
Below binary: physical circuits

More bits of CS

Too many bits?   Compress!

Hw #4

Lots of tutoring hrs - join in... !

pr1 (lab)    binary ~ decimal

pr2      conversion + compression

extra     image processing...

pr0 (reading)    A bug and a crash!

I'd call this a 
KNOT gate…

Circuit design, part 1

vs
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Reasoning, bit by bit << >>
left-shift right-shift

| or
(either)&and

(both)

bitwise and

bitwise or

5 & 6

4

5 | 6

5:  101
6:  110

&  100

5:  101
6:  110

|  111 7

|
or

&
and

bitwise and

bitwise or

11 & 5

11 | 5

11:  1011
5:  0101

& 0001

11:  1011
5:  0101

| 1111

ntb( 42 )

ntb( 21 ) + '0'

'101010'

ntb( 10 ) + '1'

ntb( 5 ) + '0'

ntb( 2 ) + '1'

ntb( 1 ) + '0'

ntb( 0 ) + '1'

''

42
in

out

def numToBin( N     ):

    """ converts a decimal int to a binary string

    """

    if N==0:      return ''

    else:         return numToBin(     ) + str(     )

What if you wanted base-3 output?!  base-B output?

At its base ...
(case) btn('101010')

def binToNum( S    ):

    """ converts a binary string to a decimal int    

    """

    if S=='': return 0

    else:     return 2*binToNum(      ) + int(       )

saves the need for another if

'101010'

2*btn('10101') + 0

2*btn('1010') + 1

2*btn('101') + 0

2*btn('10') + 1

2*btn('1') + 0

2*btn('') + 1

0

2*1

2*2*2*1

2*2*2*2*2*1

42

in

out

What if you wanted base-3 input?!   base-B input?

At its base ...
(case)

1

2

3

6



Bits & Base-2representation

0
1
2
5

10

21
42

15
16

127

0
1

10
101

1010

10101
101010

1111
10000

1111111
1248163264

value

What does shifting right do? >> 1

What's the max value 4 bits can hold?

What's 1000 ?

1248163264

What's the max value 7 bits can hold?

What's the max value N bits can hold?

Extra:  How could bits represent negative numbers?  Fractions?

What does shifting left do? << 1

What's 101000 ?

What are 3 and 4 in base-2? 

7? 
8?

8

40

127

15

11 100

111

1000

1 bit

How far can we count…?

with

2 bits

3 bits

4 bits

8 bits

N bits

7 bits

1

11

111

1111

I can see some patterns here –
even with one eye closed!

11111111

1111111

3

1

7

15

127

255

31 bits15 bits

0 to 255
8-bit unsigned values

-128 to 127
8-bit signed values

max count
How could bits represent 

negative numbers? 

Fractions?

..'odometry flips'..

1111...1111

1 bitwith

2 bits

3 bits

4 bits

8 bits

N bits

31 bits

7 bits

1

11

111

1111

11111111

1111111

3

1

7

15

127

255

All "Starbucks songs"

How far can we count…? in 2015?
in 2022?

Also…

hw4pr3  (extra)

how many bits are being used for each color channel?

Hw4:  images are just bits, too!

old pixel at 42,42 has
red = 1           (out of 255)
green = 36     (out of 255)
blue = 117     (out of 255)

new pixel at 42,42 has
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10

14

19
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[ 0,   0,   0,   0,   0,   0,   0,   0,   0,   0, 
  0,   0,   0,   0,   0, 112,   0,   0,   0,   0, 
  0,   0,   0,   0,   0, 240,   0,   0,   0,   0, 
  0,   0,   0,   0,  24, 243,   0,   0,   0,   0, 
  0,   0,   0,   0,  56, 227, 192,   0,   0,   0, 
  0,   0,   0,   0,  61, 231, 128,   0,   0,   0, 
  0,   0,   0,   0,  61, 255, 128,   0,   0,   0, 
  0,   0,   0,   0,  63, 255,   0,   0,   0,   0, 
  0,   0,   0,  56,  63, 255, 128,   0,   0,   0, 
  0,   0,   0, 252,  31, 255, 192,   0,   0,   0, 
  0,   0,   0, 252,  63, 255, 224,   0,   0,   0, 
  0,   0,   0, 252, 127, 255, 192,   0,   0,   0, 
  0,   0,   0, 254, 127, 255,   7, 192,   0,   0, 
  0,   0,   0, 126, 255, 254,  31, 224,   0,   0, 
  0,   0,   0, 124, 255, 252, 127, 240,   0,   0, 
  0,   0,   0, 124, 255, 248, 255, 240,   0,   0, 
  0,   0,   0, 121, 255, 241, 255, 192,   0,   0, 
  0,   0,   0, 121, 255, 227, 255,   0,   0,   0, 
  0,   0,   0, 249, 255, 199, 254,   0,   0,   0, 
  0,   0,   0, 249, 255, 143, 248,   0,   0,   0, 
  0,   0,   1, 243, 255, 159, 240,   0,   0,   0, 
  0,   0,   1, 243, 255,  31, 224,   0,   0,   0, 
  0,   0,   3, 243, 254,  63, 192,   0,   0,   0, 
  0,   0,   7, 243, 254, 127, 128,   0,   0,   0, 
  0,   0,  15, 227, 252, 127, 128,   0,   0,   0, 
  0,   0,  15, 131, 248, 255,   0,   0,   0,   0, 
  0,   0,  31,  19, 249, 255,   0,   0,   0,   0, 
  0,   0,  28, 113, 241, 254,  56,   0,   0,   0, 
  0,   0,  56, 241, 227, 254, 126,   0,   0,   0, 
  0,   0,  51, 249, 231, 254, 127, 128,   0,   0, 
  0,   0,   7, 248, 207, 252, 255, 224,   0,   0, 
  0,   0,  15, 248, 159, 252, 255, 240,   0,   0, 
  0,   0,  31, 252,  63, 249, 255, 248,   0,   0, 
  0,   0,  63, 252,  63, 249, 255, 252,   0,   0, 
  0,   0,  63, 252, 127, 243, 255, 254,   0,   0, 
  0,   0, 127, 249, 255, 243, 255, 254,   0,   0, 
  0,   0, 255, 243, 255, 231, 255, 255,   0,   0, 
  0,   0, 255, 231, 255, 231, 255, 255,   0,   0, 
  0,   1, 255, 159, 255, 199, 255, 255, 128,   0, 
  0,   1, 255, 191, 255, 131, 255, 255, 128,   0, 
  0,   1, 255, 255, 255, 131, 255, 255, 128,   0, 
  0,   3, 255, 255, 255,  19, 255, 255, 192,   0, 
  0,   3, 255, 255, 254,  49, 255, 255, 192,   0, 
  0,   3, 255, 255, 254, 120, 255, 255, 192,   0, 
  0,   3, 255, 255, 252, 124, 127, 255, 192,   0, 
  0,   3, 255, 255, 248, 126,  31, 255, 192,   0, 
  0,   3, 255, 255, 242, 127, 135, 255, 192,   0, 
  0,   3, 255, 255, 230, 127, 224,  31, 192,   0, 
  0,   3, 255, 255, 206, 127, 255, 255, 192,   0, 
  0,   3, 255, 255, 158, 127, 255, 255, 192,   0, 
  0,   3, 255, 255,  30, 127, 255, 255, 192,   0, 
  0,   3, 255, 254,  78, 127, 255, 255, 128,   0, 
  0,   1, 255, 254, 206, 127, 255, 255, 128,   0, 
  0,   1, 255, 253, 206,  63, 255, 255, 128,   0, 
  0,   1, 255, 249, 207,  15, 255, 255, 128,   0, 
  0,   0, 255, 251, 207,   3, 255, 255,   0,   0, 
  0,   0, 255, 247, 223,  56, 255, 255,   0,   0, 
  0,   0, 127, 247, 223, 190, 127, 254,   0,   0, 
  0,   0,  63, 255, 223, 159, 191, 254,   0,   0, 
  0,   0,  31, 255, 255,  31, 255, 252,   0,   0, 
  0,   0,  15, 255, 255,  79, 255, 252,   0,   0, 
  0,   0,   7, 255, 255,  79, 255, 248,   0,   0, 
  0,   0,   3, 255, 254, 103, 255, 248,   0,   0, 
  0,   0,   1, 255, 254, 247, 255, 248,   0,   0, 
  0,   0,   0, 127, 254, 243, 255, 240,   0,   0, 
  0,   0,   0,  63, 254, 249, 255, 240,   0,   0, 
  0,   0,   0,  15, 255, 253, 255, 240,   0,   0, 
  0,   0,   0,   3, 255, 254, 255, 224,   0,   0, 
  0,   0,   0,   1, 255, 255, 255, 224,   0,   0, 
  0,   0,   0,   0, 127, 255, 255, 224,   0,   0, 
  0,   0,   0,   0,  31, 255, 255, 192,   0,   0, 
  0,   0,   0,   0,   7, 255, 255, 192,   0,   0, 
  0,   0,   0,   0,   3, 255, 255, 192,   0,   0, 
  0,   0,   0,   0,   0, 255, 255, 192,   0,   0, 
  0,   0,   0,   0,   0, 127, 255, 128,   0,   0, 
  0,   0,   0,   0,   0,  63, 255,   0,   0,   0, 
  0,   0,   0,   0,   0,  15, 255,   0,   0,   0, 
  0,   0,   0,   0,   0,   3, 252,   0,   0,   0, 
  0,   0,   0,   0,   0,   0, 112,   0,   0,   0, 
  0,   0,   0,   0,   0,   0,   0,   0,   0,   0] 

Images are Just Bits!

Binary Image Encoding as raw bits
one big string of 64 characters

00000000
01101100
11111110
11111110
01111100
00111000
00010000
00000000

"0000000001101100111111101111111001111100001110000001000000000000"

Hw4:  images are just bits, too! What's the difference?
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Lossy compression vs. Lossless

Does this also apply to numbers?

Think of three situations 
where Lossy compression 

is better.

Think of three situations 
where Lossless 

compression is better.

Let's do both!

starting 
here ...

... with 
BINARY 
images!

Binary Image

00000000

 00000000

 11111111

 11111111

 00000000

 00000000

 00000000

 00001111

Encoding as raw bits
one big string of 64 characters

Hw4:  lossless binary image compression

same-data 
streaks

One possible algorithm:

bit #repeats

Any problems with this?

0100001100000111001100

0 is the first 
digit

There are 16 
of them.

1 is the 
next digit

Again, there are 
16 of them.

00000000

00000000

 11111111

 11111111

00000000

00000000

00000000

00001111

0 is the 
next digit

There 
are 28

1 is the 
final digit

There 
are 4

Hw4:  lossless image compression

0100001100000111001100

"0000000000000000111111111111111100000000000000000000000000001111"

64 bits

22 bits !!!
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fixed-width compression

00010000100100000001110010000100

0 is the first 
digit

There are 16 
of them.

1 is the 
next digit

Again, there are 
16 of them.

7 bits: # of repeats

and so on…

7 bits: # of repeats

8-bit data block 8-bit data block 8-bit data block 8-bit data block

28 zeros 4 ones

We need fixed-width blocks:

bit  #repeats

00010000100100000001110010000100

1 bit fill 7 bits for the # of repeats

"0000000000000000111111111111111100000000000000000000000000001111"

00000000

00000000

 11111111

 11111111

00000000

00000000

00000000

00001111

64 bits

32 bits !!!

8-bits in each "block"

If you use 7 bits to hold the # of consecutive repeats, what 
is the largest number of bits that one block can represent?  

B bits?

00010000
7 bits: # of repeats

8-bit total data block

7 bits?

1 bit: 
the 

initial 
pixel

What if you need a larger # of repeats?

What are the BEST and the WORST compression 
results you can get for an 8x8 image input (64 bits)?

shortest compressed 
representation

longest compressed 
representation

How could we improve this compression algorithm so that all images compress to 
smaller than the originals? That is, how can we make compression always work ? ?

??
BEST WORST
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Helper 
fun.!

If the first two 
bits DO match....

frontNum('1111010')

4

frontNum('00110010')

2

def frontNum(S):

  if  

   return 

  elif

   return 

  else:

   return 

len(S) <= 1:

len(S)== 0:

len(S)== 1:

or 2 base cases:

1 base case:

:

frontNum(S) returns 

the # of times the first 
element of the input S 
appears consecutively 
at the start of S:

If the first two bits 
DON'T match....

S== '' or 

S== '1' or

S== '0'

or 3 tests :

S

S
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It's all bits!

'Hi *'

01001000 01101001 00100000 00101010

4*8  == 72 bits total

All computation boils down to manipulating bits!

even the string  'Hi *' is just a sequence of bits…

4 ASCII characters

8 bits each

images, text, sounds, data, …

ord('H') == 72 ord('i') == 105 ord(' ') == 32 ord('*') == 42 

All computation is simply functions of bits

00 00
00 01
00 10
00 11
01 00
01 01
01 10
01 11
10 00
10 01
10 10
10 11
11 00
11 01
11 10
11 11

000
001
010
011
001
010
011
100
010
011

101

100

100

011

101
110

S T
binary inputs S and T output, S+T

bitwise
addition 
function

Adding strings?

Multiplying by machine:

Doing anything by machine…

means it can be done 
purely via surface syntax, 

which means it can be 
done without thinking…

syntactic  ~ "meaning-free"

42
101010

In a computer, each bit is 
represented as a voltage 

(1 is +5v  and  0 is 0v)

9
001001

ADDER 

circuit

1
1
0
0
1
1

51

Computation is simply the 
deliberate combination of 

those voltages!

Richard Feynman: "Computation is just a 
physics experiment that always works!"

(3) read output 
voltages

(1) set input voltages

(2) perform computation

But what's this 
green thing?

46
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Our building blocks:   logic gates

AND outputs 1 only 
if ALL inputs are 1

OR outputs 1 if 
ANY input is 1

NOT reverses 
its input

AND OR NOT

These circuits are physical functions of bits…

… and all mathematical functions can be built from them!
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def compress( I ):

    """ returns the RLE of the 

        input binary image, I """

"0000000000001111111111111111111100000000000000000000011111111111"

12 zeros 20 ones 21 zeros 11 ones

(1)  What helper function would be useful for this compress process?

a 64-bit binary image,  I

compress(I)

(2) What's an image I whose compressed output gets larger, not smaller?

(2a) What are the BEST-compressible / WORST-compressible 64-bit images?

(2b) How could you improve the algorithm so that it always compresses?!!

the "compressed" output, returned by compress(I)  

Then, 
discuss

def compress( I ):

    """ returns the RLE of the 

        input binary image, I """

Names:  __________________

IQuiz

1 bit
7 bits

1 bit
7 bits

1 bit
7 bits

1 bit
7 bits
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