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Announcements

• Add Deadline 

• Homework 1 Check-in was due on Monday

How was it?

• Homework 1 is due Monday at 12-noon!

Start Early! You can already do more than half of the questions.



Recap – Unit 1

Monday – Algorithms 

Wednesday – Programming Basics

Friday – Computer Organization

Today – Data Representation

Friday – Programming Functions



Abstraction

What steps do we do to manipulate that data?
How do we program our computers?

How do we represent our data?





How do we use 0/1s to make everything we 
see and do on computers?

1

0



Making Change

Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



8 cents in the fewest coins

Q D N P
Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



8 cents in the fewest coins

Q D N P

0 0 1 3

1 nickel + 3 pennies =
1 x (5 cents) + 3 x (1 cent) =
5 cents + 3 cents =
8 cents

Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



36 cents in the fewest coins

Q D N P
Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



36 cents in the fewest coins

Q D N P

1 0 1 1

1 quarter + 1 dime + 1 penny =
1 x (25 cents) + 1 x (10 cents) + 1 x (1 cent) =
25 cents + 10 cents + 1 cents =
36 cents

Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



Piazza Poll

Q D N P

1 1 0 1

Penny
1 cent

Nickel
5 cents

Dime
10 cents

Quarter
25 cents



What is your algorithm for making change?

1. Use as many quarters as possible that's less than the total amount
2. Use as many dimes as possible that's less than the remaining amount
3. Use as many nickels as possible that's less than the remaining amount
4. Use the number of pennies equal to the remaining amount



New Money System

$ D P
Penny
1 cent

Dime
10 cents

Dollar coin
100 cents



198 cents in the fewest coins

$ D P
Penny
1 cent

Dime
10 cents

Dollar coin
100 cents



198 cents in the fewest coins

$ D P

1 9 8

1 dollar + 9 dimes + 8 pennies =
1 x (100 cents) + 9 x (10 cents) + 8 x (1 cent) =
100 cents + 90 cents + 8 cents =
198 cents

Penny
1 cent

Dime
10 cents

Dollar coin
100 cents



Decimal Number System

100 = 102

10 = 101

1 = 100

"Base 10"

$ D P

1 9 8

100 10 1



What is the highest number that any column can be?

Decimal Number System

100 = 102

10 = 101

1 = 100

"Base 10"

$ D P

1 9 8

100 10 1



Newer Money System 
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

G B C I



How many cents?
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

G B C I

1 0 1 1



How many cents?
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

8 4 2 1

1 0 1 1



How many cents?
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

8 4 2 1

1 0 1 1

1 gold + 1 copper + 1 iron =
1 x (8 cents) + 1 x (2 cents) + 1 x (1 cent) =
8 cents + 2 cents + 1 cent =
11 cents



How many cents?
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

8 4 2 1

0 1 1 0



How many cents?
Iron
1 cent

Copper
2 cents

Bronze
4 cents

Gold
8 cents

8 4 2 1

0 1 1 0

1 bronze + 1 copper =
1 x (4 cents) + 1 x (2 cents) =
4 cents + 2 cents =
6 cents



What is the highest number that any column can be?

Binary Number System

8 = 23

4 = 22

2 = 21

1 = 20

"Base 2"

8 4 2 1

0 1 1 0



Computers are Binary

1

0



0 0 0 0 0 0 0 0
1248163264128

Counting in Binary



0 0 0 0 0 0 0 1

Counting in Binary

1248163264128



0 0 0 0 0 0 1 0

Counting in Binary

1248163264128



0 0 0 0 0 0 1 1

Counting in Binary

1248163264128



0 0 0 0 0 1 0 0

Counting in Binary

1248163264128



0 0 0 0 0 1 0 1

Counting in Binary

1248163264128



0 0 0 0 0 1 1 0

Counting in Binary

1248163264128



0 0 0 0 0 1 1 1

Counting in Binary

1248163264128



0 0 1 0 0 1 0 1

Converting to Decimal

1248163264128



1 0 0 1 0 0 0 1

Converting to Decimal

1248163264128



Converting to Binary

3 6



Converting to Binary

3 6

0 0 1 0 0 1 0 0
1248163264128



Converting to Binary

1 0 4



Converting to Binary

1 0 4

0 1 1 0 1 0 0 0
1248163264128



Bits and Bytes

0 0 0 0 0 1 0 0

8 bits = 1 byte

bits



1 1 1 1 1 1 1 1

Maximum Value of a Byte

8 bits = 1 byte

bits



1 1 0 1 0 0 1 1

Hexadecimal (Base 16)

4 bits = ½ byte 4 bits = ½ byte

16 values: 0,1,2,…,9,A,B,C,D,E,F 



1 1 0 1 0 0 1 1

Hexadecimal

4 bits = ½ byte 4 bits = ½ byte

D                                                  3



Scale

Wifi 600 Mbit/s = 600 million bits every second
NES Game 8kB = 8000 bytes = 64000 bits

iPhone X 256 GB ~= 256 billion bytes
Google 15 exabytes = 15 billion GB



Abstraction - Everything is Bits

Integers
Letters and Symbols

Pixels / Colors
Computer Instructions

Locations in Computer Memory
Computer Addresses

Real Numbers



Integers

1 1 0 1 0 0 1 1

Idea: make 1 bit a negative sign

1248163264-



Idea: make 1 bit a negative sign

Integers

0 0 0 0 0 0 0 0
1248163264-



Integers

Idea: make 1 bit a negative sign

0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0

vs

1248163264-



Integers – 2’s Complement

Goal of 2’s Complement:
Avoid having +0 and -0

Algorithm for computing negative #’s
from binary representation:
1) If positive, whole number in binary
2) If negative:

a) flip all the bits
b) compute the whole number
c) multiply by -1 and subtract 1



How many bytes in an Integer?



Pixels 



Pixels - RGB



Pixels 



Pixels – How many bytes in an RGB pixel?



Abstraction

Need to know how many bytes and what to do with them:
Integers
Pixels
Real Numbers
Locations in Computer Memory
IP Addresses (internet computer addresses)
…

Need a look-up table (dictionary) to decode:
Letters
Computer Code 
Image Files
Music Files
…



Letters - ASCII



Letters - ASCII

"15-110" = 



Letters - ASCII

"15-110" = 

0011 0001
0011 0101
0010 1101
0011 0001
0011 0001
0011 0000



Letters - ASCII

"Happy" = 



Letters - ASCII

"Happy" = 

0100 1000
0110 0001
0111 0000
0111 0000
0111 1001



Letters – How many bytes for 1 letter?



Letters – Unicode (2-6 bytes)

0000000001000001 = 65 = "A" - 16 bits

Basic Latin - 32-126
More Latin - 16-669 ĀĎĠķŊȅ
Greek and Coptic - 880-1023 ΓΔΘΣπε

0010000000111101 - 8253 - ‽
1111111011111000 - 65272 - لأ

11110000100111111001100010000100 -😄
11110000100111111001001010101001 -💩



Computer Instructions, Bytecode, etc



How does a computer know to use 
ASCII, Unicode, Integers, Code?



Everything is Bits

Integers
Letters and Symbols

Pixels / Colors
Computer Instructions

Locations in Computer Memory
Computer Addresses

Real Numbers


