Question: 1 a)

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



= C.(A+D).((A’+B).C+B’+C)



= C.(A+D).(C(1+A’+B)+B’)                                 Identities: 1 + X = 1;  X.1 = X


= C.(A+D).(C+B’)



= C.(A.C+A.B’+C.D+B’.D)


= A.C+C.D+A.B’.C+B’.C.D                                   Identity: X.X = X


= A.C.(1+B’) + C.D.(1+B’)                                     Identities: 1 + X = 1;  X.1 = X


= A.C + C.D



= (A+D).C
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Question: 1 b)
???
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	F2
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	d
	d
	1
	0
	0
	0

	F3
	1
	d
	0
	1
	0
	1
	0
	d
	0
	0
	1
	0
	d
	1
	0
	1

	F4
	0
	d
	0
	1
	0
	1
	0
	d
	0
	0
	d
	0
	d
	0
	0
	0


Therefore
F4(A, B, C, D) = ∑ ( m(3, 5),   d(1, 7, 10,12) ).
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AB           CD
	00
	01
	11
	10

	00
	0
	D
	1
	0

	01
	0
	1
	d
	0

	11
	d
	0
	0
	0

	10
	0
	0
	0
	d


F4(A, B, C, D) =  A’.D = (A’.D)’’ = (A + D’)’
Question: 1 b) continued
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Question 2 a)

	Qn
	Qn+1
	Jn
	Kn
	Tn

	0
	0
	0
	X
	0

	0
	1
	1
	X
	1

	1
	0
	X
	1
	1

	1
	1
	X
	0
	0


Question 2 b)

	Present State
	Input
	Next State
	Output
	Tc

	A
	B
	C
	X
	A
	B
	C
	Y
	

	0
	0
	0
	0
	1
	1
	0
	1
	0

	0
	0
	0
	1
	1
	1
	1
	0
	1

	0
	0
	1
	0
	d
	d
	d
	d
	d

	0
	0
	1
	1
	d
	d
	d
	d
	d

	0
	1
	0
	0
	d
	d
	d
	d
	d

	0
	1
	0
	1
	d
	d
	d
	d
	d

	0
	1
	1
	0
	1
	0
	0
	1
	1

	0
	1
	1
	1
	1
	0
	1
	0
	0

	1
	0
	0
	0
	0
	1
	0
	1
	0

	1
	0
	0
	1
	0
	1
	1
	0
	1

	1
	0
	1
	0
	d
	d
	d
	d
	d

	1
	0
	1
	1
	d
	d
	d
	d
	d

	1
	1
	0
	0
	d
	d
	d
	d
	d

	1
	1
	0
	1
	d
	d
	d
	d
	d

	1
	1
	1
	0
	0
	0
	0
	1
	1

	1
	1
	1
	1
	0
	0
	1
	0
	0


          Karnaugh Map for  Tc
	AB           CX
	00
	01
	11
	10

	00
	0
	1
	d
	d

	01
	d
	d
	0
	1

	11
	d
	d
	0
	1

	10
	0
	1
	d
	d


                                                              Tc  =  C’.X +  C.X’
Question 3 a)
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Question 3 b)              
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Note: Gate 4 is a 3-input NAND gate.

Alternate solution for Question 3 b)     
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Note: Gate 3 is a 4-input AND gate.

Question 4

Let this stage be called the jth stage, the  stage with ‘1’ less significance, or one step to the left may be called j-1.The stage one step to the right may be called j+1.
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Question 5


Notes for Question 5: 

(i) +2

 0000.......010
(ii)

+1 

0000.......001

1's  Complement of +1:
1111.......110

2's Complement of 1:
(1's  Complement of +1) + 1

To get (2's Complement of 1) from (1's  Complement of +1), one is added through Cin(0)
(iii)
For all MUXs, S0's are joined together.

For all MUXs, S1's are joined together.

Question 6 a)                    

[image: image7]
	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
	0


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

Question 6  b) 
F8 = S1’.S0 + S1.S0’

   = B’.A + B.A’

F9 = D.(S1’.S0’ + S1’.S0) + S1.S0

  = D.(B’.A’ + B’.A) + B.A

  = B'.D.(A’ + A) + A.B                                                     Identities: X’ + X = 1;   X.1 = X

  = B’.D + A.B

F = F8.S1’.S0 + F9.S1.S0’ + S1.S0

  = (A.B’ + A’.B).D’.C + (B’.D + A.B).D.C’ + D.C                                Identity: X. X = X
  = (A.B’ + A’.B).D’.C + B’.C’.D + A.B.C’.D + C.D

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

  = (A.B’ + A’.B).D’.C + D.(C’.(B’ + A.B) + C)                      Identity: X + X’.Y = X + Y
  = (A.B’ + A’.B).D’.C + D.(C’.(B’ + A) + C)                          Identity: X + X’.Y = X + Y
  = (A.B’ + A’.B).D’.C + D.(B’ + A + C)

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

  = C.((A.B’ + A’.B).D’ + D) + (A + B’).D                               Identity: X + X’.Y = X + Y
  = C.((A.B’ + A’.B) + D) + (A + B’).D

  = (A.B’ + A’.B).C + (A + B’ + C).D

  = (A ( B).C + (A + B’ + C).D 
Question 7 (a)
D1.T5:  E ( Cout   during addition process
r = D7.I’.T3

r.B10: E ( 0

r.B8: E ( E’

r.B7:  E ( AC(0)   for Shift Right 
r.B6:  E( AC(15)  for Shift Left
 r = D7.I’.T3

J = K’ = D1.T5.C(n-1)out   + r.B10 + r.E’ + r.B7.AC(0) + r.B6.AC(15)
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Question 7 (b)   same as Q 8(b ) of Fall 2005 Final Exam

Since I/O system is very slow as compared to the processor, interrupts have to be used so that the processor is not kept idle for long intervals

Figure 1

Refer to Figure 1:
AC reads INPR only if FGI is 1. After reading by AC, FGI ( 0. 
AC writes to OUTR only if FGO is 1. After writing by AC, FGO ( 0.

Correspondingly the input device writes into INPR only if FGI is 0. After the input device has completed writing the 8 bits, FGI ( 1.

Similarly the output device reads from OUTR only if FGO is 0. After the output device has completed reading the 8 bits, FGO ( 1.

Thus INPR and OUTR are ready for accessing by AC only when FGI and FGO are 1 respectively.

Question 7 (b)  continued


Address  
    
Memory



0



BIO->


I/O program

Last but 1 inst
Last inst
Figure 2: Interrupt-driven I/O Program
Since I/O sub-program is used whenever input or output is to be done, this program is written and stored separately from the main program.

Notes for Figure2: (i) Addresses 0 and 1 are reserved for I/O use. 

(ii) Instruction at address 1 is Directly addressed BUN instruction.

(iii) BIO: Beginning address of the I/O sub-program.

(iv) In the I/O sub-program:

· Last but one instruction is IEN(1.

· The last instruction is Indirectly addressed BUN instruction.

Question 7 (b)  continued


[image: image9]
Figure 3
Refer to Figure 3:  

1. The left part of the Figure shows the standard Fetch-Execute cycle. Normally R is equal to 0. Therefore after completion of every instruction, the system moves to the Fetch-Execute cycle of the next instruction. However in parallel with each instruction, FGI and FGO are checked as follows.

While executing an instruction, if IEN = 1, we check for FGI or FGO to be 1. 
If either FGI or FGO is found to be 1, R ( 1. Now, after the completion of execution of the present instruction ( SC ( 0), we shall interrupt the main program and branch out to the I/O sub-program. Before the system moves to the I/O sub-program, the ADdress of the Next Instruction of the MAIN program (available in PC and called AD_MAIN_NI) is to be saved. AD-MAIN-NI is stored in address 0. 

2. After the completion of execution of the instruction, when the operation reaches back to the decision point at R ( at the top of Figure 3), the value of R is checked. If R is equal to 1, the system moves to the right part of the Figure 3. This part is designed in hardware to perform the following operations:               

                           PC ( 1,  IEN ( 0 and R ( 0. Then sequence counter is reset.

3. Now  when the operation reaches the decision point at R ( at the top of Figure 3), it is found that R is equal to 0. Hence R drives the system to the Fetch-Execute cycle in the left part of Figure 3. Now the directly addressed BUN instruction at address 1 will be executed. This will branch out to the start of the I/O program.

4. I/O PROGRAM: The last but one instruction of the I/O program makes IEN equal to 1. The last instruction is indirectly addressed BUN instruction. This instruction picks up the address of AD-MAIN-NI and puts it in PC. Hence the next instruction to be executed will be the instruction of the main program, which is lying at AD-MAIN-NI.

Thus when either FGI or FGO become 1, the main program is interrupted. Instead of executing the next instruction of the main program ( lying at AD-MAIN-NI)  the system temporarily moves to the I/O sub-program. After executing the sub-program, it returns back to the main program.
Question 8

(i) Feasible. The output of Register C can be loaded into the BUS. By activating Load of Register A, the operation A←C can be done.

The output of Register B is connected to one of the inputs of MUX. By choosing S=1, this input can be connected to the output of MUX. If LloadC C is activated, the operation C←B can be done.

              Condition 1 = SEL0'.SEL1.LoadA.LoadC.S

(ii) Infeasible. The BUS cannot be loaded with the output of C and the output of A simultaneously.

(iii) Feasible. 

C←A: Output of A is connected to one of the inputs of MUX. By making S=0, the output of A can be connected to the input of Register C. On activating LoadC, the operation will be executed.

B←A: Output of A can be loaded to the BUS. Register B can be loaded from the BUS by activating LoadB. 
         Condition 3 = SEL0' . SEL1'. LoadB . LoadC . S'

Question 9

T0:  AR←PC  ; AR=1FF
T1: IR← M[AR], PC←PC+1


IR=9B89


PC=200

T2: I=1, D1=1
916 = 10012


AR=B89

T3: D7'.I.T3=1



[image: image10.wmf]\

AR←M[AR]




AR=CDF

D1T4: DR←M[AR]




DR = 4F9E

D1T5: AC←AC+DR, E←Cout, SC←0


111


2ABC


4F9E


----------


7A5A



[image: image11.wmf]\

AC = 7A5A, E=0
	9a

	
	PC
	AR
	DR
	AC
	IR

	T0
	1FF
	1FF
	X
	2ABC
	X

	T1
	200
	1FF
	X
	2ABC
	9B89

	T2
	200
	B89
	X
	2ABC
	9B89

	T3
	200
	CDF
	X
	2ABC
	9B89

	T4
	200
	CDF
	4F9E
	2ABC
	9B89

	T5
	200
	CDF
	4F9E
	7A5A
	9B89


9b

T2: D5 = 1, I = 0, AR = DD0

T3: Do nothing since it is Directly Addressed Memory Ref instruction

(iii) 201, will be saved at address DD0,

(iv) The next instruction will be fetched from DD1.

	9b

	
	PC
	AR
	DR
	AC
	IR

	T0
	200
	200
	4F9E
	7A5A
	9B89

	T1
	201
	200
	4F9E
	7A5A
	5DD0

	T2
	201
	DD0
	4F9E
	7A5A
	5DD0

	T3
	201
	DD0
	4F9E
	7A5A
	5DD0

	T4
	201
	DD1
	4F9E
	7A5A
	5DD0

	T5
	DD1
	DD1
	4F9E
	7A5A
	5DD0


Enable








I0


I1


I2                  Y 


I3





     G  S1  S0





=0





=0





=0





=1





=1





=1





R ( 1





IEN ( 0


R( 0





Branch to location 1


PC ( 1





=1





Instruction cycle





=0





Store return address


In location 0


M[0] (  PC





R





FGO





FGI





Fetch and decode


instruction





IEN





0





Qj+1





Ij





KBD





Serial


Communication





INPR





Monitor





Serial


Communication





OUTR





Adder


and


Logic





AC





























Execute


instruction



































AD-MAIN-NI


0  BUN		BIO























-------------------------














-------------------------


IEN(1


-------------------------


1  BUN              0
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