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Combinational Logic

Tutorial: First session

Question

Solution

Q1

The solution of Q1 is provided in the attached file titled “Q1 Solution”. Feel free to check the attachment for the
complete solution.

Q2

—> Combinational Logic Circuits:

Functionality: Combinational circuits perform operations based solely on the current input values.

No Memory: They do not have memory elements, and the output is determined only by the current input values.
Immediate Output: The output is immediately produced as a function of the inputs, without considering any past
states.

Example: Logic gates, adders, multiplexers, etc.

—> Sequential Logic Circuits:

Functionality: Sequential circuits take into account both the current input values and the past states or inputs.
Memory: They include memory elements (typically flip-flops) that store information about past inputs.

Timing: The output is dependent not only on the current inputs but also on the order and timing of these inputs.
Example: Flip-flop-based circuits, counters, registers, memory units, etc.

Q3

Circuit 1: It is observed that the output of this circuit is fed back into the input. Consequently, the output is
influenced not only by the 'Write' and 'Data’ inputs but also by its previous state. This observation establishes that the
circuit is not purely a combinational logic circuit; rather, it exhibits the characteristics of a sequential logic circuit.
Circuit 2: Similar to the observation made for Circuit 1, the outputs are explicitly fed back as inputs. This
characteristic distinguishes it from a combinational logic circuit, confirming its classification as a sequential circuit.
Circuit 3 : In this circuit, the outputs Si (where i ranges from 0 to 3) all depend solely on the inputs 'ey' and 'e;'. We
can even deduce the equations for these outputs. For example, S; = e;.e.

It can be inferred that this is a combinational logic circuit.
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Q4 => The analysis of a logic circuit assumes access to its logic diagram, requiring deduction of its functionality. In
essence, this involves identifying the equations governing its outputs, potentially simplifying them, and
endeavoring to interpret its overall function.

—> The synthesis takes a reverse approach. It begins with the specification of a problem, aiming to discover a logic
circuit diagram that addresses the issue at hand. Hence, in synthesis, the objective is to ultimately derive the logic
diagram.
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Tutorial: Session Two
Exercise 2

Upon reading the statement of our problem, we observe that we have only one output (function) to determine. This
function indicates an overflow condition during a calculation when it evaluates to "1" and signals the absence of
capacity overflow when it evaluates to "0".

Cleatly, it is a boolean function. Let's denote this function as "D".

By analyzing our statement, it's evident that D is contingent on the signs of the two numbers, A and B, involved in a
calculation, as well as the sign of the result of this calculation.

® Designate the sign of the first number A as S1.
® Designate the sign of the second number B as S2.
® Designate the sign of the result R as Sr.

We can, therefore, write: D = £(S1, S2, Sr).
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We are indeed dealing with a logical system: a Boolean function and Boolean variables. S S 5
Let's now find the relationship that exists between the output D and the inputs (S1, S2, St). l i l

We will do this by creating a truth table.

Overflow Detector

D = £(S1, 52,3

Sign of
Sign of = .
B Result Fonction D
s1 S’Z sr |l D Observation

mg| 0| 0 | 00| The sign of A and B is positive and the results are also => no overflow

my| 0 11| The sign of A and B is positive and the results is negative => overflow

my| 0 | 1 | 0|0 | The sign of A is different from that of b => impossible to have an overflow
mi| O [ 1 [ 1|0|Thesign of A is different from that of b => impossible to have an overflow
m| 1| 0| 0| 0| The sign of A is different from that of b => impossible to have an overflow
ms( 1| 0| 10| Thesign of Ais different from that of b => impossible to have an overflow
msl 1 | 1 | 0| 21|Thesign of A and B is negative and the results is positive=> overflow

my| 1 | 1| 1|0 /| Thesignof A and B is negative and the results are also == no overflow

From the truth table, we can deduce the equation of the function D, D=} (1,6).
D= S§..S,.5,+ S,.S,.S¢
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Exercise 3 Truth Table Logical expressions Simplification

allaob1TbolS1ISOTC S; = 2(2,3,5,6,8,9,12,15) 5y = }:(2,3,5,6,8,9,1_2,15)

O |0 (0O JO J0 |0 |O =
OO L0 40RO 0 sy = 2(1,3469111214) LT ARTRE T

o o1 To 1T To To C = %(7,10,11,13,14,15) b1b0

00 010 |([1 1)

0 |0 | | 1 1 0

o1 ]o oo |1 [0 01 0 [(1Jj o]

o1 o 11 ]o o 11 o1 o

o1t |1 Jo 1|1 ]o 10 L 1jfojo

o [T 1 J1 Jo o |1 L - B ~

1 |0 O (O |1 (0 |0 Sy = ayb;by + a,agh, +a; agby + ayb, by + ayagb, by
1 (0 [0 |1 1 1 |0 + a;agb, by

1 0 | 0 10 0 |

1o |1 1 o |1 |1 S1 = agby @ a; @ b,

1 (1 o Jo |1 |1 |0 B -

1 [1 o 1 Jo Jo |1 So = Gobo + agby = ag @ by
1 |1 | 0 |0 | |

1 |1 [T {1 J1 |0 |1 C= alaobg & boblag + a1b1 = boao(bl + al) + b1a1
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A=V(D4+D5+D6+D7)
B=V(D2+D3+D6+Dy)

D1

Q2 b7b6 a7 a6 bSb4 a5 ad b3b2 a3 a2 bIbO al a0
Add4 s Add3 ¢3 Add? c1 Addl
(1 Cs C3 Cl .
v v -
S7  Se6 S5 $4 S3 82 S1 SO
Exercise 4 Truth Table and Logical expressions Logigram
VD7 |[D6|D5[D4[D3|D2[DI[DO] A[B]C
0 X X X X X X X X 0 0 0
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C=V(D,+D3+Ds+Dy)

=P
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Exercise 5 Dec | A B & D a b c d e f g a
ol oo oo v 1 [ 1 [t [1]1]o
1 0 0 0 ] 0 1 1 0 0 0 0 A 00|01 |11]10 a=A+C+B®dD
2 oo [ 1T o1 [t [o[1[1]o]o 00 (] o [N
3 oo [t [t [t 1 [ 11001 01 o [T [N 1
4 o [T o[ oo [t [ 100 1.1 -
1 XX K[ X
5 o0 [ 1 [ o [T [t o 1 [ 1o 1|1
6 | 0o | 1 [ 1 o[ 1o | 1t [ 1| 1|1 |1 10 1 & X
7 L0 | 1 [ 1 | 1 [t 1 [ 1 ]o0]o0o]o0]o )
§ | 1 [ 0 [0 o | T [ [t [ 1 [ 111 With same method, we can found:
X O O I I O O I I I O
b=B+ (C®D)
c=C+D+B
d=A+CD+ (B®CD)
e=D(C+B)
f=A+CD+B(C+D)
g=B®C)+AC+CD
Third Tutorial Session
Exercise 6 | Q1: This circuit features 8 inputs to a single output and incorporates 3 address lines for the 8 input lines, making it a

multiplexer (MUX 8 to 1). where:
® d, to d;: Input lines
e y: Output
e A, A, Ay Address lines
e [L: Enable input, active at a low level.

Q2+Q3: Truth Table and the Logigram

Q4:

Q5
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E|A2[A1]A0] Y F(x,v,2) = 2(1,3,5,7) .
1 X | X[ X]0
ol o[ o] o0 [do x|ylz|f| di
ol ol ol 1 |dI1 010/0]10|d0=0 —
0| 0| 1] 0 [d2 0j0f(1]T]dl=1 |
0] 0| 1 1 |d3 0[{1]0]0[d2=0
0] 1 0| 0 |d4 O|1]1|1|d3=1
O 1 ] O] I |[d5 110/0]0]|d4=0
0] 1 I | 0 |dé6 1{O|1]1]d5=1
0] 1 | 1 [d7 111]0(0]|d6=0
11 1[1][1]d7=1

y= E[(A_ZA_1A_0)doi(A_z A;Ag)d, +@A1A_o)d2 + (Az41Ao)d; + (4,4, Ag)d,
+ (A4, 40)ds + (AzA140)dg + (Ay4,40)d;]

¥y

Do

y

D2 D1
¥

¥y

¥

ormations
D6 D5 D4 D3

Y

4

Q5: We need two 4x1 Mux to achieve the 8x1 mux. The truth table of an 8x1 MUX will be shared between the two 4x1
MUXes as follows:
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validation A2 | A1 | A0 | Y
Link O 0| 0 |do

0| 0 I | dl

0 1 0 |d2

_0III | | |d3

| 0| 0 |d4

| 0 1 | d5

1 1 0 | dé

1 1 1 | d7

Mux 4x1
> Levell

Mux 4x1
Level 2

d4 d5 d6 d7
IRy
Ao Mux 2
Ay
Y2

A;

Ao
A1

d0dl d2d3

bi v

Mux 1

Y1

Exercise 7

Q1: The circuit does not function correctly in its current configuration due to having only 3 address lines, which is
insufficient to address all 16 outputs. Therefore, an additional fourth address line (4°=16) is required to adequately address

all outputs.

Q2: Truth Table:

E|AJ|A2 A1 (A0 YO | Y1 |¥Y2 Y3 | Y4 Y5(Y6|Y7|Y8 Y15
I[X|[X[x[Xx]oloJo]lo[olo[o]o]o0 0
oloJofofJo[D[ofoJoloJolo[o]o 0
ojofojJo|i1Jo|Dp[o]Jofo|lo]o]o]o [0
olofo[1]JofJof[o[DJoJo|o|o]o]o0O 0
olofoli11Jolofo|DJoJolo]o]o [0
olo[1[ofJofJofofoJo[D|[oJo[o]o 0
olofrJofrJofofoJolo[Dlofo]o 0
0| 0 1 1 0Ojo}|ao0 OO0 |00 |D[O]O 0
ojoft|1|1jojofojojofo|o|[D]|o [ o
loft|ojofloJo|lo|lojo|o]jo|[o]|0]|D [ o
lojtjojojt]Jojlojojolojofofo]o0 [ 0
ol 1Jof1JofJofofoJoloJoJoJo]o [ 0
ol tJo[1[1JofofoJolo[oJo[o]o 0
0] 1 1 [ ojojojojojojo | 0
o1t [rJof1Jofofojolo|olo]|o]o [0
o1 [1[1fofJofofoJoloJolo]o]o 0
o1 [1[1[1fofofofJoJoJofoJolo .... D

vo = ED(A3A; A, Ay) ,y, = ED(A3 4, ALAy)

¥2 = ED(A3 A; A1Ag) ,y3 = ED(A3 Az A1Ay) ,ys = ED(A3 AA1 Ap)
ys = ED(A3 A;A; Ag) .ys = ED(A3 A; A Ag) .y, = ED(A3 A; AyAy).,

ys = ED(A3 A; A, A;) ,ys = ED(A3 A; AjAg) ,y10 = ED(43 4; AjA,) ,

Y11 = ED(A3 A; A1Ay) ,y12 = ED(A3 A2A1 A) ,y13 = ED(A3 A4, Ay) |

Vis = ED(A5 A, AIA_D) Y15 = ED(A3 A; A4y)
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Q3: Logigram

Q4

Q5
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It is important to force the
entry of the most significant
address to zero
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Exercise 8 Q1:Truth Table Q2 Q3

bl |b0|al|a0|E|I|S Draw up the corresponding
0[O0 [O0O[O]1]0|O0 E = by by @; G + _b_1b0a_1a0 + byboa, @ + bybya,a logigram using two input gates
olofofr]ofo]r = by @(bo @ + boao) + bias(bo @ + boo)

olol1lolololl E = (bo © ao). (b @© ay)

OO0 (1 [T|O]O]]I

O 1[0[O0O]JO|T1][O s

0 101 ]1]0]0 : 00 - 000 ﬂ] #] lﬂ § = byay + byag(by + a;)

O] 1T [1T[O]JO|O]I u oo q (I)J

O] 1 [1[1T]O]O]|I 10 0o [[]o

110]0]010[1]0

11010 1T10[1]0

1{ol1]of1lo]o0 I+ 15 Q[ 00011110

tjoJr[r]ofo]l 00 SO OO d = by + biboo + by

11 10]1010[1]0 1 TN 0 [ T] I'=bi+ bodo(by +a1)

L1 [o]1fo]1]o R

Il | 1| 1]0]JO|1]O0

I (1|1 ]1]J1]0]|O0
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Fourth Tutorial Session

Exercise 9

Truth Table Logigram
11121131 M1 M2 M, =LL+ L1+ 11, NAND based logigram
0|00 0] O My =LL + Lz + LI; =L1;.515.515
0 10 |1 0 1 213 100 |01 1110 — ——
0 1 0 0 1 I M2=11+12+13 =11.12.13
o l1 1 ] 1 0 0 0O ([1/]0 )
19 10 5 : 1 0 [1 l 1] NOR based logigram
1 1h 1 1L 00 S S A S e P e
I |1 10 I I My=1L+1+1; e e
T 11 11 | | My=9L+1,+1

I3 100 |01 11]10

0 0 (1 [n|1)
I 1 II]! 1]

By Dr Nasri Ahlem



