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while (1) {
/I 18t approach: connfd = liste
/I Without fork (simple!) if {ForkQ |== 0) {
while(1) { Close(listenfd);
echo(connfd)
connfd = ac istenfd, ...); Close(connfd) ;
m exit(0);
}
cho(connfd); //write(connfd, “hello”, ...) .
tl‘uge‘(uunmu;, | Close(connfd);
‘ FDs are /O }
} handlers (disk or
]
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listenfd(3)
_ ¢ 1. Server waits inside accept, waiting

Clicot Seney for connection request on listening

descriptor listenfd
Connection Iistenfd(3) 3 3
2. A Client makes connection request
request
oo | *$ eomer | bycalling connect() b e loirdn w“"l@"/-'g”

3. Server code receives anew connfd

—b

Client

4. Server forks child to handle client.

s Child will echo() to client via child’s
erver
/ connfd
. Server
Client Child

—" 74’4 0/1}%

connfd(4)
Memory leak! Parent listenfd
FD structures are not :::’ -
removed by the 0S fd2 o

(even if the childrens

fd 4 hi
Refcnt>0 connfd 4 (John)

Can’t accept new "
" File pos
connections Refent=?

Process runs out of file
descriptors

Mac: 256 FDs/process
Linux: 1024 FDs/process

connfd 5 (Sally)

File pos
Refcnt=?

1SC 15400
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5. And server closes the parent’s connfd ~— ——f N M’H % / /(S /ﬁ L /%{ f/ o 4 Pﬂ‘/’ﬂ{ﬂ#

Refent=? '
fas ; W s chitd /J/Wegé,eg - orele!
already exit) Fd5
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Parent only points to Parent listentd
listenfd Ij f
File pos
In this example, fd 4 is :: z Refcnt=1
reused again and tda H
again Fd5
. A . Connfd (John)
Each child points to e s
its own connfd fd1 File pos
_ fd 2 Refcnt=1
connfd=4 fd3 -
fd4
Child Connfd (Sally)
fd o
fd1
2 File pos
fd 3 Refcnt=1
fd4 F
Fd5
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Exploiting Parallelism

$%%33 Memory Controller

No g]mviﬁa

Shared L3 Cach }

“I/Lh/lﬂtul a[[O’bL\S VVMVLY Wééséesa‘w o process

Execution flow 1 Execution flow 2 Execution flow 3 Execution flow 4 [4% ((OU\) = $M A "2,
T1= Total of arr T2 = Total of arr T3 = Total of arr T4 = Total of arr
[0-250K) [250-500K) [500-750K) [750-1000K)

ﬂ@pb L‘{\Hwe{ @\/\{— process

kh Wlfy &/&73 “'Dﬂp@&(g

Alltotal =T1+ T2+ T3 + T4

A~arann

A thread is a “ lightweight process”

A process can spawn multiple threads
A thread only belongs to a process
Sharing model:
Threads in a process can share:
Global variables
Heap
File descriptor table

Each thread has its own:
Program counter
Stack
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Main % pooy St sefwn’%d

A process address space 2"-
main thread,
peer thread

Each thread has its own
PC
Stack and SP

main
thread’s
PC
peer
read’s

PC

1 Process
Connection Requests

Listening Server Thread

Client 1 data

Client-1 Server Thread

Client 2 data
Client-2 Server Thread

Multiple threads within single process

Some state between them
File descriptor table

Jaw 1o )Oﬂ&é connectin #4 47%{#% peer threod 7 Svosye
> pass onz‘wfaf to @mccr%/ wto L Lom  war sk post ve lieble
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e ssed 107 Wi iﬁun/ Hhreads
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n
OLteced witha  £E s O S
[ include <stdio.h>
New ‘7@4 Qd&h void func() { o
Static//ir;tc;(os; (}hré/excallsls"gfn?tll':g()d onlyence
Jouo ke - declored wityian - s
f@SiJ)Gg M datn et }
int main(int argc, char * const argv[]) {
ac[@gsuf 5\/ a// ’HA gfuvw\Mﬁ Same. Ph func : z Xz
—7 erh | yetee unc): M x=
print(x); // Doable?
return 0; \

} NO

/

c ot octess it



o vaviable jnstemce 5 Shaed H W/#rk Hveads  reference # € 2000

b carple

UDO"W[(VS can 4 e ‘H/\N r%.u‘;/ W(/ués A variable instance Xis shared iff multiple threads reference it
Example: “intb” in T2

Must track all pointers that point to the same data (the same memory
location)

How about “a” and “c”?

Again, if a pointer, follow the pointer to the destination (the data/memory
line)!!

o {( Qﬂ iy -£/ lO . éz % C. éj are. .. then ask if the pointed variable is shared or not?

6\/Wl‘/‘€& [OY VVUV[HP\‘L 'WNQJS T .

TitTe cantsee  om inty= *e e [int "c]
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“critteal | section”
moka  exelogon: m// [Hreod i critial  sectton detioe

Ve comne vﬂwn/tmﬂ ks —p seym,o%bm
Howde  + é)wmﬁ —> Jocks

(D/,//ocm‘z ¥ ;'W"Hﬂ/fze, ( Zoab\ Aft.er.lock has been allocated and initialized:
acquive te Juck i quajlsble  fock(lcd) voiq inrementd { _
f"’L " s}ca/p il ok 3 }0\’57’ L?’ oS cn Bqéi((t)l;;pdatmg shared var, in CS
l/V[/Dc/ (Lyt)
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2 uchronizedion ~ Semaphores

sem_* are the real functions

P() and V() are wrappers

This
Last Real Lecture:
lecture: Usage in C: (simplified)
lock *L; sem_t *s = malloc(sem_t); (same)
init(L) sem_init(s, 0, value); s = val;
lock(L) sem_wait(s); P(s)
unlock(L) sem_post(s) V(s)

@w[pkbm= o eﬁm%e jéoloz/ /m?u schonizaton Vbl

© albede f%)m b [7202),;/ Varsble

2
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@

sem_t *s = malloc(sem_t);

'y
sem_init(s, 0, 1); // initialize s[7val=1;

Il “1” means the lock is available

Semaphore: sem_t s;
non-negative global integer synchronization variable
(see man pages)
sem_init(s, pshared, value)
Semaphore initially contains a non-negative integer value
User cannot read or write value directly after initialization

sem_wait(s) or P(s)
P() for “test” in Dutch (proberen)
Wait/block until value of sem is > 0, then decrement sem value
Details: put current thread to s[fjwaitqueue;
(OS manage the wait and wake)

sem_post(s) or V(s)
V() for “increment” in Dutch (verhogen)
Increment value of semaphore
Details:
wake(s) checks if someone is waiting on the s[fwaitqueue
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