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1. (@) The Quine-McClusky tabular method is based on building lists with
adjacent blocks containing the same number of ‘High’ variables. By comparing, and if
appropriate, combining each term from one block with the block below we build
subsequent lists . The terms that did not combine in each list (including the last) are
termed ‘Prime Implicants® (PIs). The ‘Prime Implicant table’ is formed of the PIs and
the original terms of the logic function. The idea is to select the minimal and the
simplest PIs which cover all the original terms. This can be done by visual inspection
or by a formalised method.

If the logic function is not in a canonical form (or not brought to a canonical
form) it is difficult to deal with terms that have fewer variables. Such terms may be
introduced in the second or subsequent lists but this results in missing the chance to
combine parts of them (canonical components of such terms) with other terms from
the first list (or previous lists) and thus .the method does not always deliver an

optimal solution. [30%]

(b) By using the reverse engineering method from Fig I we can obtain:

Jo = QxQi +QxQ
Ko=Q:Qi + QQ
Ji= QQo
Ky =Q2Qo
1= QiQo
K2=QiQo

In a J-K bistable the next state Q" function of the present state Q is given by :
Q" =JQ+KQ

Thus we can calculate the next states Qp", Q;", Q2"

Qo = Q:Qi +Q:Q!
Q" =QQiQo +Q,Q1 + QuQ
Q2" = Q1QuQ: + QiQ2 + QuQ:

The k-maps obtained from the expressions above will help to build the state table:



Qo Qo Qo
QQ N0 1 QLo N_0 1 QQ N0 !
00 1 1 00| 0 1 00 0 0
01| o 0 o1 | 1 1 o1 | 1 0
TR ‘ TR 0 11 !
10] 0 0 100 0 0 10 0 1

From these K-maps we can build the state table and the state diagram. Since this is a
counter (there are no inputs) it makes sense to write the states in the counting

sequence:

Present state | Next state
000 001
001 011
011 010
010 110
110

[
—
(S

A

101
100
000

101
100
000

One can see that from the one state to another only one bit changes at a

time. This is therefore a 3-bit Gray code counter !

[50%]

[20%]



2. (a) The design rules to implement a combinational circuit free of static or
dynamic hazards using only NOR gates are:

(i) All the adjacent terms in the K-map of the complement of the function
should be covered by a common 0-term
(i)  There should be no 0-terms that contain both a variable and its [20%]

complement.

(b) The block diagram is shown below (other schematic variants can also be correct):

State
Sequential decoding &
logic output logic
Red +——»
: Main Yellow ——»
Vg Vehicle Qo terfac
T e Green | & Traftic
input : i
—Q-L—-} Red —p light unit
Side < vellow —»
]
CLK— Green >
Timing triggers
(output)
T Ts
Long Short <
timer timer
. <
Timing
circuits

[20%]

First state. The Gray code for this state is 00. The main street light is green and the
side street light is red. The system remains in this state for at least 25 seconds when
Ty is 1 or as long as there is no vehicle on the side road, Vi=0. The system goes to the
next state when the 25 s timer is off (TL becomes 0) and there is a vehicle on the side
street (Vg=1).

Second state: Gray code is 01. The main street light is yellow and the side street is
red. The system remains in this state for 4 seconds when the short timer is on (T is 1)
and goes to the next state when T, becomes 0 (after 4seconds — counted by the timing

circuit).



Third state: Gray code is 11. The main street light is red and the side street light is
green. The system remains in this state when Ty is 1 and there is a vehicle on the side
road, Vs=1. The system goes to the next state when the 25 s timer is off (T, becomes
0) or there is no vehicle on the side street (V=0), whichever comes first.

Fourth state: Gray code is 10. The main street light is red and the side street is
yellow. The system remains in this state for 4 seconds when the short timer is on (T
is 1) and goes to the first state when T, becomes 0 (after 4seconds — counted by the

timing circuit).

First state 00
Main: green
Side: red

Second state 01
Main: yellow
Side: red

First state 10
Main: red
Side: yellow

Ts

Third state 11
Main: red
Side: green

Present state Light outputs Trigger outputs
MR MY MG SR SY SG | Long Short

00 0 0 1 1 0 0 1 0

01 0 1 0 1 0 0 0 1

10 1 0 0 0 0 1 1 0

11 1 0 0 0 1 O 0 1

[30%]

[30%]
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