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Note: You can give the answers in English or Swedish.

1. a) Describe briefly Gajski’s Y-chart. What domains of information of an electronic design
are captured by the Y-chart?
b) In your opinion, what are the main reasons to represent a design in three different
domains?
¢) Use the Y-chart to illustrate a typical top-down design process.

(3p)

2. a) What is the basic idea of the Capture-and-Simulate paradigm for electronic design?
What are the main difference between this paradigm and the Describe-and-synthesize
paradigm?

b) How does the Capture-and-Simulate paradigm deal with the increasing complexity of
electronic systems?

(3p)

3. Consider the following VHDL code:

entity EXAM is
port (A, B, C, D, E, F, G: in INTEGER;
X, Y: out INTEGER);
end EXAM;

architecture HIGH-LEVEL of EXAM is
begin
X <= (A+B) *F+C*D+D*E*G;
Y <= (A*B+C*D) *G+F;
end HIGH-LEVEL;
a) Draw a data flow graph to capture the above design.
b) Derive a list schedule, assuming that there are one adder and two multipliers. You can
propose a priority function which is appropriate for this purpose. [llustrate, at least in a
step, how the proposed priority function is used.
¢) Is your schedule, generated with the list scheduling algorithm, an optimal one for this
particular example? Why?

(4p)

4. a) What are the two basic approaches used to synthesize a controller? What are the
advantages and disadvantages of these two approaches, respectively?
b) What are the differences between horizontal microcodes and vertical microcodes?
What are their respective features?

Gp

5. a) What is a heuristic algorithm? What are the motivations of using such an algorithm?
b) Describe the basic ideas and principles of the Simulated Annealing (SA) algorithm.
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¢) Identify an optimization problem in high-level synthesis and discuss how it can be
solved with the SA technique.

(4p)
6. a) What is the Branch-and-Bound technique? Describe the main features of this
technique.
b) [llustrate the Branch-and-Bound technique with an example.
¢) Is the Branch-and-Bound algorithm you have described in (b) an exact algorithm or a
heuristic? Why?
(3p
7. a) How do you define testability of a digital circuit?
b) Why should we avoid redundancy in a circuit for testability consideration?
¢) Why is it difficult to test modern chip which is implemented with mixed technologies?
(Bp)
8. a) What is the basic principle of the scan technique?
b) What are the main advantages of using the full scan method?
¢) Discuss the different overheads which are associated with the scan technique.
(Bp
The VHDL Part:
9.  What is a resolved signal? Why do we need a resolution function attached to such a
signal?
Imagine you have an one bit bus to which several processes write. If one single process
is writing to the bus, the bus carries the value written by that process. If zero, two or more
processes are writing to the bus, the bus carries the value ‘0’.
Declare the signal representing the bus and specify the resolution function (give the
VHDL code).
Gp
10.  What is special about guarded signals?

I1.

We have guarded signals of class register and bus. What is the difference between them?
(2p)
We have discussed the following design units a VHDL model is composed of: entity

declaration, architecture body, configuration declaration.

Explain which aspect of the model (or of a part of the model) does each of them capture.
(What information regarding the model and its simulation do they carry?)
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12.

13.

[lustrate by an example for each of them, considering a very simple circuit.
Gp

Consider that we are at simulation time 100ns and the driver of a signal S has the
following content:

0 10 25
100 ns 120 ns 160 ns

The following two signal assignments are performed, one after the other, at the current
simulation time of 100ns:

S <= 18 after 20 ns, 2 after 50 ns, 5 after 65 ns, 10 after 120 ns, 25 after 135 ns;
S <=reject 50 ns inertial 15 after 80 ns;

Indicate the content of the driver for signal S

a) after the first signal assignment above;
b) after the second signal assignment above.

Gp)

Consider the signal X having the waveform as follows:

hinEiEelie

10 20 30 70 75 85 90 110 130 140 148

t=0 ns

Draw the output waveform (Z) if X is applied at the input of a buffer element specified as:
a) Z <= transport X after 20 ns

b) Z <= X after 20 ns

¢) Z <=reject 6 ns inertial X after 25 ns

3p)



"UOHBULIOJUL [BUORIPP. JO) BPIS 8SI8A81 865
"pojueIB-Agatey s! Soyum Ul JUBWINOOP

i jo sajdod WwieqieA ARoins anguIsIp pue sonpodes

0} uoissiuuad -uopesadio ubiseq sEND SE6L @

jouisqe],, doosiw

weu |pow |/, dojnw

2[-|+  doppe

Joi|josfeis [ gs [ us | ys doys
<=|<[=>]|>|5|= dojal

iox | 4o | pue dofio)

3IONIAID3Hd DNISYIHONI -wﬁOhSmmn_oﬂ ‘v'e

S19410 | 1403Y | eBuet | sdxes =: 90I0UD

(1dxs ) [ [(1dxa),]g|3dAL Mmeu | (dxa)aiadAL

| (dxa),Qiad AL [ ({dxe f<= qigvdiDaiLod |
({“1dxe [<= [{eoi0up [}] ecioyal}} | (ebues)airao |
{tudxePairgo [ amLiv.airgo | qirgo | ey

=0 wpd

{wud you} | {wud sqe) | (uud ,,] wud)
) =1 10108
{10108} no_i& 1019e) =!I uug}
{uuey doppe} uuay [+|+] = ydxas
ldixes doys] sdxes =z idxeys
[rdxays dojas] udxeys = uogejen

{uonejas Jox uogejes)

| {uomzial s0 uogeje))

[ (uoneies pue uopeial)
' =1t Uoissaldxe

SNOISS3HdXT 'S

H{{ {4dxe | QIS <= QILHOG) ) dew pod
[{ (“4dxa <= qiNg B} } dew susuaB]]
(Q1anool-aig] uepenbyuoo)
| € aiHouy N alaLNalaian) Agus)
980 AIJWOD ¢ Ik | steye | ariagy Jo)

‘a1 panpazo.d] pua
[ustwereisenuanbes}]

uojeiadiog ubisaq SIEND $661 ©

. ' |ege] | jueuodwos
| siqeiea | jeubis | umsuoo | edfigns
| 8d#y | afieyoed | uogouny | ainpascsd
| uopenByuco | axmosyysie | Anue
: =11 §5B[0
lidxe 1
$SE[0 ! [[2 ] S18up0 | Girgo 0 iYLy anguye
‘dIAdAL © Q) egLne
'QIrgO 81 QI3dAL : Al .mm:m
" ($Buuss sy apows pusdde |
apowrayim [ epow peas usdo)
| (:Bums wo [ ul st) QiFdAL = a1 o1
$ldxe =:] QI3JAL : QI reubls
fudxe =3] QIFAL * QI oIqRUEA [paseys]
fdxe =: QI3JAL ¢ O] eIsuc

wzo.._.a.mﬁmmn H3IHLO 22

(<> abues QIIJAL
| (eBuesf~as1enas],qirgo) | (QinnNE | 1eBay
ojuMop | o} QiNNG | seBaiu)
= eBues
HebBuel] aiIdAL [aILOIATI0SIH] 51 Q1 2dhagns
‘aEdAL 0 2l st ) edy
‘QIFdAL sseooe i (| ediy
ipiogal pue
{faizdaL: an
p409a4 S| (] 2dfy

‘aldALENS | alFdAL jo
(I ai3dAL | 8buel} ) Aewe g1 () 9dfy

w..mnEnc o} | oaumop Jequinu ebue s g adi;
{'al)stqiediy

SNOILVHYIO3A 3dAL “LZ

UONEICWO) UbISS(Q SIBND S661 ©

iio] pus
{{Byuoa™dwoo | Gyuos™yaoja}]

ariagy 4o}
=uByuos™o0|g

[{fuerqioyid aign esn)

a1 Aesqy
=19sMnejo asn
‘AlINOD [uogeinbyuoa] pus
{10} pue

{{Byuosdwioo | Byucosooiq)]
QIHOHY 10}
S] QIALILNZ jo q] uopeanBiuoa
[{ssneo~asn}]

aiovd pog efeyoed] pus
[{uopeseoep]]

s| g Apog eBexyoed

[{esnej™asn}]

{apiovd [eBeyoed] pue
[{uogerejoap}]

§1 Q) ebeyoed

- [{esnejpasn}]

‘QIHOYY [Brmosyyose] pus
[huswares™eered)]
utbeq
[{uonerejoep}]
St JIALLLNSG o Q] aamospyde
[{esnep™asn}]

‘QIALLLNG Mmus] pus
[{wewemsjayered)
uBaq]
[{uonerepsp}]
[H{{ipcxe =] QIFdAL 100U |10 Wl & Q7)) pod]
[*{{*[sdxe =:] Q1R AL : Q1}) 2ueLE]
: s| gt Aus
f{esnep™asn)]

SLINM AHVHE

E66L-TAHA 2By
d8ljuapl1esn  SdvO - SISy ploq

uiBaq si] SNOLLVHY102Q g ‘enyeLLIONY | - pawredey {}

[({*idxe =:] QI3 AL 30U _.So | ur feuopdo [ Buidnosn 0

: 0 [reuBis | o1qerreA | uepsuoall)q| eunpeosd Bk b el M_E puo, . |
ﬁwﬁeﬁmﬁuzaaruwm mmmvmmouh.m___%wm %&:wﬁ%&m% g " 0l zo_mSum
si] a_m.mﬁ :aﬂwmw s ‘ ! A.uww nuw advo NQ.Z.NINM_NE
gyar=inls oot L) ) [{Byuoo™dwiod | Byuospoial] ADIND TAHA
QIHouY Joj}

Ql uonauny [sunduy]
{g1gwoo] Jusuodwos pus

(¢ sdxe | Qi9is <= ALLHOJ)) dew Liod
: [{{* 1dxe <= qINED} } dew oueusb]]
H{:ludxa =] QI3dAL o | 1o | uy : qj}) wod] H aHouY 1 Qi LIINa[aig)] Ainue esn)
[¥({{xdxe =:] Q1IJAL : I} } oUBULE] QldNe? : aI3gy | ie oy
[s11 ) wauodwos =:Byuosdwos

NOILYIOd¥0D NDISIq

SHIVNO



UOReIOQIO) UDISEQ SIEND S66+ @

_ uojeI0dI0D ubjseq sllentd Ge6L @
pleg aousisjey Yoino aH Bojuaa
pieQ) souelajed ¥oInD sebeoed +911  8|qelieAR OS[Y

0o"s|enb @ ol sjeL-g ({dxe [<= Quval)aIooHd [pauodysod] [1g1)

leufiis uo Ayagoe sjeubls  [(idxe)heinb.aiois

G2SG-629-80G-1+ IX¥d  LLE0-}EG-E0S-|+ -BUOYd [eufits uo Juae seubls  [(xdxe)lsigms.alois _‘3avl ssesoud [pauodisod] pus
VSN HO 'uoueneeg reubis jo Adoo pafejeq [(xdxe)lpekelep,qiois [huswayeis™fenuanbas}]
uopiesodie) ubjsaq syend ¢ Yol =< Juby, fudixe)lBuipussse,giAHY :csam_u“%wn

‘pojueiIb Agalay s| BjoyM Ul JUSWINIOP 3
siy Jo saidoo WiteqisA ALOLS SINQUISIP pue aonpaidal

ucjsuswip [Lau] jo yibuey  [(dxe)luiBus) ALY
Y8y, oyusop By, [{xixa)laBues esionas,qIAHY

[({amis}) ssea0.d [pauodysod] [yl :

. odion wby, oyumop ya),  [(1dxe)lebues,glady ‘13gvl xo0iq pus

ARG VoRR uBiseQ SIED 9661 © xapu) (L] Jo punog-lamo] {(icxa)lmolQIAHY . {husweesjolesed)]
xopul (] jo punogieddn  [(1dxe)lyBiy,QIAMY ubeq

xepus [uiuljo punogaubiy  [(de)hubiaiAny [{uoereoep)]

XS] JUBLUWOD = =13 JUBLWoD
«» ey , X|ola=: fesey Buws ug
[ebeyu [-+]a] # Dhumey *] wixey # sebaju

xapus [yu] jo punog-yen [(2dxo)iyel QALY
afiewy Buwis jo eniep  (Buuis)anea,Qidal
-anfen jo ebewy Buyys  (1dxe)ebei),GldA L
eeojpesd edfy Bupusosy Bujpusose,qidAl

- [4( fudxa | QIBIS <= QILHO} ) dew yiod)

{{ argdAL nou [no | ug : i} ) wed]
ME {“1dxe <= qINT D} ) dew apieuab]
({'QiadAL: ai} ) susuab]

=2 [Riay) paseq lepioujbu s oy anfep,  (idxe)joauBLLAldAL [sr] nao [aav)
e ; g epouyseorenes  (idxeljoyeraidAl .
[1eBawi [+]3} Babeu ] sebel =:: [y wpap JBRIO Ut BM[EA SNl (1dxe)o0ud QA AL SINTWALYLS TaTIVHYd °G
{ suswinueydie [eusuepun] } Jena] =:: Jeunusp| 18pIO U} BNEA X6 (1dxa)sans,qidAlL ¥
. uopsod 18 anfep (:dxe)iea.QldAL finu
SLININITF VIIX3T] 6 odA) UM LoRISOY {(idxa)sod,aldAL ‘{{uoissaidxs] winal
eweso)p  (QEFUA)ISOT0 AN s srilbeni R “[idxe usym} [1g1d0OT iixe
i ME cmn._o . anea punogubiy WO AIdAL {[xdxa uaym] (1814007 1eU
P s QI T (SriEISYNIdO ™I L & 5 : ;
a0 ouuelfp o J2A pLNCQ paT] Hal.AidAL {M3gv) dooj pus
e i adf) eseg 95e0,aldAL {uswiere)s~feuenbas}
(r80dALSS300V)ALYO0TIVEA ; dooj ebuel uy g 10} YT
LR UORBINWIS JUaLND SWMey MON SALNAMLLY d3INIJ3A3Yg "9 ! ’
, : : {3av dooj pua
SNOILLONNA G3NId303dHd "8 agyl eleseush pus fluswaleis feguanbes]
. lhusweys jolesed)] dooj [xdxe apiym] =128y 7]
- s HLONIT AVIad speseush obiues uj (] o} 1138V {73gv7] osed pus
‘S ‘088 ‘Ui 4y INIL fmaavi mwml._u:om pu2 ﬂmﬁwﬂmﬁﬂwﬂ%@m& )
stepeIRyo o Aeuy (SALLISO)ONIELS Hiuswereis™ eifeied)] i o o
HOSY 392 HRLOVHYHO ejeseuet uixs )i TEEY ' =8yl
Suqjodeuy  (IWVHNLYNIMOLOIA™ LS H{ farois <= glLHOd} ) dew uod f13av71] 1 pua
0, g - i {udxe <= ginz5} } dew apsauab]] [fweweresTeuenbas}
E%m Mw_mw_w:m_ m>F.__ Mw”__ A Ewmswﬁmx_ﬂcmnuwm_ P
0 =< siaBeju] WHALYN A (01915 <= aiLtiod] ) deur piod ualg idxa ysie}]
S 9 4o 28 u3 {{ {4dxe <= qiNTD} ) dew apausb]] oL
DILNI : g {uswaes™eyuenbes}
as|gy 4o aruL NY3008 Hamouv)] aALLNIlaigr] Aus 1738y T . uaw 1dxa i (738wl
{ {*aI9Is <= AlLHOd) ) dew wod s - .
S3dAL G3aNEH3AIH 2 I {“4dxe <= qINIO} ) dews sjieues] f({adxa [< Qmﬁgorwhmamwomm
QldNO? 113av +HEX8 =t QIHYA
#8fgo o} ewweuyed owByy1ed,girgo t{l{eoioup [}} evlouo uaym pejoageun *{low soye] idxa}
108igo “w aumued oweu umcma&.a:.mo T 1 {isusy seue] sdxe}} " lrenuauy 31t y09fed] | Hodsuesn] = giois
pejgojosuiey  auied |w_ wis.girgo lepseu 3L 199fed] | odsuen] => QOIS “foinije]
o Sﬁ&ﬁ%&wﬁw e muunn\a“wa 109108 1dxe yum [pauodsod] [agv] [ Jouse | Buputem | ejou Kyanes]
Sy L) o.._g.uuwm_..m_w_m spasoayeun | {fouy saye] i) [(esie Buws podes
BAJOE 1SB] 20UIS BlLl) eARoE I1SELQIDIS Jdxe usym pazosyeun | {fawy Jeye] Jdxs}] ‘feanpiey | Jous
U2A® 1SE| 90UIS Bl | weAe 1SeLaI9IS [refreur Ip1 300fad] | nodsuen) | Bujuiem | ajou >=._m>umm {Buws podau]
i _.mcm_m uo \ﬂSﬁ( aAgoR. QoIS =>JdIDIsS ?E&umbnm muu_mm_é idxa passe
¢ leubis uojuaAg wans,q19is {aanyie} | Jous {[awy so4 [2dxe pun] [(‘qiDis] uo] yem
aAloe [eulis J sejifio ’ | Burtem | syou Ausaaas] [Buus poded]
[(idxa)luonsesuen.qinis Idxa pesse [peuodisod] [ragy) SLNINALYLS TVLNANDIS b



