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Transient Overloads Control Mechanism for Virtual Memory System
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ABSTRACT

In virtual memory system, when a process attempts to access a page that is not resident in memory, the system generates and handles a
page fault that causes unpredictable delay. So virtual memory system is not appropriate for the real-time system, because it can increase the
deadline miss ratio of real-time task, In multimedia system, virtual memory system may degrade the QoS(quality of service) of multinedia
application. Furthermore, in general-purpose operating systemn, whenever a new task is dynamically loaded, virtual memory system suffers from
cxtensive page fault that cause transient overloading state. In this paper, we present ellicient overloading control mechanism called RBPFH
(Rate-Based Page Fault Handling), A significant feature of the RBPFH algorithm is page fault dispersion that keeps page fault ratio from cxceeding
available bound by monitoring current systern resources. Furthermore, whenever the amount of available system resource is changed, the RBPFIL
algorithm dynamically adjusts the page {ault handling rate. The RBPFH algorithm is implernenled in the Linux operating system and its performance
measured. The results demonstratc RBPFH's superior performance in supporting rmuliimedia applications. Experiment result shows that RBPFH
could achicve 10%6~20% reduction in deadline miss ratio and 50% ~60% reduction in average delay.
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if (fault,_period is expired) {
fault_pcriod = NEW_FAULT_PERIOD ;
fault_count = 0;
} else {
fault_count++ ;
If(fault_count > fault_limit) {
suspend task or adjust priority ;

(38 7) Ho|x] E2E AM2| &L12|F

A AT dnEE HES] A5, A
Ao fE BUEE 2 AL oge] =R Linux A
d& FAstg e, 449 Linux A¥S IMX(Linux Mul-
timedia Extension)= ¥&u}. LMXE #2325 A3t ¢

Hlreal-time task)9} BE glA~F(general task)E =75}
o, AL AT A7) AR Asd (g ASH
22 BUHE, 4A7F BiA3rt AR g Ade
e H23rt MY £ YRS #Ednh e (2E 82
LMX9 74 249 52 AH-S HolF1 gtk LMX<E %
1 Alo) % (addmision controller)$} A} T2 5-(resource man-
ager), A& 7]y #e]x] EE JAEHE T JoH,
LMX9] 4l #37] BEdA §A5h= @2 F AL B2

JHet HIR2 AIAEel AA|HQ! T 25t I 308

._LO /(] =] }\]--g—o, ‘-']z]] tﬂ._ﬂ_ ];Hjﬁﬂ__q ]o }«}'—g—‘%}’, %71:!: ;q_
2 Solth

_______________

Rate based
Page Fault Handler

Virtual Memory

1 §

Process Quene

Lo

Scheduler

(O% 8) LMX 28 7=

Azg A d2327t f9E 9, LMXS $¢ Aol
(admission control module)= Z+ A A7k Bj2=19] 2l AL
) 598 Haze A AAEFY FA J-Y Al
2 A4 FAE 298A g A QAT HEHE FEA
717 Deh ol Aaw A AAE AN B A G
et g3, dFE HE fa23vt #Y @ p URE 4%
e B 48—6}3'_ c’”’fﬁl Hg Hazk FF AdEe]

Q

dol e Aol ol &=, dol v FF AdF
9 e Yol A ol %E o] £48 F AEF g}
A4 ek 71Ee F8E] AaM EA AaRe AL A4S

Aol EHEHH AN FAE M glofok 3, FHolA
ZEV 283 Al2d JAdd daMz vg 38 25
2 7EA] L glefol @k & o)A BEJ wE Z2AA A
o &hre HHE 1£E11.1°1 A FrA sk slefok 3pH, of2 g
AEE o] &M A 78T A2g AL B WA A
A f9E d230) dislA #HolA EEE U HE
Zojth,

il

5 8 Zdx
ol FolME B =R Axsts ug 7N Aol E
Ay A9 7129 Linux N&#HE 45 dmdic 49

E A
9 24e solx BEJ} FRHoE wANE AN B
Arehs dneEE AEANRAE A FHolx FEA
o2 BAFEA FYtE RoIH, o
j ”E*FJH]EM %* 2ol AN & A7EA
== 38 2EAA 84 FAFSHA Sk
o WIEM 3¢ =29
A A 2RI
Hoz fuanRA £

[0

7] SEA AA );_])\]/1- izt
7, wj 4] 2 (batch task)ol &3}
S SN T 28 TR YL 3

gg Ak

o1ﬂ

o [“|



36 HEHLEE=Z XA ME-AD HAZ200112)

51 AI%J il-?i

Ao ALL5 Linux A&d3 LMX & Pentium 500MI1z,
128MByte RAMS A&35l9 o5, Linux kernel 24 A&
sank a2z A AgEE 39 JelA £2E Al &
28E ()& Hojx] ZEE Afed SN = 2T
AL B FHPAAN AL FIHY 000045 AHEIAC
Ei B A¥da= LMXY RBPFH 7183 7[&9]) Linux
Zglate] FAG vju 2 AA7 ~A2Y EH2 AA
#HA Z2H2 2ASY FABL Linxd 718 2A2

o
=2
o
AN

2z

7l 14
212l SCHED_OTHER[E]E AM&-skct, whaba Helv|tiof
ezl gt 4 7414 2 oHx Zode] £ydE AL
FUE Ay A ety 2ASHEHY, Z2AME
Zo] ALg3e Hzae] —°rL #9971 HsEe 542 7HA
AR,

HAgo) A2 mpeg_players Berkeleyell A 71¥H3 MPEG
-1 594 Zgoloje]r], Hadel AL dti2 die]He
8874709 ZHde g TG B2 ey A

%
8 A7k2 205.80%, ZdY Wele 304 =HA(pixel), ZH

¢ =ole 228 FHA(pixel), FF =¥l Z7)= 3721byte
a8 3 #HE A4F2 803096bit/secd] 5L ZEr (a9
9t B4 gclolrt @S0 P A 228
e I A4S BoFT gon HEdow 25% 24
o T2AA Ade 2Rda e % & Aok

CPU usage

0 n||z);i"r‘jxr’u;(l|»|::||;|||||||||:|||nnulllulnuu)‘_’mu
1 [5) 11 16 21 25 31 35 41 46
time (sec)

230012 Z=MAM 0l8F

(3% 9) gl AlBE

AYollx wjA] A4 E4L 7HAn F4E £4 A0 =
ZIYEL CPU S48 Aol =239 27]%= 13Kbyte
olez &9 HEeE AR s vge] FARLE F£E9
o 282 a4 A 22a9e g9 FHlofold FAl

THo] AWM G Felolof7t AgEtA &3 sl =2
A o] 8F FollA X =S Alzdle] AL gl =
A o] &F 5%E AT 7] 70% ==
S ol g8t A "ol webd MEL BH2zTt F

Qo Hx A9, BA A2del N $859 F94 Feolo],
X Q5% Azd, £4 A% 223Ul 4§39 Z2AA

A4E FEHA A-ESHA "t

52 MY 3 7w

2 =7dM d2a9 Helx £E A g, Hmy A
£, T2 A~ A RS TE7] A5t proc A AJ2~H”[5]
o HHE o453 St Proc %Y A&®E #5249 7t
Ay AAa"og ZZ2AA PH AR, o 23] AR T }
o]~ H¥ g 7|e} Fde 48 Ao g FRE AT
3 g B =RAAE v& 7N Ho1A] FE Ag ¢aE
2 FEddA Fr1Her AAF AU ZEA S AL
T, Holx ZE A HE& 5L 9] A =g Alad
FFL F76tA &3, proc Y AlaRe] ARE Frhehe
WEE ARSI HE (17" 10 B %= %ol 49 g
a5 #estn FAas Feload)E W43 A task

manager7t EA 5, task managm% HEW o] ez
gl #E fA3E FEA7 L BEshe d2E @k resource
monitore 7@ 4 ele]He] 84 FashA, 100mse) 7+
Aoz A8 Haae Holxq ZE A 4 4 vEe A
Lo gt AR E s 9EE 59, task managerst

resource monitor’= [PClmessage queue)s S|4 ARE

Fx et
e
) resource L.og
monitor

ey

00 - [

% } Proc FS }
Resource
Linux Kernel Manager

(g 10) &Y gy =7 2

B AEE Hoja Z2E Mg flHA 2TE ZZAA o
SES AFS Ao fF G gAE 2oz ok vy
(28 1D)e 974 Edllolo] € 4 A4 TP X A%
& ANx"o] 813el @A Netscape TEIYE A
o2 {FYATIHA NetscapeZt ZAAste Wme ALgEe
Bol3 it} o] u, fault period %} fault limite) #-&& W3
A717] 984 fault_periodE 50ms® ZAHAF|Z fault_limit

9 e 5elA 207kA oA A4S SR dllA <
FAR] =4 HolA FE HHYE AHAH L2EHE 4(1)¢]
0.0004c] 22, o]z FE Ao TFH #QAIL B39
Z2AA o]&FE o= 5T ZTh

e fault_period @ 50ms, fault limit ©5 — 2 : 4%



® faull_period : 50ms, fault_limit : 10 — o : 8%
® fault_period : 50ms, fault_limit : 15 —a : 12%
® fault_period : 50ms, [ailt_limit : 20 — o - 16%

>

28 A, Netscaped oA EE AHE 93 €94
Hl AN Blagd] Z2AA o848 o7 2oldFE e
o] AbgFo] 43 golAE g & F don, UnE &

(=]

E AUE 09 o9 gl RHAET Wz Ayl ¢

TE EobdE A& AT ¢ Ut & FH=E f30d H
235 9% Ho)A] EE AT HEE wEsH Ho|A| E=
E Agshe vgo] FoI3 H AP oz vlme Aol

3500
000

200 __,‘L:::;;;:;;;;:_-
2000 //._"j//’r‘
1500 ‘x/,»i:E:::;;;;:;:::-"’

"
7

page

[=]

=
ra
~
<3
=3
>
M
=
>
©

time (sec)

(38 1) 2= Mzl 80 = HRa| AR HE

54 Netscape2t gmpel &5 ¢ 2=}

(29 12)¥ 7129 Linux 494 NetscapeE £4 0.2 #
PAAE o A EC’#T W glen (28 13)2 LMXel

4] NetscapeZ ¥ o2 FYANAEL We Aot of o,
a¥ 8 %% AANA *1 485t 49 248 49EY
Linuxol M L2138 8 27 stxaiA] L5 #o 11
ZE H|&o] LMXIA = &g 2202 fFAHT &S
o & Slth

gl 7]9F Ho7] £ A duzFd AR BT
sk (29 13)% 2ol 4% =elA g43] FHolx ZES
HAEHE ofr= Linuxet 22 d4AIZE Ade] 7R 9l
= ZEAQ A A 78t ksl Aol A Linux
712 ~AEe] 3] SCHED_OTHERE o] &3t ZEA - &
AEYL 3t glenE Az EAo] wANz gon zh
ZRALE Fold ARle BY ARSAY ZR XA (pro-
cessor)E Bol AL 4 £HV €oA)7] AAA AL
Hoz o] o|FofA | WFolt) kA olEd EAE
#HAst7] e E FFALR AN 2AFYE Y5
of Tt

(L™ 14)% Netscape?l A17e) weba] A43tx 9l &

That HZE| AAEQl SAEY TEE 23 7Y 327

2 d=zg 4o WiHE RYFa gk LMXE FIo=
3 gl wlg *1Umm%m231%'r
EEEI }Eﬁlﬂl Ed drEg 27 #F2 g

4 3lth o|Ed o]fi= oAM= dFFSo, Sfﬂ‘ﬂ?q %E

L4 wEs BHE A7 AA7 W] dEelth

faul number

time (100ms)

(3= 12) LinuxollAM Netscape2 HO|X| ZE gt Zl==

200
180
160
140
120
100
80
60
40

page faul

o

0 20 40 60 80 100 120 140 160 180
time {100ms)

(32! 13) LMX0IlAM Netscape®] Ho|X| BE gl gl

—Linuy — LMX

3500
3000 J,"
2500

”,-'-"' L —
2000 =
1500 /_.

w
1000 ——
{ -

500

0 0 60 90 120 150 180
{ime (100ms)

(28 14) Linux2t LMXOA Netscape2| MlZ2| ARREF

page faull

T2 B3or Baart fAHE BF4A et
S48 ZRIWo] AFEA FHHEA FYsy] HAA, T
A Edojole 28 AFE <X oA Bgrh <F 2>
odA TR EAolole A A AHE] 10 % F= &



328 RN =K A ME-AH Md= (200112

o
tlo
s <
"
ﬂﬂb

o,

r
W
e

& 4 glew, Ag A7k A5 Z=e] Linuxeol
2 15ms A9EAA LMX A= Tms=
| ZAEURE & F 9tk ZEHEYY &89 F
B7Veel il A Al A=) -“r“lz FaaA T,
to] A& wje] Hat = oWzt e e

>,
Fﬂ\i
o

[ R 4

roome f®rlf
o
~J

2
Zio

>

ﬁ\]

A A A7
=l %%—0] A A7
BH A RatgolE, AR Aol A 7

-

]

AE F23} gy, 2

of %3] o] g
e dergo] S840 Fdd Z &40 g1V wEelth
A8 Az M LMXE Linuxd] H]s)4 238 Azhe] A
A+E 34 £, 37 Ad A7t T o o) 29
£ Bk

(E 2) Mpeg-1 E|0lofe| MEAIZH MiE 3 LT XA Ajzt

frame number | deadline miss | miss rate(%) | average delay
LINUX 500 161 322 15054
LMX 500 110 22 6904

e 2 o)FA B gimpE AR FANHL
o) A94RE Bola Yt 2¥ Ao A Netscapest H] =
3 A%E Helx slen, 7129 LinuxelA= (¥ 15)9
2ol Zzod A% 2w PFReE Yrhte |4
ZE7F LMXA = (21 16)914 EXo] 94 # 7] 5
ARl 2aEE A AT ¢ A

page faull

o 20 40 80 80 100 120 140 160 180
lime (100ms)

(3 15) LinuxollM gimp2| HO[X] BE 2 2=

200 —
180 | th
160 |
160 fnllilit
120 |t
100

page lault

time (100ms!

(732! 16) LMXOA gimpel H0|A] BE 2HY 34

olm Qo =2a@ AR 20 37

ael
E#E 378 Linuxdl ¥afA LMX: gut3t FALE 1

gimp ZE2aH0) 5H2EZ FYs= SFAA FEE F
b X7} &

deololE FHAAL o, <F 3>)A BEo] A A7 2
AL 0% F4EG e HF A A% Tms B2
olgith @b A netscaped] 29 Agtel v]&gk HEES Ho
I 9es ¢ 5 gk

2500

2000

1500

\\l
‘\
1

1000

P
L -
500 <

o 20 40 60 80 100 120 140 1860 180
time (100ms)

(22 17) Linuxt LMXOIAM gimpel M2E| ARZak

(& 3 gimpef HO|X] EE & &l A

o0&l

o A ALz

frame number | deadline miss | miss rate(%) | average delay
LINUX 500 234 468 14194

LMX 300 131 26.2 7742

[o>]
!
riu
p 1}
0%k
ok
=
Jet

HE AlA" BN A}%xlh dofe] A FelA f2g
Hea s FYA7AY, $2A71E A4S w5 40
ol#® FHY ol i Fgnde] 88 FdAStnA @
W Bjaze] fejol oF AF Aeie ey} A
H A 242 ofgA)7]= a9le R #EaA Prf B =Fd
Me BEo2 fdHE HaFrt Alade] dAaFel 753
2 25 Hu, whetd RS AFAZEE AL P
ook Bl= HlAaa g A Az G 2 E FAHol
el Adpeith =% FHO= H2av f9 2 o, o
BR9] w27} Holx BEE AYde REAM TAHD
Ao, dojx ZE RES XFete 74 R A=y
ololA HREE FHEE vlFe]l Hag offof dsiM o
Tetn ggFoz ARSE 24 £ AdE 7|HE AAE

s
rja
r
Id
2
2
>
T
3,
~J

m,
=)
A,
&
ole
op
=1
mk
e
'8
o
e ck
.
l“ﬁr
Eul
1>
144
it
e,
>



SiE BEE] AY PHOB M ARy N2 7
9 Aggel ABE ARE HE 7B dold F= A
4] o]}

B =gelA AAg Age Z2ag AF A gE4e
£ #Aste HojA FES EAA7E 54¢ Helx gle
o, o] Wz FHuc]e] §&o] A Aol £
42 £ A 7)Nhg AL A &5 27 o= A
A sol A7t Wue B oFA HolA] IAAY &
2 (swapping) 22 LE|T|T]o] §-8o] AT AZEE $7

A fe BARE 47T ARl

[1] C. W. Mercer, 3. Savage, H. Tokuda, “Processor Capacity
reserves : Operating System Support for Multimedia Ap-
plications,” Proceedings of the IEEE international Confer-
ence on Multimedia Computing and Systems, Boston, MA,
pp.90-99, May, 1994.

] Raj Yavatkar, K. Lakshman, “A CPU Scheduling Algo-

rithm for Continuous Media Applications,” In 6th Inter

national NOSSDAV Workshop.

P. Goyal, X. Guo, H. M. Vin, “A Hierarchical CPU Sched -

uler for Multimedia Operating Systems,” Proceedings of

—
]
Pl

(3

[owitar}

the Second Symposium on Operating Systems Design and
Implementation, Seattle, WA, pp.107-122, Oct. 1996.

[4] J. Nich and Monica 3. L.am, “The Design, implementation
and Evaluation of SMART : A Scheduler for Multimedia
Applications,” Proceedings of 16th ACM Symposium on
Operating Systems Principles, St Malo, France, Qctober,
1997.

[51 Michael Beck, el al. “Linux Kernel Internals second Edi-
lion,” Addison-Wesley, 1998.

[6] Silberschalz Galvin. “Operating System Coneepts,” Ad-
dison-Wesley, 1994.

[71 Ralf Steinmetz and Klara Nahrstedt, Multimedia. Com-
puling “Communications and Applications,” Prentice-Hall,
Englewood Cliffs, NJ, 1995,

b T2 AIARIS] ARl THEsh 25t 71- 329

[8] 1 Stoica, H. Abdel-Wahab, K. Jeffey, S. Baruah, J. Gehrke,
and G. Plaxton, “A Proportional Share Resource Alloca—
tion Algorithm for Real-Time, Time-shared Systems,”
Proc. of Real-Time Systems Symposium, pp.288-299, Dec.
1996.

{91 M. B. Jones, D. Rosu, and M~C. Rosu, “CPU Reservation
and Time Constraints : Efficient, Predictable Scheduling
of Independent Activities,” Proc. of the 16th ACM Sym-
posium on Operating System Principles, pp.198-211, Ocl.
1997.

[10] K. Jeffay, F. D. Smith, A. Moorthy, and J. Anderson, “Pro-
portional Share Scheduling of Operating System Services
for Real-Time Application,” Proc. of Real - Time Systems
Symposium, pp.480-491, Dec. 1998

[11] Michael Barabanov, “A Linux-based Real-Time Oper-
aling System,” Master thesis, New Mexico Institute of
Mining and Technology, June, 1997.

[12] J. Stankovic and K. Ramamritham, “The SPRING Kernel
1A New Paradigm for Real-Time Systems,” IEEE Soft-
ware, Vol.8, No.3, pp.62-72, May, 1991,

[13] Ray Ford, “Concurrent Algorithms for Real-Time Mem-
ory Management,” IEEE Software, Vol.5, Issue 5, pp.10-
23, 1988.

[14} Kelvin D. Nilsen and Hong Gao, “The Real-Time Behav-
jor of Dynamic Memory Management in C++,” Proc. of
Real-Time Technology and Application Symposium, pp.
142-153, 1995.

[15] Charles B. Weinstock, “Dynamic Storage Allocation Tech-
niques,” Ph.D. thesis, Camegie Mellon University, Pitts-
burgh, Pennsylvania, 1976.

[16] C. L. Liu and J. W. Layland, “Scheduling Algorithms for
Multiprogramming m a Hard Real-Time Environment,”
Joumnal of the ACM, Vol.20, No.l, pp.40-61, 1973.

a1 H =
e-mail : yuko@os korea.ackr
1997 ZediEm AFEST 2H(FAD
19099 D B AFHET
CEERY
19999 ~ 87 mANET dskel BFE T
pRBE
Bk dElvtje] ga3AA, 447 £AAA

of X
e-mail : jyah@oskoreaackr
2000 s PFE T ZH(EAD
2000 ~ 87 Teitela ojshe) BEE e
SREES

ARk FGAA, Bt £5AA, B

g Azy



30 EEMCISEIAIA HEAT H4z(2001.12)

EH 3
¢-mail : chhong@os korea.ac.kr
20004 TR AFE AR FUEAD
2001 ~ @A netm W HFE S
PR
A Fof: G, B £AAA, B
27 =5

= &

e-mail : hxy@oskorea.ackr

1982v1 Agigta A-geat g

1981d AEdEm A e Hap

19863 University of Michigan #4F8H 4JA}

19903 University of Michigan #1248} kil

1990' ~ 19951 Sun Microsystems Lah. &
79 & Sun Microsystems Lab,
=% d+4

s o3 FFE G w5

19954 ~ A4
AR £G4, JEHZ, BrrT]e], thin client



