
CMPSCI 377: Operating Systems

Solutionto homework 3: MonitorsandDeadlock

1. (20pts)Semaphores & Monitors.

(a) (16pts)Solvethecandyshopproblemwith semaphoresandwith monitors.In thecandyshop,acustomer
entersandtakesa number(don’t worry aboutrunningout of numbers).Somenumberof salespeople
wait onthemin orderof theirarrival. If asalespersonis freewhenthecustomertakesanumber, thesales
personwaitson thecustomerright away (assumea FIFO queueon thewait queue).If no salesperson
is freewhenthecustomertakesa number, thecustomerwaits. Write Enter, andFinish routinesfor
thecustomers.

Solution:

Monitor:

class CandyShop {
public:
void Enter(); void Finish();

private:
Lock lock; // control access to shared variables
int ticket, served, availSalesPeople;
CVar service; // Sales people

}
CandyShop::CandyShop(int n) {

lock.value = 1;
ticket = 0;
served = 0;
availSalesPeople = n; // Number of Sales people

}
CandyShop::Enter() {

lock.Wait();
ticket++;
if (availSalesPeople == 0) {

service.Wait(lock);
}
availSalesPeople--;
served++;
lock.Signal();

}
CandyShop:: Finish() {

lock.Wait();
availSalesPeople++;
if (served < ticket)

service.Signal();
lock.Signal();

}
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Semaphore:

class CandyShop {
public:
void Enter(); void Finish();

private:
int ticket;
Semaphore mutex; // control access to shared variables
Semaphore servers; // Sales people

}
CandyShop::CandyShop(int n) {

ticket = 0;
mutex.value = 1;
servers.value = n; // Number of Sales people

}
CandyShop::Enter() {

mutex.Wait();
ticket++;
mutex.Signal();
servers.Wait();

}
CandyShop:: Finish() {

servers.Signal();
}

(b) (4 pts)Whichof your solutionis easierto understandandthusgetcorrect?

Solution: Thesemaphoresolutionis betterin thiscasebecausethecountedsemaphoreexactly captures
the multiple salespeople,whereasin themonitor solutionwe needadditionalvariables,counters,and
conditionalteststo trackthesalespeople.

2. (10 pts)Monitors. Write a monitorsolutionto thenorth-southtunnelproblem. Supposea two-way (north-
south),two-laneroadcontainsa long one-lanetunnel. A southbound(or northbound)car canonly usethe
tunnelif therearenooncomingcarsin thetunnel.Becauseof accidents,asignalingsystemhasbeeninstalled
at theentrancesto thetunnel.Whena carapproachesthetunnel,a sensornotifiesthecontrollercomputerby
calling a functionarrive with thecar’s travel direction(northor south). Whena car exits the tunnel,the
sensornotifiesthecontrollercomputerby callingdepartwith thecar’s travel direction.Thetraffic controller
setsthesignallights: greenmeansgo, andredmeansstop. Constructanalgorithmfor controlling the lights
suchthat they operatecorrectlyevenwhenmostcarsapproachthetunnelfrom onedirection. In themonitor
solution,considerusingaCVar.broadcast to releaseall thewaitingcarsfrom thenorth(or south)atonce.
In whichcases,doesthismake sense?

Solution:

enum Direction {North, South};
class Tunnel {

public:
Arrive(Direction dir); Depart(Direction dir);

private:
Lock lock;

CVar goNorth, goSouth;
int northWait; // waiting to go north
int southWait; // waiting to go south
int northBound; // going north in Tunnel
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int southBound; // going south in Tunnel
}
Tunnel::Tunnel() {

lock.value = 1; // lock for shared variables is available
northWait = 0; // no one waiting
southWait = 0; // no one waiting
northBound = 0; // no one in tunnel
southBound = 0; // no one in tunnel

}
Tunnel::Arrive(Direction dir){

lock.Wait();
// If no one in the tunnel, car goes
if ((northBound > 0) || (southBound > 0) {

if (dir == North) {
// if no one is waiting to go south, car goes north
if ((southWait > 0) || (southBound > 0)) {

// otherwise, we count north waiters, and wait for a signal
northWait++;
goNorth.Wait(lock);
northWait--;

}
else {

// if no one is waiting to go north, car goes south
if ((northWait > 0) || (northBound > 0)) {

southWait++;
goSouth.Wait(lock);
southWait--;

}
}

}
// count how many cars are in the tunnel
if (dir == North) northBound++;
else southBound++;
lock.Signal();

}

// When a northbound car departs, we signal all southbound cars if any
// are waiting only if no northbound cars are in the tunnel. Similarly,
// when a southbound car departs. Note, in the Arrive routine above
// the car only waits if a car going the other direction is in the
// tunnel.

Tunnel::Depart(Direction dir) {

lock.Wait();
if (dir == North) {

northBound--;
if (southWait > 0) {

if (northBound == 0)
goSouth->Broadcast();

}
}
else {
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southBound--;
if (northWait > 0) {

if (southBound == 0)
goNorth.Broadcast();

}
}
lock.Signal();

}

3. (10pts)Deadlock. Shortanswerquestions:

(a) A systemhassix tapedrives
���������	�
�	����
������

, with � threadscompetingfor them.Eachthreadmayneed
two of thedrives.For whatvaluesof � is thesystemdeadlockfree?

Solution: Onethread.For two threadsfor example,we cangetdeadlockwith thefollowing:

Example

Thread 1:
a.Wait();
b.Wait();
...

Thread 2:
b.Wait();
a.Wait();

(b) Cana systembein astatethatis neitherdeadlockednorsafe?If yes,give anexamplesystem.

Solution: Yes. For example,given 3 units of resource� , if thread1 has2 units of � andits maximumis
3, andthread2 has1 andits maximumis 2. This stateis not a safe,but if neitherthreadever requestsan
additionalunit of � , thenit is notdeadlocked.

4. (10 pts) Deadlock. Considerthe following systemsnapshotusingthe datastructuresin the Banker’s algo-
rithm, with resourcesA, B, C, andD, andprocessesP� to P� .

Allocation Max Available Need
A B C D A B C D A B C D A B C D

3 2 1 0
P� 3 0 0 2 6 0 1 2 3 0 1 0
P� 1 0 0 0 1 7 5 0 0 7 5 0
P� 1 3 5 4 2 3 5 6 1 0 0 2
P� 0 6 3 2 1 6 5 2 1 0 2 0
P� 0 0 1 4 1 6 5 6 1 6 4 2

UsingBanker’s algorithmanswerthefollowing questions.

(a) How many resourcesof typeA, B, C, andD arethere?

Solution: (allocation+ available) � 5,9,9,12� + � 3,2,1,0� = � 8.11,10,12�
(b) Whatis thecontentof theNeed matrix?

Solution: Seeabove table.

4



(c) Is thesystemin asafestate?Why?

Solution: Yes,P� canfinish with its currentresourcesandwhat’s in available. Whenit finishes,avail
becomes� 6,2,1,2� . Now, P� cancompleteandthenavail would be: � 7,5,6,6� . Now, P� cancomplete
andthenavail wouldbe: � 7,11,9,8� . TheneitherP or P! cancomplete,followedby theother.

(d) If arequestfrom processP! arrivesfor additionalresourcesof (1,2,0,0),cantheBanker’salgorithmgrant
therequestimmediately?Show thenew systemstate,andothercriteria.

Solution: No therequestcannotbegrantedbecauseall of noneof theprocessareableto requesttheir
maxnumberof resources,i.e., for all processes"$#&%('*) , need(" ) + avail( " ).

Allocation Max Available Need
A B C D A B C D A B C D A B C D

2 0 1 0
P� 3 0 0 2 6 0 1 2 3 0 1 0
P 1 0 0 0 1 7 5 0 0 7 5 0
P� 1 3 5 4 2 3 5 6 1 0 0 2
P� 0 6 3 2 1 6 5 2 1 0 2 0
P! 0 0 1 4 1 6 5 6 0 4 4 2
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