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UNIT 8B

Computer Organization:
Levels of Abstraction
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Announcements

@;:nes@r grades will be assigned this

weekend  pa
20
* Ps7is due%@?l\/larcl@z in class

* Pa7 will be assigned shortly (due after break)
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Abstraction

—

e We can us@ of abstraction to\hide details of
the computer design.

 We can work in any layer, not needing to know how
the lower layers work or how the current layer fits
into the larger system.

-> transistors

-% circuits (adders, multiplexoxs, flip-flops)
-> central processing units@, registers, control)

-> computer
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| Program counter (tg hold location of next instruction in memory)

e Accumulator (to hold computation result from ALU)
e Data register(s) (to hold other important data for future use)

— Control unit to regulate flow of information and operations

T

that are performed at e@& \ %ction step Mg
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A sample CPU

? ALU Op
o | source
multiplexor
Accumulator 24d 1
source
Memcry IR muliplexor  A¢cumulator
Op- [|| bt 0
e Dl f mainl et > 0
orout ;
! —> Addr Oper. # p -
2 1 Bnd 5 1
B! r | aLU
PC source ress ‘ A
multiplexor source
multiplexor ﬂLU_source
Three-State Data out buffer multiplexors
B
—_—
— 0
> —>
PC = Program Counter | m— 1
| S—
Data register Carry FF

IR = Instruction Register

http://cpuville.com/main.htm
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Computer

Keyboard

Control Unit Mouse

22N

Input
Devices

Y

Display

Bﬁgis Secondary

GI ; ,: @I Memory
1

| | ] Storage

Printer

Central Processing Unit
(CPU)
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To Gates

gﬂﬁha SDAVB A ~A

HAND!! HOR!! “NOT!!
equivalence
Properties (Similar to x and +) A AND B
B Q
* Commutative: aAb=bAaa avb=bva
* Associative: anbac=(aab)ac=an(bac - AND
avbvc=(avb)vc=av(bvc B
* Distributive: an(bvc)=(aab)v(anc AND
av(bac)=(avb)alawve)—"Lree Q=(AAB)v((BvC)(CAB)
* |dentity: anl=a avO=a
* Dominance: an0=0 avi=1 A b
» |dempotence: ana=a ava=a ¢ AND }= Q=BA(AvC)
* Complementation: an—a=0 av—a=1 .

* Double Negation: ——a=a
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Anand |AnorB | AxorB
B
0

il

1

 nand (“not and”): A nand B = not (A and B)

* nor (“notor”): AnorB=not (A or B)

xor (“exc o -
A xor B = (A and not B (B and not A)) 5 A®B
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All Gates

— —(AAB)
A ArB A AvB So- - A B
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Adding Binary Numbers

| | ‘ loO(
A— OVIO 1O %/q/ J
Lo 1110 bt
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Adding Binary Numbers

Siones {)\@@ Xee-| 0 |
O [0 ]|
[ {i]lo
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A Full Adder
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A Full Adder
2 s e lculs

0O O 0 0
n O 0 1 0 1
O 1 O 0 1
+ ﬂ 0O 1 1 1 0
1 0 O 0 1
1 O 1 1 0
BE .
1 1 1 1 1
S=A@B@Cin
Cout=((A®B)/\C%')v(A/\B)
A
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AnotherFuli-Adder (FA)

c. Dy

1-bit
Cout <+ Full [e— Cin
Adder

1

S
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||

1-bit
Full
Adder

PP

1

S;

8-bit Full Adder

W)

|

15110 Principles of Computing,

Carnegie Mellon University - CORTINA

1-bit 1-bit 1-bit
- < Full e—— Full &—y Full
Adder Adder Adder
S2 S|
A B
8 t t 8
Cout<_ SI;Zit D Cin
t 8
S

—Sr——_

16



Exercise
gﬂﬁha SDAVB A —A

“AND” "OR” "NOT”

« Conveft expressiong to circuit
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Exercise
gﬂﬁha SDF&VB A —A

“AND” "OR” "NOT”

« Convert circuit to expressions
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exercise

* Designing a control system

0| ol oly
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From Design to circuits

A|B | C| Ouatpuat
0|00 0
0[O0 1 0
0(1]0 0
o|1]1 1
1{O|0 0
1L{O|1 1
1{1]0 1
L{1]1 1
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