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Chapter 6

Concurrent Processes and Process Synchronization

v 2 n Ty S F AT TS

Concurrent Processes

F Concurrent process and either
E . Independent process : can't a

independent or cooperating
ffect or be affected by the processors

- Precedence Graph:

Given the following Statements:
(1) a=x+y S

'(2) b=z+152

' (3) vc=a-—b 52

(4 w=c+l cu

- Clearly,

- statements (3) & { (1) or (2) jcan't executed concurrently.
_ (4) & (3) can't executed concurrently.

(A& {(1) or (2)or (3) } can't executed concurrently.

b - But statements (1 ) & (2) can be executed concurrently.

F So if we have multiple functional units in our CPU such as adders or we have

- multiprocessor system then statements (1) & (2) can be executed concurrently (in
 parallel).

.~ Definition: Arr’e-cezi"éﬁgé-'ﬂépwﬁ is a directed graph whose nodes correspond to
- Statements. An'eage from node S; to node S; means that Sj is only executed after S; .

' In the given graph: 6{

Sy & S; can be executed only after S; completes
S4 can be executed only after S, completes.

Ss & Sg can be executed only after S, completes.
S7 can be executed only after Ss, S, S; completes.

S3 can be executed concurrently with S, , S, , S5, S . g% 1
R
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same result?
o Define:

W(S]) = {bls bZ: ..

W S /

'- S :-W=C'+1
: R(S) = {c}
W(S) = {w}

‘A B S: x=x+2
R(S) = {x}
W(S) = {x}

,j - S: read(a)
] R(S) ={a}
W(S) ={a}

Concurrencx Condition
e How do we know if two state

R(S) = {a1, a3, ..., a,,} be the

READ set for st ich i
variables whose values are referenced by st:t:rtx?gfg- ?ill,lr‘:,: y
: -» bn} be the WRITE set for stateme:nt S; \i i
variables whose values are changed (Written) by the exeCLll;io

Examples : Given the statements:

% S: read.(0)
RS =30
W(%) = SL} ,"[Z

- The Bernstein's conditions for concurrent statemerits are:

R(S) "W (S,) =&
W(S)NR(S) =

Example:
Given,

R(Sl) o {X,Y}

RS- ) \o
2) =12

W(s;) = iy “

%y} N {b} =2

2} N~ =D

{a}n{p} =@

Example:

Given,

S;:c=a-b

STUDENTS-HUB.com

Given the statements S; & S, , then S,

W(S) "W (Sy) =0

|

Sira=xty
S, :b=z+1

R(S;) A W(S,) = {a, b}  {b} # @

& S, can be executed concurrently if:
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Fork & Join Constructs:
Fork & Join 207522 %0.

o Precedence graph if difficult to use in Programming Languages, 50 other means
must be provided to specify precedence relation.

e The Fork L instruction produces two concurrent executions.
- One starts at statement labeled L:> _@&:L
- Other, the continuation of the statement following the fork instruction

Example: The programming. segment corresponds to the precedence graph is:

2
Si; j @
Fork L; el
Sz; 'E A\ @‘__ “59\*\:‘
" j  Cgnonxrent | Byl ge o
L:Ss; }/ ?_ D

(*) When the fork L statement is executed, a new computation is started at S; which is
executed concurrently with the old computation, which continues at S,. That is, the

fork statement splits one single corporation into two independent computations
name Fork CowQuhakion
hence the -l ¥
AN

must ask to be joined.
W
g”cgww <~

COMPUONNS o (JO0S . _ ' '
Since the two computations executes at different speeds, the statement which
executes the join first is terminated first, while the second in allowed to continue.

@m\-;#ﬁ%

Lunchion ‘\6\0 )
For 3 computations, two in terminated while the third continues.

]

! Ifis number of computations to join, then the execution of the join has the
Count = C_Qﬁ\)\‘\\-'&) effect .&2:\!_\ ek Ry (%m(kdﬂ) (S\;‘;\Q’
B ap— o pxecuted; SNy, ok
; ahe pRRes ok @ W

"‘ (C-m“\‘\-:o 1 L
C;g\ﬁ\w%\“m) If count # @ then quit (quit this computation)
The join statement for two computations is executed[atomically] i.e. can't be executed

At (Svep)
concurrently but in a sequential manner, because this might affect count giving a

wrong result.

For example, if both decrement count at same time then count = 0, and the @
computation: dues not quit.

* For two processes: @

Count =2
Fork Lg; @
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- Verg- mPortewt Neteim) ‘wwm ctatewmeat wust peo

Bxeco'&e«ﬂ aszOW'i&ﬁ“j: L Eleatr s oure_t

Process =k yYume fhat 15, Camn
be e_odza/(? Caﬂcvffewtl?f"

:(l)t;o Lz;__] >C¢\\&umﬁ\‘

L]:Sz j

L, : join count

‘ o Letusg

:oin, this will look lila:
& jot

count =2;
Fork Li;
a=xty;

i gOtO Lz;

% : b=z+1;

~—1T L,

¢ =a-b;
w =ctl;

2 . For the precedence graph earlier:

Sis

count =3

Fork Ly, _s, RGN
S:.

S4

s
L; : join count ;
S7;

e Another example is to

T = some —record-type;
f,g:fileof T,
r,s: T
Begin
reset (f)

STUDENTS-HUB.com

C'Lz : joint count; ’\"?

Fork sz

Ss;

iOtO L3; Y\
goto Ls;

Q‘"Cﬂ—rrem-

e The program can read from f & write to g concurrentl

o back to out four statements in the beginning of this chapter. Using fork

a= X443 } Cracuteny

_% L]
64} b= Z—\"LS'
c= a-b)

W= (%Y S

R Le

Taxk L2

copy a sequential file f to g using double buffers ¥ & S.
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read (f,r);
while (not eof (f)) do
begin
count=2;

si=r;

g ¥ Fork L1;
s [;mtiig S);’\->cmwm,¢t ghatement s,

; :dg‘f_lruw\"_‘EL]: read (f,r);
L2: join count;
End;
Write (g,1);
End;

The concurrent statement:

e The fork & join instructions are powerful means of writing concurrent programs,
unfortunately, it is clumsy and very difficult to keep track, because the fork is

similar to goto statements.
e A higher-level language constructs for specifying concurrency due to Dijkstra
using the notations: ‘parbegin / parend | ' )

Example:

Ae i |
7o Parbegin :

; ! S,;g]' L)ese 5M/1em-4> ove cyﬁew/lt(Q\ C,a\/\(_w//enﬂd\

i ! Sz;

Sas

y Parend; —

: f . 4 Satis

i
* All statements enclosed between parbegin and parend can be executed
concurrently
(*) In our pervious example,

parbegin
s el
b=Z+l; TC&!‘V}C\A\((; 3’
parend ;
¢ =a-b;

w =c+]; ?no& Ce"\cvnfvaw‘t\‘a-v

(*) In the example:

STUDENTS-HUB.com Uplsedaaddywitih ehBednater



‘, reset (H:
- read (L r);
while _(not eof () do

write (g, s);

: read (G, § CEMURE

- - parend; 2
end; *

write (g,r);

‘ end;

STUDENTS-HUB.com Uplsedadddywitih ehBednatr



Background

« Process Cooperation
o Information Sharing
o Computatiop Speedup
© Modularity

o Convenience

Data Structure used:

item buffer([n], nNextp , nextc;
int in = 0, out = 0;

Process Svnchronization
———0hization

item . . ; //can be of any data type

Example : Producer-Consumer problem , the bounded buffer problem:

Producer:
do
{

produce an item in nextp

while ( (in+1)%n ==out)
no-op; // full buffer

buffer[in] = nextp;

in = (in + 1) % n;

}

while true;

Az

Consumer:
do
{ while (in == out)
no-op; // empty buffer
nextc = buffer[out];
out = (out + 1)% n;

consume the item in nextc

}

while true;

- Suppose that we modify the
Counter, nitialized to 0 and j
buffer, and decremented eac

STUDENTS-HUB.com

- Shared memory solution to bounded buffer
most  m - 1 items in buffer at the same time.

problerﬁ discussed before allows at

producer consumer code by adding a variable
ncremented each time a new item is added to the

h time an item is taken from the buffer.
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- Bounded-Buffer

Data Structure used:

item . ; //can be of an

. d -

item buffer(nj, nextp , nixtzga type
int in = 0, out = 0; '

int counter = 0;

% With Gaunter * With Counter-

Producer: F\\

onsumer:
do de ~ %:.\I%%@( = upnl
{ ses { while (courter == )

produce an item ip nextp no-op; [f bM&& WQ\M)"\&O

= £ e Qyﬁ%Qkis?uﬂx nextc = buffer([out];
while (counter == n) out = (out + 1)% n;
no-op; /i huAy wauhig fﬁ ‘counter = counter - 1; ),
buffer(in] = nextp; ‘_\ TR NP B
EE,=®i}n_f 1) ¢ n; consume the item in nextc
! counter = counter 3+ T s & — <
= e et ¥ L ) Criticalls

while true;

\& ——— \ " ] a S Y \
Crive s e T ey

e Counter = counter + 1; could be implemented as

registerl = counter

registerl = registerl + 1 pjb{( ,
counter = registerl \\‘“~\\\\£53E;\\

e Counter = counter - 1; could be implemented as Cgﬁ“ A

register?2 = counter o
register?2 = register2 - 1 _ @C.ﬁ\
counter = register?

¢ Consider this execution interleaving:

30: producer execute registerl = counter {registerl = 5}
S1: producer execute registerl = registerl + 1 {registerl =
6}

S2: consumer execute register2 = counter {register2 = 5}
33: consumer execute register2 = register2 - 1 {register2

il

4}
S4: producer execute counter = registerl {count = 6 }
S5: consumer execute counter = register? {count = 4}

® No problems if there is a strict alternation of the consumer
and producer processes

Deed ey GRS Byl Ve 7

NG e |
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