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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.
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Journal:
If you were to 

extend our 
numbering system 

to more digits, 
what digits would 

you use?  Why 
those?



Check Homework
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Binary Numbers

 A binary (base-two) number is just like a decimal (base-ten) 

number, except that instead of ten possible digits (0...9), we 
only have two (0...1)

 1510 47710

 1112 1110111012
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tens place
ones place

tens place
ones placehundreds place

twos place
ones placefours place

QUESTION: What place value does this zero hold?

Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Hexadecimal
 It would be very inconvenient to write 

out a 64-bit address in binary:
0010100111010110111110001001011000010001110011011110000011100000

 Instead, we group each set of 4 bits 
together into a hexadecimal (base 16) digit:

 The digits are 0, 1, 2, …, 9, A (10), B (11), …, E (14), F (15)

0010 1001 1101 0110 1111 1000 1001 0110 0001 0001 1100 1101 1110 0000 1110 0000
2       9       D       6       F       8       9       6      1       1        C      D       E      0       E       0

 …which we write, by convention, with a “0x” preceding the 

number to indicate it’s a heXadecimal number:

 0x29D6F89611CDE0E0
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Representing Information

 Positive integers:  Just use the binary 

number system

Negative integers, letters, images, … not so easy!

 There are many different ways to represent information

 Some are more efficient than others

 … but once we’ve solved the representation problem, we 

can use that information without considering how it’s 

represented… via
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Representing Integers

 Simplest idea (“ones’ complement”):
 Use one bit for a “sign bit”:

 1 means negative, 0 means positive

 The other bits are “complemented” (flipped) in a negative 
number

 So, for example, +23 (in a 16-bit word) is represented as:
0000000000010111

and -23 is represented as:
1111111111101000

 But there are two different ways to say “zero” (0000… and 1111…)

 It’s tricky to do simple arithmetic operations like addition in the 
ones’ complement notation

 This is solved by the twos’ complement representation, but we 
won’t go over that
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Floating Point Numbers

 Non-integers are a problem…

 Remember that any rational number can be represented as a 
fraction
 …but we probably don’t want to do this, since

 (a) we’d need to use two words for each number (i.e., the 
numerator and the denominator)

 (b) fractions are hard to manipulate (add, subtract, etc.)

 Irrational numbers can’t be written down at all, of course
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Floating Point Numbers

We have limited precision, since we can only 
represent 232 different values in a 32-bit word
 1/3 isn’t exactly 1/3 (let’s try it on a calculator!)

 In general, we also lose precision (introduce errors) 
when we operate on floating point numbers

 You don’t need to know the details of how “floating 
point” numbers are represented

CS Matters in Maryland

8

Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Representing Characters
 ASCII representation:  one byte [actually 7 bits…] 

== one letter == an integer from 0-128

 No specific reason for this assignment of letters to integers!

 UNICODE is a popular 16-bit representation that supports 
accented characters like é
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[Chart borrowed from ha.ckers.org]

Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Other Types of Data

 What kinds of data do we represent on computers, and what 

are the forms?
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



The Scale of Data

 Work with an elbow partner to answer these questions

 Computer Screen

 Each pixel is represented by three bytes (red, blue, green color 
values)

 A standard VGA screen is 600 pixels wide by 400 pixels high

 How many bits are needed to represent one VGA screen display?

 CD

 CDs are stored as digital samples

 There are 44,100 samples per second

 Each sample is represented by 16 bits

 How many bits are needed to represent one 3-minute song on a CD?
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Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Representing instructions

 EVERYTHING in the computer is represented in binary, 

even the instructions.

 Create your own binary code to represent these equations:

(NOT the answers, represent the equations themselves)

 9 + 4 

 11 – 3

 2 * 5

 15 / 5

CS Matters in Maryland

HINT:

How many bits do you need to represent the data?
They are whole numbers.
The largest number is _____ and requires _____ bits

How many different operations are there? ____
Create a binary code for each operation.

Write each equation in binary.

Objectives:

Content: I will be able to work with numbers from different numbering systems.

Social: I will explain my reasoning to other people.

Language: I will use my words to explain my addition a nd calculation process to others in the class.



Homework

Read the remainder of Chapter 1 in 

Blown To Bits (pages 13-17).

Summarize by choosing one of each from the 

reading

 Key sentence

 Key phrase

 Key word
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