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QUESTIONS

Question 1 (30 points)

a) Using D-type flip-flops, design a 3-bit Gray code counter which has the following counting sequence:
o0 - 001l - 011 —- 010 —- 110 — 111 — 101 — 100

T— «— «— «— «— «— «— «— «— — o o o
Draw the transition table of the counter and derive the excitation equations of the D flip flops’ inputs.

b) Design a 3-bit multi-function register whose operation is described in the following table;
I2, 11, lo, are register’s data inputs, while a and b are the control bits.

P D Q: Clock a b Operation
1 0 O No change / store
_ i |Ds Qi 1 0 1 Synchronous reset/clear (0 = Q2Q1Qo)
| 5 ) 1 1 0 Gray code counter: advance to the next state
e ‘- 1 11 Parallel loading external inputs I, 11 1o = Q2Q1Qo
at 1b
Question 2 (30 points)

Two’s complement representation is used for signed numbers in this question.
The 8-bit registers AR, BR, CR and DR initially have the following values:
AR =0 1100001; BR =1 0110000;
CR =10001110; DR = 0 1000011.
1. An 8-bit adder is employed to perform the following operations:
CR=AR+BR
DR =AR-BR
Determine the 8-bit values in each register after the execution of these micro-operations.
2. Convert to decimal all four binary numbers stored in these registers after the execution of the micro-operations.
Represent in BCD the decimal number equivalent to the binary number stored in register AR.
3. Isthere any overflow? Justify your answer. How would a computer detect overflows in these operations?

Table 1

Question 3 (40 points) S2 | S1 | SO | Operation Description

In this problem you have to design a 3-bit arithmetic and 0 0 0 | F&€ A+B Addition
Logic_burgjit_ ('?\II)LIJ)lw'lr']rZChAE)L(JeiUtkeS _E[he micrg—ofperatitons 0 0 1 | F€A+2 Increment by 2

escribed in Table 1. The akes its operands from two : ; :
3-bit registers A=AA1A; and B=B,BiB,, and returns an 8 ! 0 |FECA-BorA+B +1 Sublraction

. . . . 1 1 | F&€ A-2 Decrement by 2

output F = FF1Fo. The micro-operation to be executed is -
specified by the code bits S; S1 So. In the case of arithmetic 1 0 0 |FE(AVB) ,NOR -
operations, assume that the contents of A and B are signed 11011 ]F<(ADB) Exclusive-NOR
numbers in 2’s complement representation. 1] 1] 0 |F<&ashlA Arithmetic shift- left
A. Draw a detailed logic diagram of the ALU’s arithmetic 1] 1] 1]F<&ashrA Arithmetic shift- right

unit.
A Boolean variable W is used to show whether one of the arithmetic operations described in Table 1 has caused an
overflow. In the case of an overflow, W is set to 1 otherwise W is set to 0. Give a simplified Boolean expression for W.

B. Draw the logic diagram of the logic and shift unit of the ALU. ¥Yeu-can-use"AND—ORNOT gates,-if reguired:
A Boolean variable V is used to determine whether the arithmetic shift operations have caused an overflow. In the case of
an overflow, V is setto 1, and V is reset to 0 otherwise. Find a Boolean expression of V.

C. ABoolean variable T is used to signalize if any of the operations described in Table 1 causes an overflow. In the case of
an overflow, T is set to 1, and otherwise T is set to 0. Find a Boolean expression of T.
Use block diagrams of the arithmetic and logic & shift units in order to draw the block diagram of the complete ALU,
including the overflow detection bit T.
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SOLUTIONS
Question 1 (40 points)

a) Using D-type flip-flops, design a 3-bit Gray code counter which has the following
counting sequence:
o0 - 001l -» 011 —» 010 —» 110 -—» 111 — 101 — 100

T l

e e e

Draw the transition table of the counter and derive the excitation equations of the D flip
flops’ inputs.

Draw the transition table of the counter and derive the excitation equations of the D flip
flops’ inputs. Draw the logic circuit of the Gray code counter.

Present state S | Next state Sn+ Q2" MQuQo |00 | 01| 1110
AP Q
Rl M I Rl 0 0O|0]| 0|1
0 0 0OJo|o0 1 1 0 1 1 1
ocfofrjoqil1 Qx*=Q2Qo +Q1Q0
0 1 of1]|1 0
ol1l1lolzl o Q:" }Q;Qo |00 |01 | 11 | 10
1loflo]ofof o o
0 0 1 1 1
1 0 11110 0 1 0 0 0 1
1{1j0p1j1] 1 Q1" =Q2Q0 +Q1Q'%
1 1 11110 1
Qo* MQ1Qp |00 |01 | 11 | 10
Q
0 11,00
1 0|0 1 1

Qo =Q2Q1 +Q Q1
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b) Design a 3-bit multi-function register whose operation is described in the following
table; I2, 11, lo, are register’s data inputs, while a and b are the control bits.

I D, Q2 Clock a b Operation
T 0 0 Nochange = stores current state
Iy D; Q1 1t 0 1 Synchronous reset/clear (0 = Q2Q1Qo)
- — 1t 1 0 Gray code counter: advance to the next state
lo Do Qo t 1 1 Parallel loading external inputs I2 11 1o=»Q2Q1Qo
at 1b
al o Function Transition Equations Excitation Equations D; (final results -
(preliminary steps) derived for each case separately)
0 | 0| f°: Store register's content Qi(n+1)=Qi(n);i={0,1,2 Di=Qi(n) ;i1={0,1,2}
0| 1| f%: Synchronous clear Qi(n+1)=0;i={0,1,2} Di (n+1) =0;i={0,1,2}
aF - + 1 D - + 1
f2: Gray code counter: Q2+ Qf Qo + Qs Q? 2 Qf Qo+ Qs Q?
110 advance to the next state Q"= Q%2 Qo + Q1 Q0 DE= (2 L
Q0" =Q20Q1 +Q2Q: Do=0Q2Q1 +Q2Q1
g8 - -
1] :‘Oladl'”g external Inputs, | o n+1) =1 (n) ; i=£01.23 | Di= 1 (n) :i={0,1.2}
21110
Qo
(Isb)
Q
Q,
(msb)
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Question 2 (30 points)
Two’s complement representation is used for signed numbers in this question.
The 8-bit registers AR, BR, CR and DR initially have the following values:
AR =0 1100001; BR =1 0110000;
CR =10001110; DR =0 1000011.

An 8-bit adder is employed to perform the following operations:
CR=AR+BR
DR =AR-BR

1. Determine the 8-bit values in each register after the execution of these micro-
operations.

CR=AR+BR

64 32 16 8 4 2 1
Carry: Cs G Ce Cs Cy G G C G

1 1 1 0 0 0 0 O Verification in decimal:

F AR 0 1.1 0 0 0 0 1 =97
BR 10 1 1 0 0 O =-80

CR 0O 0O 0O1 0 0 0 1 17

BR=10 110000<0 > BR =-|BR|
|[BR| =-BR=2'scompl (10 110000)=01010000=(64+16) =801
BR =-|BR| =- 8010

DR=AR-BR=AR + (- BR) = AR + 2’s compl (BR)=0110000 1+ 2’s compl (10 110000)

01100001+01010000

Carry: ¢; ¢, C C C G G G G
0 Verification in decimal:

AR 1 =97
-BR =80
DR 1 BAD : DR<0 ¢ 177?

RO o »
O|Fkr —» ©
RO R~ ©
Rk, o ©
OO o o
OO o o
OO o ©
o

Conclusion:
AR=01100001;
BR=10110000;
CR=00010001;
DR=10110001
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2. Convert to decimal all four binary numbers stored in these registers after the execution
of the micro-operations.

AR=01100001=+64+32+1 = +97

BR=10110000 <0 = BR=-|BR|

IBR| =-BR=2'scompl (10 110000)=01010000 = (64+16) = 8010
BR =-|BR| = - 8010

CR=00010001 =16+1=+17

DR=10110001<0 = DR=-|DR|

|BR| =-BR=2'scompl(10110001)=01001111=64+15=790
DR =-|DR| =-7910

Represent in BCD the decimal number equivalent to the binary number stored in register
AR.

AR=011000012=+9710=(1001 0111)gsco
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3. Is there any overflow? Justify your answer. How would a computer detect overflows in
these operations?

No overflow in CR = AR + BR since AR>0 and BR<0 cannot generate OFL
Overflow possible in DR = AR — BR since AR>0 and — BR>0, and it is overflow since 97+80 =
177 > 127, the largest positive number with 8 bits

Computer sees in
CR:OFL=cs®Ccr=1d1=0
DR:OFL=cspc7=0p1=1
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Question 3 (40 points)

In this problem you have to design a 3-bit arithmetic and logical unit (ALU) which executes the
micro-operations described in Table 1. The ALU takes its operands from two 3-bit registers
A=A>A1A0 and B=B,B1Bo, and returns an output F = F2F1Fo. The micro-operation to be executed
is specified by the code bits S, S1 So. In the case of arithmetic operations, assume that the
contents of A and B are signed numbers in 2°s complement representation.

w
N}
w
s
w
S

Operation Description

F& A+B  Addition

F&EA+2 Increment by 2

F&< A-Bor A+ B +1 Subtraction
F&A-2 Decrement by 2

F& (AV B) NOR

F< (A @ B)” Exclusive-NOR

F& ashl A Arithmetic shift- left
F& ashr A Arithmetic shift- right

RPlIFRPIFPIP|O|O|O|O
RPIFRP|IO|O|FR,|F,|O|O

RP|IOIFRP|O|FR,|O|F|O

A. Draw a detailed logic diagram of the ALU’s arithmetic unit.

S1 | So | Operation Description

0 0 |[F&EA+B Addition A2A1A0+! B2BiBo

0|1 ([FCcA+2 Increment by 2 A2AiAo+] 010

1|0 [F&A-BorA+B +1Subtraction | A2A1Ac+| B2’B1i’Bo” | +001
1|1 |F&CA-2 Decrement by 2 AAiAp+i 101 +001
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B. A Boolean variable W is used to show whether one of the arithmetic operations described
in Table 1 has caused an overflow. In the case of an overflow, W is set to 1 otherwise W
is set to 0. Give a simplified Boolean expression for W.

W = Cinz @ Cout3
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C. Draw the logic diagram of the logic and shift unit of the ALU.

D. A Boolean variable V is used to determine whether the arithmetic shift operations have
caused an overflow. In the case of an overflow, V issetto 1, and V is reset to 0
otherwise. Find a Boolean expression of V.

V =851S0" (A2 ® A1)
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E. A Boolean variable T is used to signalize if any of the operations described in Table 1
causes an overflow. In the case of an overflow, T is set to 1, and otherwise T is set to 0.
Find a Boolean expression of T.

T=S"W+SV

F. Use bloc diagrams of the arithmetic and logic & shift units in order to draw the block
diagram of the complete ALU, including the overflow detection bit T.

University of Ottawa, Faculty of Engineering, School of Electrical Engineering and Computer Science

11



