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We planed to talk about four topics today.

1. Gate

2. Rabin

3. Quiz

4. Puzzle

Due to the time limitation, we only talked about the Gate and the Rabin.

We started with talking about the NOR gate.

The NOR gate truth table is as follow:

	NOR

	IN A
	IN B
	OUT

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	0


Dennis asked Justin and Michael come to black board to draw their circle.

Michael’s table is like this:


This circuit can be better represented as follow:


But the output of this circuit will also be 0V, so Michael replaced the output.


The truth table of this circuit will be:

	IN A
	IN B
	OUT

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


As a matter of fact, this is the truth table of an OR gate.

Justin showed us an excellent solution for NOR gate:


Dennis mentioned Shaffer. He wrote a short paper in Harvard. Paper of mathematics, also computer science, is always short but exciting.

He supposed to use bunches of AND gate and OR gate to make all the other gates.

Dennis showed us how to use NOR gate to replace Inverter.

First let us see the tables of both.

	Inverter

	IN 
	OUT

	0
	1

	1
	0

	NOR

	IN A
	IN B
	OUT

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	0


Observe the bold red italic numbers in NOR gate table. When the inputs are both 0, the output will be 1. When the inputs are both 1, the output will be 0. It seems that this figure has some relations with the inverter.

If we can input the same signal into the NOR gate, it will work as an inverter.

The following chart shows:


Can we make every gate by using NOR gate?

Matthew showed us how to use NOR gate to make OR gate.

	OR

	IN A
	IN B
	OUT

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1



So how about the AND gate?

This seems not so easy to think of.

	AND

	IN A
	IN B
	OUT

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


Before we find out how to draw the circuit, Dennis introduced us George Boole, who wanted to prove the existence of God.  He saw circuit in a light of algebra. He is the inventor of Boolean logic. 

We only have  0 and 1 in the world of Boolean. Boole added some operation rules for Boolean. 

	•
	AND

	+
	OR

	_

X
	Inverter 



x • y means AND(x,y)

x + y means OR(x,y)

_

x means INV(x)

Boles became famous is not only because of he invented these symbols.

He figured out the following rules:

____    _    _

x • y = x + y

_

_

x=x

Inversing twice means doing nothing.

For example, I can’t believe you didn’t. = I believe you did.

____     _   _

x + y = x • y

Using the rules above, we can rewrite x • y, which means AND gate.

            ___     ____

            ___     _    _

x • y = x • y = x + y

So according to the equation above, we knew the circuit should be like follow:


The class moved to next topic—Rabin, who was born in German. His father was a Rabbi. His father wanted him to go to religious school. But he only interested in science.

His great contribution is that he brought forward the non-determinism.

In deterministic machine, if you give an input, you will know where the machine to go.

But in none deterministic machine, you won’t know.

Dennis drew a graph to help us understand.

If it is deterministic,


If it is none deterministic,


In library, when searching a book, we may put in mat * s. The * can be any character(s), but not a blank.

mattress
materials
mathematics

These tree words are good match for mat * s.

The mat * s (ends with a blank. It can also end with semicolon, etc.) can be well represented by the following graph:


So how will the machine decided which way to go?  For example when it comes with an s, how can the machine determine whether it is the s at the end, or it is just an s in the middle? 

Machine will make a guess here. But how does it guess? Dennis will talk about it next class. This is also the greater contribution of Rabin. He can change a non-deterministic finite state machine into a deterministic one.

Homework for Wednesday:

Make an xor gate using transistors

if you can't, then do it using ands, ors, nots, nors.
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