fork << Process Tree

int fib(n){

if (n==0 | | n==1)

return n;

return fib(n-1) + fib(n-2);
}

int fibfork(int n){

int retl, ret2;

if(n==0]| n==1)

return n; /* end recursion */

if (fork() == 0)

retl = fibfork(n-1); /* first child */
if (fork() ==0)

ret2 = fibfork(n-2); /* second child */
/* parent */

wait();

wait();

return retl + ret2;

}

Write a function fibfork that implements the Fibonacci
using recursion (with new processes created during each

recursive step)



Recursive Factorial

int facfork(int n){
i int retl, ret2;
int fac (n){ if (fork() == 0)
return fac(n-]_) * fac(n_Z)’- retl = facfork(n-1); /* first child */
if (fork() ==0)
} ret2 = facfork(n-2); /* second child */
/* parent */
wait();

wait();
return retl + ret2;

}

Write a function facfork that implements the
factorial using recursion (with new processes
created during each recursive step)



Code with fork < Process Tree

for(i=0;i<3;i++){
ret = fork();
if (ret ==0) {
for(j=0;j<2;j++){
ret = fork();
if (ret ==0) {
Fn(i, j);
exit(0);
}
}
for (j=0;j<2;j++)
wait(NULL);
}
}
for(i=0;i<3;i++)
wait(NULL);

Q: wait(NULL§

—

——

C wait(NULL);

r

—

A
C wait(NULL);

| £ wait(NULL);

s

b

Fn(0,1);

Fn(1,0);

;

Fn(l,1);

¥

d

Draw the process tree for the given code or vice versa (write the function with the arguments that
defines the given process tree)



Process Tree << Code with fork

ret = fork ();
if {(ret = 0)4
B();
assert (0); // should never reach here

]

ret = fork(); @
ret = fork ();

P2: B

if (ret == 0){
D();
assert(0); // should never reach here
}
E{l;
assert (0); //should never reach here
}
AL Y3

assert(0); // should never reach here{



Sync Two Threads with Semaphores

T, T, Add semaphores (post/signal, wait) so that
e BO() is executed after Al
Adl) A 31() | ted aft AO()
Bo(): B,(): () is executed after AO()
SemA Semaphore (0);

SemB Semaphore (0);

0Ly Y100
A0 (); ALL);
signal (SemB ) ; signal (SemA ) ;
wait (SemA ); waiHSeth};

BO (); B1();



N Threads

Motpalopeveg petaPAnTéc: Kwdikag vijparoq i:

count = 0; Ai();

lock = Semaphore(1);

barrier = Semaphore(9); wait(lock);
count = count + 1;
signal(lock);
if (count == N)

signal(barrier);

wait(barrier);

Bi();

Correct? Possible Deadlock?



N Threads - Deadlock

Iy 1,
AO(Q);
wait(lock);
count++ count = 1
signal(lock);
wait(barrier); count # 2
A1Q);
wait(lock);
count++ count = 2
signal(lock);
signal(barrier); | count ==.
BO();
wait(barrier);



N Threads

Is there a way that algorithm terminates without a deadlock?

Ty T
ADC);
wait(lock);
count++ count = 1
signal(lock);
A1();
wait(lock);
count++ count = 2
signal (lock);
signal (barrier); count == 2
signal(barrier); | count == 2
wait(barrier);
wait(barrier);



N Threads

count = @; Ai();

lock = Semaphore(1); 2 .

barrier = Semaphore(®); wait(lock); waltt ( lﬂ C k ) »
count = count + 1; .
signal(lock); count++;

signal (lock );
if (count == N)
signal(barrier);

wait(barrier); it (count == N);
s34 signal (barrier );
wait( barrier );
signal (barrier );

The new solution



Scheduling - SJF Preemptive (1 CPU, 1 1/0 Dev)

0

31

Pl P2 P3
Xpovos Apiéig 0 2 4
EEOTAOUATR KME: 10 | KME: 6 | KME: 1
E/E: 10 |(E/E: 5 (EE 1
KME: 2 | KME: 2
E/E: 2 |EE: 3
t Ovpa KME KME | Ovpa E/E | E/E
0 | P,/10 P
-| 2 | P1/8,Py/6 P | -
Ovpa ™ | P /8. P24 P3/1 | Ps |- : oL
PI/10F51"P /8. P, /4 P, | P/l P g
P18, 16 | P1/8,P»/3.P3/2 | P3 | - - !
3 Pl;/S,PQ‘/S P Pg,/?v Py
11 | P /8 P P/5 P
PL/8, 16 | P1/3,P,/2 P, |- : e
18 | P,/3 Py | Py/2 Py
20 | Pi/1 P g .
_ 21 | - . P; /10 P _
31 | - - - -




SJF Preemptive (2 KME, 1 EE)

Pl p2 P3
Xpovos Apiéig 0 2 4
EEOTAOUATR KME: 10 | KME: 6 | KME: 1
E/E: 10 \(E/E: 5 |EBE 1
KME: 2 | KME: 2
E/E: 2 |E/B: 3
t Ovpa KME KME #1 | KME #2 | Ovpd E/E E/E
0. | B/10 P - -
|2 | P/8,P/6 P P - -
|1t |4 | P/6,P,/4,P)/1 Ps Ps - - E/E
0 5 Plfﬁ,PlfS PQ Pl P_g/l Pg -
2 6 P]_/ﬁ,PQ/’Z,PE/E Ps Py - - ?
I~ | B P /5 P Pg,/?),Pg/«ﬁ Py
L |13 | P2 Py P1/1U,P3/3 Py
8 15 | - - P, /2,P;/10,P;/1 | Pj P3
|16 . P>/2,P; /10 j2
| | 18 | - - P /2,P, /8 P
31 26 - P:_}/Q Pg =4
28 : - :




SJF Premptive — Utilization Metrics

What is the utilization rate of the previous two cases. Why is the time not half, despite
using 2 CPUs (= 2 KME) and the same 1 1/O device (= 1 E/E)?

v
11.

1ii.



Page Faults

A process accesses these page numbers: 1, 3,4, 3,6, 1, 3, 4, 3.
Assuming 3 frames that are initially empty, compute the
number of page faults for optimal algorithm

Avagopa  AwaBéoa mAaoa pviung  o@aiua

1 1 NAI
3 3,1 NAI
4 4,3,1 NAI
3 4,3,1

« Béltiomn 6 6,3,1 NAI
1
5
S| 4,3,1 NAI
3

FJ—I



Page Faults

A process accesses these page numbers: : 1, 3,4,3,6,1, 3, 4, 3.
Assuming 3 frames that are initially empty, compute the
number of page faults for FIFO algorithm

AVAQOpPA  ALAUECIHA TIAQLOLA VNG OQaAua

l 1 NAI
3 3,1 NAI
4 43,1 NAI
3 4,3,1

« FIFO 6 6,4,3 NAI
1 1,6,4 NAI
3 31,6 NAI
- 4,3,1 NAI
3 4,3,1

~]



Page Faults

A process accesses these page numbers: : 1, 3,4, 3,6, 1, 3, 4, 3.
Assuming 3 frames that are initially empty, compute the
number of page faults for LRU algorithm.

Avagopd AwBéopa mAduota pviung  o@aAua

1 1 NAI
3 3,1 NAI
4 4,3,1 NAI
3 3.4,1

« LRU 6 6,3,4 NAI
1 1,6,3 NAI
3 3,1,6
4 4,3,1 NAI
3 3.4,1




Lifecycle of a Process

Eva AZ SLoKpLVEL TIC €€ C KATAOTAOELC Lo TLC SLlEPYAOLEC TOU: Z€
avapovn, Etowun, Yo ektéAeon. Mia diepyacio mou ekteAeital
npokaAel opaipa oeAidac katl ta dedopeva tng oeAldacg xpelaletal
va avakAnBouv amno to dioko oeAldomoinonc.

Y€ TL KATAoTOON TIEPVA N dlepyacio Ewc 0tou EpBouv ta dedougva
oo to 6LoKo;

Ooco nepluevel ta Sedopeva armo to Sioko eival og avapovn, yati 6ev
uropet va xpnotwpomnownoet tnv KME.

Ye TL Kataotaon Ba mepaoel n diepyaocia otav n oeAida €pOel TeAka
OTNV KEVTPLKN UVAUN; ALKOLOAOYNOTE CUVTOUN TIC XITAVTHOELC OAC.

Otav €pBeL n oeAida otn pvRun, UopPEL TTAEOV va XpNnoLLomoLon tnv
KME kat Ba yivel EtoLun.



Copy-on-Write

Eotw AZ TO OTOLO YO EKTEAECN TIPOYPAUUATWY
xpnotpomotei to povteho fork()/exec(). ZxoAidote tnv
enidpaon tn¢ «Avtiypadnc kata tnv eyypadn» (Copy-
on-Write) otnv emidoon Tng mapanavw AeLtoupyloc.

H dtepyaoia-matdi mouv dnuiovpyeitat amno tn fork()
arntoteAel avtiypado tnc dtepyaociac-nmatepac. QoTo00,
Tt 6edopeva tne dlepyaoioc Oev MPOKELTAL VAL
xpnotpormotnBouv S1otL n exec() ta akupwvel (ypadel
vea). H texvik) COW amotpemel tnv avilypodn Twv
HESOUEVWV HEXPL VAL YLVEL KATIOLOL EYYPODN KOl KOTAL
OUVETIELL ATTOPEVYEL TNV AXpnotn avilypodn.



