ME133 Lecture & [ Z- 2/23/23

Last time:

> Digital Signals
> Representation
> Combinational Logic
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Today:
> LLab project
> Examples
> Timing Diagrams

> Boolean Algebra



MakerSpace opens soon!

Please join the open house
If you’re available

E
E
/
//' :
o

j \ //






Example
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How to make hardware gates?
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Timing Diagrams
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Timing Diagrams
ST - Secr-l qeriphe ! Fnbrbiec

mee . v @D IEPaIH @ G D |
Terminology

MSB = most significant byte
LSB = |east significant byte
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= * msb = most significant bit
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Let’s look at real timing diagrams from an encoder with SPI
iInterface



Boolean Algebra

\ , N
‘Bao\fuw'\ - B‘QN‘% l ysunr “Ja, lnprrwu A S Tf(.\!é or FAL‘B

A'av\of'\ - ‘\(L‘Q' 5')‘\’(}‘3 al' unried e ; {/\‘L (uleg

e”" W\MnlpJ(’l""a hese unrinables 1 n A \arw(ﬁ

Bb Dlu"\ (3&‘9/0\,: fU"QS .Qar r WA :?ulw{‘l"‘a ’)ll\/\.f‘} .L/'mv l,‘,)

T \ee -ﬁu/\ hee A | l- ’bf’ C bfk‘-fﬂ"'—w S
AND O NDT

Tlese  can be re~lizel S ecdewe 3"){)
oF 5'71:‘(—‘,41\#(_ (},Tuv' SF"“’"""'"S)



Boolean Algebra in Software

Logical Operators Logical Operators in C
Symbol Role o
erator | |
& Find logical AND x & & i\a[\T [I)ng gi(g r&ezsécig
| Find logical OR ” OR 5>4 || 6<9
&& Find logical AND (with short-circuiting) ' N@]2. 1(5<2)

| Find logical OR (with short-circuiting)
~ Find logical NOT




A+ O = A
AT O = A
Fundamental Laws
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Commutative, Associative and Distributive Laws
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De Morgan’s Laws
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Example

Prove: A+ (A-B)=A+B

Most straight forward way: use a truth table!

A A B A‘B A+ (A-B) A+B



Example: Simplifying a Boolean Expression

Use laws to collect like-terms — just like regular algebral

=(A-B-CO)+B-C)+ (A - B) f-} OEDJNLM)
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Example: Designing a logic network

Let’s design a home alarm system using only logic gates

What we want:
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Example: Designing a logic network

L et’s define our Boolean variables:
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Example: Designing a logic network

m A state of the door and window sensors

B B state of the motion detector

m ) output used to sound the alarm

B CD: 2-bit code set by the user to select the operating state defined by

01 operating state |
CD=<10 operating state 2
00 operating state 3

Quasi-logic Statement
Acdimle alwm (T21) if A2\ and D=0l or

CRamame——

A=) o R=1 and CD=1(0



Example: Designing a logic network

Translate Quasi-logic Statement into Boolean Expression

Activate alarm (Y=1) if A=1 CD = O1activate the alarm if
A=1@B=1an CD =10 *

‘(Y::. A-(C-D) + (A+R)- (C,~TS')7
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Example: Designing a logic network

Simplify Y=A.-(C-D)+(A+B)-(C-D)

C D (C - D) (C-D)
0 0 0 0
I 0 0 1
0 1 1 0

(C-D)=Dand (C-D)=C

Y=A-D)+(A+8B)-C



Example: Designing a logic network

Converttosinglegate: Y=A -D)+ A+ B)-C



Example: Designing a logic network

Now we can draw logic circulit: YA D.(A. B C



