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S ATFLRREEASTFAD
RRAYATE AR
> HATDIBO—H L R 729 2D TEAHI THANDIR
PR

> AT (ZATHINLER L —F &5 Tp)
> AR AT X ARG U EE— 23— /L
JL—F
ERARZATEXRE
> HAT LT AN G IR T F ARD TR
» BIA L NRT (ISR, XA LA INCRTHET?)
» CPUBI N RZ

» IEFRT AT X ARNNPOEONE UTe YRR — B Ao —
JLL—F
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CPUOYIKEE
» T RTOELA 27&(727*2/1/0)@@%@%)@7& ) EEIE
S, T AR T HIE ISRV VIREE
» FEONH A —E 2o — L2 HI TR
T AR/ NYTFEE FIREE
> T A F IR IHZRY VRS

» QAR RFBDOMFDIREBIZT AR REMEOH L —E X
Z— L IFEON 220

FAABFIREIRY
> BIA BB E 2 BB ZEA e~ A7 T B 1280 DRk
> PREFRTIRWERE, T4 ARy FITE IS0
T4 R/ N FIREIKRE
> (AISPOERHTT ARy F NEISIRVREE (5 4 A%y
F SRV IR BB DIAFR)
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REMBOEAANA—S (BAH)

YIS RT A YIS RT L2 x£EHIJ)V—R
=] O

ERY| | ERT| | BRY SRy g | CO
2 O [z O | O
ik | 79 = L [~
TISMZARSA /N L sRLYz7
EA I AE AT
INSRZ HART TE O O

CO | »xY
CPUBISR || a4 AE) | (O
AT kT | s (O LS
[ H—FIL ]
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REMWEEDBA A A— (WAH) 5%
FEEED FF D
(" (RERAL N\ ( RigrFA12 ) EFE
AEUAT O
HAT | | BRT| | ZRY By sk | (O
1 | T ‘7“‘71‘/1/]\’6
AEUFT O\ [revr] O3 S o
Tk @ /AN O %%]\7(/])?/75)
\_ O/ \_ J 57 7 AR]
(" H—RJRAL C O REFAL3 ]
%‘Jil\%: g2y | [FEVAT O AT I 74 )L NCIEET
INURT e @ {REER AL NG
CPUBIZM | A || 2=v4— ® %ig? D pTEA
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RiEEE(CBAT R
TORIRE
> MLEREANL (X AT L3 2 TRV DS, FFal ST — v A
TV INMIXILT, FFRI SRR DT 7B A %1TOZ
DFIEFFL, TSN DT 7 2% [ HEEE
» 772 AHEI O HEE T,
» JLER AT = F{K (subject)
> H—FNF TV I = %4 (object)
I EYA T xk (memory object)
> T B AREDO XGRS DR LT AT YMEE T, T—x
VAT N —FE
> HWZHERDHHZ &7
> SEBER I - CERA (JeBEE AT 2 =/ N =)
» SCHAR ML A X2 — 7 Y NEEDOHIFID R EBND
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{REE R AA > (protection domain)
> (REMREZA LT AT O D — N AT V2V NDOEE
> RER AL IDIZ LS TERANT 5
» MLEHEAN 1T, WT NI DDOERER A BT D
> DT — RN T VI NE, DT DT DODORFER A

(BT 50, WT INOIRGER AL AL B2 \0) (AT R
DI —FIVE T TR)

RERAN LD T IR RE

> MLBRENI N — RV A T 2 I NIT I B ATEHNE D
1%, LA B T AIRGER AL AZLDIRED D)5 A

> 7272, FATD—F R VREIIL, T DX AT D IrH
TR ATEA

» T 74V TIE, BB, RIUARER A CE TS
H—NF T I, BEREDOII—FINA TP = D
INZT T ATED
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H—2 )L AL (kernel domain)
> VAT A DFLE
> =RV AL AT DB EALL T,
» 7ty ORHEE— R THEITIND
> T RCOD—FNVAT VI MIXF LT, T _TOfER
DT Vv A&LT 25
1 —YH K~ AL (user domain)
» L —WRAS N BT AULBE AT,
» 7ty OIEKEE—RNTHEITIND
» EDOH—NA TV = MNIKLTEDER DT 7 A
AT A A EHIIRTED
> BRERTEDLZ—HRAL L D KEIE32

Hiroaki Takada 86



SPF&RTOSDET®

VAT LRARY (system task)
> T —RIVRAAL AN BT HEART
1—H 32X % (user task)
» L—HWRAS N BT HF AR
7 )t AEF R/ \ 33—/ (access permission pattern)
> T RADBTF RSN TOWOIRER AN DEGEZRBLT D
B IR — (BB IR DD —F R AL KT
» ACPTNZA! (FF 5 ML 328" NEEL) TR
» LTO~rnliEszHE
» TACP(domid) -+ domid (E— /WAL ) DIT 7 A A He
» TACP_KERNEL *+* I —RI)VRAL L DHT 7B AT He
» TACP_SHARED - T X TDORERAL L INLT 7B A HE
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Tt AEERI N3 (access permission vector)

> BT =NV T VI NIKTT D4 DDIERDT 7 AL
57 7 BAFF A NI = O EEDIZLTZH D

> I —RINE T VI NIXTHT 7R RL, I— RV F

7V ORI, W ERIEL, @2, &
Ve, ZHREMEDASOFERNZ /7T RO AT AR EH)

» IRDIINTEFZRSNDACVCTH CLREF

typedef struct acvet {
ACPTN acptnl; /% EHEEMEIOT 7 2 XFFR[/NF—2 %/
ACPTN acptn2;  /* EEHEAF2OT 7 @ AFFR[/NF—2 %/
ACPTN acptn3;  /* FHESEOT 7 B RAFFR[NF— %/
ACPTN acptnd; /% ZHESEOT 7 B AFFR[SF—2 %/

} ACVCT;
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A=A T OO TET7 IV RADTERI GR¥%

)=

)

BEEERE ;E B2 EEEAE SREE
AERYATOzOb  EAH E{as] B det mem  ref mem
E1T sac_mem prb_mem
2RY act_tsk ter tsk del tsk get pri
can_act chg pri sac_tsk ref tsk
wup_tsk rel wai def tex ref tex
can_wup sus_tsk ref ovr
ras_tex
EPFn sig_sem wal_sem del sem ref sem
pol sel ini_sem
twal_sem sac_sem
EEAWINS sta_cyc stp_cyc del cyc ref cyc
sac _Cyc
VAT LIREE rot_rdq loc_cpu def inh get tim
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H—EX-)

» BNV TNy 2T (BT =gy ) G, AL
Bl DY 7 N =7 (B T — v, AT LY —ER) B
NFT A HFT=— X

H—EXa— )LDEF

» I— VDY —E R — VA4, xxx yyyECiTzox yyy
DIEET D

f51) act tsk

NIRRT, COBAEE A (task)
BE T ERZTRT. ZO5E 13 E) (activate)
5 slp tsk&tslp tsk

> IEF AT AT ANPLERH T 72D —E Aa—)L
1x, JeBEIZ“D 21T TR AT 5
{5 iact tsk
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H—EX— )LD act tsk (Fr#)

[CEFEAPI]
ER ercd = act tsk (ID tskid ) ;
ER ercd =1act_tsk ( ID tskid ) ;

[T A—%]
ID tskid KRHA7DIDFE &

[V —2 T 2—4]
ER ercd IEF&T(E OK)F/id=7—=a—K

[=F—=a—F]

E CTX 2 THRARTZT—(......)

E ID AIEIDZE & (tskid 23 A 1E)

E QOVR FXa— AL T A —_T7u—(......)
[#45E

tskid CFETE LT=Z AT (RE A A7) 1R TR BB R 2179,
BHARPIZ2IRFEVILL T oY, (LT )
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iy API

» FT7 V= MDA IRSCHIHIRRE R E A E R T DD
2, VAT LT 4K 2l — a7 AV T
TeoDA AT — A

ERRIAPID X EE/INTGA—A

» CEFEORIBIEH U ERIAED SIETRELaR. 7272 UGS IR
(~DRAZ)L, KT 4—/VRDOflEZ {} TP A THIZ

» —E Xa— L LRI O BEZFFOFFIAPLHE, —E X
O— )V RICFAILTZAEL, ST A—Z[E—LT5
— P —E R — )L LERAAPIZE BT 2 AL E 2L

A

> FRHIAPIOD /RT A—Z X A 3500k CE A CAFEFEIC 5 58

> —EDINTA—=HEFRNT, KBTI T HIENTES

o
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4 BIAPID

CRE TSK( ID tskid, { ATR tskatr, intptr t exinf,
TASK task, PRI itskpri, SIZE stksz, STK T stk } );

XFisd S —EXI—)L
ER ercd = cre tsk (ID tskid, T CTSK *pk ctsk ) ;
F52R9APIOD 52 31 451l

CRE TSK(TASKI1, { TA ACT, 0,
task main, 10, STACK SIZE, NULL } );

B~ 77 AT /
EZEFRLTEL
LT A4F 2L — A
A& 7 A B0 T D

2T AX 2L —EZPNEZZTIDEETT 5
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AT Nh PR

EY DREFADIETE

> T I NEBERT AEIIAPIE, AT U/ MR

HERFER AL D

i

—bh

Fr D P FEaR

» MR B DA T U N B ek T DEFIAPLE, PRFER AL

DOH

b

H DI

RBUN TASK_AZSEM Al

DOM AIZJET 5

151)

SEM ADT 7t A
SRR A BT TE

)

)

DOMAIN (DOM_A)
CRE_TSK (TASK_A,
CRE_SEM (SEM_A,
SAC_SEM (SEM_A,

KERNEL_DOMAIN {
CRE_TSK (TASK_K,

CRE_SEM (SEM_S,

{
{ TANULL, 1, taskA main, ‘- });
{ TANULL, 1, 1 });

{ TA_DOM(DOM_A), TA_SHARED,
TA_KERNEL, TA_SHARED });

TASK KIZH—F VAL BT 5
{ TA_ACT, 0, taskK main, - });

SEM SIZ4EFT &,
{ TA_LTPRI, 1, 1 });
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DRT LA T4 L—230 774 ILDEE R

DOMAIN (DOM_A) {
CRE_TSK(TASK_ A, { TA> -1, taskA main,
CRE_SEM(SEM_A, { T_wULL, 1, 1 });
ATT_MOD (“obj_al.o”);

} obja2.o0l%, DOM ADEAH
KERNEL_DOMAIN { TFAMEE ) —RAEE AL

CRE_TSK (TASK_K, { TA_ACT, 0, taskK_main,
ATT_ISR({ TA_NULL, 1, INTNO_SIOl, sio_isr,

CRE_SEM(SEM_S, { TA_TPRI, 1, 1 });
ATT MOD (”shared 1ib.a”); sharedllibait:

objal.olx, DOM AD B A FEIRICEIE -

ATA_MOD (“obj_a2.0”, { TA_DOM(DOM_A), TA_SHARED,
TA_KERNEL, TA_SHARED });

ATT_MOD ("obj_k. 0”) ; obj k.olE, 7—FJLE A
} A > D RAF R P

A A Bl
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A 714F 2L —33>FIR
O 74Xl —2a DiEN
appl.cfg

VAT LA T 4% #include “appl.h”
L—var7y7A)b CRE_TSK(TASK1, { TA_ACT, ...
‘ CRE_SEM(SEM1, { TA_TPRI, ...

O T AR Dl —H NEBHN I IE IR AT >

)’

kernel cfg.c kernel cfg.h

A —F AR L | — AR I T #define TASK1 2
77 AV oA T AV #define SEM1 5

kernel_mem.c

AEVRERK - 1 H b
77 AL
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:.s/j’f:?l l/_gd) W‘EBMEE@%#’L AEUREH
R HROIRTE
a2 74 gy 74 a2 74
Fal —F ! Tl —H P» Tl —H
/ INA ], 2 JNA 3 INA 4
A
2 2T 1 1 4\\ il
TarZyAIv \x
\/— N N N
AEUHENC A1 AT UHERY - 1)) AEURERL - ¥)
T — )V b7 7 Ak (1) b7 7 A (2) W77 A

\
Vo AN L) Vo ATUX NMIR2) N A
TV r—g9

: || L NAT L NAT L NAT
@ ey [P auedy [P &
v
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TOPPERS#itt{{h —RIL Dtk —ES
> H AT B HE
» ZAT4F & R B RE
> Z A7 FISN L HE
> [AIH - 15 M HE
» T %
> ARUKNTTT
> X2 —T VI A
> T —HFa—
> A— LR A €«— HRP2AH—X )L TIEHR—KLAL
> A=V T 7 RSy — U THR—b
» AEYF— L Egse  (EVSRTISIEREZA)
» BERAEV T —L
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> IR PR RE

> VAT LGS E

» B HA N KT

> T — N R

> A — XTI KT
> VAT LIRTEE PR
» ATVAT U= ME B HE
» FhA L E B HE

» BALY —E )L —F
> CPUBIZME Bl RE
> YRR —E Aa— L& HRERE
- VAT AT
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A RO EBKEE
> XA DIREZ HAZERIERIET 720 O EE
AR EIHEHEEED AP] U7X, PRIk NV —D THHR—k

CRE_TSK, acre_tsk* | # A7 D4k
SAC TSK, sac _tsk* | HARIDT 7B RFFA_RITZDHE

del tsk* A A7 DHI R

act_tsk, iact_tsk AT DFLH)

can_act Z AT FLENE R DF v /L
ext_tsk H A AT DT

ter_tsk 27 DFRlE T

chg_pri BRI DBFEEDIE
get_pri KA DS E DS IR
get_inf H 2 A7 DILIRTG DS HE
ref tsk 227 DARTES I

> ZATEENERDOF 2 — A7 L2 DI L EER D
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9 A 21 ERRAEEE

> AR H RN EAEL CRIEZ EHL T A7 O EE
ARV B B HAHEEE D API

slp_tsk, tslp_tsk R
wup_tsk, iwup_tsk | ZAIDEIR

can_wup AATFLIRE R DF vV
rel_wai, irel_wai gl 7R A B iR B

sus_tsk SR HIRE~DORAT
rsm_tsk SR A HARRED D D 5B

dis_wai, idis_wai FHHEEIRIRRE~DIBER
ena_wai, iena_wai | fFHEEIIRIEDEFR
dly_tsk H A A7 DIEE
> HATERER DX 22— AL 7 L F DNV HER RO
> AALTUMIEORIKRFGHEH X A7 OEIENS, BifEITE
TWAD, EHELIERE R THHNDNED
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S A2 HInpne

> XATITRET DERA MM K T Ies (AR LS 3T EBA &)

> FREYR Y —E 23— LI LIC KD, ZA7ITHIS 25
ASED

> IRIZFEDHARTINFATINDZAI T (FEEIZIE, fich
ZAE:BH0) T, ZATHANLER L —F L BNEEONHH S5

» UNIXD> 7 FNANERE/S 7T IV N Rk i
2R 5151 BEBE D API “$71%, YaRE/ S — S THR—

DEF_TEX, def tex* ZAZHISMLERL—F L DE
ras_tex, iras_tex B 2GS AL 0D BE R

dis_tex 5 27 AN LBE D EE ||

ena_tex 22T FISNLER D FF ]

sns_tex K27 FI O LBEER [ R BE D2 Bl
ref _tex B2 B AMILER D AR RE 2 B

-]
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S A VERR - iB{SHEE
» HRP27— /LTI, A7 [RIHA - 1818 D7=DIZLL T D
Werex H =
(FIDHEHFAEVICELBIEDI-HDHEEE
» B~ (PEMLHIE, F5mEn)
» AXUNT T (FHGEH)
> =2 — 77 A (PEMLHIE)
Ayt —URIEDT-HDHEE
> 2% a— (FH - JEFH, 17— DAy E—)
> BT T — A% o — ([RH] - FER], 1V —FRDAyE—,
1B e FENIEAC 125)
» Ay — 8y 77 ([AH - FERE, RIRRAYE—Y)
N HRER/ S — U THIR—k (EVBRTIZ[LREA)
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I T A BEBED API “U9 &%, HhiR/ \wr—oTHR—k
» SN QU WE RO B E2E (B~ 7 40
EIRE) CEEEITAZ LTIV HEt I A2 2B
» LT IEER OBk

I’ﬂ , FIHASEAR X RIC AL S B ITIE, 20w (2

NINEYTHEIREEZHE0NDR0T W) &

%
» —RICITEmI I EE D> TH R W

CRE_SEM, acre_sem* T~ T7 DR

SAC_SEM, sac_sem* BT DT I BAFFRIRTZ DR TE
del_sem* v~ 7 2+ DOHIkE

sig_sem, isig_sem T~ T+ EPRDIRE

wai_sem, pwai_sem, twai_sem TE~7+&JRDES

ini_sem T~T7+DOHAIHL

ref _sem T~vT7+DIRHES
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AR TS BERED API ““«” (&, YhiIE/ N —STHHR—F
» AXUKNTTTNL, ZATETAU R
DR ARG B ECRAMT B0 [P >
DEERE. 1 DDA T7T70E, B
D777 THRERY
CRE_FLG, acre_flg* AU F7T77 DARL
SAC FLG, sac_flg* ARUNTFT DT IR AT ZDHTE

del_fig* AR NTZT DA R
set_flg, iset_fig AT T T DE YR
cls_flg AT ZTDIYT
wai_flg, pol_fig, twai fig AXUE7T77FFH

ini_fig AT Z7 DRI
ref fig ARRT T T DIREES IR

» wai flgl, $8ELTZ7 77 OFT XTHEYISIZD, W
TN RIS TRL A DY AEE
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T—32F2—HEEEDAPI *IE, R Sy — D TRk
> 1T =R Ayt =T ORI A & — B E A
» Vo TRy T7 7 CRETHIEZE
> Ay =T L THRAZELTHIWD
> Ay — VNN L ORI S S b Dk RE
> T =X a2 — T D ARXEOITERET DL, [FHAYE—

TiEfEh FEHL AT e
CRE_DTQ, acre_dtq* F =B X 2 — DR
SAC DTQ, sac_dtq* F—BX a0 —DT TR _RTZDHTE
del_dtqg* F—EX% 2 — DY R
snd_dtg, psnd_dtq, tsnd_dtg, T —FFa—~DiEE
ipsnd_dtq
fsnd_dtq, ifsnd_dtg F X o — DR E(E
rcv_dig, prev_diq, trev_dtq T —HF2—0bDXAF
ini_dtq F— X% 2 —DFHIHL
ref_dtq F— ¥ 2 —DIRHES FR
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&

B ET—R X 1—EBEDAPL  “¥"1%, YhiE/ v —U THR—k

» 17 —R Ay t—OIERI Ay B — 85 e

> T —HEEET DR, A=V OB ELIET. Ay
=B ENEICY 22— T END

> T —HEZAETHRFI, Av—U OB ELZIT IS

> Ay =3B THR A HXELTHIWND

> Ay —U NN T )V DEFIZEF D G B DI RE

CRE_PDQ, acre_pdqg* BIRET — X2 — DR

SAC_PDQ, sac_pdq* BT — X0 — DT I BRI AT H DRRE
del_pdg®* B E T —F % 2 —DHI B

snd_pdqg, psnd_pdq, tsnd_pdqg, BICET —HF2—~Dik[E

ipsnd _pdq

rcv_pdqg, prev_pdq, trev_pdq | EBELET —FFa—H0%(E

ini_pdq ST — % o — DO F YL

ref_pdq BT T — 2% o — DR iES IR
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&

BEEAET—A2X1—EADER

» WITRON4.O(TARTIX, A— /LR 7 AZEET DAV —
T DSEEAO A (B NAR) &1 — RV DSHH

» TV —a DB CZOMEEZEXW L HL, h—x
VDR TAREENEETD

> WITRON4.0f1:5R PREREREIL IR (PXTAR) TIE, 71—/
D HWAE BEEE pBET DI A— Vi 7 AD kR %
B, 72720, TTOHARDA— VIR 7 A THFEAE LI E
ERFD A — T V2T — 0338 44

¥

> PXALERD A— ViR 7 AMERE D AL B AL 72 A8 JC FE
T =X — R (T — A B ENEI S 2 — A T 5
T =X a—) ZFT- B

> A— LR 7 ATAARE T IFEL, I ITHESEL 700
» HRP2 7 — /L TlE AR —RL TU el
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Sa—TYIRABEEEDAPI “971%, IR/ S —C THR—k
> BEICEE BIRT B haL &R — N A HEh HI RS
— POSIXU T WEZALPLIEDI 2 —T v 7 AITHH Y
> ERRO72 MBS R iR A 11
» e KGR DB~ T LD DE
» Ty 7 LT AT LIAMEI ey ZfRER TR0
> AT RFIZ H BBy Z RS NS

CRE_MTX, acre_mtx* R —T I ADARK

SAC_MTX, sac_mtx* Sa—TFT VI ADT IR AR RIZDHIE
del_mtx* a2 —T7 v ADHIER

loc_mtx, ploc mtx, toc mx I=—7 v J7ADuv7

unl_mtx S —F T AD T 7RG

ini_mtx Ra—T v I AL

ref mtx Ra—T v I ADIRES M
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AEUERHER
HR—bh35/LEWNAE S IBHERE
» ZEATVZER LR —RL 720
» MMUBfEHZ L IZ LA T — 3~ R IexL, ATy
AT AENTRTOS TIE AU DS/ NS
> VAT LGB O AV I A X AT ITEN S THKEE (CE
sEOmalloc/free S Ll D EE) 22 AN —h
I2EYT— )L EEB#RE
> AT A O AT VA A B I D AT S — L 245 E
» HEYIZE > TAEY S — L2051 A e, BB/ ULEE T A
FVAERLTEBIEW ST EV T2 A E
» HRP2 71— R /LTI, JES TEAAEI T a7 DA L)
& E DE EF ATV — VS RED A a P —k

i
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BERBAE)T—ILEEBEDAPL  “¥"1%, hiE/ Svsr—U THR—k
> [ ERDATY T ) SR ENT DT80 OFERE

» AEVT Oy O AXEEAIL, AT —IVOAREFIC
525

> AEYMN RV WRFIZFHIZ ADIEHE

» AEYTZT7 AT — gy (B R L) DSEZ S0

» AR RAETV T — UL, BR]THDHDS, ARVT T A
F—a LI AT, AT EFOFALHEL

CRE_MPF, acre_mpf* B EEAT) S — /L DR

SAC_MPF, sac_mpf* [EERAT S — N DT I BAGFA[A_RTHDFETE
del_mpf* B E R ATV — /L OH| R

get_mpf, pget_mpf, tget_mpf ERAT) T vy DS

rel_mpf B ERATY 7 vy OiRH]

ini_mpf & F ATV — /L OFHIHIL

ref_mpf [ ER AT — /L DR FES IR
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IR E IR Ee
VATLBZIEE, MeEFHER I AT LEZIEIE
» AT LG (I — IV NE PR AR 2 B A RE
BALANKINIES
» RE ORI 2 Z ST IZFEFON S ND AN R
- EI)LRjI?iIJ\*—Z\/I/“C“ﬁﬁ@ﬁﬁiﬁ@&%ﬁ%“\“yl‘/\‘/]\“?%
> JE IR T (BRI XN D)
> T — N7 (FRELTERFRZ I ITND)
> A —IXTUNSRT
R EIEAD -6 D Z DD EERE
» BHATDIRIE (X AT 2 $a ERF D)
» FEBIZ AR AT AT — )L DZA LT I MERE
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1l
S

VAT LR EEEEEDAPI
get_tim AT LKA D2 [
HEEE AL R T LR ZIE IR EE D API

get_utm PEREREAM o AT A D 2 R
BRI/ N R SHEBED API ““®7(%, HIR/ Sy —STHR—b
» FEE LB CREEISNAZA LA N RT

> B AR T OSBRI S E AL, FE AR T DA
FIRFIZERRICER

CRE_CYC, acre_cyc* JE#NRTDARL
SAC CYC, sac_cyc* JHEINRITDT /BRG] _IX DX E

~

del_cyc* JE AN RZ OHIER

sta_cyc JE AN RZ OENER 46
stp_cyc JEHA AN RZ OEIEE IR
ref_cyc JEHI NN T DARRES I
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T 2—LINESHEEEDAPI *(E, YIRSy — O THR—F
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