









































































































ECE 2049 LECTURE I

INTRO TO NUMBER REPRESENTATIONS
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Module 1. Intro to Number Representations 
Topics 

• How do we store (or “encode”) information in digital systems? 
• Specifically:  how do we store numbers? 
 

First things first:  Remembering Digital Logic 
 
Before we can talk about how computing systems are built, we first need to talk about their basic 
building block:  digital logic.  In digital logic, information is represented in binary bits.   
 
 
Digital logic defines how we can process information using bits: 
 
 
 
 
First things first:  n bits differentiate among 2n things.   
 

 

 

Terminology:    1 byte = 8 binary digits = 8 bits (e.g. 10010011) 

        ½ byte = 1 nibble = 4 bits 

        1 word = 2 (or more) bytes --> MSP430 word = 2 bytes 

        1 double word = 2 words  (4 bytes on MSP430) 

 
In computers, information and memory space is organized in to multiples of bytes.   
But what do the bytes mean? 
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The meaning of bits and bytes assigned by convention!  
 
>> Under a given coding convention, a byte can represent up to 28 = 256 things 
 
For example, 1 byte (8 bits) could encode: 
 

• A letter in an alphabet 
 
 

• One or more decimal numbers  
 
 

• The state of eight individual things (one per bit) 
 
 
 
 

• An instruction that tells the CPU to do something: 
 
 
 
 
 
We call these conventions encoding formats. They represent a kind of contract on how data will 
be stored and used.  As programmers, it is up to us to assign meaning to those bits—which 
defines what operations we perform on them.   
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Conversion between Bases and Formats:  Binary 
Positional Number Systems 
We write numbers in a positional system, which can be defined as:   
 
 
 
 
 
 
For binary numbers, we can write this definition as: 
 
 
 
 
Unsigned integers = All bits used to convey magnitude (whole numbers > 0) 
 
 
 
 
 
 
 
Decimal to Binary Conversion – Successive Division 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  To differentiate numbers in different formats, we use notation to denote the radix used wo 
write it.  For binary:  10102 or 1010b; decimal:  101010 or 1010d (or just 1010) 

DECIMAL
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Hexadecimal: A common way to write binary numbers 
Since working in binary can be cumbersome, we often write numbers in hexadecimal, which is 
base 16.   
 Simple rule for conversion:   
 
 --> 1 Hex character represents values from 0 to 15d using digits 0 – Fh 
   DEC  BIN HEX | DEC  BIN   HEX                  
 ------------------------------- 
    0  0000   0 |  8   1000   8 
    1  0001   1 |  9   1001   9  
    2  0010   2 | 10   1010   A  
    3  0011   3 | 11   1011   B  
    4  0100   4 | 12   1100   C  
    5  0101   5 | 13   1101   D 
    6  0110   6 | 14   1110   E 
    7  0111   7 | 15   1111   F  
 

If you memorize anything in this class, memorize these! 
 

Notation:  Numbers in hex are written as 1010h or 0x1010 
 
Conversion between hex and binary is piece of cake!  Just convert each hex digit to a binary 
nibble... 
  
   1001 1110b  = 158d 
 
  
 
 
 
Or vice versa: 
   8AC4h  =           8            A               C           4 
 
 
 
 
 
 
 
Note:  A modern computer always stores information in binary form.  Writing in hex is just a 
faster way for us to read and write these numbers—the machine’s representation is still binary.  

Ex. 158d =        
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How do we store negative numbers? 
One way:  Sign Magnitude integers =  n-1 bits used to convey magnitude with “most 
significant bit” or MSB used for sign.  Convention:  0 = +, 1 = - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Note:  This format has 2 representations of 0  = +0 and -0 !   
 
 
Another way:  Two's Complement integers = More common format for signed integers.  For n 
bits, values range from -2(n-1)  to  2(n-1)-1 
 
How it works: 
    Positive numbers:  Follow same format as unsigned numbers 
 
 1026 =    0000 0100 0000 0010b =  0402h 
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    Negative numbers:  Write magnitude,  Complement each bit,  Add 1 
 
 -15 = 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Range of Values for 2's Complement 
 
 
 
 

0111 1111 1111 1111b 
0111 1111 1111 1110b 

. . . 
 
 

0000 0000 0000 0000b 
 
 

... 
1000 0000 0000 0001b 
1000 0000 0000 0000b 
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Ex: Find the 8-bit two's complement representation of 104 and -80 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex: What are the decimal equivalent values of these 2's complement values 
 
 0010 0011b 
 
 
 
 
 
  
  
 
 1000 0011b 
 
  
 
 
 
 
 

Ey 104 7 POSITIVE TREAT IT LIKE UNSIGNED

s o
01101000

7

52 2 26RO 1 2625,23 104

Ex got NEGATIVE son

L
D'RE

For success'VE 80 0101 0000 MAG
Y n

gg nor

µ
t

25 21420 324241 35dg
POSITIVE

1
NEITNESONEEDLICOMPPROCEDONX

1000 0011 NUMBER
0111 1100 Comp L

I I's 12J
FOUNDMAG



to L Yo RO
40 2 To RO
2012 10 RO
10 2 5 RO
5 2 2 R l
212 I RO
112 OR I

0 1 0 1 000 0



ECE2049-E22  1-8 

Ex:  What decimal value does 8008h represent as an… 
 (a) unsigned integer  (b)  2's comp integer   (c)  sign-magnitude integer    
 
  TED NIE I 2342321

A 8.984110
0 0.000 oooo toooo
2 23 3271to

B 2 s comp
NEGATIVE SONEED 2S COMP PROCEDURE
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