
Reconciling Real-Time and ··fair·· Scheduling 

TRSS-021 

.\T.w 1 !JSS 

Dill 0 . G<tlluwi,:er 

The Umversity of Nonh Carol1na at Chapel Hill 
Oepanment of Computer Sc1ence 
CB#3175, S1tterson Hall 
Chapel Hill. NC 27599-3175 



U!\C is a.n Equal Opportunity/ Affirmauve Acuou [nsutution 



Reconciling Real-Time and ''Fair" Scheduling 

Boll 0 . CallmeLSier 

Cl3 # 31 iS, Department of Computer Science 1 

Universi~y of North Carolina 
Chapel llill, NC 27599·3175 

~lay 6. 1988 

1Thio Research wu•upported by Office of N•val Reoeatcb Contract .SD001"'"~6-K..0680 



Motivation 

M ultiprogr~mnung operA I'"!\ •)'~t.,Jl!l which •upport both r-AI·tlllle ancl non-rr:.l-tuno pf(> 
r.t'S8t·~ Arr railed "•ofi-real-tun~· syst~nlS In such IYII.emtl, proct"M scheduling lA prohlrmnttc, 
l~rrtiiiR• thr.- '" "two quoiltotn•rlv dilf.rrnt tla.-.. ... s of procr"""• r.-q111nng echeduhn)! If the 
ll<'h•••lulinJ! l\lgorithm '"dt'*tgnt'<l to favor one dass of proc'""""· 1t wtll prob3bly not tm•t thr 
Oth'< dMO Of proc.-t f•~rly for inotance, pnonty.t.-d &eh..Jultro Me coo•idrr•'tl fair 10 

unn-rrAI-tirn• proc~. but ( .. At! to unr<hable r<al·lllll" ayaterM{3,2j Conv<,....ly, ol•IVtlml'­
bavd -.chrdul<nt suflicr 1o run rral·llm<> procesao1 but will oLAr•• non-r~-ume proc.,.<t. 
wluch have no del\dhne 

Thr common concepCion 1• t.hM rt'al .. t1me respon$•,·ene• 3nd fou muluprogrsrnnun~ 1\ff't 

mutually exclusive. I hold thftl th•• conc<pt i.s wron~~:. because our concept of ·fa~rntl!S" ~~ 
Wr<lllg. I propose a un1fyiug modtl of proc~ under whtch ~lied "real-tune" and •non 
ccnl·\mte" prCX:tsS('J; nrr rnerely dtfferrnl rnslaoces of t he ssme I!Ort of object, wnh dtffN~nt 
ntl.nbuto values. Under thts untfytng 8<:beme. all pro.:..se• car• b~ tr<at«< fairly wl11lo still 
prt'Ht'rvmg re&J-ume responsa,·eness. 

'Who Nee<h It? Some •pphrauons do not rtquue such a untfi,.j modd of proce..<'o for 
mstanc~. bard-rea.l-tunr task< t""ks which must m~t n&td ume constraint.> typie~lly 
are not concerotd with the fatr tr•atDYnt or proc..-, beca~ the pr~ are carofully 
S<hrdu ltd, as a whole. to mtet tht overall time constrtunu of the Sy5tem. f'auness IS not of 
concern be(ause tbe subproc- rnalung up the task. are nor compeung for the processor; 
in~trad, they are cooperattng. To treat one pall of tha.t entity "fauly". at the expense of the 
rest of th• entity, would moke no ""se On the other band, in soft-real-time systerM, wht.­
rtal-Lime and non-real-lim<' taek• compete for the prOC<!$$0r both fairness and responstventss 
n.rf' of concern_ ln these ma.cbmes, ti~on.stramed tasks must run along with non .... time­
co!Uitrained tasks 



Syste ms and Schedulers 

In lluo s~tion, t wo dilforrul 110rto of muh1programm.-d •Y•"nu real-ume Md nM "·" 
tun< 8Y81rnlll - ~re diO<ubll<'d fron1 lht <lAnd point of tholr echl'<lulcl'$ Due to thlfcrr.nc,.. in 
objt·~ livt•o, lhe Hehcdu lero for «Ill-lime •ratems •~" complctdy U11fercn1 from th• 'l<'ill'dniN• 
rnr nuu-rrl\I·Limc ayst.t-rnt'; thrrf'in II,.. the tonftkl be\wt'tn (ztirnt'M sn,l tt:a1·liH1C 

1.1 Criteria for Judging Scheduling Algorithms 

Th.rr are !l\lUlY dtfferenlt<hcduhns ~Jgontbms to Intel IMO) different requircmenl.e or the 
•Y•I..rn 1.-1ng bu•ll Cntcua for telect.ng a scheduling lllgomhm 1ndude 

• gunrttnt.ted response Ltmo 

• b(·havtor under ov-e-ri(WI.d 

• Cttirness 

Cu&ranteeing response Hmc mtans that the scheduhng algonthm .\SSUIU that a process 
can be run within some specified ume a!t.er it comes ready (the process deadline) ThLS 
chMru:teristic is necessary for a scheduhng algorithm which can ~upporl real-ume systems 

Oehnvior under overload rcfcr~ to the algorithm's performance when the processor 15 

overlo...Ued - that is, too much to do in too short a tUJJe :--:ouce that tlus cntenon LS only 
import.n.nt. in the case or real4i~ ~yst.ems, as wetl- non-rtal-tltne' schedulers have no concept. 
or deadlines, and SO the Idea Of "overload" makes DO 5eDSe lD that COnteXt. 

fairness is the most w•dely-exanuned qual1ty of non-roal-time schedulfrs. -FairoC$8" IS 

usually taken to mean that "aU pr<Kesses are treated the same, and no process can suffer 
indefimle postponement"[!]. A• stated above real- ume schedulers are not usually concerned 
w1tb being fair. 

2 
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1.2 Non-Real-Time Systems 

When ~ multiprogrammmg system hu no obligation to meet real-time cons trawls, fl\irness 
bfCOm!'S the primary CtiVrion for judging the qu&lity af the scheduler If the scb.,.lul•r ""'\.$ 
ev~ry pro<:ess equally. and aasur"" thM "''tl') process will nm .-.ntually, then that sch.dulor 
10 called a /a.r uhc4ultr 

Central to Lhe notion offa.ir-nes.s \llht 1dra thlll proces.sea ar~ compchng for tbe comput1ng 
r~!l<>urce As wr w1ll "''" below. there orr ~Y~t-.ns where procr!lllffl do not compotP for the 
proccMOr, but insttMI rooporMc using otlllically-detomunro rul.-. Such systerm ""' not of 
couct>rn to U9 now 

Priority-Duoo Sclu.Uul~>n. Thr predorrun.utt wa~ of pro.tucm,; a fau t~Ch.dulrr ,. to 
o.tt.n<h pnoritied tu~d quant~ to f'JJ.Cb proc ..... . Process-a, ar.- run tn order of tug}u•t~t praortty 
firM, and giv("n thr prOCI"'S&Or for an o.mouut of dme not f"Xtc.-t"tfing tbei r qun.nln IJf\sMJ 
" " prOMS$ perfonnnnro (1/0- vs C J'll-boundcdn,..), both PtiOtltY nnd <ruMIIII II r1111 br 
11dju<t.cd dyn"m'c"IIY 

Note thM rVrll Ulldrr pnouty-bM«< o<hemH It can ~ arsu..U that the ..:hrouhn,; ~lgo­
rathm is not f1ur. amct- ha&htr pnont~· prO<~ art" ruD toOnf"r th~n \owa-puouty protr<SSI'S. 
rhl• example pouu.o out the tnor In thr ·lefinttion of 'iau· a 6ur sch«<uler d.,.. not trel\1 

t•vc-ry process •dtnllcally lntt.ea.d, a fau arhtdule.r only framtnu f'ACh process uJtnt.tcnlly, 
111<l chooses wluch proc<l!ll to run b) drc1d..tly unum m•ao• 

\'Vh y Do We Uoo II.D Unfair Scheduler? In [a.ct, some t)otems actu&lly do •chrdul~ 
111! proeesses idenucally· P roeesses are placed on a queue in oomoe random order and •..:h 
proct'SS IS taken off the queue. run for a quantum. and re~rtro ~t the end of tbt queue. 
Th1s scheduler IS fait and 1s also simple to 1mple.mnt and understand. Thes<> are powerful 
adv~nt~ges. Bowe\'er, LrtMtng all proc~ ulrntieally ts not "the r1ght thing" to do in IO(Ijjt 

multiprogrammed sy•tems, beause certain processes arc more important tbBJJ others F'or 
in~t,ancc, in a typical UNIX1 system, tht •update" process, "·hich ellllures that Al•systems 
rernn.in consistent, is more important than fnOiit otber processes, since without it, lbe system 
will probably CtMb due to filesystom damage The ideal or tr•Ming &It proe- ldentic.Uiy 
IS G conceptually cl.an thought. but not a ttrribl} useful ~trat~ in real life. 

1.3 Real-Time Systems 

Real-time systems are programs wh1ch must ~ run within u.me constraints which are part 
or theu specification. In such systems. umely ex~ution oC code is 'D essential compon~nt or 
the system - if a process completes late (Or earl~·. in some cases) , then its computation "''II 
have reduced or oo btntfil., and ma)o- e"en btt detnmenLaJ lO the syst..em. 

1 U'IIX is 6 trademar\( ()(AT&T Bdl L.abora'-Oriet. 
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Real-lime systems can be da._<sified by lhe stringency or thei r lime requirements IntO 
hRrd- and soft· real-time systems 

• Bard (dedicated) ReAl-Time System•: 

In "hard·real-ume" sysums, tammg constraini.S eXl.SL throughou1 all aspeci.S of the 
system - every process has oome 11me conslramt(•t). lo such sys1ems, proces.<rs wh1ch 
do not complete by the prop<r lime have z<ro value. It 15 the hard-r<al-time 6Chtdukr'• 
task to rnaure that all proceoses 10 the syatem do comple~ by theu deadlm.-, In •ucb 
syatems. umely operauon It often needed to prot«< proper<~· or li'""· and "" the 
proper ex~uuon of tht •r•ttm lS a •bard .. n-qutrefDC'ot Such J)'8~ms Atf" uauf\lly nm 
on ded1catrd 11>3chm« UMOI\ al.allcall)'-<lrtrrmmrd scbtdulert bu1l1 at pros.-mmang or 
comptlr l.une. 

Frurnes" m c. has conlcxl hu no flllt&JHng for an mdtv1dual prOC'88. u the prCX'f"fl~ 1\rr• 
not m c(')rnprUIIOn Thrrr "' only one t.aak composed. prrhap•. of multlpl~ procr<....,, 
Md It hM complet" uor of tht entue maclnne The componrnt proc~ coop-.~t• for 
the procr«SSr rathrr than competm~ 

• Soft ( uo u-<lod icatro) ltMI-Tim.- Syat.-nu: 

Soft-rtal·tJme I)"Stcrl'lll are thooe wh~eb run on non-ded1catrd, nmltiprograrnmrd ma­
chmeo Part• or the •r•tcrn rnay DOl have d•adlin .... but aboul<l b• run simply • ., aoon 
JU po•nble" Th""' otbrt taaks are comp<lln& "'lth the r<al·tlm< tMk for m.-.ch111e 
reoourc .. (1 ~. cpu cycl .. ) In such iyltema a <<:ntml ""hrduiN dcetdc• whrch task 
will run whtn Sine~ control o{ the- ftlAch1n.- rtSOUrcc a.s controlled from ouuidt~ th,. 
real·t1mr tosk, guaranteemll hard-real-umr rdponsiveneaa ,. 1mpoosiblc iu dl hut the 
mosl llgllUy-loaded 11\1\(.hinea. For thit leMon, luud-r•al-ltme t .. ka should not run on 
non·d~..tr<ftted •ystems Thl& paper dr.sc:!WI<'ucbeduling for .aft real-tune S)1>trms only 

1.3.1 Deadline-Based Schedulers 

'l'o meet time requirement.a or real-tim< proccSS<'s. a dcadltne 6Cheduler or a vatlant of a 
deadline !leheduler ciUI be used Like prrotlty-~ ..:hedulus. d•adline S<bedulers take 
on~ process at a Lime from a qu~ue. run it for eorne quans.urn. and then remsen lt 10 the 
queue. However in the ca.r of the deadline S<hcduler the queue •• sorted in 1nereasing 
order of deadline; the processes With the closest deadlines are at the bead of the queue 
and those with d i•tant dcadltoes are at the rear of the queue. A vanant IS the slack-time 
scheduler, where the queue is sorted in increasing order of slack tim<. A process's slack time 
is the amount of time before It absolutely must run ID order to ~t its dead lint (giv•n by 
(deadline- quantum- currenllime):- figure 1). 
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Jtad ltnt • quantum 

ttnt 
currrnt lm1t Jradlrne 

Figur< I Odiootooo of Slack Tom• 

1.4 The C onfl ict Between "R eal-Time" and "Fa ir" 

llccaoollr o f the di iTerenc.-s on lheor oonplern<!ntatiout ami <>b)r<:tives. ll(hedulers for haroJ rMI­
tlnor oyolerru nre qUJle dilfereoot from tc:hodulero fot non-r-al-um.- ayot<lll:l Schedule" for 
80ft· rt"l\l ume sys;term fall m h,_.l..,.rt'n tht two e.xtrt"rnt"ft 

Typoeal rral-timt aehodoolrra arr .-.Juatod w11h r~pret to ""'loa.! heh.woor """ whrth•r 
do·.'<ilonr scheduling eM bt)\U&rant...-d rather than woth res~t to Caun<sa. In eontrut, non 
rraJ•toll\(' "'hedulera do not all<mpl to pro\•ode any -1 Of dtadhot .CPO<< but do &om lO 
provodo •fa or• so:hodulong beh•voor l.' nfonuna.tel)·. the onvrm.-d oary soft- re~>l-tomc l!<b.-dulero 
muAt bt rvr\IUALt'd wtth n•spr<t to both ~ll or dea:Jdcrllt8, and on one count or anothrr, thf"y 
IIHUnliy fnol 

F\or instanc~, when t.ypu·:\1 \ NIX systems are tonverted to 1upport soft .. real· ttrne functiOn· 
.. lily, they usually do 60 by provoding an clcvalod raDge or •rral-tomr pnontics. ~ntially 

r~RI·Ioo"" processes &re gtvtn pnoroty h1~her tb.n all other procc:.ses. Wb.ile thiS 11\1\Y hdp 
IO guarani<'<' responR llmt'$ (&nd jiUO.ranLeein~ rcspo~ tomes IS Still a chancy busin- l~ft 
10 th• progriUTimer), 11 bas the unwrl<ome Sldt effect or be.ng unfau to all other procHSes 

Such f•ilure.• to satosfy both fourness&od response tim<' ob,~e<toves has led many 103M lim<' 
1.hat ra1rness and real-t1me respontl\'tntss are mutuaUy exclus•ve goals. 

1.5 A Unified Model of Processes 

ReAl-time processes ha,·e been modeled before as b.,·•og valu• Cuo<Lions which var) "ith 
tome, &nd using such models hao lod to better scbod uhug performance under a va.roety o( 

conditions[3]. If we wish to extend web a model to onclude non-real-tune processes. we can 
consider them to be real-time procosses wtth no deadUnes They, too, can be assognod values 
that vary with time. Exl><tly hou• such a func t ion should beh&ve IS a question which h...s 
no exact answer. Each person probabl)' has a different idea oC how the value of a process 
vArie• with lime, T he partlculnr fuooction used corresponds to one of many dliTerent <Orts of 
proc:rsses. 
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1.5.1 Non-Real-Time Process Values 

Under pnomy-b&.'ltd s<:hemes. a process's >·alue IS modeled a.s a const"OI valu<. possibly 
modified based on process beh•vior and ~•me spent W3Jtlng 

When we cons1dor such proc._., though we don·, thmk of thelt va,ues as b<Jn& comt:>nt 
We would rather have the proces• run qu1ckly; therefore. the process's value should be h•gb.r 
wben 1t is firsl oubrnit\ed to the system, dropping over t1me to some steady·<tlll<! value (if 
~he prorf'~ value rontanue11: to drop. evtntua.lly it w1JI ha ... e no "-alur thts c..an l,.a.d to proct$1 
•t&rV3tlon) Agam. thiS bu1c t<heme can b• aubmenced b) perks and peoalu•s for proctl>• 
behav1or and waJUnp, ume 

L:nd,.r the undied scheme. non-real·t1me prO(es,s \'Alut'$ can b,. repre&enl-etl by n tuplr 
(IV, , Fl', 1'8,) Wh•n fusl re3<lled the non-real-tm~ pr<>:esa hu >alue H, The ••lu• 
chaSJJI" hnearly w11h t1me to F\" whJCh value 11 achtnes >l time FB, Th• v~Jue roma1n' 
con.&Ltt.nt. thereart.('r Chl\nga l.o the- valut> may be m34it ba.s.ed upon proc~~ 'ft·a~tang tunt' 
and h, h/\vaor. 

IV n 

FYn 

FBn 

Range of :-lon-Rcnl-Time Values. :\on-real-time process '"lues mil$< lie 1n the range :o. X RV MAX]. 

NRY~1AX-~ 

0 Priority·- ___. 

·-·-~:-· .. . 
. - .. . " ' ~ 

,.,'-W' 
.v ~ ' ... 
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1.5.2 Real-Time P rocess Values 

ln deadline-""-' schedule,.., a real-tunc proc:css's •·alue,. represented by ltS dead tine, and 
look• sorncthmg like • •tcp function 

Deadline 

In other u•AI·Ume S)'$lems, processea m&)" bot constrasnf'd to run wu.hsn a tunf! wandoUJ 
rathrr th3n JU&l b) :. ·c:rLam t1mf' 

Early 
Deadline 

La te 
Deadline 

\;nder the unified scheme, real-time proc:eos vaJucs arc reprCS<:nted by a tuple [\ ·,. PV., FT,, P 8., PE:, ). 
When first readied, the process bas value II~ . At lime PB,, the process \'alue riSes LO PV, 
At lime P E .. the value drops down LO value F\', 

PVr------------~-----------, 

IVr------------~ 

FVr-------------+----------_.----------------------

PBr PEr 
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Range of Real-Time Values. lwl-tum process mmat and final values mu.!t hem the 
rnnge [O .. NRVM AX] Real· tiDle proeeu peak ''alues must lie on the range [O .. RV.\/ AX], 
where RVMAX > NR\'MAX. 

1.6 Advantages of the Unified Process Model 

'[he un1fied proel'l6 model aUow• us to repr-nt a lar&e number of different proe- value 
profiles for onslAnrr, a non-roal-ume proeC'U can slatl oul at A h1gh value And drop to a 
lower one, or 1\. can ns.t to a btgher \1.\lur O\'tr ume. h ca.n rtmAin 1.\t a constant \'l\lue for 
1tll (1me 

'The flexibility 1n representing re>l·tmle proe.,..es Ll more pronounced \\'e can ropreunl 
proce~cs with single deadlines b) •etlln& PB, and F\', to tero 

PVr--~----------------------~ 

... 
FVr--~----------------------~--------------------~.~ 

PBr PEr 

We can represent processes that must be run within a time w1ndow by mak1ng P B, 
nonzero and FV. and 1 V, z.ero 

PVr-------------;~----------. 

... 
Vr=FVr--------------~------------~------------------------~. 

PBr PEr 
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We can represent processes that. shoukl be run wltbtn a window but. wb 1ch can be run 
before tho win dow by aJJowmg TV, LO be nonzero. 

PVr-------------;~----------, 

IYr~----------~ 
• FVr------------~-----------+---------------------i~~ 

PBr PEr 

lly setting F"V,. to A nonzero valu~. we can apt(1fy a process whtch should run w1t.hin 11 
window bu1. can run Afltr Lhc: wmdow 

PYr--------------~------------~ 

.. FYr------------~----------t-------------------~~~ 
IV r------------~ 

PBr PEr 

1. 7 Fair Real-Time Scheduling m the Unified Process 
Model 

Fair real-time scheduUng can be ach1.--ed in this umfied proc:tSS model by simply running, 
at any given time, the process wllh the grea<est value. 

Real-Time Scheduling is Performed. Because real- tune proc:es..<es have peak "alues 
whkb ca.n be greater than a.ny non-real-time value, we are assuced that. real-time processes 
will be run within their windows unless there is an overload condiuon. 

Fairness is Preserved. Bec.a.use real-time processes ba,·e 'alues outside lbeir v ... indows 
wh1ch are no greater Lhan those of non-real-time proces$0$, we will poosibly run several non­
rcal-tirne processes in t.he Lime mter .. -al before a real-time process assumes its peak value. 
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No1e lha~ prcxes:set~ are not ex•mintd exactly equally- the c!A.<S of real- lim• pr<><e«""s 
IS 1 rra1<'<l differently than the elMS of non-real-lime prOC"-"'' Tlus ,. a resuh of tho f~ct 
that the two elasscs of processes h~ve differeot charactensuc• and requirements It IS tho 
duty of tl1e sched uling algorolhm 10 • nsure tbat the proce$Se$ are all treatro "separatrly hut 
•qua lly" 

The performanco bottleneck of the 11<heduling &l&oritbm ,. 10 the dec1sion proc<SS Some 
<lever nata structures can be uord to greatly speed the det<rmiMUon of "moon v&luabl•" 
proc~ al any gtveo tune fint . ._.,. spht processes mto seal .. urne and noo .. rea~tune procf"t.!'t"S; 
Pl\rh ~t 11 blOred on a Rp&rl'ltf" rnonty queue which can ~ tiiOrted espec1ally for that tlu!'t 
of proce .. es. Eff~<:ient search and '"""ruon 10th..., pnowy queues th•n becomea tb• r•ntr:\l 
[>rohl•m, l>111 •ffic1ent proonl)' qu•ues ba,·e been wdl-re<carchrd 

1'1111 genert)) sc:hem,. 111 aiwiltu to !'2) ln fi\Ct., 1\ fatr re&J.tuoe ft'hcdult r CZ\n bt"' lnuh M 1u1 

(•)(LI'nsion or the seheduiN 11\t' l\liOIIt'tl ill thnl wo r-k' The major drtlwback of such " "YMtt•rn 

IS the t'XIenstve sc hoduhng c.v.rhfMimcurred due lo lho fin.r p.r~nuL"''Y of 11<hrduling M tl 
tht• lllOrt· compl<x modrl br1og uaed The schedulcr propoo<N h.r•m ill of" much rn."•rr 
grain, Md ther~rore the overl~<~tlm•·olve.labould be much 1 ... 

n,(" SCheduler t.endt tO Mhf"<luJ.,. non·rf""At.tU"'")e' \a.fb whenc\·t-r It can, bt"h:t~lnS In a •JUSt• 
•n L1mr .. manner. This ts m conlrul to typiCAl aoft·r~aJ.un"" "'h~ule.rs. wh1ch run rt"'l'll-tun,. 
proc< ....... "" 1>000 ... [>O'illhl• beuu ... or the de\'ated pnorill"l lhr ... proc..-s olu-oy• run ,,( 
fhi• .cheduler will tend to ochtdule procelid more tightly n•u thNr deadlines. 

1.8 Problems With Scheduling Unified Processes 

l'h•• complicated model of proc~• &Uows WllO IOive the problem of combuung respOD>IV,._ 
n<'"" and fa1rness. ;\otbmg \6 free, though. and th\6 s~>~tem bu .Jrawbacks of its own \106l 
1mportanlly, the more complex process vslue model makes for more complicated ""heduling 
algoruhm.' Simplicll) IS IOI>l 10 1110\ln& to this more reallltic model. Along With the lo.s or 
snnphcity we wiU suffer • gam 1n th~ amount or data and code requued, and an attendant 
l001s in speed. The exact trodi-Offi; '"'"'lved will l>e more clear when the system is •ctu>lly 
1mplcmcn ted. 

Avo iding Starvatio n In order to a\·oid stan ·a t.Jon of non·r~a.l-time processes. we need 
somP sche""' for ensunng the ewmual runrung of any process ln priority-based schedulers, 
tbas IS done by increasing a process·s pnon<y a.s ume goes b~ under tbe assumptiOn that ll 
wiU eventual!~· be the lugbesL pnomy process. However the b1gh~t value a noo-real-time 
process may assume is suU less than the value a real-ume process may have. If there IS 

•lways some real-ttme procea ""tb a value in the range [N R\ '.\{ AX .RV M AX ), then non­
real-time processes ean be starved. Note. though, that thiS IS an overload contlitioo; there 
IS not enough processing bandw1dth to support all the processes. 

2TI1i• ia one o( lh01$t! 'imea whr.n you ! C't r.eoe>p«<- al.me»t. 
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kJust·ln-Time~ Has Iu Own Problems. Juu-m·tunt IIChffluling has prohl•m• ~11 it• 
own. alt.hougb it bas b«n used 10 grea< ad"ll.ntage in manuf"turing and shipping •pph· 
cBC.IOilS worldwide. The largest potrntial disadvantage 15 that. if a number of high-v31ue 
real-time ta.•k• with close deadlint'S enter the seheduler jU..I before a real-tillY' La3k i.! Juc 
to run, they mny produce a lronsi•nt overload which will cause the real-time proce$8 to 
mi.:is its Joadline. This i• a problrm endemic to this ~~eh«<uler bl'<ause it delays runmns 
re~tl·tlmc proc•-"SeS unttl thr '"'"t minuU' Howe,·er, by strel<hins out the peak penod or umr 
(Pn, PE.), each real-tame tuk can •pi'Cafy s<>m<! sl.-.c k to •ccount for system fartors Th•• 
.-~I· lime apphcation devd<:>pmrnt •>·«•m •hould •upport d)·narruc run-time '-aiue funruon 
modaficMiOM 10 aUow thiS lOri of fih<"-tUnlng. 



Summary 

Soft,. u,..,,. l'm'lt"' sysli.·tnJJ u•c-pHtf'" hoth rf'AI~tinw- a.nd non·t'"•'l Umf' prO<'esst'S b.- schcduJ,•d 
S<h•><luli ng ou these •yolrJI'Ill 11 olofnrult dur to qu3htMovrly 1iifrerrnt requorcm•nts <>f tht• 
t\, .• , dnMcs of proceSM·tJ: !'du••dulrra wh1ch tre-at one da.s.." rt'JUOnably will usually do 110 nt 
th~ rxJ>en ... of the othrr cl""" 1\ umfitd model of prO<C'30<"S, on whoch rach prO<~M hM an 
,.xpliC"It valuf" function wharh Vl\tlttl With tune allows ua t.o ~"OMtruet a schf!'dul ... r whu~h el\u 
provad,. tt"-'J•tlfllC' sch~dulang anJ f"lt llOO•te-al•tUTl"' t<h~uhn~ M tbr same llffif' 
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