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Penguin celebrates win 

over professor.

A Few Notes About CS 5

Changes are coming!

1.  Restricted chats

2. Worksheets on Gradescope

3.  Mid-semester course evaluations

4.  Other revisions TBA

More on Circuits!

Last time…

1.  String representation

2.  From Boolean functions to digital circuits

Today…

1.  A circuit for adding

2.  A circuit simulator

3.  How logic gates really work

4.  Universality of logic gates

5.  Memory

Finding the Formula!
The Minterm Expansion Principle

Consider this function…

Words Truth Table Formula

A function of
TWO binary 
inputs x,y

where the 
output is 1 iff
x ≠ y

x y x XOR y

0   0             0

0   1             1

1   0             1

1   1             0

yx

yx

yxyx  y)f(x, +=



You Try It!
The Minterm Expansion Principle

Consider this function…

Words Truth Table Formula

A function of
TWO binary 
inputs x,y

where the 
output is 1 iff
x � y

Circuit

A Circuit for Adding!

Base 2 Addition

0

sum

carry out

0   1   0   1

1   0   0   1+

FA

A Circuit for Adding!

Base 2 Addition

0   1   0   1

1   0   0   1+

FAFAFAFA

0

FA

x y carryin

sumcarryout

x  y  carryin sum  carryout

0 0  0    0    0         

0 0  1    1    0

Logisim:  A Digital Logic Simulator



Implementing Gates with Relays

NOT Gate

Figures courtesy of HowStuffWorks.com

A Q = A 

6v power

And AND…

Figure courtesy of HowStuffWorks.com

A

B
AB

6v power

Integrated Circuits

http://www.helicon.co.ukhttp://personalpages.manchester.ac.uk/staff/p.dudek/projects/scamp

3mm

AND, OR, NOT Is a “Universal Set”

Are there other 

universal sets of 

gates?

De Morgan’s Laws:

x y = x + y 

x+y = x y

By Sophia Elizabeth De Morgan - Memoir of Augustus De Morgan, Public Domain

https://commons.wikimedia.org/w/index.php?curid=4722207

Augustus De Morgan
1806-1871



The Alien’s Life Advice

Get your eyes off 
the ground (and 
your phone)!

Your poor sore nose will 
appreciate it...and so will 
the people you look at.

Sending a Message to Prof. Ben

Worksheet!

A 1-Bit Memory

This stuff is truly 

unforgettable!

OR + NOT  =  NOR 

From S-R Latches to D-Latches

>



A Random-Access Memory (RAM)

A 512K x 8 RAM 

(About 4.2 million bits)

A Random-Access Memory (RAM)

0 1 0

1 1 1

0 0 0

0 0 1

small!

2 address 

bits

3 data

bits (in)

Read

Write

3 data

bits (out)

A Random-Access Memory (RAM)

2 address 
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3 data

bits (in)

Read

Write

3 data

bits (out)
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