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sekvenéné vypolty

> algoritmus (potitanie funkcie)
» Cas
— problém: presny, ale neprenositelny

» rieSenie: pocet instrukcii v modeli
— problém: aky model?

>



ARl

jednoduchy "assembler”

» registre ro, 1, M, 3, ...
» vstup ap, a1, a2, as, . - -
» program = postupnost intrukcif

» pozicia v programe

inStrukcie
priradenie  rx :=ry X, Y je konstanta alebo register
rx = ay
rx :=c¢ ¢ je konstanta
vypocet rx == ry drz Oje +,—
skok goto /

podmienka if rx § ry then goto /
if rx = c then goto i



priklad: ¢o robi tento program?

vstup: ag = n ai,as,...,a, a >0
hh ‘= -1

n = ap

n=n-+1

n=n-—1

if =0 then goto 10

if o> a, then goto b5

o := ap

goto 5

vystup: rg

CFOTLONE
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an
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sekvenéné vypolty

> algoritmus (potitanie funkcie)
» Cas
— problém: presny, ale neprenositelny

» rieSenie: pocet instrukcii v modeli
— problém: aky model?

» rieSenie: zaujima nds asymptoticky rast

feO(g)e 3c,noVn>ng: f(n) <c-g(n)
feQ(g)< 3c,ngVn < ng:f(n) <c-g(n)



distribuované algoritmy

doévody

>

| 2

lepsi ndvrh
OS, browser, ...

rychlejsie riesenie problémov
scheduling, FEM, ...

velké data

vyuZzitie hardvéru

GPU, seti@home, ...

fyzicka vzdialenost
ATM, social networking, ...

vyzvy

» rozne ciele

» rozne llohy
» rozny hardvér

» narastanie zloZitosti

taxondmia

> Flynn (SISD, SIMD, MIMD)
» tightly/loosely coupled

nie je jeden model



bez zdielanej pamite — procesy

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

while ((rc = read(data_pipe[0], &c, 1)) > 0) rc = pipe(data_pipe);
putchar(c); pid = fork();
exit(0); switch (pid) {
} case O:
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);



int main(void) {
int valuel, value2;
int a=42;

printf("%d started (a=/d)\n",
getpid(),a);

valuel = fork();

printf("%d: valuel=jd (a=%d)\n",
getpid () ,valuel,a);

value2 = fork();

printf ("%d: value2=Jd (a=%d)\n",
getpid() ,value2,a);

return O;

898 started (a=42)
valuel=899 (a=42)
valuel=0 (a=42)
value2=900 (a=42)
value2=901 (a=42)
value2=0 (a=42)
value2=0 (a=42)

898:
899:
898:
899:
900:
901:




bez zdielanej pamite — procesy

void proc(int p,int £fd[2]) {
int i=0;
close(£d[0]);
while(1) {
sleep(rand()%4);
sprintf (line,"h’%d from %d\n",
++i,p);
write(fd[1], line, strlen(line));
}
}

int main(void) {

int f£ds[NPROC] [2];
int n,c,i;
fd_set r;
int maxf = O;
for (i=0;i<NPROC;i++) {
pipe(fds[il);
if (fork()==0) proc(i,fds[i]);
else {
close(fds[i] [1]);
if (fds[i] [0]>maxf) maxf=fds[i] [0];
}
}
while(1) {
FD_ZERO (&) ;
for (i=0;i<NPROC;i++)
FD_SET(fds[i] [0],&r);
select (maxf+1,&r ,NULL,NULL,NULL) ;
for (i=0;i<NPROC;i++)
if (FD_ISSET(fds[i][0],&r)) {
n = read(fds[i] [0],line,MAXLINE);
printf("%s",line);
}

1



CSP (Communicating Sequential Processes)

sémantika
pozorovanie procesu: postupnost udalosti

proces: mnoZina pozorovani (trace)

vV v. vy

vytvaranie procesov:

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

F = uX.F(X)
» deterministicky vyber: (x—P | y—Q)
» paralelizmus: (P || Q) v3etky "premieSania” pozorovani

» komunikdcia: zdielanim udalosti (rendezvous)

K = p X.minca— (kava—X | caj—X)
Z =y X.( taj—X | kava—X | minca—caj—X)
(Z |l K) = p X.(minca—caj—X)



2.sits down ~ 2.gets up

2.puts down
fork.3

2.puts down
fork.2

2.picks up
fork.3

2.picks up
fork.2

1.puts down

3.puts down fork.2

1.picks up

3.gets up fork.2 1.sits down

3.sits down 1.gets up

3.picks u 1.picks up
?DYkA v fork.1 1.puts down

3.puts down
fork.1

fork.4

4.picks up 5.picks up
fork.4 fork.1

4.puts down 5.puts down
fork.4 fork.1
4.picks up 5.picks up
fork.5 fork.5
4.gets up 5.sits down

4.sits down 5.gets up
4.puts down 5.puts down

fork.5 fork.5



FORK; = (i.picks up fork.i — i.puts down fork.i — FORK;
| (ie 1).picks up fork.i — (i e 1).puts down fork.i — FORK;)

LEFT; = (i.sits down — i.picks up fork.i —
i.puts down fork.i — i.gets up — LEFT;)
RIGHT; = (i.sits down — i.picks up fork.(i® 1) —
i.puts down fork.(i @ 1) — i.gets up — RIGHT;)

PHIL; = LEFT; || RIGHT;
PHILOS = (PHILy || PHIL; || PHIL || PHIL3 || PHILy)
FORKS = (FORKj || FORK; || FORK? || FORK3 || FORK)

COLLEGE = PHILOS || FORKS



FORK; = (i.picks up fork.i — i.puts down fork.i — FORK;
(i e 1).picks up fork.i — (i © 1).puts down fork.i — FORK;)

\
LEFT; = (i.sits down — i.picks up fork.i —
i.puts down fork.i — i.gets up — LEFT;)

RIGHT; = (i.sits down — i.picks up fork.(i® 1) —
i.puts down fork.(i ® 1) — i.gets up — RIGHT;)

PHIL; = LEFT; || RIGHT;
PHILOS = (PHILy || PHIL; || PHIL; || PHIL3 || PHIL4)
FORKS = (FORK) || FORK] || FORK? || FORK3 || FORKy4)

COLLEGE = PHILOS || FORKS

U= U?:o {i.gets up} D= U?:o {i.sits down}

FOOTy = (x: D — FOOTy)

FOOTj = (x: D — FOOTjy1 |y : U — FOOT;-1) forje {1,263}

FOOTy4 = (y: U — FOOT3)

NEWCOLLEGE = (COLLEGE || FOOT))



nenastane deadlock

U = Ut o{i.gets up} D = U} _o{i.sits down}

(newcollege/s) # STOP for all s € traces(NEWCOLLEGE)

seated(s) .= #(s | D) — #(s | U)
seated < 4, lebo FOOT,
seated =< 3, mdZe sa posadit
nech seated = 4
P niekto je jediaci, mdZe prestat
» max 3 zdvihnuté vidlicky = aspoii 1 mdZe zdvihnit lavd
» 4 zdvihnuté = jeden mdze zobrat pravii
» 5 zvdihnutych = jeden je jediaci

vvyyvyy



bez zdielanej pamite — procesy

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

while ((rc = read(data_pipe[0], &c, 1)) > 0) rc = pipe(data_pipe);
putchar(c); pid = fork();
exit(0); switch (pid) {
} case O:
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[i]);

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”,lS);

close(newsockfd) ;
close(sockfd) ;

klient

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

int sockfd, portmno, 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");



sietovy model

nezdvislé zariadenia (procesy, procesory, uzly)

posielanie sprav

asynchrénne, spolahlivé spravy

>
| 2
> lokdlny pohlad (&islovanie portov)
>
» topoldgia siete

>

wakeup/termindcia

zloZitost: v zavislosti od pottu procesorov

» pocet sprav / bitov

> &as (beh normovany na max. dizku 1)



sietovy model

formalny model: prechodové systémy

>
>

>
>
>

systém je trojica (C,+—,Z)

beh (execution) je postupnost Yo = Y1 +> Y2 > -+, kde 70 € Z

C = C] x M: stavy systému = stavy procesorov + spravy na linkdch
—: krok jedného procesora (vypotet, poslanie spravy, prijatie spravy)
fair scheduler?

, Configuration ~y
ab 1e )

P — . ' . :
P > s w——
SN gk Dot : Nen o it

P S NE—_— : - —
B N LT N
5 - RN

ab fdghijikeleci afghjgbkdliec



Sietovy model

formalny model: prechodové systémy

> (ne)zavislost udalosti:
1) poslanie pred prijatim
2) Casovanie v ramci procesora
3) tranzitivita
» vypolet (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(8,, §) + 1 ;
Change state Change state

(* A send event *)
O, :=6,+1:
send (messg, 8, ) ; Change state



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, ¢asovania,

.. Ze bud' nepracuje spravne alebo vymeni aspoii 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,r.nsg
parent : link for all | € Neigh — {parent} do

var: msg  : text send (dispatch, msg) to /

Init: skoné&i algoritmus

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

Code:

loop forever



sietovy model: broadcast a convergecast (maximum)

const: deg  : integer Code:
ID : integer
Neigh : [1...deg] link loop 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 skonéi algoritmus
max = msg
ifdeg =1

send (my_max, max) to parent



cvicenia

» volba ¥éfa na (anonymnych) stromoch

» volba éfa na (anonymnej) mriezke



volba $éfa: tplné grafy

const: N
ID
Neigh :

var: leader :
count :
i

Init:

count :=0

leader = false

Code:

. integer
: integer

[1...N-1] link
boolean
integer

. integer

fori=1to N—1do

send (elect, ID) to Neighli]

while count < N — 1 wait
fori=1to N—1do

send (leader, ID) to Neighli]

leader := true

On receipt (elect, id;) from Neigh[i]:

if id; > ID send (accept) to Neighli]

On receipt (accept) from Neigh[i]:

count 4+ +

On receipt (leader, id;) from Neighli]:

Skon¢i algoritmus



volba éfa: dplné grafy Il

const: N : integer
ID : integer
Neigh : [1...N-1] link
var: leader : boolean

state : {active, captured, killed}
level : integer

parent : link

msg : {victory, defeat}

i : integer

Init:

state := active
level :=0

leader = false

Code:

for i=1to N —1do
send (capture, [level, ID]) to Neighli]
receive (accept) from Neighli]
level + +
leader := true
for i=1to N —1do
send (leader, ID) to Neighli]

Dead:

loop forever

On receipt (capture, [level;, id;]) from Neighli]:

if state € {active, killled} and [level;, id;] > [level, ID]

state := captured

parent := Neighli]

send (accept) to parent

goto Dead

else if state = captured

send (help, [level;,id;]) to parent

receive msg from parent

if msg = defeat
send (accept) to Neighli
parent := Neighli]

On receipt (help, [level;, id;]) from Neighli]:

if [level;, id;] < [level, ID)
send (victory) to Neighli]
else
send (defeat) to Neighli]
if state = active
state = killed
goto Dead

On receipt (leader, id;) from Neigh[i]:

Skonéi algoritmus



volba §éfa: tplné grafy Il - analyza

Lema 1

V lubovolnom vypotte existuje pre kaZdy level / =0, ..., N — 1 aspoii jeden
proces, ktory bol poas vypoétu na leveli /.

Lema 2

Nech v je aktivny proces (state = active) s levelom /. Potom existuje /
zajatych procesov ktoré patria v (t.j. ich premennd parent ukazuje na v).
= prave jeden proces je $éf

Lemma 3

lubovolnom vypotte je najviac N/(/ + 1) procesov, ktoré niekedy dosiahli

level /.

N-1
= maximalne > ,% = N(Hy — 1) = Nlog N postupov o level (=sprav)
i=1



dolny odhad
Treba Q(nlog n) sprav

» ‘“globany” algoritmus
» graf indukovany novymi spravami
» udrzujem vypodet:

P jeden sivisly komponent, ostatné vrcholy izolované
> e(k) — kolko viem vyniitit na komponente k
> e(2k+1)=2e(k)+ k+1



jednosmerné kruhy

Chang, Roberts

const: /D : integer
Liny loue = link
var: leader : integer
Init:

leader :== NULL

Code:

send (/D)
wait until leader <> NULL

» Q(n?) sprav v najhorom pripade

» O(nlogn) v priemernom

On receipt (i):

if i < ID then send (/)
if i = ID then

leader := ID

send (leader, ID)

On receipt (leader, x):

leader := x
send (leader, ID)



Chang Roberts - analyza

Kolkokrat sa pohla sprava i?

AN G R G
R
E[X] n_ilk P(i, k)

n n—i+1

E[X]_n—l—ZE[X]—n—i—Z > kP

i=2 k=1



Chang Roberts - analyza

dema
gﬁ:k!(kil)

g Uilk)! :g k!(,//'di.!k)! - k!g (i) - k!(k—?- 1)



n n—i+l (":’)(,_1) n—1 j (J:l)(n—j)
e O R Gl I SO o K U I
X e TEE (e
n—1 j
KG = DY~ j)(k = Do — k) _
S oG- R DR

— k(n— k —1)! —1)(n—
23[(n1 )EIU ))( Jq
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dvojsmerné kruhy

Hirschberg-Sinclair

v

level /: dobyjat tzemie 2/
» log n levelov

» n/2 vrcholov na leveli

>

kazdy vrchol pole 2/ sprav



dvojsmerné kruhy

Hirschberg-Sinclair Franklin

» level /: dobyjat tizemie 2 » level /: porazit susedov (na
rovnakom leveli;

» log n levelov x PR

synchronizcia”)

» n/2 vrcholov na leveli

» log n levelov

» kazdy vrchol po¥le 2/ sprav )
y P P » n sprav na level



dvojsmerné kruhy

Hirschberg-Sinclair Franklin

» level /: dobyjat tizemie 2 » level /: porazit susedov (na
rovnakom leveli;

» log n levelov x PR

synchronizcia”)

» n/2 vrcholov na leveli

» log n levelov

» kazdy vrchol po¥le 2/ sprav )
y P P » n sprav na level

Dolev — simuldcia na 1-smernom kruhu

» idea: presuntit identitu



dolny odhad

zapojit do &iary L, vymeni sa C(L) sprav

lema
Pre kazdé r existuje nekonetne vela &iar dfiky 27, kde C(L) > r2r—2

» indukcia

» dve vrecia: vyberdm trojice, chcem dve spojit item pri spojent: di¥ka
271 potet sprav > r2r—!

P eite treba 271 sprav; sporom



dolny odhad



GHS

[ubovolna topoldgia
buduje sa kostra

“segmenty”

vV v.v Yy

spdjanie po najlacnejSej odchadzajlicej hrane:
A mensi sa pripoji k vacsiemu

B rovnaki sa spoja

-----

» velkost = level



GHS

var state,, : (sleep, find, found) ;
stachy[q] : (basic, branch, reject)  for cach g € Neigh,, :
name,, bestwt, : real ;
level,, : integer ;
testch,,, bestchy, father,, : Neigh,,
recy s integer ;

(1) As the first action of cach process, the algorithm must be initialized:
begin let pg be the channel of p with smallest weight :
stachplq) == branch : level, := 0 :
statey, := found ; rec, =0 :
send (connect.(0) to ¢
end

(2) Upon receipt of (connect, L) from ¢:
begin if L < level, then (* Combine with Rule A *)
begin stachy|q] := branch ;
send (initiate. level,, name,. state, ) to ¢
end
else if stach,[q] = basic
then (* Rule C *) process the message later
else (* Rule B *) send (initiate, level, + 1.w(pg). find ) to q
end

(3) Upon receipt of (initiate, L, F. S) from ¢:
begin levely, == L : name, := F : state, == S : father,, :=q :
b(:.s‘tch,, = udef ; bestwt,, :=
forall r € Neigh,, : stach
send (initiate, L, F,S) to r :
if state, = find then begin rec, := 0 : test end

end



GHS

(4) procedure test:
begin if dg € Neigh,, : stach,[g] = basic then
begin testch, := q with stach,(q] = basic and w(pg) minimal ;
send (test. levely,, name, ) to testch,
end
else begin festch, == udef : report end
end

(5) Upon receipt of (test. L, F') from g:

begin if L > level, then  (* Answer must wait! *)
process the message later
else if I = name, then (* internal edge
begin if stach,[q] = basic then stach,|q| := reject ;
if ¢ # testchy,
then send (reject) to ¢
else test

*)

end
else send (accept) to g
end

(6) Upon receipt of (accept) from ¢:
begin testch, := udef :
if w(pq) < bestwt,,
then begin bestwt, := w(pq) : bestch, := g end :
report
end

(7) Upon receipt of (reject) from g¢:
begin if stach,[q] = basic then stach,[q] = reject :
test
end



GHS

(8) procedure report:
begin if rec, = #{q : stach,[q] = branch A q # father ,}
and testch, = udef then
begin state, := found ; send (report, bestwt,, ) to father,, end

end

(9) Upon receipt of (report.w) from ¢:
begin if g # father,
then (* reply for initiate message *)
begin if w < bestwt, then
begin bestwt), := w : bestch,, := q end ;
recy = rec, + 1 : report
end
else (* pq is the core edge *)
if state, = find
then process this message later
else if w > bestwt,,
then changeroot
else if w = bestwt, = oo then stop
end

(10) procedure changeroot:
begin if stach,|bestch,| = branch
then send (changeroot) to bestch,
else begin send (connect. level,, ) to bestch,,
slar'hp{hest(‘hl,i = branch
end
end

(11) Upon receipt of (changeroot ):
begin changeroot end



analyza
spravnost
ukazat, Ye sa zvoli prave jeden %éf: nenastane deadlock
pocdet sprav

» testovacie spravy: jeden test po kaZdej hrane
> kostrové spravy: fragment s n; vrcholmi pri postupe o level O(n;) sprav

» postupy na level /: dizjunktné vrcholy



LE - summary
» pre kruhy, dplné grafy ©(nlog n) sprav
» bez promisu: ©(nlogn+ |E|) sprav
ako vplyvaji zmeny modelu na zloZitost?

» ("komprimovangd") znalost mapy?

» synchrénnost?



KKM

» f(x)-traverzovanie
» tokeny traverzujd/oznaluji dzemia
> levely: ked sa stretni dva, vznikne novy

» nahananie



KKM

var lev, : integer init —1;
caty, wait, : P init udef;
last, : Neigh,, init udef;

begin if p is initiator then
begin lev, := lev, + 1 ; last, := trav(p, levy) ;
catp :=p ; send (annex, p, levy, ) to last,
end ;
while ... (* Termination condition, see text *) do
begin receive token (g, ) ;
if token is annexing then t := A else t :=C';
if { > lev, then (* Case I *)
begin lev, :=1; caty :=q;
watty := udef ; last, := trav(q, 1) ;
send (annex,q,!) to last,

end
else if | = lev, and wait,, # udef then (* Case I *)
begin wait, := udef ; levy, := levy, +1;
lasty, := trav(p, levy) ; catp :==p;
send (annex, p, levy,) to last,

end
else if | = lev, and last, = udef then (* Case III *)
wait, = q

else if | = lev, and t = A and ¢ = cat,, then (* Case IV *)
begin last,, := trav(g, 1) ;
if last, = decide
then p announces itself leader
else send (annex,q,!) to last,
end
else if I = lev, and ((t = A and
q > catp) or t = C) then (* Case V ¥)
begin send (chase, q,!) to last, ; last, := udef end
else if | = lev, then (* Case VI *)
wait. == a



KKM
pocet sprav
» nahaiiacie: 1 na vrchol a level, spolu n za level

» objavovacie: ), f(n;)

> ak f je konvexnd, t.j. f(a) + f(b) < f(a+ b), tak je O(log n(n—+ f(n)))
sprav



vplyv synchrénnosti
algoritmy zaloZené na porovnaniach

» ekvivalentné okolia

P c-symetricky retazec: pre kazdé \/n </ < n a pre kazdy segment S je
[of

{T”J ekvivalentnych

> bit-reversal je 1/2-symetricky

P c-symetricky retazec, alg. neméZe skon&it po k koldch pre {ﬁJ >2

cn—2

> potet sprdv: k = | 42|, je aspofi k + 1 kal

» aspoii {%J aktivnych v r-tom kole posle spravu



vplyv synchrénnosti

» rozne rychlosti

» v j-tom kroku test



cviéenie

V toruse rozmerov n X n (t.j. zacyklenej mriezke) si na zatiatku zobudené
dva vrcholy. Napiste algoritmus, pomocou ktorého sa kazdy z nich dozvie
identifikdtor druhého s pouzitim O(n) sprév.

N3&jdite asymptoticky optimalny (¢ do pottu sprav) algoritmus na volbu
géfa v dplnom bipartitnom grafe K, ,. DokdZte jeho zloZitost a optimalitu.

*

broadcasting a volba $éfa na (ne?)orientovanej hyperkocke s linedrnym
poétom sprav



odolnost vo&i chybdm — strata sprav
Problém dohody

synchrénny systém

zname identifikatory

spravy sa mdZu stracat

»

>

» kazdy md na vstupe 0/1

>

> kazdy proces sa musi rozhodnit
>

treba zarudit

» Dohoda: vietky procesy sa rozhodnd na tu istd hodnotu
» Terminacia: kazdy proces sa rozhodne v kone¢nom &ase
» Netrivialita:
1. Ak vdetci za¢nu s hodnotou 0, musia sa dohodntit na 0.
2. Ak v3etci za¢ni s hodnotou 1 a spravy sa nestracaju, musia sa
dohodniit na 1.



neexistuje deterministické rieSenie

>
>
>
>
>
>
>
>

2 vrcholy, 1 linka

sporom, nech existuje a trva r kol

vypoclet, kde zani obaja s hodnotou 1 a nestracajui sa spravy
dohodnti sa na 1

strati sa poslednd spréva, jeden z nich to nezisti

vypoclet, kde neprejde ani jedna sprava a dohodnt sa na 1
jeden z nich dostane na vstup 0

aj druhy



randomizované riedenie (Gplny graf)

komunikaény pattern

zoznam trojic (f, j, t): v €ase t sa nestrati spréva z i — j

(fixny) adversary = vstup a komunikagny pattern
Dohoda: Pr[ nejaké dva procesy sa rozhodni na réznu hodnotu] < ¢

algoritmus s e = 1/r

dany adversary 7: dvojice (i, t), kde i-procesor, t-€as majme usporiadanie:
1 (i, t) <, (i, t'), kde t < t/

2. ak (i,j,t) €, tak (i,t —1) <, (j, t)

3. tranzitivita



uroveri informovanosti

1. level,(i,0) =0
2. ak t > 0 a existuje j # i také, Ze (j,0) £, (i, t), tak level,(i,t) =0

3. nech /; je max{level,(j,t") | (j, t') <, (i, t)}
potom level, (i, t) =1+ min{l; | j # i}



algoritmus

» prvy proces vygeneruje ndhodny kg
» procesy si pocitaju level

» rozhodnutie 1, ak vdetci majii 1 a mdj level je aspofi kli¢

rounds := rounds + 1
let (L;, V;, k;) be the message from j, for each j from which a message arrives

if some k; # undefined then key := k;
for all j # i do
if some Vj(j) # undefined then val(j) := Vir(j)
if some L () > level(j) then level(j) := max {Ly(5)}
level(i) == 1 + min {level(j) : j # i}
if rounds = r then
if key # undefined and level(i) > key and val(j) = 1 for all j then
decision = 1
else decision := 0



dokaz

» Dohoda: Pr[ nejaké dva procesy sa rozhodni na réznu hodnotu] < e
» Terminacia: kazdy proces sa rozhodne v kone¢nom ¢ase
» Netrivialita:

1. Ak vietci zaénl s hodnotou 0, musia sa dohodnut na 0.
2. Ak v8etci zaénl s hodnotou 1 a spravy sa nestricajd, musia sa
dohodnit na 1.

termindcia a netrivialita st zrejmé
pre fixny pattern, akd je pravdepodobnost nezhody?
levely sa |ig§ia max o 1, preto jediny problém je ak key = max{/;}



dolny odhad

' 0z 7 . s i ~ 1
lubovolny r-kolovy algoritmus m3 pravdepodobnost nezhody aspofi 15

orez

pre adversary B s patternom v a proces i, B’ = prune(B, i)
1. ak (4,0) <, (i, r) tak sa vstup j zachovd, inak znuluje

2. trojica (j,j’, t) je v kom. patterne B’, akk je vy a (j/, t) <, (i, r)

PEB[i sa rozhodne 1] = PPrne(B:)[j sa rozhodne 1]

lema

Ak majd na vstupe vSetci 1, P[i sa rozhodne 1] < e(level(i,r) + 1)



lema

Ak maji na vstupe v3etci 1, P[i sa rozhodne 1] < g(level(i,r) + 1)

vV v.v Yy

vV v.vy Yy

indukcia na level(i, r): nech level(i,r) = 0:
B’ = prune(B, i) = prune(B’, i)
PB[i sa rozhodne 1] = PB'[i sa rozhodne 1]

od j-&ka neprisla sprdva, B” = prune(B’,j) = prune(B" ) je trividlny
adversary

P5'[j sa rozhodne 1] = PB”[j sa rozhodne 1]
lenze PB"[j sa rozhodne 1] = 0, takze PB'[j sa rozhodne 1] = 0
pst nezhody je e, = |PB'[i sa rozhodne 1] — PB'[j sa rozhodne 1]| < ¢

preto PB'[i sa rozhodne 1] < & a PE[ sa rozhodne 1] < ¢



lema

Ak maji na vstupe v3etci 1, P[i sa rozhodne 1] < g(level(i,r) + 1)

vV vV V. v VY

indukcia na level(i, r): nech level(i,r) >0

B’ = prune(B, i) = prune(B’, i)

existuje j, ze levelg/(j, r) < /-1

podla i.p. PB'[j sa rozhodne 1] < e(level(j,r) +1) < el

pst nezhody je £, = |PB'[i sa rozhodne 1] — PB'[j sa rozhodne 1]| < ¢

preto PB'[i sa rozhodne 1] < &(/ 4 1) a PB[i sa rozhodne 1] < e(/ + 1)



chyby procesov — stop chyby
Problém dohody

synchrénny systém

zname identifikatory

kazdy ma na vstupe 0/1

proces mdZe havarovat (uprostred posielania sprav)
maximalne f havarovanych procesov

kaZdy proces sa musi rozhodntit

treba zarugit

VVYyVYYYVYYVYY

»> Dohoda: vietky procesy (ktoré nehavarovali) sa rozhodni na ti
istd hodnotu

» Terminacia: kazdy proces (ktory nehavaroval) sa rozhodne v
kone¢nom ¢ase

» Netrivialita: ak vSetci zaént s rovnakou hdonotou /, musia sa
dohodniit na i.



chyby procesov — stop chyby

algoritmus

flood pocas f + 1 kél; ak je iba jedna hodnota, rozhodni sa, inak (default) 0

» existuje kolo, v ktorom nikto nehavaruje; potom sa udrziavaji rovnaké
hodnoty

» (f +1)n? sprav

> zlep3enie: posielat iba ked sa zmeni hodnota = O(n?) sprav



chyby procesov — byzantinske chyby

Problém dohody

vV VvV vV VvV VY

synchrénny systém

zname identifikatory

kazdy ma na vstupe 0/1
niektoré procesy su zlé
maximalne f zlych procesov
kaZdy proces sa musi rozhodntit
treba zarugit

» Dohoda: vsetky dobré procesy sa rozhodnt na td isti hodnotu

» Termindacia: kazdy dobry proces sa rozhodne v kone¢nom &ase

» Netrivialita: ak vSetci dobri za¢nu s rovnakou hdonotou i/, vetci
dobri sa musia dohodniit na i.



dolny odhad na podet zlych: jeden zly spomedzi troch

pre viac: simulacia



EIG algoritmus

newval(x): va&sina z newval(xj)

nn—1)

level O

level 1

level 2

level 3

level f+1



dokaz

lema

Po f 4+ 1 kolach plati: nech j, j, k, i # j st tri dobré procesy. Potom
val(xk); = val(xk); pre vietky x.

lema

Po f + 1 kolach plati: nech k je dobry proces. Potom existuje v, Ze
val(xk); = newval(xk); = v pre vietky dobré procesy i

lema

ked vdetci zadnli s rovnakou hodnotou, musia sa na nej dohodntit



dokaz

vrchol x je spolahlivy, ak véetky dobré procesy i maji po f + 1 kolach
newval(x); = v pre nejaké v

lema

Po f 4 1 kolach je na kaZdej ceste z korefia do listu spolahlivy vrchol

lema

Po f + 1 kolach: ak existuje pokrytie podstromu vo vrchole x dobrymi
vrcholmi, potom x je dobry.



polynomidlny pocet sprav
konzistentny broadcast
» ak dobry proces i poslal (m, i, r) v kroku r, dobri ju akceptuji najneskér
vr+1
» ak dobry proces i neposlal (m, i, r) v kroku r, nikto dobry ju neakceptuje

» ak je sprava (m,i,r) akceptovanad dobrym j v r’, najneskér v r' + 1 ju
ake. vietci dobri



polynomidlny pocet sprav
algoritmus

»  posle (init,m,i,r) v kole r

» ak dobry dostane (init,m,i,r) v kole r, po3le (echo, m, i, r) vietkym
dobrym v kole r + 1

» ak pred kolom r’ > r + 2 dostane dobry od f + 1 echo, posle
(echo, m,i,r) v r'

» ak dostal echo od n — f, akceptuje



polynomidlny pocet sprav
dohoda

» dvojkrokové fazy
» v prvom kole bcastuji vietci s 1
» v kole 2s — 1 poslu ti, o akceptovali od f + s — 1 a eSte nebcastovali

» ak po 2(f + 1) koldch i akceptoval od 2f + 1 procesov, tak 1, inak 0



routovanie

ciel: doruovat sravy medzi [ubovolnou dvojicou

modely ciele

» destination based » statické vahy (najkrat3ie cesty)
» splittable » dynamické vahy (hot potato)
» connections (wormhole) » deadlock

» buffering

» selfish



najkratsie cesty

begin (* Initialize S to @ and D to @-distance *)
S:=02:
forall u, v do
if u = v then Dlu. v] :=0
else if uv € E then Du, v} := wy,
else Du, v] := oo :
(* Expand S by pivoting *)
while S # V do
(* Loop invariant: Yu, v : D[u, v] = d°(u, v) *)
begin pick w from V'\ S :
(* Execute a global w-pivot *)
forall v € V do
(* Execute a local w-pivot at u *)
forall v € V do
D[u, v] := min ( Du, v], Dfu, w] + D[w, v]) ;
S:=Su{w}
end (*Vu,v:Dlu, v]=d(u, v)*)
end



najkratsie cesty

var S, : set of nodes ;
D, : array of weights ;
Nb,, : array of nodes :
begin S, ;=@ :
forall v € V do
if v=u

then begin D, [v] := 0 : Nb,[v] := udef end
else if v € Neigh,
then begin D, [v] := w,. : Nb,[v] := v end
else begin D, [v] := oc ; Nb,[v] := udef end :
while S, # V do
begin pick w from V' \ S, :
(* All nodes must pick the same node w here *)
if u=uw
then “broadcast the table D,,"
else “receive the table D,
forall v € V do
if D,[w] + D,,[v] < D,[v] then
begin D, [v] := D, [w] + D[] :
Nby[v] := Nb,[w]
end :
Sy =8, U {w}
end
end



najkratsie cesty

var S, : set of nodes ;
D, : array of weights :
Nb,, : array of nodes ;

begin S, =0 ;
forall v € V do
ifv=u
then begin D, [v] := 0 ; Nb,[v] := udef end
else if v € Neigh,
then begin D, [v] := wy, ; Nb,[v] := v end
else begin D, [v] := o0 : Nb,[v] := udef end :
while S, # V do
begin pick w from V' \ S, ;
(* Construct the tree T, *)
forall € Neigh, do
if Nb,[w] = z then send (ys,w) to z
else send (nys,w) to z ;
num.rec, := 0 ; (* u must receive | Neigh, | messages *)
while num_rec, < |Neigh,| do
begin receive (ys,w) or (nys,w) message :
num.rec, = num-rec, + 1
end ;
if D,[w] < oo then (* participate in pivot round *)
begin if u # w
then receive (dtab,w, D) fromthis Nb,[w] :
forall = € Neigh, do
if (yys,w) was received from z
then send (dtab.w,D) to z ;
forall v € V do (* local w-pivot *)
if D, [w] + D[v] < Dy[v] then
begin D, [v] := D, [w] + D[v] ;
Nby,[v] := Nb,, [w]

end
end ;
Su =S, U {w}
en
end



Netchange

var Neigh, : set of nodes : (* The neighbors of u *)
D, : (* Dy [v] estimates d(u, v) *)
Nb, : (* Nby[v] is preferred neighbor for v *)
ndis, carray of 0. N'; (¥ ndis, [w, v] estimates d(w, v) *)
Initialization:

begin forall w € Neigh,. v € V do ndis,[w, v] :== N :
forall v € V do

begin D,[v] := N ; Nb,[v] := udef end ;
Dy [u] := 05 Nb,[u] := local ;
forall w € Neigh, do send (mydist.u,0) to w

Processing a (mydist, v, d ) message from neighbor w:

el { A (mydist.v.d) is at the head of Qu. }
in recei mydist,v.d) from w :
Procedure Recompute (v): . mlisu[uf n]y:; d: R(ﬁ('zmlpute (v)
begin if v = u -
then begin D, [v] := 0 ; Nb,[v] := local end )
else begin (* Estimate distance to v *) Upon failure of channel uw:
d =1+ min{ndis,[w, v] : w € Neigh,} ; begin receive (fail, w) ; Neigh, := Neigh,, \ {w} :
if d < N then forall v € V do Recompute (v)
H end

AR R A R Upon repair of channel wuw:

end A : . . y .
) w) ; Neigh, := Neigh, U {w} ;
else begin D,[v] := N ; Nb,[v] := udef end begin ;’:;:al]‘itlfgef’aé; w) ; Neigh, cigh, U {w}
. end ; begin ndis, [w, v] ;
if D, [v] has changed then send (mydist, v, Dyft]) to w
forall z € Neigh, do send (mydist. v, D,[v]) to x end



Netchange

var Neigh, : set of nodes : (* The neighbors of u *)
T : array of 0.. N (* Dy[v] estimates d(u, v) *)
Nb, v of nodes ;  (* Nb,[v] is preferred neighbor for v *)
ndis, array of 0. N5 (* ndis, [w, v] estimates d(w, v) *)
Initialization:

begin forall w € Neigh,. v € V do ndis,[w. v]
forall v € V do
begin D,[v] := N ; Nb,[v] := udef end ;
Dy [u] := 05 Nb,[u] := local ;
forall w € Neigh, do send (mydist.u,0) to w

Processing a (mydist. v, d) message from neighbor w:
{A (mydist. v, d) is at the head of Qu, }
begin receive ( mydi: .d) from w :

ndis, [w. v] := d : Recompute (v)

end

Procedure Recompute (v):
begin if v = u

N end
then begin D, [v] := 0 ; Nb,[v] := local end b
else begin (* Estimate distance to v *) Upon failure of channel uw:
d =1+ min{ndis,[w, v] : w € Neigh,} ; begin receive (fail, w) : Neigh, := Neigh, \ {w} :
if d < N then forall v € V do Recompute (v)
begin D, w] =d end

S i (w b S Upon repair of channel ww: o
begin receive (repair,w) : Neigh, := Neigh, U {w} ;

forall v € V do

end

else begin D,[v] := N : Nb,[v] := udef end

. end ; begin ndis, [w. 0]
if D, [v] has changed then send (mydist, l_D““.]) o
forall z € Neigh, do send (mydist. v, D,[v]) to x end
end end
'
korektnost

lexikograficky klesd hodnota [ty, t1, . . ., tn]
kde t; je pocet sprav (mydist, i)+ potet dvojic u, v kde D,[v] =



hierarchické routovanie

ciel: minimalizovat poget rozhodnuti

veta
Pre siet s N vrcholmi sta&i O(v/N) rozhodnuti pri pouziti 3 farieb.

s-klastre:
» kazdy je suvisly, pokryvaju vsetky vrcholy
» kazdy obsahuje aspoii s vrcholov a ma polomer najviac 2s

kostra spdjajtca centrd klastrov: m listov = m — 2 vetveni



hierarchické routovanie

veta
Pre siet s N a pre f < log N sta&i O(f - N'/f) rozhodnuti a 2f + 1 farieb

po i klastrovaniach s parametrom s: m; listov, max. m; — 2 vetveni =
mijy1 = m,-(2/s)

m¢ + fs rozhodnuti

s~ 2NYf



packet routing

vV v v Vv Yy

synchrénny rezim

vrcholy majd pakety (uloZené v bufferoch)

v jednom kroku po jednej linke ide max. jeden paket
algoritmus = odchadzajlice linky + priorita bufferov

celkovy ¢&as




packet routing na mriezke VN x VN

Kazdy vrchol ma 1 paket, do kazdého smeruje 1 paket (permutation routing)

Najprv riadok, potom stipec. Prednost ma ten s najdlhSou cestou.

analyza: sta&i 2v/N — 2 krokov

» po /N — 1 krokoch je kazdy v spravnom stipci (nebrzdia sa)
» routovanie v stfpci ide v /N — 1 krokoch

» pre kazdé i plati: po N — 1 krokoch su koncové pakety na
koncovych miestach
P dovod: zdrZuji sa iba navzdjom

velkost buffra v najhorsom pripade: 2/3v/N — 3



velkost buffra: priemerny pripad |

setting

KaZdy vrchol ma jeden paket s ndhodnym ciefom

max. velkost buffra ~ potet zahnuti vo vrchole

pst, Ze aspofi r zahne < (‘@) (ﬁ)r < (&)

pre r = |§g"|°§gNN je pst o(N—2)



velkost buffra: priemerny pripad Il

wide-channel: nepredbiehaji sa

lema

pst, Ze vo wch prejde aspoi al\/2 paketov cez hranu e potas
t+1,t+2,...,t+ A je najviac el@—1-alna)a/2

otakdvany potet paketov na hrane (i,j) — (i + 1,j) je

chceme ukazat, %e s velkou pstou ich neprejde prili§ viac



Cernovov odhad

lema

Majme n nezavislych Bernoulihho nah. prem. Xi, ..., X,, pricom
Pr[Xx = 1] < Py. Potom

PriX > BP] < et~ 5N AIP

kde X =3 X;, P =S P;

E[e*] < 1+ Pi(e* — 1) < &P D)

E[e/\X] < eP(exfl)

E[eM] A1y
Pl > eMP] < o < QP —1)-AgP



velkost buffra: priemerny pripad Il

lema

Majme n nezavislych Bernoulihho ndh. prem. Xi,..., X,, pri€om
Pr[X, = 1] < Py. Potom Pr[X > BP] < e=57"A6P \de X = 3" X;,
P=> P

lema

pst, Ze vo wch prejde aspofi aA/2 paketov cez hranu e potas
t+1,t4+2,...,t+ A je najviac el@—1-aina)a/2

olakdvany potet paketov na hrane (i,j) — (i + 1,/) je

2i(VN-i)A _ A

N -2
chceme ukazat, e s velkou pstou ich neprejde pr|'|i§ viac
n=2iA, Py = Yl p_ 2N

6 o 4/(f i)



velkost buffra: priemerny pripad Il

lema

ak je paket vo vzd. d od hrany e v ¢ase T, a p prejde cez e v Case
T + d + 6, potom v kazdom kroku [T + d, T + d + 4] prejde paket cez e

lema

ak potas [T + 1, T + A] prejde cez e x paketov v §t., tak pre nejaké t prejde
X + t paketov cez e v &ase [T +1—t, T + A] vo wch.

lema

pst, Ze cez e prejde viac ako al\ /2 paketov potas konkrétneho okna A
krokov je najviac O(e(@—1-aIn@)A/2)

dosledok
s pstou 1 — O(%) neprejde po e viac ako clog N paketov v posebe idicich

krokoch, kde ¢ = 52122- < 9.




dynamické routovanie

model

V kazdom kroku sa v ka¥dom vrchole s pstou A narodi paket s ndhodnym
cielom.

stabilita
Pre A > 4/v/N je systém nestabilny

veta

Ak je A < 0.99%, tak pst zdrZania konkrétneho paketu o A krokov je
e~ 0(8),

W.h.p. staZi buffer O(1 + {&1).

loj




Apache Hadoop (Google MapReduce)

v

odolnost voti chybadm, synchronizicia, scheduling

mene;j flexibility: komunikdcia Map — Shuffle — Reduce

Map: vstup — (ki, v1), (k2, v2), . ..
Shuffle: — (ki, v, v,v,...),(ka, v, v,v,...)

Reduce: (k, vi, v2,...) — vystup

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

5V, U Reduce g
vstup Map (k,0), ... (kyv,v,..0) vystup

(k,v,v,...) Reduce vystup

il



Priklad

Map Shuffle Reduce
krtia sa krty —  (8krtia, 1), (sa, 1), (Bkrtia, 1) —  &krtia: 1
(krty, 1) (sa, 1) — sa:l
krt krta 3krti —  (krt, 1), (krta, 1), (krty, 1) —  krty: 1
(3krti, 1) (krt, 1, 1) — krt: 2
ked krt krta zagkrti —  (ked, 1), (krt, 1), oo (krta, 1, 1) —  krta: 2
(krta, 1), (zaskrti, 1) ...  (3krti, 1) —  skrtit 1
do rana ho zmaskrti —  (do, 1), (rdna, 1), oo (ked, 1) —  ked: 1
(ho, 1), (zmaskrti, 1) (zadkrti, 1) —  zaskrti: 1
(do, 1) —  do:1l
(réna, 1) — rdna: 1l
(ho, 1) —  ho:1
(zmagkrti, 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);



Ked treba viacero map-shuffle-reduce faz

Zoznam slov s > 1000 vyskytmi

» 1. MR: slovo — po&et vyskytov
» 2. MR: filter

Sprava pipeline: skript / iny ndstroj
Ogetrenie chyb (restart)
Komplikovand optimalizacia

= MR je prili§ nizkodroviiova



Flume: Abstrakcia nad MR

» Kniznica: abstrakcia pre paralelizovant kolekciu dat

» PCollection<typ>:
velmi velkd, distribuovand kolekcia
obmedzeny sposob manipulacie

P> PTable<typ_kli&a, typ_hodnoty> =
PCollection< KV<typ_kli&a, typ_hodnoty> >

Premennd typu PCollection:

> ned3 sa menit (immutable)
» ned3 sa k nej priamo pristupovat (not materialized)

» mald interna reprezentacia



Operécie nad kolekciami

ParDo

» PCollection<t;> vstup

» PCollection<ty> vystup =
vstup.ParDo(new Funkcia())

class Funkcia extends DoFn<ty, tp> {
public void Do(#; vstup, EmitFn<t,> emit) {
t, vystup =
emit.Emit (vystup)
}
}

» Funkcia be# paralelne = nesmie komunikovat stavom

» Funkcia nesmie mat vedlajsie efekty



Operéacie nad kolekciami
GroupByKey

» PTable< tj, tp > vstup

» PTable< t;, list<t,> > vjystup =
vstup.GroupByKey ()

Flatten

» PCollection<t> vstupl, ..., vstupK

» PCollection<t> vystup =
Flatten(vstupl, ..., vstupk)



Operécie nad kolekciami

CombineValues

» PTable<t;, tp> vstup

» PTable<t, tp> vystup =
vstup.CombineValues (new Funkcia())

class Funkcia extends CombineFn<ty, tp> {
public t, Combine(t; kIGZ, list<t,> hodnoty) {
tr vystup = ...
return vystup

}
}

» Ako GroupByKey + ParDo

» Asociativita; nemusi vidiet vietky hodnoty naraz



Ako prebieha vypocet

» ReadFromFile(), ParDo(),
GroupByKey (), ...,
WriteToFile()

» Flume: :Run()



Ako prebieha vypodlet

» ReadFromFile(), ParDo(),
GroupByKey (), ...,
WriteToFile()

» Flume::Run()

» Strom operdcif

» Lazy evaluation

input2 input3
v
/B input4

inputl

A E)

2

'
outputl

\Wntel
v
output2



Ako prebieha vypodlet

inputd

input2  input3 <Mz>

» ReadFromFile(), ParDo(), & © (im
GroupByKey (), ..., T T
WriteToFile() T \“u/ E<€

> .. -

Flume: :Run() /A\g \D ) \E )
ntcl /&‘<ag/ JTaa3

outputl wlm/

» Strom operacii [(J&\j

» Lazy evaluation o>
'
<F

output2



MRC tedria

MRC'

» algoritmus je postupnost (i1, p1,- - -, 4R, PR)

» 4, je (randomizovany) RAM s O(n*~¢) pamitou a poly &asom
» p, rovnako

» pamit > (kv ([k| + |v]) z kaZdého reducera je O(n?~2)

> pocet kol je O(Iogi n)

prefix sums

> [1,4,0,0,3,0,2]:

in: {(1,1),(2,4),(5,3),(7,2)},
out: {(1,1,1),(2,4,5),(5,3,8),(7,2,10)}

» blok m®



zdielané data

» HW vs. abstrakcia na sietou

» (skalia

suma g

1000 read(suma)
900 suma:=suma - 100

900  write(suma)

at

read(suma) 1000 1000
suma := suma + 300 1300

write(suma) 1300 1300
900



zdieland pamit — thready

» dynamické vytvaranie
» asynchrénne (join)

» riadenie pristupu (mutex/semafér/...)

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

» synchronizacia

» debugovanie



PRAM

SHARED MEMORY

» synchrénne procesory

> kedy je problém paralelizovatelny?

global read( A(i), a )
global write( a, B(i) )
for h=1 to logn do
if (i < nj2h)
global read( B(2i —1),x )
global read( B(2i),y )
Z:=x+y
global write(z, B(i))
if i=1 global write( z,S )




WTF — Work-Time Framework

» pisat algoritmy pre [ubovolny pocet 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 <i < 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 )
S:=B(1) Zi=xty .
global write(z, B(f))
if i =1 global write( z,S )

WT algoritmus s T(n), W(n) sa d4 simulovat na PRAMe s p procesormi v
éase{ ()J—i—T( )



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(i) =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
P | | |
i=1to n pardo ; A [o]ofofo[ofof1]1]ofo[1]o]0[0]0]0]
if B(i)=1 then D:=/—1 1 \ i
i=1 to n pardo B [o] 0] 1] [o]

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

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



Prefix Sum Problem

Dané pole A dfiky n. Pre kazdy index i ndjst > a;

for 1 <7< n/2 pardo
X 1= agj—1+ a;

z :=prefix_sums( X, n/2 )

for 1 < /i< n/2 pardo

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

praca = O(n)
¢as = O(log n)

j=0
X EIFIEEJE

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

CRE e

A [2]8] 7 foliei]sapr asfps|s0malaskeelaele0)
| I | | I | [




techniky - accelerated cascading

maximum: CRCW W = O(n?), T = O(1)

pre kaZdé i paralelne zistit, & a; je maximum (vid. index prvej "1")

dvojlogaritmickd rekurzia: W = O(nloglogn), T = O(log log n)

» delit na \/n intervalov

> T(n) = T(V)+c

» na spajanie O(1)-tas

kombinacia

» najprv sekvenéne spracovat tseky O(log log n)

» potom dvojlogaritmicky algoritmus



techniky - pointer jumping
spajany zoznam : implemendcia v poli

distrnking
S(i) = S(S(1)




UvaZujme zdkladny model z prednasky, kde procesy maju identifikatory
a komunikuji posielanim asynchrénnych spolahlivych sprav, pricom na
zatiatku st zobudené vSetky procesy. Procesy su zapojené do kruhu,
pricom kazdy ma dva porty o&islované 0,1 (lubovolnym spbsobom).
Algoritmus Hirshberg-Sinclair z prednasky volil $éfa postupnym
dobyjanim va&ich a vadsich dzemi takto (/D je identifikdtor procesu):

init: send (msg,/D,0,0) to both neighbors
upon receipt (msg,] k, from port p i
if /> ID 'andd < 2% then send (msg,j, k,d + 1) to port 1—p
if 7> ID and d = 2* then send (reply,j, k) to port p
if j = ID then announce self as leader
upon receipt (reply,j, k) from port p
if ID # j then send (reply J,k} to Eort 1-p
else if already received (reply,],
then send (msg,/D,k +1,0) to both neighbors

LoNOGRWNE

Ostane algoritmus korektny, ak sa na riadkoch 3. a 4. namiesto 2K
pouZije k + 1?7 Odvod'te (a dokdzte) jeho asymptotickd zloZitost.



Graf G s n > 4 vrcholmi nazveme takmer tplny, ak kazdy vrchol grafu
G ma aspoii n — 3 susedov. Navrhnite asymptoticky optimalny
algoritmus (hint: nie, GHS to nie je) na volbu $éfa Gplnych grafoch (v
zakladnom modeli, t.j. asynchrénne, bez zmyslu pre orientaciu, s
identifikatormi, ...), ktory pouZiva O(nlog n) sprav. Ur&ite zloZitost
(potet sprav) Vasho algoritmu.



Na prednaske bol popisany algoritmus na rieSenie problému dohody so
stop-chybami (kaZdy nezhavarovany proces skon&i, vietky
nezhavarované procesy sa dohodnd, ak vSetky procesy zadinajd s
rovnakou hodnotou, musia sa dohodnit na nej), ktory je odolny vodi f
vypadkom. Algoritmus pracoval f + 1 kol. Ukéazte, Ze Ziaden
algoritmus, ktory by pracoval iba f kdl, nemdZe byt korektny.



Uvazujme n > 3 procesov spojenych obojsmernymi linkami do kruhu.
Procesy maju identifikdtory, $tartujd naraz a pracuju v asynchrénnom
rezime. V sieti je zvoleny 3éf, t.j. kaZzdy proces ma logickd premennu
som_sef, ktord ma hodnotu true prave v jednom procese.

V sieti je jedna chybnd linka, ktord nikdy neprepi$ta spravy: ak
lubovolny z koncovych vrcholov chybnej linky po nej po$le spravu,
sprdva sa bez akejkolvek notifikicie strati (takZe Ziaden proces nevie, &
sa sprava stratila, alebo je iba pomald). Cielom ¥éfa je zistit, medzi
ktorymi dvomi vrcholmi vedie chybnd linka.

Navrhnite algoritmus, pomocou ktorého $éf lokalizuje chybnd linku (t.j.
zisti identifikatory vrcholov susediacich s chybnou linkou). V&3
algoritmus m3a v najhor§om pripade pouZit O(nlogn) sprav (pri¢om
najhoréi pripad sa berie cez vietky rozdelenia identifikatorov, vietky
pozicie $éfa a chybnej linky a vietky ¢asovania sprav). Zdévodnite
spravnost a zloZitost (polet sprav) Vasho algoritmu.



