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o Process Creakion 1 heaug uuetgh\ whle -H«)redd Crea}on 15 llghP we:ghf
o \areads Can J)mpl FH Code. Omd nerease epfroenud

s Examples Por tusks Can be  implemenked by Sepamfe Hreads
Update d:spla,g Fetch data; pel. checking , Answer a network \/ey«uesk

®

o Cliont Orequest . Server {2 thread (2) Creale hew Yiread to service Ahe reqyesl‘
CAgyncharonous ' i3y vesume. |btening for addikonal Client vequests

% nchronous '“'\Y‘ead@ e pc{renF wcul:s ﬂov “\e Forked Ch\dim\'o c\msh
L, loks of data J‘hanrg between Lhiads gt |
ex: merge Sort I - '

o Asynchronous Hhreading - the. parend: does vot cwait, all run. Comcunently
L lots of dapl.'cahon 0 data,but no @mmunication.

o, Threading benelitsi : |
Z_; ) Respansiveness : allow Cotinved execution of park of process 1s blocked

2) Resource Shawingy €0sier Han Shaved MRMOrY OF MRSSAGR. Passing
2) Ecomcsww6 ) Cheaper o ProCess Cyeakion

) threce Switching  lower overhead  Hhan Con*ex‘r wikdn
) Scalabiliby: yun Hreads on different Cores ,w porallel

o Parallelism : a Sys}em can pertorm imore #xw ane kzs% &vmd}ancous)y
not pas);b/e an S)nﬂ)e core ' TR

o Concurrenc éu,ﬂ/aar} more o one task ‘makiry progress
Z—> ngleCore —> Scheduler P’Wldmg Qncurrency
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o Lypes of Paalledism.
Z_,U dda Pavallelisny: dishibules Subsets oF tne Some  dotg
acvoss multple Cores with fawe QPevakion on ead,
2) Task 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 Hardwm/@%
0 Hqufore progmmmmg Cha”engﬁs 1) Task identticayion (which par} to e /’am/lel/(mcuw
2) Balance C equally valued fasts)
2) Date 57 IHin
1D Data (Sepenéencg
alnhe ) TﬁS\'\Y\S and debugginey

fCode)th;pi\es } Cotle, date, Pies |, u)
Lregis%ers, Stack / vegished req ishn| recjsters
Shack | sk | stack
=) f
SO
Single~ Hhread multi thread
Jorocess Process

\
o Amdah)s law : 5peed up s ) S 3ol porkion )N:;mxessinﬂ (vres
N .

0,05 N3 ; Speedtip iy L
Z_; Serial portion - has. dis pyqoarhondfe Bﬁfad “on #ye per}-’ormancg

o User Hareads + et nogpment hie bj dser— level ’d/veadshgmf
J_) like P‘f'hreads m  POSIX ;WmeLUS H"’eaC{S JOH/C( Hhreads

o Kernad Bavends: SU.PPOYl‘ed bd +the kernd]
,_> Weated as Virtual processor




Napping  user Hireads to kema) Hareads
l—» Mon%-’fe—@he_ , One-to-One Hahg“ro’ﬂomﬂ

o]

Momﬁ- Yo- One - W\Okv\\s USQI—’BVeI ”wma/s mapped }0 J’mgle Lemot, ‘Hwead

L‘)O)’)e ‘H*)reac/ b/OC£'\n8 couses all o block
'AYquH;ple drreads may ot run in porallel  because  only one may
2be n Mne kerna) at o hime (in wuticore  Sysrem) >
Like  Soloris Gireen ; GINV Portable  Hareads.
o One Yo One. Eeach User-leve! ¥nread maps o kernal Hhread

Ln Cr@hnﬁ a - UsSer tread Cfeafes a kemal -Qwead

2) More Concurrency Aaan - yrony Fo One
3) 3 of threads /process  Sometimes restricted  due b over heacl”
Like Windows 5 Linux, Solaris Q and \ater:” } brovdl” @

© Namé to Nan%: VHang Llser#'.)reads md/p€d {—amang kerndl Hwéads

L Alows +he OS Yo creake Sulficient # of Kemal Hhreacls
Like: Windows - with the ThreadFiber package , Solcuis prior to version 9

o Two-le@d Mmoe) « i allows 6 ter hread Yo be Dound Yo kerndl Havedd
Like IRIX, HP-UK, Tvubll ONIX , Sdowis @ and et eculier

o Thread library: PVovids Programmer with AP R Cveahngs/nwndﬁ'mj );hread&
Loy Implementeding way: 1y Library enkiely wm Usor Spoice
2 Kerml-level Ltlyary SuﬁerGCI bj e 05

o Phhreacl : provided eiher as user or kernol \eve)\ - | ¢ ‘SYmhvvn%wb
L) POSIX Standard APICIEEE (0034c) Mnmnd an W) ke Horead creabion and
s a Specificaton for Hvead behaior  rat impementation



s Jova threod + manogged bey Hhe VM
'-» Moy be Created by: 1) Extending -Hhread Class
2) mplement the runnable interface

o Frogram Correchness more dhfFicult cwith exp\iciir nvecals
L whj mplcit o Do ol
. %rﬂqc//hj? :
o Creation and manaﬂemen}’ of Hhveads - done. b’j Compilers and - vun-time
Libraries vather Han  programmers , Tais 15 nameol gas mplicit %V@Ld'hg

s three methads on )mp/id‘r 'H'veaa\mj <) Thread Pecl
etk Lnecrgd - 2~ OpenNP- A e
« -3 Gimnd - Cenhetl Dispakch
Other method inclucle Microsobt Threading Buitling Block €TBB) Java. Ukil.concurvent pockage
o Thread Pool: Creste number of Hhreads in g pool whereﬁveﬂ aueut Work
adt/an)—asy%f ) foster to Seme a request wih an exishng
Fhread Han . Create a new one
2) Numbers of threads in 4he applicdhion  one
bowd 1 +he Site of the Pool.
3) Separdting tosk fo be performed  Srom  mechanics
of OEJLHVU tusk @lllows o LRevent S%mfegfé; for mnmn%
M psk (B o tosk Scheduled fo mnﬂef.‘ao/fccdlj)

o OpenMP . Set  Compiler diveckves ard AR For C,C++, FORTRAN
) provide. Support for  Paralld - progpomming 10 Shaved - memory. envienments
2) Identities parnilel vegjions-blocks  of @de k- Can vun m parelkel.
[# progma. . OMp /Jardlleﬂcrgﬂes' as: mang Hescls are there ere. Processivg

o Girond  Centrdl di&fakh . Pede Yech For May 0% L and 109 i
Extenions of C, APL ran-tme library that allws devekpers to erbiby Secrions
of codes Yo vun in parsllel ( OpenHP) -

e




_ Chapler 4. cont...

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

Z_> are  Scheduled b3 being Placed n dis/)ak:h queue.
,when ks Yemoved From dhe queue, s oas;cov\ec{ bo avouloble
Peed From e daread Pool 1

- dispa’rch dUeue
,___—v ) Serial (‘F\YD\, each process has its own serial Queue,
Xnown 05 (main cLaeue) & e

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

> Sinals 1 UNIX are used fo notify a process thak o parkiculor event
hos occured. <AL ,
Suynal howndler 15 used o Process Sgrals
Z-—» Siqpnetls.are - 13 Gereraled by parficulor - event
2) delverd ko @ Process pal -
2 handidd by ore of fw &gm/ handlers Coebpult, User-defined

o Every Signal s default handler sl by the kemdl
can be override by user-defined Signal handler
_ For " &g Singlle~threac Sgnotk gleliverecl ko process.

o Yor mulkithreaded  processes.:
1) SmjnaJs e delivered Yo Yae Yrvead 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.



o thread fo be  conceled 15 Farget thread
o Asynchronous Cancellation: +he targeh o Temiviated “immediately

o Deberred * Cancellation: allows the farget to Check  periodically
f i+ Should be concelled
Dhhvend_ Create (%t 0, worker, N | phvead —cancel (i)
Pl’hread_t tid ; J

o Hreac cancellahon vequests cancellottion
L> achual - cancellation depends on Hhread State.

o If therd s cancellabion eisabled; cancellation ivemains Penclny
Unkil Horead endbles it

obeFaMF }ype (5 defermof.

— 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 Coftjo[’» 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)



( Scheduler  activabion )
o an Interminate data Struchure beo }'ween tiser and kemcd J—Weads
i reginagd US€d Clighturight process (Lw) an- both H:M and %m%wiedmo;/e%
Commun caPon i’o maintain He eppropriate  humper OF kwv\a\ Wreads ellloca o The
C(ID,D’ICCI)'IOVI ? +— User Yhread
— it Appers ko be virkidl process on :
Which process @n Sthedule aser Hhreak to vun. LW}z
+ Bach B LWP 15 atthached ko Kernal thed < kernall ¥hrend

o Scheduler achvations Prol/)de ap(cd/sl

L Upcadls s a Communicadion mechanism From 4he kemal o the. upcal
hanc//er n Hhe H'maLO’ /:lorar
it allows an application fo /m/n}'aln lhe oweck pumber kemal Hreads

o . Windows “Fhreads
L D implements e LI mapping kerndl level
2) Fach Ywead contains: _ Hhead d

3 Reg;sl'er et
Context of the Hyexd F[ _ Seperate user and kemd| Shack
_ Private datg shrage arect USed by
yun-Hme and dynamic lnk livories

o Primary data Shractures in Windows Hweads nclud:
L 13 ETHREMD Cexecubie. Hhead blockimd=sisscissm
2) KTHREAD Ckerna) Pvead Bleck)
3) TEB (thread eviramment block) - hread id, dser-mode Shack ,TLS

n_user Jpace.
Scloeda//}g ondl Synchronizatbion tnfo, kemal -made skack , pointer toTER
In keviel Space
s Includes pointer to process  to cwhich thread belongs o KTHREAD
In kernal Space.




o Linux +threads (or tasks)
L> Clone (). * For . - Hnread -« Credtion A
Ly oallws @ i usk Yo gnowe he oddvess Space of
the parent kask Cprocess )

o CLONE~  FY: Rle-Sys infaormation (s Shared]

UM: e Sume memory- Space oe Shared <« -
SIGHAND:  Signal handlers are. Shoreq]
TNES: et of open files 15 Shared

o Shuct task_struct points to  process data Shuctures Csharel or Ui



