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Abstract As the multimedia application becomes ubiquitous, the size of message used for Inter
Process Communication (IPC) grows up to cope with the requirements of multimedia applications. And
the rapid development of new hardware platforms makes the portability of operating system more
important. But the traditional micro-kernel operating system is implemented platform dependently for
better performance, and especially focused on handling short message.

In this paper, we present the design and implementation of IPC mechanism in M3K (MultiMedia
Micro-Kernel) to address the above problems. Qur IPC mechanism provides enhanced performance and

efficiently handles large message without performance degrading.
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class Signal {
public:
virtual handler ( );
}
class mySignal : public Signal {
public :
virtual handler () ;
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99] ALFESA mySignal FhaE Ade A

A AA2ZA handlergte virtual F+E ZHE Signal
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FY25 d&dch WA Signal FHEE S B
RE gd&E Aade] e £4¢ TR AYA 2
th == A Alag AR g 4L wgsE] 9

3|4 848 Signal F2YA= handler 45 o4
2ol (overriding)3tAl Fth & o, WAAE AE
e Alad ANE Astr] fslME Signal F¥&
g A&t U248 FYsa AEgd dAAE HA
5l handlerg AFelstAl Hrk

5.2 Alad Zxjo| Mg

oA Ao Al1xd AAE AAR & RH =
A BU7) Yaixe, mA F Ald AAe FHAR
Be MAS AYABEL sendSignal FHE ol & B
t} sendSignal ¥ AEstde Alad AHE o
(target) 28|=9] A|2d Ado] ARG g 2=
2 79 MgsiA 2ok g 2Ess Edo] AHIAHA
Wzl Ald g (PR Alad AXHE A2 o]
q did 2HEr & 2Y=288 2 Alad AAE
HEstd FeolRerd ¥ Aad HAe vz X
A B3ta, 2Ee A GAokrt UFel A=k

5.3 AlaY x| s

Alad AHE e zyz=rt A2d AAE Hst
= AL gAz=2 AF5E 29 63 ok 9 A
ad AAE Agstr] Ao oy e RH=ZRE 2
Ag ANE At FolAeA Ay A
HA 2H =7 AL QE AvlEo](semaphore)E
Asith o] w] oju] ThE Ry 2 Aad AA
& A Foloew AulEole] o3 AHH UA
gooz Qs Ayt & 47k or)s 8o 1%
| o AuiXolE o)83le PAFILE A5t

N

if(lock ()
return FALSE ;
while (signal=Stack.pop () ) {
signal—handler ( ) ; // call signal’s handler
sender =siganl—sender ( ) ;
first=Stack.top () ;// get top in the stack
if(first&&(first—priority >sender—priority))
continue ; // if higher priorty exist in the stack
if(sender—priority >this.priority)
switch_to(sender) ;
}
unlock () ;
return TRUE;

19 6 AT AA ASY JaRE
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g W gloa AW Alng AR Xyt Eud
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a¥ 72 o|¥A FHE Ad AAE o)EIAM A
A ZAAG BEA HAXE HUlE doSend 48
RojFm 9in}

doSend(Thread target, IPCMsg message){
target->enqueue(this);
signal = new msgSignal (message);
ret=sendSignal(target, signal);
while(ret===NOT_READY){
sendSignal(target, singal);
}

a¥ 7 ANadg AEsE doSend ¥4

doSend ¥v RUEI sk WAAS 4 2H=
ol tigt HFXE o] wizl HFE deth HAAE
02 2822 Bl 3%, $4 2= 4 ZE2A
27 B4 AU £ 2= tly] Fel $4 28
=9 FxE s Fvh 2R3 Rt she WA
A2 AR Signal AA TR (wrap)¥ Fol| send-
Signal & E3A =4 2H=2 HDech

AAE Aad AAE $A 2Yd=E RUE &7
WARE v 44l 2Py FHEHA G AL &
Wa Bl WAAE 4 2F =7} obd aAFA e
Ao oln wEz Aade ALEA g 2
oAl BuUiA gk o @ £ 2H == sendSig-
nal ¥5-9 9 e FMA £ 2= Fu) A
¢ F vk dusia 4 2E=EE 273 gL
AR g3 Azd AAE WA Hd Aad e
& B34 NOT_READY#= A#zke Huj7l wiolcth



Delrite] vlo]la 2 Ad M3KoA ZRA A7 BA 7E 2 A

3R doSend 471 Byl Aol 44 2#H=rt
HA WARAE 23/GA F$4 2HE9 sendSignal
G55 53 Alod AAd TEE vAAe 4 228
ZoA vtz A"ty weF £4 2 =it £A 2EHE
B0 9A AL 54 G545 3ESH HW, ¢4
2= 2L FA Folle £ 2Y = A4
Hi $4 2=s $4 2Esr) dAXE 838 o
744 21EA A

5.5 T2MAZE EA HAIX] =4l

Iy 88 mwiAXAE 7] $18 doReceive FFE
doSend ¥<oF FYFH BFYel "/ wiFE Zsth d
gt zb w7} WE doSend ek Awithe 8=
AHgEY 24 sender AFT WAIAE Bl 2HES
7HAe RLE, NULLel obd Afoe 54 2d¥o
258 WARNE 2L o Aok 2851 message ¥
Fe W WARE FxI] A3 AR ZEALG
EAo] AzHoz Eud £4 2= B wA
2, & $4 2FEgA B A1d AAZREH FF

(unwrap)® HAIAE 7El71A "ol

doReceive(Thread sender, IPCMsg message){
if(sender is not ready){
signal = new wakeupSignal();
sendSignal(sender, signal);
}

sleep(); //sleep until message is received

29 8 wWAA

i

7] 23 doReceive &4

doReceive Fgollde A AlE B £4 2E=r
ZEAAL BN S4E ZEHER ARE dX &
Gelrl s 28s Ul e ZeAsg B4 TR
Zglsfjor gt $£4 Y= WA TEF FiolE F
off EAlshe £4 ez AxE ol &3A F4 2y
=7} A $A705 AEH es F4 2 =A@
27 gk olE A A4 2 == WakeupSignal
Ald AAE AP F4 2 EeA desiA 2
th XZ7A $A 2z T2AR 54 23S 7
td 42 2YP=E £4 28 =7 2@ WakeupSignal
w3 wAR AgE AEsA Bk 4 2=
Hoz AHIHe Aad A HEAMeE A

ZE £ 2P TR 5 FM &3
, Ald AR THP HAAE £ 2HER FAL
A Heoh

ge] dgeME & = Uxol, 4 =7 ¥A
doReceive 45 TZEIHT & Hd FA 2HE9
doSend ¥4 EEIE Zo| 7PF oA A Adolzt

-

q

4 149

off
=hd

& 4 itk 2%A @3 doSend B47F WA sEHH
S22l 227 £4 2dEe)A 4 b5 FEE el
7l 9@ A1d AAE o wdol &) Wil ANA
9 ZaAA7 4 eWHEs} o AxA Hrk

6 & ¥ 45 "Wit

B A s M3Ke Z2AA B4 AEUES]
5 Ads] BEosilen, ZaAxt A9 74
i s A A HlE&E Holn Utk A
Ao stEdolFHd BHE 83 ZRAXN F
o] 3 wale wAxY Z7)7h AR
ol vxle g A fHE Helm Utk E
FEAT oS AT M3KE =g 5L &
23 =99 Fiasco mlol22 Ady Z2AMAL B4
Ao A5 vmgosn, MK HYg 7271 Alxd
9 Heg AT FAPHAA 8471 ofdE Holn
} stk

6.1 M3K2| ZZAM|AZH S41 X8 A
B AoA MK Z2A27 BA HIJUES} 9
He A2e g 4 TN e AE FAT,
WA e zZ7)6 we} Zh Fzhe] WA AlZkelA 2R E
= HEE BYsgn £ A6 AMgEe =9
o) AtFe 2Eiste) A4S oz T2 BN 4
o] HE zgo] ojwF s=god B oA o
e vi=x AMRT Qo B E=Fdis dEdntel)
Ads WES(Pentium) TEMAMEZ doz JAFPSA
on YT A2 23L& A HEF ZEAAC U
AE o] 91& TSC(Time Stamp Counter)E ARHESIT)

T 1S #HES I-233MHZAIA M3KY ZTzAA
2N AITVES ol43le T 2HE 7hl dARE H
2% o), ZzEAAa7t 54 AFXAE YA ZEEe
22 P 88 4% TSC #e vepdoh 34 ¢
2 a9 g4oA A 227 BA gAS 7B
2 N N AEdstd Fosta sl

T UTDHE $4l 2 =AM Z2A27 B4 AF
9] doSend@47t £5F F, ALgAL 9ol dolels
Ad 9oz EAstm Azd AXNE A4dde =zt

ook > oo AL ook

N

At

7t 24

43

N
o, A

)..
tlo

fo & o

2 AP Aol FIAT)E Alad AAE £ 2
At 4 2Ezdd A o ZA Atk F
ZF 3UTH-E F4] 2E=olX 4 2de2 9] A
g5 W Zd A%E vt 73 ATde 29

AR A 2gse Aad 2EdA g BAE
Jeshe ol ™ Alzbolth, 3t 5(Th)= Alad 2
A Q&Y A2 AAE Adste o 29 Aoz
A HAAE A FgaA £ 2Ese] AEA 99
o Bl d 2y Azke] At F3F 6(T6)2 Al



150 RN =8A 0 A28 9 o] 2 A 29 A A 3 F 20024

29 AAE A2l 4 2SN o) $4 2HE
2 gUe A%SE © 2 Ao, vpAgez P
UTDE $2 2d=7) A 44z Bz v
2e5E A7) B,

F 1 73 9 A &4

(&8 : TSC)
32B 64B 128B | 256B | 512B } 1KB
Ti 821 1265 | 2184 | 4251 7866 | 15038
T2 44 47 47 44 44 43
T3 183 180 178 179 179 215
T4 159 158 154 153 153 169
T5 395 490 ni 3809 | 7407 | 14605
T6 192 192 192 192 192 192
T7 567 571 565 564 560 560

I 9 E 19 dHolgE 1= s AT AHoH,
3 Azte] wuld T2, T3, T4, T6, T79 2 &3
o other2 EASFATH 19 904 & & %ol HA|
Aol @A77y AR we} #3413 7 59 HlFe] A
A ARz glon, Uz Fre A9 wWEyl Qse
& 4 Uk wWAIRe =717 32Byted ®f T1d T59)
8 Aol AA F8 AAA A 35%, 17%E A
At Ao, HARXY =717} 1KBytegl 1% of A
= Tish T59 &3 A7t ulgo] 4z 49%, 47%E A
A AAA AE Ae] dREE ZAsHA k.

f——T1 -»-T5 —a-other

1sC

° <Gt
1286y

a¥ 9 7 A%

Wi Ti3 T5& AL vHR] F3F otherd A=
WARS = ZASNEGE ofF PER woltg
Holx Qlck. oflq e vE o & § UXR0], TI
3 T57 e BEAS 2 TN Qohe A
Hpo] G Jele) WEE F4AR WAAE FA
The Aolth Tl ZAN F FUINE FEHOR o
®e) 24 94 F9okn ATk By WA G

AASFE Hregy BEAd ©E H8L ZaAat §2
AXIEY 458 Beste WA 0l Brt

052 MR BA d9E vAE 44F doli
7] SsiA o 2 274 43RG Age o
Z2e CPU #o] £=(CPU core speed)®} 9fF w4
&% (External bus speed)& AHME-3laL Slch

E 2 29 g E Sudlol 54

CPU model | CPU core speed | External bus speed
P-100 100MHZ 50MHZ
PI-233 233MHZ 66MHZ
PII-300 300MHZ 100MHZ
PHI-500 500MHZ 100MHZ

a9 108 & 29 AF AN wAx) 29 me
ZRA2T B SR A0S 2Hz2 3959
ot 28 10904 Holm e A wAAY =7)7}
AZY wet BE Z2AAMuch T2zt B4 §3
ARRE Fide) AedheE EgS Rolw Ut a3y
Pentium II-3009} Pentium II-5009] A$-d= CPU
o] &x Aolox EFElm o] T 229 g
HIRE g e F4do] Jehdt) o|RE ZaAx
v B4 A7) A 94 Fe AL CPU
Fo} £x7} ol F wie] oy, o) =9 o]
QA 9R W PRV e BAlY A%5E F9dde
¢ ¢ £ Aok w=H ¥ 10904 Pentium~-100,
Pentium II-233 181 Pentium II-300°] vehl= &
A Z2A27t T4 FRANNY Aols ZERHLR
dolgh AR M2 &5 WE FHE M F ok

[Time{nsec)

25000000
20000000

15000008

100b0000
5000000

o K
IKB  4KB  6KB 15KB 32XB  SAKE 178K
Message Size

a9 10 TEAXAZ BA $3 A7

6.2 Fiasco O0|32 7{&z M3KQ ZE2NAZE B
A Ajzt Hia

E FoAe ti8HA A 240 mlojmE Az &

2% Fiasco AdFe] T2 M3 B2 A7HS vlws

3 Ut} Fiasco wlolmz® AYE 13/14 vlo|az Ad

€ C++ AJE AE3t A B Aolw, L3/147}

7ML Sl diREY B8 ¥3Ea ok L3114 vl



YHuHo wto]lag Ad M3KAM ZRA20 54 7E 2 4%

oAz AdL #He DﬂAlZMl s dA2EE g8
stx Jlem, Ad R F2E HAH3F stz Ad 27
E His) 3l Za 27t F4 AE 2EE E9
F9th 29 112 Fiasco®t M3Ke] A ZZAAZ)
A FYAZL e BAFa it

W Flasco |M3K

nsec

Pentium 100 Pentlum 120 P MMX 233

2% 11 M3K¢$} Fiasco® ZEAAZY B4l A% vl

olr

™ 116M & F ARe] Z2AXL FA AR
A9 HEHA Yehta glew, st=do] Algde A
o RS BlRE e EHolw Ao ¥ 128
Fiasco®} M3K 9 Z2AM&7F 54 731 FHA70E
Yehli 3lvh Fiasco 7'd7 M3K 749 Zza23t
B g0l M2 oA, wHAA A wL4elge
TF4E AL YL BR Fiascod] MAA7} Ad=He
7%t 2% F43t] M3Kel 71 Ak ez ¥
date] & st

HBFiasco W M3K

Pentium 100

T T2 3 T4 1

229 12 M3K$} Fiascod] #7H8 A% A3

1% 128 29, T13 T2, T377e A% A9 Ao
A FIANLE RAFT AN T477ke) 7Sl
Fiasco® F3A1zke] M3Ke| ®lsiA oi=F 3uf 7}

2017 AL B F Aok T4olN 3 He Age &

2H =5 Ustn FEete A A delg B
A e FEolt), o A2 B4l AARAE
A&tz A#A Fiasco?] 3¢ A2EE o] &3}
dolelE BAlslr] u&e)] vjxa] BiAE sk M3KE

ot ZE FPAIze] A AT $4l 2H=E F
st #Esle FEol dolM Fiascor WAIR] F&

X e 3

mlru r_X

A 151

M

F1 8 5l 44 2d=E 39 2 Beshs w
¥, M3Ke wAlR ug %‘01*1 gelstmn 4?4?5}~
‘ﬁ% gatr] w&o) JuHdez ded %‘5’:5

ok wely Ag Azgoz st=sole 53
‘3}E Fiascool HIE|AM @ dA)1x] e 7=
= o] A2 BA HEE S A Fo
820 Hu gUes ¢ 5 Ut

78 E

2 =2dAMe OIS A
® M3K Aol Algstn Al—‘\:— EALT B AX
YES A% FHo| s dwEsten AYe &
sl 45g EMIHLE B =88 nmolag sde =
E2AAZ 549 Aeg T AvEe =¥om =
fdoje] E4E g8k Wilol o 7§E«l AsE A
Adledl =4S F 5 o), A2 Zo7 o]y
3= B2 Bl&S dHATT JSS 111—'1%}1 pi=3
TS tedo] ZHEF AEHQ violam A 4
A WYe HEE|o] §83 Zo] &FY ZRAx
T BAS B8E v A2 9] 79 3l
A Aed & 5840 gled Holn glen, oF
dE Fohe] Hola ot

£ =idAe Z2A27t Bilo] == ARE
o] sle] FHoRE ey AR =)o wel 7 7
el AA &8 AEA AR|FE HEE EAHe
W, A9 AF HAARY ZVPL ARDSFE vz AL
7t ZEALZ Ao BHE AHAE & § Al 2
HHeo g o] HAA Hzlel glojA sl=doie]
A& 83 YL A9 =] Ha YA &g
Hoh =3tz Bile] H5g AR R &
20] ¥ Wi Sxoln metr Y WA L7}
wE HodolE At FuAE gy HAX
AZE sted AV S & 5 Uk v AF
M= M3K AL A 240 wlo]zz #de] tixH
Q1 AFHQ1 Fiasco Ad#e] A AA ZEAH27 Fal
53 AZHE vasRglen *éf?:l AdoA B F IR
o] 454 AY Aozt g F Aok o] o444
g HHo= Jud M3K Ade] TR BA
HAUZ] Ase FF 77 A5t g =4
o] 838 #4312 JT Fiascod} wlasty As xjo)

i o "
fr e de ob ff

2£°b°lﬂo“

o °l’—‘13}7l A 4

sl ARH Agle] opde HolE Roltk
T AT WFe oYL PINE T2 44

51} ghe M3Ke) Z2A2Zt B4 AUSS Sgshe
Ao, olg dAste] MEINA A 4ol B BT
2 ulgse vAx Age EgHoz AU & s
slolx) F% 7Sl i A7E APska vk



152

(1]

(2]

[3

—

[4]

[5]

(6]

(7

—

£8

—

[91]

[10]
[11]

[12]

[13]

[14]

FRAB=EA] : A2EH B o]E A 29 F A 3 B0

o

12d

D.R. Engler, M.F. Kaashoek, and J. OToole Jr,
"Exokernel and operating system architecture for
application-specific resource management,” in
Proceedings of the 15th ACM Symposium on
Operating  Systems  Principles, pp. 251-266,
December 1995.

M. Acceta, R. Baron, W. Bolosky, D. Golub, R.
Rashid, A. Tevanian, M. Young, "MACH: A New
Kernel Foundation for UNIX Development,” in
Proceedings of USENIX, summer 1986.

Jochen Liedtke, "On microkernel construction” in
Proceedings of the 15th ACM Symposium
Operating  System  Principle(SOSP)  (Copper
Mountain Report, Colo.,, Dec. 1995). ACM Press,
New York, 1995. pp 237-250.

OS Group, TU Dresden, IBDR, The Dresden Real
Time Operating System Project.
http://os.inf.tu-dresden.de/project/.
Brian Bershad, Craig Chambers, Susan Eggers,
"SPIN an
application-specific operating system services,”
Technical Report 94-03-03, Dept. of Comp. Sci.
and Eng., University of Washington, Seattle,
February 1994.

H. Tokuda, T. Nakajima, and P. Rao, "Real-Time
Mach: Towards a Predictable Real-Time System,”
in Proceedings of USENIX 1st Mach Workshop,
October 1990.

Dan Hildebrand, "An Architectural Overview of
QNX,” in 1st USENIX Workshop on
Micro-Kkernels and Other Kernel Architectures, pp.
113-126, Seattle, WA, April 1992.

Online at

extensible microkernel for

Yasuhiko  Yokote, “The Apertos reflective
operating system < The concept and its
implementation,” in  OOPSLA92  Conference

Proceedings, 1992.

A.S. Tanenbaum, M.F. Kaashoek, R.van Renesse,
and H. Bal, “The Amoeba Distributed Operating
System A Status Report,” Computer Communica-
tions, vol. 14, pp. 324-335, July/Aug 1991.
http://os.inf.tu~dresden.de/fiasco/

Jochen Liedtke, Kevin Elphinstone, Sebastian
Schonberg, Hermann Hartig, “Achieved IPC
Performance,” in HotOS, May 1997.

oA, 2GS FAS A, HIY, 7Y, 'dxd
E 71t AYS 9% =AYz F4 AR
g&uha =E3, 199.

A9, 19e, F8, "M3KolAY 2H= HEUE
T8, 37 AR steds] =F3, 199.
295, 193, /8, ‘M3KHN A2 X #

[16] Uresh Vahalia,

EQUE AA % 79 54 Prasty seds =
23, 2000.

(15] A¥35, Y&, otAE, &8, "M3KAXN ZZH2

B4 72 L AW AFEASY 979 =8
2000.
UNIX Internals :@ the new

frontiers, Prentice Hall, Englewood Cliffs, NJ,
1996.

e E

1999 weuishal ZAFE St
2001 mEicign AFE S AD
20018 ~ @A (et d7d A
BalEoks SFAA, AAD A2E, WA
g A2

T EE

10973 miuishn AFESREAD
19999 mejdiste ZSFE S 4AD
19993 ~ @A mHstn HFE S v
At

BAEcke £FAA, AT A2H, ZE

Bcjo]

o} A &

20001 st FFFEEHEAY
2000 ~ @A meoista HFESG A
At

BAEoks SGAA, Hel 2dAA, vE
9=

+ 39

1982 Mgdist Axgdts et
1984 Meigtn  HAAFeka AL
19863 University of Michigan 218}t
HA}

1990'd University of Michigan Z4¥8}
Al

19903 ~ 199513 Sun Microsystems Lab
1995 ~ @A g oAdst AFE Y Fus
ok JAA, HEuite], MES=



