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“As soon as an Analytical Engine
exists, it will necessarily guide the
future course of science.”

Charls abbage

The Father of Computers
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“The Analytical Engine has no
pretensions whatever to originate
anything. It can do whatever we
know how to order it to perform...

But it is likely to exert an indirect
and reciprocal influence on
science itself.”




“The Analytical Engine has no
pretensions whatever to originate
anything. It can do whatever we
know how to order it to perform...

But it is likely to exert an indirect
and reciprocal influence on
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How do we order
a computer to do
anything?
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Statement of Resy

/y =V,
W, =0V, 1|
2y, =0V, 2

Wy =2V, 1
L1Vs =!V3

OW DO WE FIT?



| WANT A THING.




CAN YOU CODE?










GIVE ME MONEY.




| WILL MAKE THE
THING.




OR






| WILL MAKE THE
THING.
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GIVE ME MONEY.




| WILL MAKE THE
THING.







| WILL MAKE THE
THING WITH CODE.




| WILL MAKE THE
THING WITH CODE.




| WILL MAKE THE
THING WITH CODE.




| WILL MAKE THE
THING WITH CODE.




| WILL MAKE THE
THING WITH CODE.




| WILL MAKE THE
THING WITH CODE.
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| WILL DO MATH VERY
FAST FOR THE THING.
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YOU LITERALLY CAN'T
EVEN.

PROCESSOR



LITERALLY.
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CPU
ALU

Accumulator
General Purpose Registers

MEMORY

BACKUP




Constraints... Let's Break It Down

You write programs in a High Level Language
the Compiler translates that

intfo the Low Level, Assembly Language

the Assembler translates that

info Machine Language (binary!)

the Control Unit interprets that

for the Microarchitecture

where the Microsequencer interprets the binary
for the Logic-Design at the Device Level

made up of Semiconductors / Silicon Transistors

..and CONSTRAINED by the properties of Atoms,
Electrons, and Quantum Dynamics!
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A computer is:

A binary digital machine

Basic unit of information is the binary digit,
or bit

Values with more than two states require
multiple bits.
o  Two bits have four possible states:
00,01, 10, 11

Three bits have eight possible states:
000,001,010,011, 100, 101,110, 111

A collection of n bits has 2" possible
states.




e The computer is an electronic machine

e Bifs (which can have a value of O or 1) are...

What do 0 or 1

mean?
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What do 0 or 1

mean?

e The computer is an electronic machine

e Bifs (which can have a value of O or 1) are...

e Voltage in one of two states:
o presence of voltage — we call this state “1”
o absence of voltage — we call this state “0”
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BINARY ARITHMETIC

e Base-2 Addition

o justlike base-10! -l -l -l -l

o add from right to left, -| -|
carrying +_ +_

BASE 10 BASE 2
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BINARY ARITHMETIC

e Base-2 Addition @ @
o justlike base-10! -l -l -I -I
o add from right to left,
carrying ﬂ ﬂ
11 100

BASE 10 BASE 2



BINARY ARITHMETIC

10010 10010 1777
+ 1001 + 1011 + ]




BINARY ARITHMETIC

10010 10010 17171
+ 1001 + 10711 1 ]




BINARY ARITHMETIC

10010 10010 17171
+ 1001 + 10711 1 ]
11011




BINARY ARITHMETIC

10010 10010 17171
+ 10017 + 1011 1 ]
11011




BINARY ARITHMETIC

a

10010 10010 17171
+ 10017 + 1011 1 ]
11011 11101




BINARY ARITHMETIC

10010 10010 1171
+ 1001 + 1011 + ]
11011 11101




BINARY ARITHMETIC

AN
10010 10010 TT11

+ 1001 + 1011 1 ]
11011 11101 10000




A BIT




A BIT







A BYTE

How many variations are
possible?




32-bit 0S

b4-bit 0S




BINARY NUMBERS 0 to /7

21 20

22




WEIGHTED POSITIONAL NOTATION

most least
weight - > weight

329
/1 N\
102 10" 10°

Decimal
e "329"the "3"is worth 300 because
of its position

e \Whatisthe "9" worth?

most least
weight - > weight

101
/1N
2 2! 20

Binary
e "101"the first"1"is worth 4 because
of its position

e \Whatisthe second"1" worth?



Binary Hex Decimal
0000 0 0
n n n n 0001 -I -l
e Also"base 16" or "hex 0010 , ;
i D 0011 3 3
e Four bits can represent 16 positions 0100 , )
4 0101 5 5
( ] =
27=2X2X2X2 oo ° °
0111 7 7
1000 8 8
Colors are sometimes represented by hex 18?; i ?O
#000000 (black) and #FFFFFF (white) 1011 B 1
1100 C 12
1101 D 13
1110 E 14
1111 F 15




#663333 #009999
e Also "base 16" or "hex"

e Four bits can represent 16 positions

@ 24=2x2x2x2

Colors are sometimes represented by hex

#000000 (black) and #FFFFFF (white)

Binary Hex Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15




10111
+ 111

EXERCISE




10111

+ 00111
?

EXERCISE



RELATIONSHIP

e Haveidea/problem

e Design a solution

e Write code
o Debugcode

e Solve problem

e Save world - have fun -
make $$




Program
Compiles Code

into Binary
Programmer
Writes Code
Processor
Processes
and displays

results




HARDWARE

Inputs
Storage
Processor
Outputs

Why? — Binary




CPU
ALU

Accumulator
General Purpose Registers

MEMORY

BACKUP




NEXT UP

Programming Languages




