What Is a Monitor? - Basics

dMonitor isa highly structured programming-
language construct. |t consists of

“*Private variables and private procedures that
can only be used within a monitor.

»Constructorsthat initialize the monitor.

“*A number of (public) monitor proceduresthat
can beinvoked by users.

dNotethat monitorshave no public data.

JA monitor isamini-OSwith monitor procedures
as system calls.




Monitor: Mutual Exclusion 1/2

No more than one process can be executing
within a monitor. Thus, mutual exclusion is
guaranteed within a monitor.

JWhen a process callsa monitor procedure and
entersthe monitor successfully, it isthe only
process executing in the monitor.

JWhen a process callsa monitor procedure and
the monitor has a processrunning, the caller
will be blocked outside of the monitor.



Monitor: Mutual Exclusion 2/2
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dIf thereisa process
executingin a
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processthat callsa
monitor procedure
IS blocked outside of
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Pr OCESS, ONe Process
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Monitor: Syntax

noni t or Moni t or - Nane

{

}

local variable declarations;

Procedurel(..)
{ /] statenents };
Procedure2(..)
{ /] statenents };
/| other procedures
{

[/ initialization

}

JAIll variablesare private.
Why? Exercisel

dMonitor procedures are
oublic; however, some
nrocedur es can be made
orivate so that they can
only be used within a
monitor.

dInitialization procedures
(1.e., constructors)
execute only once when
the monitor iscreated.
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Monitor: A Very Simple Example

noni tor | ncDec process I ncrement
1 while (1) {
Int count; /1l do sonethi ng
voi d I ncrease(voi d) | ncDec. | ncrease() ;
{ count++; } cout <<
| ncDec. Get Dat a() ;
voi d Decrease(voi d) /| do sonething
{ count--; } )
I nt Get Dat a(voi d)
{ return count; }




Condition Variables

dWith monitors, mutual exclusion isan easy
task.

JdWhilethe process is executing within a
monitor, a programmer may want to block
thisprocessand force it to wait until an
event occurs.

Thus, each programmer-defined event is
artificially associated with a condition
variable.

A condition variable, or a condition, has a6




Condition wal t

dLet cv beacondition variable. The use of
methodssi gnal andwal t oncv are
cv.signal () andcv.wait().

d Condition wait and condition signal can only be
used within a monitor.

A processthat executes a condition wait blocks
Immediately and is put into the waiting list of
that condition variable.

dThismeansthat this processiswaiting for the
Indicated event to occur.



Condition si gnal

dCondition si gnal isused toindicate an event
has occurred.

If there are processes waiting on the signaled
condition variable, one of them will be released.

dIf thereisno waiting process waiting on the
signaled condition variable, thissignal islost asif
It never occurs.

dConsider thereleased process (from the signaled
condition) and the processthat signals. There
are two processes executing in the monitor, and
mutual exclusion isviolated!



Two Types of Monitors

JAfter asignal, thereleased process and the
signaling process may be executing in the monitor.

dTherearetwo common and popular approachesto
addressthis problem:

*Hoare Type (proposed by C. A.R.Hoare): The
released processtakesthe monitor and the
signaling process waits somewhere.

*Mesa Type (proposed by Lampson and Redéell):
Thereleased process waits somewhere and the
signaling process continuesto use the monitor.



What do you mean by
“waiting somewhere"?

dThesignaling process (Hoar e type) or the released
process (M esa type) must wait somewhere.

dYou could consider thereisawaiting bench in a
monitor for these processesto wait.

JAsaresult, each processthat involvesin a monitor

call can bein

one of thefour states:

“*Active: Therunning one

*Entering: T
sWaiting: T
*lnactive: T

"hose blocked by the monitor
nose waiting on a condition variable

nose waiting on the waiting bench
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Monitor with Condition Variables
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1 Processes
suspended dueto
signal/wait arein
the Re-entry list
(1.e., waiting
bench).

dWhen the
monitor isfree, a
Processis
released from
either incoming
or re-entry.
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What is the major difference?

Condition UntilHappen; |ith Hoar e type, once

asignal arrives, the signaler
/I Hoare Type hasyielded the monitor to the
't (!event) | released process and the
Unti | Happen. wai t () ; condition is not changed.

Thus, ai f issufficient.
/]| Mesa Type

whi |l e ( | event )4 With I\/Iesatype, thereleased

Unt i | Happen. wai t () ; | Process may be suspended for a
while beforeit runs. Duringthis
period, other processes may bein
the monitor and changethe

condition. It isbetter to check the
condition again with awhi | e




Monitor: Dining Philosophers Revisited

dInstead of picking up
chopsticks one by one, we O
Insist that a philosopher
can eat only If he can pick
up both simultaneoudly.

J Can we use a semaphore
to protect chopsticks O
and 1, another for 1 and
2, and soon? No, no, no.
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noni t or Cont r ol

{

Monitor Definition

Int CanEat(int 1)
{
bool used[5];
condition sel f[5];
private:

I nt CanEat (int);

I1f (!Used[1] &&
l Used[ (1 +1) 9%B] )
return TRUE;
el se
return FALSE;

procedure GET(Int);
procedure PUT(int);

{ // initialization
for (1=0;1<5;1++)
used[i] = FALSE;

Function CanEat () returns
TRUE if both chops for

Philosopher | are available.
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Monitor: GET() and PUL

}

{Wwhi | e.3(1 CanEat (i))
Self[i]. wait():
Used[i] = TRUE:

Used[ (i +1) %] = TRUE;

void PUT(int 1)
{
Used[1] = FALSE;

Used[ (i +1) 9%b]
= FALSE;
for (1=0;1<5;1++)
self[i].signal ();
}

dInfact, PUT( ) only requiresto signal
self[(1+1)%] andsel T[ (1 +4) %] ,thetwo
neighbor s of philosopher 1.

dDoesit really matter? Why? 5



Monitor: Producer/Consumer

in

noni t or ProdCons

ST,
e )
ua

bounded-buffer

}

| nt count, 1n, out;
| nt Buf [ SI ZE] ;
condi t1 on

Unti | Ful |,

Unti | Enpty;

procedure PUT(int);
procedure GET(int *);
{ count = 0}
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Monitor: PUT() and G=T( )

void PUT(int X) void GET(1 nt *X)
{ .- {
|f ‘(count == S| ZE) |f :(count == 0)
\UntllErrpty wait(); “Until Ful |, wait();
Bqu|n] = X; \ . *X = Buf[out];
in = (in+l) %8I ZE; NA out =(out +1) %8I ZE;
count ++; // count - -;
i f (coupt == 1) (f (count == S| ZE-1)
Until Ful | . S|g}1al() Until Enpty. signal ();
} o }
N v

dChangei f towhi | e for Mesatype monitors.
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Dining Philosophers: Again!

dIn addition to thinking and eating, a philosopher
has one more state, hungry, in which heistrying
to get chops.

dWeusean array st at e[ | to keep track the state

of a philosopher. Thus, philosopher | can eat (i.e.,
state[ 1] = EATI NG onlyif hisneighborsare
not eating (i.e,, st ate| (I +4) %] and

state| (1 +1) %] arenot EATI NG).
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Monitor Definition

noni t or phil osopher

{

}

enum { THI NKI NG, HUNGRY,
EATI NG state[5];

condition self[5];

private: test(int);

procedure GET(Int);
procedure PUT(int);

{ for (1=0;1<5;1++)
state[i] = THI NKI NG
}
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Thetest () Procedure

_ _ the left and right neighbors of
void test(int K) philosopher k are not eating

{ —
i f ((state[(k+4)%] = FATINOI/&&

Lstat e[ k] == HUNGRY) &&
(btate[ (k+1) %] 1= EATING]) {

state[ k] = EATI NG
sel f[k].signal ();
}
}

dIf theleft and right neighbors of philosopher k
arenot eating and philosopher k ishungry, then
philosopher k can eat. Thus, release him!

20



The G=T() and PUT() Procedures

void GET(int i) | am hungry
{ seeif | can eat
state[1] = HU i If I could not eat,
test(1); /Then block myself
1 f (state[i] !'= EATI NG
self[i].walt();
} . . .
| finished eating void PUT(int i)
{
Lt my neighbors state[i]_= TH NKI NG
usemy chops ﬂ,t est ((i+4) %5);1
test((i+1l) %5); '
e i

Which type of monitor am | using? 21



How about Deadlock?

void test(int k)
{

1 f (|(state[ (k+4) %] ! = EATI NO| &&
(state[ k] == HUNGRY) &&
(state[ (k+1) %] != EATING]D {

state[ K] = CAIT NG
self[k].signal ();

}
}

d Thissolution does not have deadlock, because

“*Theonly place where eating permission Is
granted isin proceduret est (), and .....

“*Philosopher k can eat only if hisneighborsare
not eating. Thus, no two neighboring
philosophers can eat at the sametime. 22



Hoare Type vs. Mesa Type

dWhen a signal occurs, Hoar e type monitor uses
two context switches, one switching the signaling
process out and the other switching the released
In. However, Mesatype monitor uses one.

1 Process scheduling must be very reliable with
Hoar e type monitorsto ensure oncethe signaling
Orocess is switched out the next one must bethe
released process. Why?

dWith Mesatype monitors, acondition may be
evaluated multipletimes. However, incorrect
signals will do less harm because every process
checksits own condition.
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Semaphore vs. Condition

Semaphores

Condition Variables

Can be used anywhere, but
not in a monitor

Can only be used in monitors

wai t () doesnot always
block its caller

wai t () alwaysblocksits
caller

si gnal () ether releasesa
Process, or increasesthe
semaphor e counter

si gnal () ether releasesa

process, or thesignal islost as
If It never occurs

If si gnal () releasesa

process, the caller and the
released both continue

If si gnal () releasesa
process, either the caller or
thereleased continues, but
not both
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