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COMPUTER SYSTEM ARCHITECTURE I: Digital Design
MIDTERM – II                                                                                       Time: 2 hrs
	Student’s Name:



	Student’s Number:


	Seat Number:


Question: 1 (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.

Answer:

2^n = 256*1024*1024

    n = 28

b) Refer to the following Figure ( Figure 1).  Are the following register transfer operations feasible? If the operation is feasible, obtain the Boolean expressions (in terms of SEL0, SEL1, LoadA, LoadB, LoadC, and S) for the respective condition.

Condition 1:  C( A, B( A   

Condition 2: B( C, C( A     

Condition 3: B( C, B( A


[image: image1]
                                                    Figure 1

Question: 1    (continued from the previous page):

Answer:

Condition 1,2: feasible

Condition 3: infeasible

Condition 1: LoadA’·LoadB·LoadC·SEL0’·SEL1’·S’: C <- A, B <- A

Condition 2: LoadA’·LoadB·LoadC·SEL0’·SEL1·S’: B <- C, C <- A
c)  A digital computer has a common bus system for 16 registers of 32 bits each. The bus is constructed with three state buffers and a Decoder.

(i) What size of Decoder is  needed?  (ii) How many selection inputs are there in the Decoder?  (iii) How many three state buffers are required for the bus system? (iv) How many Control inputs (of three state buffers) will be connected to each output of the Decoder? 

Answer:
I) 4 X 16

II) 4

III) 16*32=512

IV) 32
Question: 2 (20 Marks)

a) An m-bit Shift Register is to be constructed by using the following components:

· D flip-flops 

· 2-to-1 multiplexers

· Logic gates, if required.

        Draw a typical stage and two end-stages of this register if the function table is to be as follows:

	        MODE CONTROL
	REGISTER OPERATIONS

	0
	Shift Right

	1
	Shift Left


Answer:

Assume 0th stage is to the left and (m-1) stage is to the right.

Typical    0<n<m-1
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Clocks of all stages and S’s of all stages are connected together.

b) An m-bit combinatorial Circuit Shifter is to be constructed by using  2-to-1 multiplexers.    Draw a typical stage and two end-stages of this Circuit Shifter if the function table is to be the same as in Question 2 (a).
Answer:
Assume 0th stage is the leftmost stage and (m-1) stage is the rightmost stage
Typical stage 0<n<m
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Question: 3 (20 Marks)

a) A 16-bit register has the value 1101110111011101.

What will be the value in the register after each one of the following operations?:

(i) Logical shift-left 

followed by

(ii) Circular shift-right 

followed by

(iii) Logical shift-right 

followed by

(iv) Circular shift-left 

followed by

(v) Masking of bits 3,5,7,9,11,13. 

Answer:

1101110111011101

i) 1011101110111010

ii) 0101110111011101

iii) 0010111011101110

iv) 0101110111011100

v) 0101010101010100

b) R1 is a 4-bit counter with parallel load. R2 is a 4-bit register. Using R1, R2 and a 4-bit Adder, implement the following statements of addition and increment, respectively:

           x:  R1 ( R1 + R2                                 

 x’.y:   R1 ( R1 + 1
Answer:
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Question: 4 (20 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 + 3

	1
	D = A - 3
	D = A – B


The implementation is to use 1-bit Full Adders, multiplexers and logic gates, if necessary.

For this n-bit arithmetic circuit, draw the schematic diagram of (i) the 0th bit stage ( Least Significant Bit stage); (ii) the 1st bit stage (iii) the typical stage, and, 

 (iv) the (n-1)st bit stage ( the Most Significant Bit stage)

Answer:
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Question: 5 (20 Marks)

     An n-bit Arithmetic Logic Shift unit (ALU)  performs operations on two n-bit input numbers, A and B.  The ALU is to be implemented by using the following components:

(i) 16 stages of an Arithmetic circuit, which has three control input terminals. For each of the 8 possible control inputs, it provides one of the following 8 outputs:

A + B,   A + B +1,   A + B’,   A – B,   A,   A + 1,   A – 1,   A. (‘Transfer A’ operation is provided for two different values of control inputs.) 

(ii) 16 stages of  a Logic circuit, which has two control input terminals. For each of the 4 possible control inputs, it provides one of the following 4 outputs:

               A Λ B,   A V B,   A ( B,   A’ 

(iii) A 4X1 multiplexer

Draw a typical stage of the ALU and give its function table. State the assumptions made, if any. 

Answer:
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FUNCTION TABLE

	S3
	S2
	S1
	S0
	Ccontrol
	OUTPUT
	

	0
	0
	0
	0
	0
	A+B
	ARITH CCT

Assume that the outputs are as shown for the respective control values.



	0
	0
	0
	0
	1
	A+B+1
	

	0 
	0
	0
	1
	0
	A+B’
	

	0
	0
	0
	1
	1
	A-B’
	

	0
	0
	1
	0
	0
	A
	

	0
	0
	1
	0
	1
	A+1
	

	0
	0
	1
	1
	0
	A-1
	

	0
	0
	1
	1
	1
	A
	

	0
	1
	0
	0
	X
	A^B
	LOGIC CCT

Assume that the outputs are as shown for the respective control values

	0
	1
	0
	1
	X
	AVB
	

	0
	1
	1
	0
	X
	A(B
	

	0
	1
	1
	1
	X
	A’
	

	1
	0
	X
	X 
	X
	Shift R
	Assume that 0th stage is the rightmost stage and nth stage is the leftmost stage

	1
	1
	X
	X
	X
	Shift L
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