- C"Iap}er 6 !

o Maximuns CPy uthlization obfa:ned w»Fh mu!hprogrammmg
\/o brust cycle -
o, CPUTprocess erecubion: consists oﬁ a Ctdde of CPU execuhon emnel 10wt
L CPu burst  Followed by O burst ’

o Short ferm Scheduler: Selects among e processes 1 the ready queve ,
and allocates +he CPUto One oF dhem

L Queue may be ordered

o CPU- Shedlulng decisions may taka a place when 01 process:
) Switches  From' ruming fo- waihing - state-
2y Switches from running to read\i Shate .
2) . Switchesy From watiting) o read%
1) Terminared

o In | and 4 +he process Stopped by Yaer own [nonpreemtive)|
twhile in +he rest, 1t was- forced o Stop(hime  Jice ended, need new,

hugh priority  State veady)- preempk lower priority ) ase and - caled [preemphive

o Dispatcher : gives Control of the CPU 1o the process d’elec’rcd bnd Hhe
Shor H- rerm - Scheduler
L ). Swikching Context [ Store old RCB, reload new PC_B]
2) Switching Yo user modk
3 Jumdingy to ¥ Proper \ocakion ’rhe USRr Drogram 4o
restort Yot Hrogyam [ defined by PC)

—y dispakth latency +ime it takes o the dlispatch  to 5fop one
Cover hecd) process and Skt another runing



o CPUtime: time process needs From the CRU fo Binigh

o 1I0 time: time a process heeds ko do all its 1O

o Wk fime: time Yhe process Spends oufsice the CPU (VO +Ready)

o Start fime : time the Process. enfered r?adﬁ queue.

o Finish time . time Yhe Process Oibs 4he System Cterminated )

o TumAround (TA)Hime.: Fimshh ¥ime - Start Tme

o Wait(W) time : TA - Tofa) time

0 Schedahng Criteria IS, LIRS TEL LI
1) CPU. Uhlization - keep the CPU Busy as fessible = CPUwark time

Maxosivig 13 CPU work-bime ¥ CPL L;}aa} Fime.
Q)Throughpu}': # of processes Pk complete +heir execubion per’ Hme_ unit
Max ! Per 2rocess DL A0
3) Turnaround Hme.: amoth' of time' fo execute a-particulor Process,
Min Do Tt el (F
1) eiting time: amount of fime @ process hus been witing. i the teady.
3 MR 0 LC _ud hegqt Yutecte.

5) Kesponse. Fime: amaunt of Fime it Iakes From cuhen o reguest was
Min Submitted ontil e Pirst response. (3. Produced. not agbpt
( por J//‘me-uShar}rg enyironment)

o First-come, Girst-Served (FCES) Sd/)eduiéhq i
Process | Burst Time| Av-bme (Duate] Twsh | TA H,UTALWai}ed 'Tumar(ouﬂdb

P 24 o 24| 24 | ou \ ls TA | Duration
Py 1 3.0 ot ooy i g | 1ok mq
Py . . Fig 38 | B0 tx30u0d 10




consider one. CPy- baund - anol many \o-bound - processe’s
o @_Wgﬁ&*r Short process behind loncy process
o  Shorkest Jab Firsk ( S)F) Schedulmg,(non_ preemlfive3
L!) associate  with each process he  length of e its next CPU burst.
2) 1S OpHmaJ - Yives minimum owerage Mwa[h‘ns time For a Yven
et of  processes 1) ol
3) has o O’I‘r‘fcu/[y in knowingy #he. length of +he nexk CPU request.
(could ask e user) s |
o &Shorfest remaining dime Pirst <_PreQV)’)’h\/Q yersion o¥ S0F)

o, Ariority. Scheduling: a prioriky number 13 associared with each - process.
! Z—> the CPU 15 allocated +o the [rocess with e highet Prioril‘ryl
( Preemtive or nonpreemtive. ) 4 90 0 K)ol 1
o 8IF \5 prioriky Scheduling ewhere priorihy s Yhe wverse of predicked
vext CPU brusk FHme. | ' :
o Has a problem (Starvakon)=low priority processes may mever execute
G a Solation ( Aging)— as Hime progyesses increas: e priority. of. the
process. -_ ; |
s Defermine leng-}h of next CPU burst.
L> How 4o dRtermine Shovkesk Job 7 Relsedt (known); Predlict
. Con only estimate e length=Should be Similar to-ne previats one-
Hren pick process with Shackest pridicted next CPU. brust.
> Can be Oore by using the lencith of +he previous CPU bursk, using
) tn- ackual length of n* CPU burst.
2) L a1 Predicted ialie for the next CPU ourst.
A7 ogae) i (‘ammonlg A sek ko V2
L’) _ \{ml" o by Cl AL i

oI of=0, Recent wh:s)‘o/g does not Count. _ A
(P o=y Only +he actuct! last Cpu burst counks




s Since hoth a and (1-o) are less Han or equal te1, each Sucessve
ferm has kss weight than its  predecessor.

6 Mono—pmgmmmmg (e process hod all CPy Fime) -
s Kound  Robin (RR): Each process oets a Small unit of CPU Fime
(hime Quankum ), abter His Lime  heis elapsea , the
process 1S preembed and adtled b the end o f the
Vf’a.Q/j uede.. [ +me usually Lo~ too'milisecand ]

o when haung n  processes i the veady queue, andHe Hime quonkim
159, each  process Oefs- Yn of the' CPU Hime in Chunks of at mest
U Hime unik akonce. Lo process weuks move $han (n-1)g34ime unit)

o Timer inferrupts every quantum to Schedute: rext  Process.
o Pertormance: V :
Z.».zﬁ Q is large — €1F0 ak 2 / .
P g is Small _s Overhesd s high" o must be large with respect
807> of CpU bursts Should be Shorfer than to. conkext Switch
o, Context Switch and hime Gquontum:
L . Contex Switch =Ims + time @uaﬂﬁum =) washke 5%
. Contex Switchz=Ims + Hme quavtum <9 5 wdske o7,
. Contex Switth =:Ims + Hime quankum -0 _, waske 17,
o RR 15 higher owerngge gurnaraind Hhun S, bt beter response (I\’O
o RR with Similar Processes: 4 of processes ewith dame. vatioof CPY and Waik bing
Z_} degree 0P MP = % of proesses | =
9 Shodl]  be lorge Compared fo wntext switch time . g€ [10,\001m'>,chla’f<la;&
o Nulvilevel quese : » Ready Gueus 1S Parbitioned inte Sepontte queucs s
L) Fa’eground(m/'a”cwhw) 2) ba.clkjrow’ (battch)
F B




- Chapley 5. Cont 31
o, Process permanehtly i agien quieue (F6t or BG)
L(’ﬂCh queue  has its own SChQJMJMﬁ afgorimunm
61 .y RR
BB 5 FCED
o Scheduling must e done. between the Quiedes
D Time Sice * each Guede opks q Corkin ampink of CpU.+ime - which it @n
Shedule” amongs s pmcg§5ag, : -

2) Fiked priority: Serve all* from btk Paregreund and. Hhen beckepound
C possibliby of Starvation ] .
o pRovities from highest Yo \owest ( Mulklevel queve Schedulinc J3
1) System  Processes:
2) Inkerackive  Processes
3 Inferauchive edi{-/nﬂ processes
U)  beakch proesses
5) ylucbn)— prOCQSSQS X @\ q@

oA process (an move between 4he Various Queus , agjlnfj Can be iquIemeﬂféd s ey

M’“o‘r*t : ——’—ﬁ antim=b Qo
o, Mulki-leve) Feed back quevte Scheddler {470 P ‘.W ke
L 1) humber of Quedes sl Ql
2)Schedahrg akyprithms for each queve = Q,
3) method used o determine. when fo-upgrade apecess. T
lymetnod (sed Fo determine when o downeyacle o process .
S)methed o determine - whith Quete ¢ process will enter
when Hhat process needs Sew.cdm\hcd\ﬂ Yoins “cohich Quiese |

o thread Scheduh'r@ = cliskinction be}ween User-leve! -ariel fernal- level Hhreacls.
L when Hhreadk Supported, Phresds Scheduled ndt processes.



o In Many-to- ane and Hang-’ro-Hcmg maclels  #hreac library - Schechiles
ustlodUser Hhreads to vun on  LwP. o gflobx ~
Process — contention Scope. CPCS) - Stheduling Compdttion ls ihin e Process
+ done via_ prioriky ek by Proyramer ' e
i
Rernal Mrvecols, ave Scheduled wto awanloble CPU(C S\/Skem-cbnl'enf}vn.&ope)
(SCSY: compekikion among| Ol frreads e Sysiem.
+ Povend Schecdulingy: AP\ allawss Specifying S or SCS dlring brend Creahion . (56923 206 o )
CpPU Scheduliny more. . complex ewhen wullfiple CPUS ave owdilble |
L.Hamogeneous Processors. C ey all are the  Samme Douithina. mulkipocesor
- Asymmetric: multiprocessor ¢ only. one. procesSor ACES5ES: hhe System -claky
Shucture , dlleraling the need for dater Shaving.
o Symmebric. wullkiprocessar (SMPY each processor 1S Self - schedulin,
(”camnHﬁ mest common) — all Processes  nCammon rcadtj quene ; or eadh
has its awn private Queue OF veadly Processes.

0

o processor affinity « pracess has offinity For processor on whndh it s
o Currently runningy. , , -
. Sobt abfiniky . Prefers bo awrk on acerkn prcess i ayulable )
. Yord QY-‘}‘m‘\hs, Cwork on acertuin._process only)
+ Variations incluclng processor Seks.

o, Loacl Baloncing: . piulfiple ~ Processor Scheduding
[_) SMP peed o~ ¥eep all. CPUs loaded for etficiency . -
) Load balancirg + afteripls “fo keep. workload *evenly Olskributed
2 Push - migration: Periodic. task checks load on each processor , and
i found pushes task  from over loacelCPy to other CPUs.
3> Pull weyion: (e processor pull ewaiting basks From bug

Proce ssor

[(oa]c/ be for both SMP oimd AHP]




GMUIhCOYES\gK.w }o veplace md{hplg Processors (res on Same P hvycdl S%P,

:{)\S fosker and Consums powe V\QSS,ma& Hon Yo hot\}mg mulkiple Yhreaol
per (ore. Jrowmsy.
» fakes adhantage of pomory Stall mike prgress on aather ﬂwad while. memary rehieve huypess
Real-time CPU- Schedluling
[__, D Soft veul-tHme Sabe Systems: ho 9uc4yan/—ee as fo when Cnhca!
veal-time process will be Scheduled: (ex: Video, SP&’—C"?3

2) Nard ‘reok\—\\mg SNShemns « Lask rrw# be Serviced by its olecllire.
ex( power witth, Car bréaking)

s, lafencies Mok olfect perbormance. 1 7 :
\L> W) varerrugy \avencwy: bime fam auriied of m)'e/rupf bo Sfarf' @F Vodf’ne thaf
Services Wnfewupk.
2) disporchh \Q\ev\c\& Hme. Por Schedule fotake ' Curren process ofF
CPu ancl Switch to andther.

o Confict phose of clispatch \avencwy
L, 0 preemption of any. process. riming on kernal macle,
2) Release by low-priority process oF vesounces  needec by high- priority
Processes. mferrupf

' : ¢ de’rermme
event & respnse inferwt] v vesponse of eent l%ﬁkt; d mrewi

Csm‘rex\'
intenpt | Process ke Swikch
Pfocesjmfj GA/CUUHQ : 'V

L dlispatth lafeny - 3“
e Conflict: (nferupt-
Al laf’encg
Fwo Ved/ iy
Fime. erents OF
e Sume Fime.
0 Pnor/%y based Seheduling ! for real4ime , Scheddler mugk $qpfon‘ ﬂfeey)phvg_,
( Priority-based Schedulingy,

only Guarantees §ofk veal-hme o Yuairnfee for in
o for Inard veal-time wush provide byt meek dencllires. - Fwme twork )




o Processes aw Yiew Onooororics
L% pericolic. ones reguie. CRU ab constant intervals.
G\ B grocessing ke it deatling ¢, encl o per
9. Rate of periodic Hask is P

m} P o\d‘téd éP

o Rate Morofonic Scheduling: A priority: 1 dﬁfgned Loged on e Inverse. .
}. ’}LS Pef/‘od.
> Yhortest Pericdd — \f\‘\cﬁher prionty

o Earliest oleadline First (EDF) < cnv 2o
|, the eirlier e dleadllme ;e higher Hhe priority.

o, Proportional - have Scheclulingy
L.T Shaves are allocated among oll processes = m 4he System ‘
. an applichion. receives N Shores where NET , His ensures each

aippheahion will vecgive . NIT ok ¥he Yoral Pwss processor: hme.

¥
s | lorgh/Burst | Shove [process T-13
P Ll | g Y Tt e A \/)('- b+ B+l16 -173('_\/2
Al T R

CBIe %

) PTHREAD_SCOFE _PROCESS  Scheolde Hhrendls tiiingg PCS Scheakdins
2) PTHREAD- SCOPE - YSTEM scheoltle Harends  Using 3CS
o 0S-lnuk anal Mo 08 X only allow hamber @
can unde ool Scheduliy agoribm effarks of - uests. -
o\j‘ﬂuodiza}fon- and Scheduling + Vir hualisgakion Sofhwave Schedules malhp}e_ gm}s
. Each ques- doing its oun sl onte CPUs
) not-knowiney it deesnt . own the CPU

2) Can result in peor Fesponse time
3) Can  effect Hme.a/.dag Clocks, ongueab.



Ch5  Process  §ynchronizakion

o Processec can efecule Concurrenﬂg. Wia :
+ Concurrent  acess Yo Shared data may resulk in cfy nensistency.
o Seluvion Fovr e Consumer- producey  probem Yhat Pilis a Luffer-

L nihaly ) Caunter (0 pid 2
2. st ‘o& Yhe Pmc/mr
v M bU the  Comsumer

s Machine nghuction: Aromic & ‘canot be # m*eﬂu\?}‘id
« Critical Seckon: Process may be Changing (ommory voria Bes uPc\d\rivg
Shared Yable ,wr&m& Shared Fle
=5 when @ process In o crificol Seckian, no other may) e W s
Qerical - Secon. , _ oY (23wl xsdiice
=rhe_ Part of e Fropyom(process Het i acesse oind charping Shared dakeig called Sted
¢ Crivcal Secfon Droclemz: \¢, Yo desn%n Profocals: Yo - Sole dhis / each
{4, Process must: « dsk Permission Yo enfer Qréncod Seckion i en)r& Sechon.
--may Follow Crikical Section Wit exit Seckon
aT\nQv\ Pecform  the reminder Seckon.

o Pofersons  Solution,

» Dolukon Yo Crifical Sechon PmbPems NON ~ :
Ly« Hubuad Exclusen : i a process 1s execubing. in ks Critical -seckonno oter
- Progress Processes  vedt canbe. ereatnd nbei Ciihica)  gecFens
ProQyress. %aaedé—wﬁﬁqglﬁ ho. process (S eAecuting) in ifs Orficd - geckon and
their exist Pracesses Wl cuish o enter treiv crfial Sechion  then e
Sechon o e et one ot be. postponed 1 indefinitely
. Bounded waitingy a bourd - musk exss on e vimber of himes T 4 otne
processes are alowed o enter Hheir Gikicol Seckons offer o process: uts
made. o fequet fo enter 1> Critical Sechion and tefoe Yok Tequa'ic\\s
ojan



+ Yest and & wshruckion
L. Executred a}ommﬂaﬂ Camol™ be Mer/upf'ﬁc[ ]
o Refurng Yhe ong\ml yedue 0£ [%Sed W,amefer
o St dhe Vew pased  porameter Fo True”

o Gompove._ and- Swap s hvuckon /int compoire—and - Swap (in vl 0k expct)
L, sEnecuted afomically (0 Vew-value)
o Retums the orgival valie - ~
- et e yariabe “lue’ bo Hoe value of /)dSSecJ by Porameter
but only £ yalie == expedad (dhe. Sunp Frkes Place only undor
Yo condibion) ¥ con |

o Semaphore . Synchronization ool Hnck PfOVideo more. Gofhrsﬁfaizd ways
(han mutex |ecks) For process to Sfpchronieg dheir ag activites
L only accessed yia Hwo indisibe (afomic) gperations
G wait() ancl sgred () L pCyond VO]

. Coanhna Gemaphore integer Walue Can. range. over an. unfestricted domain

. \Bim;'j Semaphorc: m;‘gger Value Can range onlg befween 0 and |
L, Same as mutex luck 1A

» Deadlock: o or Mote Proceses are u/ajhg_mdefin}ey for an eyent that can
be caused by only aneof the waiting processes.

o Jorvatign —indefinike blocking & A process may nerer be removed Rt Lo
semaphore guede vy which k15 Jisperded.

« friority nuersien: Schedalma ‘Problem When |ower- Pn‘orky process holds -q
lock. eeded bj hgher-.pn‘ori’ry Process.
- Sdved pa prioritly= inhesitance  prokocs



