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Question: 1 (25 Marks)
A 4-bit binary counter, with parallel load and synchronous clear facility, is to be implemented. It is required to have the following Active High controls: 

     (i)  Increment (Inc)

     (ii)  Load (Ld) (for parallel loading; over-rides increment )

(iii)Clear (Cr) (overrides load and increment)

Write the function table for the register.

	INC
	LOAD
	CLEAR
	OUTPUT

	1
	0
	0
	Incremented by 1

	X
	1
	0
	Parallel load

	X
	X
	1
	Output becomes 0


The implementation is to use JK FFs, along with other logic gates.

If QA be the most significant output and if QD be the least significant output, draw the schematic diagram for the Flip-flop B of the binary counter. Show the three control inputs Inc, Ld and Cr and the schematic diagram to implement the three actions on the FF B.
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Question: 2 (12 Marks)
a) A digital computer has a common bus system for 256 registers of 32 bits each. The bus is constructed with multiplexers.

(i) How many multiplexers are there in the bus system?

32 MUXs
(ii) What size of multiplexers are needed?



256x1
(iii) How many selection inputs are there in each multiplexer?

8
b) A digital computer uses a memory unit with 16 Mwords of 32 bits each. A binary instruction code is stored in one word of memory. The instruction has three parts. How many bits are required in each of the three parts?
(i) an indirect bit






1 bit
(ii) an operation code





7 bits
(iii) an address part.






24 bits
Question: 3 (25 Marks)
It is required to design an arithmetic circuit with one selection variable S and two n-bit data inputs A and B. The circuit generates the following four arithmetic operations in conjunction with the input carry Cin.
	S
	Cin = 0
	Cin = 1

	0
	D = A + B
	D = A + 1

	1
	D = A - 1
	D = A - B


The implementation is to use 1-bit Full Adders and multiplexers.

For this arithmetic circuit, draw the logic diagram for the first two stages only.
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Question: 4 (18 Marks)
A 4-bit shift register has four Flip-flops (FF), called A, B, C and D. The outputs are called QA, QB, QC and QD respectively. The state of the register is initialized as QAQBQCQD = 1101. The output shifts synchronously from D to A. A serial input is given to FF D. A serial output is taken from QA. 

If the serial input during the first 16 clock cycles be 1100101000011001, what will be the serial output at QA?





1101110010100001
At the end of 16 clock cycles, 
what will be the state of the shift register.


1001
The serial input train is to be generated by a combinatorial circuit, for which the inputs are QA, QB, QC and QD. For the combinatorial circuit, obtain the characteristic table, which shows the 16 possible combinations for its inputs and the required output, so that the train of 1100101000011001 is available. 

Hint: If any 4-bit input sets are not going to appear during the 16 clock cycles, show the outputs as d.
	QA
	QB
	QC
	QD
	Output

	0
	0
	0
	0
	1

	0
	0
	0
	1
	1

	0
	0
	1
	0
	1

	0
	0
	1
	1
	0

	0
	1
	0
	0
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	0

	0
	1
	1
	1
	0

	1
	0
	0
	0
	0

	1
	0
	0
	1
	0

	1
	0
	1
	0
	0

	1
	0
	1
	1
	1

	1
	1
	0
	0
	1

	1
	1
	0
	1
	1

	1
	1
	1
	0
	0

	1
	1
	1
	1
	d


Question: 5 (20 Marks)
a) 4 memory modules of 256MX8 are to be connected together to get a memory of 1GX8. Show the connection of the memory modules along with the decoder required for the memory system.
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b) The outputs of 4 registers R1, R2, R3 and R4 and the data bus of a memory module of 4KX8 are connected to a common bus. Explain which of the following data transfer statements are valid:
(i) R2 ( R1, R4 ( R1

Data from R1 goes to bus, load of R2 and R4 are enabled: VALID

(ii) R2 ( R1, R4 ( R3

Data from both R1 and R3 can not be available on the bus at the same time: INVALID

 (iii) R2 ( M[1024], R4 ( R1

Data from both R1 and memory can not be available on the bus at the same time: INVALID

(iv) R1 ( R4, R3 ( R4, R2 ( R4, M[1280] ( R4
Data from R4 goes to bus, load of R1, R2 and R3 are enabled, write of memory is activated: VALID

c) Show the block diagram of the hardware that implements the following register transfer statement:

                    F(A,B,C):    R2 (  R1,      R1 (  R2.
Given that: F(A,B,C) = A’.B’ + A.B.C
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