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Threadesxaiill Lol
c ...

« A thread is a flow of execution through the process code.

Task daga (o JiSk o il el o gal) aealy AN cilapledl) (o Addiia 48 gada (A o
) e JSy

« Each thread belongs to exactly one process and no thread can
exist outside a process. 0sS O OSar Vg Aleal A5 (5285l S
dalee 50

« A thread is sometimes called a light weight process. & (Gl
Gool) Adida Llee (o183 ) Lesall
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Processes and Threads
«_ _ ]

« Multithreading é-4eis </ lewa - The ability of an OS to
support multiple, concurrent paths of execution within

a single process.

o (raa Al Yiag Badate 288 ) jlie ey e Ja ) AUsi s a8

 The unit of dispatching is referred to as a thread or
lightweight process. lua dilee anly Juu ¥ sas 5 I L

OOl ddes )



Multi Thraeded  sem 38 < jlua o (5 gian o) daga (s ST £10h 2 g8y (5 3) gald )

.Proccess

threads J) £153 quua cilileal) 345 488 agdl Jasa Jlia 23 g9

4d) (siny gali ) 138 JdS aie:Mlicrosoft word J) geabise (b cilafical) aa) ¢ Uiaad ol

s 5213 «spill check (Y GBail g cprint Aiual) delda by aLAY Lilgla o8 &5 process

Aalgcdy b saving Bdall dles

M&hy@hﬂ\wﬁuu\u&g\uﬁj\u&a@ O OSas Y clilaad) oda cuils 13): Y )

thread (2 i OGN clleall 034 auan () Ay 13g8 Bdal) AdlSaly ¢ 6S) Ada £lgidY) 2oy g (3831
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Single Threaded Approachesaal sl jlual) 45 ks

A single execution path per process, in which the
concept of a thread is not recognized, is referred
to as a single-threaded approach. 2a)s jlwe 2di a5
saa) ol Alaall paia Jasd

 MS-DOS, some versions of UNIX supported only
this type of process. MS-DOS, <l jlaal (axy
UNIX Gllaall (0 g il 12 Jasd ac s
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Single Threaded Aﬁﬁroaches

--------------------------------------------
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multiple processes 1 ulti ocesses
one thread per process : multiple threads per process
s = instructi ce



Multithreaded sasiall <) jluwall 4 o

Aﬁﬁroaches

A Java run-time environment is a system of one
process with multiple threads; Windows, some

UNIXes, support multiple multithreaded processes.

IS4
IS4

ae BaidWindows o= sUNIXes Shlee

Joyl yil) )y BaAxA
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Multithreaded 3aaiall & jlual) 4y ks
Approaches

The right half of Figure 4.1 depicts multithreaded approaches. A Java
run-time environment is an example of a system of one process with
multiple threads. Of interest in this section is the use of multiple
processes, each of which supports multiple threads. This approach is
taken in Windows, Solaris, and many modern versions of UNIX,
among others. In this section we give a general description of
multithreading; the details of the Windows, Solaris, and Linux
approaches are discussed later in this chapter.

b g Ay 2 gl i) Ol i pe Baanie gralie 4.1 JSE e G Caail) ) guaan
‘&‘E?@_AX‘UA admh\}u\y}qub oh\j e\.k.\i_;c‘ﬂ_mjava d.\:u.u.\
2 el 18 S Ll b Badete Do gl acy Lgte JS ¢ Baaate Gililee aladtu) audll
a8 e sUNIX (e @aall @l jlaay) (e 2l sSolaris  sWindows
sWindows zali Jraldd 4585 5 ¢ Loyl ) t_i‘).o..n}A A= Lale \smj PRELINA|
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Multithreaded Aﬁﬁroaches
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Threads vs. Processes

ithreaded
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Single-Threaded
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Single Threaded and Multithreaded Process Models

Figure 4.2
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Threads vs. Processes
<« ]

5l Lk dga s (e Slleall g I gudll Sl 4.2 IS sy
el Jaes asede 23 Y (gl) dll oola) ke 73 gad 3 lilenl)

Ol sic Aalia g dleall 8 ASaill AV dlaall Jilad Cpancady ¢ (Jaal il

[ s\e XY &gl 52y 315l 5 andiiall CilwaSa ) ALeal ¢ addioal
il Bl 8 a8y aild ¢ dleal) Qo ol Aplaad) il oL Y
Ay A el a8 dleall 055 Y Ladie O lanall s2a il gine Jais
dalise g 3aa) 5 dglae a3 A1 @l J1 30 Y ¢ sl il ol e Baaxe

JS Aliadia bl V) aa 59 (815 ¢ Aplandly Adadi jo pddiiee () sic
o ssinghail i e IS dlatio aSaf ANS ) 8Ll ¢ Lol 5 4l
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Jhall g dalaad) oo 3,8 Threads vs. Processes

(g il
Sr. | Process Thread
No
1 Process 1s called heavy weight process. Thread 1s called light weight
UJJM 41\94 M\ process. O Cada sl L)
2 Process switching needs intertface with Thread switching does not need
operating system. Cu;_, M\ d_) A to call a operating system and
d—‘*ﬂ-‘j‘ &’LL} JAN] cause an interrupt to the Kernel.
3 In multiple process implementation each | All threads can share same set of
process executes the same code but has its | open files, child processes.
own memory and file resources. JJL.‘:A\ gﬁ Sl )\-&-‘-‘
4 If one server process is blocked no other | While one server thr-.;ad is

server process can execute until the first

process unblocked.

el Gali) iy cilileal) (saa) Cilil a5 13

blocked and waiting. second

thread in the same task could

IrL.
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Gl lual) bl Advantages of Threads

1. Thread minimize context switching time. & A
Lail) 8

2. Use of threads provides concurrency within a
process. ¢l il ac

3. Efficient communication. Jwal sill & llad

4. Economy.iladl

5. Utilization of multiprocessor architectures . s~
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Jleadl L8 e Thread Execution States

he key states for Thread operations
a thread are: assoclated with a

change in thread
Yl ddadi yall ililaall

— Running

_ Ready state are;_lull
— Blocked
create:\) m
Block—lw) =

Unblock—slay) 4l 5) m
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Sl lwal) i\ﬂTWeS of Threads

User Level Thread a

(ULT) s siun e
PRERNA|

Kernel level Thread
(KLT) 315l (5 siasa e

D
&
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<l bad) £1 63 Types of Threads
L

- 1 Do pad) 2858 (e liiday je (L8 lia
(ULTS) padinsall (5 sive Ja g -

(KLTSs). 315l (5 siraa Ja g -

Lo saall iy lua¥) & Uyl 3 a W) ) L
05N Aadall cllaall 5l 31 il A e 24l
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User-Level Threads (ULTSs)
c- |

« Thread management
IS done by the 6§
application bl 3l \

" = JJ i Threads \/ User
 The kernel iIs not Library Space

aware of the e

existence of threads Space

uQLJ)Myc\jAJ\o Q
P

Threads 2

(a) Pure user-level
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50 8t A (39 % 2edxtusal] (5 gle o a5l
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Kernel-Level Threads (KL TSs)

(b) Pure kernel-level

User
Space

Kernel
Space

€ Thread management is
done by the kernel
(could call them
KMT)3) sl 3 e isall 310
® no thread management
IS done by the
application e sl 2 Y
okl Adan) gy o 3l
€ \Windows is an
example of this
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31oill (s giasa o Jagidl)

ngaj\ BJ\deAL dSJ:\s.ﬁeﬂg cuaj\éj\KLT daj'“cf
6 sima e o all 510y 2 S an 0 Y, 81 gl a5
b sd G A(AP]) Slink Ay Agal 5 Jy oGkl
JSEl i g, el 132 e YUWindows e, 31 5l
Gl sl e 3l 53l Jadlas GQIRWKLT ze 4.5
Aaadl JAJ3 400 jall Ja gl g JSS dplaall (3l
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Kernel-Level Threads (KLTSs)

2858 oy ¢ allAIKLT (38 0 8] i) (5 siana o L il
5 1Y 68 an 1 Y, 8 sl ddas) g1 Ja il B 03} Jue S
Clipdai dae y dgal s o (Gubaill (5 e o da al

s e YEAWindows e, 315l L sia 38 1(API)

) sill Ladlas, (alAKLT s 4.5 JSAll moa sy, el
Jala 4 il Lo gaall g JSS dplaall Slall Sl glaa e
dlanll
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Sl bl 2223 = 3WiMultithreading Models

S
e Many-to-Oneasl sl i<

e One-to-Oneas) ¢l asl

« Many-to-Many Sl 8
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Many-to-One
-
« Many user-level threads mapped to single

kernel thread.

JPEGUON | NN P S T | G R DN PR P A e i
Ll 5 s Jkernel .aal s
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Many-to-One Model

: :

<«—— user thread

<«— Kernel thread
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One-to-0One

S
« Each user-level thread maps to kernel thread

o ﬁyé;\(ﬁ;;"}..mﬂ LSJML;‘;LJ‘JJ J-‘-“}Adsumeu
Ll ykernel

« Examples
— Windows NT/XP/2000
— LInux
— Solaris 9 and later
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One-to-one Model

<«—— user thread

N
b6 G O
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Many-to-Many Model
c- |

 Allows many user level threads to be
mapped to many kernel threads

o s o bl Al Gl pdise e ) Gy e
Lyl j &l yise (e paell ) aadiuddikernel

« Allows the operating system to create a
sufficient number of kernel threads

o O phiga (e S 2ae oLl Janddl) AU ey
Ll ykernel

» Windows NT/2000 with the ThreadFiber
paC kag e Lecture Four- Threads



Many-to-Many Model

§<— user thread

<«——kernel thread
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Lecture [Five
doad &) B sl
¢sel 38l Concurrency: Mutual Exclusion and
Synchronization)
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Multiple Processes
c- |

* The central themes of operating system design
are all concerned with the management of
processes and threads: le sa sall aran aigs
b gdl) g Glilaall 3 ol Joa i) Al aveatl 4y Sl
— Multiprogrammingsaaaiall das yll
— Multiprocessingsaasziall dalladll
— Distributed Processingac ) sall 4allaall

 Big Issue is Concurrency (o' i)

— Managing the interaction of all of these processes
— cllaal) sda JS o Jelatl 3




Multiple Processes
c- |

« Multiprogramming:
- The management of multiple processes within a
uniprocessor system. (s allee & dlee e HiSI3 )
« Multiprocessing:
-The management of multiple processes within a
multiprocessor. (Fllee (e JSI & Alee G JS) 5 H1])
* Distributed processing:

-The management of multiple processes executing on

multiple, distributed computer systems. ( o= &I 31
Ac ) g Slallaa 8 dolac)
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Multiple Processes
S

(¢ ) Concurrency —

&ﬁjﬁ&‘mch\\gﬁé\gée\ys&gew‘u-‘ﬁ3)&‘—
el plBi J3udl (e llaa) (o gadly 58y Al
_.AAU&J@@AU,J\QAJgéﬂ\\gﬂu\gﬁ\:\;é&‘jﬁm\g

kﬂL&AY\wﬁM\M\M\h*w\ﬂ\—
COmaddiicall daadd) 8 g A3) o) (Oariiaiall |
@Uﬁ%@@ﬁ&i&dﬁjd)\g\gdhm&;ﬂdgﬁ
S O (e 0 D8 caadaied ¢ el 3 S Al o ¢ Bl day
b Jal) gl a8 Y gl a8l
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Concurrency
c- |

Concurrency arises in: (& o il L)
» Multiple applications 82t s
— Sharing time< 5l A< jliw
e Structured applicationsiSgall ciléylail
— Extension of modular designcs sl areaill maad

e Operating system structureds&all aUai J<ua

— OS themselves implemented as a set of processes
or threads s <ldaxll 1 de ganaS 38 48t (ae il ?L‘B

@.ﬁa\}d\
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Interleaving and Overlapping Processes
-

Multiprogramming
Time g
Process 1 | |
Process 2 1 | ]

Process 3 e ]

(a) Interleaving (multiprogramming, one processor)

[ Blocked 1 Running

Figure 2.12 Multiprogramming and Multiprocessing
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Interleaving and Overlapping Processes
-

Multiprocessing
Time >
Process 1 (— | T ————] ]
Process 2 l | S | |

Process 3 EBeA ]

(b) Interleaving and overlapping (multiprocessing; two processors)

@ Blocked C— Running

Figure 2.12 Multiprogramming and Multiprocessing
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Difficulties of Concurrency

1. The sharing of global resources. ( & 4S_jLixll
J‘)“}AM)

» For example, If two processes both make use of the
same global variable and both perform reads and

writes on that variable, then the order in which the
various reads and writes are executed Is critical.

?L’d\ ).uu.d\ ULAM u\_ulq.c CailS \J\ ¢ db.d\ d.u.u L,’J.c

@égﬂ\%ﬂ\upcM\\&és@hﬁ\jw\ﬂ\%eﬁm)&}
) Al el Aaliaal) UK 5 5o jall Cillee dav
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Difficulties of Concurrency

S
2. It i1s difficult for the operating system to

manage the allocation of resources optimally.
(JieY) JSEIL 3 ) gall 3 510) Conall (1)

3. It is very difficult to locate a programming
error. (Ase_all (& adll posd Caall ()
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Enforce Single Access

S
* |f we enforce a rule that only one process may

enter the function at a time then:
function ) 4wsis cd gl 3 Jadd saa) 5 Alee JA o) 320l 0 3 o
* P1 & P2 run on separate processors

 P1 enters echo first,
— P2 tries to enter but is blocked (a<3) — P2 suspends

« P1 completes execution
— P2 resumes and executes echo

Lecture Five- Concurrency



Race Condition (4l 3Lu)

« A race condition occurs when(leie (sbudl &iasy)

— Multiple processes or threads read and write data
Items.

— So that the final result depends on the order of
execution of the processes.

— o Gllee (Ladie GBlead) dhaay) Ladie (3law Ala ¢hans
Aadied Cusy AUl palic 44UK g 3¢ 48 3aa=0a Jayl 3 ) e
 The output depends on who finishes the race
last.

o (4o a3 oAl ug ylrehie Somumenmal ) SeEl) o el



Operating System Concerns

c- |
» What design and management issues are raised

by the existence of concurrency?

« The OS must

— Keep track of various processes
— Allocate and de-allocate resources

— Protect the data and resources against interference
by other processes.

— Ensure that the processes and outputs are
Independent of the processing speed

Lecture Five- Concurrency



Operating System Concerns

.
o Foal 3l asa gl iy Sl B Y g aeatl) Llad o L
panadt alia L) Gllaall 4t Junddll Qs e s
JAX (3 2 gall g llul) Alas Lpanads clal) 5 2 ) gall
Adsiie Ala Al g llaxll O e SU _LQJAY\ Clilaall
Aalleall 4oy e
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Process Interaction

-
e Process Interaction can be defined as:

— Processes unaware of each other Processes.
— Indirectly aware of each other Processes.
— Directly aware of each other.
— A il e Alaall Jelis Cay jad oS
e S @ Hn Clleall anl) Lpandd 48 j0e e Cilileall
il agans e 8 p8le A )ai lidaall andll Lpians o il
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Mutual Exclusion (Jalia) alasiuiY)
L

 Need for mutual exclusion.

 Suppose two or more processes require access to a
single nonsharable resource, such as a printer.

e 3l 3)5e A sl Glllaii JST Sl iidee o) gl

el Jie S Laal s

 Each process will be sending commands to the 1/0
device, receiving status information, sending data,
and/or receiving data. Jle> ) el e JS Ju yiu
5 ¢ bl Q) ¢ Alall cila glea 8l ¢ 2 AY) / Jlaay)
bl Jlaia) ol
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Mutual Exclusion (Jalia) alasiuiY)
L

» We will refer to such a resource as a critical
resource, and the portion of the program that uses
It a critical section of the program.

MMLSJ]\EADJJ\g}jce@adjjﬁdjﬂ\\&uﬂ
TR O e oo

* |t Is Important that only one program at a time be
allowed in its critical section. zebi_u Flewd) agall (10

C);J\Muﬁofdsuﬁ.ksﬂh\j

Lecture Five- Concurrency



Lecture Six
dadiod) §_sadlsaif
(Deadlock)



Deadlock

. ‘n a mu‘!lprogrammmg enwronmen!, many

processes compete for a limited number of
resources.

A process requests resources; If the resources are
not available at that time, the process enters a walit
state.

* |t may happen that waiting processes will never
again change state, because the resources they
have requested are held by other waliting
processes.

» This situation is called deadlock (2sead).



Deadlock

- 0]
e Ao 5l Gllaall e Bael) cdaa jull 2aate 20l b

(resources) _baall (e 3 g3

5 Q¥ gla p& JJL@AJ\ s CnilS \JJ cJJ\.mAJ\ &-\LL.\M‘
ol Alla 8 dplaal) Jas o Y Ladie gl 1 4

” (wait)

O oAl e lells e s Y el o Guasy Lay
Hatil Al 8 6 AY) o oAl cllaal 3 ) sana jaliadll
" " (wait)

(Deadlock) 2geadl ade allay La 2a
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2 saall Deadlock

1 |
1 1
1 |
1 1
1 1
1 1

(. 1

PR 1
! !
] L

c b 0N

) ¢ LN
| LN
1 (o) I
1 1
g i
i (o I
1 1
1 1
1 1
1 |
1 1
1 1
(a) Deadlock possible (b) Deadlock

Figure 6.1 Illustration of Deadlock
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Conditions for Deadlock
«

day )¥) Lo g i) (gia s 4 gdid o (Sae o pand) dla o
-:alBl 4 (simultaneously) fee 4Ly
1. Mutual exclusiondaliall ety

— Only one process may use a resource at a time 8
SJAJS&‘JJJA&BJA‘}@AQ (—;M

2. Hold-and-wait juaiy) ¢ Lalaisy

— A process may hold allocated resources while

awaiting assignment of others. 2_) sl dalaall Lagiag 58
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Conditions for Deadlock

3. No preemption@liu ¥
— No resource can be forcibly removed from a
process holding it.

5 i3 e (o8 350 51 A1) (S Y

3. Circular waitcs_alall jUaiy)

— A closed chain of processes exists, such that each
process holds at least one resource needed by the
next process in the chain. <blaall (je ddlas Aluls aa o
aaling JBY) e asls 050 e dlee IS (5580 Cuma
ALl 8 Al dyleal
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p=avaadl dnlall » s JIResource Allocation Graphs

S
 Directed graph that depicts a state of the

system of resources and processes (ke aw
Clalaxll g 2 ) gall aldad Uls ) gy 4 5

Pl

Requests » ® Ra

(a) Resouce is requested

Lecture Six- Deadlock

Pl

.JJUAM

Held by

® Ra

(b) Resource is held



Resource Allocation Graphs

Pl P2 Pl P2

Rb

(e) Circular wait (d) No deadlock
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Resource Allocation Graphs

3 ) sall (anadil Alull 4 gu )l

SN

Rb Re Rd

Figure 6.6 Resource Allocation Graph for Figure 6.1b
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Possibility of Deadlock 2 seadl & gas Jlaial
.
« Mutual Exclusiondabial) abesiny)

* No preemptionatiuwl ¥
« Hold and wait kil 5 Jadial
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Existence of Deadlock 2 seall & gas

« /7
o Mutual Exclusiondaluiadl slesisty!

« No preemptionatiul ¥
« Hold and wait sl 5 Jadial
o Circular waites il Uaii
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Methods for handlinﬁ Deadlocks

Ol plB | o ilad o Jgead) Ua of o SEL o
-1y gaa) adiiey
1. Deadlock-prevention (s aia)
2. Deadlock-avoidance (2sa) Liial)
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Deadlock Prevention

«_ _ ]
2. Hold and Wait

— Require a process request all of its required
resources at one time. 2_)) sl area alla Alae il
g g ALl 4 glladll
iy callaill & 38 o Hold-and-wait b o)f e ST —
Lagiag gl Lallla ddlia) jobias ksl ¥ dlae (5 o)) Gauzai ¢
Al Hlan
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Methods for handling Deadlocks

» Deadlock prevention is a set of methods for
ensuring that at least one of the necessary
conditions cannot hold.

( 4e sexa s» Deadlock prevention J of ¢sf
BT 14y 9 paall da gl aal o) e 2SN (3 yhall
» Deadlock avoidance, on the other hand,
requires that the OS be given in advance
additional information concerning which

resource a process will request and use during
lifetime.
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Deadlock Prevention

« "7
1. Mutual Exclusiondaliall alasisy!

— The mutual-exclusion condition must hold for non-
sharable resources.

ol abad) e g8 of ey Mutual Exclusion
.(non-sharable resources) 4s jLis

JUall Jas e o

(e anl) ae Sl i 84S LAl aadaindi Y dagllall e
llaall
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Deadlock Prevention

o]
3. No Preemptiongbiul ¥

— Process must release resource and request again.
A8 e callai s o) gall leall e () o

— OS may preempt a process to require it releases its
resources

DJJ\‘jA ém;\ A\_LQ : ” oot ....S L. :..~“ (‘:\-23 ..... ' Jﬁ
4. Circular Waites_aall juasy)

— Define a linear ordering of resource types

2 sall g 153Y (ad i i Cay
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Deadlock Avoidance

S
A decision Is made dynamically whether the

current resource allocation request will, if
granted, potentially lead to a deadlock.

CSae Allall o) gall Ganads il K13 )8 A8 5
.deadlock sas A sa5 0

» Requires knowledge of future process requests.
Aaltieal) dalaadl cilulls 48 yaa aldaly
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Recovery from Deadlock z3u<!

S
* \When a detection algorithm determines that a

deadlock exists, several alternatives exist.
BAc A ¢ ¢ gdiwa (53 pha 3 g oIS dua )l s 2aaT Ladie
Jal
1. Process Terminationidesll ¢l

1. Resource Preemptiona_) sall (slaiu
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Process Termination

 To eliminate deadlocks by aborting a process,
we use one of two methods:

o ladlee (alea) ik e gl OV (e aladill
ORiy pha (53a) andis

1. Abort all deadlocked processes
deadlock J 4sall Clilaall moes clgd) o

2. Abort one process at a time until the deadlock
cycle is eliminated

deadlock i Sis 3 e JS A3l gdilac olgi) o



Process Preemption

L
* preempt some resources from processes and

give these resources to other processes until the
deadlock cycle is broken.

|3 ) gall 038 glac) g ililaadl fpa 3 ) gall (jians 32T
b Js Glaleall a2 ) gall ans
deadlock s¢in S Al Allae
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