1Fall 2001, Lecture 22Deadlock Avoidance Ñ MotivationnExample to motivate a D.A. algorithm:lstate p Ñ neither process runninglstate q Ñ scheduler ran Alstate r Ñ scheduler ran Blstate s Ñ scheduler ran A, A requestedand received printerlstate t Ñ schedule ran B

safesafesafesafesafeunsafe un-reachable processA processB pqrstI1I2I3I4I5I6I7I8printer plotter printer

(bothprocessesfinished) u

2Fall 2001, Lecture 22Deadlock Avoidance Ñ Motivation(cont.)nLook at shaded areas:lThe one shaded Ò\\\Ó represents bothprocesses using printer at same time Ñthis is not allowed by mutual exclusionlOther (Ò///Ó) is similar, involving plotternLook at box marked ÒunsafeÓlIf OS enters this box, it will eventuallydeadlock because it will have to enter ashaded (illegal mutual exclusion) regionnAll paths must proceed up or right (why?)lBox is unsafe Ñ should not be entered!nFrom state t, must avoid the unsafe areaby going to the right (up to I4) (blocking B)nAt state t, the OS must decide whether ornot to grant BÕs requestlA good choice will avoid deadlock!lNeed to know resource needs in advance

3Fall 2001, Lecture 22Deadlock Avoidance ÑSafe and Unsafe StatesnState (a) is safe, meaning there

exists asequence of allocations that allows allprocesses to complete:lB runs, asks for 2 more resources, 1 freenB finishes, releases its resources, 5 freelC runs, asks for 5 more resources, 0 freenC finishes, releases its resources, 7 freelA runs, gets 6 more, everyone doneÉ

A39B24C27free: 3(a)

HasMaxA39B4C27free: 1(b)

HasMaxA39B0ÑC27free: 5(c)

HasMaxA39B0ÑC7free: 0(d)

HasMaxA39B0ÑC0Ñfree: 7(e)

HasMaxA9B0ÑC0Ñfree: 1(f)

HasMaxA0ÑB0ÑC0Ñfree: 10(g)

HasMax

4Fall 2001, Lecture 22Deadlock Avoidance ÑSafe and Unsafe States (cont.)nSuppose we start in state (a), and reachstate (b) by giving A another resourcelB runs, asks for 2 more resources, 0 freenB finishes, releases its resources, 4 freelC canÕt run Ñ might want 5 resourcesnSame for AnState (b) is unsafe, meaning that fromthere, deadlock

may eventually occurnState (b) is

not a deadlocked state Ñ thesystem can still run for a bitnDeadlock may not occur Ñ A mightrelease one of its resources before askingfor more, which allows C to complete

A39B24C27free: 3(a)

HasMaxA49B24C27free: 2(b)

HasMaxA49B4C27free: 0(c)

HasMaxA49B0ÑC27free: 4(d)

HasMax

5Fall 2001, Lecture 22The BankerÕs Algorithm for SingleResources (Dijkstra, 1965)nA banker has granted lines of credit tocustomers A, B, C, and D (unit is $1000)lShe knows itÕs not likely they will all needtheir maximum credit at the same time, soshe keeps only 10 units of cash on handlAt some point in time, the bank is in state(b) above, which is safenCan let C finish, have 4 units availablenThen let B or D finish, etc.lButÉ if banker gives B one more unit(state (c) above), state would be unsafeÊÑ if everyone asks for maximum credit,no requests can be fulfilled

B05C04D07free: 10(a)

HasMaxB15C24D47free: 2(b)

HasMaxB25C24D47free: 1(c)

HasMaxA06A16A16

6Fall 2001, Lecture 22The BankerÕs Algorithm for SingleResources (cont.)nResource-request algorithm:lThe banker considers each request as itoccurs, determining whether or notfulfilling it leads to a safe statenIf it does, the request is grantednOtherwise, it is postponed until laternSafety algorithm:lTo determine if a state is safe, the bankerchecks to see if she has enoughresources to satisfy

some customernIf so, she assumes those loans will berepaid (i.e., the process will use thoseresources, finish, and release all of itsresources), and she checks to see if shehas enough resources to satisfy anothercustomer, etc.lIf all loans can eventually be repaid, thestate is safe and the initial request can begranted

7Fall 2001, Lecture 22Evaluation of Deadlock AvoidanceUsing the BankerÕs AlgorithmnAdvantages:lNo need to preempt resources androllback state (as in deadlock detection &recovery)lLess restrictive than deadlock preventionnDisadvantages:lMaximum resource requirement for eachprocess must be stated in advancelProcesses being considered must beindependent (i.e., unconstrained bysynchronization requirements)lThere must be a fixed number ofresources (i.e., canÕt add resources,resources canÕt break) and processes(i.e., canÕt add or delete processes)lHuge overhead Ñ must use the algorithmevery time a resource is requested

8Fall 2001, Lecture 22Evaluating the Approaches toDealing with DeadlocknThe Ostrich Approach Ñ ignoring theproblemlGood solution if deadlock isnÕt frequentnDeadlock prevention Ñ eliminating oneof the 4 deadlock conditionslMay be overly restrictivenDeadlock detection and recovery Ñdetect when deadlock has occurred, thenbreak the deadlocklTradeoff between frequency of detectionand performance / overhead addednDeadlock avoidance Ñ only fulfillingrequests that will not lead to deadlocklNeed too much a priori information, notvery dynamic (canÕt add processes orresources), huge overhead