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8] +9 AMAAA IHEZ HAAL +9 7€ A My b
3§ AMEgdd HEst=d AYqd d4de] AFHL AT
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ol 2S5 ABAEL vlolaE AZEQ AFE I udA A}
§371x A B 52 AHEAELS 527 & e LE
a2 Yoz QF AAHol: bAdH dFol F2 Ao Eejx .
ARt ZYFAE HERT B2 9 AMA AFSol Fud 2AEYG &
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ZIMol M Bl5L &5 AAIE Ado] o] o 2AE AFY &
AEL 3l 52 ALY €& T23PL 2 AAT A A9 F§
AAI 232 Ao AL AdY 2AEFHE FASA 4 &4
of Z|¥{ AAIEE §7] Wi ¥ XAAIZ a3 v § dFo] 7
T ALY BAE AFIY. E AEYF 22 T3 AFEE #A3H7] A
3lo, Hd A2E TS UEHYE AH2 HHE H7AT. o] W44
Mo FH ZFANEZREHY JAEHHPYEE AAIT Adeol 71240 4 « 4
7 2 AAG B30 4 97 92 JAHYPE 93] & HA
FEE 3H, $4H g8 wet YFd x5 FX =goiyi9 <y Y
E Mul& Fdo] 434 4 gIEE st U4
RTAI RTLinux BAdAE 252 Aox APslt v|AAR a9
— @8 AAIT ALY oA d¥YEHE HAde 25 22 vre FItH9
A A= HlEE BS J|Fo] HYEAY, 2520t Al FEe AH|2ES
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2¢ Aol 7159 AR AFle] gl KURTE 22X goljojE 237
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2F Awste vEEAHYA LHE ARSI Y. o] HFAHA AL L=
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v £84 XY 89F2[58910] 53] Aty L5 &9 AHA U
A AAIE MEIAE A FSE FAd F HA&EY. O A HA olf= &
23R 2AIE" wWAUF] YA 7|2% 2AEo|y F HA olf =
ofE MEF AAEFZANA YUY Adely WAYUZTE =U&A &3 v
g 84 AZ®E FEE £ U7 WEeldg o]RAL JEY o Eg Aol
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= 4 ZEAZ JEAE €33 4 Z2 A7 ARSI CPU A Y
o € ZAY F YL E UEQTY RE T2 A2 7|EFHQ JEXE
g3ty T2 HAEL A2Y &0 9F JIFXNE WP 5 Yo &
Agssle o' ZEAM 271 dolop 3= CPU AYe €3FL ¥ 337
A wiH ZEMZ7F FIEHAY 7HF A7) vl dinjg FojA 29 &
FHFES TR AT CtFEXE AT, ol F vl B 2HAEFE W
AoiA JEHE T VEYA dHolee 4, FAHE dHolgd it
ET2EZ AHg 2 2Aledd Y3 Ao Z2AMH2E BT FreeBSD
+8 AAAAM ¢ 2 4 £HE AT AAEY. ol $H £}
G2 Z2AEE HE HolEHIE A o9t 22 Z2AA A FAx
Agd 7FsAdel dde AL YUty (A4 &9 93 ) = 353
A B2 si3lo] A&EHoR FAHE 3% UAHYE Ao T2EF A
g & 8l EE CPU Aol Al&Eoz2H 4 94 CPU 323 4
#Aglo] A4 Y7 =& TR AHA ZA A APHA Edl= A7) g
=9 3 F AY (ZolB e HAY) o] FAE dFs7] A9 [BlaAs



CPU #td9] vl &3 d¥d ™ol FES= BFoT MEHI A
7 =& Ade UEHA dolg AHY WHES F=H3IAH. ol $
< 49 2AIEd d AEHAdA ¥IHE AHES o ALY H7MA AHEA
Z2A L7 A¥He AL 484 e v d33-U 234E AYA
AY 52 AGAIIE EHE Q4

v E¥84 CPU 89 W42 AAHoIZ = FoF 715 A4 oz}
CPU #A9& uj&3t= FAHol slev A, & Y vj2y HA AT &
Ao ALE7 Y viEE AHEE FAS)Z] WEA FEAEE Fol7)
A3ty VHE #AA FL A5 A 2AEYH 29 =71 A7|A 4.
E UEYI AHIYE HAZ Y22 4 971 =& HolHY H L9
T AErt AdHE £ g FAHE 7HR 32 U
Y A& AL A2d Ao F8F 93-S v YF dojx QH
3, V5 Fopx ke ¢k "

2.24 SMART

Stanford SMART [6] AlA€& HED|to] H LG T AN 2AS

2 olil Solaris +9 AAdA FHEY. AAIZE AFAYPo] FAld v AAZ
B2 2] g WolEd 4 U+E € AT <4 vig At
g A3 A 3171 A3 weighted fair queuing 2AEE AL §Ho}
ORAL A" YR 4AH3] 54 A FdH, ZF 9 AHAd FY
A 8857 dTo AL B3R HolA fgA 8 & 5 A= FHE AT
gttt 28y SMARTE F713Qd €98 AL&387] WiFod SMARTZ) A
et AlF AAHE AT



3. Percentile A] 2 €]

o] FolAH A HAR = WA 919 Percentile Goald A 9|3l
O gt 8= 7F 29 ded HAHEE ZIe¥ + U AASFY
= FAIA BA4E olEY Il oy FurE = 7‘1]"]' 75 A
o +HE 7|=s¥ Aol

31 A9

Xi7b gi Al R AA d7] AE A4 F e 920 HA
o] B Rojgta ALFA}L gie BE 9 jo I AF-=E HArl agddA
Percentile Goal¥] QoS 71&< O3 o] FdHH

2AE e 2e HEE BAY & UA: 2AFY B f2 B RO

+

Wi () ga for Xa fraction of packets,
gi < Wi (f) g2 for X fraction of packets,

gi, Mi.i < Wi () gimi for X fraction of packets,

28 Xy + +Ximi =1 I gy 9} jo] RE gl dF AFo)lH guns
olpt: FEHY Aot} percentile goal EF ¥4 A HA dAE v
By A A% oy o= Fd2 (9 percentile goaldd M:E #33
T2 ATFIY. A7 gy 71 AFEA o FERE A e s F
23t Xy A fil o3 2Algd el o] FoA 2= 2.3%
M Zled 2AIE AP AT HSE 7 Ue BE X9 £HE 2UE
A& Aoy, o] B F WA HEJNAH & AY 2 £ Aol
A5, T #dA AdF% B-ISDN #H3 49 A4, vldde ¥ Data &
9 TAHEE M Ed3} AF 5 A $-E7F EAIF Data, &4, Y
teeo T8 1, 2 322 FEIOR 7SR S 19 AL E=
Ad@de] N8R F3 opvlx 10X AXxe & A A4 F+ U
S 29 HIALS A A wi$ UR3}H 2E9 93%E 25msec ©4F9]
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AAdE ZAystd <48 Aol Y2 39 AL a9 &L FFHY
Algol 7] "W Ao agA TRsA ¢4 Aol A f2 7t
200ms8] AU oeE & (AL Asddsts X do] YR E A 3)F
3= 210ms Bo & £+ {Y. o] EAl= percentile goal criterion? A
olg Yy o]l A3 ATFAAE & ok

W1 =< 10 for 1002 packets, Wy < 025 for 95% packets,
W2 > 025 for 5% packets, W3 < 2 for 5% packets,
W3 < .21 for 90% packets W3 > 21 for 2% packets

AAZ J 2E AR $A9 S T AL B4 5 A g S
g2 39 2% ANL HARH N AP HEVIE
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4. 3]=2 Percentile Scheduler

4.1 Process Scheduler®l] Percentile A&

Percentile 24|23 7|42 HAA ¥ -4 &4 7193 YELJA 5
Boll ALEE Z2AIFE ZIY¥oltl] o] 7oA = g$EHol =33e 1
AES MH|& FAd g EYP22 FES, 4 2o A XA A
X3 2 S0 St HAAEC] AHZ A A AL olUe] AL EHE= v
& 5 Percentile & A3 1 v]E&EE UFAF)7] A% 2AFEFY Yol
t}. Percentile A FolA EW2 i o £3= YA 2AF ¢4 &9+

<3 #Z

Aol X Si & FoA up@d Al ¢hell Aed HA9 ol N = &
A7MA 2L 0 B2 EFE HAY s, P = F993A Percentile ©|t}. o]
Pr(i) o] ¥I3F & 4 o€ 7HAA du}. & v AT ¢l A
¥ A2 7} Percentiled] ¥]|dt] HjH oz HE A2 o)
O FA43tq AH2dds Aol o] 49 fF= HAHL [1]ldA4 B 4+ Ut}

I HEo ALREH+= Percentile 2AF WAL § A9 Hu Zo)s}
AgHS J3 Aol AFHI e T o HAo) Fhol 7o
= T flue ol ZHAEY. w%de ¥ FU)|H o2 APHE dyrH =
2EME 2AFY Froe § 239 d3 ANE 5 goz A
© Aol HPFEA &) "o T2 A2 Y A A2AF G @
@ S4% 17t et o] 1y AIRe AA 2AFEs FAHE &
& B3 o 24z HFogE ¢ oy o] =FdAE Aud EI}iE
2t #HolA 87 (http AW AFAAME 3t Holx] aF)e & )
232 AF3 RE 23 e A A7ty vz} Ae szt n

7}74 3k .
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Faz g wetA] HA x5 2HAE# ) oJdH WHor AHEE
St=A] A E 887 Y.

421 99 Y52 2AEH

re& TGAAY 2Aed ngdFL B 7 M2 FSHE P&

Zopdtty, T2 M A dkg A3to] Fojol da, FH PR HEFHoE
Ao ok 29T CPUE AM83HAl Rt Z2AH 271 Mk
AT, ¥ AU oY Z2A29 2 A £HY ZT2HN2E FTA
& s ojof 30, 7|8 A2 ALGE mBsjof @
529 A2AEYS ALY /Y EYE . & CPU AL ‘&0
2(slice)’2 23, 48 75¥ &4 ZzAavc selo)l2g Uy 83
St Z2AlL A2 JNE FAN AY| B Z2AA e FA
ZEAZ SRt 3% 5 Y. A d¥stx Jle Z2AHLE FE
A @gked, Z2ALdA Foi3 B dol: Ex EHY dAHo] ¢€s8
HH Z2AE Aol dojdnt. AIZEL Eloln UAHYPE oE3}7] o
ol ZEAMEe A3 AlE8d tis] A7 & 87 .

ZzAxe) $4 &0 W} TaA25Y £98 dlE R EY &
AZY QAo 7o) A T2 A2 A $H =98 do] 2 HE
WE B LnAFL AHEHVE AW, 2 HF AHEL T2 o
£ 2 T2 A27 CPUS €3%td - FE AFeste dehie 2
o]},

52y T2y S £UE FHoZ ARG 2AFHE T2
H2E A% AARRA #7180z Z2Are $4 £98 2390 &
AZes oA AHEL CPUE A83tx Re Zzaze] $4 ¢98
$3902 ¥ ol mAIAEZ LYPFY CPUE AHE8 ZaAAY
+4 £98 $HoE Bag

Qg o2 AAFYL oo Y o T2A2E ‘Y& 939 ‘CPU A
2 PRI A 929y FAE ol o8dn, BE ANE U
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3 ZAjo] BUsE Jdge o AEVD FAE £A AN e T2
IYAY CPU Alzke] Bo| Ba® $8T2adolT)

g5 Z2AAE AAHY (preemptive)o]t}. ek oW 2 A AV}
TASK_RUNNING 2387} =8 #H4EE o] ZzA29 T3 ¢4 €97}
dx 248 T Z2A2e $4 ALY 224 FARY. wef a3
U A AT TRA L dYE T, AAEHE 23 dE
ZeAZE A9 APS{F do. €& Z2AHEE A FoiA
BY 98E 2F A2 W= AFE =+ Ao A2 FA A4 o]
dol "ojA dA Z2M L7} AFAF0] odte FH2E Yoh 19
" Eoln JAHYE WE B¢ 9o 2AEHE 28
A& E°. ¥ Z2IY(JE S, A HRAZ AgdA)n HAYHn
Ae &< M-SR A BV 4F FEo] 7teE T2aelt
etA EA HAVI= HRLEROE 3 A4 o0t =9 a2g8A0
AbEARE AZs7] Y FAS dHolH J¥E Aol F¥3tn, Attt
71 7 € YHI= Aol BT XA AdH R A7) W o]
TIPS A7 BEREY. 234 AHEA) 718 d8EAnka JEYE
7t 2AS, AL M HFP7] Z2MAE ALA . AL dEA
2Y FA ZEAZ(FHALY), A 29T Z2A29 ¢4 ¢4 By
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ABSTRACT

An Implementation of Percentile Scheduler on Linux

Choi, Dong-Joon

Computer New Technology
of the Graduated School
Hansung University

Applications such as interactive multimedia and virtual
environments, require real-time computation and communication
services from the operating system 1n order to be effective. As
application with various time constraints are increasingly being hosted
on general purpose (rather than specialized real-time) operating
systemns, the great interest in mugrating real-time systems technology
to desktop operating systems grows. In this paper we implemented a
percentlle-based web server to provide differentiated services for the
different classes of service requests. By implementing percentile based

scheduler and modified web server on Linux operating system, we
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showed that our scheduling mechanism clearly differentiate services

based on the QoS requirements defined as percentile.
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