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Auvvapikn-Anuioupyia Epyaciwv

@ AAYyOpIBuoI cuvouaaoTIKNG avalnTnong
(TTPORANMA TOU TTEPIOOEUOVTOC
TTwANTA), aAyopIBuol avalnTRong
ypapnuatwy (TrpoAnua cuvtouoTEPOU
UIOVOTTATIOU)

@ Auvauikn avabeon Twv EpYACiwWY OTOUG
ETTECEPYAOTEC




AvTtiypapa EpyaloHEVWY O€
MapaAAnAo ZUoTnuA
Ailapgoipalopevng Mvnung
@ Alepyaoieg-epyalOPEVOL
&/Auvauikn avaBeon UTTOAOYIOTIKWY
EPYQTIWV
@ Accapevn epyaaiac (KkavaAia)




Baoika XOpAKTNPICTIKA
aAyopiOpwyv AvTiypapwyv
EpyadopEvwyv

& Auvauikn dnuioupyia VEWVY UTTOAOYIOTIKWY
EPYACIWV

© "EAeyx0G yIa auu@Oprnon TWV KAVAAIWY TNG
OECAMEVNC — TTEPIOPIOPOC TOU apIOuoU TwvV
OIEPYATIWV

& EClooppdTTNaN QOPTIOU — ATTAOXO0ANCN TWV
OlEPYACIWV-EPYACOPEVWIV

@ TepuUaATIOPOG TNG AEITOUPYIAG TWV OIEPYATIWV




vriypaga EpyalopEvwy

Worker /" Worker -
Process Process




AcitoupyikoTnTa Asapeving
Epyaciag

@ AyvVwaoTo TTANBO0C UTTOAOVIOTIKWYV
EPYACIWYV

€ KaBe epyalopevog/utTopEi va
ONUIOUPYNOEI VEEC UTTOAOYIOTIKEC
EPYAOIEC




YAommoinon Fwv AvTiypap@wyv
Epyalopevwy oe MN.2.A.M.

€ Anpioupyia OlEpyaciwV-epyadouevwy pe Forall
& H diepyacia-gpyalOuUEVOC:
e aTroTeAEiTal ATTO €va Bpoxo Tou KaAei Tnv. GetWork

e TBavoTaTta KaAei Tnv Put\Work
e £XElI TTPOORacn o€ diauoIPAlONEVEC OONEC DEDOUEVWIV

@ H treplypa@n epyaciag UTTopEi va £XEI TN opPpN:
e OOHNG EYYPAPNG,
e TTIVAKA,
e QTTANG TINAG OEQOUEVLV

@ H decapevr) epyaaiac: UAoTrolgiTal UE METAPANTEG-
KavaAia




O£paTa MoOU MPOKUTITOUV KATA TOV
TIPOYPAMUHATIOHO TWV
AvTiypapwyv EpyalopEvwy
® Zuppopnaon
& EclooppOTtTnON popriou
& MepIKN atToKEVTPWON TNG OECANEVIC
gpyaaoiac
@ TepuaTIOUOC:
e AdcIa DECAUEVN EpPYOTiag
e Adpaveic dlEpyaaiec-epyalOUEVOI




NMpoocavatoAiouevo lNpapnua
HE Bapn oTi¢ AKHEG

[Mivakag Weight
inf 4 8 inf inf
inf inf 3 1 inf
inf inf inf inf 3}
inf inf 2 inf 10
inf inf inf inf inf

ApiBunon Koupwv: A=1, B=2, C=3, D=4, E=5




AKoAouOI1akog AAyopiIOuog
2uvTouorepou Movomariou

Initialize mindist array to infinity;
Initialize gqueue to contain source verntex 1;
mindist[1l]:= 0O;
While gqueue is not empty do Begin
x:= head of queue;
For w:= 1 to n do Begin
newdist:= mindist[x]+weight[x,w];
If newdist < mindist[w] then Begin
mindist[w] := newdist;
If w not in queue then append w to queue
End;
End;

End;




MapaAAnAog AAyopiOpuog
2UVTOHOTEPOU Movomariou

PROGRAM Shortpath;
CONST n=.L; (*ApLBudc TV KOHPRWV*)
numworkers=..; (*ApLOudc \Twv dlepyaoldv Epyalou&vav™)
infinity=32000;
TYPE worktype= INTEGER; (*K&Be gtolxelo otn Acfopevh) Epyaciac eival évoag oaplbudc rdOuPoux*)
VAR weight: ARRAY [l..n,1..n] OF INTEGER;
i,j: INTEGER;
mindist: ARRAY [1l..n] OF INTEGER; (FEA&XLOoTn oandoTtoon mpec k&Be xroOUPo*)
L: ARRAY [1..n] OF SPINLOCK;

inflag: ARRAY [1l..n] OF BOOLEAN; (*AAn6nc ov o xoufocg Pploketal otnv Acgfapevi
Epvaclacg*)

startvertex: worktype;
PROCEDURE Getwork (me: INTEGER; VAR item: worktype);

(*Aéxetal eva meplypogéa spyoaclac orto “item”*)

PROCEDURE Putwork (me: INTEGER; item: worktype):;

(*IIpbcBeon Tou “item” o1n Agéouevh Epyoaciog*)

(.Buveyxiletal)



MapaAAnAog AAyopiOpuog
2uvrtoporepou Movomariou

PROCEDURE Worker (me: INTEGER); (..ZuvéxeLa)
VAR vertex: worktype;
w,newdist: INTEGER;
BEGIN
Getwork/(me, vertex); (*happdve &vov véo aplOBupd xoOuPRoy yio eéraon*)
WHILE wertex <> -1 DO BEGIN
inflag[vertex]:= FALSE; (*O xé6ufoc aoailpelital omd 1n Acfapevyn Epyoocioc?)
FOR w:= 1 TO n DO BEGIN (*Emefcpyoacia OAnV TV cfcpxduevav odRudOv ToU “vertex”*)
IF weight[vertex, w] < infinity THEN BEGIN
(*EAéyxoupe ov autd e€lval éva ouvioudIepo HOVOIATL TIPS TOV wW*)
newdist:= mindist[vertex]+weight[vertex,w];
Lock(L[w]); (*AuolLBalog amokAeloudg oto “mindist[w]”*)
IF newdist < mindist[w] THEN (*KAe({dwua*) BEGIN
mindist[w] := newdist; (*Evnuépwon tng amdoctacng oe “w”*)
Unlock(L[w]) ;
IF not inflag[w] THEN BEGIN

”

(*Av 10 “w” dev unmbpxel otn Acfouevh Epyoaclioac*)

inflag[w] := TRUE;

ANY ”

Putwork (me,w); (*TomoBétnon tou “w

(.Zuvexiletal) END;

oTn Asgfauevn*)



MapaAAnAog AAyopiOuog
2uvrTtopoTepou Movomrariou

(..ZuvéxeLa) END
ELSE Unlock (Iiw]) ; (*EexAe (dwua*)
END; (*IF*)
END; (*FORY*)
Getwork (me, vertex); (*Moalpvw véo aplOud rKoOUPou*)
END;/ (*WHILEX*)

END;

BEGIN /(*Kuplwc mpdypauuo*)
(*AVAYyVOon TV TLUOV yLla tov mivara weight*)

FOR i:= 1 TO n DO BEGIN (*Apxlxkomoinon twv mindist kot inflag*)
mindist([i]:= infinity;
inflag[i] := FALSE;

END;

mindist[startvertex]:= 0;

inflag[startvertex] := TRUE;

FORALL i:= 1 TO numworkers DO (*Anuioupyla teov AVILYP&owv Epyoalopévov®)

Worker (i) ;

(*TeALKéC omeVTNOELC TOU-PPlorovVIaL otoVv-miveaka “mindist”*)

END.



2uvOnkeg TepUATICHOU
Mpoypappuarog AvTiypap@wyV
Epyalouevwyv (Replicated Workers)

€ H decapevr) epyaaoiag gival adgla

@ OAec o1 digpyaaiec-epyalouevol gival
QOPAVEIC




YAomoinon twv.Getwork, Putwork

PROGRAMf Shortpath;

CONST numworkers=...;

TY worktype= INTEGER;
VAR workpool: CHANNEL OF worktype;

count: INTEGER; (*MetpniAc /inc Acfoauevihc Epyoaotoac*)
M: SPINLOCK;

startvertex: worktype;

(..Zuvexiletal)




YAormoinon tTwyv Getwork,
Putwork

(..Zuvéxetia)

PROCEDURE Getwork (me: INTEGER; VAR item: workt¥ype);

VAR workcount: INTEGER;

BEGIN
Lock (M) ; (*IIpdtn ovayvoon kol pelwon 1oy petpnthy tTng Acfopevig
Epyooiac™) workcount:= count-1;
count:= workcount;
Unlock (M) ;
IF workcount=-numworkers THEN BEGIN (*Teppoatiopdg Twv Epyalopévov*)
item:= -1;
FOR i:= 1 TO numworkers-1 DO workpool:= item;
END
ELSE item:= workpool; (*Av&yvwon €vO6g ovIlkelpeévou and 1nv Acfoapevn
Epyooiac™*)
END;

(.. Bovexiletal)



YAormoinon tTwv Getwork,
Putwork

(..ZuvéxeLa)

PROCEDURE Putwork (me: INTEGER}; item; wofktype):;
VAR workcount: INTEGER;
BEGIN

Lock (M) ;

count:=  count+l; (*AUEnon TOU  pJeTPNIN ng
Aefapevic Epyoaoiog*)

Unlock (M) ;
workpool:= item;

END;

(..Zuvexiletal)




YAormoinon tTwyv Getwork,
Putwork

(..BuvéxeLa)
PROCGEDURE Worker (me: INTEGER) ;

(*ALepyoacia Worker-90e¢ oxnua 10.3%)

BEGIN (*Kuplwg mpdypapua*)

count:= 1;

startvertex:= 1;

workpool:= startvertex; (*O koupBog¢ apetneia 1 otn Asgfoauevh
Epyaociac™)

(*AANAeC apxLlkomolhoe ¢ O6O®WC Kol oto oxpuoa 10.3%*)

FORALL i:= 1 TO numworkers DO
Worker (1) ;

END.




Agtapevn Epyaciag NMoAAamAwy
KavaAiwyv

WORK POOL

Channel 2 Channel 3

2
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MeTpnTEG-TEPUHATICHOU

mastercount

count[2] cnuht[&]
&

-

Channel 1 Channel2 Channel3 Channel 4




YAommoinon NMNoAAamAwv KavaAiwy
TwV Agg. Epyaciag

Getwork (me, item)/

Compute my channel number in the Work Pool;

Decrement counter for the channel;

If counter= +Worker Group Size then Begin (*H 3.1k poy Op&doEpyolopévev eival topa adpavigc*)
Increment master counter;

IT master counter= number of Worker Groups then (*AmoogoAn e&v6¢ PnVUPKTOC TEPUATLOPOU O
k&Be epyoalduevo*)

For i:= 1 to number of Workef Groups do
For j:= 1 to Worker Group Size do
Put a/termination flag into channel of Worker Group i;
End;

Read a task descriptor from my channel into “item”;

Putwork (me, item)

Move my pointer to the next channel in Work Pool;
Increment counter for the target channel;

If counter= -Worker Group Size+l then

Decrement master counter; (*H adpavig Ou&da Epyoalopéveov cilvoal thOpa gvepyn*)

Write “item”~into the target channel;



AgSapevNn EpYACiIiag XWRIg
CUHpopnoT)

PROGRAM Shortpath;
CONST num_worker groups= 5;
worker group size= 10;
numworkers= num worker groups*worker group size;
TYPE worktype= INTEGER;
VAR workpool: ARRAY [l..num worker groups] OF CHANNEL OF worktype;
count: ARRAY [1l..num worker groups] OF ANTEGER;
CL: ARRAY [l..num worker groups] OF SPINLOCK;
mastercount: INTEGER;
M: SPINLOCK;
nextchan: ARRAY [1l..numworkers] OF INTEGER;
i,j: INTEGER;

startvertex: worktype;

(Buvexiletal..)




AgSapevn EpYATiag XwWpRig
CuHpopnom

PROCEDURE Getwork (me€: INTEGER; VAR, item: worktype);
VAR worksount, emptycount, mychan: INTEGER;
BEGIN
mychan:= (me-1) DIV worker group size + 1; (*O opltbudg xavaAioU*)
Lock (CL[mychan]) ;
workcount:= count [mychan] - 1; (*Me{won toU count*)
count [mychan] := workcount;
Unlock (CL[mychan]) ;
IF workcount=-worker group size THEN BEGIN (*H Op&da Epyolopévev elvol adpoavhg*)
Lock (M) ;
emptycount:= mastercount+l; (*AU&non tou mastercount¥*)

mastercount:= emptycount;

Unlock (M) ;

IF emptycount=num worker groups THEN BEGIN (*Teppatiopdg OA®V TV
Epyaloupévav®)

FOR i:= 1 TO num worker grours DO
FOR j:= 1 TO worker group size DO workpool[i]:=

_l;

END;

END;

item:= workpool [mychan];

END; (Buveyiletal..)



AgSapevNn EpYACiIiag XWRIg
CUHpopnoT)

PROCEDURE Putwork (me= INTEGER; item: worktype);

VAR workcount,emptycoun,next: INTEGER;

BEGIN
next:= nextchan[me]; (*NouPéve 1oV aplOud TOUL KOAVOALOU TEPOOPLOUOU*)
Lock (CL[next]) ;
workcount:= count [next]+1; (*AU£&non tou count*)
count [next] := workcount;
Unlock (CL[next]);
IF workcount= -worker group size+l THEN
BEGIN
Lock (M) ;
emptycount:= mastercount-1; (*Melwon tou mastercount*)
mastercount:= emptycount;
Unlock (M) ;
END;
workpool [next] := item; (*Eyypooprn avilkelpévou otn Agfaueviy Epyoaoioc*)
nextchan[me] := next MOD num worker groups+l; (*Endpevoc mpooplLoudc*)
END;

(SBuvexiletal..)



AgSapevNn EpYACiIiag XWRIg
CUHpopnoT)

PROCEDURE Worker (me: INTEGER) ;

VAR ..
BEGIN
nextchan[me] := (me-1) DIV worker group size%l;
(*H diLepyacia Worker (dLa pe oauth tou gxHuatog 10.3%*)
END;

BEGIN (*Kuplwg mpdypauuo*)

startvertex:= 1;

workpool[1l]:= startvertex; (*O xoé6upoc aeestnpia 1 péooa otn
Aefopevy Epyoolog™*)

(*Apx Lkomolinon 6AwV TV aBpPOoLOTOVF)

count[1l]:= 1;
FOR 1i:= 2 To num worker groups DO count[i]:= 0;
mastercount:= 0;

(*AAANeg apy lkomolAce Ll 6nmwg KoL oto oxhuo 10.3%)

FORALL i:= 1 TO numworkers DO Worker (i) ;

END~



Mepioxn EmiGeong Tng
BaoiAlooag




Auvon via7 BaciAlcoeg




Mepiypapn Tou mpoAnuarog Twv N
BaciAiocowvV

Worker process;
Getwork (myboard) ; (*MTailpve pla vidda arrd tnv Agfauevn Epyoaciog*)
While mybgard <> Doneflag Do Begin
If mybgard.len= n then “A Solution is Found”
Else Begin
newrow:= len+l;
For col:= 1 to n Do Begin

Is position (newrow,col) attacked by any of the previous Queens on
“myboard”?

A\Y

If answer is “no” then Begin
create “newboard” by adding Queen in position (newrow,col);
End;
End;
Getwork (myboard) ;
End;

End;




Mpoypappa N BacliAioowyv yia
Ailapoipalopevin Mvnun

PROGRAM Nqueens;
CONST n=_8; (*ApLOpdc 1TV BAOLALCCOHV*)
num/worker groups= 5;
worker group size= 6;
numworkers= num worker groups*worker group size;
TYPE board= ARRAY [1l..n] OF INTEGER;
worktype= RECORD
len: INTEGER; (*ApLOUOC TWY TEEXOUOOVY PBACLALCOOVY)
queens: board; (*0écelC TWV PBACLALOCOHV*)
END;
VAR workpool: ARRAY [1..num worker groups] OF CHANNEL OF worktype;
i: INTEGER; startitem: worktype;
solutions: CHANNEL OF board; (*IUAAéyel TLC TeALKEQ AUoeLgY)
(*AnA@oeLc abpoloTdV Tng Agéauevihc Epyoaoioag 6mwc kol oto oxhuo 10.7%)
PROCEDURE Getwork (me: INTEGER; VAR item: worktype);
(*Id 1 6mwg KoL oto oxhuo 10.7%*)
PROCEDURE Putwork (me: INTEGER; item: worktype);

(*TO L OTWG KOO T-O—ON A Gt}

(DuveviletoL...)



Mpoypappa N BacliAioowyv yia
Ailapoipalopevin Mvnun

PROCEDURE Worker/(me: &NTEGER) ;
VAR myboard: worktype; row,cal,coldist,rowdist: INTEGER;
samecol, samediag, ok: BOOLEAN;
BEGIN
Getwork (me,myboard) ;
WHILE myboard.len <> -1 DO BEGIN
WITH myboard DO
IF len= n THEN solutions:= myboard.queens
ELSE BEGIN (*IIpbcBeon véag PaciALoodC OTnv OKOKLEQA*)
len:= len + 1;
FOR col:= 1 TO n DO BEGIN
(*EAeYyXOC oV umopoUue vo tomnofeTfocoupe Inv PaciALcoa o QquIn TNV OTHANY)
ok:= true;
FOR row:= 1 TO len-1 DO BEGIN

rowdist:= Abs (len-row) ;

coldist:= Abs(col-queens[row]) ;
samecol:= coldist= 0;
samediag:= coldist= rowdist;

IF samecol OR-—samediag THEN ok:= false;

(Zuvexiletat:) END;



Mpoypappa N BacliAioowyv yia
Ailapoipalopevin Mvnun

IF ok THEN BEGIN
queens|[len] := col;
Putwork (me, myboard)}

(*IIpbcBeon VEOU QVT LKELUEVOU otnv Acéauevhy Epyaocioc*)

END;
END;

END;
END;
Getwork (me, myboard); (*Néo avtlkelpevo yLa g&étaon™)
END;
END; (*Worker¥*)
BEGIN (*Kuplwc mpdypauuo*)
startitem.len:= 0;
workpool[1l]:= statritem; (*Apyxlxomoinon tng Ascfoauevic Epyoaoioag ue tnv &dela OKAKLEQA*)

(*Apx lkomolnon Twv abpolotdv Tng Asfauevic Epyoaoiog émwg kol oto oxfuo 10.7%*)

FORALL i:= 1 TO numworkers DO Worker(i); (*Anuioupylio TV €pyolOReéVaV*)

(*OAeC oL—dmavINoeLlC PBPLOKOVIONL OTO-KOVAAL “solutions”*)

END.
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