More bits of CS

Circuit design, part 1

Below binary: physical circuits

?[¥ wvs 1[?

Too many bits? Compress!

Hw #5 due Mon. 2/19

pro (reading) A bug and a crash!
prl (lab) binary ~ decimal
prZ2  conversion + compression

extra 1image processing...

Lots of tutoring hrs - join in... !



Bits' big idea

left-shifting by 1
doubles a value

right-shifting by 1
halves a value

Do | halve to
el remember this?

I hope | don't have to
remember L vs R!

oo

I!IIIIIIII

Aha! This can be implemented
just with wiring!

PUre/y
echa”/cal

Bitwise reason

'101010' =

in binary, columns double in value leftward

'1010100" =

'101010"' =

in binary, columns halve in value rightward

'10101" =

No - it falls out!



A I 1 com p uta ti Oon is simply functions of bits

binary inputs A and B output, A+B
00 00 000
00 01 s week 001
00 I3 souunulatis G0
01 00 o PR 001
01 01 010
01 10 - 011
01 11 bitwise 100
10 00 addition 010
1‘8 2% function géé
10 11 101
11 00 011
Ho% e
11 11 110

A B



CirCUlt iss yntactic

Adding strings? = ®jion!  Sgcon

S T
131' llll S

N/ ]

addl0(s,T) :
" a9dds the *Strings* S and T
as decimal numbers

wiowew

' :B:L 1
' ]-:L I

len(S) == 0: T
len(T) == 0: S

eS = S[-1] eS ~ the "end of S" eT ~ the "end of T"

eT = T[-1]
eS == '0"' eT == '1': addl0(s[:-1],T[:-1]) +
eS == '1" eT == '1': addl0(s[:-1],T[:-1]) +
eS == '2"' eT == '1"': addl0(s[:-1],T[:-1]) +
eS == '3" eT == '1': addl0(s[:-1],T[:-1]) +

# Lots more rules - how many in all®?

Notice that this code doesn't
"understand" addition at all!

'1'
'2'
'3'
'4'



Carrying on... hw5: addB

S T

123" 19" s '23"
adle\(‘S,T)/: r '19"

" a9dds the *Strings* S and T
as decimal numbers

wiowew

len(S) == 0: T
len(T) == 0: S

eS = S[-1] eS ~ the "end of S" eT ~ the "end of T"

eT = T[-1]
eS == '0' eT == '1"': addl0(s[:-1],T[:-1]) + '1'
eS == '1"' eT == '1"': addl0(s[:-1],T[:-1]) + '2'
eS == '2' eT == '1"': addl0(s[:-1],T[:-1]) + '3'
eS == '3' eT == '1"': addl0(s[:-1],T[:-1]) + '4'

# what if we have to carry to the next column?
eS == '3 eT == '9':

Notice that this code doesn't
"understand" addition at all!



Lab Debriefing &
hwbSpr2.py



Lab Debriefing & in
hw5prl.py ntb( 42 ) 42

ntb( 21 ) + '0'
ntb( 10 ) + '1’
ntb( 5 ) + '0
r;tbA( 2) 4+ '1°'
ntb( 1) + '0'
ntb( 0 ) + '1° '101010"

I_H
1 out

numToBin( N ):
""" converts a decimal int to a binary string

N==0: v
%$2==0: numToBin( N//2 ) + '0'
N%2==1: numToBin( N//2 ) + '1'

\ these are awfully similar... /



Lab Debriefing & in
hw5prl.py ntb( 42 ) 42

ntb( 21 ) + '0'
ntb( 10 ) + '1’
ntb( 5 ) + '0
r;tbA( 2) 4+ '1°'
ntb( 1) + '0'
ntb( 0 ) + '1° '101010"

I_H
1 out

ﬂeek_- 5
numToBin( N ) : fiedy

""" converts a decimal int to a binary string
N==0: v
: numToBin( N//2 ) + str(N%2)

What if you wanted base-3 OUtpUt?! base-B OUtPUt? ‘ make sure your notes have TWO forward slashes! ‘




Lab Debriefing & in
hwbSprl.py btn('1010101) '101010°

2*btn( 10101') + O

2*btn 1010') + 1
{ T 2%1
2*btn( 101" ) + 0

5 2%2%2%
2*btn(10)+1 2k2*2*l

2*btn( 1) +%7 2%2%k2%k2%2%1]
42

2*btn(") + 1

K_H
0 out

binToNum( S ):
""" converts a binary string to a decimal int

mwiiw

S=="". 0
S[-1]=='0": 2*binToNum(S[:-1]) + O
S[-1]=="'1": 2*binToNum(S[:-1]) + 1

\ again, awfully similar... /



Lab Debriefing & in
hwbSprl.py btn('101010") '101010°

2*btn( 10101') + O

2*btn 1010') + 1
{ T 2%1
2*btn( 101" ) + 0

5 2%2%2%
2*btn(10)+1 2*2*2*1

2*btn( 1) +%7 2%2%k2%k2%2%1]
42

2*btn(") + 1

f_H
0 out
fleg)_: (.
binToNum( S ) : K ifjeq,

""" converts a binary string to a decimal int
S=="'": 0
: 2*binToNum(S[:-1]) + int( S[-1] )

T

What if you wanted base-3 input?! base-B input? saves the need for another 1 £



Al"iane 5 This week's reading: bits can be vital

AFNANIZEVACE

SR

IndexError TypeError HumanError

<16bits SRl < 64bits

version 4 version 5



How far can we count...?

with

1 bit

2 bits
3 bits
4 bits
7 bits
8 bits
N bits
31 bits

1

11
111
1111

1111111
11111111

15

127

255

n see some patterns here —
even with one eye closed! ol



How far back can we remember...?

List of most viewed YouTube videos

From Wikipedia, the free encyclopedia

Top videos

| _lindicates a video that is not a music video.

Views

Rank ¢ Video name!*! ¢ Uploader / artist (as of September ¢ Upload date ¢
29, 2015)

February 19,

"Baby"[‘” Justin Bieber featuring Ludacris 1,216,729,955
2010

November 10,

"Blank S (5] Taylor Swift 1,173,509,710
ank Space aylor Swi 4 , ) 2014




How far back can we remember...?

List of most viewed YouTube videos

From Wikipedia, the free encyclopedia

This list of most viewed YouTube videos consists of the 30 most viewed videos of all time as
derived from YouTube charts [ Videos that YouTube suspects have had their view counts
manipulatedm are notincluded in this list. View counts are based on the YouTube website; many
of the videos are music videos that play through YouTube's partner site, Vevo, and YouTube view
counts will lag those of Vevo by a few days [")

As of September 2015, nine music videos have received over 1 billion views, with the top video, : \ ol

"Gangnam Style", exceeding 2 billion views. Psy's "Gangnam Style" is the most &
watched video on YouTube as of
September 2015, with over 2.4 billion

Of COurSe"' views.

only briefly,

Top videos
|indicates a video that is not a music video.

Views
Video name!* s Uploader / artist ¢ (as of September ¢ Upload date ¢ Notes
29, 2015)

"Gangnam Style"?! Psy 2,421,271,749 ' July 15,2012 | B

February 19,

"Baby"[‘” Justin Bieber featuring Ludacris 1,216,729,955
2010

November 10, |

"Blank S (5] Taylor Swift 1,173,509,710
ank Space aylor Swi 2014




Less worrisome, perhaps... ok

Another overflow error! =

THE WALL STREET JOURNAL. = ARTs & ENTERTAINMENT

Psy’s ‘Gangnam Style’ Has Forced
YouTube to ‘Upgrade’ Systems

Gangnam Style Video Overflows YouTube Counter

On Monday, Psy’s Gangnam Style video exceeded the limit of YouTube’s view
counter; this is what Google had to say (hat tip: Digg):

The "sign bit" has flipped
to one. Thus, the number
has become negative... !

PSY - GANGNAM STYLE (e AEH ) MV

wfllcialpsiy

o L I8 Sabscrte | -2142584554

ok < i »




Ariane 5 This week's reading: bits can be vital

AFNANIZEVACE

IndexError TypeError HumanError

version 4 version 5



Ancient Egyptian multiplication

Insight:

From Wikipedia, the free encyclopedia

e
: \LSt
\s oyerythin b_. .



Insight Ancient Egyptian Multiplication

halver dbler (ans. should be 126) AEM/RPM algorithm
21 x 6
Write the factors in two columns.
halver dbler
21 6 Example Repeatedly halve the LEFT and
double the RIGHT. (toss remainders...)

Pull out the RIGHT values where
the LEFT values are odd.

Sum those values for the answer!

pe - 3apascreynTte!
AMepuKaHckue
% CryaeHTsl

Why does this work? a.k.a. RPM kN/ Buddy can you ey
spare an eye? [,



Name(s)

21 x 6
21 6
10 12
5 24
2 48
1 96
11 x 15

(ans. should be 126)

126

(ans. ~ 165)

Quiz

Example

Try it!

Ancient Egyptian Multiplication!

AEM algorithm

Write the factors in two columns.

Repeatedly halve the LEFT and
double the RIGHT. (toss remainders...)

Pull out the RIGHT values where
the LEFT values are odd.

Sum those values for the answer!

halver dbler

12 X 20 (ans. ~ 240)

Extra: Why does this always work? Hint: it's binary!



Name(s)

21 x 6
21 6
10 12
5 24
2 48
1 96
11 x 15

(ans. should be 126)

126

(ans. ~ 165)

Quiz

Example

Try it!

Ancient Egyptian Multiplication!

AEM algorithm

Write the factors in two columns.

Repeatedly halve the LEFT and
double the RIGHT. (toss remainders...)

Pull out the RIGHT values where
the LEFT values are odd.

Sum those values for the answer!

halver dbler

12 X 20 (ans. ~ 240)

Extra: Why does this always work? Hint: it's binary!



Insight AEM algorithm

Decimal Binary
’e 110
6 x 10101
21 6 110 6
10 12 0000
5 24 :j> 11000 24
2 48 000000
1 96 , 1100000, 96

1111110 126

Although in ancient Egypt the concept of base 2 did not exist, the algorithm is essentially the
same algorithm as long multiplication after the multiplier and multiplicand are converted to
binary. The method as interpreted by conversion to binary is therefore still in wide use today as
Qmplemented by binary multiplier circuits in modern computer processors)




Insight Egyptian + Russian Multiplication

Decimal Binary
11 1111
15 x 1011
11 15 1111 15
5 30 11110 30
2 60 :$> 000000
1 120 , 1111000 +120

10100101 165



Insight Egyptian + Russian Multiplication

Decimal Binary
12 10100
20 x 1100
12 20 00000
6 40 000000
s s ) 1010000 80
1 160 410100000 +160

11110000 240



Hw5: images are just bits, too!  nwspr3 e

old pixel at 42,42 has new pixel at 42,42 has
red=1 (out of 255) -
green=36 (out of 255) guesses as to .wha:; ; is
blue=117 (out of 255) tmnsformatloﬁ

how many bits represent each color channel?



Hw4: images are just bits, too!  twapr3 e

old pixel at 42,42 has new pixel at 42,42 has
red=1 (out of 255) red = 254 (out of 255)
green =36 (out of 255) green =219 (out of 255)
blue=117 (out of 255) blue=138 (out of 255)

how many bits represent each color channel?



Hwb5: images are just bits, too!

10101010
01010101

10101010
01010101

Binary Image Encoding as raw bits

one big string of 64 characters

"1010101001010101101010100101010110101010010101011010101001010101"



. likelier binary image...

L P

and a reasonable candidate for compression




Too many pixels... too little time + space’

! , 2
e, L
lmage compression is everywhere!

This message is 2.3 MB. You can reduce message
size by scaling the image to one of the sizes below.

Small (40.4 KB)

Medium (125 KB) How is it possible to
- throw away 98% of
the image data!?

Large (1.0 MB)

Actual Size (2.3 MB)

Cancel



This message is 2.3 MB. You can reduce message
size by scaling the image to one of the sizes below.

Small (40.4 KB)

Medium (125 KB)

Large (1.0 MB)

Actual Size (2.3 MB)

Cancel

One solution!

How is it possible to
throw away 98% of
the image data!?

We throw away
98% of the
image area!

Looks like the right
ol 2% to keep!




what's done?

compressed to 40kb original: 2.3mb



compressed to 40kb original: 2.3mb




compressed original



original




Hwb5: lossless binary image compression

00000000 same-data
<: 00000000 <: streaks
11111111

00000000

00000000

00000000

I 00001111
Binary Image Encoding as raw bits

\ one big string of 64 characters

If our images tend to have long streaks of unchanging data, how
might we represent it more efficiently, but still in binary?

~N

"0000000000000000111111111111111100000000000000000000000000001111 "




Hwb5: lossless image compression

0 is the first 1isthe 0is the 1isthe OOOOOOOO
digit next digit next dlg-ll—:] final d:\g|t O O O O O O O O
el 11111111
0160001160006111001100 11111111
00000000
00000000
00000000
0100001100000111001100 00001111

One possible algorithm: — )

bit #repeats _

Any problems with this?




Hwb5: lossless image compression

0 is the
first digit

l and there are 1,098,188 of them.
A

0100001100000111001100

It's ambiguous! this could justbe a
huge number of 0 pixels!

0100001100000111001100

L

our algorithm:

bit #repeats

could be misinterpreted!

BN

00000000
00000000
00000000
00000000
00000000
00000000
00000000
000000... 1098188 zeros!




fixed-width compression

0 is the first 1isthe

digit next digit and so on... 00000000

| mme | owmme| mee | . 00000000
o Jepen L B 0 M0 11111111
00010000100100000001110010000100 11111111
7 bits: # of repeats 7 bits: # of repeats 00000000

| | | | 00000000

8bit data block it data block Foitdata Block P doteblock 00000000
00001111

00010000100100000001110010000100

We need fixed-width blocks:

bit #repeats _

1 bit fill 7 bits for the # of repeats

8-bits total

N

v




S AR,
f @] o Article Talk
R ) i

'\ Ty 3 LE

WikpepA | vun-length encoding

The Free Encyclopedia From Wikipedia, the free encyclopedia

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

00010000 T

1 bit: 7 bits: # of repeats

the .
initial B b its?

pixel

8-bit total data block

What if you need a larger # of repeats?



hw4 pr2

def compress( I ):
""" returns the RLE of the
input binary image, I """

def uncompress( CI ):
""" returns the binary image I
from the run-length-encoded,
"compressed" input, CI """



hw5 pr2

"0000000000000000111111111111111100000000000000000000000000001111

a binary image

16 zeros 16 ones 28 zeros

compress( I ):
""" returns the RLE of the
input binar%/image, r """

the "compressed" image:

"00010000100100000001110010000100"

16 16 / 28 4

uncompress( CI ):

""" returns the binary image I
from the run-length-encoded,
"compressed" input, CI ""'

back to the original binary image

4 ones

"0000000000000000111111111111111100000000000000000000000000001111"

16 zeros 16 ones 28 zeros

4 ones



hw5 pr2
a binary image

"0000000000000000111111111111111100000000000000000000000000001111

16 zeros 16 ones 28 zeros 4 ones

def compress( I ):
""" returns the RLE of the
input binar%/image, r""

the "compressed" image:

"00010000100100000001110010000100"
16 16 28 4

/

def uncompress( CI ):

""" returns the binary image I
from the run-length-encoded,
"compressed" input, CI ""'

back to the original binary image

"0000000000000000111111111111111100000000000000000000000000001111"

16 zeros 16 ones 28 zeros 4 ones



T 't , frontNum(S) should return the # of times the first element
r y 1 . of the input S appears consecutively at the start of S:
Examples...

Try writing the recursive function, frontNum (S)

frontNum(S)

1 base case:

len(S)<=1
return

S[0] ==
return

return

>>> frontNum('1111010'")
4

>>> frontNum('00110010'")
2

shortest longest

\ /
What are the BEST / WORST

compression results you can get
for an 8x8 input image (64 bits)?

EXTRA! How can you change our
algorithm so that compressed images
are always smaller than the originals?



shortest compressed
representation

\
What are the BEST and the WORST compression

results you can get for an 8x8 image input (64 bits)?

longest compressed
/ representation

i >

BEST WORST

?
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 ?



shortest compressed
representation

\
What are the BEST and the WORST compression

results you can get for an 8x8 image input (64 bits)?

longest compressed
/ representation

only 8 bits total! aargh! 512 bits!

ann ann

Anyone see why this is NOT QUITE the
worst-compressable image?

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 ?



shortest compressed
representation

\
What are the BEST and the WORST compression

results you can get for an 8x8 image input (64 bits)?

AanNn Grid Window

This is provably
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 ?

longest compressed
/ representation

[ Xals)




Binary images in practice...

original

— threshold too low ——y o threshold too high
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Portrait vs. landscape?

Transforming Technology:
Engineering for a Changing World
» Wednesday, January 28,7:00 s.u.

- “ARMing the Wireless Worid"
" Timathy J. O'Donnell 74, President, ]

zoama Inc. . ‘

. .&m%mmnms February 11,7:00 .M. , .
“The Engineering Challenges of mao__zoqm_msm_o: .

David A. Baylor, Trustee, Harvey Mudd College, and

Executive Vice President, o_mmn._d. Ine. ] ’

" Ema:mmn%_ March 3, 7:00 p.m.
“Power Electronics” =,
» . Alex Lidow, CEOQ,

International Rectifier Corp.

» Wednesday, March 10, 7:00 .M.

. "Megaprejects: Major Challenges in Urban Infrastrycture
. Desigr/Build Around the World”

. Jude P. Laspa 65, Trustee, Harvey Mudd College, and

Executive Vice President and Deputy COO, Bechtel Corporation.

. E&:mmamg March 24,7:00 p.m. .
““Software Engineering” - -

Ivan E. Sutherland, Sun Fellow and Vice President,
m_._: Microsystems, Incx

= Wednesday, April 7,7:00 p.m.

T

“Electroactive Polymers as Artificial Muscles:
Realities and Challenges™ ,

Yoseph Bar-Cohen, Senior Research Scientist,
Jet Propulsion Laboratery

= Wednesday, April 21,7:00 p.u. R
“Biomedical Device Design and Development” .

Jerome J. Jackson '76, Trustee, Harvey Mudd College, and .

Vice President of Research and Um<m_ou3m:~
M . ms__u_.qmn_..___a_oms inc.

Dr. Bruce J. Nelson 74 Distinguished Speaker Series » Spring 2004 = Harvey Mudd College

x-:.m_.z:&nu__uooﬁuoﬂncs._u._u_:g_n:nno_—mn.& S_!_u-n_a _ 5: ._unuro-uuzgm
smphasls on humanties and the soclal s¢lencos, Tha B__s... aim I \o graduaté 3 and :
sensiliva 10 1ha impact af thalr work on sociely.

Tha lpctures are fres and apen lo [ha public and will be heid In Galllea Hill on the Harvey Mudd Cojlege g_._n:-. 301E. 2h

ueat, Claremont, Calil. All lectures are followsd Dy & redaplich.

For more ofarmgtion, <all SUWBAT-T24or BOUSOT-5208 %/\m< MUDD
Of ¥iait 1 mavias W b ol HiLziiwwie NelsonGar skhme.odu [T e e ]
T



Portrait vs. landscape?

Intensity profiles

Lots of peaks == lots of text lines

Transforming Technology:
Engineering for a Changing World

Right-side up?

» Wednesday, January 28,7:00 s.u.
“ARMing the Wireless Worid"
" Timathy J. O'Donnell 74, President,

zoama Inc. - ‘

- .&m%mmnms February 11,7:00 p.1.
- “The Engineering Challenges of mao__zoqm_msm_o:

David A. Baylor, Trustee, Harvey Mudd College, and

Executive Vice President, o_mmn._d. Ine. ] ’

" Ema:mmn%_ March 3, 7:00 p.m.
“Power Electronics” =,
» . Alex Lidow, CEOQ,

International Rectifier Corp.

» Wednesday, March 10, 7:00 .M.

. "Megaprejects: Major Challenges in Urban Infrastrycture
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I C ’S a I I b 1 tS! images, text, sounds, data, ...

even the string 'forty*two' is represented
as a sequence of bits...

'forty*two'

011001100110111101110010011101000111100100101010011101000111011101101111

9 ASCII characters
8 bits each

9*8 == 72 bits total

All computation boils down to manipulating bits!



In a computer, each bit is Computation is simply the
represented as a voltage deliberate combination of
: . * |

(1is +5v and 0is Ov) those voltages!
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In a computer, each bit is Computation is simply the
represented as a voltage deliberate combination of
: . * |

(1is +5v and 0is Ov) those voltages!

101010 (1)setinput voltages

@ (2) perform computation
ADDER o -
But what's this
J. green thing? . . 8 5 1
b circuit -
R (3) read output
ﬁ voltages
001001 Richard Feynman: "Computation is just a

physics experiment that always works!"



c1rCuit

Adding strings?  ® jion!

Multiplying by machine:

is circult
multlply lng

yntactlc
addltloﬂ

syntactic ~ meaning-free

js syntactic
ultlpb’ ing’

Doing anything by machine...

tion!  means it can be done
purely via surface syntax,
which means it can be
done without thinking...



Our building blocks: logic gates

AND outputs 1 only
if ALL inputs are 1

AND

AND

OR outputs 1 if
ANY inputis 1

OR

NOT reverses
its input

NOT

These circuits are physical functions of bits...

... and all mathematical functions can be built from them!



From gates to circuits...

o> Logisim: What does this do? of minterm_circuit_lecs
File Edit Project Simulate Window Help
w[x]a|®m e =D D>

O 00 b

..... |m||.m||n|
|| minterm_drcuit_lec? : x Y Z y : : : : : : ' ' ' ! ' ! ' ! ! ; !
----- What does this do? : 3 . 3 . 3 : 3 : . : . :

_____ S E—————

What inputs make this circuit output 1?7 ziciss

~ L Gates : y e o e e g e e
- pleser e ] I ER B R

g
5
5
H- |, Arithmetic
5
5
5

ol Memory | Mvcrnse A e e e e o nmcns Sl e e me A

= | InputfOutput

| Base

i O O O e OO e O e O
L L T

Circuit: What does this do?
Circuit Name What does this do?
Shared Label
Shared Label Facing East

Shared Label Font SansSerif Plain 12

Logisim

What inputs make this circuit output 0?




from circuit design...

next 2 weeks

...to a full computer!

n outst=-1N§ and
k(end)!
Why 1= 7

Have a
f5>-tuitous Wee

AND OR NOT

—foo




