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Chapter 2

Performance Issues (Part 1)

性能问题
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This chapter addresses the issue of computer

system performance.

We begin with a consideration of the need for

balanced utilization of computer resources.

Next we look at modern computer organization

designs intended to provide performance to meet

current and projected demand.

Finally, we look at tools and models that have been

developed to provide a means of evaluate

comparative computer system performance.



+
Designing for Performance

设计性能
 The cost of computer systems continues to drop dramatically, 

while the performance and capacity of those systems continue 
to rise equally dramatically

 Today’s laptops have the computing power of an IBM mainframe 
from 10 or 15 years ago

 Processors are so inexpensive that we now have 
microprocessors we throw away

 Desktop applications that require the great power
of today’s microprocessor-based systems include:

 Image processing

 Three-dimensional rendering

 Speech recognition

 Videoconferencing

 Multimedia authoring 

 Voice and video annotation of files

 Simulation modeling
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Designing for Performance

 Businesses depend on increasingly powerful servers to 

handle transaction and database processing and to 

support massive client/server networks that have 

replaced the huge mainframe computer centers of 

yesteryear

 Cloud service providers use massive high-

performance banks of servers to satisfy high-

volume, high-transaction-rate applications

for a broad spectrum of clients
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Designing for Performance

 As the number of transistors and clock speed increase, 

chip performance increases correspondingly

 Other techniques are also used to increase performance

 Computing power is only useful when it is kept busy with 

a smooth flow of useful work

 This is why it is often necessary to look 

beyond clock speed when comparing 

processors.
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Microprocessor Speed

微处理器速度
Techniques built into nowadays processors include:

 Pipelining – Processor moves data or instructions into a 
conceptual pipe with all stages of the pipe processing 
together

 This works like an assembly line where the next instruction 
begins execution before the previous instruction is completed

 Branch prediction – Processor looks ahead in the instruction 
code fetched from memory and predicts which branches, or 
groups of instructions, are likely to be processed next

 “Guess” what is likely to be needed next and load it into a cache 
before it is actually needed

 Superscalar execution – This is the ability to issue more than 
one instruction in every processor clock cycle. 

 In effect, multiple parallel pipelines are used.
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Microprocessor Speed

 Data flow analysis – Processor analyzes which instructions 

are dependent on each other’s results, or data, to create an 

optimized schedule of instructions

 Instructions may be performed in a different order than specified 

in the program as long as the result is the same

 Speculative execution – Using branch prediction and data 

flow analysis, some processors speculatively execute 

instructions ahead of their actual appearance in the program 

execution, holding the results in temporary locations, 

keeping execution engines as busy as possible

 “Guess” what will be required next and start doing it

 If the guess is wrong, throw away the unnecessary work
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Performance Balance

绩效平衡

 One difficulty in designing an efficient system is that 

different components operate at different speeds

 For example DRAM is generally much slower than the processor

 It is necessary to adjust the organization and architecture to 

compensate for this mismatch

 General balance in the system is more important than the 

raw performance of any one component

 This is why computer benchmarks (computer measurements) 

are used to compare system performance
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Performance Balance

 To overcome the imbalance between memory and 

processor speeds there are several approaches

 Increase the number of bits that are retrieved at one time by 

making DRAMs “wider” rather than “deeper” and by using wide 

bus data paths – 8, 16, 32, 64 bit systems

 Reduce the frequency of memory access by including complex 

and efficient cache structures between the processor and main 

memory

 Change the DRAM interface to make it more efficient by including 

a cache or other buffering scheme on the DRAM chip

 Increase the interconnect bandwidth between processors and 

memory by using higher speed buses and a hierarchy of buses to 

buffer and structure data flow
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I/O Devices

 Another area of design focus is the handling of I/O devices. 

 Some of these devices create tremendous data throughput 

demands

 The processor can usually handle this throughput, but there 

is the problem of getting the data from the processor to the 

device

 Strategies here include:

 Caching and buffering schemes 

 The use of higher-speed interconnection buses and more 

elaborate structures of buses

 The use of multiple-processor configurations can aid in satisfying 

I/O demands



+  As computers become faster and more capable, more 

modern applications are developed that support the use of 

peripherals with intensive I/O demands. Figure 2.1 gives 

some examples of typical peripheral devices in use on 

personal computers and workstations. 

 These devices create tremendous data throughput demands. 

 While the current generation of processors can handle the 

data pumped out by these devices, there remains the 

problem of getting that data moved between processor and 

peripheral.  

 The key in all this is balance. Designers constantly workout to 

balance the throughput and processing demands of the 

processor components, main memory, I/O devices, and the 

interconnection structures. 
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This design must constantly be rethought to cope with two 

constantly evolving factors: 

• The rate at which performance is changing in the various 

technology areas (processor, buses, memory, peripherals) differs 

greatly from one type of element to another.

• New applications and new peripheral devices constantly 

change the nature of the demand on the system in terms of 

typical instruction profile and the data access patterns.



 As designers wrestle with the challenge of balancing 

processor performance with that of main memory and other 

computer components, the need to increase processor 

speed remains. 

 There are three approaches to achieving increased 

processor speed:

Improvements in Chip 

Organization and Architecture

芯片组织和架构的改进
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Improvements in Chip 

Organization and Architecture

 Increase hardware speed of processor

 Fundamentally due to shrinking logic gate size

 More gates, packed more tightly, increasing clock rate

 The Propagation time for signals reduced

 Increase size and speed of caches

 Dedicating part of processor chip 

 Cache access times drop significantly

 Change processor organization and architecture

 Increase effective speed of instruction execution

 Parallelism
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Problems with Clock Speed and Logic 

Density

时钟速度和逻辑密度问题

 Power

 Power density increases with density of logic and clock speed

 Dissipating heat

 RC delay

 Speed at which electrons flow limited by resistance and 
capacitance of metal wires connecting them

 Delay increases as the RC product increases

 As components on the chip decrease in size, the wire 
interconnects become thinner, increasing resistance

 Also, the wires are closer together, increasing capacitance

 Memory latency (reaction time)

 Memory speeds lag processor speeds
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 Beginning in the late 1980s, and continuing for about 15 

years, two main strategies have been used to increase 

performance beyond what can be achieved simply by 

increasing clock speed.  

First, there has been an increase in cache capacity. There are 

now typically two or three levels of cache between the 

processor and main memory. As chip density has increased, 

more of the cache memory has been incorporated on the chip, 

enabling faster cache access. For example, the original 

Pentium chip devoted about 10% of on-chip area to caches.

Second, the instruction execution logic within a processor has 

become increasingly complex to enable parallel execution of 

instructions within the processor. Two noteworthy design 

approaches have been pipelining and superscalar. 
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Figure 2 .2    Processor Trends  
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The use of multiple 
processors on the same 
chip provides the potential 
to increase performance 
without increasing the 
clock rate

Strategy is to use two 
simpler processors on the 
chip rather than one more 
complex processor

With two processors larger 
caches are justified

As caches become larger it 
makes performance sense 
to create two and then 
three levels of cache on a 
chip

Most signals remain within 
a single core making RC 
delay is less of an issue

Multicore  多核
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Many Integrated Core (MIC)

Graphics Processing Unit (GPU)
许多集成核心（MIC)-图形处理单元（GPU）

 Chip manufacturers are now in 
the process of making a huge 
leap forward in the number of 
cores per chip, with more than 
50 cores per chip. 

 Jump in performance as well as 
the challenges in developing 
software to exploit such a large 
number of cores

 The multicore and MIC strategy 
involves a homogeneous 
collection of general purpose 
processors on a single chip

 Core designed to perform parallel 
operations on graphics data

 Traditionally found on a plug-in 
graphics card, it is used to encode 
and render 2D and 3D graphics as 
well as process video

 Used as vector processors for a 
variety of applications that require 
repetitive computations

 When a broad range of applications 
are supported by such a processor, 
the term general-purpose 
computing on GPUs (GPGPU) is 
used.

MIC GPU
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Two laws that provide insight: 

AHMDAHL’S LAW & LITTLE’S LAW
提供见解的两条法律：AHMDAHL'S LAW＆
LITTLE'S LAW

 Computer system designers look for ways to improve system 

performance by advances in technology or change in design. 

Examples include the use of parallel processors, the use of a 

memory cache hierarchy, and speedup in memory access time 

and I/O transfer rate due to technology improvements. 

 In all of these cases, it is important to note that a speedup in 

one aspect of the technology or design does not result in a 

corresponding improvement in performance. This limitation is 

compactly expressed by Amdahl’s law.
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Amdahl’s 

Law

 Gene Amdahl in 1967 

 Deals with the potential speedup of a 
program using multiple processors 
compared to a single processor

 Diminishing(decreasing) returns as 
processors spend more time 
communicating with each other and 
less time actually solving the problem

 Illustrates the problems facing industry 
in the development of multi-core 
machines. Machines with an ever-
growing number of cores: The software 
that runs on such machines must be 
adapted to a highly parallel execution 
environment to exploit the power of 
parallel processing.

 Can be generalized to evaluate any 
design or technical improvement in a 
computer system.
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Amdahl’s Law  -阿姆达尔定律

 Software usually needs to be rewritten to take 

advantage of multiple cores

 Some parts of the program may not be able to take 

advantage of multiple cores at all

 Let f be the proportion of the program that can take 

advantage of multiple cores and N be the number of cores 

(Processprs)

speedup =
1

(1- f )+
f

N
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Num ber of Processors

Figure 2 .4   Am dahl’s Law  for  Mult iprocessors
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+ Homework

Review Questions:

 2.1,2.2, 2.3, 2.4

Chapter 2

Performance  

Issues
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Exercise and Solution on Amdahl’s 

Law 阿姆达尔定律的运用与解决方案
1. What is the overall speedup if you make 10% of a program 90 times 

faster?

2. What is the overall speedup if you make 90% of a program 10 times 

faster?

3. We are considering an enhancement to the processor of a web server. 

The new CPU is 20 times faster on search queries than the old 

processor. The old processor is busy with search queries 70% of the 

time, what is the speedup gained by integrating the enhanced CPU?

4. We are considering an enhancement to the processor of a server. The 

new CPU 10X faster. I/O bound server, so 60% time waiting for I/O.
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