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EuqaristÐec
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kajod ghsh kai tic qr simec upodeÐxeic tou gia thn olokl rwsh aut c thc ergasÐac.
EpÐshc ja  jela na euqarist sw kai ta upìloipa mèlh thc epitrop c, touc Kajh-
ghtèc k. Iw�nnh PapaeustajÐou kai k. Miq�hl Lagoud�kh gia to endiafèron pou
èdeixan gia aut n thn ergasÐa kai gia tic qr simec parathr seic touc.

EpÐshc ja  jela na euqarist sw ton k. Kuprianì PapadhmhtrÐou gia tic polÔti-
mec sumboulèc tou, th suneq  kajod ghs  tou kai th bo jei� tou sth lÔsh diafìrwn
problhm�twn mèqri thn olokl rwsh thc ergasÐac aut c.

EpÐshc euqarist¸ ton k. M�rko Kimiwn  kai ìlouc touc proptuqiakoÔc kai me-
taptuqiakoÔc foithtèc tou ErgasthrÐou Mikroepexergast¸n kai UlikoÔ gia thn bo-
 jeia touc ìpote aut  qrei�sthke.

EpÐshc euqarist¸ ìlouc touc fÐlouc kai sumfoithtèc mou gia to suneqèc endia-
fèron touc kai thn sumpar�stash touc se ìlh th di�rkeia twn spoud¸n mou.

Tèloc èna meg�lo euqarist¸ stouc qrhmatodìtec kat� thn di�rkeia twn spoud¸n
mou pou den eÐnai �lloi apì touc gìneic mou, Andrèa kai ArguroÔla oi opoÐoi me
st rixan ìla aut� ta qrìnia.
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Kef�laio 1

Eisagwg 

Ta probl mata ikanopoihsimìthtac (SATisfiability) eÐnai mia meg�lh kathgorÐa pro-
blhm�twn ta opoÐa anoÐkoun sthn kl�sh NP-Complete. Ta probl mata aut� pa-
rousi�zontai kurÐwc ¸c Boolean ekfr�seic mèsa apì prot�seic CNF (Conjuctive
Normal Form). To zhtoÔmeno sta probl mata SAT eÐnai na doÔme kata pìso up�r-
qei èna montèlo metablht¸n to opoÐo na ikanopoieÐ thn sugkekrimènh prìtash. Se
aut  thn diplwmatik  ergasÐa ja gÐnei melèth algorÐjmwn oi opoÐoi lÔnoun aut� ta
probl mata kai pwc mporoÔn na apotupwjoÔn se anadiatassìmenh logik .

Sto deÔtero kef�laio ja doÔme analutikìtera ta probl mata SAT, thn dusko-
lÐa twn problhm�twn kaj¸c kai di�forouc algìrijmouc epÐlushc touc me kuriìterh
èmfash stouc algorÐjmouc topik c anaz thshc stouc opoÐou an kei kai o WalkSAT
pou ulopoioÔme kai se anadiatassìmenh logik . EpÐshc sto kef�laio autì ja gÐnei
anafor� stic efarmogèc twn problhm�twn SAT kai sto SAT Competition.

Sto trÐto kef�laio parousi�zoume ton algìrijmo epÐlushc SAT, WalkSAT. GÐne-
tai h perigraf  tou algorÐjmou ìso afor� thn leitourgÐa tou kai tic euristikèc pou
qrhsimopoieÐ. GÐnetai montelopoÐhsh tou algorÐjmou se gl¸ssa programmatismoÔ C
ìpou ja gÐnei peiramatik  melèth twn euristik¸n me tic opoÐec ja asqolhjoÔme. Tèloc
parousi�zoume ta peiramatik� apotelèsmata kai gÐnetai sÔgkrish twn apodìsewn twn
euristik¸n sunart sewn.

Sto tètarto kef�laio gÐnetai mia pr¸th eisagwg  se anadiatassìmenh logik 
kai probl mata SAT. Parousi�zetai h arqik  prosèggish thc diplwmatik c h opoÐa
eÐqe skopì na efarmosteÐ h dunamik  anadi�taxh ston algìrijmo WalkSAT kaj¸c
kai �llec douleièc gÔrw apì thn dunamik  anadi�taxh. Sth sunèqeia parousi�zoume
tic kuriìterec douleièc pou èginan me thn qr sh anadiatassìmenhc logik c kai giatÐ
epilèxame na ulopoi soume ton algìrijmo WalkSAT me thn euristik  Novelty se a-
nadiatassìmenh logik .
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Sto pèmpto kef�laio parousi�zetai kai analÔetai h arqitektonik  pou ulopoieÐ
ton algìrijmo WalkSAT se anadiatassìmenh logik  me thn qr sh thc euristik c
Novelty. Parousi�zontai analutik� ta tm mata thc arqitektonik c pou apoteloÔn to
Datapath mèsa apì diagr�mmata kai perigraf  kaj¸c epÐshc kai h mon�da elègqou
(Control path) tou sust matoc h opoÐa apoteleÐtai apì mia FSM. GÐnetai perigraf 
thc diadikasÐac arqikopoÐhshc tou sust matoc kai thc ro c tou algorÐjmou.

Sto èkto kef�laio parousi�zontai ta apotelèsmata thc arqitektonik c ìso afo-
r� thn apotÔpwsh se anadiatassìmenh logik  kai touc pìrouc pou qrei�zontai gia
k�je mègejoc dedomènwn kaj¸c kai thn suqnìthta leitourgÐac. Sth sunèqeia gÐnetai
sÔgkrish me antÐstoiqec douleÐec tìso se epÐpedo ulikoÔ ìso kai epÐpedo logismikoÔ.

Sto teleutaÐo, èkto, kef�laio paratÐjentai ta sumper�smata pou bgaÐnoun apì ta
apotelèsmata all� kai apì thn sqedÐash. Dhlad , to pìso belti¸netai h apìdosh
me thn apeikìnish enìc apaithtikoÔ upologistik� algìrijmou se teqnologÐa FPGA.
EpÐshc paratÐjentai mellontikèc epekt�seic gia thn arqitektonik  kai genik� gia thn
ergasÐa aut .



Kef�laio 2

Probl mata Ikanopoihsimìthtac
SAT

Ta probl mata ikanopoihsimìthtac gnwst� kai wc Boolean Satisfiability Problems
(SAT) an koun sthn kl�sh NP-complete problhm�twn. Ta probl mata SAT ìpwc
ja doÔme kai sthn sunèqeia parousi�zontai se Conjuctive Normal Form (CNF).
Skopìc eÐnai na brejeÐ mia an�jesh tim¸n, twn metablht¸n pou to apoteloÔn ¸ste h
prìtash CNF na ikanopoieÐtai.

2.1 Morf  Problhm�twn SAT

2.1.1 Conjunctive Normal Form

Sth sunèqeia parousi�zetai mia genik  morf  thc CNF ìpou faÐnontai ta stoiqeÐa
pou thn apoteloÔn.

(v11 ∨ v12 ∨ ... ∨ v1k)︸ ︷︷ ︸
Clause

∧(
Literal︷︸︸︷
v21 ∨v22 ∨ ... ∨ v2l) ∧ ... ∧ (vn1 ∨ vn2 ∨ ... ∨ vnm) (2.1)

'Opwc faÐnetai kai apì thn èkfrash 2.1 h CNF apoteleÐtai apì clauses kai literals
ta opoÐa eÐnai sundedemèna metaxÔ touc me touc telestèc And(∧) kai Or(∨). Pio
analutik� gia thn èkfrash èqoume:

Variable: Oi metablhtèc pou apoteloÔn to prìblhma. EmfanÐzontai mèsa sta clauses
wc literals kai èqoun pedÐo tim¸n true/false. K�je metablht  sun jwc parou-
si�zete perissìtero apì mÐa forèc se èna prìblhma.
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12 KEF�ALAIO 2. PROBL'HMATA IKANOPOIHSIM'OTHTAS SAT

Literal: Me ton ìro autì ennooÔme thn apeikìnish thc metablht c mèsa sto clause.
K�je èna literal anaparist� mia metablht  kai mporeÐ na eÐnai sthn jetik  ('1')
  arnhtik  ('0') morf  tou.

Clause: K�je èna clause apoteleÐtai apì literals ta opoÐa sundèontai metaxÔ touc
me telestèc OR. Poll� clauses sundedemèna me telestèc AND apoteloÔn thn
CNF. Mèsa se mia CNF ta clauses mporeÐ na èqoun diaforetikì arijmì apì
literals.

2.1.2 Probl mata 3-SAT

EÐnai mia kathgorÐa problhm�twn SAT sthn opoÐa k�je clause perièqei akrib¸c trÐa
literals. H idiaÐterothta aut¸n twn problhm�twn eÐnai ìti ìla ta SAT mporoÔn se
poluonumikì qrìno na anaqjoÔn se 3-SAT ìpwc anafaÐretai kai sto [LP97].

2.2 DÔskola Probl mata SAT

H duskolÐa twn problhm�twn kajorÐzetai apì ton lìgo twn clauses/variables pou
perièqei to k�je prìblhma. Sto gr�fhma 2.1 apì to [RN02] parousi�zetai h pi-
janìthta eÔreshc lÔshc sunart sei tou lìgou Clauses/V ariables Gia to gr�fhma
autì qrhsimopoi jhkan tuqaÐa probl mata me 50 metablhtèc kai metaballìmeno ton
arijmì clauses. Sto sq ma 2.2 parousi�zontai ta graf mata ta opoÐa proèkuyan
mèsa apì mia seir� peir�matatwn pou èginan qrhsimopoi¸ntac to logismikì pou pe-
rigr�fetai sthn enìthta 3.3 kai probl mata ta opoÐa dhmiourg jhkan tuqaÐa me thn
qr sh thc gl¸ssac programmatismoÔ C me skopì na elegqjeÐ h pijanìthta eÔreshc
lÔshc an�loga me tic di�forec timèc tou lìgou Clauses/V ariables.

Sto 2.2(aþ) èqoume thn pijanìthta eÔreshc lÔshc èqontac stajerèc tic metablh-
tèc sta probl mata kai metab�llontac twn arijm¸n twn clauses. O arijmìc twn
metablht¸n tèjhke Ðsoc me 50 kai ta clauses kum�njhkan apì 50 mèqri 1000. Sto
2.2(bþ) èqoume parìmoio peÐrama all� aut  thn for� krat same stajerì twn arijmì
twn clauses Ðso me 1000 kai metab�loume ton arijmì twn metablht¸n apì 50 mèqri 500.

'Opwc faÐnetai kai pio p�nw h susqètish clauses kai metablht¸n kajorÐzei thn du-
skolÐa twn problhm�twn SAT. Sthn bibliografÐa o lìgoc Clauses

V ariables
= 4.26 jewreÐtai

to krÐsimo shmeÐo kat� to opoÐo h pijanìthta eÔreshc lÔshc se èna prìblhma arqÐzei
na mei¸netai. Gia lìgouc mèqri to krÐsimo shmeÐo parathroÔme pijanìthta lÔshc 1
kai ìso aux�netai o lìgoc h pijanìthta tÐnei proc to 0 ìpou kai gÐnetai.
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Sq ma 2.1: Sqèsh Metablht¸n - Clauses

2.3 Algìrijmoi EpÐlushc SAT

Up�rqoun dÔo kathgorÐec algorÐjmwn gia thn epÐlush problhm�twn SAT. Oi al-
gìrijmoi susthmatik c anaz thshc kai oi stoqastikoÐ algìrijmoi topik c anaz th-
shc.

2.3.1 Algìrijmoi Susthmatik c Anaz thshc

Oi algìrijmoi susthmatik c anaz thshc ereunoÔn ìla ta pijan� montèla metablht¸n
mèqri na broÔne to montèlo pou ikanopoieÐ to prìblhma. Ta qarakthristik� autoÔ
tou algorÐjmou eÐnai ìti eÐnai pl rhc kai k�nei anaz thsh me upanaq¸rhsh.

O pio diadedomènoc algìrijmoc susthmatik c anaz thshc eÐnai o DPLL (Davis,
Putman, Logemann, Loveland) o opoÐoc prot�jhke to 1962. Ektìc apì ton DPLL
sthn susthmatik  anaz thsh èqoun anaptuqjeÐ kai �lloi algìrijmoi ìpwc Chaff,
GRASP kai march oi opoÐoi basÐzontai ston DPLL kai efarmìzoun teqnikèc beltÐw-
shc thc apìdoshc tou ìpwc m�jhsh bohjhtik¸n clauses   euretik  epilog  sumbìlou
diakl�dwshc.
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Sq ma 2.2: Sqèsh Metablht¸n - Clauses

2.3.2 Algìrijmoi Topik c Anaz thshc

Se aut  thn enìthta ja anafèroume dÔo algorÐjmouc topik c anaz thshc kai pwc
autoÐ mporoÔn na efarmostoÔn se probl mata SAT apeujeÐac efìson epilegeÐ h ka-
t�llhlh euristik  sun�rthsh   sun�rthsh axiolìghshc. Prin anaferjoÔme stouc
algìrijmouc autoÔc ja orÐsoume ton q¸ro katast�sewn o opoÐoc eÐnai polÔ shman-
tikìc sthn topik  anaz thsh.

Sq ma 2.3: TopÐo Q¸rou Katast�sewn
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Sto sq ma 2.3 mèsa apì to [RN02] parathroÔme to gr�fhma pou parousi�zei
k�poio q¸ro katast�sewn. 'Ena topÐo èqei topojesÐa pou orÐzetai apì thn kat�stash
kai uyìmetro pou orÐzetai apì thn tim  thc euristik c sun�rthshc   sun�rthshc
axiolìghshc. ZhtoÔmeno eÐnai na brejeÐ h qamhlìterh koil�da, kajolikì el�qisto,
se perÐptwsh pou to uyìmetro antistoiqeÐ se kìstoc   se antÐjeth perÐptwsh na
brejeÐ h yhlìterh koruf , kajolikì mègisto. An�loga me to prìblhma pou melet�
o algìrijmoc topik c anaz thshc katast�seic stìqou mporeÐ na eÐnai opoiad pote
mègista   el�qista. Sthn perÐptwsh pou o algìrijmoc eÐnai pl rhc tìte ja mporeÐ
na breÐ mia kat�stash stìqou efìson up�rqei kai se perÐptwsh pou eÐnai bèltistoc
tìte ja eÐnai se jèsh na brei to kajolikì mègisto   el�qisto.

Anarr qish Lìfwn

H anaz thsh me anarrÐqhsh lìfwn (Hill Climbing) lègetai kai merikèc forèc �plhsth
topik  anaz thsh (Greedy Local Search) kai o lìgoc eÐnai ìti p�ei sthn kalÔterh
geitonik  kat�stash q¸ric na akoloujeÐ thn euristik  sun�rthsh   sun�rthsh axio-
lìghshc. Se genikèc grammèc oi �plhstoi algìrijmoi apodÐdoun kal� giatÐ mporoÔn
èukola na belti¸soun mia kak  kat�stash kai na k�noun polÔ gr gorh prìodo proc
mia lÔsh.

Sto q¸ro katast�sewn up�rqoun k�poia shmeÐa ta opoÐa mporeÐ na dhmiourg soun
prìblhma sthn anaz thsh me anarrÐqhsh lìfwn. Pio k�tw perigr�foume ta shmeÐa
aut� pou faÐnontai kai sto sq ma 2.3 kai pwc ephre�zoun thn anarrÐqhsh lìfwn.

Topik� mègista Topikì mègisto eÐnai mia koruf  uyhlìterh apì k�je geitonik 
thc kat�stash all� qamhlìterh apì to kajolikì mègisto. Oi algìrijmoi anar-
rÐqhshc lìfwn pou ft�noun kont� se èna topikì mègisto anebaÐnoun proc autì
kai sthn sunèqeia pagideÔontai mh èqontac pou alloÔ na p�ne. Se autoÐ thn
perÐptwsh h sun�rthsh axiolìghshc ja eÐnai qeirìterh se k�je geitonik  ka-
t�stash apì thn trèqousa kat�stash, ètsi o algìrijmoc ja termatÐsei kai ja
epistrèyei thn trèqousa kat�stash h opoÐa den ja eÐnai kai h bèltisth efìson
eÐnai topikì el�qisto   mègisto kai ìqi kajolikì.

Korufogrammèc Oi korufogrammèc èqoun ¸c apotèlesma mia akoloujÐa topik¸n
megÐstwn pou k�noun polÔ dÔskolh thn plo ghsh gia touc �plhstouc algìrij-
mouc.

Oropèdia Oropèdio eÐnai mia perioq  tou topÐou tou q¸rou kat�stashc ìpou h su-
n�rthsh axiolìgishc eÐnai epÐpedh. To oropèdio parousi�zetai san èna epÐpedo
topikì mègisto   san ìmwc ìpwc faÐnetai sto sq ma 2.3. To prìblhma thc
anaz thsh me anarrÐqhsh lìfwn eÐnai ìti mporeÐ na mhn brei dièxodo apì to
oropèdio kai o algìrijmoc na mhn proqwr� proc mègisto   el�qisto.
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Sthn prosp�jeia beltÐwshc tou aglorÐjmou anaz thshc me anarrÐqhsh lìfwn
èqoun protajeÐ k�poiec parallagèc ìpwc h stoqastik  anarrÐqhsh lìfwn, h anar-
rÐqhsh lìfwn me pr¸th epilog  kai h anarrÐqhsh lìfwn me tuqaÐec epanekkin seic.

Prosomoiwmènh Anìpthsh

O algìrijmoc thc prosomoiwmènhc anìpthshc (Simulated Annealing) eÐnai ènac al-
gìrijmoc o opoÐoc sundu�zei thn anarrÐqhsh lìfwn pou proanafèretai me ènan tu-
qaÐo perÐpato. 'Enac tuqaÐoc perÐpatoc k�nei metakÐnhsh se diadoqik  kat�stash
epilègontac tuqaÐa mèsa apì to sÔnolo diadoqik¸n katast�sewn kai mporeÐ na jew-
rhjeÐ pl rhc me exairetik� qamhl  apìdosh se sqèsh me thn anarrÐqhsh lìfwn.

O basikìc brìgqoc tou algorÐjmou eÐnai parìmoioc me autìn thc anarrÐqhshc
lìfwn all� epilègei tuqaÐa mia kÐnhsh mèsa apì to sÔnolo diadoqik¸n katast�sewn.
Sth sunèqeia elègqetai an h kÐnhsh par�gei kalÔterh lÔsh. Se perÐptwsh h lÔsh
eÐnai kalÔterh aut  gÐnetai apodekt  kai efarmìzetai en¸ se antÐjeth perÐptwsh e-
pilègetai b�sh miac pijanìthtac p.

Efìson sta probl mata SAT o stìqoc eÐnai na brejeÐ mia an�jesh tim¸n pou
na ikanopoieÐtai h prìtash, mporoÔn na efarmostoÔn oi algìrijmoi topik c anaz th-
shc ìpwc proanafèrontai. O arijm¸c twn clauses pou den ikanopoioÔnte mporeÐ na
kajorÐsei thn euristik  sun�rthsh ìpwc ja doÔme kai sthn enìthta 3.2. 'Oloi au-
toÐ oi algìrijmoi pragmatopoioÔn b mata ston q¸ro twn pl rwn anajèsewn tim¸n,
all�zontac thn tim  al jeiac miac metablht c th for�. O q¸roc autìc perièqei su-
n jwc poll� topik� el�qista ìpou qrhsimopoioÔnte di�forec morfèc tuqaiìthtac gia
apofug  touc.

2.3.3 SÔgkrish susthmatik c kai topik c anaz thshc

Sto sq ma 2.4 apì to [RN02] parousi�zetai o mèsoc qrìnoc ektèleshc se 100 epi-
lÔsima probl mata sto opoÐo faÐnetai h kal  apìdosh tou algorÐjmou WalkSAT kai
h dunatìthta pou èqei gia eÔresh lÔshc se sqetik� gr goro qrìno.

2.4 Efarmogèc twn problhm�twn SAT

Sth sunèqeia parousi�zontai endeiktikèc efarmogèc pou qrhsimopoioÔn mejìdouc e-
pÐlushc problhm�twn SAT.
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Sq ma 2.4: SÔgkrish DPLL kai Walksat¸c proc to qrìno epÐlushc

Combinational Equivalence Checking

EÐnai mia diadikasÐa h opoÐa qrhsimopoieÐte sta ergalÐa EDA (Electronic Design
Automation) kat� thn an�ptuxh yhfiak¸n oloklhrwmènwn kuklwm�twn. Skopì èqei
thn apìdeixh ìti dÔo anaparast�seic kuklwm�twn èqoun thn Ðdia sumperifor�.

Automatic Test-Pattern Generation

Mia mèjodoc h opoÐa p�li qrhsimopoieÐte apì ta ergalÐa EDA kai èqei skopì na breÐ
mia seir� eisìdwn oi opoÐec ìtan efarmostoÔn se èna yhfiakì kÔklwma na mporoÔn na
diapist¸soun an to kÔklwma sumperifèretai swst�. Ta prìtupa pou dhmiourgoÔnte
qrhsimopoioÔnte gia èlegqo se yhfiak� kukl¸mata ta opoÐa èqoun  dh paraqjeÐ.

Planning in Artificial Intelligence

Mèsa apì thn lÔsh tou probl matoc SAT to opoÐo apoteleÐtai apì tic katast�seic
met�bashc, axi¸mata kÐnhshc, jèshc klp mporoÔme na diapistìsoume an o stìqoc
mporeÐ na gÐnei efiktìc.

2.5 SAT Competition

To SAT Competition eÐnai ènac diagwnismìc pou diex�getai sqedìn k�je qrìno kai
afor� algorÐjmouc gia thn epÐlush SAT probhm�twn. Skopìc tou diagwnismoÔ eÐnai
na oristoÔn nèa benchmarks apì ta opoÐa k�poia proèrqontai apì pragmatik� pro-
bl mata mèsa apì to q¸ro tou planning, software kai harware verification kai nèoi
sat solvers ìpou ja sugkrijoÔn wc proc thn apìdosh touc.
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Kef�laio 3

Algìrijmoc Walksat

O algìrijmoc Walksat eÐnai algìrijmoc topik c anaz thshc o opoÐoc qarakthrÐzetai
apì thn aplìthta tou kai thn dunatìthta eÔreshc lÔshc se dÔskola probl mata ika-
nopoihsimìthtac mèsa se sÔntomo qronikì di�sthma. Up�rqoun kai �lloi algìrijmoi
ìpwc Minisat, Picosat oi opoÐoi eÐnai pèra apì touc skopoÔc thc paroÔsac diplwma-
tik c ergasÐac.

3.1 Perigraf  AlgorÐjmou

Basik  idèa tou algorÐjmou eÐnai, se k�je epan�lhyh na paÐrnei mia mh ikanopoioÔme-
nh diazeuktik  prìtash (clause ) kai na epilègei mia metablht  thc opoÐac ja all�xei
thn tim . Pio k�tw faÐnetai o yeudok¸dikac tou algorÐjmou tou opoÐou parousi�ze-
tai kai to di�gramma ro c sto sq ma 3.1.

function WalkSAT(clauses, p, max-flips) returns a satisfying model or failure
inputs: clauses, a set of clauses in propositional logic

p, the probability of choosing to do a “random walk” move, typically around 0.5
max-flips, number of flips allowed before giving up

model← a random assignment of true/false to the symbols in clauses

for i = 1 to max-flips do
if model satisfies clauses then return model
clause← a randomly selected clause from clauses that is false in model
With select() choose a variable to flip

return failure

19
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Sq ma 3.1: Di�gramma Ro c WalkSAT
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An�lush Yeudok¸dika

O algìrijmoc dèqetai gia eÐsodo to prìblhma se morf  CNF , ton mègisto arijmì
flips , ton mègisto arijmì prospaji¸n (Max-Tries) kai tic paramètrouc oi opoÐec ka-
jorÐzoun tic pijanìthtec pou qrei�zontai gia na leitourg soun oi euristikèc (enìthta
3.2) pou ja qrhsimopoihjoÔn ston algìrijmo WalkSAT.

Sto pr¸to st�dio tou o algìrijmoc k�nei tuqaÐa an�jesh tim¸n (true/false) stic
metablhtèc tou probl matoc. O lìgoc pou gÐnetai autì eÐnai gia na èqoume èna mon-
tèlo ston q¸ro katast�sewn ìpou ja efarmosteÐ o algìrijmoc topik c anaz thshc
dhlad  na gÐnoun flip oi metablhtèc kai na èqoume metab�seic se geitonikèc kata-
st�seic mèqri na brejeÐ lÔsh   na xeperastoÔn ta ìria bhm�twn kai epanal yewn.

Sth sunèqeia èqoume thn ektèlesh tou basikoÔ k¸dika, o opoÐoc apoteleÐtai apì
èna brìgqo me arijmì epanal yewn Ðso me to mègisto arijmì twn flips pou dÐnoume stic
eisìdouc tou algorÐjmou. 'Opwc proanafèrjeike se k�je epan�lhyh o algìrijmoc
epilègei tuqaÐa èna false clause kai sÔmfwna me thn euristik  select() pou qrhsimo-
poieÐtai proqwr� sthn epilog  thc metablht c pou ja all�xei tim .

Sthn perÐptwsh eÔreshc lÔshc o algìrijmoc termatÐzei kai epistrèfei to mon-
tèlo metablht¸n to opoÐo ikanopoÐhse thn prìtash. An oi epanal yeic tou brìgqou
pou proanafèrjhke oloklhrwjoÔn kai den èqei brejeÐ to montèlo pou ikanopoieÐ thn
prìtash tìte gÐnetai epanekkÐnhsh tou algorÐjmou me kainoÔria arqikopoÐhsh meta-
blht¸n. O arijmìc twn epanekkin sewn kajorÐzetai apì to ìrisma twn Max-Tries.

O algìrijmoc termatÐzei oristik� se perÐptwsh pou den breÐ lÔsh ìtan xepera-
stoÔn ìlec oi dunatèc epanekkin seic.

3.2 Euristikèc

'Opwc eÐdame kai sto kef�laio me touc algorÐjmouc topik c anaz thshc h apìdosh
enìc tètoiou algorÐjmou exart�tai apì thn euristik  pou ja qrhsimopoi sei o al-
gìrijmoc kai mia par�metro jorÔbou h opoÐa kajorÐzei an ja gÐnei kapoia bèltisth
kÐnhsh   ja gÐnei mia kÐnhsh h opoÐa apì thn mÐa den eÐnai bèltisth (�plhsth) all�
mporeÐ na apofÔgei topik� el�qista   mègista, apofèugontac ètsi to meg�lo meio-
nèkthma tou algorÐjmou.

SÔmfwna me thn dhmosÐeush [MSK97] meletoÔntai èxi euristikèc gia ton algìrij-
mo WalkSAT tic opoÐec blèpoume analutik� sth sunèqeia.

G: Me pijanìthta p paÐrnoume mia tuqaÐa metablht  apì to epilegmèno clause ,
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alli¸c epilègoume thn metablht  h opoia elaqistopoieÐ ton arijmì twn false
clauses , dhlad  pia th metablht  tou clause pou met� thn antistrof  thc èqei
ta perissìtera swst� clauses. 1

B: Me pijanìthta p epilègoume mia tuqaÐa metablht  apì to epilegmèno clause ,
alli¸c ja epilèxoume thn metablht  h opoia elaqistopoieÐ twn arijmì twn
clauses ta opoÐa  tan alhj  kai met� thn antistrof  thc metablht c èginan
yeud .

SKC: 'Opwc kai to prohgoÔmeno (B) all� den ja qrhsimopoieÐtai to stoqastikì kom-
m�ti (dhlad  me pijanìthta p paÐrnoume mia tuqaÐa metablht ) efìson up�rqoun
akìma metablhtèc oi opoÐec me thn antistrof  touc k�noun k�poia clauses apì
alhjèc se yeudèc. H stoqastik  fÔsh tou algorÐjmou qrhsimopoieÐtai mìno
ìtan up�rqei topikì mègisto.

TABU: Sth strathgik  aut  epilègoume mia metablht  h opoÐa elaqistopoieÐ ton
arijmì twn false clauses . Se k�je b ma aporrÐptoume na antistrèyoume mia
metablht  h opoÐa eqei antistrafeÐ se sugkekrimèno arijmì b matwn. Se pe-
rÐptwsh pou kai oi treic metablhtèc eÐnai sth lÐsta tou TABU tìte epilègoume
èna �llo clause . Sthn perÐptwsh pou ìlec oi metablhtèc se ìla ta mh ika-
nopoi sima clauses eÐnai sth lÐsta tìte agnooÔme thn lÐsta kai all�zoume mia
metablht  h opoÐa elaqistopoieÐ ton arijmì false clauses.

Novelty: H strathgik  ed¸ leitourgeÐ lamb�ntac upìyin dÔo paramètrouc ston u-
pologismì tou score. H pr¸th par�metroc eÐnai ìpwc thn SKC dhlad  ton
arijmì twn clauses pou  tan true kai èginan false kai h deÔterh par�metroc to
antÐjeto, ta clauses pou  tan false kai èginan true. H pr¸th par�metroc orÐze-
tai kai wc breakvalue kai h deÔterh wc makevalue. H kat�taxh twn metablht¸n
gÐnetai me to score to opoÐo eÐnai h tim  makevalue - breakvalue. Sth sunèqeia
gÐnetai èlegqoc thc kalÔterhc kai thc deÔterhc kalÔterhc metablht c kai an
h kalÔterh metablht  den eÐnai h pio prìsfath antistrammènh metablht  tìte
thn epilègoume alli¸c me pijanìthta p epilègoume mÐa apì tic dÔo, kalÔterh
kai deÔterh kalÔterh.

R-Novelty: EÐnai parìmoia me thn prohgoÔmenh stratigik  all� diafèrei sthn pe-
rÐptwsh pou h metablht  eÐnai h pio prìsfath antistrammènh. Se aut  thn
perÐptwsh diafèrei o trìpoc pou epilègoume thn metablht  proc antistrof .
'Estw n h diafor� apì thn kalÔterh kai thn deÔterh kalÔterh, tìte an n ≥ 1
epilègoume thn metablht  an�loga se pia apì tic tèsseric peript¸seic anoÐkei
se sqèsh me mia pijanìthta p kai to n.

1
Σε αυτό το σημείο αξίζει να αναφέρουμε τον αλγόριθμο GreedySAT (GSAT ) ο οποίος χρησιμο-

ποιεί την ευριστική μόνο χωρίς τη στοχαστική φύση,δηλαδή p = 0.
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1. 'Otan p < 0.5 kai n > 1 epilègoume thn kalÔterh metablht .

2. 'Otan p < 0.5 kai n = 1 epilègoume thn deÔterh kalÔterh me pijanìthta
2p alli¸c thn kalÔterh.

3. 'Otan p ≥ 0.5 kai n = 1 epilègoume th deÔterh kalÔterh.

4. 'Otan p ≥ 0.5 kai n > 1 epilègoume th deÔterh kalÔterh me pijanìthta
2(p− 0.5) alli¸c thn kalÔterh.

Sq ma 3.2: Apìdosh Euristik¸n

Sto sq ma 3.2 parousi�zetai èna gr�fhma to opoÐo sugkrÐnei tic euristikèc wc
proc ta probl mata pou mporeÐ k�je mia na lÔsei kai sthn tim  thc pijanìthtac kat�
thn opoÐa k�je euristik  èqei to kalÔtero apotèlesma. Apì tic èxi euristikèc pou
anafèrontai pio p�nw ja asqolhjoÔme kai ja melet soume tic treic, G, SKC kai Nov-
elty. 'Opwc faÐnetai kai sto sq ma 3.2 kalÔterh apì tic treic parousi�zetai h Novelty
kai akoloujoÔn oi SKC kai G. Sthn epìmenh enìthta parousi�zetai h montelopoÐhsh
tou algorÐjmou sth gl¸ssa programatismoÔ C. Sugkekrimèna ulopoi jhkan oi treÐc
euristikèc G, SKC kai Novelty , melet jhkan kai sugkrij kan wc proc thn apìdosh
touc. Ta apotelèsmata parousi�zontai sthn enìthta 3.4.

Sthn epìmenh enìthta anaferìmaste sthn montelopoÐhsh tou algorÐjmou se
gl¸ssa programmatismoÔ C kat� thn opoÐa ègine kai h ulopoÐhsh twn tri¸n eu-
ristik¸n gia tic opoÐec ègine melèth wc proc thn apìdosh touc. Ta apotelèsmata
parousi�zontai sthn enìthta 3.4.
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Sth sunèqeia ja parousi�soume tic basikèc diaforèc twn tri¸n euristik¸n pou
melet�me se jèma ulopoÐhshc. Ston pÐnaka 3.1 parousi�zoume ta di�fora qarakth-
ristik� pou mporeÐ k�poia euristik  na l�bei upìyhn thc kai poiec apì tic treic
euristikèc ta ekmetallèuontai.

WalkSAT/G WalkSAT/SKC WalkSAT/Novelty
Arijmìc false clauses

√ √ √

Arijmìc breakvalues
√ √

Arijmìc makevalues
√

Istorikì twn metablht¸n
√

wc proc ta flips

PÐnakac 3.1: Qarakthristik� euristik¸n gia ton algìrijmo WalkSAT

Ston pÐnaka autì parathroÔme ìti h Novelty lamb�nei polu perissìtera krit ria
gia thn epilog  metablht c kai eÐnai kai o kÔrioc lìgoc gia thn kalÔterh apìdosh
pou èqei se sqèsh me tic upìloipec.

3.3 MontelopoÐhsh AlgorÐjmou se C

'Egine h basik  ulopoÐhsh tou algorÐjmou se gl¸ssa programmatismoÔ C. Sto logi-
smikì ulopoi jhke o basikìc pur nac tou WalkSAT mazÐ me tic treic euristikèc pou
jèloume na melet soume kai na sugkrÐnoume. To prìgramma dèqetai orÐsmata thn
prìtash CNF, ton mègisto arijmì Flips pou jètoume kai ton arijmì twn Max-Tries
ìpwc perigr�fetai sthn par�grafo 3.1. H pijanìthta (p) gia tic euristikèc den dÐne-
tai san ìrisma all� qrhsimopoieÐtai h bèltisth tim  ìpwc faÐnetai kai sto sq ma 3.2.

H CNF brÐsketai se arqeÐo keimènou kai eÐnai se morf  Dimacs [dim] ìpwc faÐnetai
kai sto sq ma 3.2.

Oi pr¸tec grammèc tou arqeÐou perièqoun qr simh plhroforÐa gia thn prìtash.H
plhroforÐa aut  apoteleÐtai apì ton arijmì twn variables kai clauses pou èqei to
sugkekrimèno prìblhma. Sth sunèqeia èqoume thn plhroforÐa gia k�je clause h o-
poÐa apoteleÐtai apì treic proshmasmènouc arijmoÔc 2 pou aforoÔn thn tim  k�je
metablht c. To arnhtikì prìshmo kajorÐzei an h metablht  brÐsketai sthn arnhtik 
morf  thc.

To deÔtero ìrisma tou progr�mmatoc, mègisto arijmì Flips, qrhsimopoieÐtai ston
basikì pur na kai èqei thn Ðdia qrhsimìthta gia k�je mÐa euristik , opwc kai to trÐto

2
Το προβλήματα που μελετάμε είναι 3− SAT
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c some comments
c like clause length = 3
p cnf 225 960
-133 217 -81 0
-202 159 -129 0
-185 -52 -21 0
...
158 -65 -56 0

PÐnakac 3.2: Par�deigma arqeÐou me morf  Dimacs

ìrisma, Max-Tries.

Gia thn an�gnwsh tou arqeÐou qrhsimopoieÐtai mia sun�rthsh h opoÐa paÐrnei wc
ìrisma to ìnoma tou arqeÐou. Arqik� brÐskei ton arijmì twn Variables kai Clauses
kai sth sunèqeia diab�zei thn plhroforÐa gia k�je Clause kai thn apojhkeÔei sto an-
tÐstoiqo di�nusma pou èqei desmeuteÐ sthn mn mh. 'Epeita dhmiourgeÐtai èna di�nusma
to opoÐo perièqei timèc 0 kai 1 kai èqei mègejoc ìsa ta Variables tou probl matoc.
To di�nusma autì arqikopoieÐtai tuqaÐa se k�je epanekkÐnhsh kai se k�je flip me-
tablht c enhmer¸netai kai all�zei tim  sthn epileqjeÐsa metablht  sÔmfwna me thn
euristik  pou qrhsimopoioÔme.

Sumfwna me ton algìrijmo to prìgramma termatÐzei ìtan brei lÔsh   ìtan xepe-
rasteÐ to ìrio flips se sundiasmì me ton arijmì Max-Tries.Sthn sugkekrimènh mo-
ntelopoÐhsh ìtan brejeÐ lÔsh kai den èqoun xeperasteÐ ta Max-Tries to prìgramma
den termatÐzei oristik� all� suneqÐzei me nèa arqikopoÐhsh kai prosp�jia eÔreshc
lÔshc. O lìgoc pou gÐnetai autì eÐnai gia na mporèsoume na p�roume statistik� wc
proc ton arijmì flips kai na ektim soume ton mèso arijmì max-tries pou qrei�zetai
k�je euristik  gia na brei lÔsh ìpwc ja doÔme kai sthn enìthta 3.4.

3.4 Peiramatik� Apotelèsmata

To logismikì pou perigr�fetai sthn par�grafo 3.3 qrhsimopoieÐtai gia ta peir�mata
mèsa apì ta opoÐa ja gÐnei sÔgkrish twn tri¸n euristik¸n.

Ta peir�mata èginan me pènte Benchmarks apì to SATlib tou PanepisthmÐou Briti-
sh Columbia (UBC) [sat]. Ta pènte aut� Benchmarks èqoun lìgo Clauses/V ariables =
4.26 to opoÐo eÐnai kai to krÐsimo shmeÐo dÔskolwn SAT problhm�twn ìpwc eÐdame
kai sthn par�grafo 2.2. Sugkekrimèna k�je benchmark èqei 225 metablhtèc kai 990
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clauses. Gia thn ektèlesh twn peiram�twn kai thn l yh twn metr sewn k�je peÐrama
ektelèsthke 10 forèc me 10 epanal yeic k�je for�. Oi 10 epanal yeic kajorÐzontai
apì to ìrisma twn Max-Tries kai o mègistoc arijmìc twn flips eÐnai diaforetikìc gia
k�je prìblhma an�loga me thn duskolÐa tou kai proèkuye mèsa apì dokimèc. Gia k�je
euristik  krat�me to mègisto arijmì flips Ðdio kai ètsi mporoÔme na sugkrÐnoume tic
euristikèc metaxÔ touc. Sta pr¸ta dÔo probl mata èqoume 10000 flips, sta epìmena
dÔo 100000 kai sto teleutaÐo 5000000. H diaforetik  duskolÐa sta Benchmarks an
kai èqoun Ðdio lìgo clauses/variables prokÔptei apì thn katanom  twn metablht¸n
mèsa sta clauses.

H sÔgkrish twn euristik¸n ègine se dÔo epÐpeda. To pr¸to epÐpedo sÔgkrishc
afor� twn arijmì twn flips pou qrei�zetai k�je euristik  gia na brei lÔsh kai to
deÔtero epÐpedo eÐnai to posostì epituqÐac 3 thc k�je euristik c. Ston pÐnaka 3.3
faÐnontai sunoptik� ta apotelèsmata gia ta peir�mata.

WalkSAT/G WalkSAT/SKC WalkSAT/Novelty
Benchmarks Solved % Flips Solved % Flips Solved % Flips

uf225-087 100 2763.03 100 2321.79 100 1163.41
uf225-026 100 3330.34 100 2684.20 100 1387.09
uf225-028 94 29088.89 96 23354.12 100 10156.05
uf225-091 93 27771.9 96 25048.22 100 10887.16
uf225-039 0 - 23 2610977.01 93 1278917.95

PÐnakac 3.3: SÔgkrish euristik¸n gia ton algìrijmo WalkSAT

An�lush apotelesm�twn pÐnaka 3.3

ParathroÔme ìti h euristik  SKC qrei�zetai megalÔtero apì dipl�sio arijmì flips
se sqèsh me thn Novelty kai to posostì epituqÐac eÐnai mikrìtero sta probl mata
mètriac duskolÐac kai arket� mikrìtero se probl mata megalÔterhc duskolÐac. H
euristik  G faÐnetai na èqei ta qeirìtera apotelèsmata se sqèsh me tic �llec dÔo.
ParathreÐtai akìma ìti sta dÔskola probl mata den brÐskei lÔsh kai sta upìloipa
brÐskei lÔsh se megalÔtero arijmì bhm�twn se sqèsh me th Novelty kai thn SKC.

Analutikìtera, sta pr¸ta dÔo probl mata (uf225-087,uf225-026) kai oi treic eu-
ristikèc èqoun 100% epituqÐa all� diafèroun ston arijmì twn flips pou k�noun gia

3
Στην περίπτωση αυτή ορίζουμε επιτυχημένη προσπάθεια όταν ο αλγόριθμος καταφέρει να βρεί

λύση μέσα στον μέγιστο αριθμό από flips σε ένα try
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eÔresh lÔshc. H Novelty na eÐnai polÔ kalÔterh apì tic �llec dÔo kai apaiteÐ mi-
krìtero arijmì bhm�twn. Sta dÔo aut� probl mata parathreÐtai h SKC kai h G na
èqoun polÔ mikr  diafor� me thn SKC lÐgo kalÔterh.

Sth sunèqeia melet�me dÔo probl mata megalÔterhc duskolÐac, ta (uf225-028,uf225-
091), sta opoÐa blèpoume kai p�li thn Novelty na èqei posostì epituqÐac 100% kai
tic �llec dÔo na èqoun men kalì posostì, all� mikrìtero. 'Oso afor� ta flips h No-
velty èqei ligìtera apì ta mis� pou qrei�stihke h SKC kai akìma ligìtera apì thn G.

Tèloc èqoume to (uf225-039) to duskolìtero apì ta pènte probl mata pou mele-
t same. ParathroÔme ìti kamia apì tic treic euristikèc den èqei 100% epituqÐa sthn
�mesh èuresh lÔshc. H Novelty èqei èna posostì epituqÐac 93% se sqèsh me thn
SKC thc opoÐac to posostì keimènetai gÔrw sto 23%. H euristik  G den mporeÐ
na brei lÔsh se aut� ta probl mata. 'Opwc kai sta �lla probl mata mikrìterhc
duskolÐac apì to teleutaÐo parathroÔme ìti h Novelty eÐnai p�li polÔ kalÔterh apì
thn SKC ìso afor� ton arijmì twn flips pou qrei�zontai gia thn eÔresh lÔshc.

To posostì epituqÐac sta probl mata pou melet same kajorÐzei twn arijmì twn
Max-Tries tou algorÐjmou. Sto duskolìtero prìblhma uf225-039 blèpoume thn No-
velty na mporei na brÐskei lÔsh se 1.08 ìpwc f�inetai kai ston pÐnaka 3.4 prosp�jeiec
se sqèsh me thn SKC h opoÐa brÐskei lÔsh se 4.76 prosp�jeiec. Sundu�zontac ton

Mean Tries Total Flips
Novelty 1.08 1375180.6

SKC 4.76 12433223.85

PÐnakac 3.4: Novelty Vs. SKC gia to prìblhma uf225-039

uf225-039 Flips
Software [KM05] 2726196
Hardware [KM05] 2690011

Our SKC (Software) 2610977

Our Novelty (Software) 1278917

PÐnakac 3.5: SÔgkrish flips gia to prìblhma uf225-039

mèso arijmì flips gia Novelty kai SKC me ton arijmì twn Max-Tries pou anafèra-
me pio p�nw èqoume thn Novelty na èqei mèso arijmì flips 1375180.6 kai thn SKC
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12433223.85. SunoyÐzontac ta pio p�nw parathroÔme ìti qrhsimopoi¸ntac thn No-
velty èqoume SpeedUp = 9.04 wc proc thn qr sh thc SKC.

Ston pÐnaka 3.5 gÐnetai sÔgkrish twn flips metaxÔ tou logismikoÔ pou ulopoi same
kai twn apotelesm�twn sÔmfwna me thn dhmosÐeush [KM07] gia to duskolìtero
prìblhma, uf225-039.



Kef�laio 4

Anadiatassìmenh logik  kai SAT

4.1 Merik  Anadi�taxh

H arqik  prosèggish thc ergasÐac aut c h opoÐa xekÐnhse apì to m�jhma twn Enswma-
tomènwn Susthm�twn eÐnai gÔrw sthn merik  anadi�taxh kai an mporeÐ na efarmosteÐ
gia ton algìrijmo WalkSAT. Sto kef�laio autì ja k�noume anafor� se sqetikèc
ergasÐec gÔrw apì thn dunamik  anadi�taxh kai sth sunèqeia ja parousi�soume thn
dik  mac prosèggish kai ta probl mata pou sunant same.

4.1.1 Sqetik  bibliografÐa

Sthn bibliografÐa up�rqoun dÔo dhmosieÔseic oi opoÐec anafèroun thn ulopoÐhsh
algorÐjmwn WalkSAT kai GreedySAT se anadiatassìmenh logik  se sunduasmì me
dunamik  anadi�taxh.

Real-time reconfigurable WSAT

H pio prìsfath dhmosÐeush pou ègine to 2003 [YWH03], h opoÐa prospajeÐ dunamik�
na all�zei di�fora probl mata se pragmatikì qrìno. Sugkekrimèna autì pou k�nei
eÐnai na all�zei tic timèc stouc registers oi opoÐec perigr�foun tic prot�seic CNF
¸ste k�je nèo prìblhma pou prìkeite na lujeÐ na mhn qrei�zete epanasÔnjesh thc
sqedÐashc.

Runtime reconfiguration for GSAT

Mia paliìterh dhmosÐeush tou tìso [YSLL99], skopìc thc ìpwc kai sthn [YWH03]
eÐnai na all�zei ta di�fora probl mata qwrÐc na qrei�zetai epanasÔnjesh ìlhc thc

29
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sqedÐashc. Aut  h doulei� eÐnai pio kont� sthn dunamik  anadi�taxh se sqèsh me thn
[YWH03].

4.1.2 H dik  mac prosèggish

Sto shmeÐo autì ja parousi�soume treic proseggÐseic pou èginan gia thn qr sh thc
dunamik c anadi�taxhc sthn arqitektonik  mac. Oi pr¸tec dÔo aforoÔn thn prìtash
CNF kai h �llh tic euristikèc sunart seic.

Di�spash thc CNF se mikrìterec

Se pr¸th f�sh ègine h ulopoÐhsh tou WalkSAT qrhsimopoi¸ntac dunamik  anadi�ta-
xh ston Clause Evaluator . To block diagram thc sqedÐashc faÐnetai sto sq ma 4.1.

Sq ma 4.1: Block Diagram with one PRR

To PRR thc ulopoÐhshc eÐnai o Clause Evaluator sto opoÐo ja antistoiqoÔn N
PRMs ta opoÐa ja apoteloÔn olìklhrh th CNF. Ta modules aut� ja fort¸nontai
diadoqik� kai ja gÐnetai h epexergasÐa se k�je èna, kai ta antÐstoiqa (merik�) apote-
lèsmata ja apojhkèuontai se kataqwrhtèc. H plhroforÐa pou apojhkeÔete gia k�je
PRM eÐnai o sunolikìc arijm¸c twn false clauses o opoÐoc ja aux�netai k�je for�
¸ste sto tèloc na èqoume ton telikì arijmì apì ta false clauses. EpÐshc gia k�je
PRM krat�me apojhkeumèno èna tuqaÐo false clause ¸ste sto tèloc na epilèxoume
kai p�li tuqaÐa èna. Met� apì thn epexergasÐa ìlwn twn modules ja paÐrnetai h
apìfash gia to epìmeno b ma tou algorÐjmou.
Se aut  th èkdosh h opoÐa upostirÐzei mikrì arijmì clauses kai variables kai sug-
kekrimèna 32 clauses kai 8 variables h dunamik  anadi�taxh arqÐzei ìtan èqoume ta
apotelèsmata apì ta pr¸ta 8 clauses kai den qreiazìmaste �llo to sugkekrimèno
tm ma thc CNF . Up�rqei ènac mikrìc qrìnoc epik�luyhc metaxÔ epexergasÐac kai
fìrtwshc tou epìmenou PRM .
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Probl mata:
O qrìnoc epik�luyhc pou proanafèrw eÐnai polÔ mikrìteroc apì to qrìno dunamik c
anadi�taxhc. Genik� to megalÔtero prìblhma aut c thc prosèggishc jewrhtik� eÐnai
o meg�loc arijmìc enallag¸n (dunamik  anadi�taxh) twn PRMs. O algìrijmoc autìc
eÐnai euristikìc, autì shmaÐnei ìti gia na sugklÐnei qrei�zontai pollèc epanal yeic
thc t�xhc tou enìc ekatomurrÐou se meg�la probl mata. Autì shmaÐnei ìti ja èqou-
me N ekatommÔria dunamikèc anadiat�xeic, pr�gma to opoÐo eÐnai shmantik� qronobìro.

Mia �llh sqedÐash eÐnai na qrhsimopoieÐsoume dÔo PRRs , dÔo Clause Evaluators
me stìqo na k�noume dunamik  anadi�taxh tou enìc kat� thn di�rkeia epexergasÐac
tou �llou. To sq ma 4.2 deÐqnei ta dÔo PRRs kai pia PRMs antistoiqoÔn se k�je
èna.

Sq ma 4.2: Block Diagram with two PRRs

Probl mata:
'Opwc kai sthn perÐptwsh me èna PRR èqoume kai ed¸ to prìblhma me tic epanal yhc
kai tic pollèc dunamikèc anadiat�xhc thc sqedÐashc mac. An kai èqoume megalÔterh e-
pik�luyh metaxÔ qrìnou epexergasÐac kai qrìnou dunamik c anadi�taxhc to prìblhma
paramènei.
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Efarmog  stic euristikèc

Mia �llh prosèggish se jewrhtikì epÐpedo eÐnai na efarmost  h dunamik  anadi�ta-
xh stic euristikèc sunart seic. Pio sugkekrimèna eÐnai na mproÔme na all�zoume se
pragmatikì qrìno leitourgÐac thn euristik  sun�rthsh pou qrhsimopoieÐtai. 'Opwc
diapist¸same apì thn melèth tou algorÐjmou kai thn apìdosh twn euristik¸n su-
nart sewn apì th stigm  pou ja ulopoihjeÐ kai ja qrhsimopoieijeÐ mia euristik  den
up�rqei lìgoc na gÐnei allag  eidik� me mia qeirìterhc apìdoshc.

4.2 Statikèc Ulopoi seic

Sto shmeÐo autì ja parousi�soume sqetikèc douleièc gÔrw apì ta probl mata SAT
kai statikèc ulopoi seic se FPGA. To 2004, sto [SdBF04] gÐnetai axiolìgish twn
up�rqontwn susthm�twn me idiaÐterh èmfash stic [SYSN], [Zho], [PM], [DP], [LSW+]
kai [SF].

To 2005, 2006 kai 2007 uparqoun treic dhmosièuseic oi opoÐec skopì èqoun na
lÔnoun meg�la probl mata SAT. Ston pÐnaka 4.1 faÐnontai k�poia basik� qarakth-
ristik� twn dhmosièusewn oi opoÐec parousi�zontai analutikìtera sth sunèqeia.

Ref Device Slices BRAMs SAT Clauses/Variables

[KM05] XC2V6000 45% 5 WSAT/[G,SKC] 1024/256
[KM06] XC2V6000 51% 95% WSAT/SKC 8500/2000
[KM07] XC2V6000 88% 97% WSAT/SKC 128K/32K

PÐnakac 4.1: Qarakthristik� dhmosieÔsewn [KM05],[KM06],[KM07]

[KM05] GÐnetai ulopoÐhsh tou WalkSAT me qr sh twn euristik¸n G kai SKC. O
arijmìc twn clauses kai variables pou mporeÐ na uposthrÐxei eÐnai 1024 kai 256.
H ulopoÐhsh ègine se Virtex II, XC2V6000 kai katanal¸nei 45% twn slices
kai 5% twn BRAMs. Aut  h dhmosÐeush èqei �mesh sqèsh me thn paroÔsa
diplwmatik  ìpou gÐnetai ulopoÐhsh thc Novelty kai sÔgkrish twn ulopoi sewn
wc proc thn apìdosh.

[KM06] GÐnetai beltÐwsh thc [KM05] ston trìpo pou elègqontai ta clauses ¸ste na
qrei�zontai ligìteroi pìroi all� na mporeÐ na uposthrÐxei perissìtera clauses
kai variables. QrhsimopoieÐte h Ðdia Virtex sthn opoÐa katanal¸nontai to 51%
twn slices kai 95% twn BRAMs kai mporeÐ na uposthrÐxei mèqri 8500 clauses
kai 2000 variables.
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[KM07] GÐnetai ènac sundiasmìc exwterik¸n mnhm¸n me thc prohgoÔmenec sqedi-
�seic ¸ste na mporeÐ na lÔnei polÔ meg�la probl mata thc t�xewc twn 128K
clauses kai 32K variables. H sqedÐash eÐnai kai p�li se Virtex II, XC2V6000
kai katanal¸nei 88% twn slices kai 97% twn BRAMs.

Mia �llh sqetik  èreuna se algorÐjmouc epÐlushc problhm�twn eÐnai h [DTYZ08].

4.3 UlopoÐhsh Novelty se ulikì

Sq ma 4.3: Di�gramma mon�dwn ulikoÔ gia tic euristikèc

Meletìntac tic di�forec ergasÐec kai lamb�nontac upìyin thn sÔgkrish stic tric
euristikèc apofasÐsame na ulopoi soume thn euristik  novelty se ulikì h opoÐa pa-
rousi�zetai kalÔterh apì tic �llec kai den èqei gÐnei ulopoÐhsh thc sto pareljìn. H
arqitektonik  pou akolouj same sthn ulopoÐhsh eÐnai parìmoia me thn [KM05] kai
autì sumbaÐnei giatÐ ulopoioÔn ton algìrijmo WalkSAT/SKC. Sthn ulopoÐhsh pou
ègine me thn qr sh dunamik c anadi�taxhc ulopoi jhke h euristik  G. Sto sq ma 4.3
parousi�zoume ta kuriìtera shmeÐa thc arqitektonik c sta opoÐa faÐnontai oi basikèc
diaforèc twn tri¸n euristik¸n ìso afor� to ulikì.
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Oi kuriìterec diaforèc parathroÔnte sthn mon�da tou score kai sthn mon�da epi-
log c metablht c. Sto kef�laio (5 gÐnetai analutik  parousÐash thc arqitektonik c
gia thn ulopoÐhsh tou Walksat/Novelty.



Kef�laio 5

UlopoÐhsh se Ulikì

5.1 Arqitektonik  WalkSAT

Sto sq ma 5.1 parousi�zetai to di�gramma tou algorÐjmou. 'Opwc mporoÔme na dia-
krÐnoume apì to sq ma h arqitektonik  mac apoteleÐtai apì 5 basik� st�dia omoqeirÐac
ta opoÐa ja analujoÔn sthn enìthta 5.2.

Sq ma 5.1: Arqitektonik  WalkSAT/Novelty

Ta dedomèna tou probl matoc met� thn arqikopoÐhsh brÐskontai mèsa sto Clause
Table. Sth sunèqeia èqoume tic basikèc mon�dec tou Clause Evaluator o opoÐoc apo-
teleÐtai apì clauses an�loga me to mègejoc thc sqedÐashc. 'Opwc ja doÔme ta clauses

35
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kratoÔn tic timèc twn metablht¸n pou ta apoteloÔn sta Variable Arrays kaj¸c kai
tic timèc twn literals se k�je prosorinì flip metablht¸n sto Literal Value Table.Sth
sunèqeia ja analujoÔn oi mon�dec tou Score kai thc epilog c mh ikanopoi simou
clause kaj¸c kai h mon�da epilog c metablht c proc antistrof .

5.2 An�lush StadÐwn OmoqeirÐac

5.2.1 1o St�dio - An�kthsh metablht c

Se autì to st�dio gÐnetai an�gnwsh thc mn mhc pou perièqei thn plhroforÐa twn
metablht¸n pou apoteloÔn to k�je Clause. Ta dÔo basik� stoiqeÐa pou to apoteloÔn
eÐnai to Clause Table kai ènac poluplèkthc sthn di�taxh pou faÐnetai sto sq ma 5.2.
Ta dedomèna pou eisèrqontai sto st�dio autì eÐnai h plhroforÐa thc CNF kat�
thn di�rkeia arqikopoÐhshc tou sust matoc. H monadik  èxodoc tou stadÐou eÐnai h
metablht  h opoÐa prowjeÐtai sto epìmeno st�dio kai èqei pl�toc se bits an�logo me
ton arijmì twn metablht¸n thc sqedÐashc, sugkekrimèna log2(#V ariables).

Sq ma 5.2: Clause Table

Clause Table

To Clause Table eÐnai mia mn mh h opoÐa krat� thn plhroforÐa thc CNF ìpwc pro-
anafèretai. EÐnai mia mn mh me pl�toc 3 × log2(#V ariables) bit kai b�joc ìsoc o
arijmìc twn Clauses. K�je posìthta twn 3 × log2(#V ariables) bit perièqei thn
plhroforÐa enìc clause , dhlad  tic treic metablhtèc pou to apoteloÔn. JewroÔme
ìti to k�je clause apoteleÐtai apì tic metablhtèc V0, V1 kai V2. Ta log2(#V ariables)
ligìtera shmantik� bit antistoiqoÔn sthn V0, ta epìmena okt¸ sthn V1 kai ta peris-
sìtero shmantik� sthn V2.
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H mn mh èqei eÐsodo ta dedomèna, 3× log2(#V ariables) bit , pou qrhsimopoioÔn-
tai sthn arqikopoÐhsh, thn dieÔjunsh, log2(#Clauses) bit, h opoÐa kat� thn di�rkeia
ektèleshc tou algorÐjmou antistoiqeÐ sto tuqaÐa epilegmèno mh ikanopoi simo clause
kajìc kai ta s mata elègqou ta opoÐa eÐnai to rolìi kai h energopoÐhsh eggraf c.

Poluplèkthc 3 proc 1

O poluplèkthc autìc eÐnai upeÔjunoc gia thn epilog  thc swst c metablht c h
opoÐa prowjeÐtai sto epìmeno st�dio. Oi treic eisìdoi tou poluplèkth eÐnai oi treic
posìthtec twn log2(#V ariables) bit pou èqoume apì thn èxodo tou Clause Table.
To s ma elègqou pl�touc 2 bit kajorÐzei poia apì tic treic metablhtèc ja p�ei sthn
èxodo kai proèrqetai apì thn mon�da elègqou. Oi timèc pou paÐrnei to s ma elègqou
eÐnai 00, 01 kai 10 se treic diadoqikoÔc kÔklouc.

5.2.2 2o St�dio - 'Elegqoc metablht c

H eÐsodoc sto st�dio autì eÐnai h metablht  pou proèrqetai apì to Clause Table. 'O-
pwc faÐnetai kai sto sq ma 5.3 h bajmÐda aut  apoteleÐtai apì ta Variable Arrays ta
opoÐa kratoÔn plhroforÐec gia tic metablhtèc twn antÐstoiqwn clauses. K�je Vari-
able Array apoteleÐtai apì treic kataqwrhtèc m kouc log2(#V ariables) bit , èna gia
k�je metablht  tou clause. O arijmìc twn Variable Arrays eÐnai Ðsoc me ton arijmì
twn clauses thc sqedÐashc. To perieqìmeno twn kataqwrht¸n gr�fetai kat� thn dia-
dikasÐa arqikopoÐhshc kai eÐnai stajerì kat� thn di�rkeia ektèleshc tou algorÐjmou.

Sq ma 5.3: Variable Array

H metablht  pou eisèrqetai sto st�dio katanèmetai se ìla ta variable arrays
ìpou gÐnetai sÔgkrish me to perieqìmeno tou kataqwrht  touc. H èxodoc tou k�je
Variable Array eÐnai èna s ma pl�touc 3 bit , èna bit gia k�je metablht  tou clause,
to opoÐo èqei tim  1 an h metablht  pou ja melethjeÐ brÐsketai sto sugkekrimèno
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clause kai 0 an den brÐsketai. H èxodoc tou stadÐou autoÔ eÐnai ta proanaferjènta
s mata ta opoÐa pernoÔn mèsa apì èna kataqwrht  pou brÐsketai metaxÔ tou deu-
tèrou kai trÐtou stadÐou.

Me th qr sh twn Variable Arrays mporeÐ to k�je clause na krat� thn plhroforÐa
gia tic metablhtèc tou. To pleonèkthma thc mejìdou aut c eÐnai ìti apofeÔgetai h
polÔplokh diasÔndesh twn clauses me tic metablhtèc kai h euelixÐa ìso afor� thn
aÔxhsh twn metablht¸n aux�nontac to m koc twn kataqwrht¸n sta Variable Arrays.

5.2.3 3o St�dio - Literals

'Opwc faÐnetai kai apì to sq ma 5.4 to st�dio apoteleÐtai apì ta Literal Value Tables
(LVT), mn mec oi opoÐec kratoÔn thn trèqwn kat�stash tou clause kaj¸c kai tic 3ic
proswrinèc timèc pou prokÔptoun apì ta flips twn metablht¸n.

Sq ma 5.4: Literal Value Table

K�je clause apoteleÐtai apì trÐa LVTs twn opoÐwn h èxodoc touc mèsa apì sun-
duastik  logik  dÐnei ta s mata proc tic mon�dec tou score kai epilog c tou tuqaÐou
mh ikanopoi simou clause ìpwc ja doÔme kai pio analutik� sth sunèqeia.

Basik  eÐsodoc sta stoiqeÐa aut� eÐnai to s ma pou proèrqetai apì to 2o st�dio.
Oi upìloipec eÐsodoi tou sust matoc eÐnai ta s mata elègqou ta opoÐa ja analujoÔn
sthn sunèqeia. 'Exodoc twn LVTs eÐnai 3 s mata pou ja kajorÐsoun thn axiolìgh-
sh thc metablht c kai thn epilog  tou mh ikanopoi simou clause gia thn epìmenh
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epan�lhyh. Ta dÔo s mata perièqoun plhroforÐa gia to score (makevalue kai break-
value) kai to �llo gia thn tim  twn clauses pou prokÔptei apì thn antistrof  thc
metablht c.

O pur nac tou LVT ìpwc faÐnetai kai apì to sq ma 5.4 eÐnai mia Block RAM
pl�touc 1 bit tess�rwn jèsewn. Sthn pr¸th jèsh antistoiqeÐ h tim  tou literal pou
prokÔptei apì to trèqon montèlo metablht¸n. Oi �llec treic jèseic antistoiqoÔn
sthn tim  pou paÐrnei to literal kat� thn di�rkeia melèthc twn tri¸n metablht¸n tou
mh ikanopoi simou clause.

An�lush Sq matoc 5.4

H mn mh pou qrhsimopoieÐtai eÐnai Dual port kai o lìgoc eÐnai giatÐ qreiazìmaste na
k�noume an�gnwsh thc trèqwn kat�stashc apì thn pr¸th jèsh kai par�llhla na
gr�foume mia apì tic �llec treic. Se treic diadoqikoÔc kÔklouc ìpwc ja doÔme kai
sto control h dieÔjunsh an�gnwshc eÐnai stajer  kai deÐqnei sthn pr¸th jèsh en¸
diadoqik� gr�fetai h deÔterh, trÐth kai tètarth. 'Otan epilegeÐ h metablht  h opoÐa
ja gÐnei mìnima flip ja diabasteÐ h antÐstoiqh jèsh kai dieÔjunsh eggraf c ja gÐnei
h pr¸th jèsh thc mn mhc.

H mn mh aut  arqikopoieÐtai kat� thn di�rkeia arqikopoÐhshc touc kukl¸matoc.
Ta s mata pou kajorÐzoun thn tim  pou ja grafteÐ sthn mn mh eÐnai to s ma pou
deÐqnei an to literal brÐsketai sthn jetik    arnhtik  tou kat�stash se sunduasmì
me èna s ma pou proèrqetai apì thn tuqaÐa arqikopoÐhsh twn metablht¸n.

H tim  pou gr�fetai sthn mn mh eÐnai h tim  pou diab�zetai apì thn mn mh se
sunduasmì me thn tim  tou bit eisìdou to opoÐo proèrqetai apì to Variable array kai
kajorÐzei an h metablht  pou melet�tai brÐsketai sto sugkekrimèno clause. Ektìc
apì autì wc egraf  mporeÐ na eÐnai kateujeÐan autì pou diab�zetai apì thn mn mh to
opoÐo ja grafteÐ sthn pr¸th jèsh ìpwc proanafèretai met� apì to mìnimo flip thc
epileqjèntac metablht c   to bit arqikopoÐhshc. O èlegqoc kajorÐzetai mèsa apì
touc dÔo poluplèktec pou up�rqoun prin apì thn mn mh.

H èxodoc tou LVT eÐnai ta dÔo s mata ìpwc faÐnontai kai sto di�gramma. To
pr¸to èqei thn tim  tou literal sÔmfwna me to trèqon montèlo metablht¸n kai to �llo
h proswrin  tim  met� apì k�je flip. Oi èxodoi apì ta trÐa LVTs pou perièqontai
se k�je clause mèsa apì mia sunduastik  logik  mac dÐnoun tic timèc pou kajorÐzoun
to score kai h proswrin  tim  mèsa apì pÔlh or mac dÐnei to s ma gia thn mon�da
epilog c tuqaÐou clause.
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5.2.4 4o St�dio - Upologismìc Score

Sta dÔo aut� st�dia èqoume dÔo basikèc leitourgÐec. H pr¸th eÐnai gia ton upologi-
smì twn scores kai h deÔterh gia thn epilog  enìc clause to opoÐo eÐnai mh ikanopoi-
 simo. 'Opwc eÐdame kai sto sq ma 5.1 sto st�dio autì èqoume 3ic basikèc mon�dec.
Oi dÔo mon�dec gia to score oi opoÐec apoteloÔntai apì Ðdia sqedÐash ulikoÔ kai h
mon�da gia thn epilog  tou false clause.

Makecount kai Breakcount

Oi mon�dec autèc apoteloÔntai apì èna ajroist  se morf  dèntrou (Binary Adder)
o opoÐoc dèqetai gia eÐsodo ta an�loga s mata apì to prohgoÔmeno st�dio me pl�toc
ìso kai o arijmìc twn clauses h k�je mon�da, kai upologÐzei pìsa apì aut� èqoun
thn tim  1. Sto sq ma 5.5 parousi�zetai to analutikì di�gramma thc mon�dac gia
thn perÐptwsh twn 1024 clauses.

Sq ma 5.5: Binary Tree Adder

Ta arqik� s mata eisìdou an� dÔo phgaÐnoun stouc 512 ajroistèc 1 bit , se k�je
èna apì autoÔc èqoume èxodo mia posìthta 2 bit h opoÐa eÐnai to �jroisma twn an-
tÐstoiqwn eisìdwn. Sth sunèqeia h èxodoc aut¸n twn ajroist¸n gÐnetai eÐsodoc se
ajroistèc 2 bit , èpeita se 3 bit k.o.k. H èxodoc twn 2 aut¸n ajroist¸n gÐnontai
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eÐsodoi ston afairet  o opoÐoc k�nei thn afaÐresh Makecount − Breakcount thc
opoÐac to apotèlesma eÐnai kai to score thc Novelty.

False Clause Selector

Sthn mon�da epilog c mh ikanopoi simou clause èqoume eÐsodo thn plhroforÐa gia
k�je èna clause mèsw enìc s matoc an ikanopoieÐtai   ìqi. H mon�da aut  apotele-
Ðtai apì 2 stoiqeÐa. Thn genn tria yeudotuqaÐwn arijm¸n h opoÐa ulopoieÐtai me thn
qr sh enìc shiftregister ìpwc faÐnetai kai sto sq ma 5.6 kai to sunduastikì kÔklw-
ma to opoÐo bohj� thn genn tria tuqaÐwn arijm¸n na dÐnei p�nta mh ikanopoi simo
clause sthn èxodo. O lìgoc pou gÐnetai autì eÐnai gia na mporeÐ mèsa se èna kÔklo
na epilègetai to false clause . Sto sq ma 5.7 faÐnetai analutik� to kÔklwma thc
mon�dac gia thn sqedÐash me ta 1024 clauses.

Sq ma 5.6: Genn tria YeudotuqaÐwn Arijm¸n

Basik  idèa tou kukl¸matoc eÐnai na exet�zei èna èna ta bits pou dÐnei h genn tria
tuqaÐwn arijm¸n se sunduasmì me ta s mata pou kajorÐzoun thn kat�stash twn
clauses.Se perÐptwsh pou sthn om�da twn clauses pou antistoiqeÐ to exetazìmeno bit
den up�rqei mh ikanopoi simo clause tìte to bit autì antistrèfetai. 'Etsi arqÐzontac
apì to MSB thc tuqaÐac tim c kai k�nontac flip ìpou qrei�zetai èqoume mia posìthta
h opoÐa antistoiqeÐ se mh ikanopoi simo clause.

5.2.5 5o St�dio - Epilog  Metablht c

To teleutaÐo shmeÐo tou algorÐjmou. To st�dio autì qrei�zetai perissìtero apì
ena kÔklouc gia na oloklhrwjeÐ h leitourgÐa tou. Sto shmeÐo autì katal goun ta
dedomèna pou aforoÔn tic metablhtèc kai gÐnetai sÔgkrish touc. Sto sq ma 5.8 pa-
rousi�zetai to di�gramma tou kukl¸matoc pou epilègei thn metablht . Ta basik�
stoiqeÐa tou Variable selector einai oi kataqwrhtèc pou kratoÔn ta dedomèna gia thn
kalÔterh kai deÔterh kalÔterh metablht , h mn mh pou krat� ta flips pou èqei k�nei
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Sq ma 5.7: Mon�da Epilog c TuqaÐou Clause

k�je metablht , ton flip counter kai tic mon�dec elègqou.

An�lush Sq matoc 5.8

Up�rqoun 2 epÐpeda kataqwrht¸n pou apoteloÔnte to k�je èna apì 3ic kataqwrhtèc.
Sto pr¸to epÐpedo èqoume touc kataqwrhtèc gia thn kalÔterh metablht . Oi treic
kataqwrhtèc kratoÔn thn tim  tou score , thn tim  thc metablht c kai to epilegmèno
mh ikanopoi simo clause.EÐsodoc twn kataqwrht¸n eÐnai ta dedomèna pou èrqontai
apì to prohgoÔmeno st�dio. To s ma eggraf c tou kataqwrht  proèrqetai apì thn
mia mon�da elègqou eggraf c kataqwrht¸n pou ja doÔme sthn sunèqeia. H èxodoi
touc odhgoÔnte se treic poluplèktec pou kajorÐzoun ta dedomèna proc eggraf  sto
deÔtero epÐpedo kataqwrht¸n.

To deÔtero epÐpedo krat� thn plhroforÐa gia thn deÔterh kalÔterh metablht 
kai apoteleÐtai apì touc antÐstoiqouc kataqwrhtèc me to pr¸to epÐpedo. Oi eÐsodoi
twn kataqwrht¸n mporeÐ na eÐnai eÐte h plhroforÐa ìpwc èrqetai sto st�dio eÐte ta
perieqìmena tou pr¸tou epipèdou kataqwrht¸n kai kajorÐzontai apì èna poluplèkth
o opoÐoc elègqetai apì thn mon�da elègqou eggraf c kataqwrht¸n.
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Sq ma 5.8: Mon�da Epilog c Metablht c

H eggraf  stouc kataqwrhtèc kai o èlegqoc twn poluplekt¸n kajorÐzetai apì
to score twn metablht¸n kai eÐnai ta s mata exìdou thc antÐstoiqhc mon�dac elèg-
qou. To pr¸to epÐpedo kataqwrht¸n gr�fetai ìtan h eiserqìmenh metablht  eÐnai
kalÔterh apì aut  pou up�rqei  dh sto epÐpedo. Par�llhla gÐnetai energopoÐhsh
eggraf c sto deÔtero epÐpedo ¸ste na enhmerwjeÐ h deÔterh sthn kat�taxh meta-
blht . Sthn perÐptwsh pou h eiserqìmenh metablht  eÐnai qeirìterh apì thn pr¸th
all� kalÔterh apì thn deÔterh tìte gÐnetai energopoÐhsh eggraf c sto deÔtero e-
pÐpedo kataqwrht¸n kai wc eÐsodoc stouc kataqwrhtèc ta s mata pì thn eÐsodo tou
Variable Selector. 'Otan h metablht  eÐnai qeirìterh kai apì tic dÔo tìte den gÐnetai
energopoÐhsh eggraf c se kanèna epÐpedo kai h kat�stash stouc kataqwrhtèc mènei
wc èqei.

H telik  epilog  metablht c gÐnetai se sunduasmì me thn mn mh pou krat� ta
flips. GÐnetai sÔgkrish sthn tim  pou diab�zetai apì thn mn mh twn flips twn dÔo
metablht¸n kai an h pr¸th ègine teleutaÐa flip tìte epilègetai tuqaÐa mia apì thc
dÔo alli¸c epilègetai h pr¸th. H epilog  kajorÐzetai apì ton poluplèkth stic
exìdouc twn kataqwrht¸n pou kratoÔn tic timèc gia ta false clauses.
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5.3 Mon�da Elègqou

H mon�da elègqou thc arqitektonik c kajorÐzei ta s mata elègqou ìpwc faÐnetai
kai apì to sq ma 5.1. Basikì stoiqeÐo thc mon�dac eÐnai mia mhqan  peperasmènwn
katast�sewn (FSM) h opoÐa apoteleÐtai apì 10 katast�seic, dÔo gia thn arqikopo-
Ðhsh tou sust matoc kai 8 gia thn leitourgÐa tou algorÐjmou ìpwc blèpoume kai sto
sq ma 5.9. Oi pr¸tec dÔo katast�seic eÐnai upeÔjunec gia ta s mata elègqou ta
opoÐa aforoÔn thn arqikopoÐhsh kai oi upìloipec gia thn leitourgÐa tou algorÐjmou,
mÐa kat�stash gia k�je kÔklo.

Sq ma 5.9: FSM gia thn mon�da elègqou
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5.3.1 ArqikopoÐhsh Kukl¸matoc

Par�llhla me thn mon�da elègqou gia thn arqikopoÐhsh leitourgeÐ kai ènac Shift
Register, sq ma 5.10, o opoÐoc arqÐzei na leitourgeÐ me s ma apì thn mon�da elègqou
kai par�gei èna bit me tim  1 k�je kÔklo olisjimèno proc ta arister�, arqÐzontac apì
to LSB kai phgaÐnontac proc to MSB. Skopìc tou kataqwrht  autoÔ eÐnai seiriak�
na gÐnei energopoÐhsh twn shm�twn eggraf c sta clauses ¸ste na gÐnei eggraf  twn
dedomènwn sta Variable Arrays kai sta LVTs.

Sq ma 5.10: Kataqwrht c olÐsjhshc gia arqikopoÐhsh

H sÔndesh tou kataqwrht  autoÔ me thn FSM gÐnetai me dÔo s mata. To pr¸to
s ma dÐnei thn ènarxh leitourgÐac tou kai afoÔ gÐnei h olÐsjhsh tou s matoc o kata-
qwrht c mèsw tou deÔterou s matoc enhmer¸nei thn FSM. 'Oso afor� to ulikì to
pr¸to s ma, apì thn FSM, eÐnai h eÐsodoc tou pr¸tou flip flop kai to deÔtero, proc
thn FSM, h èxodoc tou teleutaÐou flip flop. Ektìc apì ta dÔo s mata pou sundèon-
tai me ton kataqwrht  olÐsjhshc apì thn FSM èqoume to s ma pou kajorÐzei an to
sÔsthma brÐsketai se kat�stash arqikopoÐhshc   oqi èqontac tim  1 kai 0 antÐstoiqa.

To s ma autì kajorÐzei thn eggraf  se sunduasmì me to s ma tou kataqwrht 
olÐsjhshc sta Variable Arrays ta opoÐa ìpwc proanafaÐretai gr�fontai mìno sthn
arqikopoÐhsh kai sth sunèqeia mìno diab�zontai. Sta LVTs kat� thn di�rkeia ar-
qikopoÐhshc ektìc apì thn eggraf  mn mhc h opoÐa ìpwc kai sta Variable Arrays
kajorÐzetai gia k�je clause apì ton kataqwrht  olÐsjhshc qrhsimopoieÐtai kai to
s ma kat�stashc arqikopoÐhshc to opoÐo elègqei ton poluplèkth pou kajorÐzei ta
dedomèna eggraf c twn mnhm¸n.

Kat� thn di�rkeia thc arqikopoÐhshc autì pou gÐnetai eÐnai h eisagwg  twn dedo-
mènwn tou probl matoc. Ta dedomèna pou eis�gontai eÐnai h CNF , dhlad  oi treic
timèc pou aforoÔn tic metablhtèc (3× log2(#V ariables)bit) mazÐ me èna bit gia k�je
metablht  to opoÐo kajorÐzei an eÐnai sthn jetik    arnhtik  thc morf  mèsa sto
clause. Ta 24 bits sundèontai me to Clause Table ìpou gÐnetai h eggraf  thc mn mhc
kai me ta 1024 Variable Arrays. To s ma energopoÐhshc eggraf c thc mn mhc kat�
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thn di�rkeia thc arqikopoÐhshc gÐnetai 1 kai sthn sunèqeia paramènei 0. Ta �lla trÐa
bits sundèontai me ta LVTs ta opoÐa se sunduasmì me thn tim  thc tuqaÐac arqiko-
poÐhshc twn metablht¸n gr�fontai sthn pr¸th jèsh twn mnhm¸n pou ta apoteloÔn
h opoÐa krat� thn plhroforÐa gia thn trèqwn kat�stash.

Met� thn diadikasÐa arqikopoÐhshc h opoÐa diarkeÐ se kÔklouc ìso kai o arijmìc
twn clauses h FSM odhgeÐtai sthn trÐth kat�stash me thn opoÐa xekin� kai h ektèlesh
tou algorÐjmou.

5.3.2 LeitourgeÐa WalkSAT

Gia thn leitourgÐa tou basikoÔ algorÐjmou èqoume tic katast�seic 3-10 ìpwc fa-
Ðnontai kai sto sq ma 5.9 stic opoÐec h FSM eisèrqetai met� apì thn per�twsh thc
arqikopoÐhshc. Autì pou gÐnetai ed¸ eÐnai an�loga me to st�dio tou pipeline na
energopoioÔntai kai na jètontai swst� ta s mata elègqou. Sth sunèqeia analÔontai
ta s mata elègqou gia thn kanonik  ro  tou algorÐjmou.

Clause Table

Current Variable S ma to opoÐo kajorÐzei pia apì tic treic metablhtèc ja epilegeÐ
apì ton poluplèkth. To s ma autì eÐnai qr simo stouc pr¸touc treic kÔklouc
en¸c flip kai paÐrnei diadoqik� tic timèc 00, 01 kai 10.

Literals - LVTs

LVT Enable S ma to opoÐo energopoieÐ thn eggraf  sthc mn mec twn LVTs to
opoÐo paÐrnei thn tim  energopoÐhshc se tèsseric peript¸seic. Oi pr¸tec treic
peript¸seic eÐnai kat� thn di�rkeia twn proswrin¸n flip twn metablht¸n kai h
tètarth for� ìtan ja gÐnei to mìnimo flip kai ja enhmerwjeÐ h mìnimh kat�stash
twn literals.Oi kÔkloi stouc opoÐouc gÐnetai 1 eÐnai o 4oc, 5oc, 6oc kai 9oc.

Write Address KajorÐzei thn dieÔjunsh eggraf c twn LVTs kai qr simh tim  èqei
stouc antÐstoiqouc kÔklouc ìpou gÐnetai energopoÐhsh tou s matoc eggraf c.
Oi pr¸tec treic timèc pou paÐrnei to s ma autì anafèrontai sthn 2h, 3h kai
4h jèsh mn mhc antÐstoiqa kai h tètarth tim  pou paÐrnei eÐnai gia thn pr¸th
jèsh.

Read Address S ma gia thn dieÔjunsh an�gnwshc thc mn mhc to opoÐo eÐnai sta-
jerì kai deÐqnei sthn pr¸th jèsh gia tic treic peript¸seic kai gia thn tètarth
kajorÐzetai apì thn metablht  pou epilèqjhke.
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Variable Selector

Reset Counter 'Otan arqÐsoun na eisèrqontai oi metablhtèc sto st�dio autì ja
qreiastoÔn treic kÔkloi gia thn epilog  thc metablht c proc antistrof  ètsi
to s ma autì arqikopoieÐ ton metrht  o opoÐoc ja par�xei tic timèc 00,01,10 pou
ja kajorÐsoun touc treic kÔklouc kai par�llhla ja par�xoun k�poia s mata
elègqou gia touc poluplèktec sth mon�da Variable Selector.

Flip Register Enable Met� to pèrac twn kÔklwn gia thn epilog  metablht c e-
nergopoieÐtai autì to s ma to opoÐo aux�nei ton metrht  twn flips kat� 1 kai
par�llhla gr�fei thn tim  tou sthn antÐstoiqh dieÔjunsh thc mn mhc gia ta
flip k�je metablht c.
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Kef�laio 6

Apotelèsmata

Sto kef�laio autì ja melethjeÐ h apotÔpwsh thc arqitektonik c mac se dÔo oiko-
gèneiec FPGA thc Xilinx, Virtex II kai Virtex 5. Gia thn apotÔpwsh twn susthm�twn
qrhsimopoi jhke ta ergaleÐo thc Xilinx, ISE 9.1 sp3 sto opoÐo ègine kai prosomoÐwsh
tou sust matoc. Stic enìthtec pou akoloujoÔn ja parousi�soume ta apotelèsmata
tìso se pìrouc ìso kai se taqÔthta thc apotÔpwshc thc arqitektonik c mac gia
di�fora megèjh kai pwc all�zoun ta dedomèna aux�nontac to mègejoc thc sqedÐa-
shc. Sth sunèqeia ja sugkrÐnoume ta apotelèsmata mac me apotelèsmata apì �llec
arqitektonikèc kai logismikì.

6.1 Sumperifor� Hardware se sqèsh me logi-
smikì

Se aut  thn enìthta ja melet soume thn sumperifor� thc arqitektonik c se sqèsh
me to logismikì pou perigr�yame sthn enìthta 3.3 ìso afor� ta b mata tou algo-
rÐjmou proc thn lÔsh enìc probl matoc. Genik� to shmeÐo pou kajorÐzei thn ro 
tou algorÐjmou eÐnai h epilog  thc metablht c proc antistrof . Pio analutik� eÐnai
ta shmeÐa pou upologÐzoun to Score mazÐ me to shmeÐo pou epilègei to tuqaÐo mh
ikanopoi simo Clause. Sthn arqitektonik  mac autì pou k�name eÐnai na sqedi�soume
tic mon�dec autèc na leitourgoÔn parìmoia me to logismikì kai se sunduasmì me thn
mon�da pou k�nei thc sugkrÐseic èqoume thn Ðdia ro  sthn diadikasÐa eÔreshc lÔshc.

Ston pÐnaka 6.1 parousi�zoume thn sÔgkrish logismikoÔ kai ulikoÔ ìpwc elèg-
qjeike mèsa apì simulations pou èginan me thn qr sh tou Xilinx ISE 9.1.03. Sto
shmeÐo autì na anafèroume ìti kat� thn di�rkeia prosomoÐwshc tou sust matoc me
meg�la benchmarks den mpìrese na oloklhrwjeÐ h prosomoÐwsh sto ergaleÐo thc
Xilinx kai autì mac od ghse sthn epalÔjeush leitourgÐac tou sust matoc me mikr�
probl mata kai sth sunèqia na k�noume ektÐmish gia ta flips kai ton qrìno ektèleshc

49
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me qr sh tou logismikoÔ kai thc suqnìthtac tou sust matoc.

Benchmarks Flips with Software Flips with Hardware

uf20-010 21.12 19
uf20-016 36.4 32
uf20-020 36.29 40
uf20-023 60.32 52
uf20-029 62.88 60

PÐnakac 6.1: Epal jeush leitourgÐac UlikoÔ

6.2 ApotÔpwsh Arqitektonik c se Virtex II kai
Virtex 5

Sthn enìthta aut  ja parousi�soume ta apotelèsmata pou aforoÔn touc pìrouc kai
th suqnìthta leitourgÐac thc apotÔpwshc gia thn oikogèneia Virtex II kai Virtex
5 . Stouc pÐnakec pou ja akolouj soun ja parousi�soume ta apotelèsmata k�je
mon�dac kai olìklhrhc thc arqitektonik c gia ìla ta megèjh pou melet same kai ulo-
poi same. 'Oso afor� tic Virtex II kai Virtex 5 èqoume ta montèla Virtex XC2V6000
kai XC5VLX110T antÐstoiqa.

6.2.1 Katan�lwsh pìrwn apì epÐ mèrouc mon�dec

Clause Table

Stouc pÐnakec 6.2 kai 6.3 parousi�zontai oi pìroi pou qrei�zetai h mon�da Clause
Table gia Virtex 2 kai 5 antÐstoiqa.

Available 128/32 256/64 512/128 1024/256

Slices 33792 5(0%) 6(0%) 7(0%) 8(0%)
4 input LUTs 67584 10(0%) 12(0%) 14(0%) 14(0%)
BRAMS 144 1(0%) 1(0%) 1(0%) 1(0%)

PÐnakac 6.2: Pìroi gia Clause Table se Virtex II
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Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 5 (0%) 6 (0%) 7 (0%) 8 (0%)
Slice LUTs 69120 5 (0%) 6 (0%) 7 (0%) 8 (0%)
Block RAM/FIFO 148 1 (0%) 1 (0%) 1 (0%) 1 (0%)

PÐnakac 6.3: Pìroi gia Clause Table se Virtex 5

'Oso aux�noume ton arijmì twn Clauses kai Variables parathroÔme thn mon�da
aut  na aux�nei el�qista tic apait seic thc. O lìgoc pou sumbaÐnei autì einai giatÐ
to kÔrio stoiqeÐo thc mon�dac eÐnai h mn mh pou krat� thn plhroforÐa gia th CNF
h opoÐa brÐskete sthn Block RAM pou qrhsimopoieÐtai. H aÔxhsh pou parathreÐtai
sta Slices ofeÐletai sthn aÔxhsh tou megèjouc tou poluplèkth pou qrhsimopoieÐtai
gia thn epilog  thc metablht c.

Clause Evaluator

Stouc pÐnakec 6.4 kai 6.5 parousi�zontai oi pìroi pou qrei�zetai h mon�da Clause
Evaluator gia Virtex 2 kai 5 antÐstoiqa.

Available 128/32 256/64 512/128 1024/256

Slices 33792 2786 (8%) 6018 (17%) 12920 (38%) 27603 (81%)
Slice Flip Flops 67584 2817 (4%) 6401 (9%) 14337 (21%) 31745 (46%)
4 input LUTs 67584 3584 (5%) 7936 (11%) 17408 (25%) 34816 (51%)

PÐnakac 6.4: Pìroi gia Clause Evaluator se Virtex II

Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 2817 (4%) 6401 (9%) 14337 (20%) 31745 (45%)
Slice LUTs 69120 2432 (3%) 5632 (8%) 11264 (16%) 22528 (32%)
Block RAM/FIFO 148 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PÐnakac 6.5: Pìroi gia Clause Evaluator se Virtex 5

H basikìterh mon�da thc sqedÐashc mac kai h pio apaithtik  se pìrouc. Se autì
to shmeÐo kai sthn Virtex 2 ìpwc kai sthn Virtex 5 parathroÔme stajer  aÔxhsh
twn pìrwn thc t�xhc 2× ìso diplasi�zoume ta Clauses kai Variables pou uposthrÐzei
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h arqitektonik  mac. Ousiastik� gÐnetai diplasiasmìc twn LVTs kai twn Variable
Arrays.

False Clause Selector

Stouc pÐnakec 6.6 kai 6.7 parousi�zontai oi pìroi pou qrei�zetai h mon�da Clause
Evaluator gia Virtex 2 kai 5 antÐstoiqa.

Available 128/32 256/64 512/128 1024/256

Slices 33792 124(0%) 180 (0%) 328 (0%) 623 (1%)
Slice Flip Flops 67584 10(0%) 10 (0%) 10 (0%) 10 (0%)
4 input LUTs 67584 226(0%) 579 (0%) 1092 (1%) 2117 (1%)

PÐnakac 6.6: Pìroi gia False Clause Selector se Virtex II

Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 10 (0%) 10 (0%) 10 (0%) 10 (0%)
Slice LUTs 69120 156 (0%) 490 (0%) 1067 (1%) 2092 (3%)
Block RAM/FIFO 148 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PÐnakac 6.7: Pìroi gia False Clause Selector se Virtex 5

'Opwc sthn mon�da tou Clause Evaluator kai ed¸ parathroÔme mia gramik  aÔxhsh
twn pìrwn thc t�xhc twn 2×. 'Oso diplasi�zoume ta Clauses qreiazìmaste �llo èna
poluplèkth o opoÐoc ja eÐnai dipl�sioc apì ton megalÔtero thc amèswc mikrìterhc
sqedÐashc mazÐ me èna �llo epÐpedo pul¸n kai gia to lìgo autì parathroÔme lÐgo
perissìterouc apì dipl�siouc pìrouc.

Score Units

Stouc pÐnakec 6.8 kai 6.9 parousi�zontai oi pìroi pou qrei�zetai h mon�da pou eÐnai
upeÔjunh gia ton upologismì tou Score gia Virtex 2 kai 5 antÐstoiqa.

'Allh mia mon�da pou apaiteÐ dipl�siouc pìrouc kat� ton diplasiasmì twn Clauses.
O lìgoc pou èqoume diplasiasmì ed¸ eÐnai giatÐ k�je for� pou aux�noume ta Clauses
qreiazìmaste dÔo antÐtupa twn mon�dwn aut¸n apì thn prohgoÔmenh sqedÐash. 'Ena
gia ta pr¸ta mis� bits kai èna gia ta �lla mis�. EpÐshc ektìc apì ta dÔo antÐtupa
qreiazìmaste èna epiplèon ajroist  o opoÐoc ja ajroÐsei ta epimèrouc ajroÐsma-
ta. Ston pÐnaka 6.10 parathroÔme touc pìrouc pou qrei�zetai h mon�da aut  me
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Available 128/32 256/64 512/128 1024/256

Slices 33792 325(0%) 654 (1%) 1320 (3%) 2647 (7%)
4 input LUTs 67584 587(0%) 1183 (1%) 2384 (3%) 4779 (7%)

PÐnakac 6.8: Pìroi gia Score Units se Virtex II

Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Slice LUTs 69120 521 (0%) 1051 (1%) 2120 (3%) 4251 (6%)
Block RAM/FIFO 148 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PÐnakac 6.9: Pìroi gia Score Units se Virtex 5

1024 clauses kai 256 variables sthn perÐptwsh pou èqei kataqwrhtèc gia meÐwsh tou
critical path kai uposthrÐzei flip se 9 kÔklouc se sÔgkrish me thn sqedÐash qwrÐc
kataqwrhtèc.

Logic Utilization Available 1024/256 (8) 1024/256 (9)

Slice Registers 69120 0 (0%) 72 (0%)
Slice LUTs 69120 4251 (6%) 4330 (6%)
Block RAM/FIFO 148 0 (0%) 0 (0%)

PÐnakac 6.10: Pìroi gia Score Units se Virtex 5

Variable Selector

Stouc pÐnakec 6.11 kai 6.12 parousi�zontai oi pìroi pou qrei�zetai h mon�da pou
eÐnai upeÔjunh gia thn epilog  metablht c, Variable Selector, gia Virtex 2 kai 5
antÐstoiqa.

Sthn mon�da aut  parathroÔme aÔxhsh twn pìrwn mikrìterhc thc t�xhc twn 2×.
Se aut  th mon�da autì pou all�zei kai prokaleÐ thn aÔxhsh twn pìrwn eÐnai oi
kataqwrhtèc pou kratoÔn tic timèc twn Scores, False Clauses kai Variable Num-
bers kaj¸c kai oi sugkritèc. Kat� ton diplasiasmì twn Clauses oi kataqwrhtèc
aux�nontai kat� 1 bit.
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Available 128/32 256/64 512/128 1024/256

Slices 33792 120(0%) 174 (0%) 305 (0%) 527 (1%)
Slice Flip Flops 67584 91(0%) 97 (0%) 104 (0%) 115 (0%)
4 input LUTs 67584 224(0%) 330 (0%) 587 (0%) 1031 (1%)

PÐnakac 6.11: Pìroi gia Variable Selector se Virtex II

Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 90 (0%) 97 (0%) 104 (0%) 111 (0%)
Slice LUTs 69120 156 (0%) 171 (0%) 276 (0%) 432 (0%)
Block RAM/FIFO 148 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PÐnakac 6.12: Pìroi gia Variable Selector se Virtex 5

6.2.2 Katan�lwsh pìrwn olìklhrhc thc Arqitektoni-

k c

Se aut  thn par�grafo ja doÔme ta qarakthristik� olìklhrhc thc arqitektonik c.
Ston pÐnaka 6.13 parousi�zontai ìpwc kai stic memonwmènec mon�dec oi pìroi pou
qrei�zetai h arqitektonik  gia k�je mègejoc.

Available 128/32 256/64 512/128 1024/256

Slices 33792 3428(10%) 7283 (21%) 15341 (45%) 32653 (97%)
Slice Flip Flops 67584 2925(4%) 6517 (9%) 14462 (21%) 31881 (47%)
4 input LUTs 67584 4524(6%) 9800 (14%) 21085 (31%) 42367 (62%)
BRAMS 144 1(0%) 1 (0%) 1 (0%) 1 (0%)

PÐnakac 6.13: Pìroi gia olìklhrh arqitektonik  se Virtex II

Sta sq mata 6.1(aþ) kai 6.1(bþ) parousi�zontai grafik� oi pìroi pou qrei�zetai h
sqedÐash gia na apotupwjeÐ se Virtex 2 kai Virtex 5 antÐstoiqa. Apì ta sq mata
parathr tai h gramik  aÔxhsh twn pìrwn kat� 2×.

6.2.3 Suqnìthta leitourgÐac sust matoc

Ston pÐnaka 6.15 parousi�zoume thn mègisth suqnìthta pou mporeÐ na petÔqei k�je
sÔsthma an�loga me ton arijmì twn Clauses kai Variables pou uposthrÐzei ta opoÐa
parousi�zontai kai grafik� sto sq ma 6.2.
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Logic Utilization Available 128/32 256/64 512/128 1024/256

Slice Registers 69120 2924 (4%) 6515 (9%) 14458 (20%) 31873 (46%)
Slice LUTs 69120 3348 (4%) 7423 (10%) 14831 (21%) 29659 (42%)
Block RAM/FIFO 148 1 (0%) 1 (0%) 1 (0%) 1 (0%)

PÐnakac 6.14: Pìroi gia olìklhrh arqitektonik  se Virtex 5

Device 128/32 256/64 512/128 1024/256

Virtex II 46.34 45.79 44.26 43.74
Virtex 5 105.74 90.53 84.84 75.43

PÐnakac 6.15: Suqnìthta leitourgÐac sust matoc

'Oso aux�noume to mègejoc tic sqedÐashc (diplasiasmìc Clauses/Variables) pa-
rathroÔme mia meÐwsh tic suqnìthtac. Autì ofeÐlete sthn mon�da pou upologÐzei to
Score h opoÐa kajorÐzei kai to critical path thc sqedÐashc. 'Oso diplasi�zoume thn
sqedÐash èqoume thn prosj kh enìc akìma ajroist  sto dèntro ajroist¸n o opoÐoc
prosjètei kajustèrhsh sto critical path. 'Oso afor� tic Virtex II kai Virtex 5 pa-
rathroÔme thn Virtex 5 na èqei polÔ kalÔterh suqnìthta all� na eÐnai pio euaÐsjhth
sto critcal path. Se megalÔtero mègejoc mporoÔme na belti¸soume to critical path
qrhsimopoi¸ntac kataqwrhtèc sthn mon�da tou score kai o upologismìc tou score na
gÐnetai se dÔo kÔklouc. Autì èqei wc apotèlesma thn meÐwsh tou critical path apì
thn mÐa kai apì thn �llh aux�nei kat� èna touc kÔklouc pou qrei�zetai èna flip.

Sth sunèqeia parousi�zoume touc pÐnakec 6.16 kai 6.17 stouc opoÐouc faÐnontai
o arijmìc twn flips pou mporeÐ to sÔsthma na uposthrÐzei sÔmfwna me touc kÔklouc
pou qrei�zetai gia èna flip kai thn suqnìthta leitourgÐac tou gia Virtex II kai Virtex
5 antÐstoiqa.

Clauses/Vars Cycles/Flip Time for Flip KFlips/s

1024/256 8 0.1829 5467.88
512/128 8 0.1807 5533
256/64 8 0.1747 5723.75
128/32 8 0.1727 5792

PÐnakac 6.16: KFlips/s gia k�je sÔsthma se Virtex II
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(αʹ) Virtex II

(βʹ) Virtex 5

Sq ma 6.1: Pìroi pou katanal¸nontai kat� thn apotÔpwsh

Ston pÐnaka 6.16 ston opoÐo faÐnontai o arijmìc twn Flips pou mporeÐ na k�nei
to k�je sÔsthma an� deuterìlepto. H tim  aut  upologÐzetai apì ton arijmì twn
kÔklwn pou qrei�zontai gia èna flip kai thn suqnìthta leitourgÐac ìpwc parousi�ze-
tai ston pÐnaka 6.15.

6.3 Apìdosh se di�fora Benchmarks

Sthn enìthta aut  ja doÔme thn sumperifor� thc sqedÐashc mac gia di�fora pro-
bl mata. Ston pÐnaka 6.18 parousi�zontai ta probl mata mazÐ me ta flips pou qrei-
�zontai gia na lujoÔn ìpwc aut� upologÐsthkan qrhsimopoi¸ntac thn montelopoÐhsh
tou algorÐjmou se gl¸ssa programmatismoÔ C pou perigr�fetai sthn enìthta 3.3
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Sq ma 6.2: Suqnìthta leitourgÐac sust matoc

Clauses/Vars Cycles/Flip Time for Flip KFlips/s

1024/256 8 0.1061 9428.25
512/128 8 0.0943 10605
256/64 8 0.0884 11315.75
128/32 8 0.0757 13216.88

PÐnakac 6.17: KFlips/s gia k�je sÔsthma se Virtex 5

gia thn Virtex II kai Virtex 5 .

6.4 SÔgkrish me �llec Arqitektonikèc

Sto shmeÐo autì ja parousi�soume kai ja sugkrÐnoume ta apotelèsmata se sqèsh me
thn arqitektonik  pou perigr�fetai sthn [KM05]. MazÐ me thn sÔgkrish se epÐpedo
ulikoÔ ja gÐnei kai sÔgkrish se epÐpedo logismikoÔ ìpwc aut  parousi�sthke sthn
dhmosÐeush [KM05]. Ston pÐnaka 6.19 parousi�zoume ta apotelèsmata gia ta pènte
probl mata pou anafèrame kai sthn enìthta 3.4. Stouc qrìnouc apì thn arqitekto-
nik  pou anafèretai [KM05] gÐnetai afaÐresh tou qrìnou pou qrei�zetai gia eÐsodo -
èxodo kai o opoÐoc sÔmfwna me thn dhmosÐeush eÐnai 5.5ms
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Benchmarks Flips T (ms) Virtex II T (ms) Virtex 5 Speedup

uf225-087 1163.41 0.21 0.12 1.72
uf225-026 1387.09 0.25 0.15 1.72
uf225-028 10156.05 1.86 1.08 1.72
uf225-091 10887.16 1.99 1.15 1.72
uf225-039 1278917.95 233.9 135.65 1.72

PÐnakac 6.18: Qrìnoc epÐlushc problhm�twn gia Virtex II kai Virtex 5

Hardware [KM05] Our WalkSAT
Benchmarks Mean KFlips T(ms) Mean KFlips T(ms) SpeedUp

Flips /sec Flips /sec

uf225-087 1936 331 0.35 1162 5467 0.22 1.3
uf225-026 2024 345 0.37 1387 5467 0.25 1.48
uf225-028 11723 1536 2.13 10156 5467 1.86 1.15
uf225-091 14962 1820 2.72 10887 5467 1.99 1.4
uf225-039 2690011 5439 489.08 1278917 5467 233.9 2.10

PÐnakac 6.19: SÔgkrish thc sqedÐashc me [KM05] se XC2V6000

H kalÔterh apìdosh ofeÐletai kata kÔrio lìgo sthn euristik  pou qrhsimopoio-
Ôme h opoÐa èqei perÐpou 2× kalÔterh apìdosh ¸c proc ton arijmì twn flips. Autì
to apotèlesma parathreÐtai sto dÔskolo prìblhma kai faÐnetai kajar� h qr sh thc
euristik c novelty pwc epirre�zei jetik� thn apìdosh antikajistìntac thn euristik 
skc. H sÔgkrish gÐnetai sthn apotÔpwsh thc sqedÐashc se Virtex II sthn opoÐa eÐnai
apotupwmènh kai h sqedÐash thc [KM05] me skopì na sugkrÐnoume tic euristikèc kai
na mhn epirreastoÔn ta apotelèsmata lìgo neìterhc teqnologÐac.

6.5 SÔgkrish me logismikì

Sthn enìthta aut  ja sugkrÐnoume thn apìdosh thc arqitektonik c mac me to logismi-
kì WalkSAT v46 [ws4] to opoÐo qrhsimopoi� thn euristik  Novelty. Ston pÐnaka 6.20
parousi�zoume ta 5 probl mata pou melet�me kai tic apodìseic twn dÔo susthm�twn.
H ektèlesh tou logismikoÔ ègine se upologist  me epexergast  Intel(R) Xeon(R)
E5430 CPU 2.66GHz me 8 pur nec kai 12 GB RAM.Sto shmeÐo autì na anafèrou-
me ìti h ektèlesh tou logismikoÔ ègine kai se upologist  me epexergast  Intel(R)
Pentium(R) 4 CPU 2.53GHz kai mn mh 1 GB RAM kai se Intel(R) Core(TM)2 Duo
CPU T8300 2.40GHz me mn mh 4 GB RAM twn opoÐwn ta apotelèsmata faÐnontai
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Walksat v46 [ws4] Our WalkSAT
Benchmarks Mean KFlips T(ms) Mean KFlips T(ms) SpeedUp

Flips /sec Flips /sec

uf225-087 1306 1306 1 1163 9428 0.12 8.1
uf225-026 1558 1558 1 1387 9428 0.15 6.8
uf225-028 8242 1648 5 10156 9428 1.08 4.64
uf225-091 10342 2068 5 10887 9428 1.15 4.33
uf225-039 1384998 2347 589 1278917 9428 135.65 4.35

PÐnakac 6.20: SÔgkrish LogismikoÔ - UlikoÔ

sto gr�fhma 6.3.

Sq ma 6.3: Apìdosh sust matoc se sqèsh me logismikì

Sto gr�fhma 6.3 parousi�zetai to Speedup gia touc treic epexergastèc. Para-
threÐtai sta mikr� probl mata meg�lo Speedup kai autì ofeÐletai ston trìpo pou
to Software upologÐzei to flips an� deuterìlepto. UpologÐzei ton sunolikì qrìno
epexergasÐac kai se sundiasmì me ta flips pou qreiastÐkane upologÐzei thn tim  twn
flips an� deuterìlepto. Sta duskolìtera probl mata parathroÔme to Speedup na
stajeropoieÐte kai na eÐnai gÔro sto 4×.

H apìdosh ed¸ ofeÐletai kajar� ston parallhlismì pou mporoÔme na petÔqou-
me me thn apotÔpwsh thc arqitektonik c se anadiatassìmenh logik  efìson kai to
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logismikì kaÐ h arqitektonik  mac qrhsimopoioÔn thn Ðdia euristik . EpÐshc eÐnai
qr simo na anafaÐroume ìti kai to logismikì sÔmfwna me ton phgaÐo k¸dika pou
to ulopoieÐ k�nei beltistopoÐhsh ston prìpo pou elègqei thn cnf ekmetalleuìmeno
mn mh kai kratìntac perissìterh plhroforÐa gia k�je metablht  ìpwc to score pou
mporeÐ na petÔqei qwrÐc ton èlegqo olìklhrhc thc cnf me apotèlesma thn kalÔ epÐdo-
sh tou. Sthn arqitektonik  mac sumantikì par�gonta sthn apìdosh paÐzei h qr sh
pipeline h opoÐa epitrèpei to flip na gÐnetai se 8 kÔklouc antÐ 18 pou ja  jele qwrÐc
qr sh pipeline, pènte gia ton èlegqo k�je metablht c kai tric gia thn epilog  thc
metablht c.



Kef�laio 7

Sumper�smata kai mellontikèc
epekt�seic

Sto kef�laio autì ja parousi�soume ta sumper�smata pou proèkuyan apì thn ek-
pìnhsh thc paroÔsac diplwmatik c kai tic mellontikèc epekt�seic pou mporeÐ na
gÐnoun gia kalÔterh apìdosh kai megalÔtera probl mata.

7.1 Sumper�smata

7.1.1 Dunamik  Anadi�taxh

To pr¸to sumpèrasma pou katal xame proèrqetai apì thn pr¸th prosèggish tou
algorÐjmou WalkSAT kai thn qr sh dunamik c anadi�taxhc. Sthn perÐptwsh pou me-
let same parathr jhke h qr sh dunamik c anadi�taxhc mh apodotik  ìpwc anafèretai
kai sthn enìthta 4.1 lìgo tou meg�lou arijmoÔ epanal yewn gia meg�la probl mata
kai dedomènou tou qrìnou pou qrei�zetai na gÐnei anadi�taxh se èna mèroc thc FPGA.

EpÐshc mèsa apì ta peir�mata parathr jhke efìson up�rqei mia euristik  kalÔte-
rh apì k�poia �llh tìte den up�rqei lìgoc na qrhsimopoihjeÐ h qeirìterh euristik ,
ètsi h prosèggish tou probl matoc qrhsimopoi¸ntac dunamik  anadi�taxh stic euri-
stikèc den qrei�zetai.

7.1.2 Statik  UlopoÐhsh

To deÔtero sumpèrasma afor� tic euristikèc sunart seic kai thn apìdosh touc. Pa-
rathr same thn euristik  novelty na èqei kalÔterh apìdosh apì tic upìloipec pou
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melet same h opoÐa den eÐqe ulopoihjeÐ se ulikì mèqri t¸ra.

Sthn sunèqeia melet same ton algìrijmo Walksat kai sugkekrimèna to shmeÐo
pou gÐnetai èlegqoc kat� pìso ikanopoi tai h prìtash cnf kai pwc autì mporeÐ na
parallhlisjeÐ me skopì na ekmetalleujoÔme thn anadiatassìmenh logik .

Tèloc èqontac upìyin ta apotelèsmata apì thn apìdosh tou algorÐjmou kai
sugkrÐnontac to me logismikì kai �llec arqitektonikèc parathr jhke ìti h euristi-
k  novelty an kai qrei�zetai perissìterh logik  kai h epilog  metablht c eÐnai pio
sÔnjeth sto ulikì parousi�zei kalÔterh apìdosh.

7.2 Mellontikèc Epekt�seic

SqedÐash tou Clause Evaluator ¸ste na mporeÐ na ekmetalleujeÐ perissìtero thc
mn mec BRAMs pou prosfèrontai kai mènoun anekmet�lleutec sthn paroÔsa sqe-
dÐash. Autì ja bohj sei sthn epèktash thc arqitektonik c kai thn upost rixh
perissìterwn Clauses/Variables.

SqedÐash kai ulopoÐhsh thc euristik c R-Novelty h opoÐa faÐnetai na eÐnai ka-
lÔterh apì thn novelty me skopì na auxhjeÐ akìma perissìtero h apodosh tou su-
st matoc.
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