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UNIT-JIT.

DEADLOCKS

To develop a description of deadlocks, which prevent sets of concurrent processes from completing their tasks.
To present a number of different methods for preventing or avoiding deadlocks in a computer system.

The Deadlock Problem
A set of blocked processes each holding a resource and waiting to acquire a resource held by another process in
the set

Example ~fr procen st

System has 2 disk drives

P1 and P2 each hold one disk drive and each needs another MOOFCM/ C" L{:l/ Ao ek

one;Exam

semaphores 4 and B, initialized to | aAe— Y\C’A\\ QVQM e ok ,‘Lmﬂ’—
PO PI - e, o PKDCIMA Erders

wait (A); wait(B) A L\DCUJ’I tl\-ﬂ g

wait (B); wait(A) .

Bridge Crossing Example ﬂé&ﬁ o a/lo/& b['g &'}-a}-é/ Yetae
N ke y

!D [ .m
[ / \ o) A
Aol |

Traffic only in one direction

Each section of a bridge can be viewed as a resource

If a deadlock occurs, it can be resolved if one car backs up (preempt resources and rollback)
Several cars may have to be backed up if a deadlock occurs ™

Starvation is possible

Note —Most OSes do not prevent or deal with deadlocks

e & & & & o

: y » % i m
System Model 'A 539‘}0"\ Cons '-S+-5 "?" k’ bs ML% O;fp 'G%
e Resource types R1, R2, .. .. Rm —+o \.196 dA&E.n bua ﬁ A Mo et
e CPU cycles, memory space, /O devices CJ)\AP Y. t‘l s g > Céfffﬁ
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» Each resource type Ri has Wi instances. Each
process utilizes a resource as tollows

- (Drequest : 'TL(, Process sE4M
(2 use < -Fci
(3) release: unJrJZ ‘}— can WW-’/ Vourze.

Dead) The Procern tar OPesate oy k. wzgourze- Cé’ﬂ Pﬂm{tﬂ_:)

Deadlock can arise if four conditions hold simultaneously @ TLL fwm m,w e HZ—'W

_ > Mutual exclusion: only one process at a time €an use a resource

—=>Hold and wait: a process holding at least one resource is waiting to acquire additional resources held by other -

processes
> No preemptlon a resource can be released only voluntarily by the process holding it, after that process has

completed its task
., P0} of waiting processes such that P0 is waiting for a resource

Circular wait: there exists a set { 0. P1.
that is held by P1. Pl is waiting for a resource that is held by

P2. .... Pn—1 is waiting for a resource that is held by
Al /FDUY (onde /7‘571/& mu(v’- #19‘&,[

Pn. and PO is waiting for a resource that is held by PO.
_B_Es_gy_ge_-Allocatmn Graph M 5{ M\g:{ / }1

A set of vertices V' and a sct of edges - vodil~ &”JJ D’h- So ['CLCFUu_fr'
EVis pa.rtmoned into two types: Conels hons ase. Net 66714-}9 EJ("L_j

P {P1. P2. .... Pn}. the set consisting of all the ¢ processes i in the system n:lzfﬁ"l&-l

/

\ R={R1.R2. .... Rm}, the set consisting of all resource tvge in the
system w — directed edge P1-8R; F{ .Q
assignment edge — directed edge Rj-&Pi

%"7,@'

Process

Resource Type with 4 instances

Pi requests instance of Rjn

T

Pi is holding an instance of Rj

Scanned with CamScanner
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@Example of a Resource Allocation Graph

,r,;.,-u‘.l;..ru,w\
R o G e e e T A

: =
* @ Resource Allocation Graph With A Deadlock
ﬁ1€yc_ ut eadlock /‘—:2 £~ )o

R

5 Resooe —allocshon Fapl witt: o c:,o!e Luk no

Scanned with CamScanner )




| - N‘N\N\ \‘\\!\_}ai‘us no eavles ne deadloek 1t RIAph contivlon i eyele If only one_Instange per resotres type, then
“ \RW'M\\\{ Weeatiaty  Angdl S \‘4 et Condihan , 14
¢ e RVOAL DRTARCES PRE resoTiee e, possiTlity of dendlock ey - "

- . *ne rﬁwwt_-j }JH/‘- Mot .5[,;44'(;“;..._
L Methouds for Handiing Doadtoek £/

;A Easre that the xystem Will sewr enter o deadook state Allow
revover lgnoee the problem and pretend that deadlocks noy
syafomy, nelwting UNIN

i by,
the wystem to enter n dendlock state and then
orocenr In the system; used by maost operating

l* l)\““"\‘\“\ P.\‘\"‘““““ -~ f&\ UI‘.F},RlA:I"‘: ff/\‘f:‘pr* .&LP/Pd4/ un(‘:’ {4 ;Lq -
Restrain the ways request can be mmlc(_ 4 \i: ¢ h Dh:\' P ﬂl o ﬂt\”/ Wit Cam Pre vend—

i : . W OO b ol O .pa,,(bﬂ,gg_, .
G)hmml Exclusion - not requived for shacable resourees: must hold for |mn£lmruhlc resources ')

e)lluld and Wait — must guarantee that whenever a process requests o resource, it does not hold any other
resounes

Require process to tequest and be allocated all its resources before it beging execution, or allow process to

request resources only when the process has none

Low resource utilization: starvation possible  ave. s a,(vw-fp%a .

Q_'\)\‘u Preemption -
It a process that is holding some resources requests another resource that cannot be immediately allocated to it,
then all resources currently being held are released Preempted resources are added to the list of resources for
which the process is waiting Process will be restarted only when it can regain its old resources, as well as the
new ones that it is requesting

@C ircular Wait — impose a total ordering of ald resource types, and require that cach process requests resources
In an increasing order of enumeration

'*—l)eadlock Avoidance
Requires that the system has some additional a priori information
available
—> Simplest and most useful model requires that each process declare the naximum number of sesources of
each type that it may need
= The deadlock-avoidante algorithm dynamically examines the resource-allocation state to ensure that there can
1 never be a circular-wait condition

= Resource-allocation state is defined by the number of available and allocated resources, and the maximum
demands of the processes

~—> Safe State

When a process requests an available resource, system must decide if immediate
a safe state

= System is in safe state if there exists n sequence <P/, P2,
for each Pi, the resources that Pi can still r—c'qhu(:-
held by all the P}, with j <6 That is:

=2 If Pi resource needs are not immediately available, then 2/ can wait until ali P/ have finished
When Fj is finished, Pi can obtain needed resources, execute, return nllocuted. resources, and
terminate When Pi terminates, Pi +1 can obtain its needed resources, and so on, :

allocation leaves the system in

wr P> of ALL the processes is the systems such that
st can be satisfied by currently available resources + resources
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-—e;‘"!f a system is in safe stated¥no deadlocks lf a system is in unsaf’e state b possibtlny of dcadlac Avo:da 1c
" ensure thata system will fiever enter an unsafe state. _
Sal‘e, Unsafe s Deadlock State ; o 'r? ;

S sy 1 A fobe s

- st o1 o obwal(odz Slofe
e Conversely, o oxwuml
Sabe s an OnSafe stabe -

w rot- all UnSqﬁ/ Clales ase
deadlocks

PR S

Desdlk

Avoidance algorithms @

» Single instance of a resource type —%Qrpay_g Ldﬂﬂ % ‘L{:‘_/ _9}—0}6/ [ e
e Use a resource-allocation graph
Multiple instances of a resource type

Use the banker’s algorithm C &Jq A\ ZO(,,QQ,AJ ,SJ‘U{'{‘{A

Resource-Allocation cheme CVM«*’"/’ )
aim edge Pi® Rj mdjcatcd that process P{may request resource Rj; represented by a dashed linen Claim edge

converts to request edge when a process requests a resour&;Request edge converted to an assignment edge
when the resource is allocated to the process -

—>When a resource is released by a process, assignment edge reconverts to a claim edge Resources must be
claimed a priori in the system e

Resource-Allocation Graph

Unsafe State In Resource-Allocation Grz
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* Suppose that process Pi requests a resource Rj

- Example ©
_ p’ process©

 Resource-Allocation Graph Algorithm

ge to an assignment edge does not resultjn =~~~

The request can be granted only if converting the request ed
the formation of a cycle in the resource allocation graph

Banker’s Algorithm
Multiple instances Each process
may have to wait When a proces

must a priori claim maximum use When a process requests a resource it
s gets all its resources it must return them in a finite amount of time

Data Structures for the Banker’s Algorithm
Let »n = number of processes. and m = number of resources types.

Available: Vector of length m. If available [/] = £, there are & instances of resource type Rj available
Max: n x m matrix. If Max [ij] = k, then process Pi may request at most k instances of resource type Rj
Allocation: n x m matrix. If Allocation[ij] = k then Pi is currently allocated k instances of RjNeed: n x m

matrix. If Need[i,j] = k, then Pi may need k more instances of Rj to complete its task
Need [ij] = Max[i,j] — Allocation [i ]

Safety Algorithm
1. Let Work and Finish be vectors of length 7 and n, respectively. Initialize:

Hork = Available
Finish [i] = false fori=0. 1, ..., n- 1

2. Find and 7 such that both:

(a) Finrsh [i] = false{b) Needi £ Work
If no such 7 exists. go to step 4

3. Work = Work + Allocationi

Finish[i] = true
go to step 2

4. If Finish [i] == true for all /, then the system is in a safe state

Resource-Request Algorithm for Process P;
1. Request = request vector for process Pi. If Requesti [f] = k then process Pi wants k instances of resource type

Rj1. If Requesti £ Needi go to step 2. Otherwise, raise error condition, since process has exceeded its maximum

claim
2. If Requesti £ Available, go to step 3. Otherwise Pi must wait, since resousces are not available

3. Pretend to allocate requested resources to Pi by modifying the state as follows:

Available = Available — Request;
Allocationi = Allocationi + Requesti;
Needi = Needi — Requesti;

If safe P the resources are allocated to Pi

._/f unsafe b Pi must wait, and the old resource-allocation state is restored

f Banker’s Algorithm
s PO ‘throi;'gh P4;
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FCFS:

Consider the performance of FCFS Scheduling
In a dynamic situation:

Example:
one CPU -Bound process and
many 1/O Bound processes

1) CPU -Bound process will get and hold the
CPU.

2) 1/0 Bound processes will finish their I/O and
move Into the ready queue., waiting for CPU.
3) 1/0O devices are idle.

4) CPU -Bound process finishes its CPU burst
and moves to an 1/O device.

5) All the 1/0 Bound processes will finish their
short CPU burst and move back to the 1/0
queues.



6) at this point CPU sits idle.

7) CPU -Bound process will then move back to
the ready queue and be allocated the CPU.

8) again, All the 1/0O Bound processes end up
waiting in the ready queue until the CPU -
Bound process is done.

Convoy effect : as all the other processes wait
for the one big process to get off the CPU.

Preemptive SJF scheduling : i1s sometimes
called shortest-remaining- time-first
scheduling (SRTF)

Example:1



Process Arrival Time Burst Time

P 0.0 7
P, 2.0 4
P, 4.0 1
P, 5.0 4
m SJF (preemptive)
P, P, |P, P Py P,
1 | | | | ! | | |
| | I | | | | | | |
0 2> 4 5 7 11 16

®m Average waitingtime=(9+1+0+2)/4=3

pl remain time 7-2=5

p2 =4 so pl>p2 allow p2to execute

at 4th unit time p3=1 has arrived

p2 remain time 4-2=2

compare p2>p3  i.e pl=5,p2=2,p3=1

so allow p3 for execution then



at 5th unit time p3 completed and p4 =4 has
arrived In ready queue we have

p1=5, p2=2, p4=4 -------- >s0 p2 issmall then
P2 gets the chance to execute then p4 and p1l.

waliting time= service time - arrival time

waiting time of pl = (11-2)-0 =9
waiting time of p2 = (5-2)-2=1
waiting time of p3= (4-4)=0
waiting time of p4= 7-5=2

Average waiting time = (9+1+0+2)/4=3ms

Example:2




Process Arrival Time  Burst Time

Py 0 8
P, 1 4
P; 2 9
Py 3 5
p,| P, P, P, P,
R 5 10 17

p1=8-1=7 remaining time

p2=4 pl>p2..

at 2 unit time p3 =9

pl1=7, p3=9, remaining time p2=3

at 3 unit time p4=5 has arrived

pl=7, p3=9, p4=5 ,, remaining time p2=2
p4=5 smaller burst time

p1=7, p3=9 in ready queue

pl then p3



Example (Preemptive)

Arrival Times (ms)

P2 0.0 12 2
P3 3.0 8 5
P4 5.0 1
P1 10.0 10 4
P5 12.0 6 3
Gantt chart
l!l-_-“-
0 T T 19 1 16 22
10 12

at 3 unit time p3 pri #5 > p2 pri#2 (less is high
priority) p3 in ready queue

at 5 unit time p4 pri# 1

02 ---2
03--- 5
04----1

p4 is allocated with CPU=== completed



9 unit time ---- p2 allocated with CPU
at 10 unit time pl with pri#4

P2 IS running pri#2

p3 In ready queue with pri#5

p2 conti....

at 12 unit p5 with Pri#3

p2 is running, p3 and pl ....new p5

p2 to continu...

p3 pri 5, pl pri-4, p5 pri#3



Consider set of n tasks with known runtimes
R1,R2, Rn to be run uniprocessor machine .
which of the following scheduling algorithm
will result in the maximum throughput?

Ans: SJF

starvation problem:

high pri# 0 ---- low pri# 127

suppose a process low pri#l27
Aging technique
Increase pri by 1 for every 15 minutes

come to pri#0 not more than 32 hours



Round Robin:

Time quantum/time slice Is defined.
2 cases:

1)TQ > CPU burst time

tq=4ms

cpu burst =3ms=== process voluntarily releases
CPU and scheduler selects the next process

2) tq < cpu burst time

once the timer expires , process is preempted
and added at the back end of the ready queue.

If the time quantum size is 2 units of an there is
only one job of 14 units time unit in ready
queue, Round Robin scheduling algorithm will
cause context switches.

ANS: 6




Example:

Consider the following processes with arrival
time and burst time. Calculate average
turnaround time, average waiting time and
average response time using round robin with

time quantum 37?

Process id Arrival time Burst time
P1 S S
P2 - S
P3 3 7 &
P4 1 S
P5 2 -
P6 6 C

1) At 0(Zero) unit time --- CPU is idle.




2) At 1 unit time --- P4 =9 BT has arrived...and
Schedule on CPU for 1 time quantum (3ms)

3) during p4 execution time --- p5,p3 and p2
processes are arrived and placed in ready queue.

p4 is preempted after 1tg ,timer expires. moved
to back end of ready queue. i.e.

P5=2 P3=7 P2=6 P4=6

4) p5 i1s scheduled for next... 1 tg but it required
only 2 ms , swap out then p3 is scheduled 1tg

ready queue: p2, p4,pl,p6 --- p3=4ms

turnaround time= completion time- arrival time

(or)
Turnaround time= Burst time + waiting time

Waiting time= service time - arrival time




Response time =first service time -arrival time

CPU Scheduling Algorithms:

1) FCFS (Non-Preemptive)

2) SJF (Preemptive (or) Non-Preemptive)

3) Priority (Preemptive (or) Non-Preemptive)
4) Round Robin

Another Class of Scheduling Algorithms are:
1) Multilevel Queue Scheduling
2) Multilevel Feedback-Queue Scheduling



Multiple -Processor Scheduling:
Asymmetric multiprocessing
Symmetric multiprocessing(SMP)
Processor Affinity

Load Balancing



