CS 101 Today...

There are only 10 types

of people in the world:
Those who understand binary
and those who don't.

Leci nest pos une fufie.

Looking Back

Our top-10 list of binary jokes...

ON A SCALEOF 1T 10,
HOwW LIKELY IS IT THAT
THIS QUESTION 1S
USING BINARY?

[ P
)

wn;r:saq?

Looking Forward

Computing as Computing as
composition representation
clay == functions clay == data & bits

Base-2 Storage & Representation

Binary Dec | Hex  Glyph
0010 0000 | 32 | 20 |(blank)(=-)

8 bits = 1 byte = 1 box

0010 0001 | 33 | 21 !
0010 0010 | 34 22
0010 0011 | 35 | 23 #
0010 0100 | 36 | 24 5
0010 0101 | 37 | 25 5, value: N value
0010 0110 | 38 | 26 & gt »0\' 43 0,4\,
0010 0111 | 39 | 27 ,»0 0‘\/
0010 1000 | 40 | 28 O & oo\’(?
: 0 : R
0010 1001 | 41 | 29 type: str type: int >
0010 1010 | 42 | 2A c name: name: But why
00101011 | 43 | 2B + these bits?
The same bits are in each container.
The SAME bits can

represent different
pieces of data,
depending on type

chr ord

len("Reveal the answer to the ultimate question")
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Some 42's! Which are fundamental?
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Base 2 Base 10 Binary math Decimal math

tables of
"binary" "decimal” one-digit +|jof1]2]|3|4]|5]6|7]|8]9
facts 0 1/2(3[4[(5|6|7|8|9
+ 11 3(al5[6]7]8]9]0
21213 506[7]8]9ofin
313456 7/8|9i0
+ 4la|s5|6|7[8]9 1011
42 515|6|7]|8|9 11 12 13 [14
10 Addition 6l6|7]8 901213
101010 / 7178|901 1213 14
2 818|910 13
4 tens + 2ones >Tolioht ”

each column *

represents the
base's next power

12310 Multiptation
o / \. \

18 writing 123 in binary... 1 hundred + 2 tens + 3 ones 19
base 1 s digits 1 Beyo nd
Binary
32 16 8 4 2 1
base 2 —— 1010 digits:0,1
27 9 3 1
base 3 1120 digits:0,1,2
16 4 1
base 4
i sn’ But why base-2?
base 6 Which one of these isn't 42...? u aS e .
base 7 222 60 54 46 39
base 8 and what are the bases of the rest?
base 9
base 10 42 digits:0,1,2,3,4,5,6,7,8,9
base 11
base 12

30 base 16 35


18

19

30

35


Could computer circuits represent decimals?

A computer has to differentiate
physically among all its possibilities.

ten symbols ~ ten different voltages

0 1 2 3 4 5

36 . .

What digits are these?

b.d. ~ binary digit ~ bit
"bit" first appeared in print in 1948 (Claude Shannon)

' Iy -~
Ay = Comnd L3Skt

early document allocating different bits to

control or data portions of a processor's work
u \ i I

Extra! Can you figure out the last binary digit (bit) of 53
without determining any earlier bits? The last two? three?
44 All of ther?

Ternary computers? o

50 of these Setun ternary machines were made at Moscow U. ~ 1958

- . - AL° CeTyHb |
a — / ‘-..‘ - i .‘_

42 This project was discontinued in 1970... though not because of the ternary design!

(-5volts)

Lab 4: Computing to base-2

base 10 base 2

100 10 1 . 4 2 1

53

This first step of left-to-right conversion
into binary is tricky to program... Why?

You mean aside from
‘ having to think in
J. 5 binary?
45 ~


36

42

44

45


in the end,

we need Reasoning ~ Value vs. Syntax
5 3 "53"-worth
of value

32s 16s 8s 4s 2s 1s top-level reality! 5 3 5 3 7

16s 8s 4s 2s 1s "next"-level reality...

o 53 53

What does left-shifting do to What does right-shifting do to
e the value of a decimal #? the value of a decimal #?
53 value remaining
! << >>
left-shift right-shift
Converting to binary ~ starting from the right!
50 56 bitwise Python: the left and right "shift operators”
. . . Intel x86 processor instructions : Table C-15. General Purpose Instruction:
Reasonlng, blt by blt << >> and their speeds Instruction Latency' Throughput
leftshift right-shift CPUID OF 3H [OF 2H |OF 3H | OF 2H
ADC/SBB req, reg 8 8 3 3
left-shift by 1 In processors shift, and, or, I ig;ﬁﬁmg' S ? ;5 ;5 ;_5
11 31 add, and subtract are =——>[ AND/OR/XOR 1 05 05 o5
110 What does left-shifting do to much faster than multiply, Sl L 2
6 h 1 fabi #? divide, and mod, which are BSwWAP ! ’ 05 !
the value of a binary # ) BTC/BTR/BTS 8-9 1
relatively slow. W =
CMP/TEST 1 05 05 |05
left-shift by 2 his b DEC/ING 1 1 05 |05
Given this, how can we IMUL r32 10 14 1 3
— 3 << 2 compute these slow IMUL imm32 14 1 3
1100 12 statements using fast IMUL 1518 5
operations? IDIV_+MoD 6680 |56-70 |30 |23
o1 What does right-shifting do to (N<<3) - N
right-shift by .
the value of a binary #? N/ / 4 N*17
101010 42 >> 1 N- ((N>>4)<<4)
10101
21 N >> 2

* o
57 1010 42 >> 2 2 58 N*7 N%16 (N<<4) + N
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60

Reasoning, bit by bit
and or
(both) | (either)

bitwise and

5: 101
6: 110
& 100
bitwise or
5: 101
6: 110

| 111

5 & 6
4
5 | 6
7

<< >> & |

left-shift right-shift and or

bitwise and

11: 1011 11 & 5

5: 0101
&

bitwise or

11: 1011 11 | 5

5: 0101
I



60


(blank)


(blank)


Name(s)

Convert these two binary
numbers to decimal:

- In binary, I'm an 11-eyed alien!
Quiz 0|

——

32 16 8 4 2 1

11001 10001000

Convert these two decimal
numbers to binary:

32 16 8 4 2 1

28, 101,

Add these two binary numbers:

101101
+ 1110

529

5§ - Hint: Remember * 42

L 742 these'algorithms? 1058
They're thesame 1+ 2116

1271 in binary! 20218

21

sy 101101

these binary

numbers: * 1 1 1 O

WITHOUT
converting
' to decimal ! |

____________________

Extra! Can you figure out the last binary digit (bit) of 53
without determining any other bits? The last two? 37
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