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Tentamensuppgifterna behdver inte aterlamnas nkimadioar in din skrivning.

Hjalpmedel: Inga hjalpmedel ar tillatna!
Tentamen bestar av tre delar med sammanlagt 1aftgypgch totalt 30 poang:

Del Al (Analys) innehaller atta korta uppgifter. Ratt besvarapigip ger for sex av uppgifterna en
poang och for tva av uppgifterna tva poang. Fejaiéisvarad ger 0 poang. Det totala antalet poang
i del A1 &r10 poang Forgodkant pa del Al kravs minst 6par det farre poang rattar vi

inte vidare

Del A2 (Konstruktionsmetodik) innehaller tvd metodikuppgifter om totald poang
For att bligodkand pa tentamenkravsminst 11 poangfran A1+A2, &r det farre podng rattar
vi inte vidare

Del B (Designproblem) innehaller tva friare designuppgifter om totedt poang

OBS! | slutet av tentamenshéftet finns ett inlamninggdior del A1, som ska avskiljas for att
lAmnas in tillsammans med I6sningarna for del A2 del B.

For ett godkant betyd=) kravsminst 11 poang péhela tentamen
Betyg ges enligt foljande:

0 -

11 —

16 —

19 -

22 —

25

F

E

D

C

B

Resultatet beraknas meddelas fore mandagen deh P0/14.







Del Al: Analysuppagifter

Endast svar kravs pa uppgifterna i del A1. Lamveren pa inlamningsbladet for del A1 som du
hittar p& sista sidan av tentahaftet.

1. 1p/Op

En funktion f(X, y, z) beskrivs med hjalp av ekeaien:
f(X,Y,2) = Xy+YyZ+XyZ+XyZ

Ange funktionen pa minimal summa av produkt form.
f(xy,2) ={SoR,,, =?

2.2p/1p/0Op
Ett fyrabitars tak (xsx2x1Xo) ska multipliceras X, X, X, X,
med konstanten 6. '| I‘ ||
Detta sker genom att tabeansluts till en fem
bitars adderare som konfigurerats for att utfora
operationen & = 22X + 1X)

—_—
—_— =

a) Rita hur adderaren ska konfigureras. Forutc
de fyra bitarna i talet sa finns @aven konstantern
med vardet 0O eller 1 tillgangliga. En kopia av
figuren finns aven pa svarsblanketten.

ADD
RERR

b) Vilket &r det stdrsta bindra 8(SsS5545:5,5150) §=6xx=

som kan férekomma pa utgangen efter det att 1] =2x@xx+1xx)
kretsen konfigurerats for operationen? Svara % Vs Ya A

binart.

3. 1p/Op

Ett Karnaughdiagram for en funktion av fyra varetyl = f(x3, X2, X1, Xo) ges nedan.
Ange funktionensnvers paminimerad summa av produkter, SoP, form.
"." | diagramet star for "don’t care”. (Observeatt vi soker funktionens invers).

X Xg y=
XX 5 00 01 11 10
0|0|[1]|M]0
or|'o|l0fo|™M| -
T s | Veorma =
"Ml =10!-11
(011110




4. 2p/1p/0Op
Figuren nedan visar ett grindnat bestdende av eR-bjithd och en OR-grind (till vanster i
figuren).

: 21°—r:_>1—f

>~

Do o=
Dl R
l
Qo
Qo
&

a) Ange den logiska funktiorf = f(a,b,c) som realiseras av kretsen.

b) Samma funktion kan realiseras med ett NAND-NAN&-(till hoger i figuren). Ange for
variablernaa, b ochc om dom behover vara inverterade eller oinvertem@dmgangarna till detta
nat.

i.nlgpg(()jpen logiska funktion som realiseras av CMQSidan i figuren nedan.
o .
——
: 4
B [ :;
—L
C"EI" GMD [l o

6. 1p/Op

CP

~>C ~C
O— 1 |7 O—

Ett sekvensnat (en raknare) som visas i figurem evartar i tillstindetgo 00. Ange
raknesekvensen for de foljande fyra klockpulserna.



7. 1p/Op

Figuren visar etasynkrontsekvensnat. Grinden mamdt ar en sa
kallad majoritetsgrind — utgangen far det vardenajoritet av. =~ g Y= f(v,a,b)="
ingangarna har. Tag fram kretsens karakteristiskktion. | Ve

Y= f(y,ab)=? b M

-

8. 1p/0p
VHDL-koden beskriver en kand krets. Vilken? \Makgllan:

a. En halvadderare.

b. En heladderare.

c. tvd EXNOR-grindar.

d. En JK-vippa.

e. En SR-laskrets.

f. En X2 crossbar switch.
g. En multiplikationskrets.
h. En divisionskrets.

ENTITY gismo IS

PORT ( c, b, a : IN STD_
X, VY . QU STD_

END gi sno ;

LOG C ;
LOG C) ;

ARCHI TECTURE beh OF gisnp IS
BEG N

X <= ¢ XOR b XOR a ;

y <= (a AND b) OR (c AND a) OR (c AND b) ;
END beh ;



Del A2: Konstruktionsmetodik

Observera! Del A2 rattas endast om Du ar godkandi@dAl

9. 4p Leksaksinstrument for sma barn kan vara mysteande. Du ska darfor konstruera en
"dissonans-sparr’ som representeras av blogkdiguren. Man ska kunna trycka tangenterna en i
taget, men om man trycker flera tangenter samtiditjackord, sa ska bara ( = vackert ljudande )
kombinationer av tangenterna c, e, och g hérasg@kombinationer ar tysty € 0).

Ljud ska bara héras om (1) exakt en av tangenterdae, f, g trycks ned. (2) nagon av alla
mojliga kombinationer av c, e, g trycks ned.

Alla andra kombinationer ska resultera i inget ljud

e

b H X

a) (1p) Stall upp sanningstabeller f(c,d,e,f,g) eller som Karnaughdiagram direkt.
Kan Du hitta nagot fall da vardet sinte har nagon betydelse? Anvand i sa fall detta s
don’t care (det kommer att I6na sig).

Tone
generators

— ]
— ]
— ]
— ]
— ]

e

b) (1p) Minimiera funktionery och utryck den pa summa av produkter (SoP) fornvaAd
don’t care.

c) (1p) Invertera den minimerade funktionefian b) med de Morgans lag.

d) (1p) Vi har bara fyra ingangars NOR-grindarvAnd enbart dessa for att realisera
funktionen. (Tips! Om en av NOR-grindarna anvanms sverterare pa kretsens utgang sa
far Du anvandning for den inverterade funktionemfc).

Tack for att Du konstruerade detta nat — manga smaarnsforaldrar kommer att tacka dig!

10. 6p Ett synkront sekvensnat, baserat pa etrsgiftter, anvands som en "majority voter”. Det
varde hos insignalen som forekommitde flesta gangernainder de senastee klockpulserna
presenteras pa utganggnGrindsymbolen som anges med bokstaven "M” ardekedlad
majoritetsgrind, utgangen tar samma varde somajoritetav ingangarna.

a, q, q,
w—D D D

CP ~C ~C ~C
Reset R o= ~|:R o= ~|:R o—

IVI Y




a) (2p) Analysera skiftregistret i figuren nedaih oitatillstandsdiagram ochtillstandstabell.
(Tag garna hjalp av det paborjade tillstandsdiagnatrmed atta tillstand, men rita en egen figur
till svaret).

(c:100)
9.9,9, \_/

0
Reset  /4:000 :001 d:01 e:101 h:111

W,

b) (3p) Man kan alternativt gora diknande krets pa ett annat satt som en Moore-automat med
fyra tillstdnd (inte exakt samma beteende). Resodig fram tilltillstdndsdiagram och
tillstandstabell for ett sddant sekvensnat. Tag darefter framakey fornasta tillstand och

utsignal funktionerna.

Anvand tillstandskodningengqo 00, 01, 10, 11.

Arbetsnamn pa tillstdnden kan vara

"Tripple zeroes” “Double zeroes” “Double ones” “pple ones”.

(Ta garna hjalp av figuren med det pabdrjadeditidsdiagrammet, men rita en egen figur till
svaret).

1= (G, 0o, W) Qo™= f(0l1, Go, W) Y = (0, Qo)

didy
0

Reset @ b 01 c10 m
o o U

Tripple Double Double Tripple
zeroes zeroes ones ones

c) (1p) Realiseraasta tillstandsavkodarenfor kretsen i b) med tva stycken 4:1 multiplexore
Utga ifran att signalemw finns tillganglig i inverterad form (om sa skubehovas). Se figuren
nedan, men rita en egen figur till svaret.

?

W ?
wW— 9190 4190 —y

00 00
1 — 01 01
0 — 10 10

11 1

L{D L 14 LD L1490
CcP [~ C —~C
Reset R o— —+R o—




Del B. Designproblem

Observera! Del B rattas endast om Du har mer an dd plel A1+A2.

11.5p Sekvensdetektor. w
c—P

(]

Du ska konstruera en synkron sekvenskrets, i farenapositivt flanktriggad Moore-automat.
Insignalenw ar synkroniserad med klockpulsei@aUtsignalerz ska bli 1 varje gang som vardet
pa insignalenw varit oférandrat under exakt tva klockpulser. De@ndring av utsignalen ska
upptréda vid den klockpuls som féljer efter kloclggmna med de likev vardena. Se ett

fortydligande exempel nedan.
w. 001100011011100111111000010110 ...
z: 001010000100000100000000000001 . ..

a) (3p) Stall upp kretserilstandstabell och ritatillstandsdiagram.

b) (2p) Anvand Binarkoden for att koda tillstandeh stall upp dekodade tillstandstabellen
Tag fram de minimerade utryckéir nasta tillstand och forutgangsvardet Nagot grindnat
behdéver inte ritas.

12.5p Dual edge trigger.
Konstruera ett asynkront sekvensnat som vid varje

andring (0- 1 eller 1 0) av insignalenv genererar Wm
en kort puls pa utgdngenVid oférandrad insignal ar

utgangen z = 0. Utgangspulsens langd ges av tide!

for tillstindsovergangen i det asynkrona sekvens- Z | | M | | |
natet. Se tidsdiagrammet for ett exempel.

Svaret ska innehdlla etlistdndsdiagram, vid behov minimerad, effddestabell och en lamplig
tillstandstilldelning med erexitations-tabell som gekapplopningsfria nat. Du skall aven ta
fram dehasardfria uttrycken for nasta tillstdnd samt ett uttryck fagtgangsvardet och rita
grindnaten med valfria grindar.

Ledning: Man kan intuitivt komma fram till en |6sigf med fyra tillstand.

Lycka till!



Inlamningsblad fordel A Bl ad 1

(tas loss och lamnas in tillsammans med I6snirayéiindel A2 och del B)

Efternamn:

Personnummer:

F6rnamn:

Skriv in dina svar for uppgifterna fran del A1 (1till 8)

Fraga | Svar
1 f(X1 y! Z) :{SOF}min = 7
2 a) b) snwax= % (svara med ett binartal)
> N 10
|11 |
b, bbb b,
Cotn
N ADD
[T T ] T —
LI =2x@xx+lxx)
Sg S5 84 835, 5 8,
3 9: f(X3,X2,X1,X0)={SOF}mm =7
4 |a) f(a,b,c)="?
b) aa, bB, CE
5 |Y=f(AB)="?
° oo 00,
7
Y="f(y,ab)=?
8 a..h?

Nedanstdende del fylls i av examinatorn!

Del Al

Del A2 Del B

Totalt

Poang

9 10 11

12 Summa| Betyg




10



&

Y
EKTHY

i';.‘%‘
/AN

VETENSKAP
e OCH KONST 8¢

e

KTH Informations- och
kommunikationsteknik

Written exam for
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General Information
Examiner Ingo Sander.
Teacher Elena Dubrova /William Sandgvist, tel 08-790448

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 afakRs, and a total of 30 points:

Part A1 (Analysis) contains eight short questions. Right answergisé you one point for six of
the questions and one or two points for two ofghestions. Incorrect answer will give you zero

points. The total number of points in Part i81L0 points To pass the Part Al at least 6p are
required, if you get fewer points we will not look at thetrekyour exam

Part A2 (Methods) contains two methodology problems of a total @fpbints.

To pass the exanat leastL1 pointsfrom Al + A2 are requiredf you get fewer points we
will not look at the rest of your exam

Part B (Design problems) contains two design problems of a total of 1(h{soi

NOTE ! At the last page of the exam there is a submisshieet for Part A1, which skould be
separated and submitted together with the solufema2 and B.

For a passing grad& () atleast 11 pointsrequired on 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 Mohdd 1 2014.
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Part Al: Analysis

Only answers are needed in Part Al. Write the answe the submission sheet for
Part A1, which can be found at the last page ofetkam.

1. 1p/Op

A function (X, y, z) is described by the equation:
f(XY,2) = XY+YyzZ+XyzZ+Xyz

Write the function in a minimal sum-of-productsrfdr
f(xy,2) ={SoR,,, =7

2.2p/1p/0Op

A four bit numbeix (Xsx2X1Xo) IS to be multiplied X Xy X X
by the constant 6. L]
The numbek is fed into a five bit adder which i<

configured for the operation X6= 22X + 1X).

—_—
— =

a) Draw how the adder has to be configured.
Except the four bits iR, constants with the
values 0 and 1 are also available. You will find
copy of the figure on the submission sheet. 1T
b) Which is the greatest binary numiser FeGRES
(SsSs4:591S0) that can appear on the output wh LI L] =2x@xx+lxx)
the circuit is configured for this operation? Sg 55 54 53 8, 8, 8,

Answer with a binary number. -

b,b,b, b b,
Can

QLT

3. 1p/0p

A Karnaugh map for a function of four variables f(xs, X2, X1, Xo) iS given below.

Write theinverted function in a minimal sum of products, SoP, form.

"-"in the map means "don’t care”. (NOTE that we asking for the inverse of the function).

XX, y=
XaX 5 00 01 11 10
|01 (™ |0
or|'0|0|0 1] - _
12 15 14 J".S'OPmin -
"Ml =101-11
ol0|™ |10

13



4. 2p/1p/0Op
The Figure below shows a kombinatorial circuit gstmsg of a NOR-gate and an OR-gate (to the
left in the figure).

: 21°—r:_>1—f

>~

Do o=
Dl R
l
Qo
Qo
&

a) Write the logic functionf =f(a,b,c) that is realized by the circuit.
b) The same function can be realized by a NAND-NA®BIRuit (to the right in the figure). Write if
the variables, b andc need to be inverted or not at the inputs of thisuds.

5.1p/0Op
Give an expression for the logic function realibydhe CMOS circuit in the figure below?
o .

—
: :

=L

6. 1p/Op

CP

~C ~C
(O— 1 F O

Sequential circuit shown above starts in the gjaige 00. Analyze the circuit and give the sequence
of its states for the following four clock pulses.

14



7. 1p/Op

This figure shows an asynchronous sequential ¢irthe gate
with the letteM is a majority gate — which means that the out| g Y=f(v,a,b)="
takes the same value as the majority of its inptglyze the | Y=y

circuit and write its characteristic function. M 2

Y =f(y,ab)="? [

8. 1p/0p
This VHDL-code describes a known circuit. Whichke®n Choose between:

A half adder.

A full adder.

two XNOR-gates.

A JK-flip-flop.

A SR-latch.

A 2x2 crossbar switch.
A multiplication circuit.
A division circuit.

S@mPo0 T

ENTITY gismo IS

PORT ( c, b, a : IN STD_
X, VY . QU STD_

END gi sno ;

LOG C ;
LOG C) ;

ARCHI TECTURE beh OF gisnp IS
BEG N

X <= ¢ XOR b XOR a ;

y <= (a AND b) OR (c AND a) OR (c AND b) ;
END beh ;

15



Part A2: Methods

Note! Part A2 will only be corrected if you havespad part A1>6p).

9. 4p Toy instruments for young children can be \aéisgurbing. You must therefore construct a
"dissonance-lock" representing the blotkn the figure. You should be able to press theskaye

at a time, but if you press multiple keys simult@auny, a chord, then just (= the nice sounding)
combinations of keys, c, e, and g should soundasratbmbinations should be quiet.

The sound should be produced only if (1) exastlg of the keys c, d, e, f, g, is pressed

(2) any possible combination of keys c, e, g ispee. All other combinations produce no sound.

Tone
4 . |
ﬁ
Yy

generators

— ]
a) (1p) Set up the truth tabje=f (c, d, e, f, g) or draw a Karnaugh map directly.

— 1]
— 1
— 1]
— 1]

i

Can you find a case where the valug dbes not matter? If so, use it as a don't care

(it will pay off).

b) (1p) Minimize the functioly and express it in a sum of products (SoP) forne. disn’'t
cares.

c) (1p) Invert the minimized functionfrom b) with the help of the de Morgan rules.

d) (1p) You are restricted to use only four inBI@AR gates for realizing the function.
( Hint! If one NOR gate is used as an invertehatdutput of the circuit, then you can use
the inverse function from c ).

Thank you for designing this circuit - many parentsof young children will thank you!

10. 6p A synchronous sequential circuit based dnifaregister is used as a "Majority voter". The
value of the input signal that occurred most of the times in the past titeek pulses is
displayed at the outpyt The gate denoted by the "M" is a so-called mbjayate, it's output takes
the same value as the majority of its inputs.

q, q, a,
w—D D D

CcP ~C ~C ~C
Reset R o= ~|:R o ~|:R o—

IVI y
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a) (2p) Analyze the shift register and drstate diagramandstate table (Please take the help of
the initiated state diagram with eight states shbelow, but draw your own figure to answer).

(c:100)
9.9,9, \_/

0
Reset  /4:000 :001 d:01 e:101 h:111

W,

b) (3p) Alternatively, one can makesiailar circuit in a different way as a Moore machine with
four states (not exact the same behavior). Dravsttte diagramandstate tablefor such
sequential circuit. Then write the expressiongliemext stateandoutput function. Use the state
assignement

1o 00, 01, 10, 11.

Working Names of the states could be

"Tripple zeroes” “Double zeroes” “Double ones” “pple ones”.

(Take the help of the figure with the initiatedtstdiagram, but draw your own figure to answer).

01"= (G, 0o, W) Qo™= f(0l1, Go, W) Y = (0, Qo)

diqy
0

o O O O

Tripple Double Double Tripple
zeroes zeroes ones ones

c) (1p) Realize the next state decoder for theudiin b) with two 4:1 multiplexers. Assume that
the signalw is available inverted (if needed). See the ficagw, but draw your own figure to
answer.

W— ?
W — 9190 9190 —vy

00 00
1 — 01 01
0 — 10 10

1 1

LD 144 LD 14
CP ~>C —>C
Reset R o— —R o—

17



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

11.5p Sequence Detector. w
c—P

(]

You need to design a synchronous sequential ciirctiite form of a positive edge-triggered Moore
machine. The input signal is synchronized with the clock puls€sThe output signa should
become 1 each time the value of the input signlaad not changed for exact two clock pulses.
This change in the output value will appear atdloek pulse following the two pulses with the
identicalw values. See the example below for clarification.

w. 001100011011100111111000010110 ...

z: 001010000100000100000000000001 . ..

a) (3p) Set up the circuitstate tableand draw thetate diagram

b) (2p) Use the binary code to encode the stat@seinup thencoded state tableObtain the
minimized expressions for thmext stateand theoutput functions. No schematic of the circuit
needs to be drawn.

12.5p Dual edge trigger.
Construct an asynchronous sequential circuit which

at each change (01 or 1- 0) of the input signalv

generates a short pulse at the oupi¥hen the w

input signal is unchanged, the output should be.

Output pulse length is given by the time for the ” H ”_H ” ”

transition state in the asynchronous sequentialitir
See timing diagram for clarification.

Your answer must includesdate diagram if necessary minimized,flow table, and an
appropriatestate assignmentvith aexcitation table that gives race-free networks. You must also
develop the hazard-free expressions fomiéve stateand an expression for toatput, and draw
the gate circuit. It's free to use any type of gatdint: One can intuitively arrive at a solutiofttw
four states.

Good luck!

18



Last Name:

Submission sheet for Part A1 Sheet 1

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

Personal code
number:

Given Name:

Write down your answers for the questions from PartAl (1to 8)

Question | Answer
1 f(x,y,2)={SoR, =2
2 a) b) snwax= % (answer with a binary numbe
X X% 10
[ |1 ] | |
BERE S G
L] =2x@xx+1xx)
36 S.‘ S'I .S'] S1 SI Sﬂ
3 9: f(XS'XZ'Xl’XO)Z{SOF}min :?
4 |a) f(a,b,c)="?
b) aa,bB,CE
5 Y=f(AB)="?
° oo 00,
7
Y=1(y,ab)="
8 a..h?

This table is completed by the examiner!!

Part Al Part A2 Part B

Total

Points

9 10 11

12 Sum Grade
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