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Hamming codes can be done in the

2 Basic
© Input
@ Music

© Led

il Radio
C Loops
A Logic

= Variables

B Math

© Extensions

Explore I v Advanced

input. onButtonPressed(Button.A, function O {
Loy

- Input Kandling -

happy), music.Playbackdode. Inbackground)
AF (oit_count < 11) {

bit_count 4= 1
basic. showumber(bit_count)

DIFIED: Function to display the 16-bit result

function displayonLEDs (codeword: mumber()) {

basic.clearScreenQ)

Led.plot(x, ¥)

3

3
input.onButtonPressed(Button.8, function

»

I
music.play(usic. buiLtinPlayableSoundE Ffect (soundExpression. hel l0), music.Playbacidiode. Unti10one)
i (oit_count < 11) {

input_List.push(1)

basic. showumber(bit_count)
}

17 - Reset
input. onGesture(Gesture. Shake, function O {

control..reset()
MODIFIED: Homming Encoder Function for (16,11)

Step 3: Calculate the overall parity bit (P)
5 the sum of all 15 other bits (11 data + 4 parity) modulo 2

function encodehoming (data_bits: munber(])

// Create an array for the 16-bit codenord, initialized with zeros.
codenord = [

- Step 1: Calculate the four standard parity bits (pl
91 = (dota_bits[#] + dota_bits[1] + dota_bits[3] + data_bits[<] + ot bits[6)
92 = (dota_bits[#] + dota_bits[Z] + dota_bits[3] + data_bits[5] + data_bits(6]

P8 = (dota_bits[<] + dota_bits(5] + dota_bits[€] + data_bits[7] + dota_bits(s)
Step 2: Place data and parity bits, shifting by +1 for P -—-

7/ The standard Hamming code now occupies indices 1 through 15.

7/ ~-- Step 2: Place data and parity bits, shifting by +1 for PO

// The standord Kamming code now occupies. indices 1 through 15

Pt
codeword(s) = data_bits[1]

+ data_bits[8] + data_bits[10]) % 2
+ data_bits[3] + data_bits[10)) % 2
P4 = (dota_bits[1] + dota_bits[Z] + dota_bits[3] + dota_bits[7] + data_bits[5] + data bits[9] + data_bits[10]) % 2
+ data_bits[9] + data_bits[10)) X 2

S way

& Blocks [ JavaScript
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Hamming codes can be done in the EE way

Before that, we need to acquire some basic skill sets.
Pre-step: Data forms
Step 1: Data manipulation
Step 2: Information storage
Step 3: Interface

CoOE COLLEGE.



Pre-step: Data forms

Say bye-bye to base 10:
Base 10 (0,1,2,3,4,5,6,7,8,9):
(4321)10=
4% 3x 2% 1%
+10% +10% +10' +10°

Base 2 (0,1): Base 16 (0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F):
(1011),= (FF12)16=
1% 0x 1% 1% 15x  15% 1x 2%
423 422 4921 490 +16% +16% + 16 +16°

Looking up how we do base conversions manually and in python.

COE COLLEGE.



The calculation of base 2 are pretty boring
compared to base 10

Base 10 Base 2 Base 10 Base 2
324 110 324 110
+123 +101 X123 X 101
324 110 324 110
-123 -101 + =10

Your base 10 arithmetic skills can be translated to base 2 ones.

We will revisit more binary arithmetic operation later, after the logic g COE CO LLEGE

gates!



Discuss: the origin of base 167
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Discuss: the origin of base 167

My theory:
An easy and fair way to compute with
7a welghtless balance scale.

- l C&- %}) 4
T 2

1716 § 3/16§ 5/16 § 7/16 9/16 §11/16413/16415/16

1/8 3/8 5/8 7/8

1/4 3/4
1/2

&=l
L lio =)
T
(5l
I [

https://commons.wikimedia.org/w/index. php?cu rid=7922921 8 https://www.inchcalculator.com/how-to-read-a-ruler/
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Discuss: why CS loves Hex(decimal) coding

0b:00111001001011111010
0x:392FA

COE COLLEGE.



Example: why CS loves Hex(decimal) coding

- Example: RGB (8bit) color code or Hex code

Pick a color

e #F36753
[. #F36753 ]

R:
RGB Bin(243)=11110011
243,103, 83

G:
HSL Bin(103)=01100111
7, 87%, 64%
ey B: Bin(83)=01010011
8, 66%, 95%

S— B Coe COLLEGE

https://www.figma.com/color-wheel/



Before logic gates: why abacus, again?

Or presented in this way [0,1]

These bits are for These bits are for
counting “not 5”. counting “5”.

This is forcing more states in a bit.
Or due to the polarity of [0,1], it is a state vector.
State vector is a useful tool for cutting-edge computing.

https://upload.wikimedia.org/wikipedia/commons/9/98/Soroban
_%28Abacus%29.JPG
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Step 1-2: store data and move data around

« The basic functional unit for digital electronics: gate wl L c TS
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-
BTW: the multi-staged abstraction:

Application EE CE Microk

Yoo

4
T 1(8,6,13)
2 20
? 1 (10,4,1}
2 2(9,5,12) _

P
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Step 1: data manipulation

Boolean operations 15t gen: basic True or False algebra

AND

).

AND gate truth table

Input Output
A B AAND B

0 O 0
0 1 0
110 0
111 1

Truth table from: https://en.wikipedia.org/wiki/~_gate

NOT OR

P >

Inverter truth table OR gate truth table

Input Output Input Output
A NOTA A B AORB
0 1 0 O 0
1 0 0 | 1
1|0 1
111 1

Boolean arithmetic
symbols are messy

Viable symbols

AND ®* X &A
NOT - =
OR + |V

B Cor COLLEGE



Step 1: data manipulation

Boolean operations 2" gen: “reverse AND” “reverse OR” “exclusive OR”
“logical logic operation” NAND gate truth table = NOR gate truth table ~ XOR gate truth table

Input Output Input Output Input  Output
:D_ _D"_ D A B ANANDB A B ANORB A B AXORB
0 O 1 0 O 1 0 O 0
— EIAND 0o 1 1 o | 1 0 0 1 1
_D_ —} 1 0 1 110 0 1 0 1
XOR 1|1 0 1 ([l 0 1|1 0
_Do_ jD “reverse XOR”
XNOR gate truth table
NOR Input Output
A B AXNOR B
D D 0 O 1
XNOR ol1] o |
xR ) > > o o & COE COLLEGE

Truth table from: https://en.wikipedia.org/wiki/~_gate



Logic operation in the early days

RELAY CIRCUITS

A A
a 8 I , | ')IIIL A B
81t Si1 v
T P4
=4
TRANSISTOR CIRCUITS
Voo Voo Voo Voo
A A
A o 1) a Vol 1) - Vol 1)
B8 Voll) 8 B8 BO—JV"—
O A\ s
[ -L d o -r o— -_L o o- g-_ <
i el
LOGIC SYMBOLS
A A A | A
8—1 8 88— 8

Fig. 1.12 Symbols used in cam-operated timer control.

Engineer's Relay Handbook, 5th edition, Relay and Switch Industry Association (RSIA), 1966

Transistor—transistor logic (TTL)
built with BJT

COE COLLEGE.



Step 1: data manipulation

A great example of logic gate functions:

XOR gate truth table
Input Output

A B | AXORB

A 00 0

B j Output - 1 Parity check?
10 1
1 1 0

COE COLLEGE.

Truth table from: https://en.wikipedia.org/wiki/~_gate



“Universal Gate”

We can use AND, OR, and
NOT to build any gates:

Boolean operations 29 gen:
“logical logic operation”

T =
NAND We can build any gates with NAND gate:

D XOR
>

NOR

XNOR

=D
-Do—
1
xor P>

https://en.wikipedia.org/wiki/NAND_logic CO E CO L L E G E



“Universal Gate”

We can build any gates with NAND gate:

i NAND Desired AND Gate NAND Construction Desired OR Gate NAND Construction
Desired NOT Gate

Construction ] ]
D A D o a1
B — B—] A
Ao D D D
Q=AANDB =(ANANDB)NAND (ANANDB) }_I_

A 81 |
Q=NOT(A) MANAND Truth Table
Truth Table Input A | Input B | Output @ Q=AORB =( ANAND A ) NAND (B NAND B)
Input A Output Q - - R Truth Table
0 1 o 1 0 Input A  Input B Output Q
1 0 0 0 0
1 0 0

COE COLLEGE.
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Step 1: data manipulation

One can dig deeper into the Boolean operations:

Boolean expressions of the 16 functions Fundamental Theorems & Postulates of

between two variables. Boolean Algebra
Function Name | Function description Boolean Expression Identities: 1) X+0=X aD) X1-=X
Null FALSE (0) 0 Null Elements: 2 X+1=1 2D) X«0=0
AND AND A-B Indempotency: ¢ X+X=X GD) XX=X
T Involution (Double Negation): (4) X=X
Inhibition ANOTB A/B Comp lements: 6 X+X'=1 BD) XoX' =0
Transfer A A Commutativity: ) X+Y=Y+X 6D) XoY = YoX
Inhibition B NOT A B/A Associativity: M) OHY)HZ=X+(Y+Z) (D) (XoY)*Z = X+(Y*Z)
Transfer B B Distributivity: @) XoY+XoZ = X«(Y+2Z) BD) X+Y)*(X+Z) = X+Y+Z
. Combining: ®) XV +XeY' =X OD) X+Y)+(X+Y") =X
EXCIUS'ée OR Xolf '?‘fl': Covering: a0) X+ XovV =X A0D) X+(X+Y) =X
O O DeMorgan's Laws: (12) (X*Y+Z) = X'+Y'+Z' (A2D) (X+Y+Z)' = X'sY'+Z'
NOR NOR AlB Consensus: (A7) XV+X"ZHYZ =X¥+X'Z (1 7D) (X+Y)o(X'+Z)(Y+Z) =
XNOR XNOR AOB X+Y)«(X'+Z)
Implication A OR NOT B A+B' (18D) FRLY.Z)= +FQ,Y.Z))(X+F(L,Y.Z))
Complement NOT A A CS211, Rutgers 2013 notes
Implication NOTAORB A'+B
NAND NAND ATB
| N COE COLLEGE


https://github.com/mattklein93/Rutgers-University-Notes/tree/master/CS211

Step 1: data manipulation

But we will only touch base on two:
De Morgan's laws (1/2)

not (A OR B) = (not A) AND (notB) (4.-B)=(4+ B)
not (A AND B) = (not A) OR (notB) (4 B)=1.B)

A + BC
A A — l Breaking longest bar A |>° |K
- = A + BC (addition changes to multiplication) 5 ) ABC
B A BC - — I
C — l Applying identity A=A C
to BC

ABC

Example from: https://www.allaboutcircuits.com/textbook/digital/chpt-7/demorgans-theorems/

De Morgan's laws is a way to mathematically COE CO LLEGE.

simplified a circuit, but not always realistic for IC.



This is the true logic simplification for IC

Remember XOR?

UG RO IRCRCORORCRCIRCINC IR IRCRCRCRCRC IR YRCIRCINCRURC)

This Intel's 386 processor (1985) sure has a lot of it.

@@ 9e/® 0@ 9 eelolse e oe o o @

= Microcode

5

g [ == ee - delee o Siole —
https://www.righto.com/2023/12/386-xor-circuits.html

IO O O

COE COLLEGE.




This is the true logic simplification for IC

This is the logic gate it used to generate XOR:

B Coe COLLEGE

https://www.righto.com/2023/12/386-xor-circuits.html



This is the true logic simplification for IC

This is the transistor layout it used to generate XOR:

TN

WV R B N A B _
/' i f : :-_g £ \
PMQS IRE=Y } '

@

out
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2 Q
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dA!
417777
.
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-
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NNNNN
"~ -
—————

COE COLLEGE.

https://www.righto.com/2023/12/386-xor-circuits.html



This is the true logic simplification for IC

This is the actual XOR gate on IC

NOR AND-NOR

e S 1)

out .3 § o
A — NMOS
E Rl ™
B E._ 5

NOR AND-NOR

CoOE COLLEGE.

https://www.righto.com/2023/12/386-xor-circuits.html



This is the true logic simplification for IC

P well and N well design wise, not much

differ from this invertor design: This is the actual XOR gate on IC

CMOS invertor including electrodes NOR  AND-NOR
. n .

Input (G) Output (D)

NOR AND-NOR
https://www.righto.com/2023/12/386-xor-circuits.html

DOI: 10.1145/2755563

& COE COLLEGE



This is the true logic simplification for IC

You use De Morgan's

Iaw to simplify NAND and NOR
logic into AND and NOT logic This is the actual XOR gate on IC
NOR  AND-NOR
{, N
) A \
A ,
P ‘ / % PMOS Im ﬂ “ “
Iuse NAND and NOR - ou
/ | gatetosimplifyyour avos
AND and NOT logic in CMOS IC A& wrr R
. w——
E 3
NOR AND-NOR
WE nnE https://www.righto.com/2023/12/386-xor-circuits.html

NOT THE SAME © COE COLLEGE




Step 1: data manipulation

But we will only pouch base on two:
Karnaugh map (K-map) (2/2)

NAND gate truth table

Input Output

A | B ANAND B

0 0 1 0
1

0 1 1

1 O 1

1 1 0

Grouping rules: https://physics.umd.edu/~drew/spr07/Karnaugh%20Maps%20-
%20Rules%200f%20Simplification.htm

K-map of NAND gate
BAO 1

A

K-map grouping rules
1.No zeros allowed.
2.No diagonals.
3.0nly power of 2 number of cells in
each group.
4.Groups should be as large as
possible.
5.Every one must be in at least one
group.
6.0verlapping allowed.
/.Wrap around allowed.
8.Fewest number of groups possible.

B Coe COLLEGE




Step 1: data manipulation

Karnaugh map (K-map) (2/2), continued (A AND B) OR (NOTC AND D)

K-map grouping rules (AxB)+(!C xD)
1.No zeros allowed.
2.No diagonals. CDAB 00 01 11 10
3.0nly power of 2 number of cells in
each group. cxp 00 0 0 1 0
?:OCi:I)tt)lee)s should be as large as cxp 01 ( 1 ! 1 r
5.Every one must be in at least one cxp 11 0 0 |1 0
group.
6.0Overlapping allowed. cxp 10 0 O \1/ 0
/.Wrap around allowed.
8.Fewest number of groups possible.

B Coe COLLEGE



Step 1: data manipulation

Karnaugh map (K-map) (2/2), in class practice

K-map grouping rules
1.No zeros allowed. CDAB 001 01 111110
2.No diagonals.
3.0nly power of 2 number of cells in 00 | 0 0 1 1
each group. 01 1 1 0 0
4.Groups should be as large as
possible. 1 0 0 0 0
5.Every one must be in at least one
group. 10 0 0 1 1
6.0verlapping allowed.
7.Wrap around allowed. -
8.Fewest number of groups possible. g COE COLLEGE




Step 1: data manipulation

Karnaugh map (K-map) (2/2), in class practice

K-map grouping rules
1.No zeros allowed.
2.No diagonals.
3.0nly power of 2 number of cells in
each group.
4.Groups should be as large as
possible.
5.Every one must be in at least one
group.
6.0verlapping allowed.
7.Wrap around allowed.
8.Fewest number of groups possible.

(1A x IC x D)+(A x ID)

AB 00
CD
00 0

01 11 10
0

11
10

0
0

0 0 0
0

B Coe COLLEGE



Step 1: data manipulation

Karnaugh map (K-map) (2/2), 1 more in class practice

K-map grouping rules
1.No zeros allowed. A 8¢ 00 01 11 10
2.No diagonals. 0 0
3.0nly power of 2 number of cells in
each group. 1 1 1 1 0
4.Groups should be as large as
possible.
5.Every one must be in at least one
group.
6.0verlapping allowed.
/.Wrap around allowed.

8.Fewest number of groups possible. @ COE CO LLEGE




Step 1: data manipulation

Karnaugh map (K-map) (2/2), 1 more in class practice

K-map grouping rules
1.No zeros allowed.
2.No diagonals.
3.0nly power of 2 number of cells in
each group.
4.Groups should be as large as
possible.
5.Every one must be in at least one
group.
6.0verlapping allowed.
/.Wrap around allowed.
8.Fewest number of groups possible.

(Ax1B)+ (IAxB)+C

BC 00 01 11 10
A

B Coe COLLEGE



Step 1: data manipulation

Other than K-map, the more mechanical way to turn truth map to Boolean equations:

Step 1 Step 2
A B C C=Co+Ci1+C2
A0 1 CceAB >
1 1 0

This expression is also called Sum of Products (SOP).

There are also Product of Sums, for sure.

Step 3

C=1AxIB+!AxB + A xIB
IA(IB + B)+A XIB  complerens~ ©
1A +A xIB

IA x (1+ 1 B) +A x |B Null Elements:
IA+!AIB+A IB

A + (1A +A) x IB

=IA+1B

X+X'=1

@ X+1=1

B Coe COLLEGE



