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Too many bits? Compress!

Below bi

nary: physical circuits

Circuit design, part1 | -
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Hw #4 due Tue. 2/20

pro (reading) A bug and a crash!
prl (lab) binary ~ decimal

prZ  conversion + compression
extra image processing...

Lots of tutoring hrs - join in... !



Bio + Chem!?!!
https://scratch.mit.edu/projects/10866563/

Arrow pushing?
™9 Arrow Evader

by whatever001

. . "2 Instructions

Time (@END
ﬁ
Lives

k Notes and Credits

Yo %0 GO0 @O =

1 Adam Schiller o

Software Engineer at Airbnb

Adam Schiller - st Airbnb
Computer Science Research Intern Senior Software Engineer at Airbnb
Harvey Mudd College Seattle, Washington, United States - Contact info m Harvey Mudd College

Jun 2013 - Aug 2013 - 3 mos 471 connections

Worked with 7 other students to create a computer science course targeted for middle school
students. The goal of the program is to introduce computer science to students at an earlier
age to boost their confidence and intuition in the subject and better prepare them for high

school and AP level courses. <7 Message

w 121 mutual connections: Darryl Yong, Weiging Gu, and 119 others




Reasoning, bit by bit

and
(both)

bitwise and

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

| 111

I or
(either)

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




At its base ... in

(case) ntb( 42 ) 42
ntb( 21 ) + '0°
ntb( 10 ) + '1'
. A \ Ty,
ntb( 5 ) + '0°
ntb( 2 ) + 'l
ntb( 1) + '0 "

ntb( 0 ) + '1° 101010
—

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

N=
numToB:Ln(m z) + str(N/Z)

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



At its base ... in

(case) ntb( 42 ) 42
ntb( 21 ) + '0'
ntb( 10 ) + '1'
ntb( 5 ) + '0
ntb( 2 ) + 'l
ntb( 1) + '0° o

ntb( 0 ) + '1° 101010
—

numToBin( N G ):
""" converts a decimal int to a binary string
N== . LI |
: numToBin ( N//‘é ) + str(N%Z

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



At its base ... in

(case) ntb(A 42 ) 42
ntb( 21 ) + '0°
ntb( 10 ) + '1'
ntb( 5 ) + '0
ntb( 2 ) + 'l

ntb( 1) + '0° out
ntb( 0 ) + '1° '101010"
f_H

numToBin( N ) :
""" converts a decimal int to a binary string
N==0: !
: numToBin( N>>1 ) + str (N&l)

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



At its base ... in
(case) btn('101010') '101010"
Jﬁ*c%tgts

2*btn( 10101 " ) +70

2%btn('1010') + 1
{ \2*1
2*btn( 101') + 0
*D%kD%k
2*btn( 10)+1 >2 2%2*1

2*btn( 1') V2*2*2*2*2*1 |
42

2*btn(") + 1
0

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

e 0

2*binToNum (S[‘- “lt) + int( SC" \1 )
T

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



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

2*btn( 10101') + "0

2%btn('1010') + 1
{ \>2*1
2*btn( 101') + 0
*D%kD%k
2*btn( 10)+1 >2 2%2*1

2*btn( 1') V2*2*2*2*2*1 |
42

2*btn(") + 1
0

binToNum( S ) :
""" 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 £



' Bits of CS
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Fractional bases are possible too!

Elena K.'s 42 bases of 42

https://brilliant.org/wiki/fractional-number-base/



value

127

representation BltS & Base_z

64 32 16 8 4 2 1

0
1 72
' - 87?
10/ What are 3 and 4 in base-2?

101 r What does shifting right do? >> 1
1010(—— < What's 1000 ? Av
\ ) 73

1111 ( What does shifting left do? << 1
10000 /) What's 101000 ? AP

10 10 10 What's the max value 4 bits can hold?

What's the max value 7 bits can hold?

1111111 What's the max value N bits can hold?

64 32 16 8 4 2 1

Extra: How could bits represent negative numbers? Fractions?



value

127

representation BltS & Base_z

64 32 16 8 4 2 1

0

1

11 | 100 7?

10/ What are 3 and 4 in base-2? 10
10 1 What does shifting right do? >> 1

| Jves the
1010 What's 1000 ? [E

1 1 1 1 What does shifting left do? << 1
10000 What's 101000 ?

10101 40
10 10 10 What's the max value 4 bits can hold?

vy \What's the max value 7 bits can hold?

1111111 What's the max value N bits can hold?

64 32 16 8 4 2 1

Extra: How could bits represent negative numbers? Fractions?



How far can we count...?

with

1 bit
2 bits
3 bits
4 bits

7 bits
8 bits

1

11
111
1111

1111111
11111111

1111...1111

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

15

127

255 > <

M ‘odometry flips'
60 *

max count

\

8-bit signed values

-128 to 127

8-bit unsigned values

0 to 255

How could bits represent
negative numbers?

15 bits

31 bits

Fractions?



Counting sheep, xkcd style...

Jooe 2.0

A

4

T

... 1,306... 1,307...

... 32,767...-32,7%8...
BaAA BARAA e
e ’g
s

<o

.o --32:767000 —321766 s

How many bits?



How far can we count...?

with

15 bits

1 bit
2 bits
3 bits
4 bits

7 bits
8 bits

32,767

1

11
111
1111

1111111
11111111

1111...1111

31 bits

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

W ‘odometry flips'
1 60
3
7
15
127
8-bit signed values
-128 to 127
255 > <
8-bit unsigned values
N L 0 to 255
2 -1 |
How could bits represent
max count negative numbers?
2,147,483,647

Fractions?



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

NNANZEZFPACE

o

IndexError TypeError HumanError

version 4 version 5

a much less-critical error...



How far can we count...?

List of most viewed YouTube videos

Fr ikipedi
om Wikipedia, the free encyclopedia

in 20227
i

Also...

Year 2038 problem $p 44 languages

Article  Talk Read Edit View history ¢ Tools Vv

—

—_—

From Wikipedia, the free encyclopedia

This article needs additional citations for verification. Please help improve this article by adding
@ citations 10 reliable sources. Unsourced material may be challenged and removed.
Find sources: "Year 2038 problem" —news newspapers ° books - scholar * JSTOR (January 2024) (Learn how and

when to remove this template message)

The year 2038 problem (also known as y2038,'" Y2K38, y2K38 superbug of
the Epochalypsemm) isatime computing problem that leaves some computer
systems unable to represent times after 03:14:07 UTC on 19 January 2038. Decimal 7147483646

Date - 2038-01-18 03:14:08 (UTC)

Binary - IERARAAN 111111 11 11111110

The problem exists in systems which measure Unix time — the number of
seconds elapsed since the Unix epoch (00'.00:00 yTConi January 1970) — Date : 2038-01-19 03:14.06 (UT C)

and store itina signed 32-bit integer. The data type is only capable of
- 31 31 . . An animated visual of the bug in action. The overflow error will occur &
representing integers petween —(2 yand 27 ~ 1, meaning the latest time that at 03:14:08 UTC on 19 January 0038
T v encoded is 531 _ 1 seconds after epoch (03:14:07 UTC on
e nwing second (03:14:08)
31 earonds before epoch (20:45:52 UTC on

T TR Iy Y 2~ W“l be



How far can we count...? in 20157

List of most viewed YouTube videos

From Wikipedia, the free encyclopedia

‘ This song? |
The song that replaced it?

The song that replaced it?

Top videos
indicates a video that is not a music video.
Views
Rank ¢ Video name!*! ¢ Uploader / artist 4 | (as of September ¢ | Upload date ¢ | Notes
29, 2015)
1.
4] R . A February 19, c
2. "Baby" Justin Bieber featuring Ludacris 1,216,729,955 2010
" w[5] . November 10, |
3. Blank Space"” Taylor Swift 1,173,509,710

2014

[V A Sy v 4 § o The two "Starbucks songs"



How far can we count...? in 2015/

—
List of most viewed YouTube videos in2022?

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 >
manipulated!?! are not included in this list. View counts are based on the YouTube website; many ;(/l'\
of the videos are music videos that play through YouTube's pariner site, Vevo, and YouTube view
counts will lag those of Vevo by a few days.m

Q\ \'d

tYLE

"Gangnam Style", exceeding 2 billion views. Psy's "Gangnam Style" is the most &l

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

watched video on YouTube as of
September 2015, with over 2.4 billion

views.
Top videos
| indicates a video that is not a music video. e this
reCOg nlz Views
Rank # Video name!” B mber (as of September ¢  Upload date ¢ | Notes
nu 29, 2015)
1. "Gangnam Style"] Psy 2,421,271,749 July 15,2012 |[©
4] - . . February 19, o
28 "Baby" Justin Bieber featuring Ludacris 1,216,729,955 2010
. 5] A November 10, |,
3. Blank Space Taylor Swift 1,173,509,710 2014




Bits bite back!

ARTS & ENTERTAINMENT

THE WALL STREET JOURNAL.

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

Gangnam Style Video Overflows YouTube Counter

shed December 3rd, 2014

By Rick Regan (Publi

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

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

PSY - GANGNAM STYLE (Z'e AEHY) MV

officialp sy
-

+ < i [



Hw4: images are just bits, too!  twapr3 e

old pixel at 42,42 has

red=1 (out of 255)
green =36 (out of 255)
blue =117 (out of 255)

how many bits are being used for 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) .
green =36 (out of 255) any guesses as 10 W\t\vzs?
blue =117 (out of 255) this (ransformatiot

how many bits are being used for 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 are being used for each color channel?



Hw4: images are just bits, too!  twapr3 s

\ 70N

™

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 are being used for each color channel?



Images are Just Bits!
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Hw4: images are just bits, too!
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Binary Image Encoding as raw bits

one big string of 64 characters
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What's the difference?




Lossy compression vs. Lossless

where I ghe
World ’
Think of three situations Think of three situations
where Lossy compression where Lossless
Is better. compression is better.

Does this also apply to numbers?

and--



Lossy compression vs. Lossless

approximations data!

uncertainty science+math

Does this also apply to numbers?

56MB 567624408

3.14 3.1415926535

$1000 $1342



Let's do both!

Bitmap - Uncompressed JPEG - 90% Quality
57.7 MB 9.2 MB

starting

... with
BINARY

Bitmap —uncompressed PNG - compressed lmageS !
26.8 MB 14.5 MB
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Hw4: lossless binary image compression

Binary Image

(=

t S00000000
O 00000000
. 11111111
‘s 11111111
00000000
= é?oooooooo
00000000
00001111

Encoding as raw bits

one big string of 64 characters

same-data
streaks
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Hw4: 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?

"0000000000000000111111111111111100000000000000000000000000001111"

160's 161's

41's



Hw4: lossless image compression
| oabits |

"0000000000000O0O0O111111111111111100000000000000000000000000001111"

- | | | 00000000
Vad™ o etdm netdm o 00000000
l TFEEG lAgla(E;E:reL Ee;eé- lﬁ 11111111

) : L= 11111111
SRS L 1000008eseN 1100 00000000

00000000
00000000
0100001100000111001100 00001111

One possible algorithm:

bit #repeats ]
I

Any problems with this?




Hw4: lossless image compression

O is the
first digit

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

0100001100000111001100

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

0100001100000111001100

L

our algorithm:

bit #repeats

could be misinterpreted!

N

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

&

age



fixed-width compression

"000000000000000011117171117111111100000000000000000000000000001121 "
0ls the fist e and so on. 00000000
l There are 16 l Agam,therearel l 00000000
of them. 16 of them. 28 zeros 4 ones 11111111
00010000100100000001110010000100 11111111
® 7 bits: # of repeats 7 bits: # of repeats 00000000
00000000

8-bit data block 8-bit data block 8-bit data block 8-bit data block 00000000
00001111

00010000100100000001110010000100

We need fixed-width blocks: W—— -

bit #repeats s
I

1 bit fill 7 bits for the # of repeats

<€—— 8-bits in each "block" —m>




fixed-width compression

KN
"0000000000000000111111111111111100000000000000000000000000001111"

0ls the fist e and so on. 00000000
l There are 16 l Again, there are l l 00000000
of them. 16 of them. 28 zeros 4 ones 11111111
00010000100100000001110010000100 11111111
7 bits: # of repeats 7 bits: # of repeats 00000000
00000000
8-bit data block 8-bit data block 8-bit data block 8-bit data block 00000000
00001111

0001000010010000000111001 100
sl

We need fixed-width blocks: W—— -

bit #repeats s
I

1 bit fill 7 bits for the # of repeats

<€—— 8-bits in each "block" —m>




i Q @ Article  Talk
#t -
N g
— Run-length encodin
WIKIPEDIA g g

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

L bit 7 bits: # of repeats

he .
irfitial B b its?

pixel

8-bit total data block

What if you need a larger # of repeats?



compress( I ): hw4 prZ
""" returns the RLE of the
input binary image, I """

a binary image, I

"00000000000000000000000000000000000000000011111211111111111111111111111111 "

42 zeros 31 ones

"0010101010011111"

42, in binary 31, in binary

repeated bit # of repeats

the "compressed" output returned by compress (I)



Namgsz

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

a 64-bit binary image, I

IQuiz

"000000000O0OOO1111111111111111111100000000000000000000011111111211"

12 zeros 20 ones 21 zeros 11 ones

compress(I)

7 bits 7 bits . 7 bits 7 bits
1 bit 1 bit 1 bit 1 bit

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

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

(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?!!




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

a binary image, IQuiz

"0000000000OO0O1111111111111111111100000000000000000000011111111211"

12 zeros 20 ones 21 zeros 11 ones

"00001100100101000001010110001011"

B 12 B 20 B 21 I 11
< Q < <

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



compress( I ): hw4 pr2
""" preturns the RLE of the
input binary image, I

a binary image, IQuiz

111111111"

11 ones

P9001100100101000001010110001011"

o o o) o>

< ‘3 < (3
= N - N
< < < Q

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



DIDYOU SEE THERE'S AN EMOT1 MOVIE?

IF THEY HAVE TO MAKE A MOVIE
ABOUT A SELTION OF UNICODE,
ITS NOT THE AORST CHOKE ...

THEY' SHOULD DO A WHOLE. SERIES,
T WOULD WATCH THE COMBINING
DIRCRITICAL MARKS MOVIE.

THAT SERIES WOULD HAVE
LAY TOO MANY CHARACTERS,




shortest compressed longest compressed
representation

\ / representation
What are the and the compression

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

> i

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 longest compressed
representation

\ / representation
What are the and the compression

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

fno Grid Window fanon Grid Window

Anyone see
why this is
NOT QUITE

only 8 bits total! aargh! 512 bits! 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 longest compressed
representation

\ / representation
What are the BEST and the WORST compression

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

only 8 bits total! aargh! 512 bits!

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 longest compressed
representation

\ / representation
What are the BEST and the WORST compression

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

fanon Grid Window

only 8 bits total! aargh! 512 bits!

fno Grid Window

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 ?




frontNum (S) returns S

Helper the # of times the first frontNum('1111010')
element of the input S 4 7 . 3
fun.! appears consecutively frontNum('00110010")
at the start of S:

2
et ( ‘2 ! ‘3
frontNum(S) :

1 base case:

len(S) <= 1:
return (g (9D

Stel==311 - e b
return ( £ @m/\(/md‘f\ ( SC‘ —ls

\ [f the first two bits

return DON'T match....



G I‘Uto rS ! ! ! fFWeek Timespan (pacific) Grutor (name+email)

Thursdays No Thursday tutoring from 5:30-8:00pm (This is the cs5 grading meeting, at least til 7.) C
8:00-10:00pm (McGregor lab) Katie Baakkonen (kabaakkonen@g.hmc.edu)
8:00-10:00pm (McGregor lab) Nico Villalba (nvillalba@hmc.edu)

Date/Day of Week Timespan (pacific) Grutor (name+email)

Fridays 1:00-3:00pm (OUTSIDE McGregor lab) INCERREEGIEIEN @l leXTe (1))

1:00-3:00pm (OUTSIDE McGregor lab) Isaac Chung (ischung@hmc.edu)
1:00-3:00pm (OUTSIDE McGregor lab) Michelle Lum (milum@hmc.edu)

3:00-5:00pm (McGregor lab) Isabelle Kemp (ikemp@hmc.edu)
3:00-5:00pm (McGregor lab) Laney Goldman (Igoldman@hmc.edu)
3:00-5:00pm (McGregor lab) David Aguirre (daguirre@hmc.edu)
Saturdays 1:00-3:00pm (McGregor lab) Henry Trinh (htrinh@hmc.edu)
1:00-3:00pm (McGregor lab) Lydia Yang (lydyang@hmc.edu)
3:00-5:00pm (McGregor lab) Waverly Wang (wwang@g.hmc.edu)
3:00-5:00pm (McGregor lab) Richard Chang (richang@g.hmc.edu)

7:00-9:00pm (McGregor lab) Jessica Lin (jelin@hmc.edu)

7:00-9:00pm (McGregor lab) Audrey Cole (apcole@hmc.edu)



I t ’S a_ll bl tS! images, text, sounds, data, ...

even the string 'Hi *' isjusta sequence of bits...

4 ASCII characters
8 bits each

'Hi *

4*8 == 72 bits total

01001000 01101001 00100000 @@1@1@1@/

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

All computation boils down to manipulating bits!



m u

bigary inputs Sand T
T output, S+T

80 00
08 oo 000
00 10 This week: S0
01 11 youll build this LA
01 00 ln PP 001
01 b 001
01 0 010
01 11 bitwise o
o 00 dditi 010
10 o addition 010
10 10 function 011
10 L0 100
11 8? dB %gl
1
11 10 ad 1ol
101

11
11
110 Next week:

you'u design
this with wires!




S[-1] == '@' and T[-1]

return

binary inputs S and T

S

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

T

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

This week:

you'n bUﬂd this

in Python.

bitwise
addition
function

addB

output, S+T

000
001
010
011
001
010
011
100
010
011
100
101
011
100
101
110



S[-1] == '"1' and T[-1]

return

binary inputs S and T

S

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

T

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

This week:

you'n bUﬂd this

in Python.

bitwise
addition
function

addB

output, S+T

000
001
010
011
001
010
011
100
010
011
100
101
011
100
101
110



is circult is Syntactic

Adding strings?  ® iion! e ion!

syntactic ~ "meaning-free”

Multiplying by machine:

is CirCuit . Syntactic
) - | 1S . mg!
multlpb”“g multiply

Doing anything by machine...

. circuit ctic
S C“'C . g nta .
i;lteraction-' 1f"nt}e,raction-’ means it can be done

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



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)setinputvoltages

42
v
Qs ADDER

¢ green thing?

= circuit

il
9

001001



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)setinputvoltages

@ (2) perform computation

tBut what's this ADDER

¢ green thing?

= circuit

il
9

110011

001001



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)setinputvoltages

@ (2) perform computation
ADDER o
But what's this
t green thing? . . 8 > 5 1
= circuit -
. (3) read output
ﬁ voltages
001001 Richard Feynman: "Computation is just a

physics experiment that always works!"



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!



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

A\_\— circuits are ANY tions of bits...

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



From gates to circuits...

What inputs make this circuit output 1?7

CircuitVerse Project  Circuitv  Tools~  Help
XOR fulladder ripplecarry irime optprime mult exrails ex

The 8

p o s si b I e This is an example circuit, showing the interaction of AND, OR, and NOT
L] I X C
Inputs! ® O] B
Decoders & Ple: 0 00
Sequential Ele — 1 ) |
Memory Eleme 00 1 inputs

X y c output of our circuit

Test Bench

o o o ? Row A

Misc o o 1 ? Row B
o 1 o ? Row C

tD—@ o 1 1 ? Row D

DO—- output 1 o o ? Row E

0 1 1 1 o 1 ? Row F

PROJECT PROH 11 o ? Row G
1 1 1 ? Row H

Circuit : ex

Clock Time : 50( 1 0 1
Clock Enabled : B : r
Lite Mode : ) f

Project : hw5sta 100

1111 What inputs make this circuit output 0?



from circuit design...

next 2 weeks

...to a full computer!

Have an outst —-ingly
13 >-10US weekend!
5 Why 17

AND OR NOT

—ano)—







