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Saturday, 16th December 2006                                      Time: 3.30 pm to 6.30 pm
COMPUTER SYSTEM ARCHITECTURE I: Digital Design
	Student’s Name:



	Student’s Number:


	Seat Number:


Question: 1   (12 Marks)
a) Refer to Fig. 1. Find the Boolean expression for F1(A, B, C, D):
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                                          FIG.1

Simplify F1 by using Boolean Identities. State the Identity used, at every step.

Implement the simplified function by using Logic gates.

b) Two Boolean functions are given as:  

                    F2(A, B, C, D) = ∑ ( m(1, 3, 4, 5, 7, 8, 9, 12),   d(10,11) );
                    F3(A, B, C, D) = ∑ ( m(0, 3, 5, 10, 13, 15),   d(1, 7, 12) ).

Obtain the Boolean function for           

                   F4(A, B, C, D) = F2(A, B, C, D). F3(A, B, C, D).    
Use Karnaugh map to obtain the simplified expression in the POS form for the function F4(A, B, C, D).   (Hints: d.1 = d; d.0 = 0)     

Implement the simplified expression of F4(A, B, C, D) by using NOR gates only.

Question 2   (10 marks)
a) Write the excitation tables for the following Flip-Flops:

               (i) JK   FF      (ii)  T  FF

b) A sequential circuit has three Flip-Flops, with outputs A, B and C. The most significant bit is A and the least significant bit is C. 
The sequential circuit has one input X and an output Y.
Eight terms (out of 16 ) of the state table for the sequential circuit are given as follows.:

	Present State
	Input
	Next State
	Output

	A
	B
	C
	X
	A
	B
	C
	Y

	0
	0
	0
	0
	1
	1
	0
	1

	0
	0
	0
	1
	1
	1
	1
	0

	0
	1
	1
	0
	1
	0
	0
	1

	0
	1
	1
	1
	1
	0
	1
	0

	1
	0
	0
	0
	0
	1
	0
	1

	1
	0
	0
	1
	0
	1
	1
	0

	1
	1
	1
	0
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	1
	0


For the remaining eight terms, which are not given in the above table, assume that the next state and the outputs are having the value of “don’t  care”.

(i) Obtain the complete state table of the sequential circuit. (Give all the 16 rows.)

(ii) C is a Toggle Flip-flop. Obtain the values of the toggle input TC, that are required for obtaining the Next States from the corresponding Present States in the State Table, obtained in (i).

(iii) Draw the Karnaugh map for TC, as a function of the Present State and the Input X. 
Obtain the simplified Boolean expression in SOP form for  TC.         
Question 3   (10 marks)
a) All the eight outputs of a 3-to-8 line decoder are active low. The decoder has two Enable inputs. One of the Enable inputs is active high and the other is active low. 

       Use two such decoders to design a 4-to-16 line decoder. 
Question 3  b) Two Boolean functions are specified as follows:

                       F6(A, B, C) = ∑ m(1, 3, 4, 5)   

                            F7(A, B, C) =π M(0, 1, 3, 4, 7). 
        Implement F6(A, B, C) and F7(A, B, C) by using the following components:

· A 3-to-8 line decoder, with active low outputs, and,
· Logic gates with minimum number of inputs.
Question 4   (8 marks)
An m-bit Shift Register is to be constructed by using the following components:

· D flip-flops 

· 4-to-1 multiplexers
· Logic gates, if required.

        Draw a typical stage of this register if the function table is to be as follows:
	      MODE CONTROL
	REGISTER OPERATIONS

	S1
	S0
	

	0
	0
	Complement Data

	0
	1
	Parallel Load

	1
	0
	Shift Left

	1
	1
	Synchronously Clear to 0


Question 5   (10 marks)
It is required to design an n-bit arithmetic circuit with one selection variable S and two n-bit data inputs A and B. The circuit is to generate the following four arithmetic operations in conjunction with the input carry Cin.

	S
	Cin = 0
	Cin = 1

	0
	D = A + 2
	D = A - B

	1
	D = A + B
	D = A - 1


The implementation is to use 1-bit Full Adders and 4-to-1 multiplexers.

For this arithmetic circuit, draw the following four  logic diagrams:

(i) for the 0th stage only;

(ii) for the 1st stage only;

(iii) for the 2nd stage only;

(iv) for the (n – 1)st stage only.

Question 6 (12 marks)
a) A 4-to-1 MUX has 4 inputs  I0, I1, I2 and I3. It has two control inputs S1 and S0 and one Enable input G. Let the output of the MUX be called Y. 
Write the characteristic table for the MUX. 
Also write the Boolean expression for Y in terms of the inputs, control inputs and the Enable input.

Question 6  b) The circuit of Fig 2 consists of three 4-to-1 MUXs. Assume the Enable inputs of the MUXs to be ACTIVE HIGH.

Write the expressions for F8 in terms of Boolean variables A and B.

Write the expressions for F9 in terms of Boolean variables A, B and D.

Use the values of F8 and F9 to obtain the expression for F(A, B, C, D). Use Boolean identities to simplify F(A, B, C, D).
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FIG.2

Question 7   (10 marks)
(a) In Figure 4, E is the Extended accumulator flip-flop. Determine the complete control logic for E. Assume that a JK flip-flop is used for E.     
NOTE: Figure 4 is given on page 7. It is the same as Fig 5-4 of the text book.                                       

(b) Why is the Interrupt system used for input and output operations in a computer? Explain the working of the input-output system in the basic computer, with the help of a diagram. Describe clearly the use of the flags and the interrupt flip-flop in the working of the input-output system.
Question 8   (10 marks)
In the system of Figure 3, all the inputs and outputs of the registers and the multiplexer (MUX) are of 16 bits. The following are active high:

· Load inputs of the three registers, 

· SEL0, SEL1: the two Selection lines of the Decoder, and 

· XA, XB, XC and XD: the four Decoder outputs.
Which of the following register transfer operations is/are feasible?: 

(i)   Condition 1:   A( C, C( B

(ii)  Condition 2:   A( C, B( A 

(iii) Condition 3:   C( A, B( A.

        Specify clearly the reasons for your answer in each case.

        For each of the feasible operations, obtain the Boolean expression for the

        respective Condition in terms of the following:   

                                SEL0, SEL1, LoadA, LoadB, LoadC, and S.
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Question 9   (18 marks)
Refer to Table 1 and Figure 4. At the beginning of an instruction cycle, the contents of two of the registers and some of the memory locations in the basic computer are given below. All values are in hexadecimal.

	Register/Memory Location
	Contents

	PC
	1FF

	AC
	2ABC

	1FF
	9B89

	200
	5DD0

	B89
	0CDF

	CDF
	4F9E

	DD0
	01FF


Starting with the above initial values at T0, two instructions are to be executed sequentially. First the ADD instruction (OPCODE = 001) is to be executed. It is to be followed by BSA instruction. The OP CODE  for the BSA instruction is 101. 

a) During execution of the ADD instruction, for each clock cycle, from T0 to T5, work out the following:

(i) Specify the register transfer operation(s) being executed during the cycle. 

(ii) Specify the contents (in hexadecimal) of registers PC, AR, DR, AC and IR at the end of each clock cycle. If the contents of a register are not yet known, specify it as X.
b) During execution of the BSA instruction, for each clock cycle, from T0 to T5, work out the following:

(i) Specify the register transfer operation(s) being executed during the cycle. 

(ii) Specify the contents (in hexadecimal) of registers PC, AR, DR, AC and IR at the end of each clock cycle. If the contents of a register are not yet known, specify it as X.
(iii) Where will the address 201 be saved? (201 is the value in hexadecimal system.)

(iv) After executing the BSA instruction, from which address will the next instruction, to be executed, be fetched?

                                                                               Please see page 7 for Figure 4. 

                                                                                Please see page 8 for Table 1. 
NOTE: Figure 4 is Fig 5-4 of the text book. Table 1 is Table 5-6 of the text book. 

SEL0





2 to 4


Decoder





XB





XC





XA





S





B





A








2x1 �Mux





LoadB





LoadC





0





1





0


1


2


3





S�
Mux Output�
�
0�
A�
�
1�
B�
�
Table: MUX output





BUS





XC





XB





XA





SEL1





Register B





Register C





LoadA





Register A

















XD (unused) (unused








