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Module 21T So how do computers work anyways?

Computers are logical

AYour computer can tell
write you a sonnet.

At operates on two values: 0 and 1
At has some basic logical functions:
A\IOT: turnsaOintoal,andalintoa0

AAND: takes two values: returns 1 if both are 1,
O If either or both i1s O

AOR: takes two values: returns O if both are 0, 1
If either or both is 1

AThese logical functions are made with wires
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Module 21T So how do computers work anyways?

AlV
So how do gates work anyways?
X
AlV 4
RN PN
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R L—\N\/\—
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Module 21T So how do computers work anyways?

Mechanical gates

A‘Switches require a human to switch them!
ANe can use a magnet instead

ACaIIed a relay
Electrical Gates
AVacuum tubes

ANork by making a vacuum conductive
ATransistors

ANork by making a semiconductor conductive
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Module 21T So how do computers work anyways?

Transistors

/&Based on semiconductors
A‘Semiconductors work on doping

AAct like electronically controlled
switches

Oxide T Gate

I _T_ | -N | channel | N ]

P

l“’H ° — b Body [15]
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Module 21T So how do computers work anyways?

AlV
Mechanical switches -
X
AlV 4
RN N
R X ORYy
X o NOT x y—
R L—\N\/\—
=0V
P AlV
=0V q\ﬂ\_\
X x AND y
Y| /
=0V
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Module 21T So how do computers work anyways?

- to transistors
AlV
RN
X ORYy
X o NOT x y
= L—\N\/\—
=0V
A AlV
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Module 21T So how do computers work anyways?

011000 01
Binary!
/&Decimal (base 10) uses @9
/&Binary (base 2) uses G1
(tens)(ones) (128s) (64s) (32s) (16s) (8s) (4s) (2s) (o
/&Parallel wires carry binary information /
/18
Awe can do math with binary: o7 01100001
ANhatjust happened? + 51 +00110011
AO+O:O; 1+0=0; 0+1=0; 1+1=Ocarryl :148 :10010100
A If carrying then add 1 to the value 0b01100001
OR
0d97

A 0 becomes 1, 1 becomes O carry another 1!
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Module 21T So how do computers work anyways?

Gates & binary: a simple adder
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Module 21T So how do computers work anyways?

Memory: an RS Latch

R

S_

A register Is a bunch of latches togetheri
It stores multi -bit values (a number)!

8-bit Register
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Module 21T So how do computers work anyways?

Choosing between different signals- Multiplexers
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Module 21T So how do computers work anyways?

Instructions

AComputers carry out simple instructions
AE.g.
Aadd CX,AX,BX ; Add AX+BX and store that value in CX

Amov BX,2 : Move the value 2 into BX

AﬁAXc‘), nBXOo, and ACX0 are stored

I n registers

ﬁWhe NAX+BX0 command uses an adder cCl rcui-t

AEach command has an associated binary opcode
AEach register has an associated binary value

At 0010 is faddo, 0011 is fset
ASet CX=AX+BX may be coded as 0010 10 00 01
ASet BX=2 may be coded as 0011 01 0010
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Module 21T So how do computers work anyways?

Putting it all together: how a CPU works

4x4
L\ Register AX > S~
C T > /) Other 2-
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Module 21T So how do computers work anyways?

A CPU with main memory and instruction pointing

4x4/
//4 ,III
L RN Register AX Mhy— S
Reg MM 0000 e f y Other 2
o /l 4 er =
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Reg MM 0010 we 4 . .
— - Circult
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Reg MM 0101 : /A ircui
NN NYTYT C|rCU|t
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Module 21T So how do computers work anyways?

Machine code Is for machines -
Bin

AHumans canodot read i1t 0000 O 0
AWe usually write binary as hexadecimal (base 16) MR |2 1
0010 2 2
AEg Ox2A or 0x45D3 0011 3 3
Awe useassembly language instead of machine code 0100 4 4
Aassembly | | d, th d R
ssembly language is: a command, then operands 0110 6 5
AE . mddcab o o111 7 7
: 1000 8 8

Alt converts to machine code: add c,a,b A4 0010100001
1001 9 9
AConversion IS one-to-one: assembly is just machine code with 1010 10 A
nicknames! 1011 11 B
AAssemny also haslabels , which let us refer to memory by name rather 1100 12 C
than address L[58 |2
AL A 1110 14 E
et o0s | ook at an exampl e 1111 15 E
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Module 21T So how do computers work anyways?

An assembly example
main:
mov AX,4
loop:
push AX
Inc AX
push AX
pop BX
pop CX
cmp bx 7
jne main
push CX

call exit
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Module 21T So how do computers work anyways?

Compilers create assembly code
/ACompiIers exist for many popular languages, such as C and FORTRAN

ANec“)I | try compili ng mat h!
/860 to your shared folder is W: \ SSECE-1, and find Omnicalx.exe
ATry entering a simple expression (like 1+1)

A\Iow, rather than hitting A=0, press the
Assemblyo > ATarget WI N320

AThis ti me, use NCompile to Executableo
/&Go to the startcmdnierentamce type 0

An t he command cg® OENMR %0 endretreri>, t hen A
ATryitwith G[n = 1 To@REGO] ( n)
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Module 21T So how do computers work anyways?

Emulating machine code

AWe can look at what a computer does when running code like this
ATo do this, weoll emul ate how a si mpler processo

AGO to your shared folder is W: \ S ECE-1, and find JIBc.exe

AAt the far right (you may need to click a down arrow to s
Aln Omni cal x, enter an expression and nNnCompil e t
ACopy the code over into the leftmost pane of JIBc
AThe right pane shows the machine code!

Aln the emul ator windows (Genoa) <click @Al oado
AThen, Astepo through (take care to watch the di

AAIways keep i n mind whatos happening behind the
registers, IP is incremented to move to the next command, adder circuits perform addition,
mul tiplexers say which command to useeée
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Module 21T So how do computers work anyways?

Peripherals let the user talk to the computer!
A\ mouse will set two registers with its X and Y coordinates
AA keyboard will set one with the key code being pressed or released

AA screen will show a portion of main memory (one byte red, one green,
one blue In a 3xnxm matrix to show nxm resolution)

AA bus allows one device to communicate with another
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