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RAM — jednoduchy "abstraktny pocitac”

> registre ry, 11,1, 13, . . .

» vstup aj, a,as,...

> program = postupnost instrukcii

> pozicia v programe

instrukcie:
priradenie

vypocet
skok

podmienka

rx :=ry
rx = ay
rx .= C

rx ;=ry drz

goto /

if rx = ry then goto i

if rx = c then goto i

X, Y je konstanta alebo register

¢ je konstanta
U je +7 % /



zdieland pamit — thready
> dynamické vytvdranie
» asynchrénne (join)

> riadenie pristupu (mutex/semafdr/...)

pthread_create()

Krt(10)

counter




thready (POSIX)

#include <stdio.h> main() {
#include <pthread.h> pthread_t thread_id [NTHREADS];
int i, j, param[NTHREADS];
pthread_mutex_t mutexl =
PTHREAD_MUTEX_INITIALIZER; for(i=0; i < NTHREADS; i++) {
int counter = 0; param[il=i;
pthread_create( &thread_id[i],
NULL, Krt, param + i );

void *Krt(void *p) { X
pthread_mutex_lock( &mutexl );
counter += *(int *)p; for(j=0; j < NTHREADS; j++)
pthread_mutex_unlock( &mutexl ); pthread_join( thread_id[j], NULL);

} ¥



thready (POSIX)

#include <stdio.h> main() {
#include <pthread.h> pthread_t thread_id [NTHREADS];
int i, j, param[NTHREADS];
pthread_mutex_t mutexl =
PTHREAD_MUTEX_INITIALIZER; for(i=0; i < NTHREADS; i++) {
int counter = 0; param[il=i;
pthread_create( &thread_id[i],
NULL, Krt, param + i );

void *Krt(void *p) { 3
pthread_mutex_lock( &mutexl );
counter += *(int *)p; for(j=0; j < NTHREADS; j++)
pthread_mutex_unlock( &mutexl ); pthread_join( thread_id[j], NULL);
} }
> deadlock

> synchronizicia

» debugovanie



PRAM

SHARED MEMORY

» synchrdénne procesory

> kedy je problém paralelizovatelny?

global read( A(i), a )
global write( a, B(i) )
for h=1 to logn do
if (i < n/2h)
global read( B(2i —1),x )
global read( B(2i),y )
zZ:=x+4+Yy
global write(z, B(/))
if i=1 global write( z,S )




WTF — Work-Time Framework

» pisat algoritmy pre [ubovolny podet procesorov

» work — pocet pouzitych operacii

for | < i < u pardo statement

global read( A(i), a )

global write( a, B(i) )

for h=1 to logn do
if (i < n/2h)

for 1 </ < n pardo
B(i) := A(i)

for h=1 to logn do .
for 1< i< n/2h pardo global read( B(2i —1),x )

B(i) = B(2i — 1) + B(2i) global read( B(2i),y )

B z:=x+Yy
S :=B(1) global write(z, B(i))

if /=1 global write( z,S )

WT algoritmus s T(n), W(n) sa da simulovat na PRAMe s p procesormi v

Case {@J + T(n)



PRAM

>

EREW / CREW / CRCW

» priklad: pozicia prvej jednotky na common CRCW PRAM

for
for

for

for

for

for

i=1 to n pardo B(i):=0
i=1 to n? pardo
if A(/) =1 then B([i/n]):=1

i=1 to n pardo
for j=1 to i — 1 pardo
if B(j) =1 then B(i):=0

i=1 to n pardo
if B(i)=1 then D:=j—1

i=1 to n pardo
for j=1 to i —1 pardo
if A(D+j) =1 then
AD+1i):=0

i=1 to n pardo
if A(D+i)=1 then X:=D+i

| | |
A |0|o\o|0!o\o|1|1lo|0|1\olo\o\o\o\
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Prefix Sum Problem

, i
Dané pole A dlzky n. Pre kazdy index i ndjst >_ a;

for 1 </ < n/2 pardo
Xj 1= agi—1 + a2

z :=prefix sums( X, n/2 )

for 1 </ < n/2 pardo

zi/2 ak i =2k
aj 1= 1 ak i=1
Z(j—1)/2 + ai ak i=2k+3

praca = O(n)
¢as = O(log n)

j=0
X EIIHEEJE

A \2|4\1|3|7\4|1|5\2|0|1\3|3\8\5\1\

9 E e
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bez zdielanej pamite — procesy

void do_child(int data_pipe[]) { int main() {
int c,rc; int data_pipel[2];
int pid,rc;
close(data_pipe[1]);

while ((rc = read(data_pipel[0], &c, 1)) > 0) rc = pipe(data_pipe);
putchar(c); pid = fork();
exit(0); switch (pid) {
} case 0:
do_child(data_pipe);
default:
do_parent (data_pipe) ;
void do_parent(int data_pipe[]) { }
int c,rc; }

close(data_pipe[0]);
while ((c = getchar()) > 0)
rc = write(data_pipe[1], &c, 1);
close(data_pipe[1]);
exit(0);



v sieti: posielanie sprav (sokety)

server

int main(int argc, char *argv[]) {
int sockfd, newsockfd, portno;
socklen_t clilen;
char buffer[256];
struct sockaddr_in serv_addr, cli_addr;
int n;

sockfd = socket (AF_INET, SOCK_STREAM, 0);
bzero((char *) &serv_addr, sizeof (serv_addr));
portno = atoi(argv[il);

serv_addr.sin_family = AF_INET;
serv_addr.sin_addr.s_addr = INADDR_ANY;
serv_addr.sin_port = htons(portno);

bind(sockfd, (struct sockaddr *) &serv_addr,
sizeof (serv_addr));
listen(sockfd,5);
clilen = sizeof(cli_addr);
newsockfd = accept(sockfd,
(struct sockaddr *) &cli_addr, &clilen);
bzero (buffer,256) ;

n = read(newsockfd,buffer,255);
printf("Here is the message: %s\n",buffer);

n = write(newsockfd,"I got your message",18);
close(newsockfd) ;
close(sockfd);

klient

int main(int argc, char *argv[]l) {

int sockfd, portno, n;

struct sockaddr_in serv_addr;
struct hostent *server;

char buffer[256];

portno = atoi(argv[2]);
sockfd = socket(AF_INET, SOCK_STREAM, 0);
server = gethostbyname(argv[1]);

bzero((char *) &serv_addr, sizeof(serv_addr));
serv_addr.sin_family = AF_INET;

beopy ((char *)server->h_addr,

(char *)&serv_addr.sin_addr.s_addr,
server->h_length) ;

serv_addr.sin_port = htons(portno);

connect (sockfd, (struct sockaddr *) &serv_addr,
sizeof (serv_addr));

printf("Please enter the message: ");
bzero (buffer,256) ;
fgets(buffer,255,stdin);

n = write(sockfd,buffer,strlen(buffer));
bzero (buffer,256) ;

n = read(sockfd,buffer,255);

printf ("%s\n",buffer);

close(sockfd);

return 0;



v sieti: posielanie sprav (MPI)

int main(int argc, char *argv[]) {
const int tag = 47;

MPI_Init(&argc, &argv);
MPI_Comm_size (MPI_COMM_WORLD, &ntasks);
MPI_Comm_rank (MPI_COMM_WORLD, &id);

if (id == 0) {
MPI_Get_processor_name(msg, &length);
printf ("Hello World from process ’%d running on %s\n", id, msg);
for (i=1; i<ntasks; i++) {
MPI_Recv(msg, 80, MPI_CHAR, MPI_ANY_SOURCE,
tag, MPI_COMM_WORLD, &status);
source_id = status.MPI_SOURCE;
printf("Hello World from process %d running on %s\n", source_id, msg);
}
}
else {
MPI_Get_processor_name(msg, &length);
MPI_Send(msg, length, MPI_CHAR, O, tag, MPI_COMM_WORLD);
}
MPI_Finalize();
if (id==0) printf("Ready\n");



Google: MapReduce

» odolnost voci chybam, synchronizacia, scheduling

> menej flexibility: komunikdcia Map — Shuffle — Reduce

> Map: vstup — (ki, v1), (ka, v2), - ..
> Shuffle: — (ky, v, v,v,...), (ky,v,v,v,...)

> Reduce: (k, vi, va,...) — vystup

Shuffle
vstup Map (k,v),... (k,v,v,...) vistup
vstup Map (k,v),... (k,v,0,..0) vystup
Reduce y
vstup Map (ky0), .. (k,v,0,...) vystup



Priklad

Map Shuffle Reduce
Skrtia sa krty —  (8krtia, 1), (sa, 1), (8krtia, 1) —  Skrtia: 1
(krty, 1) (sa, 1) — sa:l
krt krta Skrti —  (krt, 1), (krta, 1), (krty, 1) —  krty: 1
(8krti, 1) (krt, 1, 1) —  krt: 2
ked krt krta zaskrti —  (ked, 1), (krt, 1), (krta, 1, 1) —  krta: 2
(krta, 1), (zaskrti, 1) (Bkrti, 1) —  Skrtit 1
do rdna ho zmaskrti —  (do, 1), (rdna, 1), .. (ked, 1) —  ked: 1
(ho, 1), (zmaskrti, 1) (zaskrti, 1) —  zaskrti: 1
(do, 1) — do:1l
(réna, 1) — rana: 1
(ho, 1) —  ho:1
(zmaskrti, 1) —  zmaskrti: 1

Map(String input_line):
for each word w in input_line: Emit(w, 1);

Reduce (String key, Iterator values):
int result = 0;
for each v in values: result += v;
Emit(key + ": " + result);



abstraktny sietovy model

> nezdvislé zariadenia (procesy, procesory, uzly)

> posielanie sprav

v

lokalny pohlad (&islovanie portov)
asynchrénne, spolahlivé spravy

topoldgia siete

v vV

wakeup/terminacia

zlozitost: v zavislosti od poc¢tu procesorov

> pocet sprav / bitov

» Cas (beh normovany na max. dlzku 1)



LogP model

» asynchrénny model
» komunikacia pomocou sprav
» abstrahuje od Struktiry siete
> parametre:
» L: horné ohranicenie latencie — zdrzanie v sieti
» 0: overhead — zdrzanie v procesore pri kazdej komunikacii

» g: gap — minimdlny ¢as medzi dvoma komunikdciami v procesore

poslat spravu dizky m trva L- m + 20

Priklad: broadcast pre P=8, L =6, g =4, 0 =2




BSP (Bulk Synchronous Parallel)

» sada procesorov spojenych sietou
> superstep pozostava z

» lokalny vypocet v kazdom procesore
» komunikdcia pomocou sprav
» barierova synchronizacia

» cas superstepu je max{comp;} + max{comm;} - g + |

» comp; je Cas pocitania i-teho procesora

» comm; je objem dat prijatych a poslanych procesorom i

> g je lokdlna priepustnost siete: vypoctovy vykon / priepustnost
routera

» | je Cas potrebny na synchronizaciu



BSP broadcast — n hodnét, p procesorov
max{comp;} + max{comm;} - g + |

jeden vsetkym: cena pn- g+ /

dvojfazovy: cena
n-g+l+2(p+1)-g+1=0(n)-g+0(1)-/

strom: cena<
logp(3n-g+1/)

| 0000000
,,,,,,,,,, \\




a3 kalkulus

> pouité v CM1, CM5 (CM LISP)

» distribuovana datova Struktira: xektor — zoznam dvojic
{index—hodnota}

> «: konverzia hodnotar— konst. xektor (t.j. zavedie hodnotu do vSetkych
procesorov)
(a+ {a—1 b—2 c—3} ’{a—3 b—3} ) = {a—4 b—5}

> e rusi o
(CONS A X) = ([abcl. [xyz])
«(CONS eA oX) = [(a.x) (b.y) (c.z)]
a(+ (x ex 2) 1) = (a+ (a* x a2) al)

» [ redukcia: paralelne v log. ¢ase
(p+ ’{A—1 B—2 C—3}) = 6 (ignorujl sa indexy)

» velkost xektora x: (SQRT (8+ (a* x x)))
vypolet > x3: (B+ a(POW ex 3))



CSP (Communicating Sequential Processes)

> sémantika

> pozorovanie procesu: postupnost udalosti
> proces: mnozina pozorovani

> vytvdranie procesov:

» prefix: (x—P)
» rekurzia: CLOCK = (tick—CLOCK)

F = puX.F(X)
» deterministicky vyber: (x—P | y—Q)
» paralelizmus: (P || Q) vSetky "premiesania” pozorovani

» komunikacia: zdielanim udalosti

K = p X.minca— (kava—X | &aj—X)
Z =pu X.( ¢aj—X | kava—X | minca—¢aj—X)
(Z |l X) = p X.(minca—<&aj—X)



abstraktny sietovy model

> nezdvislé zariadenia (procesy, procesory, uzly)

> posielanie sprav

v

lokalny pohlad (&islovanie portov)
asynchrénne, spolahlivé spravy

topoldgia siete

v vV

wakeup/terminacia

zlozitost: v zavislosti od poc¢tu procesorov

> pocet sprav / bitov

» Cas (beh normovany na max. dlzku 1)



abstraktny sietovy model

horny odhad pre problém

Existuje algoritmus, ktory pre vsetky topoldgie, vstupy, ¢asovania, ....
... pracuje spravne a vymeni najviac f(n) sprav

dolny odhad pre problém

Pre kazdy algoritmus, existuje kombinacia topoldgie, vstupu, casovania,

. ze bud nepracuje spravne alebo vymeni aspori f(n) sprav



Sietovy model: broadcast a convergecast (maximum)

const: deg  : integer On receipt (dispatch, new_msg) from parent or self :
ID : integer
Neigh : [1...deg] link msg .= new-msg

for all | € Neigh — {parent} do
send (dispatch, msg) to |/
skon¢i algoritmus

parent : link
var: msg text
Init:

if parent = NULL
send (dispatch, msg) to self

Code:

loop forever



Sietovy model: broadcast a convergecast (maximum)

const: deg  : integer Code:
ID : integer | P
Neigh : [1...deg] link oop forever
parent : link . e
msg - integer On receipt (my_max, x) from Neigh[i]:
var: count : integer max = maximum{max, x}
max  : integer count + +
. if count=deg — 1
Init: send (my_max, max) to parent
count = 0 skondi algoritmus

max = msg
ifdeg =1
send (my_max, max) to parent



Sietovy model

formalny model: prechodové systémy

> systém je trojica (C,—,Z)

>

>

beh (execution) je postupnost yo > y1 — Y2 —> - -+, kde 9 € T
C = C] x M: stavy systému = stavy procesorov + spravy na linkach
—: krok jedného procesora (vypocet, poslanie spravy, prijatie spravy)

fair scheduler?

, Configuration ~
" a b e ” a b ¢
P2 i/?( P2 \\{ \{i y(
Do : g h : !
P3 — e s ——
Pa — I/‘/ Pa e : M

ab fdghijkele:i

a fghijibkdliec



Sietovy model
formalny model: prechodové systémy

> (ne)zavislost udalosti:

1) poslanie pred prijatim
2) &asovanie v ramci procesora
3) tranzitivita

> vypoclet (computation): trieda ekvivalencie behov

logické hodiny (Lamport)

var 0, : integer init 0 ;

(* An internal event *) (* A receive event *)
Oy =0, +1: receive (messg,0) : 0, = max(f,, 0) + 1 ;
Change state Change state

(* A send event *)
0, :=6,+1:
send (messg, 0, ) ; Change state



cvicenia
» volba $éfa na (anonymnych) stromoch

> volba $éfa na (anonymnej) mriezke





