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pHANAooGASoDIIEV Y

2 O TapaAAnAIoUOC TwWV OEOOUEVWV
2 2E1IPEC QWAIOOUEVWY BPOXWV
2 O¢uara ammodoonc:
= Anuioupyia dIEQYQTIWY
= AvTaywVvIOUOC YIa TTpOaRacn aTtnv YvAun
= KaoBuaTépnan yia auyXpoviauo OlEpyaaiwy
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ANNoupyInMNEpYHOIGY

2 H €vvola Tn¢ dlepyaaiag (O€IpIaKo TTPOYPAuUAQ)
= EvToAEC Onuioupyiac TTapaAAnAwy dlepyaaiwy
= Algpyaaia-yoveag, Olepyaaia-maidi
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PROGRAM Squareroot; PROGRAM ParallelSquareroot;
VAR VAR
A: ARRAY [1..100] OF REAL; A: ARRAY [1..100] OF REAL;
i: INTEGER; i: INTEGER;
BEGIN BEGIN
FOR i := 1 TO 100 DO FORALL i:= 1 TO 100 DO
A[i]:= SQRT(A[i]); A[i]:= SQRT(A[i]);
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SHARED MEMORY

PROCESS0OR 0 _ _‘

BEGIN

FORALL i-=1TO 100 DO
Al = SORTA[):

END. /\:«\ | 'E
[N T

Execute Exacule Execute
. A[100] -
All] := SQART(A[1]): A[2] = SART{A[2]): SQRT(A[1CO])

PROCESSOR 1 FROGCESSOR 2 PROCESSCOR 100




> C02pg027.mpf

2 Process Tree



KUPHKINPIoHKTAEpY OIS

= MéyeBoc diepyaaiac (Process Granularity)
= XpOvo¢ dnuioupyidac Tn¢ OlEPYATiag

2 Xpovog avabeanc Tne diEpyaaiag o€
ETTECEQPYOOTN



= C02pg027a.mpf

= Process Assignment chart
= Process Tree



KITonn korall

2 Ouadotroinan dlEpYaTIwY
2 AploTo pEYEBOC opadaC
2 2uvtagn e evroAng Forall:

FORALL <petaBAnti_uetpntAc> := <apXIKA_TINA> TO <teAIKA_TIUA>
{GROUPING <pégyeBo¢_opadac>} DO
<2WJa_EvroAnc>;



FIToNn Grotping

PROGRAM ParallelSquareroot;
VAR
A: ARRAY [1..100] OF REAL;
i: INTEGER;
BEGIN

FORALL i:= 1 TO 100 GROUPING N DO
A[i] := SQRT(A[1])
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= C02pg029.mpf

2 Process Tree
= Process Activity chart
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ANYOPIBNOS THENDINONS LEIDIG

RANK_SORT;
FOR i := 1 TO n DO BEGIN
e := values|[i];
rank := 0;
FOR K&Oe otoixeio t tou mivara
IF e >= t THEN rank := rank+l;

tonoOétnoe 1o e otn Oéon rank tou
taf Lvopnpuévou mivaka
END ;

PARALLEL RANK SORT;

FORALL i := 1 TO n DO BEGIN
e := values|[i];
rank := 0;
FOR K&Oe otoiLxeio t tn¢ Alotag
IF e >= t THEN rank := rank+l;
tonobétnoe 1o e otn Oéon rank tToU
Taf Lvopnpévou mivara
END ;

12
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1 PROGRAM RankSort;

2 CONST

3 n = 100;

4 VAR

5 values,final : ARRAY [1l..n] OF INTEGER;

6 i: INTEGER;

7 PROCEDURE PutinPlace(src : INTEGER) ;

8 VAR

9 testval, j,rank : INTEGER;

10 BEGIN

11 testval := values|[src];

12 j := src; (* To j O6a kLvnOel oceLplLakd oe SAO TOV mivara *)

13 rank := 0;

14 REPEAT

15 j := j MOD n+l1;

16 IF testval >= values[j] THEN rank := rank+l;

17 UNTIL Jj=src;

18 final[rank] :=testval; (*B&Ae tnVv TLpf otnv tafiLvopnpévn tng Oéon *)
19 END;

20 BEGIN (* Kupiwg npdypappa *)

21 FOR i := 1 TO n DO

22 READLN (values[i]); (*apxlkomoinon twv TLHEAV npog¢ tafivépnon *)
23 FORALL i := 1 TO n DO

24 PutinPlace (i) ; (*EUpeon tng oeLpdg twv values[i] kot tomoOétnon toug¥)
25 END.

YXHMA 2.3 Mopdarinin Tagivopnon Xepag
13
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SHARED MEMORY

VALUES FINAL

=B

Execute Execute Execute

PutinPlace(1) PutinPlace(2) S PutinPlace(100)

PROCESS0OR 1 PROCESSCR 2 PROCESSOR 100
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oNAmANoInoNosMNIpLoy

column |

Cli. j] i= computed as vector product of row i of A with column pf B.

[HNoAAanAac Loaopd¢ Mntpdv C=A * B:

FOR i := 1 TO n DO
FOR j := 1 TO n DO
unoAdytiLoe 1o C[i,j] cav to gowteplkd yLvOopevo

NG YPARHHAG i tng A pe v OTHAR j tng B;
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PROGRAM MatrixMultiply;

CONST
n=10;

VAR
A, B, C: ARRAY [1..n, 1..n] OF REAL;
i, j, k: INTEGER;

sum: REAL;
BEGIN
FOR i := 1 TO n DO
FOR j := 1 TO n DO BEGIN
sum := 0;
FOR k := 1 TO n DO
sum := sum + A[i,k] * Blk,jl;
C[i,]j] := sum;
END;

END.
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PROGRAM ErroneousMatrixMultiply;

CONST
n=100;

VAR
A, B, C : ARRAY [1..n,1..n] OF REAL;
i, j, k : INTEGER;

sum : REAL;
BEGIN
FORALL i := 1 TO n DO
FORALL j := 1 TO n DO BEGIN
sum := 0;
FOR k := 1 TO n DO
sum := sum + A[i, k]*B[k, j]:;
C[i, j] := sum;
END ;
END

17



MprANNAoSIRONNI

PROGRAM ParallelMatrixMultiply;

CONST
n=10;

VAR
A, B, C: ARRAY [1..n, 1..n] OF REAL;
i,j:integer;

PROCEDURE VectorProduct (i, j: INTEGER) ;
VAR
sum: REAL;
k: INTEGER;
BEGIN
sum := 0;
FOR k := 1 TO n DO
sum := sum + A[i,k] * B[k,jl;
C[i,3] := sum;
END ;
BEGIN (* Zopa xuplwg npoypdppatog®)

FORALL i := 1 TO n DO
FORALL j := 1 TO n DO
VectorProduct(i,j); (*umodoyilet. tnv ypappfitng A end tn othAn j 1ng B¥)

END.
18



MeETnBEANIwyY

VAR <declaration 1>;
<declaration 2>;

<declaration m>;
BEGIN

<statement 1>;

<statement 2>;

<statement n>;
END;
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DUigas sy gy e AL gate ke

A: ARRAY [1..10,1..10] OF REAL;
X,p:REAL;

BEGIN (*Zopa KUupilwg mpoypappatog®)

x := A[1,4]1*3;

p := Sqrt(x);

VAR (* ApxH tng opadag €VIOAQV*)
X,y: INTEGER;
value:REAL;

BEGIN
value := 1;
FOR x := 1 TO 10 DO
FOR y := 1 TO 10 DO BEGIN
Alx,y] := value;
value := value * 2;
END ;

END; (*TéAog tn¢ Oop&dag €VIOARDVY*)
Writeln(x) ; (* Avagpépetal OTo X mouU dnAdvetal otnv apxh tou K.II.*)
Writeln(A[1,1]);

END.
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1 PROGRAM ParallelMatrixultiply 2;

2 CONST

3 n = 10;

4 VAR

5 A, B, C: ARRAY [1l..n, 1..n] OF REAL;
6 i, j: INTEGER;

7

8

BEGIN
9 FORALL i := 1 TO n DO
10 FORALL j := 1 TO n DO
11 VAR
12 sum: REAL;
13 k: INTEGER;
14 BEGIN
15 sum := 0;
16 FOR k := 1 TO n DO
17 sum := sum+ A[i,k] * B[k, jl;
18 C[i, j] := sum;
19 END;

21
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PROGRAM Sample;
VAR
i: INTEGER;

PROCEDURE Tree;
BEGIN

END;
BEGIN
éééALL i :=1 TO 20 DO BEGIN
Tree;
END ;

END.
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YONTHEN TG EVIONNCFOTK

FORK <ypoppn &€VTOARGC>;

[lapadeiyyara:

X :=y * 3;
FORK FOR i := 1 TO 10 DO A[i] :=
z := SQRT (x) ;

FORK Normalize (A) ;
FORK Normalize (B) ;
FORK Normalize (C) ;

i;

23



YUVKDLIONEVTONOY Forall KiUFork

H oopny FORALL £yl cav amotéleono Ty TOPUKATO aKOAOLOLO EvEpPYELOV:
ANUovPYNGE N EPYOGLES TALOLA AT TV <YPULUT) EVTOANS>
Iepipneve €0 0TOV TEPUATIGOVY KO OL N OLEPYUGLES TULOLY,
2vENLoE TNV EKTELEST TOV TPOoypappaTos peta v FORALL

H oopn} FORK €yer oav amotéleopno TV TOPOKATO 0KOAOVOLO EVEPYELOV:
Anuovpynocs 1 digpyoocio ool amwod TV <yPOoppt] EVTOANG>

Jovéyoe mopPpaAinAia TNV EKTEAEGT TOVL TPOYPOUUNOATOS META TNV
FORK

24
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% Process Activity Chart 4 Process Activity Chart

Process Status Process Status
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FITonniomn

FOR i := 1 TO 10 DO
FORK Compute (A[i]);
FOR 1 := 1 TO 10 DO

JOIN;

26
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PROGRAM ParallellListApply;
TYPE
pnttype = “elementtype;
elementtype = RECORD
data:REAL;
next: pnttype;
END ;

VAR
pnt, listhead: pnttype;

PROCEDURE Compute (value: REAL) ;
BEGIN

END ;
BEGIN (*Kupiwg mpdypappa*)

pnt := listhead;
WHILE pnt <> nil DO BEGIN

FORK Compute (pnt”.data); (* Anpioupyei tnv diLepyacia matdi*)
pnt := pnt”.next; (*MetakiveitalL oto endpevo otolxeio 1n¢ Aioctag*)
END;

e o o 27
END.
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