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General Information
Examiner: Ingo Sander.
Teacher: William Sandqvist phone 08-7904487

Exam text does not have to be returned when yod mayour writing.

Aids: No aids are allowed!
The exam consists of three parts with a total ofak4s, and a total of 30 points:

Part A1 (Analysis) containes ten short questions. Right answergii# you one point. Incorrect
answer will give you zero points. The total numbgpoints in Part Als 10 points. Topassthe

Part Alrequiresat least 6p, if fewer points we will not look at the rest of your exam.
Part A2 (Methods) contains two method problems on a total of 1Msoi

To passthe exam requires at leastl points from A1 + A2 ,if fewer points we will not ook
at therest of your exam.

Part B (Design problems) contains two design problems of a total of 1hfwiPart B is
corrected only if there are Bast 11p from the exam A- Part.

NOTE ! At the end of the exam text there is a submisskaret for Part A1, which shall be
separated to be submitted together with the solstior A2 and B.

For a passing grad& () requires ateast 11 pointson the exam.

Grades are given as follows:

0-— 11 — 16 — 19 — 22 — 25

F E D C B A

The result is expected to be announced before @ayrs9/11 2015.






Part Al: Analysis

Only answers are needed in Part Al. Write the answers on the submission sheet for
Part Al, which can be found at the end of the exam text.

1. 1p/Op

A functionf(x, y, z) is described by the expression:
f(xy,2)=x0yZ+xYZ+(y+2)

Write down the function maxterms, eg. the functiena product of sums.
f(x,y,2) ={PoS} =2

1. Proposed solution
f(xy,2) =Xy Z+xYZ+(y+2)=(X+y+2)+Xyz+yz=x+y+z+yz(x+1) =
=x+z+y(l+2)=(x+y+2) onlyonemaxtermsneeded

2. 1p/0p X=X; X, X, X,
A four bit unsigned integet (Xsx2XiXo) is to be
multiplicated by the constait @ ﬁ 1,0

This is done by connecting the numbéo a seven bit
adder that is configured to do the operation

y= 7= (8= 1) LLLLLLL

. . bbsbabababihy
Draw how the adder is to be configured. Except the 2.5 bbby \Efaaasa“a%ala”

four bits inx there are also bits with the values 0 and 1 OUL s 555,55, m
if needed. You will find a copy of the figure oreth [TIT]]]

submission sheet.
Ye6VsVaV3V2 1Yo

2. Proposed solution  y=7[x=(8[x-1[x)

X=X, X, X X,

1101001, =

Bsbsbybabytyby \ / F53524333,013g

Cout 355?35)5%5150 n
LITTIT
1101001
Ve Vs ViV V21 Vo

3. 1p/0p
Two binary 6 bit two complement numbers are addeldatMill the result be expressed as a
signed decimal number?
001011
+101110
= signed decimal +7??,,

3. Proposed solution 001011+101110 = 111001+1100% = -32 + 25 = -7
111
001011
+101110
111001 =-000111=-7,




4. 1p/0Op

Given is a Karnaugh map for a function of four ahtesy = f(xs, X, X1, Xo).
Write the function as a minimizeghi, sum of products SoP form.
"-"in the map means "don’t care”.

XXO y
XsN\_00 01 11 10
¥20[0 14 [3n 2

o| -] 0[] 0|1

044 |5 [74 |6

1171~ ["1]°0

1112 [13 [1H |1

1406

881 9o0!l1p |19

4. Proposed solution Y= X2Xo + X, X1 + XaX,X,
X, X }}
170
;3 00 .01 " jO
28°- 1o [0 |1
i aEE
4o
STPol0|FT

5. 1p/0p

The figure bellow shows a circuit with two NAND gatand one NOR-gate. Simplify the function
Y =f(A, B) as much as possible.
A

L|

= &b & b1

B_LN !

5. Proposed solution
Y=AIAIB+A=A+A[B+A=1

6. 1p/Op
A logic function of three variables b a is realized with multiplexors. Write
the function on minimized?oS form (as a product of sums).

[

f(c,b,a) ={PoS} . =7

min

o o -~

B+B s
6. Proposed solution

f (c,b,a) ={ SoP} = 0hc +a [bc +1bc +0bc = abc + be = abc + (a+ a)bc = abc + abc + abce

bc
aN_00 01 11 10

0 T [121

il
4 U 5 :_J o4

f(c,b,a)={PoS} . =(b+c)(b+c)a+c) or =(b+c)(b+c)(a+h)




7. 1p/Op
Give an expression for the logical function readiby the CMOS circuit in the figure?

Y =f(ab,c) = ?
4o Lif‘]
et A

"0" GND I I

! PDN: Y =ac+bc
a—l,_d " !
b =Y=Y=ac+bc

CMOS Multiplexor

™
M,
o
LM I
[ g
o
L1
o
—

e [l T

8. 1p/0p

0 - 0 -

Complete the timing diagram for the D-latch andlipfiop by drawing signalQ) for booth cases.
Draw the figure so that it is cleahat is causing the changes in tig@

8. Proposed solution

e c—T LI L gec
: Fp T LITLI L " p LTI
o Tl T oI L




9. 1p/Op

1 _;C _@_;C

o] |

The figure shows a synchronous decade cou@gR{QsQa 0...9). Mark (= draw in the figure on
the answer sheet) tleeitical path that determines how fast the counter can countulzde the
minimum timeT [ns] between the clock pulses that still providate operation.

Gates: tpqgor = 4, tpaano = 5 [NS] Flip-flops:tsy = 3 ,th = 1,tpag = 2 [NS]

9. proposed solution

o J T:tde+tpsAND 1 peann Tloor Tla =
i B2 : A= o _ _
sc T & e i —> ic =2+5+5+4+3=19ns
- r - F - r o r o—|
10. 1p/0Op
Below is the VHDL code for a 2: 1 multiplexer. The ltmlexer ba Y
Karnaugh map is shown at right. Complete code abitlbecomes a e\ _00 01 11 10
Hazard free MUX. The line of code is also available on the agisw o|l'0 u_ﬂ 0
sheet.
rofojll1)

-- inport std logic fromthe |EEE library
library |EEE;
use | EEE. std_l ogic_1164.all;

-- this is the entity
entity MIX is

port (
a : in std_logic;
b : in std_|logic;
c : in std_logic;

Y : out std_l|ogic);
end entity MJX

-- this is the architecture
architecture gates of MIXX is
begi n

Y <= (b AND ¢) OR (a AND NOT c¢) ;
end architecture gates;

10. Proposed solution

b a Y

c 00 01 11 10
ofol1[[1)o
1'olo0 1)

Y <= (b AND c¢) OR (a AND NOT c) OR (a AND b);
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Part A2: Methods
Note! Part A2 will only be corrected if you have passed part Al (>6p)

11. 5p One older instrument has a seven segment

display with seven light bulbs, but it lacks anlett 7seg — BCD

for connection to a computer. One could therefore a—-n

need a combinatorial circuit that connects to the ci: — Y3

bulbs and then converts 7-segment code to the us d— g BCD

BCD code (normal binary coded digits O to 9) tlsat }:: _— Y;

used by a variety of other equipments. g

a) (1p) Set up théruth table for the ten

BCD numbers. Black segment is "1” in

figure. (XX, X X,)scp = T (abcdefg) 7-segment  ___ . — - .
foplay 0 (0 0 )

b) (1p) Inspect théruth table. You can — l_l "|:| —| |-| D

discover that even if up to two of the f[: Uh — — '— — p—

segments are excluded as inputs, the ‘“——

relationship remains distinct between | 9 — — —

image segments and BCD digits. Find [: U: L I:| .l_-l L l:l

one/two segments that you can do ‘?’ |-_ l_l |—| D -|_|

without? Derive thaew truth-table
without this/these segments.

¢) (2p) Draw the karnaugh maps for the four BCD-cbiig and derive theninimized expressions

for x3 X2 X1 X in SoP-form. Segment combinations that never ocshiwsild be exploited as don’t
care. (With the excluded segments in the truthetable number of variables will be manageable).

d) (1p) Choose yourself one of the expressiagns x; X and realize it using only 2 input
NAND gates. (No inverted variables are available)

11. Proposed solution

126
48
109
121
51
91
95
112
127
123

abcdefg

1111110
0110000
1101101
1111001
0110011
1011011
1011111
1110000
1111111
1111011

© 00 N o o WON - O

XXX, %o
0000

0001
0010
0011
0100
0101
0110
0111
1000
1001

T-segment
e
|

I

e[]g

-
-—"
—
-
-—

|

—

| | |

Segment is necessary distinguisrb

between "1” and "7”. Segmesmti
needed to distinguish between
from "9” and "5” from "6”.
Segments ¢ and d could be
excluded without the encoding
becoming ambiguous. See the
figure. This can be used to
simplify the problem down to 5
variables.

E_UIUUIIII—I 8

29

S
”8’11
19

23
24
31
27

abefg

11110
01000
11101

5 11001

01011
10011
10111
11000
11111
11011

© 00 N O o WON R O

XX % X
0000

0001
0010
0011
0100
0101
0110
0111
1000
1001



X3
a=0 a=1
bexX 00 o1 11 10 befgoo 01 11 10
000 L 32 oo [16 [i7 rp) 18
of |4 [ 7| | orfee ot o 2
12 1305 4 1|28 | §T3@
0/%0 (2 g ho 102@:@'{1"{_2:1
x; = abfg
X,
befgoo 01 11 10 be goo 01 11 10
0ol L3 T2 00 1r5__1_7: 19 18
o1 [ |5 |[7_ [ J—o 0 PpL( P2
1112 1303 04 4q 28 |P (130 [30
10(80 |2 [y ho 1014 p Jpo ps
¢ —af+he
X, = abfg
x, =b+af g+afg
x, =af +he
x, = fg+ae

X,

CI:O a:]_
Jg g
bexXoo 01 11 10 beX oo o1 11 10
ool T B_12) oo ﬂs_ 1719 1§]
ol |5 JP_fl6 )| orffof2r [23 22
12 3l (e e |e o lo
10(%0 (& 11 1| 10/ D RO p&
x,=b+af g+afg
X, :
f4 /g
beX"00 o1 11 10 bex'00 o1 11 10
ool L [ 2 oo [ |11y &
o1 |f_||3 |7_ |6 0120 (121 |23 P2
|12 |13 s e 1P| [ [0
x,=f g+ae

Example. Bit x; :
g
r—fap8
b—t]&p
i g

o
N

O_xl

10. 5p The figure shows a "self-correcting ring cewhtounting the "one hot" sequenqggl.0igo

0001, 0010, 0100, 1000.

"

& D

O—|

i

"

.

"

O—

i

CP

a) (2p) Analyze the sequential circuits in the fig@and draw théull state diagram and thefull
statetable. If the counter would start in any other statenthay of the four desired "one hot" sta
how many clock pulses are required, in the worsechefore the counter has "corrected" this and

ends up in the correct sequence?



b) (3p) You can also get the same "one-hot" sequenc
from a Moore machine with four states, see theestat
diagram to the right. Derive this sequential citeuith
D-flip-flops and optional gates. Use the state eimup
from the state diagram. Draw the schematic of the
circuit.

— B
—C
D

12. Propos?d+5(+)lu+tion o GO0 qr = 0,00,d, dy =0, L8y, [,
0009 09390 o 0:0:%% G390 G
0000 0001 1000 0001
0001 0010 1001 0010
0010 0100 1010 0100
0011 0110 1011 0110
0100 1000 1100 1000
0101 1010 1101 1010
0110 1100 1110 1100 After at most three clock pulses the "one hot”
0111 1110 1111 1110 sequency will be reached!
QQ, Q'Q; Inspection of table gives:
00 01 @Q'=Q, Q =0 E—
1 0 0 1 t E Qo
or 1l Decoding: g Es al-e

11 10 B - %f>° & A
10 00 A=QQ B=QQ = &0

C=QQ D=QQ,




Part B. Design Problems
Note! Part B will only be corrected if you have passed part A1+A2 (>11p).

13. 4p Sequence Detector. Different inputs threernova

8]

a —]
b—
c—p
You will design a synchronous sequential circuittHe form of a positive edge-triggered
Moore machine with D flip-flops. The input signasndb are synchronized with the clock
pulsesC. The output signa will be 1 whenma andb are different in at least three consecutive
clock pulse intervals. For other sequencesust be equal to 0.

a) (2p) Derive the circuidtate table and draw thatate diagram.

b) (1p) Use the Gray code to encode the stateslatink theencoded state table. Derive the
minimized expressions farext state and for theoutput.

c) (1p) Draw thenext state decoder circuit, there is only access to AND, OR, and XOR
gates.

13. Proposed solution

equal  not equal once not equal twice  threein row aq ab 00 01 11 10
14

ab 00,11 0L10 A:00 |4:00 B:01 A4:00 B:01

/5§01,19®01,10 ‘m 01,10_@ B:01 |4:00 C:11 A4:00 C:11
O Ll

0 0 C:11 |4:00 D:10 A4:00 D:10
00,11 00,11

D:10 |4:00 D:10 A4:00 D:10

4@ q
ab ab Z:qa
¢q, 00 01 11 10 a9 00 01 11 10 1o
o0|lo o o o 00 |0 0
01 | o 0 [1 o1 o |1 o [1 51 2l o
11]0 0 |1 1mlo o o o ,
0o 1] o |1 10fo o o o b_=1{ .
E— E— . - - o — 4o
g = gylab+ab) +q,(ab+ab) = q, =q,(ab+ab) = 4, &
= (gy + @)@ ®5) =q,(a® D)

14. 6p Inside pulse detector.
An asynchronous sequential circuit "Compares" pulse

received on two inputg andb. The pulse at the input 71
Is always a little shorter than the pulseap&nd there —a 7z = |

. . . a —
will be at most oné-pulse during the interval. —b b ]
b-pulses will arrive randomly relative to thepulse.

(There are nexact simultaneous events).

10



Sequence circuit must indicate the case whenstarted (becomes one) after a has startedrieco
one), and has finished (become 0) befadinish (become 0). The outpatwill then be = 1 from
b's trailing edge t@'s trailing edgez must be O for all other cases. See the figure tiimgram
illustrating this case.

a) First, set up a propéiow table for the sequence circuit. You don’t need fromlleginning to
care about minimizing the number of states. Allipass in the table that can not occur should be
treated as don't care.

b) Simplify the state diagram by combining compatible state. (Hint. Various s$iolns are
possible, there is among them a solution with &iates).

¢) Do a suitabletate assignement with an exitation table which gives a circuit thefr ee of
critical race. (Hint. Various solutions are possible, there soltion with two state variables
exploiting unstable transition states and unciiitiaae).

You should also derivieazar d free expressions for the next state and &spression for output,
and draw their cuits with the use of optional gates.

13. Proposed solution — derive state chart step lyy ste

o inside: ¢ partially before: « partially after: * before: o after:

ab: 00, 10, 11.11?(1). 00 ab: 00, 01, 11, 10, 00 ab: 00,10, 11, 01, 00 ab: 00, 01, 00, 10, 00 ab: 00, 10, 00, 01, 00

Al T Tlo a0 T Tle a0 T iloo a—uolTlo al T 0

b0 0 Tlo o pUT 100 0 ofT 1o p2f 00 bl o ol 1o
ab: 00 01 11 10 - ab: 00 O1 11 10 - ab: 00 O1 11 10 . @b: 00 O1 11 10 . ab: 00 01 11 10 =
4 Blo 4 |@-E Blo 4 0 A|@E Bl0o 4 B |0
B Ce@ 0 B C B|0 B 0 B 0 B 0
c Ol ¢ c plo c 0 c c plo C c Do
D A%—él D D|1 D 1 D D|l D D |1
E E 0o E 0 E |4 F 0 E =B F 0
F F é%G o F 0o F F G|0 F F G |0
G Gla @0 c 0 G |4 Glo G |a G lo
H Joe H 0o H|A H 0 H|A4 H 0
ab: 00 01 11 10 -  ab: 00 Ol 11 10 - ab: 00 01 11 10 _ 5
Al@ E - Blo 4@ E - B0 Al@ E - BJo aA'OOZ}EIOg
pla - c @l 2|4 - c® Bla - ¢ ®lo @ @

c|- HOD|o C EQ Do ¢|- £ 0D
C H QO D|o pla - - O
pla - * @©h bl - - OU D4 - - O Elda ®©®®|o
E|l4A4 & F - |0 Ela ®® ®@|o

E|lA & F - |0 Fl- - @® oo

Fl- * ® G|o Gla - - @lo (AB)=A

Gl4a - * @|o0 H|la @ - -0 - can not occur, double change in input
H|A * _ |o (EFGH)=E. * has not occurred in any of the possible

sequences, then will not occur

11



A:00 C:01 D:11 E:10

00 01 11 10

@ EC@
- 4D
E - - D
A B0

Z=Y1Yo

S~ O O n

ab: 00 01 11 10 -
Al@ E ¢ @lo
cl- QO plo
D | - - O
El4 ® ®®|o

Remove intersecting lines by
inserting transition states to
avoid hamming distance 2.

Y = f(vy.a.b)

: 00 01 11 10

00y 10 01 (00
- 00 QO 11

00

0 - - QD
L

o~ o oW

yyab: 00 01 11 10
“Poolo |1fo o

01_|0 o i

11_1[
0o 1]l

—= -
Y =vb+ya+ybraby,

y,b = Hazardcover

ab: 00 01 11 10
Mo lo o M) o

or|- o

1o -

wlo 0o 0 o

Y, = ya+aby,

Good Luck!
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Submission sheet for Part A1 Sheet 1

(remove and hand in together with your answerp&ot A2 and part B )

Last name: Given name;

Per sonal code: Sheet: 1

Write down your answersfor the questionsfrom Part A1 (1to 10)

Question Ans,ver
1 f(xY,2) :{PoS} =
2 y=7TX= (8- 1X) 3 Signed decimak??, =
= X5 Xy Xy X
L LT
bbsbybabybily \ / 858 50,050,0,
C ut sssﬁl:.)s*l:.)s* 515, Cm
[TTTTT
Y6 VsViV3)V2 1o
4 f(X3’X2’X11X0):{8)P}min:? 5 Y: f(A’B):’)
6 | f(cb,a)={PoS},,, =? 7 |Y=f(abc)="?
8 [ L0 1] [ ]
o a ¢ o €
¥ gt BT be D B R W [ S L
|
- Q-
9 z J T[ns] =
1_;: Q, o ;C Qg E ;C Q. E ;C Qg
LT F [CF [T
10 Y <= (b AND ¢) OR (a AND NOT c) ;
Thistableis completed by the examiner!!
Part A1(10) | Part A2 (10) Part B (10) Total (30)
Poang 11 12 13 14 Sum Grads
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