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Q1. Implement f (A,B,C,D)= %(1,4,5,7,9,12,13) using a MUX(8x1) where A, C, and D are connected
to the multiplexor’s select inputs.
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Q2. A sequential circuit has two JK flip-flops A and B, one input X and one output Z. The circuit logic
diagram is shown below. Derive the circuit State Table as well as the State diagram.
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JA=B, KA=B",
JB=KB = (A®X)’ = AX+A’X’,
Y=A®X)®B

A1 and By can be derived using the JK characteristic equations.
EX., Aw1 = AKa+ A’da = A(B’)’+ A’(B) = A(B)+ A’(B) = (Ac+ A’)B=B

You can also use the characteristic table instead of the equation:

J K | Qu1 A |B|[X|JA| KA | As1 | JB | KB | B
0 0 Qt o lo]jo] o 1 0 1 1 1
0 1 0 o lof[1] o 1 0 0 0 0
1 0 1 0 110 1 0 1 1 1 0
1 1 Q% 0 111 1 0 1 0 0 1
1 {oflo] o 1 0 0 0 0
1 [o|l1] o 1 0 1 1 1
1 11]0 1 0 1 0 0 1
1 1|1 1 0 1 1 1 0
State Table: State Diagram
Present State| In Next State | Out
A B | X A1 Bi+1 Y
0 0 0 0 1 0
0 0 1 0 0 1
0 1 0 1 0 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 0 1 0 "
1 1 0 1 1 0 "
1 1 1 1 0 1

Q3. Using D flip-flops, design and implement (devise the logic diagram) the sequential circuit
specified by the following state table:

Present State| In Next State | Out A™ = AB + BX B"!= X
A B | X | A™ | B™| Zz
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 1 0
1 0 0 0 0 0
1 0 1 0 1 1
1 1 0 1 0 0
0
1 1 1 1 1 o
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Q4.  Using JK flip-flops, design and implement (devise the logic diagram) the sequential circuit
specified by the following transition table:

Present State | Input | Next State | FF’s Inputs (Excitations)
A B X A" | B | JA | KA| B | KB
0 0 0 0 0 0 X 0 X
0 0 1 0 1 0 X 1 X
0 1 0 1 0 1 X X 1
0 1 1 0 1 0 X X 0
1 0 0 1 0 X 0 0 X
1 0 1 1 1 X 0 1 X
1 1 0 1 1 X 0 X 0
1 1 1 0 0 X 1 X 1
JA KA
X 00 01 11 10 BX 00 01 11 10
A A
0 0 0 0 1 0 X X X X
1| X X X X 0 0 1 0
JA =BX’ KA =BX
JB KB
X 00 01 11 10 BX 00 01 11 10
A A
0 1 X X 0 X X 0
1 0 1 X X 1 X X 1 0
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Q5. Design of a vending machine
Design and draw the logical diagram of a vending machine for pop drinks. Each can cost 15 cents.
Only coins of 5 cents and of 10 cents are accepted. The circuit has two inputs X; X, and two
outputs Y1Yo. The behaviour of the circuit is described below:

X1Xo Description
00 No money is deposited in the machine Y1 =1=> Dispense a can
01 1 nickelis deposited in the machine Y0 =1 => Give change a nickel
10 1dime is deposited in the machine

1. Assuming that the machine starts from state 00, 2. Derive the state table ...
complete the state diagram of the sequential circuit
given in the following figure: Next state S"*1/ Output = Q1*Qo*/ Y1Yo
X, X| 00 01 11 10
00/00 Q.05 . : : ;
01/00 00 0 0/00]01:00fx xix x|10:00
Farl, VTN 01 01,0 0[1 00 0[x xix x[0 0i10
00 ~ o : ] ] ]
u \ / 11 X OXOX X [X X0X X[X X X X|X XX X
' 10 100 0[(00!10|x xix x|00:11 1
01/10

Present state S"| Next state Sn+1/Output

104 Q1| Qo| Xe[Xo] Qif | Qot | Y1 | Yo

4 ofofojoy o 0 010

00/00 ojlo|of1J o] 1]0]oO

OfO0O1]11] x X X | x

o(f1{0Jj0y O 1 oo

of1(0]11]1 1 0 010

of1(1]01 O 0 110

of1(111] x X X | x

110|100} 1 0 010

110)10([1f O 0 110

110|1(0f O 0 111

110111} x X X | x

111100} x X X | x

111101} x X X | x

00:00 111]1|0] x x | x| x

1(1]11]1] x X X | X
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... and then the excitation table, given that JK 3. Derive the simplified excitation
flip-flops are used for the state register of this equations of the JK flip-flops ...
sequential circuit. A T
g Q" = Qo Xo+ Q1 Qo X3 + Qa X1 X0
Present state S| Next state Sn+/Output | Q1 input | Qo input X1Xo| 00 | O1 | 11 | 10
Q1Qq
Qu|Qo|Xt|Xo] Qr* | Qo | Y| Yo di|Kifdo[K
1 0 1 0 1 0 1 0 1 1 0 0 OO 0 O x 1
ofofo|0] O 0 ]0]0JO0] x)0]x 01 0 1 . 0
00|01 0 1 OfOofJoO]x]1]|x 11 X X X X
ofof1f{o 1 O [O|]OJ1|x]|OfXx 10 1 0 X 0
OfOf1]1] x X | X | xXx]| x|x]|X J1=Qp Xo+ Q% X1
ol1|{ofoJ o |1 |oflojo|x]|x]|oO XiXo| 00 | 01 | 11 | 10
0Oj110J1}1 1 0 Ojo0pJ1|xx]1 Q:Qo
Of1f{1f{01 O 0 1{07]0 1 00 0 0 X 1
all B 01 0 |1 x| o
Of1f21]1] x X | x| x x| xfx]|x 11 X X X X
1({0]j0f0}] 1 0 ]0]O0x])0)0]x 10 X X X X
1{o0j0f1) O 0 110 110
x| = X Ki=[ X ]+ Xo
1({0)1(0} O 0 11 1fx]1)0]x XXo | 00 01 11 10
1{of1f1] x X | x[x]|x]|x]|x]|Xx Q:1Qq
1{1f{0f0] x X | x| x x| x|x|x 00 X X X X
1l1fo]2) x| x [ x| xIx]|xIx]|x 01 X X X X
1(211(0] x X [ x| x x| xfx|x 11 X X X X
10 0 1 X 1
1(1]11f1] x X | x| xx|xx]|x
Qo' = Q1 Qo Xo+| Qo X1 X' Jo= Q' Xo Ko =| X1 ] + Xo
1Xo | 00| 011110 %o | 00| 011110 1Xo | 00| 011110
Q1Qg Q,Qp Q,Qq
00 0 1 |x 0 00 0 |1 |x |o 00 X X |Ix |x
11 X |[x [x |X 11 x |x |x |x 11 X [X |Xx | x
10 0 |0 |x |O 10 0 |lo |x |o 10 X X Ix |x
... and the output equations.
4. Dfr?;]N the |9t9ic _diagralm Y1= |Qo X1| + Q1 Xo + Q1 Xq Yo = Q1 X1
of the circuit, using only 1 X |00 01]11]10
NAND gates and JK flip Q.0 1X0 10010111110
flops. S Qi Qo
00 0 | x |0 00 |0 o |[x |o
01 0 |0 [x 1 01 0 |0 |x |O
11 X X |Ix x 11 X |[X |X |X
10 0O 1 |x 1 10 0 |0 |[x |1
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Question 6:

An incompletely specified FSM is specified in the following state table.

Present Next state/output B gg
state |xy=00xy=01 xy=10 xy=11 :
C
A D-|Cl0| A-| -1
B G/0O | HIO | -/- D/1 D|a,H|D,G
C Ki-1J1| -I- | AIO B, K
D [ -] - | HIO| G : o
E B/L| F/1| -I- D/0 Fle, s 6T
F D/1| B/O| -/- /1
B,K
G K/L|D/L| G- | CI- G SOl o, e
H I/0 | E/O| 1/0 | -I- S A (73
D, I
I HIO| /- | -I- G/1 Hlc,E (E;’é H,I
J /1| -- | KO | HIL Bl
K | - | DIo| Flo | A/ r|o,u| 32 V
I D, I H,K D, I ?’;
1. Use the implication chart method to o ot il 1O
identify all pairs of compatible states, x| '2|p,n o o o leu|F, K
along with their implied compatibilities. 2 B ¢ D E F ¢ © I 3
B B
C C
D|A,H|D,G D|A,H|DXG
B, K B,K
E F,J E F,J
A,D A,D
F F
G D,F G D,F
D, I : D, I :
H|C,E H, I H|C,E H, I
AT AT/
I|D,H \/ \/ I1|D,H \/ \/
i Sz [ X dp; Xz (X
K D,H ﬁ’? F,K K D,H ﬁ’? F,K
A B C D E F G H I J A B C D E F G H I J
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B Compatible states? Implied compatibilities
r
C
D|a,H|DXG A~D A~H
B,XKN /1 T
E F~J C~E B~K F~J A~D
A,DI/ N
F I
- !
G DXE
’ 14
T N N Y
D, I
A~H D~I C~E A~T
H C,E HII D~T H~T
A, T N/ N /YN \Y N
A~T D~H
I|D,H \/ \/ D~I -
NNV NNAN L o S SO
J D, 1 C’H F~J D~I H~I
’ ’ H, I
L .
K D, H B~K D~H
r 14 14 TN N N

A B C D E F G H I J

2. Represent the compatible state pairs on a merger diagram and find all classes of maximal compatibility.
Find all minimal closed sets of compatible classes that cover the original FSM.

A h A~H D B &——D~H——=0 K
ANl/CNE/DNI C o— DNH S E
D~H

H~I
F &—D~|,HY| —o ]

I/ H °G

3. Use these set(s) to devise a reduced table that is compatible with the original FSM.

Pr. | Next state/output
St. |00 /01|10 |11 or a different table layout:
P g D//C//O Ij|A//0 G//11 Pr. Next Pr. Next state Output
0 TyolEd o o St| state/output xy St. Xy Xy
— oolo1] 10] 11 00/ 01 /10| 11]00 Jo1]o1]11
I [H/AQ-/-| -/- | G/
PlrorioPOlGAl [P |P|R|[P|G]JO |0 |01
Q| B |G/QH/Q -/- | D/1
K |-D/dEo A/l | Q|G/OP/0 S/0 | P/l QIG|P|S|P]JO|O0O]O0|1
- R s|-[pP]l2]1]-1]o0
E Ig/ral - ool [slpideoolpa] |S |PIQIQIPJLT (001
s| F |o/iBm@ -~ | 11| |GlodpaGi-|rR-] |G |Q|P|IG|R]T 1] - |-
J I/1}-/-|K/0| H/1
G| G |K/MD/L G| Cl-
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Draw the state diagram of the reduced FSM.

4. Create the adjacency groups for the reduced state table.

Pr.| Next state/output
St Xy

Common successor
for the same inputs

Common ancestor
for adjacent inputs

Same output

(e.g., “1” to minimize SoP)

(Rule 1) (Rule 2) for the same input
00 (01| 11| 10
P|P/O|R/O| G/1| P/O P-S P-R, G-P,G-R P-Q, P-S
Q| G/0|P/O| P/1| S/O Q-R,Q-S, Q-G G-P, P-S, G-S Q-S
R|Q/1|S/1| P/O| -I- R-S,G-R Q-S, P-S R-S, 2xG-R
S| P/1{Q/0| P/1 | Q[0 4xP-Q G-S
G| Q/1|P/1| RI- | GI- P-Q, P-R, G-R, G-Q
Rulel | Rule2 | Rule3 5. Plot the state assignment map for the reduced state
P-S 1 2 1 table if binary encoding of the states is employed.
gg 1 i 2 Variant 1
OR | 1 \g“Q\O 0ol 11 10 Rules observed
Q-S 1 1 1 02 P Rule | Rule | Rule
E-g 1 . 1 1 S o |G |R 1 12 | 3
G-P 5 Variant 2 0 6 0
PO 5 1 wqq\o 00 01 11 10
G-S 1 | 1 82 — =
Ordered: Q 4 6 5
Rulel | Rule2 | Rule3 1 G R
G-R 1 2 2 Variant 3
P-S 1 2 1 Qo 00 01 11 10
s L 1 1 1 c? 2 P | S R
GQ | 1 | 1 1 8 4 | 6 2
R-S 1 1
Q-R 1 Variant 4
P-Q 5 1 Qo 00 01 11 10
P-R 2 Q2
G-P 2 0 P
G-S 1 1 1 S 1Q 16 R 4 o >

School of Electrical Engineering and Computer Science

University of Ottawa




2014

ELG5195 Assignment 2

Derive the transition table.

Pr.| Next state/output Pr. Next state/output Pr. Next state/output
St Xy St Xy St Xy
00 (01| 10| 11 00| 01| 10 11 00 | 01 | 10| 11
P|P/O|R/O| P/0 | G/1 P=000]000/0010/q 000/0| 111/1| | P=000]000/0[010/0[000/0] 111/1
Q| G/O|P/O| S/O | P/1 Q=011|111/0000/q 001/0| 000/1| | S=001]000/1{011/0[011/0| 000/1
R|R/1|S/1| -I- | PIO R=010{010/1001/1 -/- |000/0| |R=010{010/1/001/1] -/- |000/0
S| P/1|Q/0] Q/0 | P/1 S=001]000/1011/0 011/0| 000/1| |Q=011|111/0{000/0;001/0] 000/1
G|Q/1|P/1| GI- | RI- G=111011/1000/1} 111/- | 010/- 100 /- | /- | -I- | -I-
101 /- | /- | -- | -I-
110 /- | /- | -I- | -I-
) . ) G=111{011/1/000/1] 111/-| 010/-
6. Implement the state machine using J-K flip-flops.
Q2 J Ka
Pr. Next state/output Pr. Next state/output Pr. Next state/output
St Xy St Xy St Xy
00| 01| 11| 10 00| 01| 11| 10 00| 01| 11| 10
P=000f 0| 0| 1| O P=000f 0] O] 1] O P=000] d | d | d d
S=001l 0| O | O| O S=001l 0| O O | O S=001f d | d | d d
R=010] 0 | O | O| - R=010] 0 | 0| O . R=010| d | d | d d
Q=011 1 |0 |O0] O Q=011 1/ 0| 0] O Q=011 d | d | d d
00 - | - | - - 100{ d | d | d d 100 d | d | d d
101 - 1011 d | d | d d 1011 d | d | d d
1101 - | - | - - 110 d | d | d d 110 d | d | d d
G=111] 0 00 1 G=111| d [ d | d d G=111] 1 | 1 1 0
J2=xy Q1" Qo” + Xy’ Q1 Qo Ko=x +y
Q 00 01 11 10 Q 00 01 11 10
Q2 Q2
0 Xy 0 Xy | 0 0 d d d d
1 d d d d 1 d d (xy’) | d
Q1 J1 K1
Pr. Next state/output Pr. Next state/output Pr. Next state/output
St Xy St Xy St Xy
00| 01| 10| 11 00| 01| 10| 11 00| 01| 10| 11
P=000 0| 1| 0] 1 P=000 0| 1| 0| 1 P=000] d | d | d | d
S=001f 0| 1 | 1| O S=001l 0| 1 | 1| O S=001{ d | d | d | d
R=010f 1 | 0| -] O R=010{ d | d | d | d R=010f 1 | 0| d | O
Q=011 1| 0| 0| O Q=011 d | d | d | d Q=011 1| 0| 0| O
1001 - | - - - 1000 d | d | d | d 1000 d | d|d | d
101 - - - 101 d | d | d | d 101 d | d | d | d
110 - - - - 1100 d | d | d | d 1100 d | d | d | d
G=111] 1 | 0 | 1 | 1 G=111| d | d | d | d G=111] 1 | 0 | 1 | 1

School of Electrical Engineering and Computer Science
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Ki=(x+y’) Q,+ Xy’ Qp’ or, since X’y’=1

J1=yQo’ +(x®@Yy) Qo Qo D y=1 (x4y)=1D Ky = (X +y) QXY
o0 ol 1 10 9 Q 00 0L 11 10
Q2 0 d | d | xy [xy
0 y | x®y | d | d 1 d | d [ x+y | d
1 d d d d
Qo Jo Ko
Pr. Next state/output Pr. Next state/output Pr. Next state/output
St Xy St Xy St Xy
00| 01| 10| 112 00| 01| 10| 112 00| 01| 10| 11
P=000| O 0 0 1 P=000| O 0 0 1 P=000| d d d d
S=001] O 1 1 0 S=001| d d d d S=001] 1 0 0 1
R=010| O 1|--|0 R=010] 0 1|--|0 R=010| d d d d
Q=011] 1 0 1 0 Q=011| d d d d Q=011] 1 0 1 0
100| - - - - 100| d d d d 100| d d d d
101] - - - - 101| d d d d 101| d d d d
110] - - - - 110] d d d d 110| d d d d
G=111| 1 0 1 0 G=111| d d d d G=111| 0O 1 0 1
Jo=xy Q1" + Xy Qg Ko=(x®Yy)Q1’'Qo+y Q7 Qi +YyQ:
1Qo 00 01 11 10 Qo 00 01 11 10
Q2 Q2
0 Xy d d | Xy 0 d | (xey) |y |d
1 d d d d 1 d d y d
Z
Pr. Next state/output Z=Q,+(x®Yy) QrQo+xy (Q®Q,)+x Q:1Qy’
St Xy
00 | 01 | 10 11 5 Qo 00 01 11 10
— 2
ol 1o o 1] °© [0y [xv X
R=010| 1 | 1 | - 0 1 d d 1 | d
Q=011 O 0 0 1
100] - - - -
101} - - -
110 - - - -
G=111| 1 1 = -

School of Electrical Engineering and Computer Science University of Ottawa
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