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Value of Real-time Tasks running on a Single Processor
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ABSTRACT

In most of the existing real-time schedulers producing the total value as large as possible, the service times for all
schedulable tasks are computed at each time a new task arrives. If all scheduled tasks would be executed completely
before a new task arrives, the schedule may produce the greatest total value. But this is not always true in real
situations. In many cases, (a) new tasks arrive(s) before all the scheduled tasks are executed completely. In this paper,
we propose a unique scheduling algorithm for real-time tasks. The proposed algorithm determines the service times only
for some tasks with earlier deadlines, while the existing algorithms determine the service times for all tasks. This
partial computation decreases the average scheduling complexity dramatically, even though, in the worst case, the
complexity of the proposed algorithm becomes O(NY), which is equal to that of a previous algorithm that has been
known as a less complicated one.
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1.4 &

TAAY = HAIRF Al2H(hard real-time system)
A E}2AE(tasks)ol W@ A A ZU(timing
requirements)2 StEA] Aol P} ElA2IAEL A
A T7)(deadline) ool A3 Al Hprocessing
time)THE A#solof E}2A9 Ae FEF Ao
HFEn. W& nEaA F3e P S timing fault7}
WS, 2] dege Fdae, ¢ok oy, FA
|t

oo wiatel RAYH AAZF A4 2 (imprecise
real-time computation model)olM & ElA3E W4 A
8 2B (mandatory part)®} 2] A R E(optional
part)2. 2 et ¥4 Ay REL g0 J8 2
#71 ong Z7] YHME dteA Ags|ojol e
FEoln, 9o H3 HE2 Wi MY HEo gdug
¥ ATHoZ oAf7t qlow, AgEHo WS Ay B
Eol o Ao EFFE AN oHF 2719
AANZ A RDL el E9] X Azt dig A
o} ZA(constraints)oll 4l A% #o)7} it}

olgh= g2l A Azlol Aol AR e AA
Z et23ago] Uk ol gaage] Ay die
A9 Azel ZW AFE At 77k AFsl doja
. o2l @ elx3e gEHA A=A 4F8E Pt
dng|Fel Utk o] YuelFe AAst= Aol AW
AFE 2a7F 2L, B A AFFo] ol

239 7HA(value)@ El2AE AP AL
FAE AFAY 84 E FHHoR EEE Aoz
g2ae Ao e} 7|d=HE B reward)olgd i
gob. 43 Ao wg g239 X, T BAS
s $48 /1A #¥4(value function), £ B4
4 (reward function)et &},

olglg Elxo] #g ATE Hxee UFAF
Eoldad ¥y oz A7, A2 Sof HA
A2gle] &4 dde] AZ Ay, dyutie] F4 Y
v 2E#ol(display), A1Z3H(visualization), DB A9
Af, 22 AFAF ¢ 4 2A 59 #ofz @
dE9M S A7z 8dsl AP gl o @
Bta3E FHo g o six] ooz Eeled,
IRIS(Increasing Reward with Increasing Service) E}
23[1], anytime ¢322&[23], A7 approximate
processing 42| &(4], segmented ¥ 28 E{5), flexi-

ble Et22[6] Fol 1At}

239 7ixg #dD 7|Fe) AHFPHLE 23
Qq AAL B22EE 2AEY S RAe o &
Aotk 1HAQ = HAI Al 2" 2AEE
ZH gh237 A w7 ojdd ¢hgd 4 UES
2A%& FHIY oW JEL 9w oy @8
(success) otHW T7] ol A2] E7Hfailure)d] 27}
A ot} oG FF 2AEY UFolA @Y A
B35S 4zte 7] ool AHE & e A
go| EAstert s 2A4F 715 A (schedulability) 2.
2 Et23E9 dyd o9 37 7ix9 HAHGE of
Uch 99 T2 AA delM AHelse 289 e 4
AlZt Btz oig E}3 e A Z(feasible schedule)
< 97] 998 EDF(Earliest Deadline First), =& MLF
(Minimum Laxity First) §o] da A== ¥
&3] FoltH7].

v ek A Etxago] A8 Azt o
FES M2 OE JINE RsoldE AL Age g
2tk ol#E AL dolMe I LA dnFE
= ANZE NES Y  glon, wgy N
A2 Aol a7Ed 18] MEE HI B BE
E}23 50 HA9 YL UEUsE HYF Ay
AZbE AFEoF at Al ZtZhe] AaR ] of
el dafo] ARHEE ~HF L FHsior @A) o
2y Bl2a g9 71A gt guk gfelm, £ A
L w7 I e Elaa £458 24E7 oA
d 7t glonz JINE HHHANE= 2AZE £Y
71 Ae Brwdit webd d4doze sA &
F, &3 Az 9] S ALE s Felag 24
27 AgE AL

2 =& A9 Azt xide, 7kA d48 2
' AAR g23ge dd syt stsd Al §
E% 7 gh23oA MulA AE ¥3Ee 2AEY
dnFE At o FeMe 729 AAH
AT7E o], 3FelMe AL 2da Aog 4
< 4o WAL, 430N Agd dnEe Ve
o AgtE gz Fol ¥ de 5FA, a2¥n
HEL 639 7Esd

2. 280 AAFY MY
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ZE 4 Qlth o] Ao &Y ElAIFo| wEY
£ 7HA7t 7hed @ 3A HEE EHiagedA #F
Al Aula AZto] YREEE ~HEL FHELL o
2§ A e o Hely|& s FHVIE A B
F&tt). oo W@ AHOZAM round-robin HEHFE A
48 F oy, of ML FL context switching 22
Q8 Hzol F2 ¥k (1164 olgh= & 294 &
A ~AEY ganFo] AU o dmaFelA
49 A duaEe A42¢ eaAvt 23y goig
Aol 2AF 75 Bt2a59 1A Fo| Hdst
HEE 23 g Muli AZhE ARed. &9 aA
AME 39 oA daFd o Y 2AF A
B(Mul & Alzho) ohe} E}2ae] A8 #MF ZFE
2, Z2AHAME @2std dddch o] dACAME
EDFu FIFO g Fol AH¢d + e, EDF7E B
o gEjdog gaagold ZAMNE =2 o
i [1edA ARbE A 9Ad dauelFEg 53E
(computational complexity) @4e] A& gk 2z
7t %tk & Eol, /A @47 As Y S 2
9 oA grEde EFdze graF HY AH
Nzgle] Qe Elaa g 4o Aol vjag}

29 9 duFy 448 4Hnd 2 A ¥
n2g Hol qck: A dA dneFL 23z}
=g dvig dd9ch $d A9 @A dueEe
AN dojd 2AES APPA uirt glen,
AHEEA] Yeth Aj2glel Solle RE g3
st Mula AIZhe g9 39 WA dxelE
o] A AMulx A7k Y dAH 2ASYFL A
£ ¥ 5E H2aAsdA 83HA ¥ 4 stk

zgAN #4Z(utilization)?t AU HF 23
¢ =3 AZHinter-arrival time)ol BT, 39 @A
2AEeE MZE Baae] 23R BE 49 94
dugFe MAR7AA ¥ A5 g§2I(YE DA
oAl Avla Ajzbe]l AAE RE ExHAY} ofEhut
& 2AZY Aotk T2 AN F4E7 Y1 ga3
% =3 Aol Ao, ofE AlFdA Aafle] Fof
Ae g239 FE A9 4 UEE ofF 45 M)
I 2g Holnz, 7 grars FHIY w2 o4
&Hs dgd 5 AL ol olHF FS A9 ©
A gxeFe g B3 3R HE F9 g
ang gaoz AAZsA do

ol# G BHo] Yuisi= AL TEAA =7 &

a3 @Aglel, 9l B endFe, Aidoz
ol Agold Axgel Solgle AM Bl2azt opy,
£A% b5 @ B2 3 o1F AL 9 Had o
@ 2A% ARUg WAZ ke Aol olAe 7t
AE A7) ANA 49 BA 2AFdE 24 7
o gzad dNE Hulx AR ARAE S8
o Ag uidch ol Bl o S 4 4
9 @A 2AZYe) 490N AY ehrIsol A
& Auls A AReE AAEY BAE AR

3. AAY 2t iy

o T oA AP 473 8 (preemptive)
AAZ eh2a el dtka §h& Blea Al &
@& 2zt Bh23, 4i=1.2,-N)E doe =& Ay, vt
7l & 7 &4 £ ) ZED A7A §( e g3
toll @38 AMula A xol dg gdolh 7kx #
T§ e §aAgd AAZE7] Hsld 7 7R 7
Fol 8" F ded, 48 B9 /A filx)e &8
A2 AU, ohid 23 #e HUE HA s
t ALl Tolth & =RANE B2A59 /1A fix)
o go] Ho7l HEE g§23AE5E 2ASYwUG o
7149 £ )e As 52 s, g Baa
o] 7bA| 4ol Eftgoln) F, g = divdt

ALY e 28 EZ Yol Ay o
A dnelE 9 9 dnE Y aA gug
2 H2age 7k go] Ayl HEE 2AF 7}
T B2 goA A9 ARg @38, &gl ¢
dnelFE of R aet EB2AEA TZANE
LI

44 @A gulEe g2t 2 AY wojh 4y
fog Ay AddM 2y AAZF dye] HEe g2
g9 = ANE 8 AR FIY, FAF &
A A e, 7% Y B2AR o|Fold Ead
e YR 2AEYsER 58 2E 3y §
A3l B4, PR WY 2y & 4 gick

(P): 39 =2 Ak e W) 9 AAA #

fi7h deizl, dHY A% ekxased Yol
FolHE wl, e2a3E9 kA Feo] Hos) H

55 g, Bl=3 49 Al AT xE AR

f9 EAE RE x7b FHAL 9 HAHAUUD
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o E3nx AEHE xol AFE 38 ok Re
BASAAY, 48 B 2raAFel nE ABIE
Az, drad 48 £4)8 gk e s
(119 4% Aol wet e AsnT 4ol oz
Y7+e EDF7F a9 @Ae) YmelZon Agsl: 3
3, BT M W18 2= 69 x(>0)7h 4857 o
sod, 27kY o 5 WIE 2E 9 xE B
s AH8EA WE Aolth mebd el B0l w4
9 B GnFAN $H) BE saad xE AN
#2 9m, urh HE WIE %= BraAY VL
vedez Fae Aol ud £ P¥Y Aol o
9 WA 2zl B9 A Lnezel o 2%
¥ BE x& AHBE7] Aol A2 Braz Eigc
W, 49 9 gnezEe AdqEc 89 @i 2
A3el s 485N 4 xEL AR Fgoz
W 4Ye Ae Al dod & deh T RE
x7h 98 A$Q oFAT B ExsA o
W, 49 B 4RAFE okl Wae
2 Aa950 42 x BT BEojuT,

2 ~AZS AP A4 .H% Azd E}A
a7 w587 dol SHs Asd 7 At 5o x@
& FaE Aol 2ey 194 37 4611*1‘; e
aAgol Bl A ANl Gadth xh UF HA 7
AAY, 49 @A Lmelze wws AgY Aol
WO 8 UE Go| Y, CPU Azke] WHlg A
olch. 2% x8 FE o= 7t A oo
dstel the HelAE AH A9 AL 2EQ, (P)
o Y )Y REYY s=ye FHE dnARE
FE@T. o714 xE (P)o] BE erazel s Aol
A Az Ao, vt At dnelFd e @
oAzl Hula AR xel FEPgolr
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Algorithm @ Heuristic algorithm producing total reward as
rmuch as possible. This algorithm is executed
at every scheduling point.

Input > S = a list o tasks that are currentlv present
in the system and sorted in increasing order
of their deadlines.

t = a new task (may be empty)

Function

if a new task t arrives, then insert £ into S;
let 7y be the current time,
get ¢(zy), the minimum o maxdmum derivative
for the tasks in S;
let R = {ti|g0)=> ()}, and y;
alt R ;

find the next scheduling point r, such that .21 Vi =

= gl () for

Li— 0 B
schedule tasks t; such that t; <, one by one, by the

EDF until the next scheduling point and
remove all terminating tasks from S.

(38 1) Mok ¥nelE

o] ¢neFL vl 23E% AlH(scheduling point)
o dgfc 2A4ZEY APE AZE e23avt =
FaAAY, BE &9 oA Az 8 Az
Aito]l 27HE NHolvh(el FellA 71&sAd 5] Al
od dnelEe B4 (P9 A9, ZE xF 38
Aol elg}, xo FEAYQ yiE 7.

Aoty dnPEL 4 # 2AFY AN A
o NE g 7R @ Et2Ad 7HA ¥4 284S
& % Ad & A3 § gh(minmax value) (1)
£ 78 #(r) @ ol (bisection method, #th
e A =85 g, A4AE 022 o o3 74
Aed 93 g5 £ 9% A Z(precision)dl =2¥
H7AX R AL A= a3yt mEsA
Revtn FHYste @A Al2de] Eo9l: El2AE
ti, t, o] by WFe AHujs AE #3 @
of Agso] 2zte] Wr|7A FEHEE & 2AF
(feasible schedule) +¥d& 7Hs8iAl st gleith 2
4 ¥ 787 minmax gRY & T35 GE #E E
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235¢ A AL Hu|2 AtE ¥F ¢S
B2389]), 4zl W3} minmax gl ¥ Mujx
Ay, ZF Bl 7HA] @4l #4 ghE min-
max2 FHAL 9, 20 e 4 & A
etxael @y F 73y g5 Yol AZXZ YX
AU, o3} for Y 2 B39 wrE
Adste] g 2AFH AY o & AUk @ AF
% 9 Azt HAPE M4 g2ag FAA
W77l e X2 Mula AzhE e d$dd
Aqeja Ak #e 9t el AR A 2AY
Zojo} k. 71N FaF MulA A|Zo] A<t Adn
2l&o 9@ yi #Bolch A AN W} g o)A
of ML Ef2art =2k 1 AlFol AAFHA 2
AZY Aol Hi, MZ =& gt238 FHd
A A2 y AL TatA "ok B8 2AFY A
Fur 4 g e 82358 AR o
3 AAH e gte] eHA=TS =YY Holnz WA
Hog Ay A v J3%e A Fob o of
3 e g 20| Aydr:

.Zl Vi = T T
A71A 1, < nol dhate] vi = g (@(rp)
g'O)E @ )9 o,
g(0) < ¢l B, yi = g ((z) = 0
(A gl )& ZA2TTIRZ g0 <K
A%, g (He)e EASA Feh

Hd =8 Hast @ 3 )3 (Pl thdt &
gate] @4, Ay dnFo o AR A A
A vt (P)A HPEo2A 9 A A {xi)He]
g4 5L 9T gol 4¥E 4 vk (1A At
¥ Dey9l %3'-315"] x}& Fate By F9 3t
t}. Deyel ¢neldFe El2AEY] WIEE o]FolQ
FA (ol i = 1,2 -, NEol dl8) & 78
B o]g Ttez ¥ ul¥y(backward iteration)el
Ay x8 TEt T (1, ;)91 Deyd ¥¢xnEF
€ a2 FAAN 2AER F Y B2IE(, tin, tie,

) FAAN M 2 SUSE AE BB
T AIME Bejdcl GHEe] ghEE olF BE EA
Ao W@ Mul2 A x7F ARG AgE dae

Fol A% {yi}7l Deydl &natFol A4# {x}e] F¥
A¢dL ohg Aol 93 FPE obdoA de x
of Mg Ao =+ gilx)olth

(B

R= {ti]g0)= ¢(rp)} = {ty, ta, =, )8} €2 ElA

ago] wrld oldl FAHAUL, (&, 1< 114y, =),

2, -, L1, k@ A oolA (P)ell i@ Mul 2 Az

olgtx &z Ry = {t | glx) = digkz 39,

(1) ¢(r)E do}t T, Ry RO 2EIFHolr},

(@) < 57l 823 6o noll £ goll dhdll ol ry
o %™ tE w0l &)

® Ly = 0w TEHE D < k< L W A

gl = 1, 2 -, kol el yi = g (), 28
Tk} BE 1<i<k? io} A& yi = xi

(F49)

(1) dv =% minmax g()e|E2, 3] ¢(ry) =d°l
o, R.E R REYGolt

2 r<rol t & Ry, t € R 23 18 7]
Rol E@dn iz u7b vl F3A %3, g7t
ol £8chE AL ol $FE AulA AL yiE
g (d(r)RT Atk AL oudh g )= 7
2 #5o1BZ m =y - g (¢ T Yol
o ko] EAFLL o] WrA 4R MR
Gt B 2 70 2AF °E F Utk olAL ¢
t7h 3 g FRHEE g VB #ALANE F 4
thz AL vt gdHA G vl SHME
gt o|AL M G € v EeEd

(3) BE k = 1,2 -, Lol o3l z‘ vi< no— ot

i 3% m=minimum{(r, — ;) - ,ﬁ.:‘, yilk =

L, 2 -, L2 338, & 2R k=1, 2, -, Ll
o 3 m/L b= Z7EA 7l el bttt 9k
&,

zl(YHm/L)S'gywm

= ,21 yi + minimum{(z, — 1) - ‘gya}



SHUTZMMAOIA SREIE HAIZH EIAT0 43 JHAL HESHE 2B X 2HES 1683

Sglyi+(rk—rg)—§:’}’i=(l’k“fo)

o]7] Hgolth, o]AL ¢(r)E BLEANE T AF
& guisted, #(r)7t minmax =¥t 7HA
of 2egch 28 & go] dES UE F
dok: Ik, st k £ L,

¢

2E i<kl ojd w& F7HA 4 Gvks Alde
0eg ofn:

ti € Ry Vi = X QED.

SWle] e2age olnl zae wrld o 2§
Aoz FEEo] 7] W, mnmax T/ &)
£ Gleid AANE gnEE F43hd ON) AT o
W A48 5 sk [0 AAME g EFe of
Vo) 93] minmax& T3}

2424 ANAHNA vE T EFE7 ONIEA
g, Aag YoM NAe e2ag #8537 A8
FHote] BAv: A3 ON)olth. I AeE
D Zt 27428 AHAM Aty Tl 23 17
o yiot Axaln, a0l ¢RE " MEE EH2
azt =38R & A¥s% 2) of TEAFO BE
BlAzrl ¢85 WrAl 9EEHE 3$ F ol o)y
#d 74¢ g4ndFL oY 4y Hu, BYHA B3
5= Deyd g3 Agtd ¢undde BEFxs #He,
0(N2>olr+. a8Y Y2 gBAAge] WuE =3

3, aREL 7hA g4t 343 A godw, AY

g gua3e o A9l Deyd ¢ungFrg R
o] £ou] ONYMTH ¥4 e FF =& 7140,

5. off

ol FolME Atd dneFe FaL 4FE)
g8 <E 1> ge JUg 48 weld gAAE
7H] g5 A drE At v @ Aldet
time = 021 AlHolA AladgoE €23 T A
HAFFE fi(x) = 1-e%%0], Br)E 1 = 1005
g A-HIYA ol FYF 202 time = 0914

10, & 2AZEY AIFE 100 @} 2= &
-—I chAl 2AZ# ] 98 EDF Aoz Er2d 4ol
A Ei*l*‘lﬂ g

CE 1) Ef23 EE
4 T 7 fi(x)
ty 0 10 1—e 0"
t2 1 4 1- e—().2x
ta 2 3 1— e—0.2x
s 4 7 1-— e—O.lx

time = 19 AlHA 7h2 #57t f(x) = 1 - e o]
o, 5= 49, A2E Ba3 t7t EHED (& time
= 09A time = 1742 ©]9} 1 time unit® A3 HE
o 71X #4E fx) = 1 - V2 $A9g. A2
€ g237t £397) fie 2AEY AFL 12 ¥
2, A g4xnEFe ALY a2 H2) =
minmax{gi(yr), ga(y2)} = 0.109762¢] ®rth y, = g
($(2) = g2'(0109762) =3 (= ,— 7 = 3, v1 =
@ (#2) = @0109762) = 223301%, y; + y2 =
523 < 1—1 = 90lEE g A2AFEY AP ¢}
91, 2 AAAR el 3 @A gadded
2A% 9o 28y 42 ne=HA g a2 ofe
yr2 & 7HNE HU3 AN, y& 234 %7 o
Bolch ASH WYL F AAE AU sty B

Cw ohdet yhAE PAAY, S AQY g

< )'la AaA gett

= 2¢1 AAAA 7HH] F47 fH(x) = 1 - &
°lﬂ, 7, = 3%, A2 B23 w7t SR e
time = 04 time = 174A], 223 L= time = 1914
time = 2744 24 1 time unit® A BR7 W&o 7}
A $EE i =1 - ™™ fix) = 1 - V2
$48 A2 g237t 2307 dEd 2AEdY
ANRe 271 Ha, Ay gudEe AdAgs. a8
I #(3) = minmax{gi(yi), gz(yz), g3(ys)} = 0.163746
7t Bk vz = g (K3) = g5 (0.163746) = 1, y2 =
2 (H3) = g0.163746) = 0000006, y1 = @'
(#(3)) = @ (0.163746) = 123012, ya= 1< 53— 15
=1 oBE tg 2AZY AHL 39 Hi, 1 A3
WA 3,7} 39 SA LuFd g 2AF @ 2
gy 4, e R HA gt
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08 2429 A3 time = 3944 o o F M2E
g2art =332 @evd, EDF A w7}
A2 Huzn, Al dndFe 2AEF AA 3
ol X Eb23 4, too] tidt AP P} oM<} vht
7HAe HAE FH oy, = 1€ BIPT time = 4 Al
Aol A2 et23 vt EXHE 49 oA g2

F€ a2 AHAA 6} 4E Ao dY5o time
= THA yy = 3& ¥FA time = 7Y A FeAME
o ol4 =&ste e2avt glo] uie] o a3
o WA Agdct <E & AL dndF
Ay A#E Boln led, & 2AEY AW 1 =0,
1, 2 3 4 223 794 B2age] ¥eE MHx
AHyast 2 AR e 74 #4E Holn Ytk

6.4 &

B =8odMe AAT E2ael # X E Hdy
e 53 AAFY 4xnddd ddd slessd
Aok dngFe o) 2458 AlHoA Yo b
2A& & ANHPE dAHs, 2 AFY 2AY Re
71§ e BRI AT Nujx AIHE gddth
olzglg wog AL dmAES A2dd Solgle
E23 3 e gzt Mulx Ag A g
ol9= &2 Deysl A3 dn2FEL #HA Alxdo
ZojglE BE ga3dd Aula Azkg ¥3@c
Aog gnzFe A BxEe oW APeir 0N
9l e Deyd} ¢3eEL ONH)elTi1).

Atd dngFo] Deys Auch o s HAyd
FE o, Fdd F o] el digh MulA
Ajzbe] FEA = Hoe H9elx minmax #@$ T8t

71 918 FAHE ¥E i AAHA A APl
2 9% v et oldF A BAEE OCN)

2ok AY YRAZE JVRT, FF RAEI &
A7 YnelFERT wol, AL LueFel 4
47 B840 §& Aoz YrAuch
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