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Direct and Indirect _dludl ye o dludl Jlaiy!
Communication
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send(destination-process, message) —
receive(source-process, message) —
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Remote Procedure Call
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Thread il 2l Ll
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Producer Consumer <llgiuall ziiall A5

Problem
var buffer: array[0..n-1] of items; /* circular array */
in=0
out="0 n=7
0 1 2 3 4 5 6
L frea .| free.| full full full [, frea .1 .free."
! !
/* producer */ /T consumer */
repeat forever repeat forever
while (in == out)
produce item nextp do nothing
nextc = buffer[out]
while (in+1 mod n == out) out = out+1 mod n
do nothing
buffer{in] = nextp consume item nextc

in =in+1 mod n
end repeat end repeat



Atomicty — Jsasll ol 3yl

Time You Your Roommate
3:00  Arrive home
“Look in 3:05 Look in fridge, no milk
: 3:10  Leave for grocery
fl’l.dg”e, no 3:15 Arrive home
milk 3:20  Arrive at grocery Look in fridge, no milk
through 3:25  Buy milk, leave Leave for grocery
7 . . 3:30
F_)Ut rT”"lk n 3:35  Arrive home Arrive at grocery
fridge 3:36  Put milk in fridge
9SS CJi a 3:40 Buy milk, leave
Lilaall o T 345
] _NA 3:50 Arrive home
atomic 3:51 Put milk in fridge

3:51 Oh, no! Too much milk!!



Critical Section Solution 4a jall dakiall J 4is
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OUaiy) 468 e aad=e 8 5 Peterson Algorithm
Busy Waiting J szl

Bakery Algorithm

Hardware 4dall 4l e saqizall colyaill

Ol (e iiil) aUas J8 (4 335 0 44385 98 3 Semaphor
Busy Waiting J (e palaill s da all dskaidll da
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Peterson's Algorithm

Peterson's Algorithm
Hadicsl) Cpalls 2 gii S By als g gtl] 56 5 L 98 9—
O pLB) laa (e sl Mutual Exlusion J9bial/
L uiitec
Jalsial) aleiu 2 dliall Al Gladd a)adtuy dals s o Y —
Busy Waiting Jsadall jUany) e (g giat—



Peterson s Algorithm

o Aadibuall Y il
var flag: array [x,y] of boolean 1, 0

turn: O orl

flag[k] means that process|k] is interested in the
critical section

o Y gaitall 4y ‘,.\sl\
flag[O] := FALSE
flag[1] := FALSE
turn := random(0..1)



Peterson s Algorithm

For Process i:
repeat
flag[ i] := TRUE
turn =
while (flag[ j ] and turn=j) {do no-op}
CRITICAL SECTION
flag[ i ] := FALSE
REMAINDER SECTION
until FALSE



Process 0

%4
¢

L PLQCesSyl o,

- Lol
flag[0] = TRUE OF un
turn =1

check (flag[1] == TRUE and turn == 1) {do nothing}
- Condition is false because flag[1] = FALSE

- Since condition is false, no waiting in while loop

- Enter the critical section

- Process 0 happens to lose the processor

IS J v

flag[1] := TRUE

turn ;=0

check (flag[0] = TRUE and turn = 0)
{do nothing}

- Since condition is true, it keeps busy
waiting until it loses the processor

- Process 0 resumes and continues until it finishes in the
critical section

- Leave critical section

flag[0] := FALSE

- Start executing the remainder (anything else a process
does besides using the critical section)

- Process 0 happens to lose the processor

check (flag[0] = TRUE and turn = 0)

- This condition fails because flag[0] =
FALSE

- No more busy waiting

- Enter the critical section
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EXAMPLE 2

Process 0 Process 1

flag[0] = TRUE
turn =1
- Lose processor here

flag[1] .= TRUE

turn ;=0

check (flag[0] = TRUE and turn = 0)

- Condition is true so Process 1 busy
waits until it loses the processor

check (flag[1] == TRUE and turn ==1)

{do-no-op}

- This condition is false because turn =
0

- No waiting in loop

- Enters critical section
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EXAMPLE 3

Process O

Process 1

flag[0] = TRUE
- Lose processor here

flag[1] = TRUE

turn =0

check (flag[0] = TRUE and turn = 0)

- Condition is true so, Process 1 busy waits
until it loses the processor

turn =1

check (flag[1] = TRUE and turn = 1)

- Condition is true so Process 0 busy waits
until it loses the processor

check (flag[0] = TRUE and turn = 0)
- The condition is false so, Process 1 enters
the critical section
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* Exclusive access to memory location
* |Interrupts that can be turned off

— must have only one processor for mutual
exclusion

e Test-and-Set: special machine-level instruction



Semaphors <l silaxl)

e Synchronization tool that does not require busy waiting.
e Semaphore S — integer variable

e can only be accessed via two indivisible (atomic) operations

wait(S). while S < 0 do no-op;
S=5S-1;

signal(S). S:= S+ 1;



Semaphors < silayill

iyl Guind ae Sllead) sl caladlaall ( Jgea sl (el 3340585 & 5 o
J sl

Semaphos S Integer Variable

L Atomic LS O e (ilee DA e ) shlapdl J g sll 2y o
dallee (e FSIUS8 (e S8l Gudty Legd J s sl 21 Y 5 signal s wait

wait(S). while S < 0 do no-op;
S=5-1,

signal(S): S:= S+ 1;



m oo much milk:

Thread A

milk.P();
if (!haveMilk)
buy milk;
haveMilk=true;
milk.V();

Thread B

milk.P();
if (!haveMilk)
buy milk;
haveMilk=true;
milk.V();

® “haveMilk” is a Boolean variable

® “milk” is a semaphore initialized to 1

m Execution:
After: milk queue A B
1
A:milk.P(); 0 in CS
B: milk.P(); -1 in CS  waiting
A: milk.V(): 0 finish ready, in CS
B: milk.V(); 1 finish



e Execute B in F; only after A executed in F;
e Use semaphore flag initialized to O

e Code:

P, P,

A wail(flag)
signal(flag) B



Wait Wait Wait Wait
Cs Cs Cs Cs

signal signal signal signal



