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Chapter 2 – Part 2

Performance Issues

性能问题
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Clock Speed      时钟速度

 The speed of a processor is dictated by the pulse 
frequency produced by a system clock
 Clock signals are generated by a quartz crystal which generates a 

constant sine wave while power is applied

 The wave is converted into a digital voltage pulse stream signal

 Clock speed is measured in cycles per second (Hertz)

 A 1-GHz  processor received 1 billion pulses per second

 The rate of pulses is known as the clock rate, or clock speed.

 One pulse, of the clock is referred to as a clock cycle, or a clock 
tick. The time between pulses is the cycle time.

 If the frequency is f then the cycle time is 

τ= 1 / f



+  Operations performed by a processor, such as fetching an 

instruction, decoding the instruction, performing an arithmetic 

operation, and so on, are governed by a system clock. Typically, all 

operations begin with the pulse of the clock. Thus, at the most 

fundamental level, the speed of a processor is dictated by the pulse 

frequency produced by the clock, measured in cycles per second, 

or Hertz (Hz).

 Typically, clock signals are generated by a quartz crystal, which 

generates a constant sine wave while power is applied. This wave is 

converted into a digital voltage pulse stream that is provided in a 

constant flow to the processor circuitry (Figure 2.5). For example, a 

1-GHz processor receives 1 billion pulses per second.

 The rate of pulses is known as the clock rate, or clock speed. One 

increment, or pulse, of the clock is referred to as a clock cycle, or a 

clock tick. The time between pulses is the cycle time.

 The clock rate is not random, but must be appropriate for the 

physical layout of the processor. Actions in the processor require 

signals to be sent from one processor element to another. 



+  When a signal is placed on a line inside the processor, it takes some 

finite amount of time for the voltage levels to settle down so that an 

accurate value (1 or 0) is available. Furthermore, depending on the 

physical layout of the processor circuits, some signals may change 

more rapidly than others. Thus, operations must be synchronized 

and paced so that the proper electrical signal (voltage) values are 

available for each operation.

 The execution of an instruction involves a number of discrete steps, 

such as fetching the instruction from memory, decoding the various 

portions of the instruction, loading and storing data, and performing 

arithmetic and logical operations.

 Thus, most instructions on most processors require multiple clock 

cycles to complete. Some instructions may take only a few cycles, 

while others require dozens. In addition, when pipelining is used, 

multiple instructions are being executed at the same time.

 Thus, a straight comparison of clock speeds on different processors 

does not tell the whole story about performance.
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Cycles per Instruction (CPI)

每个指令的周期

 The processor will have many different instructions it can 

perform and each will take a fixed number of cycles

 The average number of cycles per instruction is the CPI.

 RISC processors generally have a low CPI while CISC 

processors have a higher CPI

 CPI is determined by three factors

 p – the average number of cycles to decode and execute the 

instruction

 m – the average number of memory references needed

 k – the ratio between memory cycle time and processor 

cycle time
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Time to Execute a Program

 Different architectures will take a different number of instructions to 

execute a given program

 RISC processors generally take more instructions than CISC 

processors

 Let CPII be the number of cycles required for instruction type i, and Ii

be the number of executed instructions of type i for a given program. 

Then we can calculate an overall CPI as follows: 

 If the number of instructions to complete a program is Ic then the time to 

execute the program (Processor time )is given by



Table 2.1  Performance Factors and System Attributes 

• These parameters are influenced by four system attributes

OR we can rewrite the preceding equation as

where

p is the number of processor cycles needed to decode and execute the

instruction,

m is the number of memory references needed, and

k is the ratio between memory cycle time and processor cycle time.

Ic is the number of instructions to complete a program

τ is the cycle time.



 Table 2.1 is a matrix in which one dimension shows the five

performance factors and the other dimension shows the four 

system attributes. An X in a cell indicates a system attribute that 

affects a performance factor.

• A common measure of performance for a processor is the rate 

at which instructions are executed, expressed as millions of 

instructions per second (MIPS), referred to as the MIPS rate.

• Another common performance measure deals only with 

floating-point instructions.  These are common in many 

scientific and game applications. Floating-point performance is 

expressed as millions of floating-point operations per second 

(MFLOPS).
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MIPS Rate and MFLOPS

 A common measure of performance is the rate at which instructions 

are executed

 MIPS – millions of instructions per second

 Another common performance measure is the number of floating 

point operations per second MFLOPS

 This is often used in scientific computing where much of the work 

is manipulating floating point numbers

 Floating-point performance is expressed as millions of floating-point  

operations per second (MFLOPS), defined as follows:
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Calculating the mean – P83 – P90  (LAB practice)
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Benchmarks    基准

 There are many statistics that can influence a system’s 
performance

 What users care about is the overall performance running a 
particular type of program

 Measures such as MIPS and MFLOPS have proven inadequate 
to evaluating the performance of processors. Because of 
differences in instruction sets, the instruction execution rate is 
not a valid means of comparing the performance of different 
architectures. (Look to example 2.8)

 the performance of a given processor on a given program may 
not be useful in determining how that processor will perform on 
a very different type of application.

 Benchmarks are used to summarize the performance of a 
system running examples of actual code
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Benchmark Principles

 Benchmarks provide guidance to customers trying to decide 

which system to buy, and can be useful to vendors and 

designers in determining how to design systems to meet 

benchmark goals.

 Desirable characteristics of a benchmark program:

1. It is written in a high-level language, making it portable 
across different machines

2. It is representative of a particular kind of programming 

domain or paradigm, such as systems programming, 

numerical programming, or commercial programming

3. It can be measured easily

4. It has wide distribution
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System Performance Evaluation 

Corporation (SPEC Benchmarks)

 The common need in industry and academic and research 

communities for generally accepted computer performance 

measurements has led to the development of standardized 

benchmark suites. 

 A benchmark suite is a collection of programs, defined in a high-

level language, that together attempt to provide a representative 

test of a computer in a particular application or system 

programming area. 

 The best known such collection of benchmark suites is defined and 

maintained by the System Performance Evaluation Corporation 

(SPEC), an industry consortium. 

 SPEC performance measurements are widely used for comparison 

and research purposes.
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System Performance Evaluation 

Corporation (SPEC Benchmarks)

 Benchmark suite

 A collection of programs, defined in a high-level language

 Together attempt to provide a representative test of a computer in 

a particular application or system programming area

 SPEC

 An industry consortium

 Defines and maintains the best known collection of benchmark 

suites aimed at evaluating computer systems

 Performance measurements are widely used for comparison and 

research purposes
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SPEC 

CPU2006

 Best known SPEC benchmark suite

 Industry standard suite for processor 

intensive applications

 Appropriate for measuring performance 

for applications that spend most of their 

time doing computation rather than I/O

 Suite is based on existing applications 

that have already been ported to a wide 

variety of platforms by SPEC industry 

members.

 Consists of 17 floating point programs 

written in C, C++, and Fortran and 12 

integer programs written in C and C++

 Suite contains over 3 million lines of code

 Fifth generation of processor intensive 

suites from SPEC



Benchmark Reference 

time 
(hours) 

Instr 

count 
(billion) 

Language Application 

Area 

Brief Description 

400.perlbench 2.71 2,378 C 
Programming 
Language 

PERL programming 
language interpreter, applied 

to a set of three programs. 

401.bzip2 2.68 2,472 C 

Compression General-purpose data 

compression with most work 

done in memory, rather than 
doing I/O. 

403.gcc 2.24 1,064 C 
C Compiler Based on gcc Version 3.2, 

generates code for Opteron. 

429.mcf 2.53 327 C 
Combinatoria

l 

Optimization 

Vehicle scheduling 

algorithm. 

445.gobmk 2.91 1,603 C 
Artificial 

Intelligence 

Plays the game of Go, a 

simply described but deeply 
complex game. 

456.hmmer 2.59 3,363 C 
Search Gene 
Sequence 

Protein sequence analysis 
using profile hidden Markov 

models. 

458.sjeng 3.36 2,383 C 
Artificial 

Intelligence 

A highly ranked chess 

program that also plays 

several chess variants. 

462.libquantum 5.76 3,555 C 

Physics / 

Quantum 
Computing 

Simulates a quantum 

computer, running Shor's 
polynomial-time 

factorization algorithm. 

464.h264ref 6.15 3,731 C 
Video 

Compression 

H.264/AVC (Advanced 

Video Coding) Video 

compression. 

471.omnetpp 1.74 687 C++ 

Discrete 
Event 

Simulation 

Uses the OMNet++ discrete 
event simulator to model a 

large Ethernet campus 

network. 

473.astar 1.95 1,200 C++ 
Path-finding 

Algorithms 

Pathfinding library for 2D 

maps. 

483.xalancbmk 1.92 1,184 C++ 

XML 

Processing 

A modified version of 

Xalan-C++, which 
transforms XML documents 

to other document types. 

 

Table 2.5 

SPEC 

CPU2006 

Integer 

Benchmarks 

(Table can be found on page 69 in the textbook.)



Table 2.6 

SPEC 

CPU2006 

Floating-Point 

Benchmarks 

Benchmark 
Reference 

time (hours) 

Instr count 

(billion) Language Application Area Brief Description 

410.bwaves 3.78 1,176 Fortran Fluid Dynamics 
Computes 3D transonic 
transient laminar viscous 

flow. 

416.gamess 5.44 5,189 Fortran 
Quantum 
Chemistry 

Quantum chemical 
computations. 

433.milc 2.55 937 C 
Physics / Quantum 

Chromodynamics 

Simulates behavior of 

quarks and gluons 

434.zeusmp 2.53 1,566 Fortran Physics / CFD 
Computational fluid 
dynamics simulation of 

astrophysical phenomena. 

435.gromacs 1.98 1,958 C, Fortran 

Biochemistry / 

Molecular 
Dynamics 

Simulate Newtonian 

equations of motion for 
hundreds to millions of 

particles. 

436.cactusAD
M 

3.32 1,376 C, Fortran 
Physics / General 
Relativity 

Solves the Einstein 
evolution equations. 

437.leslie3d 2.61 1,273 Fortran Fluid Dynamics Model fuel injection flows. 

444.namd 2.23 2,483 C++ 
Biology / 

Molecular 

Dynamics 

Simulates large 

biomolecular systems. 

447.dealII 3.18 2,323 C++ 
Finite Element 
Analysis 

Program library targeted at 
adaptive finite elements and 

error estimation. 

450.soplex 2.32 703 C++ 
Linear 
Programming, 

Optimization 

Test cases include railroad 
planning and military airlift 

models. 

453.povray 1.48 940 C++ Image Ray-tracing 3D Image rendering. 

454.calculix 2.29 3,04` C, Fortran 
Structural 
Mechanics 

Finite element code for 
linear and nonlinear 3D 

structural applications. 

459.GemsFDT

D 
2.95 1,320 Fortran 

Computational 

Electromagnetics 

Solves the Maxwell 

equations in 3D. 

465.tonto 2.73 2,392 Fortran 
Quantum 
Chemistry 

Quantum chemistry 
package, adapted for 

crystallographic tasks. 

470.lbm 3.82 1,500 C Fluid Dynamics 
Simulates incompressible 
fluids in 3D. 

481.wrf 3.10 1,684 C, Fortran Weather Weather forecasting model 

482.sphinx3 5.41 2,472 C Speech recognition 
Speech recognition 

software. 

 
(Table can be found on page 70 

in the textbook.)© 2016 Pearson Education, Inc., Hoboken, NJ. All rights reserved.



Table 2.6

SPEC CPU2006 Floating-Point Benchmarks

 SPEC uses a historical Sun system, the “Ultra Enterprise 2,” 

which was introduced in 1997, as the reference machine. 

 The reference machine uses a 296-MHz UltraSPARC II processor. 

It takes about 12 days to do a rule-conforming run of the base 

metrics for CINT2006 and CFP2006 on the CPU2006 reference 

machine.

 Tables 2.5 and 2.6 show the amount of time to run each 

benchmark using the reference machine. The tables also show 

the dynamic instruction counts on the reference machine, as 

reported in [PHAN07]. These value are the actual number of 

instructions executed during the run of each program.



Other SPEC suites include the following:

• SPECjvm98: Intended to evaluate performance of the combined 

hardware and software aspects of the Java Virtual Machine (JVM) client 

platform

• SPECjbb2000 (Java Business Benchmark): A benchmark for evaluating

server-side Java-based electronic commerce applications

• SPECweb99: Evaluates the performance of World Wide Web (WWW) 

servers

• SPECmail2001: Designed to measure a system’s performance acting 

as a mail server



We now consider the specific calculations 

that are done to assess a system. We 

consider the integer benchmarks; the same 

procedures are used to create a floating-

point benchmark value. For the integer 

benchmarks, there are 12 programs in the 

test suite. Calculation is a three-step 

process (Figure 2.7):

1. The first step in evaluating a system 

under test is to compile and run each 

program on the system three times. For 

each program, the runtime is measured

and the median value is selected.



2. Next, each of the 12 results is normalized by calculating the runtime 

ratio of the reference run time to the system run time. The ratio is 

calculated as follows: 

where Trefi is the execution time of benchmark program i on the reference 

system and Tsuti is the execution time of benchmark program i on the system 

under test. Thus, ratios are higher for faster machines.

3. Finally, the geometric mean of the 12 runtime ratios is calculated to yield 

the overall metric:



Table 2.7   Some SPEC CINT2006 Results 
 

(a) Sun Blade 1000 
 

Benchmark 
Execution 

time 
Execution 

time 
Execution 

time 
Reference 

time 
Ratio 

400.perlbench 3077 3076 3080 9770 3.18 

401.bzip2 3260 3263 3260 9650 2.96 

403.gcc 2711 2701 2702 8050 2.98 

429.mcf 2356 2331 2301 9120 3.91 

445.gobmk 3319 3310 3308 10490 3.17 

456.hmmer 2586 2587 2601 9330 3.61 

458.sjeng 3452 3449 3449 12100 3.51 

462.libquantum 10318 10319 10273 20720 2.01 

464.h264ref 5246 5290 5259 22130 4.21 

471.omnetpp 2565 2572 2582 6250 2.43 

473.astar 2522 2554 2565 7020 2.75 

483.xalancbmk 2014 2018 2018 6900 3.42 

 



 The results for the Sun Blade 1000 are shown in Table 2.7a. 

One of the SPEC CPU2006 integer benchmark is 

464.h264ref. This is a reference implementation of 

H.264/AVC (Advanced Video Coding), the latest state-of-

the-art video compression standard.

 The Sun Blade 1000 executes this program in a median time 

of 5259 seconds. The reference implementation requires 

22,130 seconds. 

The ratio is calculated as: 22,130/5,259 = 4.21.

 The speed metric is calculated by taking the twelfth root of 

the product of the ratios:

(3.18 * 2.96 * 2.98 * 3.91 * 3.17 * 3.61 * 3.51 * 2.01 *

4.21 * 2.43 * 2.75 * 3.42)1/12 = 3.12



(b) Sun Blade X6250 
 

Benchmark 
Execution 

time 
Execution 

time 
Execution 

time 
Reference 

time 
Ratio Rate 

400.perlbench 497 497 497 9770 19.66 78.63 

401.bzip2 613 614 613 9650 15.74 62.97 

403.gcc 529 529 529 8050 15.22 60.87 

429.mcf 472 472 473 9120 19.32 77.29 

445.gobmk 637 637 637 10490 16.47 65.87 

456.hmmer 446 446 446 9330 20.92 83.68 

458.sjeng 631 632 630 12100 19.18 76.70 

462.libquantum 614 614 614 20720 33.75 134.98 

464.h264ref 830 830 830 22130 26.66 106.65 

471.omnetpp 619 620 619 6250 10.10 40.39 

473.astar 580 580 580 7020 12.10 48.41 

483.xalancbmk 422 422 422 6900 16.35 65.40 

 



 The results for the Sun Blade X6250 are shown in Table 2.7b. 

This system has two processor chips, with two cores per chip, 

for a total of four cores. 

 To get the rate metric, each benchmark program is executed 

at the same time on all four cores, with the execution time 

being the time from the start of all four copies to the end of 

the slowest run. 

 The speed ratio is calculated as before, and the rate value is 

simply four times the speed ratio. 

 The final rate metric is found by taking the geometric mean 

of the rate values:

(78.63 * 62.97 * 60.87 * 77.29 * 65.87 * 83.68 * 76.70 * 134.98 *

106.65 * 40.39 * 48.41 * 65.40)1/12 = 71.59
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