The compiled program therefore has different instruction
counts on machines A and B, and due to the different internal designs, it has different
CPIs. The measurements are summarized in the table below:

Instruction count 10 billion 8 billion
Clock rate 4GHz 4GHz
CPI 1.0 1.1

a. Which computer has the higher MIPS rating?
b. Which computer is faster?

Solution of a:
NATPS = Instruction count _ Clockrate
~ Instructioncount X CPI T "~ CPI X 10°
Clock rate

MIPSa =4 x 109/ (1 x 108) = 4000

MIPSg =4 x 109/ (1.1 x 108) = 3636.36..

Based on the MIPS metric, machine A is faster as it has higher MIPS
Solution of b:

Actual program execution time on A is

10,000,000,000 x

1
4 x 10°

x 1=2.5 seconds

Actual program execution time on A is

8.000,000,000 x —

4 x10°

x 1.1 = 2.2 seconds

In fact, computer B is faster running the program than computer A by 13.63%. The MIPS
rating is misleading because it does not take into account the complete picture. In this
example, it did not take into account that due to machine B better ISA, design, and
compiler, the total number of instructions was 20% less than machine B which heavily
affects execution time.
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