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Question 1 (20 points)

A sequential circuit is presented below: a) Find the equations of the inputs J2, K2, and T1
of the two flip-flops
TI=K2=Y2YI’ —-\A‘J
n=Y2 '\jj

b) If the system’s initial state is Y2 =Y 1 =0, derive
the transition table and then draw the state
diagram.

Use the FF’s Characteristic Tables to derive the

transition table of the sequential circuit :
J | K |Q(n+1) T | Qn) | Qn+)
010 Qm 0 0 0
011 0 0 1 1
110 1 1 0 1
1 |1]Qumy 1 1 0
transition table state diagram
Y2 (n) | YI(n) Js K, T1 Y2(n+1) | YI(n+1)

0 0 1 0 0 1 0 @

0 1 1 0 0 1 1

1 0 0 1 1 0 1 10

1 1 0 0 0 1 1
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Question 2 (20 points)

Design a 3-bit register whose function is described in the following table, where M and N are two
control bits.

Using the proper digital components (encoders, decoders, multiplexers, etc.), logic gates, and D
flip-flops, draw a detailed diagram of the logic circuit of the register.

Clock M N Operation

T 0 0 Nochange :2 —> 22
T 0 1 Incrementby I Il 2 Multi Q1
T 1 0 Decrementby 1 0 Function 0
) 1 1 Loading external inputs, say I, I; Iy YBhmme  Register
N T
Clock >
Use excitation table or equation
M N =11 =>Load I,l1lo to ©,0100:
Qo _{Qu)1 D <= Qi (1) = I (n) ; i= {0,1,2}
0 0 0
0 1 1 Qi | li |Qi(n+1) Di
0 0 0 o o] o [o
1 1 1 o [ 1 |1
1 0 0 0
M N = 00 => no change 1 1 1 1
<> Qi (n+1)=Qi (n) ; i= {0,1,2} . ;
=>D; =i (n) ; i= {0,1,2
=> D2 = Q2 (: D1 = Qo (n): Do = Qo (0 S
MN= 01 =>Increment by 1
Present State Next State D FF inputs
Qx(n) | Qi() | Qo(n) § Qx(n+1) | Qi(n+1) | Qo(n+1) | D> J D1 J Do
0 0 0 0 0 1 0 0 1
0 0 1 0 1 0 0 1 0
0 1 0 0 1 1 0 1 1
0 1 1 1 0 0 1 010
1 0 0 1 0 1 1 0 1
1 0 1 1 1 0 1 1 0
1 1 0 1 1 1 1 1 1
1 1 1 0 0 0 0 0910
D, D, Do
1Qo 00 01 11 10 Qi Qo 00 01 11 10 QiQo 00 01 11 10
Q2 Q2 Q2
o [o]ol1]o0 o [ol1fo]l 0 Bloflofhl
1 1]1]0]1 1 of1]ofl 1 Blofo

D=Q:Q +@2Q0 + Q2 Q1 Qy Di=Q1" Qo+ Q1Qp =0Q1 D Qo Do = Q0
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MN= 10 =>Decrement by 1

Present State Next State D FF inputs
Qx(n) | Qi(n) § Qo(n) | Qo(n+1) § Qi(n+1) | Qo(n+1) | D> | Di ] Do
0 0 0 1 1 1 1 1 1
0 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 1
0 1 1 0 1 0 0 1 0
1 0 0 0 1 1 0 1 1
1 0 1 1 0 0 1 0 0
1 1 0 1 0 1 1 0 1
1 1 1 1 1 0 1 1 0
D, D Do
1Qo 00 01 11 10 Qi Qo 00 01 11 10 Qi Q, 00 01 11 10
Q2 Q2 Q2
0 1{o]ofo 0 1]lo|ll]o 0 Blofo
1 0l1f1]1 1 1]lo|ll]o 1 Blofo
D2=Q2Q:1+Q2Q0+ Q2 Q1" Qo D1 =Q1" Qo +R1Qq = (Q1 D Qo) D0=.

Qz
a1

Qo

a4}

Q0 ipesrm

Logic Diagram of the multi-function register:

" ——*
= B 2

OR use adders for incrementation and
decrementation:

¥

CLK

2l

<l

=]

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



CEG2136 Midterm Exam 2013

Question 3 (25 points)
Two’s complement representation is used for signed numbers in this question.
The 8-bit registers VR, XR, YR and ZR initially have the following values:
VR =10111100; XR =0100 0010;
YR=10111001; ZR =1110 1010
1. An 8-bit adder is employed to perform the following operations:
YR =VR+XR
ZR =VR - XR
Determine the 8-bit values in each register after the execution of these micro-operations.

Carry: Cg C, CG C5 Cs C3 cG G Cg

o 0 0 0 0 0 0 O Verification in decimal:

L VR 10111100 = -68
XR 01 0 0 O0O0T1O0 = (64+2)= 66

YR 11111110 -2

ZR =VR - XR =VR + (- XR) = VR + 2’s compl (XR)= 1011 1100+ 2’s compl (0100 0010)
-XR=2’s compl (XR)=2’s compl (0100 0010) = 1011 1110; => VR = -68
Carry: Cg C C G G G G ¢ G

l 1 0 1 1 1 1 o0 O Verification in decimal:
F VR 10111100 = -68
-XR 10111110 =-66
ZR 01 1 11010 BAD!?: 122

|
H’VRIIOII 1100; XR=01000010; YR=11111110; ZR=01111010

2. Convert to decimal all four binary numbers stored in these registers after the execution of
the micro-operations.

VR =1011 1100 =-v
=> y=-VR=2"s compl (VR)= 2’s compl (1011 1100) = 0100 0100 = 64+4 = 68; => VR = -68

XR =01000010=64 +2 =66;

lr

YR=11111110=-y
=> y=-YR=2’s compl (YR)=2"s compl (1111 1110) =0000 0010 =2=71;=>YR =-2

ZR=01111010 = 64+32+16+10 = 106+16 = 122

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

XR =66=01100110
l/ . Is there any overflow? Justify your answer. How would a computer detect overflows in these

]

operations? Show your work in detail.
Y YR = VR + XR ->no OFL : operands have different signs or Cs=C;=0

correct result (-68+66=2)
_J/;R = VR - XR -> OFL : operands have same signs (1) but different from result or Cg# C;

wrong result (-68-66=+1227)

*
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Question 4 (35 points)
The function of a 3-bit ALU is described by the following table, where A = A;AjApand B =
B,BBy are the ALU’s two inputs and C = C,C,Cj is its output.

Draw the logic circuit of this ALU using multiplexers, full adders and gates AND, OR, NOT,

XOR, as necessary.

S2[S1|Se| Output Description C <&
flojo|o] cea+l Increment A AzA1Ag + 000 +001
ojo[1] c<«A Transfer A ArA1A + 000
0|1|0|C€A+B+1| Addwithcarry | AsA A + B,B:By +001
0|1|1] C€A+B Addition AsA 1A + B,B\B
1{o|o] Cc<A Transfer A A2A 1A, + 111 +001
Hof1] ceat |_, P oo | A2A1a0 + 11 .
1/1{o] c€«A-B Subtraction ArA LA + Bz’Bl‘Bo’é +001 f+000
1{1]1|CeA-B1| Subractionwith A p 1A + Bz’Bl‘Bo’é 010
Blo|0[o| ceanp | Selective clearbits by A; /\ By i=0,1,2
0|0|1| C€ADB Comparison A ea Bi i=0,1,2
0[1|0] c€AnB A AND B Ai/\g B; i=0,1,2
0|1]1| ceavn | Selectivesetbitsby A; v By i=0,1,2
1[0[0[C&*0000” Reset C C; e 0 i=0,1,2
1|0 1|Ccées1111” Set C cie§1 i=0,1,2
B1]|1|0] C&cirA | Circular shift right C; é A ECzéAo i=0,1
1|1]1] cecila | Circular shift tef C. e At Ecoe Aliz12

Final block diagram 5
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Arithmetic Circuit
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