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DèntroRologioÔ
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SqhmatikìDèntrou
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Dèntro-Fusik Sqed�ash
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T�shma�neiAsÔgqronokÔklwma?4

Π. ΚΡΗΤΗΣ
ΗΥ−220

T�shma�neiAsÔgqronokÔklwma? •AsÔgqrono=ìqiSÔgqrono. •SÔgqrono:qrhsimopoie�enaexwterikìkajolikìshmagiaparat rhshka�dia- qwrismìkatast�sewntousust mato
. •AsÔgqrono:qrhsimopoie�eswterik�kaiexwterik�s mata¸
gegonìtagiapa- rat rhshka�diaqwrismìkatast�sewntousust mato
.
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Epiqeir matagiaAsÔgqronhSqed�ash5

Π. ΚΡΗΤΗΣ
ΗΥ−220

Epiqeir matagiaAsÔgqronhSqed�ash •Probl mataulopo�hsh
sÔgqronwnkuklwm�twnuyhl¸nsuqnot twn. •En�squshtourologioÔ. •Apokl�sei
tourologioÔstashme�a�fixh
. •Pt¸shtouprosegg�simouembadoÔse1kÔklo.
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Epiqeir matagiaAsÔgqronhSqed�ash6

Π. ΚΡΗΤΗΣ
ΗΥ−220

Epiqeir matagiaAsÔgqronhSqed�ash •Qamhl katan�lwshenèrgeia
. •Apìdoshmèsou-ìrou(w
pro
tadedomènaupoepexergas�a)kaiìqiqeirìterh
 per�ptwsh
. •Orismènoprwtìkolloepikoinwn�a
metaxÔmon�dwn. •'Elleiyhkajolik¸nqronik¸nproupojèsewn. •Idanik�giaSust mata-se-Chip

Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



SÔgqronhEpikoinwn�a7

Π. ΚΡΗΤΗΣ
ΗΥ−220

SÔgqronhEpikoinwn�a

Sender
Register

Logic

Register
Receiver

clock

clock

Data Input

TsTh

Qronikì
Periorismì
:tadedomènaeisìdoumènounstajer�stopla�sio setup/holdgÔrwapothnakm tourologioÔ. Q.Swthr�ouHU590.20-Qronismì
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SÔgqronhEpikoinwn�a8

Π. ΚΡΗΤΗΣ
ΗΥ−220

SÔgqronhEpikoinwn�a

11001

•oiakmè
tourologioÔkajor�zounthndeigmatolhy�atwns matwn. •tas mataanebokateba�nounmetaxÔakm¸n(kludwn�smoi-hazards). •met�dosh/met�bashapokÔklosekÔklog�netaimestajer taqÔthtaka�su- qnìthta.
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AsÔgqronhEpikoinwn�a9

Π. ΚΡΗΤΗΣ
ΗΥ−220

AsÔgqronhEpikoinwn�a

Sender
Register

Logic

Register
Receiver

Ack

Req

•Prwtìkolloqeiray�a
(handshake)ulopoie�thndiadikas�aepikoinwn�aant�tou(apokoinoÔ) rologioÔ. �2 4-rwnf�sewn. •TrìpoiLeitourg�a
: 1.'Olatayhf�atwndedomènwnsunton�zontaiapoenas ma,Req Ack;�PakètoDedomènwn�. 2.Tadedomènae�naikatall lw
kwdikopoihmèna,¸stetokÔklwmanaanagnwr�zeithn�fixh ègkurwnlèxewn;kwdikopo�hsh1-apì-2 m-apì-n. •Epikoinwn�ametaxÔlogik 
ka�elègqoumpore�naulopoihje�e�temestajer kajustèrhsh(1), e�temeanagn¸risholokl rwsh
(2).
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AsÔgqronaProtìkollaQeiray�a
10

Π. ΚΡΗΤΗΣ
ΗΥ−220

PrwtìkolloQeiray�a
4F�sewn
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AsÔgqronaProtìkollaQeiray�a
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Π. ΚΡΗΤΗΣ
ΗΥ−220

PrwtìkolloQeiray�a
2F�sewn
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Anagn¸rishOlokl rwsh
12

Π. ΚΡΗΤΗΣ
ΗΥ−220

Anagn¸rishOlokl rwsh
 detectorRegister
Receiver Sender

Register
Logic

Req

Ack

•Hanagn¸risholokl rwsh
bas�zetaistaex 
: 1.kwdikopo�hshdedomènwn,l.q.dipl 
r�ga
 2.duof�sei
monìtonh
leitourg�a
 •holokl rwshmia
leitourg�a
,p.q.prìsjesh,shmatodote�taiapoègkurhlèxh sthnèxodoka�dhmiourge�tos maReq. •apaitoÔntaikwdikè
lèxei
gia(a)dedomènaka�(b)ken lèxh.
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Π. ΚΡΗΤΗΣ
ΗΥ−220

Kwdikopo�hshShm�twngiaAnagn¸rishOlokl rwsh
 Kwdikopo�hsh1apo2:K¸dika
Shmas�a 00kenì 01logikì0 10logikì1 Kwdikopo�hsh1apo4:K¸dika
Shmas�a 0000kenì 0001logikì0 0010logikì1 0100logikì2 1000logikì3 Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Logik Dipl 
R�ga
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Π. ΚΡΗΤΗΣ
ΗΥ−220

Anagn¸rishOlokl rwsh
 •logik 1-apì-2 m-apì-nqrhsimopoie�taigiaanagn¸risholokl rwsh
. •basik�qarakthristik�: �2f�sei
leitourg�a
,DED.→DED.,KENO→KENO(monìtonhlogik ). �kwdikè
lèxei
giadedomènakaikenì. �asjenoÔ
 isqur 
èndeixh
. �qr shmonomonìtonh
logik 
,denqrei�zontaiantistrofè
. •olik metatrop toukukl¸mato
polÔakrib . •hf�shKENO→KENOepibradÔneikat�polÔthnleitourg�a.
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Stajer Kajustèrhsh15

Π. ΚΡΗΤΗΣ
ΗΥ−220

Stajer Kajustèrhsh

Sender
RegisterRegister

Receiver

delay

Logic

Req

Ack

•ParìmoiamethnsÔgqronhmèjodo. •Metr�me upolog�zoumethnmègisthkajustèrhshth
logik 
an�logamethn kritik odìth
logik 
. •Qronik�perij¸riaapaitoÔntai.
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Sqed�ashYhfiak¸nKuklwm�twn16

Π. ΚΡΗΤΗΣ
ΗΥ−220

Sqed�ashYhfiak¸nKuklwm�twn •Sumbatikì
orismì
yhfiak¸nkuklwm�twn:p�naka
al jeia
 p�naka
ro 
. •p�naka
alhje�a
→sundiastik�kukl¸mata. •p�naka
ro 
 di�grammakatast�sewn→akoloujiak�kukl¸mata. •perigraf toukukl¸mato
g�netaimeqronikìdi�gramma(ston1okÔklo,ston 2okÔklo...k.l.p.). •staasÔgqronakukl¸matahperigraf antistoiqe�seexart sei
metaxÔshm�- twn.
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Sunduastik�Kukl¸mata17

Π. ΚΡΗΤΗΣ
ΗΥ−220

Sunduastik�Kukl¸mata •Hèxodo
einaisun�rthshth
eisìdou. •Oorismì
g�netaimeenap�nakaal jeia
. par�deigma-logik pÔlhsÔzeuxh
(AND): abèxodo
 000 010 100 111 ulopo�hshsundiastik¸nkuklwm�twn: •logikè
pÔle
 •�polÔploke
pÔle
�tranz�stor Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Ulopo�hshSunduastik¸nKuklwm�twn18

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshSundiastik¸nKuklwm�twn par�deigma:

a

b

c

a

c

b

Vdd

Vss

a.b+c

a

b

a.b+c
c
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Akoloujiak�Kukl¸mata19

Π. ΚΡΗΤΗΣ
ΗΥ−220

Akoloujiak�Kukl¸mata •Hèxodo
e�naisun�rthshth
eisìdoukaith
paroÔsa
katastash
. •Oorismì
mpore�nag�neimedi�grammakatast�sewn mep�nakaro 
. par�deigma-metrht 
2yhf�wn: P�naka
Ro 
:x
01 1(1),002,01 23,11(2),01 3(3),114,10 41,00(4),10 Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Akoloujiak�Kukl¸mata20

Π. ΚΡΗΤΗΣ
ΗΥ−220

Akoloujiak�Kukl¸mata par�deigma-metrht 
2yhf�wn: Di�grammaKatast�sewn:
x x

x

x

1/00

2/01

3/11

4/10
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Yhfiak¸nSusthm�twn22Septembr�ou2008



Ulopo�hshAkoloujiak¸nKuklwm�twn21

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshAkoloujiak¸nKuklwm�twn genik morf akoloujiakoÔkukl¸mato
:
.
.
.

.

.

.

.

.

.
.
.
.

Z1
Z2

y1
y2

E1
E2

Es ys

Zt

Circuit

Combinational

Internal
Variables

x1

xr

x2

Excitation
Variables

InputsOutputs
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Ulopo�hshKuklwm�twn-Probl mata22

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshSunduastik¸nKuklwm�twn K�ndunoi/Kludwnismo�(Hazards): static 0−hazard

static 1−hazard

dynamic hazards

•ProkaloÔntaiapoti
kajuster sei
twnlogik¸npul¸nkaisundèsewn.
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Ulopo�hshKuklwm�twn-Probl mata23

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshAkoloujiak¸nKuklwm�twn K�ndunoi/Kludwnismo�: 1.Jemeli¸dei
(Essential) •K�ndunoipoÔodhgoÔnènakÔklwmasel�jo
kat�stash. •Dènapale�fontai,allaapofeÔgontaimethnefarmog kajuster sewn. 2.Exìdwn •Sunduastiko�kludwnismo�sti
exìdou
touakoloujiakoÔkukl¸mato
. Ephrro perib�llonto
(SIC,MIC).
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Ulopo�hshKuklwm�twn-Probl mata24

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshAkoloujhsiak¸nKuklwm�twn Antagwnismì
/Drom sei
(Races): •Peript¸sei
ìpouhswst leitourg�aenì
kukl¸mato
exart�taiapothnseir� enallag 
t¸nmetablht¸nkat�stash
. •ProkaloÔnaÔxhshtwnmetablht¸nkat�stash
. •Je¸rhmaMonadik 
Kwdikopo�hsh
Katast�sewn(UniqueStateCoding):oi diaforetikè
sumperiforè
enì
kukl¸mato
stonqrìno,antiproswpeÔontaiapo diaforetikè
eswterik�-apojhkeumène
<<katast�sei
>>
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Par�deigmaAsÔgqronouKukl¸mato
25

Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaAsÔgqronouKukl¸mato
 metrht 
2yhf�wn: P�naka
Ro 
:x
01kwd. 1(1),002,0100 23,11(2),0101 3(3),114,1011 41,00(4),1010
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Par�deigmaAsÔgqronouKukl¸mato
26

Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaAsÔgqronouKukl¸mato
-KÔklwma1 01
x

00

01

11

10

y1y0

Y0

Y0 = x.y1 + x.y0

1

1

1

11

11

1

x
01

00

01

11

10

y1y0

Y1

Y1 = x.y1 + x.y0

δ1

δ0

Y0

Y1

x

x

x

x

y1

y0

y1
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Par�deigmaAsÔgqronouKukl¸mato
27

Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaAsÔgqronouKukl¸mato
 An�lush:Sunduastiko�K�ndunoi •1-kludwnismì
stoU0otanU1U0=01. •1-kludwnismì
stoU1otanU1U0=11. Akoloujiako�K�ndunoi •Jemeli¸dei
k�ndunoisek�jekat�stash. •Sunj kh:Anhe�sodo
xall�xei3forè
,htelik kat�stashjae�naidiaforetik apìanall�xei m�a.
Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Par�deigmaAsÔgqronouKukl¸mato
28

Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaAsÔgqronouKukl¸mato
-KÔklwma2

xY0

Y1

x

δ0

δ1

x

x

y0
y1

y0

y1

y1

y1

y0

ìpouδ0>δinverterka�δ1>δinverter. Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Orismì
AsÔgqronwnKuklwm�twn29

Π. ΚΡΗΤΗΣ
ΗΥ−220

Orismì
AsÔgqronwnKuklwm�twn •mpore�nag�neimetonsumbatikìtrìpo:p�naka
al jeia
,p�naka
ro 
 di�- grammakatast�sewn. •ep�sei
mpore�nag�neimeDi�grammaEnallag 
Shm�twn(SignalTransition
Graph). •toSTGe�naienae�do
Petri-net,dhlad epèktashenì
diagr�mmato
kata- st�sewn. •ènaasÔgqronokÔklwmaorismènomeSTGmporèinakatal xeisesunduastikì  akoloujhsiakìkÔklwma.
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Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaOrismoÔmeSTG

Orismì
pÔlh
(C-Muller)pouulopoie�sÔzeuxh(AND)giaevents:

Q.Swthr�ouHU590.20-Qronismì
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Par�deigmaOrismoÔAsÔgqronouKukl¸mato
31

Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaOrismoÔAsÔgqronouKukl¸mato


ACK

req

ack

REQ

Block

H/S

•topiìsÔnhje
asÔgqronokÔklwma,enastoiqe�oqeiray�a
.
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Par�deigmaOrismoÔAsÔgqronouKukl¸mato
32

Π. ΚΡΗΤΗΣ
ΗΥ−220

P¸
toor�zoume?

req

ACK & req

(ACK)

(REQ)

ACK

reset

stateidle

statereq

stateack

statewait

req+

ack+

req−

ack−

REQ+

ACK−

REQ−

ACK+

STG

FSM

•MporoÔmenatoor�soumesanFSM, sanSTG. •hFSMdènperièqeiarketè
plhrofor�e
giaepal jeushth
orj 
leitourg�a
. •ToSTGekfr�zeitonapara�thtoparallhlismìan�mesasthndexi�kaiarister pleur�. Q.Swthr�ouHU590.20-Qronismì
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Π. ΚΡΗΤΗΣ
ΗΥ−220

req

ACK & req

(ACK)

(REQ)

ACK

reset

stateidle

statereq

stateack

statewait

req+

ack+

req−

ack−

REQ+

ACK−

REQ−

ACK+

STG

FSM
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Par�deigmaOrismoÔAsÔgqronouKukl¸mato
34

Π. ΚΡΗΤΗΣ
ΗΥ−220

SÔnjeshAsÔgqronouKukl¸mato
 •ApotoSTGmporoÔmenakataskeu�zoumetongr�fokatast�sewn. �K�jekat�stashstogr�foe�naitodi�nusmaeisìdwn-exìdwn.
INPUTS:   req,ACK

OUTPUTS:  ack,REQ

0000

1000

req+

0010

ack-

1001

REQ+

1100

ACK-

1101

ACK+

1011

ack+

0100

ACK-

req+

1111

ack+ ACK+

0011

req-

0110

ACK-

ack-

0111

req- ACK+REQ-

Q.Swthr�ouHU590.20-Qronismì
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Π. ΚΡΗΤΗΣ
ΗΥ−220

INPUTS:   req,ACK
OUTPUTS:  ack,REQ

0000

1000

req+

0010

ack-

1001

REQ+

1100

ACK-

1101

ACK+

1011

ack+

0100

ACK-

req+

1111

ack+ ACK+

0011

req-

0110

ACK-

ack-

0111

req- ACK+REQ-
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Π. ΚΡΗΤΗΣ
ΗΥ−220

SÔnjeshAsÔgqronouKukl¸mato
 •REQ=REQ(ACK+req)+ACKreq. •ack=REQ.

req
REQ

ack

ACK

C

Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Parade�gmataAsÔgqronwnpul¸n37

Π. ΚΡΗΤΗΣ
ΗΥ−220

Parade�gmataAsÔgqronwnpul¸n

C

XOR Gate = OR for events

C−Muller gate = AND for events

P�naka
Al jeia
PÔlh
C−Muller: abc

000 01c
′

10c
′

111

Q.Swthr�ouHU590.20-Qronismì
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Parade�gmataAsÔgqronwnpul¸n38

Π. ΚΡΗΤΗΣ
ΗΥ−220

Ulopo�hshPÔlh
C−Muller

Cc
a

b
c

staticiser

b

a

a

=

w
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Π. ΚΡΗΤΗΣ
ΗΥ−220

Par�deigmaAsÔgqronouKukl¸mato
 •MporoÔmenaulopoi soumeasÔgqronakukl¸matabasismènoisebasikè
asÔg- qrone
pÔle
. Par�deigma-EventFIFO:

shm.:tagegonìta(events)e�naiakmè
. Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008



Par�deigmaAsÔgqronouKukl¸mato
40

Π. ΚΡΗΤΗΣ
ΗΥ−220

EventFIFO

'AntoprohgoÔmenokaiepìmenost�diodiafèroun: TOTEantègrayetoprohgoÔmeno, ALLIWSme�nesthnkat�stashpoue�sai.
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Capture/PassLatches41

Π. ΚΡΗΤΗΣ
ΗΥ−220

Capture/PassLatches

AntadÔos mataCkaiPe�naita�diatìtehe�sodo
pern�eisthnèxodo,anìqi tìtehèxodo
apomon¸netaiapothne�sodo. Q.Swthr�ouHU590.20-Qronismì
Yhfiak¸nSusthm�twn22Septembr�ou2008
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MicroPipeline

Qrhsimopoi¸nta
ta2prohgoÔmenakukl¸matamporoÔmenaulopoi soumeèna asÔgqronopipeline(Sutherland):
C

p

register

cpd

cd

delay

register
cdp

cpd

Logic

C

Logic

delay

C

p

register

cpd

cd

delay

Logic

reqin

ackin

... dataindataout

reqout

ackout
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TrìpoiUlopo�hsh
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TrìpoiUlopo�hsh
AsÔgqronwnKuklwm�twn •AsÔgqrone
PÔle
,p.q.C-Muller,XOR,Toggle. •MicroPipeline. •AFSM→transistornetlist,AFSM→std-gatenetlist. •STG→AFSM→kÔklwma. •Program(CSP)→CMOS,Program→STG.
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Π. ΚΡΗΤΗΣ
ΗΥ−220

Kathgoriopo�hshKuklwm�twn-Montèla Kajuster sewn •Tamontèlakajuster sewnefarmìzounkajuster sei
stamèrhenì
kukl¸mato
gianadiagn¸- sounthnpijanìthtalaj¸n naepibebai¸sounthnmhÔparxhtou
: 1.mh-eua�sjhto-sti
-kajuster sei
(delay-insensitive): •Efarmìzeikajuster sei
seìlatamèlhenì
kukl¸mato
kaisti
sundèsei
. 2.anex�rthto-taqÔthta
(speed−independent): •Efarmìzeikajuster sei
mìnost�
suskeuè
eno
kukl¸mato
jewr¸nta
otioikajuster - sei
twnsundèsewne�naiamelhtèe
. 3.hm�-eua�sjhto-sti
-kajuster sei
(quasi-delay-insensitive): •Sunduasmì
twndÔoparap�nw.
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Per�lhyh •TaasÔgqronakukl¸matadenbas�zontaiseènakajolikìs masugqronismoÔallasetopikoÔ
 sugqronismoÔ
/epikoinwn�e
. •OiduosÔnhjei
trìpoiepikoinwn�a
perilamb�nounta2prwtìkollaqeiray�a
. •Up�rqoundi�foroitrìpoiulopo�hsh
asÔgqronwnmon�dwn:p.q.meanagn¸risholokl rwsh
  stajer kajustèrhsh. •Oorismì
asÔgqronwnkuklwm�twnelègqoukaihulopo�hshg�netaimedi�forou
trìpou
. •Hulopo�hshasÔgqronwnFIFO/Pipelinese�naiexairetik�eÔkolhmepÔle
C-Muller. •Hswst ulopo�hshAFSMsprèpeimhnephre�zetaiapol�jhkaikunhght�. •Tomontèlokajuster sewnkaihsumperifor�touperib�lonto
toukukl¸mato
pa�zounrìlo sthnswst leitourg�atou.
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