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COMPUTER SYSTEM ARCHITECTURE I: Digital Design
MIDTERM – II                       1.30 PM to 3.30 PM                            Time: 2 hrs
Question: 1 (20 Marks)

An n -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) (over-rides load and increment)

 a)  Write the function table for the counter.
Answer:

	Inc
	Ld
	Cr
	Function

	1
	0
	0
	Increments the counter

	X
	1
	0
	Loads all the inputs

	X
	X
	1
	Clears all the FFs


b)  For a 4-bit binary counter, using JK FFs, write the equations for the inputs of the FFs.

Answer:

J0 = K0 = 1

J1 = K1 = Q0

J2 = K2 = Q0.Q1

J3 = K3 = Q0.Q1.Q2

c) The implementation is to use JK FFs, along with other logic gates. Draw the schematic diagram for a typical stage  of the n-bit counter.

Answer:

  0< m < n
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Question: 2 (20 Marks)
a) 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
	Shift Right

	0
	1
	Complement Data 

	1
	0
	Synchronously Clear to 0 

	1
	1
	Shift Left


Answer:


Let the typical stage be called the jth stage.

Stage with a significance of 1 less than that of stage j, or 

              the stage with one step to the “left” of stage j              
[image: image2.wmf]®
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Stage with a significance of 1 more than that of stage j, or 

              the stage with one step to the “right” of stage j           
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b) 4 memory modules of 512MX8 are to be connected together to get a memory of 2GX8. Show the connection of the memory modules along with the decoder required for the memory system.

Answer:


512MX8 memory:

No. of lines in Address Bus = n


2n= 512X1024X1024


n = 29;


2GX8 memory:

No. of lines in Address Bus = b


2b= 2X1024X1024X1024


b = 31;
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c) A digital computer has a common bus system for 16 registers of 32 bits each. The bus is constructed with multiplexers (MUXs).

(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?

Answer:


(i) 16-to-1 MUX

(ii) 4


(iii) 32

d) 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) X: R2 ( R1,  M[1280] ( R1; (ii) Y: R2 ( R1,  R4 ( R2; 
(iii) Z: R2 ( M[1024],  R4 ( R2.          X, Y and Z are Boolean expressions.
Answer:
(i) Valid. Data from R1 is loaded into the Bus. From the Bus, the data is written into memory location 1280 and into register R2

(ii) Invalid. Both R2 and R1 cannot be loaded simultaneously into the Bus.

(iii) Invalid. Both, the data from R2 and data from memory location 1024, cannot be loaded simultaneously into the Bus.

Question: 3 (20 Marks)
a) 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?







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

	Output
	QA
	QB
	QC
	QD
	Input
	

	
	1
	1
	0
	1
	1
	13

	1
	1
	0
	1
	1
	1
	11

	1
	0
	1
	1
	1
	0
	7

	0
	1
	1
	1
	0
	0
	14

	1
	1
	1
	0
	0
	1
	12

	1
	1
	0
	0
	1
	0
	9

	1
	0
	0
	1
	0
	1
	2

	0
	0
	1
	0
	1
	0
	5

	0
	1
	0
	1
	0
	0
	10

	1
	0
	1
	0
	0
	0
	4

	0
	1
	0
	0
	0
	0
	8

	1
	0
	0
	0
	0
	1
	0

	0
	0
	0
	0
	1
	1
	1

	0
	0
	0
	1
	1
	0
	3

	0
	0
	1
	1
	0
	0
	6

	0
	1
	1
	0
	0
	1
	12

	1
	1
	0
	0
	1
	
	


the serial output at QA  = 1101110010100001
the state of the shift register after 16 cycles = 1001
b) The serial input train is to be generated by a combinatorial circuit N1, for which the inputs are QA, QB, QC and QD. (Refer to Figure 1.) For N1, 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.

Figure 1:  The outputs of the 4-bit shift register are the inputs of the combinatorial circuit. The output of the combinatorial circuit is the data train 1100101000011001. This is applied as the serial input to the 4-bit shift register. 
Answer:
	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: 4 (20 Marks)
It is required to design an arithmetic circuit with one selection variable S and two 4-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 + 2

	1
	D = A - 2
	D = A - B


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

For this 4-bit arithmetic circuit, draw the schematic diagram.
Answer:

        S1/Cin
S0
0 0
D=A + B 
[image: image4.wmf]®

 S0 connect bits of B to ‘0’th inputs of MUXs

0
1
D=A - 2 
[image: image5.wmf]®

 2’s complement of …000010 is …111110

‘1’ input of MUX: S0 connect to the least significant MUX, To all the others connect 1

1
0
D=A + 2 
[image: image6.wmf]®

 Add …000001 and Cin=1 will provide an additional 1

‘2’ input of MUX: Connect 1 to the least significant MUX.

To all others connect 0

1
1 
D=A - B 
[image: image7.wmf]®

 ‘3’ input of MUX: Connect complement of bits 
[image: image8.png]Sl
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Question: 5 (20 Marks)
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

	DR
	B2D5

	1FF
	CB89

	B89
	0CDF


Starting with the above initial values at T0, the BUN instruction (OPCODE = 100) is to be executed. For each clock cycle, from T0 to T4, do the following:

                        (i) State the register transfer operations during the clock cycle.

                       (ii) Specify the contents (in hexadecimal) of registers PC, AR, DR,         

                            AC and IR at the end of each of the clock cycles. If the contents

                            of a register are not yet known, put an X for that entry.

*


*


*


*

*

Answer:
(i) T0: AR
[image: image9.wmf]¬

PC
T1: IR
[image: image10.wmf]¬

 M[AR], PC 
[image: image11.wmf]¬

 PC+1

T2: I
[image: image12.wmf]¬

 IR(15), D7…D0 
[image: image13.wmf]¬

 IR(12-14), AR
[image: image14.wmf]¬

IR(0-11)

I·D7’ ·T3: AR
[image: image15.wmf]¬

M[AR]

 D4·T4: PC
[image: image16.wmf]¬

AR, SC
[image: image17.wmf]¬

0

(ii) 

	
	PC
	AR
	DR
	AC
	IR

	Initial Values
	1FF
	X
	B2D5
	2ABC
	X

	T0
	1FF
	1FF
	B2D5
	2ABC
	X

	T1
	200
	1FF
	B2D5
	2ABC
	CB89

	T2
	200
	B89
	B2D5
	2ABC
	CB89

	T3
	200
	CDF
	B2D5
	2ABC
	CB89

	T4
	CDF
	CDF
	B2D5
	2ABC
	CB89
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