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Multiplexer (mux)

x=a?b:c

A multiplexer (mux) 1s commonly drawn as a trapezoid in circuit diagrams.
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Multiplexer (mux)
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A multiplexer (mux) 1s commonly drawn as a trapezoid in circuit diagrams.
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2-bit Multiplexer (mux)

2-bit values instead of 1-bit values
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Multi-bit Values

So far, only talking about 2 things: 0 and 1

Next:
Numbers, strings, objects, ...
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Numbers

From our oldest cultures, how do we mark numbers? NEER
* unary representation: make marks, one per “thing” [y small m/mb?fj - 0K,
* Awkward for large numbers, ex: CS 2130? At Wﬂ pumbers 2 X

» Hard to tell how many marks there are

» Update: group them!. -+ HHf maﬁbe aover bo count.

 Romans used new symbols: bt cfill has s when PKJJ@”JD b@ me?f&

5 ELU [ZO ’og’ 'Zj\v (ot st get Hic  chorfer)
V
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Numbers

Arabic numerals
* Positional numbering system

the poﬁﬁm meon$ gom@%ﬂ‘
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Numbers

Arabic numerals
* Positional numbering system
* The 10 1s significant:
* 10 symbols, using 10 as base of exponent
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Numbers

Arabic numerals
* Positional numbering system
* The 10 1s significant:
* 10 symbols, using 10 as base of exponent
* The 10 is arbitrary b
o
* We can use other bases! m, 2130,(2] ... i 4
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Base-8 Example

Try to turn 1344 into base-10:

| 2

1 9 L
§° g R R g
g

bt |

}xb4+3x€+4%| =42,
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Bases

We will discuss a few in this class
* Base-10 (decimal) - talking to humans
* Base-8 (octal) - shows up occasionally
* Base-2 (binary) - most important! (we’ve been discussing 2 things!)

* Base-16 (hexadecimal) - nice grouping of bits
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Binary

2 digits: 0, 1
Try to turn 1100101, into base-10

I | o o | o |
2\3 25 l¢ )? 17‘ 1( 20
38 k2

o+ 32+ el = 1ok Conly odditions neededt)
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Binary
20 2" 2V o 1 b T 5t o g
Any downsides to binary? ke £ 24222 22 27
L L R O R R
_ Il 9 9 g o | O \ 9 0o | ©
Turn 2130,, into base-2: J130-206=82 oabide ikl

hint: find largest power of 2 and subtract
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Binary
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Any downsides to binary?
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Long Numbers

How do we deal with numbers too long to read?
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Long Numbers

How do we deal with numbers too long to read?
* Group them by 3 (right to left)
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Long Numbers

How do we deal with numbers too long to read?
* Group them by 3 (right to left)
 In decimal, use commas: ,

 Numbers between commas: 000 — 999 | 1% -
+ Effectively base-1000 — You o Hink olout T TTOM TS WA

[ / QBA—I 55‘( | )
¢ 1 T 5“7([0000+23)-(—><{QOO + | X[o0o
o> (000 o0
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Long Numbers in Binary - Readability

* Typical to group by 3 or 4 bits -
- No need for commas Why? Tn decimal, we wse conmas ey 3 0,

b@ml/{j(i p)aﬁ@ W\/]/Z€5 répéaﬁ @Vér\vi pOwer O][‘ 000

in binowy, groping B4 S 0r 4 plready  gives us
&k%ﬁ:mmgﬁymﬁwrd@tsm@m‘

N 10\'7?- Size b

100001010010
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Long Numbers in Binary - Readability

* Typical to group by 3 or 4 bits

* No need for commas Why?

* We can use a separate symbol per group

* How many do we need for groups of 3?7 4y, o mmbere o ke pesant

using 2 bits
000 — |11

100001010010 0.1.2, 2, 4.5 1 28
-

€
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Long Numbers in Binary - Readability

* Typical to group by 3 or 4 bits

* No need for commas Why?

* We can use a separate symbol per group
 How many do we need for groups of 3?

* Turn each group into decimal representation

100001010010
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Long Numbers in Binary - Readability

* Typical to group by 3 or 4 bits

* No need for commas Why?

* We can use a separate symbol per group
 How many do we need for groups of 3?

* Turn each group into decimal representation
* Converts binary to octal

10

==
A1 2 2

-
S
-
-
ek
-
-
ek
-




UNIVERSITYsf VIRGINIA

Long Numbers in Binary - Readability

* Groups of 4 more common
 How many symbols do we need for groups of 4?




UNIVERSITYsf VIRGINIA

Long Numbers in Binary - Readability

Groups of 4 more common

 How many symbols do we need for groups of 4?
Converts binary to hexadecimal

Base-16 1s very common in computing

100001010010
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Hexadecimal
J
. . 2
Need more than 10 digits. What next? 3
L
1110 v
2272 5° g
42\ o
St = 9
\\/ o —2 lo
= L —= I
c —> |2
A —> 3
0 —>[%

— |5
Page 25
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Hexadecimal Exercise

Consider the following hexadecimal number:

852dable

Is it even or odd?

See the lost Gf@t




