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Question: 1   (15 Marks)

a) (i) Use Boolean algebra to simplify the expression for F1, where,        

                    F1 = A’.B’.C’.D’ + A’.B’.C.D’ + A’.B’.C.D + A’.B.C’.D + A’.B.C.D’ + F2

          and F2  = A’.B.C.D + A.B’.C’.D’ + A.B’.C.D’ + A.B’.C.D + A.B.C.D’ + A.B.C.D

       (ii) Implement the simplified function using logic gates.

Solution:

(i)

F1 =
A'.B'.C'.D' + A'.B'.C.D' + A'.B'.C.D + A'.B.C'.D + A'.B.C.D' + A'.B.C.D + 
A.B'.C'.D' + A.B'.C.D' + A.B'.C.D + A.B.C.D' + A.B.C.D

Use X = X + X  - in the interest of simplification – to repeat three of the terms above

F1 =
(A'.B'.C'.D' + A'.B'.C.D') + (A'.B'.C.D' + A'.B'.C.D) + 


(A'.B.C'.D + A'.B.C.D) + (A'.B.C.D' + A'.B.C.D) +


(A.B'.C'.D' + A.B'.C.D') + (A.B'.C.D' + A.B'.C.D) +


(A.B.C.D' + A.B.C.D)

     = 
A'.B'.D'.(C' + C) + A'.B'.C.(D' + D) + 


A'.B.D.(C' + C) + A'.B.C.(D' + D) + 



A.B'.D'.(C' + C) + A.B'.C.(D' + D) +


A.B.C.(D' + D)

     =
A'.B'.D' + A'.B'.C + A'.B.D + A'.B.C + A.B'.D' + A.B'.C + A.B.C

     =
(A' + A).B'.D' + (A'.B' + A'.B + A.B' + A.B).C + A'.B.D 

     =  
B'.D' + (A'.(B' + B) + A.(B' + B).C) + A'.B.D

     =
B'.D' + (A' + A).C + A'.B.D

     = 
B'.D' + C + A'.B.D

(ii)

[image: image1.emf]
Alternatively as below: 

F1 =
A'.B'.C'.D' + A'.B'.C.D' + A'.B'.C.D + A'.B.C'.D + A'.B.C.D' + A'.B.C.D + 
A.B'.C'.D' 


+ A.B'.C.D' + A.B'.C.D + A.B.C.D' + A.B.C.D

     = 
A'.B'.D'.(C' + C) + A'.C.D.(B' + B) + A'.B.C'.D + A'.B.C.D' + A.B'.D'.(C' + C) 


+ A.C.D.(B + B') + A.B.C.D'

     =
A'.B'.D' + A'.C.D + A'.B.C'.D + A'.B.C.D' + A.B'.D' + A.C.D + A.B.C.D'

     =
A'.D'.(B' + B.C) + A'.D.(C + C'.B) + A.B'.D' + A.C.(D + D'.B)

     =
A'.D'.(B' + C) + A'.D.(C + B) + A.B'.D' + A.C.(D + B)

     = 
A'.B'.D' + A'.C.D' + A'.C.D + A'.B.D + A.B'.D' + A.B.C + A.C.D

     = 
(A' + A).B'.D' + A'.C.(D' + D) + A'.B.D + A.B.C + A.C.D

     =
B'.D' + A'.C + A'.B.D + A.B.C + A.C.D

     = 
B'.D' + A'.B.D + C.(A' + A.D + A.B)

     = 
B'.D' + A'.B.D + C.(A' + B + D)

[image: image2.emf]At this step 


B'.D' = B'.D'.(1 + A.C) = B'.D' + A.B'.C.D'

F1 =
B'.D' + A'.B.D + C.(A' + B + D + A.B'.D')

At this step 
C.(A' + B + (D + D'.(A.B')) = C.(A' + B + D + A.B') 






          = C.(A' + B + A + D) = C.(1 + B + D) = C

F1 = B'.D'+ A'.B.D + C  

b) Implement F3 by using an appropriate multiplexer, where,

                                                           F3  = ΠM(1, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15)

Solution:

F3 =
Π M(1, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15)

     =
Σ m(0, 2, 6, 7, 8)

F3 = 
A'.B'.C'.D' + A'.B'.C.D' + A'.B.C.D' + A'.B.C.D + A.B'.C'.D'

[image: image3.emf]
c) Two Boolean functions are given as:  

                    F4(A, B, C, D) = ΠM(1, 5, 6, 7, 11, 12, 13, 15);

                    F5(A, B, C, D) = ΠM(0, 1, 5, 7, 10, 12, 13, 14, 15).

F6  is obtained by ANDing together F4 and F5 as follows:

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

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 NOR gates only.

Solution:

[image: image4.emf]F6 =
Π M(0, 1, 5, 6, 7, 10, 11, 12, 13, 14, 15) 

F6 = 
((A + B + C).(A' + B').(B' + D').(B' + C').(A' + C'))''

    = 
((A + B + C)' + (A' + B')' + (B' + D')' + (B' + C')' + (A' +C')')'
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Question 2   (10 marks)

A digital computer has a common bus system for 64 registers of 16 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) 6-to-64 line Decoder is required. However 8-to-256 line Decoder is available, inputs B7 & B6 can be permanently connected to 0

(ii) No. of 3-state buffers = 64 * 16 = 1024

(iii)  Each output if the Decoder will be connected to the control inputs of 16 3-state buffers.

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) 64-to-1 line MUXs are required.

(ii) 6 selection inputs are required in each MUX.

(iii) 16 MUXs are required. (One for each bit of the bus.)

Question 3   (10 marks)

A 3-bit counter goes through the following sequence of states:

                 0  1  2  3  7  6  5  4  0.

It uses three JK FFs. Call them A, B and C.

a) Draw the state diagram for the counter. 

Solution:

[image: image6.emf]
b) In the State Table for the counter, fill in the following entries:

(i) Present State, Next State; 

(ii) Flip-flop input entries for the inputs of the Flip-flop B ONLY. 

Solution:

[image: image7.emf]
Excitation Table for JK Flip-flop.

[image: image8.emf]Present State Next State

A B C A B C

0 0 0 0 0 1 0 d

0 0 1 0 1 0 1 d

0 1 0 0 1 1 d 0

0 1 1 1 1 1 d 0

1 0 0 0 0 0 0 d

1 0 1 1 0 0 0 d

1 1 0 1 0 1 d 1

1 1 1 1 1 0 d 0

JB KB


c) Draw the K-maps for the FF B only. Obtain the Boolean expressions for the two inputs of B.

Solution:

[image: image9.emf]Q(n) Q(n+1) Jn Kn
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1 1 d 0

 JB

JB = A’C is obtained after combining cells 1 and 3.

KB

[image: image10.emf]
KB = AC’ is obtained after combining cells 4 and 6.

d) Draw the logic diagram for the input circuit of B. 

Solution:

[image: image11.emf]
Question 4   (10 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.

Solution:

256 * 1024 * 1024 = 2^28 

1024 * 1024 * 1024 = 2 ^30
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b) 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 0101. List the sequence of states of the four flip-flops after each shift for five clock cycles.

Solution:


c) A 4-bit binary counter, with parallel load and synchronous clear facilities, is available as an IC package. Draw the block diagram for the IC, showing all the inputs and outputs clearly. Write the Function table, that such a counter may have.

Use four such ICs to draw the block schematic diagram of a  16-bit binary counter with parallel load.

Solution:


Question 5    (10 marks)

a) What is wrong with the following Register Transfer statement?

                                __

                                   X: AR  AR,  AR  AR + 1

Solution:

AR cannot be loaded with two different values namely AR' and (AR+1).

b) Represent the following conditional control statements by two Register Transfer statements with control functions:

if   (P = 1 )   then  ( R1   R2 )

else if ( Q = 1 )  then  ( R1  R3 )

…………………..Question 5 (continued on the next page)

Solution:


P: 
R1 ← R2


P'.Q : 
R1 ← R3

Question 5 (continued from the previous page)

c) An 8-bit register R contains the binary value 10011100.

            Determine the sequence of binary values in R in each of the following

            four  cases:

after            – a logical shift-right;

followed by – an arithmetic shift right;

followed by – a circular shift-left;

followed by – an arithmetic shift-left.

            Discuss whether the last operation of arithmetic shift left leads to a

            multiplication by 2 or not.

Solution:

R0 = 1 0 0 1 1 1 0 0

R1 = 0 1 0 0 1 1 1 0 

Logical Shift Right

R2 = 0 0 1 0 0 1 1 1 

Arithmetic Shift Right

R3 = 0 1 0 0 1 1 1 0 

Circular Shift Left

R4 = 1 0 0 1 1 1 0 0 

Arithmetic Shift Left

The last operation does not lead to a multiplication by 2.

Reason: 

R3 has a decimal value of 78

In 8 bits, a signed number greater than +127 cannot be written.

Hence when we try to multiply 78 with 2, in an 8 bit number, we got a wrong answer.

Question 6   (10 marks)

The Adder-Logic Unit of a 16-bit computer has three sources of data input:

a 16-bit Accumulator (AC), a 16-bit Data Register (DR), an 8-bit Input Register (INPR). 

Its output is to be stored in AC.  (Refer to the Basic Computer of Fig 1.) 

The Adder-Logic Unit (ALU) is designed for performing the following  operations: 

(i) ANDing of variables stored in AC and DR,  

(ii) Addition of variables stored in AC and DR, 

(iii) Transfer from DR to AC, 

(iv) Transfer from INPR to AC(0-7), 

(v) Complement of the variable stored in AC, 

(vi) Shifting Right the variable stored in AC, 

(vii)Shifting Left the variable stored in AC.

The ALU has 16 stages,

                 from   i = 0 (the least significant bit stage)    to 

                                                                      i = 15 (the most significant bit stage).

Assume that for each of the above 7 operations, a distinct control input is available. Only when a control input is 1 that the associated operation is to be performed.

i-th stage of the ALU in the Basic Computer of Fig 1: Besides the 7 control inputs for each of the 7 operations, each stage has another control input for Loading the JK Flip-flop.

· Use a JK Flip-flop, a Full Adder and logic gates to draw the stage for i = 3.

The inputs to each stage are DR(i), AC(i), AC(i + 1) and AC(i - 1). The Full Adder in the i-th stage of the ALU has a carry input Ci and a Carry output Ci + 1. Each of the stages from i = 0 to i = 7 has an input INPR(i).          

· Explain the differences between the stage for i = 3 and the stage for i = 0. 

· Explain the differences between the stage for i = 3 and the stage for i = 9.

Solution:


CONTROL INPUTS: 


LD, AND, ADD, DR, INPR, COM, SHR and SHL

OTHER INPUTS: 


DR(i), INPR(i), AC(i), AC(i+1), AC(i-1), Carry Input Ci from the previous 
stage.

OUTPUTS:


AC(i) and Carry Output Ci+1 which goes to the carry input of the next 
stage. 

In stage i = 0, there will be no Carry Input Ci from the previous stage. Instead Ci will become a Control Input.

In stage i = 9, (and it fact for all the stages from i = 8 to i = 15), there would be not AND gate with INPR and INPR(i) as the inputs. The OR gate will have a fan-in of 6.

Note: In stage i = 15, there will be no Carry Output Ci+1 to the next stage. Instead Ci+1 will be loaded to the Flip-flop E in Fig1 (Fig5-4 of the text book). 

Question 7   (10 marks)

(a) Use Table 1 to obtain the logical expression for the Read input for memory.

Solution:

READ = R'.T1 + D7'.I.T3 + (D0 + D1 + D2 + D6).T4

(b) Refer to Table 1 and Figure 1. S0, S1 and S2 are the control inputs for the 16-bit common bus. Obtain the Boolean expression for S2. in terms of the following variables:

  (i) 8 Boolean variables: D0 to D7

  (ii) 16 Boolean variables T0 to T15

  (iii) 12 bits B0 to B11

  (iv) Boolean variables R and I  

Solution:

explanation only:  

If x1, x2, x3, x4, x5, x6 and x7 were the controls required for putting the date from AR, PC, DR, AC, IR, TR and memory onto the bus, respectively.

 

x4 is for AC

x5 is for IR

x6 is for TR

x7 is for memory.

x4 = D3.T4 + D7.I.T3.B10

x5 = R'.T2

x6 = R.T1

x7 = R'.T1 + D7'.I.T3 + (D0 + D1 + D2 + D6).T4 

S2 = (R + R').T1 + R'.T2 + D7'.I.T3 + D7.I.T3.B10 + (D0 + D1 + D2 + D3 + D6).T4 

     = T1 + R'.T2 + D7'.I.T3 + D7.I.T3.B10 + (D0 + D1 + D2 + D3 + D6).T4 

     = T1 + R'.T2 + I.T3.(D7' + D7.B10) + (D0 + D1 + D2 + D3 + D6).T4 

     = T1 + R'.T2 + I.T3.(D7' + B10) + (D0 + D1 + D2 + D3 + D6).T4                                                                                            

Question 8   (25 marks)

Refer to Table 1 and Figure 1. 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
	8B89

	2D0
	7010

	B89
	0CDF

	CDF
	5875


Starting with the above initial values at T0, the AND (OPCODE = 000) instruction is to be executed. During execution of the AND 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) Identify the next instruction, which the basic computer will execute,

           after it has completed the execution of the AND instruction. 

Solution:





PC
AR
DR
AC
IR


T0
AR ← PC

2CF
2CF
X
2ABC
X

T1 
IR ← M[AR]

2D0
2CF
X
2ABC
8B89


PC ← PC + 1



T2
I = 1, 


2D0
B89
X
2ABC
8B89


D0  = 0 

T3
AR ← M[AR]

2D0
CDF
X
2ABC
8B89

T4
DR ← M[AR]

2D0
CDF
5875
2ABC
8B89

T5
AC ← DR Λ AC
2D0
CDF
5875
0834
8B89


SC ← 0 


5875 Λ 2ABC  

0 1 0 1  1 0 0 0  0 1 1 1  0 1 0 1

0 0 1 0  1 0 1 0  1 0 1 1  1 1 0 0

_________________________

0 0 0 0  1 0 0 0  0 0 1 1  0 1 0 0


The next instruction will be brought from address 2D0

So the instruction will be 7010. It is SPA instruction. (Skip if AC is positive instruction.)

                                                                               Please see page 5 for Figure 1. 

                                                                                Please see page 6 for Table 1. 

NOTE: Figure 1 is Fig 5-4 of the text book. Table 1 is Table 5-6 of the text book. 
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