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Course Factor

 Computer Architecture (7.5HP)

http://www.eit.lth.se/kurs/eitf20
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Q1: How to upgrade with limited budget
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Question in exam

4



Lund University / EITF20/ Liang Liu

Q2: More cores or higher frequency
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Q3: Why not Intel for iphone?
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Q4: Attacks?
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https://meltdownattack.com/
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Build a Computer…
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Power Consumption: 65 to 250 watts
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Build a Computer…
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Power: 230 mA (1.2W)
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Build a Computer…
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$ 2.98Power: 65 uA/MHz (32kHz-30MHz)
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Build a Computer…
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Power: 80 Megawatts
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Class of Computers
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Do they have the same architecture? Why?



Lund University / EITF20/ Liang Liu

Outline

 Computers

 Computer Architecture

 This Course

 Trends

 Performance

Quantitative Principles

14



Lund University / EITF20/ Liang Liu15

The ART of designing computers is 

based on engineering principles 

and 

quantitative performance evaluation
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Computer abstraction levels
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ISA: Instruction-set architecture

Computer orginization: micro architecture

Specific implementation

Computer architecture

17

Computer architecture is a set of disciplines that 

describe the functionality, organization and 

implementation of computer systems.
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Computer architecture
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Design and analysis

• ISA

• Orgnization (microarchitecture)

• Implementation

To meet requirements of 

• Functionality

• Price

• Performance (Execution Time)

• Power

• Reliability

• Compatability

• ..
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ISA
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An instruction set architecture (ISA) is the interface between the 

computer's software and hardware and can be viewed as the 

programmer's view of the machine (functionality).
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Microarchitecture
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Microarchitecture is the way a given instruction set 

architecture (ISA) is implemented on a processor. 

von Neumann architecture
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Microarchitecture
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Microarchitecture
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Implementation
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4-bit Adder Memory Cell
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What affects computer architecture?
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Applications
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Architecture change due to new applications
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?
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Architecture change due to new applications
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Devices
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Devices (Hybrid Computing, which I believe is the future)
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Devices (Hybrid Computing, which I believe is the future)
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Memory centric architecture (e.g., in-memory 

computing)
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After this course, (hope) you will...

Have a thorough knowledge about the design principles for 

modern computer systems

Be able to evaluate design alternatives towards design goals 

using quantitative evaluation methods

 ”Side” effects...

• Better digital IC designer

• Better understanding of compiler, operating system, high-

performance programming

Course Objectives
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Book Recommendation

Computer Architecture – A Quantitative Approach

• HP: Hennessy, Patterson

• 5th Edition (6th Edition available)
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Course Content & Schedule

35

Overview

 Instruction set 

architecture

Pipeline

Memory System

Storage System

Multiprocessor

Application-

specific 

Processor

…
Concept &Theory

Assignment & Project

Exams
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Lecture

• Liang Liu, Associate Professor 

• Email: liang.liu@eit.lth.se

• Room: E2342

• Homepage: http://www.eit.lth.se/staff/Liang.Liu

 Course secretary

• Erik Göthe, Room 3152B

• e-mail: erik.gothe@eit.lth.se

Teaching Assistants

• Mohammad Attari

• Lucas Ferreira

Teachers

36

Mohammad

Attari

Lucas

Ferreira

mailto:liang.liu@eit.lth.se
http://www.eit.lth.se/staff/Liang.Liu
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Invited Lectures
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Sven Karlsson, Ericsson Research, Lund

AI/Machine Learning Processors & Accelerators

2019-12-19 
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Lectures and Labs

Lectures (10 or more)

• Tuesday : 13:15-15:00 E:B/Thursday: 15:15-17:00 E:B

• Covers design principles and analysis methodology

• Read the literature before each lecture

• Does NOT cover all the literature

Seminar/Exercise (2)

• Problems in previous exams

Labs (4)

• Tuesday: 08:15-12:00 E:4118-E:4119

• OR Friday: 13:15-17:00 E:4118-E:4119

• 2 students/group

• Read manual and literature before the lab

• Do Home Assignments before lab

• Experiment and discuss with assistants

• Understand what you have done (or FAIL the exam…) 

• Finish Lab before DEADLINE

https://cloud.timeedit.net/lu/web/lth1/ri14566600000YQQ45Z5

587007y5Y4313gQ7g5X4Y55ZQ076.html

https://cloud.timeedit.net/lu/web/lth1/ri14566600000YQQ45Z5587007y5Y4313gQ7g5X4Y55ZQ076.html
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Examination (Written)

Anonymous exam

Pass all labs to be able to attend written exam

~Five problems
• Highly lab related

• Problem solving

• Descriptive nature

Oral (and written) exam before Christmas (only) for 
exchange students

39



Lund University / EITF20/ Liang Liu

Questions?
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What affects computer architecture?

42

Applications
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The first electronic computer 

43

ENIAC-1946

18 000 vacuum tubes, 30 ton, 150m2  ,140kW
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The first electronic computer 

44

ENIAC-1946

18 000 tubes, 30 ton, 150m2  ,140kW

How many transistors 

of today’s most 

advanced CPU?
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The first electronic computer 

45

ENIAC-1946

18 000 tubes, 30 ton, 150m2  ,140kW

If we just scale up from

18000 to 2 billion:

➢4 Mton = 1.7 million Volvo V70

➢19 Mm2 = 2700 football filed

➢18 GW = 28 Barsebäcksreaktorer
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Development of Microprocessor
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Moore’s Law

 Electronics, Apr. 19, 1965

Gordon Moore (co-founder of Intel) 

described a doubling every year in 

the number of components per 

integrated circuit
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Performance of Microprocessor

48

?
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Does not Apply to All

Processing power doubles every 18 months

Memory size doubles every 18 months

Disk capacity doubles every 18 months

Disk positioning rate (seek & rotate) doubles every ten years!

Speed of DRAM and disk improves a few % per year
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Moore’s Law: power density
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www.xbitlabs.com

Pentium IV chip area

(in 130 nm technology)
1.3 cm2

This gives about 100 W/cm2 that

needs to be transported away (cooling)

Comparison: This little thing 

operates at about 10 W/cm2.
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Heating (power) is an issue
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Architecture change?
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What is Performance?

54

Time to complete a task (Texe)

• Execution time, response time, latency

Task per day, hour…

• Total amount of tasks for given time

• Thoughput, bandwidth

Speed of Concorde vs Boeing 747

Throughput of Boeing 747 vs Concorde
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Performance

55

How to define execution time?
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Aspect of CPU performance
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Instructions are not created equally
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Average CPI: example

58

Invest resources where time is spent!
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Quantitative Principles

60

This is intro to design and analysis

• Take advantage of parallelism

❑ ILP, DLP, TLP, ...

• Principle of locality

❑ 90% of execution time in only 10% of the code

• Focus on the common case

❑ In making a design trade-off, favor the frequent case ove the 

infrequent case

• Amdahl’s Law

❑ The performance improvement gained from uisng faster mode is 

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

• The Processor Performance Equation
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Amdahl’s Law

61

Best you could ever hope to do:

( )enhanced
maximum Fraction - 1

1
  Speedup =
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Amdahl’s Law: example
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New CPU is 10 times faster!

60% for I/O which remains almost the same… 

( )

( )
56.1

64.0
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Apparently, its human nature to be attracted by 10X 

faster, vs. keeping in perspective its just 1.6X faster


