CMPSCI 377: Operating Systems
Homework 3: MonitorsandDeadlock
Due: October 26, 1999

VIP Students: Due 12 daysfrom whenyou receve theassignment.

1. (20 pts) Semaphores & Monitors.

(a) (16pts)Solvethecandyshopproblemwith semaphoreandwith monitors.In thecandyshop,acustomer
entersandtakesa numberSomenumberof salespeoplewait onthemin orderof theirarrival. If asales
personis free whenthe customertakes a numbey the salespersonwaits on the customerright away
(assumea FIFO queueon thewait queue).If no salespersonis free whenthe customettakesa numbey
the customemvaits. Write Ent er , andFi ni sh routinesfor thecustomers.

(b) (4 pts)Which of your solutionis easierto understanéndthusgetcorrect?

2. (10 pts) Monitors. Write a monitor solutionto the north-southtunnelproblem. Supposea two-way (north-
south),two-laneroad containsa long one-lanetunnel. A southboundor northbound)car canonly usethe
tunnelif thereareno oncomingcarsin thetunnel.Becauseaf accidentsa signalingsystemhasbeeninstalled
atthe entranceso thetunnel. Whena carapproachethetunnel,a sensomotifiesthe controllercomputetby
calling afunctionar ri ve with the car’s travel direction (north or south). Whena car exits the tunnel, the
sensonotifiesthecontrollercomputeiby callingdepar t with thecar'stravel direction. Thetraffic controller
setsthe signallights: greenmeanggo, andred meansstop. Constructan algorithmfor controlling the lights
suchthatthey operatecorrectlyevenwhenmostcarsapproactthe tunnelfrom onedirection. In the monitor
solution,considemusingaCVar . br oadcast toreleasall thewaiting carsfrom thenorth(or south)atonce.
In which casesdoesthis make sense?

3. (10pts) Deadlock. Shortanswemuestions:

(a) A systemhassix tapedrives(a, b,c,d, e, f), with n processesompetingfor them. Eachprocesanay
needtwo of thedrives. For whatvaluesof n is the systemdeadlockiree?

(b) Canasystembein astatethatis neitherdeadloclkd nor safe?If yes,give anexamplesystem.



4. (10 pts) Deadlock. Considerthe following systemsnapshousingthe datastructuresn the Banlker’s algo-
rithm, with resource#\, B, C, andD, andprocesse®, 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

PR3 0 0 2|6 0 1 2

P,|1 0 O O|1 7 5 0

P,|1 3 5 4|2 3 5 6

P;1 0 6 3 2|1 6 5 2

P,|O O 1 4|1 6 5 6

UsingBanker's algorithmanswerthe following questions.

(a) How mary resource®f typeA, B, C,andD arethere?
(b) Whatis the contentof the Need matrix?
(c) Isthesystemin asafestateAWWhy?

(d) If arequestrom procesd?, arrivesfor additionalresourcesf (1,2,0,0) cantheBanker’s algorithmgrant
therequesimmediately?Shawv the new systemstate andothercriteria.



