_ Chapter 5

o Maximums CPU thlizakion Obfa:n@d w:Fh mulhprogrammng
\/o brust cycle -
o, CPUTprocess etecution consists oﬁ a Ctdde of Cl execuhon el 110wt
L CPU barst  Followed by O burst ’

o Shork 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 readxi Shate .
2) . Switchesy From watiting) o read%
1) Terwmindred

o In | and 4 +he process Stopped by Yaer own [nonpreemtive)|
while in +he rest, it was forced to S}OP(hme Slice ended, need new,

huh priarity 8tede veady)- preempt lpuer pn‘orihﬁ ove ond C’a/kd!p/eemﬁive

o Dispatcher : gives Control of the CPU 1o the process J’elec‘red bnd Hhe
hor k- ferm  Scheduler
L ). Swikching Context [ Store old PCB, reload new PCP)]
2) Switching Yo user mode
3 Jumpingy lo ¥re Droper locakion wn ’rhe USRC Program +o
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
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o CPU time: Fime Process needs Prom the CRU to Finigh

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

o Wk time: Lime the process Spends eufSide He CPU CMO +Ready)

o Start fime: time dhe process. enfered f?adﬁ queue.

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

o TurnAround (TA)time.: Fimsh hime - Stark time

o WAt (W) time : TA - Total time

o, Scheduling Criteria el ced o sWeug”
1) CPU- Uhlization - kegp the CPU Busy as fossible = CPUwork time

Maxos i i | CPU work-ime x CP' it bime
2) Throughput: 4 of processes 4k complete Hheir execubion. er! Hme it
Max ! Per racess , Lol !
3) Turnaround Hme: amount of Hime Yo execure a-particular process
Min Qv i
| ) king time: omount of five @ process fos ben wniting e eady
ORI O X (i L haqaut Hee

5) Kesponse. Fime: amaunt of Fime it Iakes From cuhen o reguest was
Min Submitted ontil e Pirst response. 1s. produced. not agkpt
( por J//‘me-Shar}rg envivonment)

o First-come, Girst-Served (FCES) Sd/)eduiéhq i
Process | Burst Time| Arrbime | buate] Tnish | TA ) WTACwated Tuharradnd.)

P 2l o 24 | 94\ .9y \ L TA | Duration
Py 320 e o robir sk | ok 7| B4 f Ao
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consider one. CPy- baund - anol many \o-bound - processe’s
o @wgﬁ&h Short process behind loncy process
6 S)')OY‘)'&S?" JOb Firb\‘ ( SJF) Sdf)gdu{mg.(non_ preemht/&)
L,:) associate  with each process he  length of e its next CPU burst.
2) 1S Ophmaj - Yives minimum overage Mwa[h‘na time For o Gven
et of  processes :
2) has o a’,‘/}'w/‘ly i knoiving he. length of Hhe next CPU Veguejlr.
(could ask e user) € |
o eShorfest remaining time Pirst <_PreQV)’)’h\/Q version o¥ 00

o, Fitrity. - Scheduling . a prioriky number 5 associated with each_ Process.
Ly Hhe CPU s allocad. o the. process b Hhe. bighet ity
( Preemtive or nonpreemtive. ) P 4 SOHD W0 i) ead 1
o SSNE 15 Pr\‘or'.’rgj Sc\nedu\ing awhere pﬁ@f\’rg s Fhe wnverse of- pye_d?cjfed
wext CPU brusk Hime- ‘ ' '
o Has o problem (Skarvahion) - low priority prcesses may rever execure
G a Solation ( Aging)— as Hime progyesses increas: e priority. of. the
Process. -_ :
s Defermine fen%-}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 ‘done by wing the: length of Hhe previous CPY purst, usiny
) tn- ackual length of n* CPU burst.
2) L a1 Predicted ialie for the next CPU ourst.
3) A, 0<d&\ / Commonly & sekto Vo
U)ot b Gl L e

oIl -0, Recenk wh:s)‘org does not count. ,
(P o=y Only +he actuct! last Cpu burst counks
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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 geks a Small unik of CPU Hme
(hime Quantum ), abter this Lime  hews elapsed , the
process 1S preembed and adtled b the end o f the
Vfa.a/j uede.. [ +me usually Lo~ too'milisecand ]

o when haung n  processes i the veady queue, andHe Hime quonkim
15 9., 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:
L 1Pog s /arge_a\?\vo -
P g 15 Small 5 Overhead 15 high" 9. mus% be large wn% regpect
807> of CpU bursts Should be Shorfer than to. conkext Switch
o, Context Switch and hime Gquontum:
. Contex Switch =lms + time ciuaﬂﬁum =) o waske 5%
. Contex Switchz Ims & Hwre quantum =9 s wadske 107,
. Contex Switth =:Ims + Hime quankum -0 _, waske 17,
o RR 15 higher owerngge gurnaraind Hhun S, bt beter response (I\’O
o RR with Similor Processes: 4 of processes ewith dame. ratioof CPY and wwm}
Lde ree 0P MP = # of Proesses |
9 J‘hoakf be large Comparaﬂ fo ntext switch Hime . qe Lo, 100]m>, Confexri<iou
o Nulvilevel quese : » Ready Gueus 1S Parbitioned inte Sepontte queucs o
Ll Fareground (inferackive) 2) baclkjrow’ (battch)
F B
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_ Chaphey 5_ Cont#1
o, Process permonently i agien Gueue (F6t or BGI)
L(’ﬂfh queue has ks own Scheda}»ﬁ algoriny,
«F61 5y RR
BB 5 FCED
o, Scheduling musk e done  befween Jhe Quedes
B Tme Sice : each Quele opts a Gereun amount of CPU fime whicn it an
Shedule” amongs IS~ processes. - -

2) Fised priority:. Serve all From Mﬁmgmwd and then bockayound -
C possibliby of Starvation ] .
o pRovities from highest Yo \owest » ( Mulklevel queve Schedulinc J3
1) System  ProcesseS:
2) Inkerackive  Processes
3 Inferauchive ed({-/na processes
U)  beakch proesses
5) ylucbn)— processes X @\ \_\‘szﬂ

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

proy o Q
o Muli-level Peadbock quete Schedler ™|, . et
L 1) nymber of Queues ! o Q‘
;z)&hedahrg akyprithms for each queve = Q,
3) method vsed - fo clekermine. when fo - upgrade apeeess.
lymethod used o derermine when to. downgyracle @ process .
S)methed o determine - whith Quete ¢ process will enter
when Hhat process needs Sﬂ\/nm{m\haﬂxd Yoins “cohich Quiese |

o thread &heduh'r@ = cliskinction behueen User-leve! -ariel fernal- level Hhreacls.
L when Hhreadk Supported, Phresds Scheduled ndt processes.
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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
{
Rernal Hnveedls are Scheduled o onailalble CPU (System-@nfenitonSepe)
(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)
+ Vaiations _(nclding Processor Sets.

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]
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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 veal-Hme Sabae Systems: ho guclvan/'ee as to when Cr:hca!
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) dispolch \q&g“% Yime. bor Schedule Fotake | Carren process ofF
CPU ancl Switth to andher.

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 )
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o Processes aw Yiew Onooororics
L% perodfic nes  requre oy at constant in tervals.
G I Bas Qroessindy e ¢, deadliine o, el ac per

9. Rate of periodic Hask is P

od P ogtedep

o Rate Morofonic Scheduling: A priority: 1 ag‘jfgm Loged on e Inverse. .
/}LS /Def:‘od.
L Shortest Pericd —s Wether  priority

o Earliest oleadline First (EDF) ot "
L Yre evirlior e clesallme sFhe higher -Hhe. priority.

o, Proportional - Share Scheclulingy
L T Shares e cllocated among ol processes=m 4he System ‘
. an application . veceives N Shares where N&T , Yis ensures each

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

‘OY‘
procs l leng th/Bursk | Shove [ Process i
P L‘ 2 OG22 Y \/)(’- L{-\' b+ l6 -bX'_\/,l
| H : ”
P7- ] % L\ W 4 P AR TN

B e %

o Phread. | e i
D l/;THREAD_SQDPE _PROCESS  Schedlule. Hhreals viingf PCS Seheakdinsy
2) PTHREAD- SCOPE - YSTEM scheoltle Harends  Using 3CS
o OS-lnux  anal Mo 08 X oty allow namber @
can unde Goodl Scheduliy - adgorithm ebforks of - uesks. -
o \irtudllizabion! and Scheduling ' vir bualizakion SoPhwave  Schedules  multiple. gugsts
‘_?Ezch ques doing its oun sdrel - onkoCPU
) not-knowiney it deesnt . own the CPU

2) Can result in peor Fesponse time
3) Can  effect Hme_a/.dag Clocks, ongw}s.
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Ch5 - Process  $ynchronizakion

° mee&Sec can eyecute ConcurreV)HM. Wia :
« Concurrent acess Yo Shared dafa ey resulk in ctfa. nnsiStency .
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 bfj the  Comsumer

s Machine nghuction: Aromic & ‘canot be # m*emxﬁed
« CriYical &echon: Pfocessmaﬂ be Chanﬂ)vg Common VeriaBes MPC\CA\-‘\vg
Shared Yable ,wr;’rm& Shared Fle
=5 when @ process In o crificol Seckian, no other may) e W s
Cerical  Secmon. _ oY (23] kst
=rhe_ Part of e Fropyom(process Het i acesse oind charping Shared dakeig called Sted
¢ Crivcal Secfon Droclemz: \¢, Yo des\%n Profocals: Yo - Sole dhis / each
L, process musk: - ask Permission to enfer Créncd Secken n eniry Sechion.
--may Follow Crikical Section Wit exit Seckon
aT\nQv\ Pecform  the reminder Seckon.

o Pofersons  Solution,

» Soluron Yo Crifical Sechion' ProPlem: oo s ~ .
Ly« Hubuad Exclusen : i a process 1s execubing. in ks Critical -seckonno oter
- Progress Processes  vedt canbe. ereatnd nbei Ciihica)  gecFens
ProQyress. %aaeéé—%mﬂ!ﬁ ho. process (S eAecuting) in ifs Orficd - geckon and
their exist Pracesses Wl cuish o enter treiv crfial Sechion  then e
Sechon of A vert one vt be postponed 1Y mdﬁﬁmky
. Bounded waitiner a bourd -~ must: ensy ondhe number of Hmes: vt ¥ae othe
processes are alowed o enter Hheir Gikicol Seckons offer o process: uts
made. o fequet fo enter 1> Critical Sechion and tefoe Yok Tecluaﬁ@\\s
g
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+ Yest and & wshruckion
L. Executred a}ommﬂaﬂ Camol™ be Merfupf'ﬁc[ ]
. Retumns the orgjinal Udlue of Passed prameter
o St dhe Vew pased  porameter Fo True”

° CGmPO\Ye_ and- Swap \hSMQHon / int Compclfe-and I Swap[ el ,mh e)rfﬂd,
L, sEnecufed afomically (N Vew-Velie )
o Retums the ongival value | ~
- et e yariabe “lue’ bo Hoe value of PdSSecJ by Porameter
but only £ yalie == expedad (dhe. Sunp Frkes Place only undor
Yhis - condibion) i L o9 |

o Semaphore . Synchronization ool Hnck PfOVideo more. Gofhrsﬁcaied weys
(han mutex |ocks) For process to Sfpchronieg dheir ag activites
L only accessed yia Hwo indwisibe (afomic) - eperations
G wait() ancl sgred () L pCyond VO]

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

. f)imrj Semaphorc: Infeger Vatlue Can range Onlg befween 0 and |
L, Same as mutex luck 1A

» Deadlock: o or Mote Proceses are waitirg mdefin}ey for an eyent Hhat- can
be  caused by or)ly one.of the wedting Processes.

o Jorvatign —indefinike blocking & A process may nerer be removed Rt Lo
Semaphore. quede 1) which ik 15 Suspended.

« friority nuersien: Scheddling -problem When - |ower- ,Dn‘orky process holds -q

lock. Meeded bj hgher -.pn‘ori‘ry Process.
- Sdved pa prioritly= inhesitance  prokocs
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