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Process A Process B

n=n+1: N=n+1:

Read value of n Read value of n
Add 1 Add 1
Write value back to n Write value back to n
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PROGRAM Search;

VAR A : ARRAY [1..200] OF INTEGER;
i, val, n : INTEGER;
L : SPINLOCK;

n :=0;

Readln(val) ;

FORALLL i := 1 TO 200 GROUPING 10 DO
IF A[i] = VAL THEN

BEGIN

Lock(L); (*ELoépxetalL KalL evepyomoiLei to KAeidwpa*)

n :=n + 1;

Unlock(L); (*Efépxetal Kol amevepyomnolLei To KAeidapa*)
END ;

WRITELN ( ‘Total occurrences : ‘' , n);



Lock(L):
n:i=n+1,

Unlock(L); — |

Lﬂﬂk{L}
n:=n+1:

Unlunk{L};—

Lﬂck{L}

| n_n+1

Unlncl-c[L}_:

Lock(L);
ni=n+1;
Unlock(L);
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Unlock(L);

L initially unlocked
P5 enters and locks L

L is now lockad
P1, P2, P7 kept out

PS5 unlocks L as it leaves

L is now unlocked
P2 enters and locks L

L is now locked
P1, F7 kept out
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> Semaphores [Dijkstra, 1968]
> Locks [Shaw, 1948]

= Critical regions [Hansen, 1983]
= Monitors [Hoare, 1974]

Auo1Baio¢ aTToKAEIoUOC TwV TTAPAAANAwWY
OIEPYOTIWY KATA TNV EKTEAEDT) TWV ATOUIKWV
AEITOUPYIWV
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KNgiomimuommin=rascal

= Evepyog avapovn (Busy Waiting)
o Tutoc dedopEvwY Spinlock
= Aladikacia Lock()
= Aladikagia Unlock()
2 Tipec yetapAnTn¢ spinlock:
= 0: kataoTaon EKAEIDWUATOC
= 1. KataoTaon KAEIOWUATOC
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Unlock (L) : Write 0 into L;

Lock (L) :

Repeat

X:=TestandSet (L) ;

(*AraBaletal n moAL& KATAOCTOOI KOl
gvepyonoLeital TO KAeidwpa*)

until X=0;

(*Ttapatd n enavdAnyn tou Bpdyxou av to L egival
AmeVEPYyONnoO LNUEVO*)
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PROGRAM Histogram;
CONST n=20; (*Méyebog tng eLrOVAGY*)
max=10; (*Méy.otn éviaon TOU €LKOVOOTOLXELlOUY¥)

VAR Image: Array [l..n,1..n] of integer;
hist: Array [0..max] of integer;
i,j,intensity: integer;

BEGIN
FOR i := 1 to n do begin(*Eicaywyl] tTou mivaka tng €LKOVAG*)
For j :=1 to n do
Read ( (image[i, jl) -
Readln;
END ;
FOR i := 1 to max do (*ApxlLkKomoinon TOoU LOTOYPAPPATOG*)
hist[i] := o;
FOR i := 1 to n do
FOR j := 1 to n do BEGIN
intensity := imagel[i,]j];
hist[intensity] := hist[intensity]+1;
END;
END.
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begin
intensity := image[i,]j]:
Lock (L) ;
hist[intensity] := hist[intensity]+1;

Unlock (L) ;

End;
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PROGRAM ParallelHistogram;
CONST n=20; (*Méyebog¢ tn¢ e£LKOVACY)

max=10; (*MéyiLotn €viaon TOU €LKOVOOTOLXELlOUY¥)

VAR Image: Array [1..n,1..n] of integer;
hist: Array [0..max] of integer;
L: Array [0..max] of spinlock;
i: integer;

BEGIN
(*ApxLkomoinon tTou mivaka €LKOVAG*)
For I := 0 to max do hist[i] := 0;
Forall i := 1 to n do
VAR j, intensity : Integer;
BEGIN
For j := 1 to n do BEGIN
intensity := image[i,]j];
Lock (L[intensity]) ;

hist[intensity] := hist[intensity]+1;

Unlock (L[intensity]) ;
END;
END ;
END.

NapraAnnopoYIne
ANMoupyurioIoypuiinios
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Execution
Time

2000

1.0 1.25 1.5 1.75 2.0
Load Factor
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Velocity

Area under the curve
is total distance traveled.
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Sequential Numerical Integration:

sum := 0;
t = a;
For i :=1 to n do
BEGIN
t:=t+w; (*Ipoxwp& oto emdpevo onueio *)
sum:=sum+f (t) ; (*IpooctiOetaL T0o onpueio deiypatog oto &OpoLopa*)
END ;
sum := sum + (£(a) + £(b)) / 2;
answer := w * sum;
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localsum localsum




ROGRAM_ Numerical fntegration; — e e = Stm—

P
CONST numproc = 40; (*NANnGoc Twv dLEPYXTLWVF)

numpoints = 30; (*NAROGOC TwWv OTOLXELWV VX OLEPYXOLO*)
VAR a, b, w, globalsum, answer: real;

i: integer;

L: spinlock;

Function f(t: real): Real; (*H ouv&pTtnon mouv Ox OAOKANPwOEeL*)

?F???.. (*YmMoAoYLOMOG TNG TLWAG Tng F(t)*) Illll'ii"'\ll'l('
TPOYPINIIN

Procedure Integrate(myindex: Integer);

VAR 1_(_)ca1sum, t: Real; ﬂﬂlﬂ“““l‘“g

j: Integer;

DAOKANPWONS

t:= a + myindex * (b-a)/numproc; (*H apxLkn O0€on*)
For j:= 1 to numpoints do
BEGIN
Tocalsum:= localsum + f(t); (*NpocBeon Tou EMOUEVOL CGTOLXELOUL
NG OELYHXTOANYLKG*)
t:=t + w;
END,;
lTocalsum:= w*localsum;
Lock(L);
globalsum:= globalsum + Tocalsum; (*ATOMLKN GAAXYNR*)
Unlock(L);
END;

BEGIN
(*ApXLKOTOLNON TWV TLHOV TWV XKPXLWV ONHELwvV a koL b*)

w:= (b-a) / (numproc*numpoints); (*H amooTXOn METXED TWV ONHELwWV*)

Forall I:= 0 to numproc-1 do (*AnuLoupyix dLEpYXOLWOV*)

Integrate(i);

answer:=globalsum+w/2*(f(b)-f(a)); (*npocBeon Twv akpxiwv onueiwv*) -
END.
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AMOKETID OOV ATOINKGOTASIIOU YW=
ENGXLOTONON| 0N TOU AVTOY OVIo]IoU

> [1poBAnua laToypduparog:
XPNON CEXWPIOTWY KAEIOWHPATWY

2 [MpofAnua Ap1BunTikng OAokAnpwang:
XPNON TOTTIKWVY JETARANTWY 08p0iouaTOg
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LOCKSVS:GIANmels

2 [lpooouoiwan KAEIdWUATOC ATTO KAVAAI

< [lpooopoiwan kavaAiou ato KAEidwua

= ATaitnon o€ ¥povo

= KavaAia: Tautoxpova avayvwan Ki eyypaen
= Spinning vs. Blocked

o Emecepyaaotnc: Busy Waiting vs. Blocked
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