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CS 2130: Computer Systems and Organization 1 
Xinyao Yi Ph.D. 
Assistant Professor

Mux, Binary Arithmetic
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Multiplexer (mux) 

x=a ? b : c 

A multiplexer (mux) is commonly drawn as a trapezoid in circuit diagrams.
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Multiplexer (mux) 

x=a ? b : c 

A multiplexer (mux) is commonly drawn as a trapezoid in circuit diagrams.tegperator.li
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2-bit Multiplexer (mux) 

2-bit values instead of 1-bit values 

聹:"
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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? 

• unary representation: make marks, one per ”thing”

• Awkward for large numbers, ex: CS 2130? 

• Hard to tell how many marks there are 

• Update: group them! 

• Romans used new symbols:

1 1 1 1 1

Forsmallnumbersok.Butforbignumber57.X-en.tl#maybeeasier
tocountbutstillhasissueswhenpresentbignumbers.FI华 芳 毕 catleast.getthisshorter ) ,
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Arabic numerals 
• Positional numbering system 

Numbers

thepositionmeanssomethhg.30decimak.fi
↑ ǐ

2× 1 0 0 0 -1 1 × 10 0 + 3 × 1 0 -1 0ㄨ 1 = 2 1 30
2 1 3 0

i ↑ ↑ i

103 102 101 100
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Arabic numerals 
• Positional numbering system 
• The 10 is significant: 

• 10 symbols, using 10 as base of exponent

Numbers
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Arabic numerals 
• Positional numbering system 
• The 10 is significant: 

• 10 symbols, using 10 as base of exponent
• The 10 is arbitrary 

• We can use other bases! !, 2130, 2, ...

Numbers

○
→ binary
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Base-8 Example

Try to turn 1348 into base-10:

1 3 4

年 台 或 与
64 8 1

1 × 64 -1 3 × 8 -1 4 × 1 = 921。
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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 11001012 into base-10

1 1 0 0 1 0 1

2
0

2
5

2
4

I 2
2

2
1
2
0

64 32 1 6 8 4 2 1

64
-1 32 + 4 -1 1 = 1 0 1

1。 (onlyadditionsneeded ) ,



Page 15

Binary

Any downsides to binary? 

Turn 213010 into base-2: 
hint: find largest power of 2 and subtract

2
"

21029 28 J 2 2
5
2
4

2
3
2
2

2
1

2
0

2048 1024 5 12 256 128 64 32 16 8 4 2 1

1 0 0 0 0 1 0 1 0 0 1 0

2 1 30 -2048= 82 8264 =1 8 1 8 - 1 1=2
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Binary

Any downsides to binary? 

Turn 213010 into base-2: 
hint: find largest power of 2 and subtract

2迦
Zlehi ①

ZEIE 1

2 2 6 6⼈ 0

243in 0

266L 1

2 33⼈ 0

2164. 1

28L 0

2⽣ 0

22L 0

2hL 0

0 1

1 00 00 1 0 1 0 0 1 0
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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
• Effectively base-1000→kucanthinkabmtitfwmthiswag.li

234 ,
567

↑ ↑ ↑
1 000

2

1 000
'

o
。

567 ㄨ 1 0004234x100041x10 002
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Long Numbers in Binary - Readability 

• Typical to group by 3 or 4 bits 
• No need for commas Why?

100001010010

Indecimal.weusecommaserery3digits.be
cueplacevaluesrepeatevgpoweroflooo.inbinary.gwngby3or4alreadygires.us
afx-sizeblockthatmapstoanotherdigitsys.hn
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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?

100001010010

Howmanynumberscanbepresentusing3bits7.co
- 1 1 1

0 1 1 2

字
,
4.5.6

,7cnnrn.IS
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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

100001010010
ITTI24-2-8
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Long Numbers in Binary - Readability 

100001010010

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

2
4
= 1 6

⼀、.
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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 is very common in computing

100001010010
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Hexadecimal

Need more than 10 digits. What next?

1110

1
2

年
5

2
3
2
2- 4

8 42 1

8-1 4-12 = 14 年
↓ a → 1 0

E b → 1 1

c → 1 2

d -> 1 3

e -> 14

f -715
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Hexadecimal Exercise

Consider the following hexadecimal number:

852dab1e

Is it even or odd?
seethelastdig.it _


