
Lecture 0. Course Introduction

COMP427 Embedded Systems
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Course Information

• Instructor
 Prof. Taeweon Suh

• Textbook
 ARM System Developer’s Guide: Designing and Optimizing System 

Software by Andrew Sloss, Morgan Kauffman, 2004

• References
 Embedded Linux Primer by Christopher Hallinan, Prentice Hall, 2006
 Embedded Linux System Design and Development by P. Raghavan, 

Amol Lad and Sriram Neelakandan, Auerbach Publications,  2006

• Prerequisites
 Computer Architecture, Operating Systems, C-programming 

• Office hours
 After class as needed
 By appointment at Lyceum 307

• Lecture slides will be posted on the class web at 
http://esca.korea.ac.kr/

• Contact Information
 suhtw@korea.ac.kr
 02-3290-2397
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Preview of Embedded Systems
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• Embedded systems are virtually 

everywhere in your life

 Embedded systems cover a wide 

range of electronics gadgets such 

as  iPhone, Android phone, GPS, 

Refrigerator, Washer, TV..
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Preview of Embedded Systems
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• Embedded System is a special-
purpose computer system
designed to perform one or a few 
dedicated functions  - Wikipedia

 In general, it does not provide 
programmability to users, as opposed 
to general purpose computer systems 
like PC



Korea Univ

iPhone Generations

5

http://en.wikipedia.org/wiki/History_of_the_iPhone

Original iPhone

(iPhone 2G)

June 2007

iPhone 3G

June 2008

http://apple.wikia.com/wiki/IPhone_3G

iPhone 3GS

June 2009

iPhone 4

June 2010 Oct. 2011

iPhone 4S

iPhone 5

Sep. 2012

iPhone 5c  iPhone 5s

Sep. 2013

iPhone 6  iPhone 6 Plus

Sep. 2014
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Galaxy S Series
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http://phandroid.com/2012/07/17/samsung-galaxy-s-blaze-4g-gets-quick-maintenance-upgrade/

http://www.phonearena.com/news/Is-Android-4.2.2-the-end-of-the-line-for-the-Samsung-Galaxy-S-II-and-Samsung-GALAXY-Note_id41162

Galaxy S
 Android 2.3.6

 Single-core Cortex A8

June 2010

Galaxy S3
 Android 4.0.4 Ice 

Cream Sandwich  

 Dual-core Cortex A9

May 2012

Galaxy S2
 Android 2.3 Gingerbread  

 Dual-core Cortex A9

May 2011

Galaxy S4
 Android 4.2.2 Jelly Bean

 (Quad-core Cortex A15 
& Quad-core Cortex-A7) 
or Quad-core Krait 300    
(Qualcomm 
Snapdragon)

April 2013

Galaxy S5
 Android 4.4.2 KitKat

 (Quad-core Cortex A15 
& Quad-core Cortex-A7) 
or Quad-core Krait 400    
(Qualcomm 
Snapdragon)

April 2014

Galaxy S6 Edge
 Android 5.0 Lolipop

 Quad-core Cortex A53 & 
Quad-core Cortex-A57

March 2015

http://phandroid.com/2012/07/17/samsung-galaxy-s-blaze-4g-gets-quick-maintenance-upgrade/
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Smartphone War
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http://www.sleetherz.com/2011/10/smartphone-war-in-fatal-three-way-iphone-4s-
vs-droid-razr-vs-galaxy-nexus/
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Design Flow of Embedded Systems
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Planning & Architect

(modeling & 
simulation)

Hardware Design 
with CAD tools

ASIC/SoC design

Coverage of this course

ASIC/SoC/AP 
chip

System prototype 
board

Hardware debugging & 
Software development Final product

 ASIC: Application-Specific Integrated Circuit

 SoC: System-on-Chip
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iPhone 4 Teardown
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http://news.cnet.com/8301-13924_3-20006904-64.html 

http://www.ifixit.com/Teardown/iPhone-4-Teardown/3130/1

GSM (Global System for Mobile communications): 2G, 3G, 4G ..

UMTS (Universal Mobile Telecommunications Systems): one of 3G technologies being developed into 4G 

http://www.pcmag.com/encyclopedia/term/62034/antennagate
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iPhone 4 Teardown
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A4 Processor (ARM Cortex A8) 
designed by Apple 
manufactured by Samsung

GSM and 
more

GSM (Global System for Mobile communications): 3G

Samsung flash memory 
(32GB): K9PFG08

Audio Codec (Cirrus Logic)

512MB Mobile DDR
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iPhone 4 Teardown

• Accelerometer detects when the user 
has rotated the device from portrait to 
landscape, then automatically changes 
the contents of the display accordingly

• Proximity sensor detects when you lift 
iPhone to your ear and immediately turns 
off the display to save power and prevent 
inadvertent touches until iPhone is moved 
away

• Ambient light sensor automatically 
adjusts the display’s brightness to the 
appropriate level for the current ambient 
light, enhancing the user experience and 
saving power at the same time
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iPhone 5 Teardown

12http://www.ifixit.com/Teardown/iPhone+5+Teardown/10525/2

16GB NAND Flash from Hynix

3-axis gyroscope

Wi-Fi module

 A6 application processor, based off the 
ARMv7 ISA

 1GB Elpida LP (Low Power) DDR2 
integrated according to Chipworks

Touchscreen
controller

Accelerometer

LTE modem
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Galaxy S3 Teardown

13http://www.ifixit.com/Teardown/Samsung-Galaxy-S-III-Teardown/

Exynos 4412: Quad-core A9 
with 1GB DDR2

Intel Wireless Processor

Samsung 16GB eMMC (MultiMediCard) 

+ 64MB NAND Flash

http://www.samsung.com/
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Exynos 4412 Block Diagram

14PoP: Package-on-Package

MFC: Multi Format Codec
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Galaxy S4 Teardown

15http://www.ifixit.com/Teardown/Samsung+Galaxy+S4+Teardown/13947/2 http://www.samsung.com/

 Snapdragon 600 has Krait 300 CPU

 Krait has architectural similarities to ARM Cortex-A15   -- Wikipedia
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Galaxy S4 Teardown
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http://www.techinsights.com/inside-samsung-galaxy-s4/

 Exynos 5 Octa (Exynos 5410): quad-core Cortex-A15 and quad-core Cortex-A7  -- Wikipedia
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Objective

• Understand embedded systems

 Differences between general purpose computer systems and 

embedded systems

 Characteristics of embedded systems

• Experience an embedded system with hands-on labs

 Take a simple embedded system and play with it throughout the 

course

• Introduction to AT91 SoC and ARM

• Introduction to Virtual Platform 

• And then Lab, Lab, Lab…

 As a byproduct, you will get familiarized with Linux environment

17
 SoC: System-on-Chip
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This Course

• Embedded Systems

 Hardware: As shown in the iPhone 5 (or Galaxy S3) 
example, hardware is nothing but a combination of 
CPU(s), memory, and (lots of) peripheral devices

 Software: Operating systems for high and mid-end 
embedded systems (ex: Android or iOS) + Apps

• This course

 Hardware: we are going to use AT91 as a hardware 
platform, which you can think as a stripped-down version 
of iPhone 5 

 Software: Embedded Linux + Apps
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Grading Policy

• Midterm Exam: 30%

• Final Project: 40%

• Class Presentations: 20%

• Assignments: 10%

• Fail rule
 You will be given an “F” if you are absent more than 3 times

• 2 late show-ups will be counted as 1 absence

19
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Backup Slides
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iPhone 4 BOM (Bill of Materials)
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http://www.isuppli.com/Teardowns/News/Pages/iPhone-4-Carries-Bill-of-Materials-of-187-51-According-to-iSuppli.aspx

16 GB iPhone 4: Estimation as 
of June 2010 by isuppli.com
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TI touchscreen 
controller

STMicroelectronics’ Gyroscope

STMicroelectronics’ 3-axis 
accelerometer

iPhone 4S
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A5 Processor (ARM Cortex A9 Dual-core) 
designed by Apple and manufactured by 
Samsung

http://www.ifixit.com/Teardown/http://www.apple.com
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A4 Processor (ARM Cortex A8 Single-core)

GSM and 
more

iPhone 4S vs iPhone 4
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A5 Processor (ARM Cortex A9 Dual-core)
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Cortex A8 vs A9

• Cortex A8
 Frequency from 600 MHz to 1 GHz and above 
 Superscalar dual-issue microarchitecture
 NEON SIMD instruction set extension (optional) 
 VFPv3 Floating Point Unit (optional) 
 Thumb-2 instruction set encoding 
 Jazelle RCT 
 Advanced branch prediction unit with >95% accuracy 
 Integrated level 2 Cache (0-4 MB) 
 2.0 DMIPS / MHz 

• Cortex A9 MPcore
 Provides up to 4 cache coherent Cortex A9 cores
 Out-of-order speculative issue superscalar execution pipeline giving 2.50 DMIPS/MHz/core. 
 NEON SIMD instruction set extension performing up to 16 operations per instruction (optional). 
 High performance VFPv3 floating point unit doubling the performance of previous ARM FPUs 

(optional). 
 Thumb-2 instruction set encoding reduces the size of programs with little impact on performance. 
 TrustZone security extensions. 
 Jazelle DBX support for Java execution. 
 Jazelle RCT for JIT compilation. 
 Program Trace Macrocell and CoreSight Design Kit for unobtrusive tracing of instruction execution. 
 L2 cache controller (0-4 MB). 
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 Source: Wikipedia
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S5PC210 Exynos 4210 Processor in 
Galaxy Note
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Galaxy S3 Teardown
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Galaxy Note 2 Teardown

27http://www.theandroidsoul.com/wp-content/uploads/2012/12/note-2-samsung-teardown.jpg
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iPhone 5 Teardown

28http://www.ifixit.com/Teardown/iPhone+5+Teardown/10525/2
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Flip-chip DRAM on App. Processor

• K3PE7E700B-XXC1 low power 1GB DDR2

• S5PC210 Exynos 4210 : ARM Cortex A9 
(Dual-core) 1.4GHz with Mali-400 MP GPU

Galaxy Note Teardown
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LCD Driver

Yamaha Audio Codec Audio Processor

Galaxy Note Teardown
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STMicroelectronics’ Gyroscope


