60265 2008 Winter Final Exam
Wednesday, 23rd April 2008                                      Time: 7.00 pm to 10.00 pm
COMPUTER SYSTEM ARCHITECTURE I: Digital Design
	Student’s Name:



	Student’s Number:


	Seat Number:


Question: 1   (15 Marks)
a) Verify whether F2 is equal to F1.        
             where       F1 = A ( B ( C’ 

                              F2 = (A ( B ( C)’
b) Use Boolean algebra to prove the following:
                  (i) A’.B + B’.C’ + A.B + B’.C = 1

                  (ii)  A’.B’ + A’.B + A.B = A’ + B

c) The Boolean function F3 has the following prime implicants:

                                              (A.B’.C’), (A’.B.C), (A’.B.C’), (A.B.C’)

(i) Implement the function F3 using an appropriate Decoder.
(ii) Obtain the simplified expression for F3 in the sum-of-products form, using a K-Map.
d) Two Boolean functions are given as:  

                    F4(A, B, C, D) = ∑m(1, 5, 6, 7, 11, 12, 13, 15);
                    F5(A, B, C, D) = ∑m(0, 1, 5, 7, 10, 12, 13, 14, 15).

Express the function 

                           F6(A, B, C, D) = (F4(A, B, C, D)  +  F5(A, B, C, D)),

in terms of sum of minterms.    
Use Karnaugh map to obtain the simplified expression in the POS form for the function F6(A, B, C, D).   
Implement the simplified expression of F6(A, B, C, D) by using NAND gates only.

Question 2   (10 marks)

A sequential circuit has two D flip-flops, called A and B. The circuit has two inputs X and Y. It has one output Z. If DA and DB are the inputs and QA and QB are the outputs of the two flip-flops respectively, the input-output equations for the circuit are given as follows:

            DA = X’.Y + X.QA
            DB = X’.QB +X.QA
            Z   = QB

For the sequential circuit (i) Draw the logic diagram of the circuit; 

                                        (ii) Obtain its state table.

Hint: The state table should show the Present State, the Inputs, the Next State and the Output.

Question 3   (10 marks)

Figure 1 shows the state diagram of a sequential circuit with two flip-flops and one input X and one output Y. 

If the input sequence X be 1001 1011  1100, determine 

(i) the output sequence

(ii) and the state transitions that will be generated in response to this input sequence.
Start with an initial state of 00.

Hint: On each directed line, the two binary numbers, separated by a slash represent x/y, where x is the input bit and y is the output bit.
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Question 4   (10 marks)

a) If the serial output of a shift register is connected to the serial input of a shift register, the resulting circuit is called a ring counter. A 4-bit ring counter begins with an initial state of 1000. List the sequence of states of the four flip-flops after each shift for five clock cycles.

b) A 4-bit bidirectional shift register with parallel load is available as an IC package. Draw the package, showing all the inputs and outputs.
Two such packages are to be used to produce an 8-bit bidirectional shift register with parallel load. Draw the block diagram of such an 8-bit register obtained from two 4-bit packages.
c) Write the Function Table of a 4-to-1-line multiplexer.
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 Boolean expression for Y in terms of the inputs, control inputs and the Enable input.
Question 5    (10 marks)

a) 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.

b) 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?

c) 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.

Question 6   (10 marks)

An n-bit Arithmetic Circuit is to be constructed by using the following components:

(i) 4-to-1 line multiplexers

(ii) I-bit Full Adders

(iii) Inverters.

Draw the following stages:

a) a typical stage

b) the 0th stage

c) the (n-1)st stage

Obtain the Function table for the Arithmetic Circuit.

Question 7   (10 marks)

(a) Show the complete logic of the interrupt flip-flop R in the basic computer of Fig 2. Use a JK flip-flop and minimize the number of gates in your implementation. 
NOTE: Figure 2 is the same as Fig 5-4 of the text book.                                       

(b) Derive the control gates for the write input of the memory in the basic computer of Fig 2.
Question 8   (25 marks)
Refer to Table 1 and Figure 2. 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
	2CF

	AC
	2ABC

	2CF
	EB89

	2D0
	8B91

	B89
	0CDF

	CDF
	FFFF

	2D1
	5B90


Starting with the above initial values at T0, the ISZ (OPCODE = 110) instruction is to be executed. During execution of the ISZ instruction, for each clock cycle, from T0 to T6, 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) Identify the next instruction, which the basic computer will execute,

           after it has completed the execution of the ISZ instruction. 
                                                                               Please see page 5 for Figure 2. 

                                                                                Please see page 6 for Table 1. 
NOTE: Figure 2 is Fig 5-4 of the text book. Table 1 is Table 5-6 of the text book. 

Answers:

Q1

a)

F 2 = (A ( B ( C)’
   = (X(C)’

//substitute A(B with X

   = (XC’ + X’C)’

= (X’+C)(X+C’)


= X’X+CX+X’C’+CC’

= CX+X’C’

= X(C’

= A(B(C’

//substitute X with A(B


= F1

b) i) LHS=A’B+B’C’+AB+B’C


     =(A’B+AB)+(B’C’+B’C) 



 =B+B’


 =1

ii) LHS =A’B’+A’B+AB=A’+AB=A’+B

c)
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F3=A’B+AC’
d) F6(A,B,C,D)=∑M(0,1,5,6,7,10,11,12,13,14,15) 

AB\CD 00    01
11

10

	 1
	1
	0
	0

	0
	1
	1
	1

	1
	1
	1
	1

	0
	0
	1
	1



F6=(A+B’+C+D)(A’+B+C)(A+B+C’)


  =A’B’C’+BD+AB+BC+AC

   F6’= (XYZ)’
X’’=(A+B’+C+D)’’
  =(A’BC’D’)’
Y’’=( A’+B+C)’’
  =(AB’C’)’
Z’’=(A+B+C)’’
  =(A’B’C’)’
OR:

F6’=A’B’C’+AB’C’+A’BC’D’
F6=(A+B+C)(A’+B+C)(A+B’+C+D)

  = ……
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Q2:
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	Present State
	Input
	DA
	DB
	Next State
	Output

	QA
	QB
	X
	Y
	
	
	QA
	QB
	Z

	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	1
	0
	1
	0
	0

	0
	0
	1
	0
	0
	0
	0
	0
	0

	0
	0
	1
	1
	0
	0
	0
	0
	0

	0
	1
	0
	0
	1
	0
	0
	1
	1

	0
	1
	0
	1
	1
	1
	1
	1
	1

	0
	1
	1
	0
	0
	0
	0
	0
	1

	0
	1
	1
	1
	0
	0
	0
	0
	1

	1
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	1
	1
	0
	1
	0
	0

	1
	0
	1
	0
	1
	1
	1
	1
	0

	1
	0
	1
	1
	1
	1
	1
	1
	0

	1
	1
	0
	0
	0
	1
	0
	1
	1

	1
	1
	0
	1
	1
	1
	1
	1
	1

	1
	1
	1
	0
	1
	1
	1
	1
	1

	1
	1
	1
	1
	1
	1
	1
	1
	1


Q3:

	Input Sequence
	State Transition
	Output Sequence

	1
	00
	

	0
	01
	0

	0
	00
	1

	1
	00
	0

	1
	01
	0

	0
	11
	0

	1
	00
	1

	1
	01
	0

	1
	11
	0

	1
	10
	0

	0
	10
	0

	0
	00
	1


Q4

a) 

	
	1
	0
	0
	0

	1st
	0
	1
	0
	0

	2nd
	0
	0
	1
	0

	3rd
	0
	0
	0
	1

	4th
	1
	0
	0
	0

	5th
	0
	1
	0
	0


b)
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c)

[image: image5]
	G
	S1
	S0
	Y

	1
	0
	0
	Y = I0

	1  
	0
	1
	Y = I1

	1
	1
	0
	Y = I2

	1
	1
	1
	Y = I3

	0
	x
	x
	Y = 0


Y = G.I0.S1'.S0'+G.I1.S1'.S0+G.I2.S1.S0'+G.I3.S1.S0
Q5

a)
512M*8 memory:


No. of lines in Address Bus = n


2n= 512X1024X1024


n = 29;


2G*8 memory:

No. of lines in Address Bus = b


2b= 2X1024X1024X1024


b = 31;

A0-A28


       29



A0-A28

     A0-A28
    
A0-A28            A0-A28  

    S1
  


A30          3

    2 

  1

   S0
  

A29

    0







8








     Data Bus

D0-D7


b)

(i) 16-to-1 MUX


(ii) 4


(iii) 32
c) (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.

Q6:
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Function Table


	S1
	S0
	Cin
	Function

	0
	0
	0
	A+B

	0
	0
	1
	A+B+1

	0
	1
	0
	A-B-1 or A+B’

	0
	1
	1
	A-B

	1
	0
	0
	A

	1
	0
	1
	A+1

	1
	1
	0
	A-1

	1
	1
	1
	A


Q7:

a) T0’T1’T2’(IEN)(FGI+FGO):R <- 1

          


R,T2: R <- 0

T0’T1’T2’=(T0+T1+T2)’
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b) WRITE=RT1+D3T4+DT4+D6T6
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Q8:

i) R’T0: AR <- PC

R’T1: IR <- m[AR], PC <- PC+1

R’T2: D0….D7 <- Decode IR(12-14),


    AR <- IR(0-11), I <- IR (15)

D7’IT3:AR <- M[AR]

D6T4: DR <- M[AR]

D6T5: DR <- DR+1

D6T6: M[AR] <- DR, if (DR=0) then (PC <- PC+1)



SC <- 0

ii) 
	
	PC

2CF
	AR

X
	DR

X
	AC

2ABC
	IR

X

	T0 
	2CF
	2CF
	X
	2ABC
	X

	T1 
	2D0
	2CF
	X
	2ABC
	EB89

	T2 
	2D0
	B89
	X
	2ABC
	EB89

	T3 
	2D0 
	CDF
	X
	2ABC
	EB89

	T4 
	2D0
	CDF
	FFFF
	2ABC
	EB89

	T5 
	2D0
	CDF
	0000
	2ABC
	EB89

	T6
	2D1
	CDF
	0000
	2ABC
	EB89


ii) IR=5B90

Directly addressed BSA instruction

En





En





En





En
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              Figure 1








