Example 2: calculate (0,1,1), f(1,0,0), f(1,1,1)

f(a,b,c) = (at+b+c) (a + b ¢) + ¢ (a+c)
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Example 3. Convert to normalized forms of SOP and POS

(a+b+c) (ab + bc) + cd (a+c) = \dentity x+0 = x x-1=x
Commutativity X+y = y+Xx Xy = y-X
- Distributivity X-(y+2) = (X-y)+(x-2) X+(y-2) = (X+y)-(x+2)
= (a thtcyol + (a+b+c>lac t Complement xx =1 XX 0
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Consensus X+XY = X+y x:(X+y) = xvy
Associativity X+(y+2z) = (x+y)+z | x:(yz) = (xy)z
~ | De Morgan Xy = X+y X+y =Xy
Reduction Xy+Xy = X (x+y)(x+y) = x
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Example 4. Convert from normalized to canonical forms.

— = _ Identity X+0 = x x-1l=x
d + abC + bC - Commutativity X+y = y+Xx Xy =y-X

7‘ II" - Distributivity X (y+2z) = (x'y)+(x-2) X+(y-2) = (X+y)-(x+2)

Complement ﬂ+i® /x-i =0 \
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Example 5. Convert from SOP/POS to truth table

c+abc+ac+b L
z(a,b,c)=ac+abc+ac+bc AbkcC z
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Example 6. Algebraic logic expression minimization &g + X
(Quine-McCluskey simplified method) J C‘j

F(a,b,c,d) = £(0,1,4,9,11,13,15)

F(ajp,c,d)=abcd+abcd+abcd+abcd+abcd+abcd+abcd
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Example 7. Logic expression minimization using K-maps.

F(a,b,c,d) = £(0,1,4,9,11,13,15)
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Extra example: 5 variables K-map minimization.

F(a,b,c,d,e) = ¥(0,1,2,4,7,8,10,15,16,17,18,20,23,24,25,26,27,28,31)
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Example 8. Kcmap minimization from different representations

From a list of minterms/maxterms.

fees:e) = 5(1,2,3,4,5) f(asbyeety = [1(2,3,4,5,6,7,8,10,12,14)
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Example 9

Design an optimum two-levels combinational circuit for example 1 (introduction).

Verbal description

A digital alarm system may be on or off and has a presence
sensor and a contact sensor at the main door. When the system
is on, the alarm will be activated if presence or a door open is
detected. When the system is off the alarm is activated only
when presence is detected and the door is open (to prevent
leaving the door open when at home).
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Example 10

A modern processor run four processing units at a time: P1, P2, P3 and P4. Each unit sets an
output bit 'pi' to one when it is busy. The system is considered busy when any of the following
conditions is met: - —

*P1 and any other unit are busy.

*P2 and P3 are busy.

*P4 is busy and neither P1 nor P2 are busy.

Design a minimum two-level circuit (plus inverters). Inputs are single rail.
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Example 11

A modern processor run four processing units at a time: P1, P2, P3 and P4. Each unit sets an
output bit 'pi to one when it is busy. The system is considered busy when any of the following
conditions is met:

*P1 and any other unit are busy.

*P2 and P3 are busy.

*P4 is busy and neither P1 nor P2 are busy.

Design a minimum two-levels circuit using only NAND gates. o:w( /ey ﬂéeh& .
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Example 12
Design a combinational circuit with four inputs (x3, x2, x1, x0) that represent the bits of a BCD —

digit X, and two outputs (q1, q0) that represents the bits of a magnitude Q, where q is the oO...9
quotient of the division X/3.

E.g.if X=7 - Q=2, that is, (x3,x2,x1,x0)=(0,1,1,1) - (c1,c0)=(1,0)

o 1\
Design the circuit using a minimum two-level structure of only NAND gates.
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Example 13

The circuit below corresponds to a damaged alarm system with four inputs and one
output. Looking at the connections we know that the inputs correspond to:

* a: system activation (O - off, 1 - on)

* b: fire sensor (0 - no fire, 1 - fire)

* c: front door sensor (0 - close, 1 - open)

 d: presence sensor (0 - no presence, 1 - presence)

When output z is active (z=1) the alarm rings.

* Analyze the circuit and obtain its truth table.

* Describe with words the operation of the alarm: cases that make the alarm to
ring, etc.

* Redesign the circuit using only’NOR gatges.
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Example 14. Obtain the chronogram of output "f* considering that all gates
have the same delay "A". We know "x" and "z" waveforms and "y=1".




Example 15. Given the circuit in the picture:

a) Obtain the chronogram of "' considering that all gates have the same delay,
b=c=1 and that "a" changes periodically.

b) ¢ Does the output present any hazards? If yes, re-desing the circuit to avoid
the possibility of output hazards.

c) Obtain the chronogram of the new circuit to check.
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