hap fer 4

o pProcess Creation 13 heaug uueagh\ whle -Mead aea}on 15 l/ghf we:ghP

; o \areads Can JimPliFH COde. and Increase 6?@0@0&%.

o Examples For tasks Can be implemenked by . separafe. #hreads
Upd{l"e d:&plaﬁ Fetch dota; SPe" Che,ckwg Answer o network veyyesk

®
o  Cliont Orequest . Sorver D thread (2) Crede new Hiread o service e regyest
C /—\Synchronous§ LAY Yesume: lo\enu@ For oddikonal Client veguests

% nchronous '“'\Y‘ead@ e pc{renF wcul:s ﬂor ”\e rorked Ch\dim\'o c\ms&\
L; lobs of data d‘hanrg between Heads 2
ex: merge  Sort ’ : ;

ST o

R —

o Asynchronous Hthreading - he: parend does not cwait, all run. Concurently
| L lots of dapl.'cahon 0 data,but no @mmunication.

v
"5 Threadmg benelitsi |
i Z_; ) Respansiveness : allow Contved execution o FanL of process 15 blocked

| 9) Resource Showingy €0sier Hhan Shared memoryy oF messeqe. Passing
7; 2) Ecommxs 1) Cheaper ¥wown - process. Creakion

| 9) $hrecel Switdhing  lower overhead +han Context switdh
By Scalabilty: yun Horeads on different Cores ,wn porallel

e -

o Parallelism: a Sys}em can perform more me ane /Zzs% S,mul}anoous)y
not pa&);b/e an S)ntale core ' NSy

TR D,

o, Concurrency: Support Pore Han ane fask mak,ry Pfog‘jm&s
Jirgle-Core. — Scheduler )Orovdmg Qncurrency

|
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o Lypes of Paalledism.
Z_,n dda Pavallelisny: dishibules Subsets oF tne Some  dotg
acvoss multple Cores with fawe QPevakion on ead,
2) T&s\< povecllelism, d,sh.buhng Wreacls across  Cores ,ead4
Hhread perform chigue gperabon. oo Harads
4 of Heads oyows, 50 ches achitectural Support for Haveading /CPU has Cores ard Hardqué%
0 Hqufore progmmmmg Clnauengﬁs 1) Task identticayion (which par} to e /’amllel/(mcuw
2) Balance C equally valued fasts)
2) Date 57 IHin
1D Data (Sepenéencg
aiinhe _B) TﬁS\’\Y\S and debugginey

SRR T e

S e ——

A g R AT Y

[Code b} d(ﬂa ) pi\es l .CUCIQ/ dd}C( / p.)QS . )
Lregis%ers, Stack / vegished req ishn| recjsters
Shack | skuck | Stack
=7
SO
Singlle~ Haread multi thread
Jorocess Process

\
o Amdahl's law : SPeed up < S+ =9 S 3ol portion )N:mcessinﬂ (vres
N .
0,05 N—seb ; Speedtp iy b
Z_; Serial  portion -~ has dis pyoparhondfe BWECI' “on J-he perﬁormame

o User Hoeads + ma nagqnenf he bj dser— level Hveads’l];m/
J_) like P‘f'hreads m  POSIX ;WmeLUS H’"’eaC{S JOH/C( Hhreads

o Kernadl Wavends: SuﬂJoYf-ecJ bd +the kernal
,_> Weated as Virtual processor

e Ssag LR e S e avane v ool
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Napping  user Hireads to kema) Hareads
l—» Mon%-’fe—@he_ , One-to-One Hahg“ro'nanﬂ

o]

Momﬁ- Yo- One - W\OW\\:) USQI—’BVQI ”Waaqls mapped }0 J’mgle Lemdj ‘Hwead

L‘)O)’)e ‘Hvreac/ b/OCL'mg couses all o block
zWuH,ple drreads may ot run in porallel  because  only one may
?be in Pae kema) at atime (in wsticore  Sysrem) >
Like  Soloris Gireen ; GINV Portable  Hareads.
o One Yo One. Eecch User-leve! Ynread ymaps bo kernal Hhread

Ll) Crgﬂ'mﬁ a - UsSer tread Crecd'es a kernaj -Qwead

2) More Concurrency Aaan - yrony Fo One
3) 3 of threads /process  Sometimes restricted  due ko over heacl”
Like Windows  Linux, Solaris G and \ater: } brovdl” @

© Namé to Nan%: VHang uSer#)readS ma/)ped {—amang kemdl %réads

L Alows +he OS o create  Sutficient # of Kemal| +hreacls
Like  Windows - with the ThreadFiber package , Ylovis prior to version 9

o Two-levd Mo ¢ T olows a U2y Mread Yo be Dound o kerndl thread
Like IR1X, HP-OK, Trubld ONWX , Sdowis @ and et eculier

o Thread library: PVovids Programmer with AP For CVeaHngs/maﬂdﬁ'mj );hread&
"Imp/emm%edhng e+ 1) Libmnd €)_’)Hrell$ N User Spoice
2) Keril-leel Libory Suporlecl by the 05

o Pﬂ‘hread . Provided either s USer or kernol \ewe ' ¢ ,SYHCMVDH%ZQH}

L» POSIX Standard APICIEEE (0034c) oulmﬂ% an W) ke Horead creabion and
s a Specificaton for Hvead behaior  rat impementation
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s Jova threod + manogged bey Hhe VM
L Moy be Created by: 1) Extending -Hhread Class
2) mplement the runnable interface

o Frogram Correchness more dhfFicult cwith e)rp\iciir nvecals
whj /mfﬂ"ci% B 95 o)
« %reqc//hj? :
o Creahon and /nanazyemenl’ of Hhveads - done. b’j Compilers -and - yun-time
Libraries vather Han  programmers , Tais 15 nameol gas mplicit %V@Ld'ﬁg

> three methads on  Inplicik 4—Weaa\‘w3 +1) Thread Pecl
ot {necgd o - 2 OpenP- Aoy
. -3 Gimnd - Cenhetl Dispakch
| Other methed include Microsobt Thraxding v6aithig Block€TBR)» yawa . Ukil .ConCuvvent pockoge
| o Thread Poo\: Creoke number of +hveads in q pool where{-beﬂ oueut Work,
aa’l/an)—asyoaf ) foster to Seme a request wih an exishng
bhread nan - Creote a new one
2) Numbers of threads in he opplication  cre
bavd f the Site of the Pool.
3) Separdting tosk fo be performed  Srom  mechanics
of Oretting sk ellows  Olffernt Strateges for puming
sk (6o otk Scheddlled fo i Perisdlically )

ez

o OpenMP . Set  Compiler diveckves ard AR For C,C++, FORTRAN
) provide: - Support for  Povalld - progyramming in. Shared - memory. envienments
2) Identities parnilel vegjions-blocks  of @de k- Can vun m parelkel.
[# progma. . Omp /Jaral/e)]cygﬂes' as: mang Hescls are there ere. Processivg

o Girand Central dispatch . Pege Yech For Max 05 X and 105 b
Exfenfions of CS*Z\VI run-bme libory hat albws devekpers to (deﬁ"?s Secrions
of codes Yo vun in parsllel ( OpenHP) -

e

iRl
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_ Chapler 4. cont...

. Block st o S\f-Onrained Oniy o wovk MY Some code §;

L are  Scheduled by being Placed in dispatch quete .
, when it s Yemoved From Yhe queue, RN oss;gne& o auaulable
Pred From Hne Haread Pool ;

- dispa’rch dUeue
,__,» ) Serial (F\YQ), each process has iks own seral Queue
Known 05 (moin queue) & o

2) Concurrent (F\YO), bub Several Hocks may e vemoved at once.
with Priorry: lowy; defaul, gk :

» Siynals m UNIK are used to notify o process that o parf;cular event
has occdred. i |
Swynal howdler 15 wsed o [Process &gmls
L Sncdndls are: 1) %enem)red b“d thvjr‘\m\ar event -
2) delverd ko @ Process : .
2) handitd by one of tuo Sgned harders Cobult, User-defined

o Every Signal has default handler r&ns by +the kermal
can be override by user-defined Signal handler
_s For > &g Singjle~thread; Sgnotk gleliveredl ko process.

o Yor mulkithreaded  processes.:
1) Sicynals 1we - delivered Yo tne Ywead eWhich it applies
2) Sigpnal 15 delivered to every Fhread i Hhe  process.
3 Signal 15 delvered Yo o Certain Fnread M e Process.
) Assgn a Specific Mvead Yo recewe @l all Sopals For
e process.
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o thread lo be canceled (s Pargef Horeac!
> Asynchronods Cancellation’: +he -*arqé 5 Femirated '\mmediafeiy ,

o Deferred - cancellation: allows H)e, -fwyo/f Jo Check Periodicall\j
(it Should be cancelled.
/9#"@1’0(— Create (& ﬁfl, 0, worker, NULL); /pHyead _cancel Ced);
| PHWQad—E Lid 4

E o Hheacl cancellthon vequests cancellation
| L> achual  cancellation depends on Hhread Stafe .

o If Head s cancellation elisobled; cancellation: ivemuins Pena'm\fj
Ukl Horead enables it

o Defaulk type 15 deferred

— Cantellation only  occure when Hhread veaches cancellation point
—. Phiraad -testcancel ()
_ Yhen cleanup handler (s invoked.

\

o Thread Cancellakion is hanclled Hwvough Sgmals - Linvx.

o, Thread Local Storage CTLS): each tead have sks oun (optjof» ks
L\) usebal owhen you do not aave control over +aread  Crealion
( ex. when using thread pool)
2) Dillerent From local variables — TLS visible ocross Func - iovocations
‘ kocal ariables “Uisible anly during
Single Func wvo athion
2) Similar to Static datar CTLS s unigue fe eadr Yread)
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( Scheduler  activabion )
o an interminate data Struckure be bueen’ tser  ancl kernal - Heads
i el used ( Jightueight process ( LWPY) kot M:M and Huo—/el/ei Mode/;%
communicakion to' maintain the eppropriate  numper of kernal Mreads - elloca ecl o the
c(pp)ica)')oh i § 4+~ user Yhread
— it Appers ko be virkidl process on
Which process @n Sthedule aser Hhreak to vun. LWP -
+ Each B LWP 15 attached - ko Kernal thrend R

o Scheduler achvations Prol/)de apccd/sl
L Upcadls s a Communicadion mechanism From 4he kemal o the. upcal

harcler 17 +he Head library,
— it allows an application fo paintan e Qomeck pumber kemal Hreads

o Windows Hhreads
L ) implements e L maping kerndl level
2) Each Yvead contains: _ Hhead id

_ Register set
Context of the Hyexd F[ _ Seperate user and kemd| Shack
_ Private datg shrage arect USed by
yun-Hme and dynamic lnk livories

S ———————E

o Primary data Shractures in Windows Hweads nclud:
Ll) ETHREAD Cexecubive thread block)incedes=pina=towmme
2) KTHREAD Ckerna) Pvead Bleck)
3) TEB (Hhread onviramment block) — bhred id, User-mode Shack ,TLS

n_user Jpace.
Scloeda//}g ondl Synchronizatbion tnfo, kemal -made skack , pointer toTER
In keviel Space
s Includes pinter to process  fo which Hread belongs to KTHREAD
In kernal Space.

- : |
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o Linux +threads (or Fasks)
L> Clone (). * For . - Hnread -« Credtion A
Ly oallws a0 sk Yo ghowve bhe oddvess  Space of
the parent kask Cprocess )

o CLONE~  F3: Ble-Ys information 5 Shared|

: 3 M hes sume meimoryy- Space owe Shared < -
SIGHAND:  Signal handlers are Sireq]
TNES:  Set of open Piles s Shareq

o Shuct task_struct ponks to  process data Struckures Chared or Unioe)

L Tl e
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