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Uvod u Linux operativni sistem




C program

o Parametri ulazne ,main" funkcije
o Preko njih se moze
zadati slozenost problema

printf{"argc: %d\n", argc);
T i=8; 1< argc; 1++){
printf{"argv[%d]: %s\n", i, argv[i]);

primtf{"\wn");

Prevodjenje: gcc -o hello world -03 hello world.c

Naziv \/' /
egzekutabilnog Stepen

programa optimizacije
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C program

o Parametri ulazne ,main" funkcije
o Preko njih se moze
zadati slozenost problema

printf{"argc: %d\n", argc);
i=28; 1< arge; i++){
printf{"argv[%d]: %s\n", i, argv[i]);

primtf{"\n");
return @;

Pokretanje: . /hellg
ISpiS: Hello, World!

argc: 4
argv[@]: ./hello _world

draml param2 param3

argv[1l]: paraml
argv[2]: param2
argv[3]: param3
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Makefile i basch

o Jednostavan Makefile — Kompajler
— Flegovi
] :5.:::1:1 %(CFLAGS) -0 hello world hello_world.c 3r'aV”O Za
‘:1'5"5':1 hello world 3reVOdjelqje

Pravilo za ,Ciscenje"

Preporuka imati ga
uvek

Pokretanjem pravila all*; make all
izvrSava: gcc -03 -o hello world hello world.c

* Posto je to prvo pravilo, moze se pokrenuti i samo sa make
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Makefile i basch skripta

o Basch skripta sluzi za izvrsavanje sekvenci komandi

./hello world paraml param2 param3

./hello world 1 2 3

Pokretanje: . /run.sh Finclude <ztaio.n

main( argc, * argv[ 1)
Hello, World! primtF{"Hello, World!\n");
argc: 4

v argv[@]: ./hello_world
argv[1]: paraml
argv[2]: param2
argv[3]: param3

=3

i=8; 1< argc; i++){

printf{"argc: %d\n", argc);

primtf{"\n");

Hello, World! return 8;
argc: 4
v argv[@]: ./hello_world

argv[1]: 1
argv[2]: 2
argv[3]: 3
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printf{"argv[%d]: %s\n", i, argv[i]);
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Merenje vremena

argc,

n=a;
len = argc > 1 ? atoi(argv[1]) : 1;

printf("len = %d, n = %d\n", len, n);

return 8;
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Merenje vremena

S
555

main( argc,
i, 3;
n=8;
len = argc > 1 2 atoilargv[1]) : 1;

pettimeofday(&start,
for (i =8; i < 1888 * len; i++) [

for (j = 8; j < 10009808; j++
n=mn+1;

pettimeofday(&end,

s} * 1888.8 + useconds/1808.8);

printf( o, %dyn", len, n);
printf("El time: %.3f ms\n", elapsed_time);

return 8;
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Pokretanje:

./intensive_loop 1
./intensive_loop 5
./intensive_loop 10

len = 1, n = 1000000000
Elapsed time: 661.826 ms
len = 5, n = 785832704
Elapsed time: 3148.606 ms
len = 18, n = 1410065408
Elapsed time: 6283.174 ms
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Primeri paralelnih programa




Primeri paralelnih programa

o Racunanje broja PI

o Obrada 2D niza (array processing)
o Simple heat equation problem

o 1-D Wave Equation problem
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Racunanje broja PI (1)

o Jedan jednostavan algoritam
za priblizno racunanje broja PI
Upisati krug u kvadrat
Slucajno generisati tacke u datom kvadratu

Utvrditi broj tacaka u kvadratu
koje su istovremeno i u krugu

PI se moze priblizno izracunati po formuli
o PI = 4.0 * (broj tacaka u krugu)/(ukupan broj tacaka)

Sto se vige tacaka generise, aproksimacija je bolja
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Racunanje broja PI (2)

- 2r .

A = (2r)?2 = 4r?
A; = mr?

n =4 x—

Ag
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Racunanje broja PI (3)

o Sekvencijalni kod

npoints = 10000

circle_count = 0

do j = 1,npoints
generate 2 random numbers between 0 and 1
xcoordinate = random1 ; ycoordinate = random?2
if (xcoordinate, ycoordinate) inside circle
then circle_count = circle_count + 1

end do

PI = 4.0*circle_count/npoints
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Racunanje broja PI (4)

o Vecina vremena u izvrSavanju ovog koda bi bila
potrosena na izvrsavanje petlje

o Jos jedan od embarrassingly parallel problema
Racunski zahtevan, minimalna komunikacija i I/O

o Paralelna strategija
Razbiti petlju na delove koje Ce izvrsavati zadaci
Svaki zadatak obavlja svoj deo racunanja petlje

Ne postoje zavisnosti po podacima,
pa nema ni komunikacije medu zadacima

Koristi se SPMD model
o Jedan zadatak se ponasa kao master i sakuplja rezultate
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Racunanje broja PI (5)

o npoints = 10000

circle_count = 0

p = number of tasks

num = npoints/p

find out if I am MASTER or WORKER

doj=1,num
generate 2 random numbers between 0 and 1
xcoordinate = random1 ; ycoordinate = random?2
if (xcoordinate, ycoordinate) inside circle
then circle_count = circle_count + 1

end do
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Racunanje broja PI (6)

o if I am MASTER
receive from WORKERS their circle_counts
compute PI (use MASTER and WORKER

calculations) —— 7
else if I am WORKER N
send to MASTER circle_count o

endif
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Obrada 2D niza (1)

o Radi

se obrada nad elementima 2D niza,

a racunski posao nad svakim elementom
je nezavisan u odnosu na druge

o Sekvencijalni program racuna jedan element

U jec
o Ceo

nom trenutku iduci sekvencijalno kroz niz
roblem je racunski veoma zahtevan

o Prob

em je tzv. embarrassingly parallel,

jer je izraCunavanje jednog elementa
nezavisno od drugih elemenata
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Obrada 2D niza (2)

o Sekvencijalno resenje
doj=1,n
doi=1,n
a(ij) = fen(i,j)
end do
end do
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fen( i, j)
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Obrada 2D niza (3)

o Paralelno resenje
Elementi niza se podele tako da

svaki procesor dobije jednu podmatricu na obradu

Prilikom izbora seme za distribuciju
gleda se da maksimizuje koriScenje

Komunikacija izmedu zadataka nije
zbog karakteristika problema

Nakon Sto se matrica distribuira,
svaki zadatak izvrsava deo petlje,

nodmatrica,
KkeS memorije
notrebna

u zavisnosti koji deo podataka je dobio na obradu
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Obrada 2D niza (4)

o Primer koda
do j = mystart, myend
doi=1,n
a(i,j) = fen(i,j)
end do
end do
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task 1

task 2
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Obrada 2D niza (5)

o Jedno moguce resenje
Implementirati SPMD model

Master zadatak inicijalizuje niz,
Salje podatke radnicima i prima rezultate

Zadatak-radnik prima podatke,
izvrSava svoj deo racunanja i Salje rezultate masteru

Ovakvo resenje se moze oblikovati
prema pseudo-kodu datom na sledecoj stranici
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Obrada 2D niza (6)

o find out if I am MASTER or WORKER

if I am MASTER
initialize the array
send each WORKER info on part of array it owns
send each WORKER its portion of initial array

receive from each WORKER results
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Obrada 2D niza (7)

o else if  am WORKER
receive from MASTER info on part of array I own

receive from MASTER my portion of initial array

# calculate my portion of array
do j = my first column,my last column

doi=1,n

a(i,j) = fen(i,j)
enc(:l g:?o
end do

send MASTER results
endif
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Obrada 2D niza (8)

o Prethodno resenje prikazuje
staticko balansiranje opterecenja
Svaki zadatak dobija podjednaku kolicinu posla

Ukoliko su procesori razliCitih karakteristika, moze doci
do gubitka procesorskog vremena u cekanju

Staticko balansiranje opterecenje obicno nije problem
ukoliko zadaci izvrSavaju podjednak posao na
identicnim masinama

Ukoliko postoji problem balansiranosti opterecenia,
moze se koristiti Sema bazena poslova (poo/ of tasks)
za resavanje problema
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Obrada 2D niza (9)

o Depo poslova (task pool)
Postoje dve vrste procesa: master i proces-radnik

o Master proces

Sadrzi i odrzava depo poslova
koje radnici treba da obave

-

Sa

je radniku posao kada to ovaj zahteva

Sa
Po

Kuplja rezultate od procesa-radnika
potrebi,

i master moze da se ukljuci u obavljanje posla
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Obrada 2D niza (10)

o Proces-radnik
Dobija poslove od master procesa
Izvrsava racunanje
Salje rezultate master procesu

o Proces-radnik ne zna pre vremena izvrSavanja
Koji deo posla ce obaviti i koliko poslova

o Dinamicko balansiranje opterecenja
se desava u vreme izvrSavanja

Brzi procesi-radnici dobijaju vise posla da obave
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Obrada 2D niza (11)

o find out if I am MASTER or WORKER
if I am MASTER

do until no more jobs
send to WORKER next job
receive results from WORKER
end do

tell WORKER no more jobs
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Obrada 2D niza (12)

o else if I am WORKER

do until no more jobs

receive from MASTER next job
calculate array element: a(i,j) = fcn(i,j)
send results to MASTER

end do
endif
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Obrada 2D niza (13)

o Depo poslova

U datom primeru, svaki zadatak je smatrao
jedan element niza za poseban posao (job)
Primer fine-grain implementacije
Fine-grain implementacije podrazumevaju
vise rezijskog vremena za komunikaciju,
kako bi se smanjilo rasipanje procesorskog vremena
Optimalnije resenje bi bilo da svaki posao koji se Salje
sadrzi vecu kolicinu racunskog posla
o Kolicina posla zavisi od konkretnog problema
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Simple heat equation problem (1)

o Vecina paralelnih problema zahteva
komunikaciju medu zadacima
Postoji Citava klasa problema koji zahtevaju
komunikaciju sa “susednim” zadacima
o Simple heat equation problem
opisuje promenu temperature
na nekom prostoru kroz vreme,
kada su poznati pocCetna
temperatura i granicni uslovi
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Simple heat equation problem (2)

o Postoji konacna Sema za resavanje ovog
problema numericki na kvadratnoj povrsini
PoCetna temperatura na granicama je nula,
a u sredini je visoka
Granicna temperatura se uvek drzi na nuli

Kvadratna povrsina se deli na mrezu manjih kvadrata

o Predstavljaju se matricom ciji elementi predstavljaju
temperaturu odgovarajuceg polja u kvadratu

o Koristi se time stepping algoritam — izraCunaju se
temperature svih polja u datom vremenskom trenutku,
pa se prelazi na sledeci vremenski trenutak
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Simple heat equation problem (3)

o IzraCunavanje vrednosti jednog elementa zavisi

od vrednosti susednih elemenata

A
U x,y+1
Ux,}r=ux}r
+Cx*(ux+1,}f+ux-1,}’-2wuf}') y Uxdy | Uxy | Uxsty
+C U, . +U . -27U )

y Tayl D Tyl X.y U xy-1

-
X
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Simple heat equation problem (4)

o Sekvencijalno resenje
doiy=2,ny—-1
doix=2,nx—-1

u2(ix, iy) =
ul(ix, iy) +
cx * (ul(ix+1,iy) + ul(ix-1,iy) - 2.*ul(ix,iy)) +
cy * (ul(ix,iy+1) + ul(ix,iy-1) - 2.*ul(ix,iy))

end do
end do
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Simple heat eqguation problem (5)

o Jedno paralelno reSenje
Implementirati SPMD model

Cela matrica se deli na i svaki
zadatak dobija deo posla

Master proces Salje podatke
procesima-radnicima, proverava
konvergenciju resenja i
sakuplja rezultate
Procesi-radnici racunaju podatke, komuniciraju po
potrebi sa susednim procesima i salju rezultate masteru
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Simple heat eguation problem (6)

o Postoje zavisnosti po podacima

Unutrasniji elementi koji pripadaju zadatku
ne zavise od drugih zadataka

Granicni elementi zahtevaju komunikaciju,

]er su |m potre

ol

nodaci iz susednlh zad

ata

Ka
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Simple heat equation problem (7)

o find out if I am MASTER or WORKER
if I am MASTER
initialize array
send each WORKER starting info and subarray
do until all WORKERS converge
gather from all WORKERS convergence data
broadcast to all WORKERS convergence signal
end do
receive results from each WORKER
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Simple heat equation problem (8)

o else if I am WORKER
receive from MASTER starting info and subarray
do until solution converged
update time
send neighbors my border info
receive from neighbors their border info
update my portion of solution array
determine if my solution has converged
send MASTER convergence data
receive from MASTER convergence signal
end do
send MASTER results
endif
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Simple heat eguation problem (9)

o U prethodnom resenju je pretpostavljeno da je
komunikacija izmedu zadataka blokirajuca
Blokirajuca komunikacija podrazumeva da zadatak ne nastavlja
dalje sa izvrSavanjem dok god primalac ne preuzme podatke
o U prethodnom reSenju susedni zadaci razmene podatke,
a zatim svaki od njih izraCcuna svoj deo matrice

o Vreme racunanja se moze cesto smanijiti
korisCenjem neblokirajuce komunikacije

Neblokiraju¢a komunikacija dozvoljava
da se nastavi sa radom dok komunikacija jos traje

Svaki zadatak moze da izraCuna svoje unutrasnje elemente
dok se vrsi razmena podataka o granicnim elementima,
a zatim da izracuna vrednost svojih granicnih elemenata
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Simple heat eguation problem (10)

o find out if I am MASTER or WORKER
if I am MASTER
initialize array
send each WORKER starting info and subarray
do until all WORKERS converge
gather from all WORKERS convergence data
broadcast to all WORKERS convergence signal
end do
receive results from each WORKER

ETF Beograd::Multiprocesorski sistemi::Uvod 39/50



Simple heat equation problem (11)

o else if I am WORKER

receive from MASTER starting info and subarray

do until solution converged
update time
non-blocking send neighbors my border info
non-blocking receive neighbors border info
update interior of my portion of solution array
wait for non-blocking communication complete
update border of my portion of solution array
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Simple heat equation problem (12)

o determine if my solution has converged
send MASTER convergence data
receive from MASTER convergence signal
end do
send MASTER results
endif
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1-D Wave Eguation problem (1)

o Treba izracunati amplitudu talasa
duz uniformne, vibrirajuce zice
nakon odgovarajuceg vremenskog trenutka
o Racunanje ukljucuje
Vrednost amplitude talasa na y osi
Poziciju tacke koja se prati duz x ose
Presecne tacke talasa duz zice

Promenu amplitude talasa
u diskretnim vremenskim intervalima
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1-D Wave Eguation problem (2)

o Amplituda talasa u jednoj tacki se izracunava po formuli
AG t+1) =
(2.0 * A(i,t)) - AGi,t-1)+ (c * (A(i-1,t) - (2.0 * A(i,t)) + A(i+1,t)))
o Amplituda talasa u nekoj tacki zavisi
i od susednih tacaka
i od amplitude tacke u prethodnim vremenskim trenucima

Paralelno reSenje ¢e zahtevati komunikaciju
1

)

Amplitude (A) at timet

|
[

Position index (i)
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1-D Wave Eqguation problem (3)

o Moguce resenje
Implementirati SPMD model

Talas predstaviti pomocu
niza amplituda u izabranim tackama

Niz amplituda podjednako podeliti
| poslati podnizove svim zadacima koji rade

Obrada svake tacke zahteva podjednako vreme,
tako da svi zadaci treba da dobiju jednak broj tacaka

Obratiti paznju da zadaci dobiju Sto veci kontinualni
deo niza, kako bi se izbegla nepotrebna komunikacija
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1-D Wave Equation problem (4)

o Komunikacija potrebna na granicama podnizova
“susedni” zadaci ce morati da razmenjuju podatke

b-J AT

Poeibon imdex (1)

Arrplitude (&) at time t

(
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1-D Wave Eqguation problem (5)

o find out number of tasks and task identities

#Identify left and right neighbors
left_neighbor = mytaskid — 1

right_neighbor = mytaskid +1

if mytaskid = first then left_neigbor = last

if mytaskid = last then right_neighbor = first

find out if I am MASTER or WORKER
if I am MASTER

initialize array

send each WORKER starting info and subarray
else if I am WORKER

r%gfeive starting info and subarray from MASTER
endi
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1-D Wave Eqguation problem (6)

o #Update values for each point along string

#In this example the master participates in calculations
dot=1, nsteCFs

send left endpoint to left neighbor

receive left endpoint from right neighbor

send right endpoint to right neighbor

receive right endpoint from left neighbor

#Update points along line
doi = 1, npoints
newval(i) = (2.0 * vaIueséi)) - oldval(i)
+ (sqgtau * (values(i-1) - (2.0 * values(i)) + values(i+1)))
end do
end do
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1-D Wave Eguation problem (7)

o #Collect results and write to file
if I am MASTER
receive results from each WORKER
write results to file
else if I am WORKER
send results to MASTER
endif
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Izvori o paralelnom programiranju




Literatura 1 izvori

o Blaise Barney,
Introduction to Parallel Computin?,
%tglog://computing.IInI.gov/tutoria s/parallel comp/,

o Ian Foster,
Designing and Building Parallel Programs

o Grama, Gupta, Karypis, Kumar,
Introduction to Parallel Computing

o Culler, Singh, Gupta,
Parallel Computer Architecture
(A Hardware/Software Approach), 1998.
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