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Number System

� In positional notation, 
base b number equals to

for hexadecimal, b = 16, 
for decimal b = 10,
for octal b = 8, 
and for binary, b = 2
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Number System

a is a number that between 0 to b � 1. 
� for binary  
� for octal 
� for decimal 
� for hexadecimal

Decimal-to-binary conversion, you successive division by 2.
How can you do the binary to octal notation ?
How can you do the binary to hexadecimal notation ?

� �1,0�a
� �7,6,5,4,3,2,1,0�a
� �9,8,7,6,5,4,3,2,1,0�a
� �FEDCBAa ,,,,,,9,8,7,6,5,4,3,2,1,0�
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Powers of 2

� In this course, it is better for you to familiar with the powers of 2. You 
should change your mind in binary -

� Try to fill the table

� Please note that in this course, when we talk about address, and 
memory storage. 
� 1k = 210 = 1024 Æ10 bits, 
� 1M = 220 = 210 u 210 = 1k u 1k = 1,048,576 Æ 20 bits
� 1G = 230 = 210 u 210 u 210 = 1k u 1k u 1k = 1,073,741,824 Æ 30 bits

20 21 22 23 24 25 26 27 28 29 210 216 220 232

Dec 1 2 4 8 16
Bin
Hex
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Number

� If I give you 3 numbers, in decimal format
� 1, 60, 3600 

� Are these 3 numbers different ? 
� Can they represent the same thing ?
� If I give you another 3 numbers

� 10010, 6416, 1448 ,  

� Are the values of 3 numbers different ? 
� Is their representation different ?
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Number

� If I give you the following numbers in decimal ..
� 20463398, 97532148, 46709394, 13141668, 5201314 

� What can these numbers represent ?
� If I say “I 7486 You”.

� How can you interpret the number 7486 ?
� If 7 = L, 6 = E ?, If 7 = F, 6 = K ?

� IMPORTANT
1. Number without unit means nothing, or can mean anything. 
2. It is important for you to know the meaning of the number in that 

particular context.
3. Same number can have different representations.
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Bit and Byte

� What is the basic unit of memory ?
� What is the common unit of memory ?
� What is the relation between bit and byte ?
� When you go out to buy a SD Card, it said 4GB.

� It means 4G bits or 4G bytes ?
� What 4G bytes actually means ?

� Each unit is a byte
� Total 4G units

1 Byte

4G units

11001100

10101010

11110000

11111111

bit
byte bit I byte

3 64
128
v56
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Memory

� What is the function of memory ?
� Assume I have one byte of memory.

� What does this byte represent ?
� Is it a positive number or negative number ?

� If positive, it means : 
� If negative, it means :

� Who defines the meaning of that number ?
� Remember that memory is only a storage, it does not give any 

meaning to the number it stored. It is the programmer who defines 
the meaning of the number.

11111111
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Data Type

� What are the data type in C ?
� How do data type related to Memory ?

e.g. int x ; 
x =  –1; // How do x stored in memory, how many bytes ?

// What is the exact number stored 
unsigned int y;

y = x; // What is the value of y ?
// What is the exact number stored 

� Please note that in this course we use C, and you are required to 
familiarize the C programming.
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Assembly instructions

� In Computer Organization course, you learnt MIPS, what 
are the sizes of register that MIPS has ?

� How many registers do MIPS got ?
� What will the following instruction do in MIPS ?

� add $s0, $s1, $s2
� addi $t0, $zero, 1
� lw $s0, 0($s1)

� Well, in this course, we will use C instead of assembly, 
however, it would be necessary for you to understand 
the assembly instructions so that you know what the 
computer is doing. 
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Revision

� In the Digital Circuits and Systems course, you learnt a simple half 
adder.

� These bits are called ? These bits are called ?

0
+ 1

1
+ 0

1
+ 1

00 sum

t
carryFEEL
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Revision

� In the Computer Organization course, if we implement the 
instruction : add $s0, $s1, $s2

� Remember that $s0, $s1, and $s2 are 32-bit registers
� Assuming $s1 and $s2 contains the value 0xFFFFFFFF 

� What event happened ? This bit is called ? 

bit31 bit30 bit29 bit28 bit2 bit1 bit0
$s1 1 1 1 1 … 1 1 1
$s2 + 1 1 1 1 … 1 1 1
$s0

255
255

I 5T

overflow
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Misconception…

� In the Computer Organization course, you learn a term Overflow. 
What is Overflow ? What is Carry ? Do they the same thing ?

� Under what conditions will there be Carry, Overflow ?
� Although again you will use C in this course, you should be able to 

know how the computer makes the decision based on the status.
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ARM Cortex-M3 microcontroller

� In this course, we will use a series of ARM 
Cortex-M3 based microcontroller. 

� For general Cortex-M3 information, you can go to 
� http://www.arm.com/products/processors/cortex-m/cortex-m3.php

� We will use a evaluation board that is based on 
the controller developed by STMicroelectronics 
under the family of STM32F103xx

� You can get the datasheet from the course 
website.
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STM32F103xx microcontroller 

� Since different IC have different function and pinout, in particular, 
we are using STM32F103VET6 , for details, please refer to the 
datasheet.

STM32  F  103  V  E  T  6  

STM32 = ARM-based 32-bit microcontroller

F = general-purpose

103 = performance line

V = 100 pins

E = 512 Kbytes of Flash memory

T = LQFP

6 = Industrial temperature range, –40 to 85 ˚C.
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STM32F103xx microcontroller 
� Other Packages and their function summaries are shown here
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STM32F103xx microcontroller 
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STM32F103xx microcontroller 

Selected features of the microcontroller
� Core: ARM 32-bit Cortex™-M3 CPU

� 72 MHz maximum frequency
� Memories

� 512 Kbytes of Flash memory
� up to 64 Kbytes of SRAM
� Flexible static memory controller with 4 Chip Select. Supports Compact Flash, SRAM, 

PSRAM, NOR and NAND memories
� Clock, reset and supply management

� 4-to-16 MHz crystal oscillator
� Internal 8 MHz factory-trimmed RC
� Internal 40 kHz RC with calibration
� 32 kHz oscillator for RTC with calibration

� 3 × 12-bit, 1 Ps A/D converters (up to 21 channels)
� 2 × 12-bit D/A converters
� Up to 112 fast I/O ports

� 51/80/112 I/Os, all mappable on 16 external interrupt vectors and almost all 5 V-tolerant
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STM32F103xx microcontroller 

Selected features of the microcontroller
� Up to 11 timers

� Up to four 16-bit timers, each with up to 4 IC/OC/PWM or pulse counter and quadrature 
(incremental) encoder input

� 2 × 16-bit motor control PWM timers with dead-time generation and emergency stop
� 2 × watchdog timers (Independent and Window)
� SysTick timer: a 24-bit downcounter
� 2 × 16-bit basic timers to drive the DAC

� Up to 13 communication interfaces
� Up to 2 × I2C interfaces (SMBus/PMBus)
� Up to 5 USARTs (ISO 7816 interface, LIN, IrDA capability, modem control)
� Up to 3 SPIs (18 Mbit/s), 2 with I2S interface multiplexed
� CAN interface (2.0B Active)
� USB 2.0 full speed interface
� SDIO interface

� CRC calculation unit, 96-bit unique ID
� ECOPACK® packages
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Block 
Diagram
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Clock 
Tree
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Pinout 
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Cortex-M3 Core Registers 
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Cortex-M3 Core Registers 

� The Processor Core has the following 32-bit registers. 
� R0 to R12 – a total of 13 General-purpose register
� R13 = SP (Stack Pointer) 
� R14 = LR (Link Register, stores the return information for subroutines, 

function calls and exceptions)
� R15 = PC (Program Counter, contains the current program address)

� Program Status Register – Show the status of the Processor
� A Combination of

� APSR – Application Program Status Register
� IPSR – Interrupt Program Status Register
� EPSR – Execution Program Status Register
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Application Program Status Register
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STM32F103xx Memory Map 

� As the microcontroller is 32-bit, 
it has a 4G-byte of memory 
address space.
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STM32F103xx Memory Map 

� As the microcontroller is 32-bit, 
it has a 4G-byte of memory 
address space.

� It is divided into eight 512M-
byte blocks.
� Block 0 – Code
� Block 1 – SRAM
� Block 2 – Peripherals
� Block 3 – FSMC Bank 1 and 2
� Block 4 – FSMC Bank 3 and 4
� Block 5 – FSMC Register
� Block 6 – Not used
� Block 7 – Cortex Internal 

Peripherals
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STM32F103xx – Block 0 

� Block 0 is where the code is located. Normally, your code should be 
stored in the Flash Area.. Remember how many Flash do 
STM32F103VET6 have ? Can you figure it out ? 

If inI512kilobyte
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STM32F103xx – Block 1 

� Block 1 is where the data are located. Normally, your data that 
declared and stored in the memory will be stored here. Will the data 
be there when you power down the microcontroller ?

26 1210 216
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END


