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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 digital computer has a common bus system for 256 registers of 32 bits each. 

(a) If the bus is constructed with three state buffers and a Decoder, answer the following:

(i) What size of Decoder is  needed? 

(ii) How many three state buffers are required for the bus system? 

(iii) How many Control inputs (of three state buffers) will be connected to each output of the Decoder? 

Solution: 

(i) Only one out of 256 registers is to be connected to the bus at any time. The decoder outputs are used to control the connectivity to the bus. So the decoder should have 256 outputs. Only one out of 256 outputs will be 1. All others will be zero. This will ensure that at any time, only one register will be connected to the bus, depending upon the input to the decoder.

                       Size of decoder: 8-to-256-line decoder

(ii) No. of 3-state buffers = 256 X 32 




  = 8192

(iii) Each output of the decoder will control all the tristate buffers connected to a register.

So 32 tristate buffers will be controlled by one output of the decoder.

(b) If the bus is constructed with Multiplexers (MUXs), answer the following:

           (i) What size of MUXs are  needed?  

           (ii) How many selection inputs are there in each MUX? 


(iii) How many MUXs are required for the bus system?


Solution:


(i) Every multiplexer gets one input from every one of the 256 registers.


So every MUX has 256 inputs.


Size of every MUX in the bus = 256-to-1-line

           (ii) No. of selection inputs = n


where 2^n = 256


therefore n = 8

           (iii) Each multiplexer's output is connected to one wire of the bus.


Since it is a 32-bit bus, 32 multiplexers are required.

Question: 2 (20 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.

The function table for the register is as follows:

	      MODE CONTROL
	REGISTER OPERATIONS

	S1
	S0
	

	0
	0
	Parallel Load

	0
	1
	Shift Left

	1
	0
	Shift Right

	1
	1
	No Change


For this register, draw the following:

(i) a typical stage

                        Solution:

                        Typical Stage
0 < i < (m-1) 

[image: image1.emf]
(ii) two end-stages

                       Solution: 

[image: image2.emf]                       0th Stage

                       (m-1)th Stage

[image: image3.emf]
Question: 3 (20 Marks)

8-to-1-line Multiplexers are to be used along with logic gates to develop a Logic Unit for performing the following eight operations on two m-bit Boolean variables A and B:

OR, AND, XOR, NOR, NAND, COMPLEMENT of A, COMPLEMENT of B, XNOR.

Draw the schematic diagram for a typical stage of the Logic Unit. 

Write the Function Table for the Logic Unit.

Solution:

                          0 ≤ i ≤ (m-1)

[image: image4.emf]
[image: image5.emf]FUNCTION TABLE

INPUT OUTPUT

S1 S0 Y Operation

0 0 0 1 F = A + B Addition

0 0 1 1 F = A + B + 1 Addition with Carry

0 1 0 0 F = A + B' Subtract with Borrow

0 1 1 0 F = A – B Subtract

1 0 0 B F = A  Transfer

1 0 1 B F = A + 1 Increment

1 1 0 B' F = A – 1 Decrement

1 1 1 B' F = A  Transfer

Cin-0 F = A + Yi +Cin-0


Question: 4 (20 Marks)

An Arithmetic Unit is to be designed for performing, at least, the following  operations on two m-bit Boolean variables A and B:

   Addition, Subtraction, Decrement A, Increment A, Transfer A.

Draw the schematic diagram for a typical stage of the Arithmetic Unit.

 Write the Function Table for the Arithmetic Unit.

Solution:

                       0 < i < (m-1)

[image: image6.emf]For i = 0, Cin-0 is an external input, used as a control input 

For i =  (m-1), Cout-i is the CARRY-OUT of the Arithmetic Unit.

[image: image7.emf]Function Table

S2 S1 S0 OUTPUT OPERATION

0 0 0 F = AVB OR

0 0 1 AND

0 1 0 XOR

0 1 1 F = (AVB)' NOR

1 0 0 NAND

1 0 1 F = A' Complement of A

1 1 0 F = B' Complement of B

1 1 1 XNOR

F = AΛB

F = AB

F = (AΛB)'

F = (AB)'


Question: 5 (20 Marks)

Please note that instructions are given in Hexadecimal format in this question. The question refers to the Mano’s computer, described in Chapter 5 of your text-book. 

(a) During T2, IR is loaded with EB89.

(i) What is the value of I?

(ii) What are the values of D0, D1, D2, D3, D4, D5, D6 and D7?

(iii) What is the value of AR?

   Solution:

   EB89 16   = 1110 1011 1000 1001 2

(i) I = 1

(ii) D0 = D1 = D2 = D3 = D4 = D5 = D7 = 0

                D6 = 1

           Hence it is an Indirectly-addressed Memory-reference

           instruction

     (iii) AR = B89

(b) For each of the following instructions, specify whether the instruction is a Memory-reference or a Register-reference or an Input-output instruction:

(i) IR = A48C

(ii) IR = 7001

(iii) IR = C123

(iv) IR = 7200

                   (v)      IR = 5FEE

                   Solution:


        (i) A48C 16 = 1010 0100 1000 1100 2

                       D2 = 1

==> Memory-reference instruction

                   (ii) 7001 16 = 0111 0000 0000 0001 2

                        I = 0, D7 = 1

==> Register-reference instruction

                   (iii) C123 16 = 1100 0001 0010 0011 2

                         D4 = 1  

==> Memory-reference instruction

                   (iv) 7200 16 = 0111 0010 0000 0000 2

                         I = 0, D7 = 1  
==> Register-reference instruction

                   (v) 5FEE 16 = 0101 1111 1110 1110 2

                       D5 = 1  

==> Memory-reference instruction

   *

   *

    *

      *

         *

            *
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