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Coke machine

/* number of full slots (Cokes) in machine */
semaphore fullSlot = 0;

/" number of empty slots in machine */
semaphore emptySlot = 100;

/* only one person accesses machine at a time */
semaphore mutex = 1;

DeliveryPerson()

{
. . emptySlot.P(); /* empty slot avail? */
-duaMAll mutex.P( ); /* exclusive access */
put 1 Coke in machine

Oa sibaradl Y ALaYL Tl iy e g adally mutex.V();
. . . . . fullSlot.V( ): /* another full slot! */
968 clall A jabaall el 3l g Jaliial) dleiny)

i ThirstyPerson()
) fullSlot.P( ): /* full slot (Coke)? */
ATM 2 s&idl <Y ie mutex.P( ); /* exclusive access */
get 1 Coke from machine
washer oy saall Jue Yo mutex.V();

emptySlot.V(); /* another empty slot! */



http://lifescheatcodes.blogspot.com/2011/02/comprehensive-guide-to-hacking-coke.html

Deadlock
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Ps Ps
wait(A); waft(B);
wait(B); waft(A);
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J' b 2 Context Switch s = il o
A 4=l ' Printer

dadd dalg o B gAmila dsa g o 8 pa o

Process A Process B
printer—>wait( ); disk—>wait( );
disk->wait( ); printer->wait( );
print file print file
printer->signal( ); disk->signal( );

disk->signal( ); printer->signal( );




» Deadlock is defined as the permanent
blocking of a set of processes that
compete for system resources.
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Deadlock CondiTion
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Dealing with Deadlock
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Resource Allocation
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Deadlock Detection




Deadlock Detection

Existing Resources Available Resources
42 3 1) (2 100)

Current Allocation Request
0010 2001
2001 1010
0120 2100

resources = (tape drive  plotter printer CDROM)

m Whose request can be fulfilled?
® Process 1 — no — no CDROM available
® Process 2 — no — no printer available

® Process 3 — yes — give it the requested
resources, and after it completes and
releases those resources, A=(2 2 2 0)

® Process 1 still can’t run (ho CDROM), but
process 2 can run, givingA=(4 2 2 1)

® Process 1 canrun, givingA=(4 2 3 1)




Deadlock Detection 4w &

m Operation:

@ Every process is initially unmarked

@ As algorithm progresses, processes will
be marked, which indicates they are able
to complete, and thus are not deadlocked

® When algorithm terminates, any
unmarked processes are deadlocked

m Algorithm:

1. Look for an unmarked process Pi for
which the i-th row of the Request matrix
is less than or equal to the Available
vector

2. If such a process is found, add the i-th
row of the Current matrix to the
Available vector, mark the process, and
go back to step 1

3. If no such process exists, the algorithm
terminates
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Deadlock Avoidance Safe and Unsafe State
Aial il o A0V Alal) slianiny) Cuiat

Has Max Has Max Has Max
Al 3 9 Al 3|9 Al3 |9
2 4 41 4 0| —
cl| 2 7 cl2z2|7 cl|l2 |7
free: 3 free: 1 free: 5
(a) {b) (c)
Has Max Has Max Has Max Has Max
Al3 |9 Al 3 9 Al 9| 9 Al 0| —
0| — B|O|— B| O | — B|O|—
c|7 |7 cCl|0 | — cCloOo|— cl|l0|—
free: O free: 7 free: 1 free: 10
(d) (e) (f) (g)

Bing s slad) e Janll (o i i Jla i Akl ST A
Jay| é.c EA;\) UAQ ct-@_i\
B runs, asks for 2 more resources, 1 free -
B finishes, releases its resources, 5 free -
C runs, asks for 5 more resources, O free -
C finishes, releases its resources, 7 free -
A runs, gets 6 more, everyone done... -




Deadlock Avoidance

Has Max Has Max Has Max Has Max
Al3 ]9 Al4]9 Al4]9 Al4] 9

214 B|2|4 Bl 4] 4 B|lO]|—
clz2]|7 clz |7 clz2|7 clz2|7
free: 3 free: 2 free: 0 free: 4

a b (c) d

m Suppose we start in state (a), and reach
state (b) by giving A another resource

® B runs, asks for 2 more resources, 0 free
m B finishes, releases its resources, 4 free

® C can’t run — might want 5 resources
m Same for A

m State (b) is unsafe, meaning that from
there, deadlock may eventually occur

m State (b) is not a deadlocked state — the
system can still run for a bit
m Deadlock may not occur — A might

release one of its resources before asking
for more, which allows C to complete
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Has Max Has Max Has Max
AlO|SB Al1 |6 Al1 |6
B|lO]|5 B|1]|65 B|l2]|5
clo |4 clz| 4 clz| 4
DlO |7 D|4)|7 D|4 |7
free: 10 free: 2 free: 1
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