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Development of an Extensible Microkernel
that Utilizing a Single 2D Addressing Space

TOMOYUKI MORINAGA,t E1ICHI HAYAKAWA,t MITAROU NAMIKI!
and NOBUMASA TAKAHASHI

A microkernel architecture is useful for pattern data processing since a proper resource
management policy can be provided for each resource. However, conventional microkernels
have problems such as the difficulty of linked data handling. Also, it is difficult to decide the
trade-off between reliability and performance because the user can not define the policy of
protection. We address the problems of the difficulty of linked data handling and protection
of single addressing space with a single 2D addressing space. The single 2D addressing space
consists of segments that have their own linear addressing space and are shared amongs all
tasks. A construction primitive called throw is provided by this microkernel and dynamic
linking is utilized for the extension of resource management, allowing high-performance and
flexible system construction. This microkernel provides a protection space that enables to
define the policy of protection by users and enables to decide the trade-off between reliability
and performance. Moreover, to provide an experimental platform for a microkernel architec-
ture, we give extensibility to the microkernel. This microkernel is implemented on an Intel
486 (100 MHz) processor. The throw within a task takes 0.89 us and throws between tasks
take 113 us.
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Q2ODBIAT I LB F =AY FIIFEELT
Wiy,

6.1 R~ HBHOER

A< S VI OEBHEMIL 3500 7THY, TA4A
Ny F R PATITLALEECTRRLTHS.

BRI VDY ATF LI —VOEELTRS ITURT.
AYFFAMAAL Y FICODBHERIZ10.Tus TH D,
AV ¥ T 2= ABIHT HELAAOBANL, EAAD
REPLIY N VEBANEHRSBLETT24us T
Hotz.

6.2 127 1—XBOER .

A% 72— AWMOERHEIL, S7F C TH 3000

®l TYVDARYY
Table 1 Machine specification.

o+t v¥ | Intel 486DX4 (100 MHz)
A€ 16 M bytes

#2 TAZUN-RVDAT Y TH
Table 2 Code steps of the microkernel.

MEHNE R~ Vs 45T x2— A%
ZEC | 7Rev7y | BEC | TEVTT
Wt 337 96 56 0
YR yER 337 244 1265 0
AEEH 211 0 543 0
EALEH 256 794 374 0
e oL 1296 0 830 0
aat 2437 1134 3068 0
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KA ran—rvefioxA4r7ah—2A 00y
AT HA—VOREEER 4 IRT. throw DF —N
Ay FIIEOH LETo TH S IRUH LI Ll
RoTLAETTHY, BOH SHIAITIREIEZICY)
F—v LIgaEAE L. £, iovArah—
FNDYATFAI— VORI, ONf FD A=Y
BEEToBETHS. B, set_throw/do throw
BrO7OT I 2 ERCCHZELZ.

if (set_throw() == 0) {
do_throw(1);

} else {

}

Z DR, set_throw & do_throw 12 4.6 us %>
72. 1 FH® set_throw DFEUTH LI 2us THo 72,
WEOTS Y T hDFEFTTIL set_throw i3 1 [ L 2
UHENEVDT, ERANEEETHLLEERS.

Y AT K LNOVID throw 1, FERD Y AT La—
NDF =Ny FIIETE5DTHY, £DOF =N
A~ FiZ1.2ps THoT.

AKv A4 20h—F VTR, 70ty FEYTOEM
THHLIATEETa—NVEIDHEEINTVWLEDT,
TV VERETE2YFXFAMIBLILRILR
V., ZOFY 2 — Vi throw DF —3\ v Fid 0.89 us
TdH ot Thid Mach?® RPC &5 & 100 15,
L3 EHEBLTHL W0EBHETHSL. ZhIZE-T
TR CHBEORBNVE RV —F 1 VT VAT A ERY
HIEWTEBLLEZD., LAL, ¥ A7HD throw
13 113 us o TV 5. ZHIT, KOERIZE AL

£3 VAFAI-NOF—NAyF (RETY V)
Table 3 Systemcall overhead (virtual machine layer).

WIENE FiE (us)
aVFFAMYEZ 10.7
AR B 2.4

F4 VAFAA=LOF—NAYEF (AVF T z—R)
Table 4 Systemcall overhead (interface layer).

BRI B (us)
throw (EY 22— VR]) 0.898
throw (¥ A5 A L~VRE) 1.28
throw (¥ A7) 113
JEEH throw (¥ A 7 1) 124
throw (¥ A7 [, §lak) 102
throw (&A&) 12.4
set_throw/do_throw 4.60
Mach (486 50 MHz) 230
L3 (486 50 MHz) 10
SPIN (Alpha 21064 133 MHz) 102
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(1) av34 50BBIHFTHTE
FADVPBEHCTVLEEEC IV A 73 T5%%
BLEZfFo TR, BIZET AV I LVIAIADT
THRAEEDRLEIINF T AV S ORE{LIA
Ty, PAEEOEBENLTS X7 B throw DEE
, BT AVET VLT 4y 7 ANL POHIRICE T
20us, REZ+t€S A LI X5 O push/pop DHI
BRIZE o T 40 us BRILT & 72 (DX2 40 MHz).

(2) &7 27 BEGFFEN
AVFNZROT Ly YT, SVFES AV Mas
IIABIRITE . 486 TIXILA LY X4 D pop dr5 T 1
ray 2RO LT, ¥F AV LIRS D pop it
90y sk 9EOREIP,D

7. MEMR

ZZTIRT7 R VAZEET IV, BEET NV, HiEe
Fl, %4700 —FVEHEOWREL Vo logi b
BERICOWTHRRS,

71 TKLULALEEFIV

REH A7 0H—F )V TdHB Mach % Cho-
rus?, Spring! 9}, $E7F L AZEEF VERA
LTWa, ZOEFIVTIE, FAZTELIZT R LAZE
BIAYRZ L TWADT, Y 7 %07 -5 %k
EhEEL, 2, BEF-NAANYFOMELH .

Lucas 'V% DSR P Tld, $E7F L AZEEF IV
TF— IOV I ERA VI THRBTHI LT
IZLTWA, SREDYATF AT, RAVIEEA
BF— Y REEDT R VAN v T HHEH AT
BY, 9T TEHET7FLVAPTTIERA SN TH S
glzyar—arEiF).

Opal'®, Cubix'¥ 7% LOXE—7 F L AZEEF IV
EFRALTWAYA 700 -3 VTR, @Y A27i31
DOT N VAZERERETL2OTT—SED) I %
RA VI TEETCELOD, TR LVAZHIIw S
ENBBREOREOHENDH L. ThE2EDL ) IHE
RT2PHHRETHD.

Multics P12 2 KTE7 F VAZE 2 HRE LTV A
BT FOERATEIZ2XTT F L A2 HE)
DUTHLNG., &7 AV M, BROTTLABETE
NENEoZET AV id THRESRS.

Exokernel 9% SPIN 1) Cix, 7 F L RZfEF WV
EA—FNTRELI-FPERTED. Thbw
4270 H—FANVTIIEETF VAEH, B—7F L2
EEROELLDETFNOEET LI P TELD, &
LHNDEFNVS LREOMEREF TV A,

INBIIHRLT, K470 h—2VTIRE—~TF
VAR o CRA VI TY V7 ENTF— 7 igd
DEREZEZICTLHEEDIT, 2RTLTFLACES
THREOREEBIL TS,

%72, ObjectStore'®, 0%, EXODUS?® & \2o
ATV PR — ¥ R— A TAFEL TV 2 7
T I RATEBT—FIR—AT 7L ASiELEY
HE—=FL, TVLRVAMNTHFERINTVS, IS
ObjectStore Tl&, KA 7V =7 + & C++BEP
LEEOFT Vs EERRICT 7 RATESL., Th
W LTHRADV AT AT, <4270 —2 VDT
FLVAZEEOLANVHPLT Y VNIVA DT B R— b
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Th—FNVEDY—NE LTEETELEEZ TN,
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KEZFD A 7 aH—F VTR, AvE—I@BEIC
EOWIHRETVERAL WA, LAL, TOE
FUOMERELTHTONEDE, aVFF AL
AL vFE, BETFLVAZBEEFVTOT N LAZE
BB AICE B =Ny FTHE, BEDOYA 7T
H—=ANTEF - NEOBERIC4BEBOI VT FA
FET R LVAEBOGEZWREL, AvE—TY0D2
E—d R 1 m8ETHILICRA.

L9 1 o0MEALELTHITORBDEF, SOy
IVIEELA O —RNA VI T 2 —ADED
Fyy PIhKREL, 707 I VS EBOFREFV
HBLPSSr Yy bANEBRETILENHE L VIR
THbH., COBTHIIA—NAYFRAL VI T2—AD
NTOERE%R B, ZO7® Mach Tid, MIG?2D &
A4V T2 — AT 257 b—F 2REL TS
A, MIG LV —A707 54502 0%RhT20E
MY NTORREICRDL EVIHHEEND 5.

KA 707 —3VTIR, BEPFUCHLEZBEWSZ
ETAVTFEFAMIBZOF =Ny FEROL, ¥
AT ARBBREBELEME A VI 72— AZTHIET
AV T 2= ADNT OEE2BLESETVES,

7.3 REETFI

ZETFLVAZEET NV ERET S Mach £ Mul-
tics RETIE, TRNLVAZLBHE I A7 T 0 LATL
WEID S TR LT, RELERLTNS

¥/, B—7F LAZEHEF W%ﬁmtfwaos
Tk, 7R VAZEPFEV AT ATHREESRBDT,
FaFyvar i ALY EREN D REORE 1Rt
LTwh. LAL, Opal Tid7usrvavyF x4
VI UNIX D70 A0S 7 N L AZEE5EEL
BELOT, REITTLRABMICEZEIN TN,
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Chorus TiEH — 2 N7 F L AZENTEET 5 su-
pervisor actor ' R—F LTW5BD, Zhidh—%
WITHHE L 7288 8ETH Y, A A 70 h — RV OR#E
R EIIRLRS, Cubix T, 7072 varF A4
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WCEDL, EELOT A7 0% —F )& Cubix D
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HTH5.
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$7z, SPINEH — A NVHEISIIRTEETH S, 51—
ANV DOFERIZIE Modula-3 BEEE LV, EFELLT
DTAT I ave I ALDF 2y 7B iFo T
3 EH#TH B, Exokernel, SPIN BTN L
AZBHEFT VRBREFTVERELTBELS, Lkl
RETVISHT 2BRFELREL T RVENVS
HPRETHLLEZ A,
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AT, B—2RLT7 F L AZRET V% IRH
L723RTTRe e~ 4 7 0 0 — A JVIZ DWW TRz,

IORA T OH—FNTIE, B—2KRTT7F L AZE
BEFVERATAHIELT, W) Y7 ER7—
FOW/AERTEICL, B—T7F L AZEHTREE %5
REOMBEIZIG L. ¥/, throw & IEREER &
BREEDF LV —F A7 2BBIEIHBHT) I 717
FRELL. KA 700 —F VDY AFAIT— VD
=AY Fi31.28us THY, BEOYA 700 —%
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