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Problem A

Here we consider only combinational circuits. We would like to identify the logic functions
realized by the chips or sub-circuits inside the chips by supplying the minimum sets of input patterns
to the chips and observing the corresponding output values from the chips. Here, identification of
logic functions is to uniquely determine the realized logic function. Answer the following questions.
In logic expressions, a variable is represented with an alphabet or an alphabet with a number. Logical
negation is represented by “~”, logical OR is represented by “+”, and logical AND is omitted. Also,
n represents a natural number, and the following symbols are used for an AND gate and an OR gate.

SR

AND gate OR gate

(1) How many possible logic functions are there for » inputs aﬁd 1 output? Explain the reason.

(2) If we know that the internal structure of the chip is either (a) or (b) in Fig. 1, show and explain a
set of input patterns which can identify the logic function realized by the chip.

(3) If we know that the internal structure of the chip is ‘the one shown in Fig. 2, consisting of an
unknown sub-circuit and an AND gate, show and explain a set of input patterns which can
identify the logic function realized by the chip.

(4) Assuming that we know that the internal structure of the chip is the one shown in Fig. 3,
consisting of an unknown 2-input sub-circuit which realizes the logic function £, an AND gate,
and an OR gate, answer the following questions.

(a) Show that the case where ¢/ = 1 and #2 = 0 can never be realized.

(b) Show that the output of fnever influences the output of the chip when £/ =1 and 2 = 1.

(c) Show all logic functions for fin truth tables which realize a + ~b at the output of the chip.
If that cannot be realized, show the proof.

(d) Show all logic functions for £ in truth tables which realize exclusive OR of a and b,
~ab + a~b, at the output of the chip. If that cannot be realized, show the proof.

(5) Assuming that we know that the internal structure of the chip is the one shown in Fig. 4,
consisting of two unknown 2-input sub-circuits which realize the unknown logic functions, g
and h, an AND gate, and an OR gate, answer the following questions.

(a) If the outputs of the chip are o/ = 1, and 02 = 1 when the inputs are a=b=c =d =0,
show an additional set of input patterns which can identify the logic functions realized by
g and A, and explain why. If identification is not possible, explain why.

(b) If the outputs of the chip are ol = 0, and 02 = 0 when the inputs are a=b=c=d =0,
show an additional set of input patterns which can identify the logic functions realized by
g and h, and explain why. If identification is not possible, explain why.



(c) If the outputs of the chip are o/ =0, and 02 = 1 when the inputs are a=b =c =d =0,
show an additional set of input patterns which can identify the logic functions realized by
g and A, and explain why. If identification is not possible, explain why.

(6) Consider a chip with (#+1) inputs and 1 output (#z > 2). Construct a circuit which satisfies the
following condition using two sub-circuits with » inputs aﬁd 1 output, and a sub-circuit with 3
inputs and 1 output. Explain why the circuit satisfies the condition.

- Condition: the logic function realized by the chip cannot be identified unless all possible values
for (n+1) inputs of the chip are supplied.

Input Output  [PPU
a b op a— _O‘gP“t
b b
(a) Fig. 1 (b)
Input Input
QOutput
q 9 | 2] Output a-— —‘—‘ tl e uopu
Fig. 2 Fig. 3
Input
a tl Output
¢ —02
d b ;

Fig. 4



