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Abstract: The major challenges traditional operating system (OS) design faces are the increasing number, diversity, and distribution scope
of resources to be managed and the frequent changes in system state. However, the structures of existing OSs have become the biggest
obstacle to solving the above problems as (1) tight coupling and centralization of the structure lead to poor flexibility and scalability and
separate OS ecology; (2) contradiction between various capabilities, e.g., security and performance, due to the unitary isolation mechanism
such as kernel-user isolation. Therefore, this study combines the hierarchical software bus (softbus) principles with isolation mechanisms to
organize the OS and proposes a new OS model termed Yggdrasil. Yggdrasil decomposes an OS into component nodes connected by

softbuses, whose communications are standardized to message passing via the softbus. To support the division of isolated states such as
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supervisor mode and different software hierarchies, Yggdrasil introduces bridge nodes for cascading and controlled communication between
softbuses, and enhances the logical representation capability and scalability of OS through self-similar topology. Additionally, the
simplicity and hierarchy of the softbus help to achieve decentralization. To verify the feasibility of Yggdrasil, the study builds hierarchical
softbus model for OS (HiBuOS) and demonstrates the feasibility of developing a new OS based on Yggdrasil’s ideas through three
specific designs: (1) designing and planning a hierarchical softbus structure according to the scale and requirements of the target operating
system; (2) selecting specific isolation and communication mechanisms to instantiate bridge nodes and softbuses; (3) realizing OS services
based on the hierarchical softbus style. Finally, the evaluation shows that HiBuOS has notable potential and advantages to enhance system
scalability, security, performance, and ecological development without significant performance loss.

Key words: hierarchical software bus; operating system structure model; loose coupling; diverse isolation mechanism; self-similarity
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Ak, BT AU AR AL 4 T AR T 22 A T SE MR RSP B rh. RN, BT 2R R L mT Ak

P, RGN AR RE BT n] USE Jn 2 9.
2.3 ZEEENE

£ Yggdrasil BRI G 8 PR ALEE ST AT DA R A 2 A 700 A, IR S 5l I R R R 2R AT I B, Witk
AT AR B 2, A LI —2P o f. Wneor B R K, BEAS RGO T BRI 30 S5 4. AT AN, ARG 23 32 A
B, il 15 4 /I\Z%\Q‘HQTUVD'J*A?E#F AT, A R OB, SEREIE R R G i S R, UEA1SCE
RGP IINHE, TTLUG A ARG — AN ROR L BRI SO — T R R 5 R CANLERE R R
i), I, Yggdrasil J& HAHBL. 56T, Yggdrasil 47 B T4 — R RGN AR GER AN 19 m i 20 5 5K,
I AT LU A e BT . 2 RS 375 B A, BT 1218 N .

QNX Neutrino®* L& — R ot 1, FT 3T i35 T POSIX API (9 TT I R 4, 1X At R 48 2@ 1 T /N, 0
2 B B4 N 2K 58 G0 ) v i 10 20 A TS FR B . QNIX Neutrino 2 5 T30 N M RIS B db 45 M B3, Hoh N #% %8
MR AR B, AT AR M A TR T B A I R A dLE, KM 6 Bios. Zii s 0.,
QNX Neutrino [ RE 452 Yggdrasil A2 JEAT I —F (CR—2RRL L W), £ — @R FRIET Yegdrasil 1)
B

SRR BERRE AT A # 5

MRS RIS i 0S i/ 0S Q Q
Q l? q q B ZR (QNX Neutrino BN )

POSIX PR 145 08 745 08 ﬁ ﬁ

LY B7 ) S3An T Ve O AN POSIX
K5 LT 2R AR T R R SL sl 6 QNX Neutrino [F145#)
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3 BRGNS RS RS fIigE

¢ i 2 JBAR ST SR RGBT IS 2 R A S — A AR, 2 sft s B 7. Cf I e B i
KR A — S v SRR Eh AR 2 L, T eIk BB T4 RS R 2 Dh e 4L 10 EL% . A SCRI T Rust 3 75 BOE
RISC-V 545580 BT LR T 404 AR B0 43 J2 1 i B 5251 —HiBuOS. BEsiz (LI My S B T 0 A X R 4
o RIS, PYAEAT TR, AT 4545 B, IR B, bR AR B (R 254y The, HIMTE T (1) A1 2 R GORIA
DA R RGN AHIRAE RGO Z IR G BT IRAL Y ggdrasil #3238 2k (2) MR Ze R 1T A 1K) 5K
BIALIGIE Y ggdrasil 588 n] 0 o ) FH 2 FEAG R B AL R 0T R A RIS FBE T, 3) UM & G RG M 51E R
YU A HOR R L I0AIE Y ggdrasil B4 JRIE. 5 B0 IR (14 Y gedrasil FEAKHTATRE & (0 B BH M B
BT, WAEHA. BHVUEIE BRI, HIBuOS H & LS A i —F i .

3.1 HiBuOS KB REMIZIT
ROV DL AR TR A B0 T 5 ST Cn ] 7 o).

_________________________________________________________________________________

i VN L '
B2k Linux Linux : L5  Ha oReacEt ]
RO : EHLFR L ;

EBij}J g g g gy i gl ) __Emeee
W

it T 25 454 B I A4 1

J—
J—

LU .
fi% BORE T
B 2 EpEmE 0

7 HiBuOS HIZ R R BET

EESF EAREEAE RGITE B VR IR R SR A a] FH (VB 0 A U 3K, BRI E AR R S SE LI R
SRR 5 MBI, XA R P B SR U

JEUU) 1: AR 2l b BB AE HLRIEAT AR I T RGERI A, TR T RGN IThRE, TERE, ] SEpE sk
T2 R IR R, 95 K 22 A L1 AR K I ) R 2 (1 B2 T AT 38 A i .

JEI 20 ABFAN R 262 2 P R LAY s R AR IR] P B 85 Y AR A5 3%, I S — 1 DR R — R 4k
BT R CRABRUEA I — a2 S0), GLAFAT s HR 57 508 PO 3 32 4 [ AR 2 1 AT X B2 I ML RR hy R 2 AT T 8.
T I AR ZR G LA 0918 T, W DA R HY BRI G B OB R I Th e 4L, sl OO R i B0 A e e 1%
B FRThRELLLE.

JE) 3: 22 AR b, B 50 DT R LR IR A, ISR o AN [ 5 28 5 VB A 1 A L.

XA ) AoV BA AN B A% DK IR RGBT A8, S K Ik 81 R G A ek, D ik, AN R T A
RGP TT R, A7 R B R B V1R CAT 1 BT A AR ol SR 45 1 .

Fu B JEUN) 1 fiTik, HiBuOS #H5t— AN A R ey s T — AR 2K, Wil 7 2ol s 42 7 HE P TR, 4
HECR R T T A BN ) AL 2 (PR LERAE RS, A SCE G ILRRVE E LA BEAS). HiBuOS fA] M Hfs
SETEROR LRI W A BT, ML B2 1) 0 2R 3E Bl B8 5 1 R, IR BRSIRE ) R SRR I 4L . AR, 24k
A2 HiBuOS 45 #4143 iy, SORT LU SRR 2R B0 A8 — AN BT T R gk b, il 7 A i, Hopk
Hb, FADEE AL FRAS TR AR AR A IO ALPETT o5, GG AT 557 FL0S, WAF T RS, 1145, I BRI 1 i 455 Jd
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T B AR R RE AN e A AN R 2SRk A H A B REYE, HiBuOS ¥4 N A7 B BB AT 45 B LA I Be B LR D £
B2 R). B3 ERRETAE 3 KNL, — RS RL, BAMESRALT LUERE —NEEZAMMES U
T Linux MR TR ZANERE). RS RDLE, BHRER B LR &, ZRINBHR 2, & RIERN
i N IR BETETT LR H, T Yggdrasil B2 5AT FARRMPE, BOSZ10 ZE0E %A BRHIT. BIILIE T Yegdrasil 5
R R AT LIl i 57 s R 26 DA ST RF RS 73 A0 20 AR 4, 3 T DA A Hl 3 A0 3 S e R A4 o, DI
NEANEIER N R G Bt
3.2 W RFERR &R SEGE

HiBuOS K 44475 s 2 8] HI8 45 7 4k b 2 3COR S 13 A% 38, Forb, ZEAR 15 AR 1 23 365 A (] J2 0 i i 6
PAT. 0 T R A AR D REFIR VR I ALAF 1 s, F R R ) 2 A0 0 3 Bk, HiBuOS 4% T 20 i 5 FH ki 25
BL S0 B BRI 15 R

(1) SRR LI s R P B RR 29, 5 I B 2 A R, A e T s D 28 T R A T Il . LBy
WET 2% 545 CORBA (common object request broker architecture)®®*? i K. HiBuOS faj & i 4 B i 5 240 Y
AL IE, EHVE AN RGN EIh MR, MR IR FR RIS R 4L WAL KR, M 47 D4
S EHU 2% LR R I LEREGAE N N AE RN CPU, LA SR A7 iR v B B 8t o L AR A R 28 B T ML R 286 L
AR KRG, W B2 SRR DUF LD 1) AW -RIREEEE )5, © SR EE B BRI ZZ A7 X (5 B
il 2 B ] AE V7 1] DMA (direct memory access) [0 & ilER 1, b = AR h WX A 20 W 5, 2) W-RIRENFE
JP A ST AR R R0 T R, HERE W S B PSR b AR BT 3) BSOS S R st 2R Ak BT S i LR S et & A
B0 R RIS R SR, R AR R 3 BB 1) AU AR SRR R 2 R R 2) B IE AR Ty
WOHNT T EBEAT S5 B b B, 19 4 DX Sl AR 745 S JE 2 1) 21098 JEL A B TP G847 DX A S I [ P A2 25 () o 3)
I DMA H N A5 8] 52 B0 Bl A1 Ak BAA .

(2) T2 ENR G, A5 RS T AU bR AT, BRI — R R b R R g R T
b, A TE N A A KT IR R A EE R R S, W AR MR IE AT DR RS e, IRSEE EEE R, HEE
HiBuOS S AT AL FE. ATA AT s57E DN 32 LA 2125 B 06 20008 FH v A eR B, B 2 AL 28 R AN LA
MOME—ANE—FRIRAT. LR ZOnk AL SRR R T — AN LR B, 1) PR AT B, =3
HAPEAT R VARE; 2) BT A AR B B ARTT R 3) JUMT B AR SR OB BRI R TR AR 2 L T
A UCHL, TUIE i F b v 1 [l i R B N BLBR T s S B IG FC A% EAT AL B, i db th T-PE e % i, HdedE oML
PORLRI AT 55 2 IR (a5 X% 2 (R4 0 AR AL i 5, an bl 8 Bro; 25 AN VTR, JULH b 47715 o
R B AH B R 2R

EHEE

Tl | e | RHEED

{55 & LR WAFE B

8 EHLHELSBUREE
(3) AE55 Wl AN 1 i BV FAT AN AT 55 4 AR ety SR AR 22 4l L. Al DR SR WU PR 1) 22 4, AT 95 AN e
U ) A SRR Mk 2 ) ELASBE SAT RELE T BERA VT AL AR SE I 4. Rk, BRATTA AL LA B T A AN 2 4255
L PAT IR A 55 BN EHLE Ltk W& 9 B, A 55 Tt i A% 1 SR LR L BT RO iR S5 I, AE

© PEBEERKCEIFR  htps/www. jos. org. cn



WS AT o BB RO AR B L AR 4939

55 1 A PP T PR 50 R 1 S AR AT 519 o, A% AR A ARG 1 B, MR 1Y s STl B 2k BT, AR
b, AT 25 A (K SN A B ORAF R ST, VISR R k= ), 9 S A% 3 45 20 8. T MLAE HiBuOS H, AT TR HIAS
(7 Y s R ALY AT T RI> (RS5O e, EHLBUR 2L, M eI (WA, I as) %07 AU HiBuOS
BT S —Fh s 3K

AR 1AL S5 B 2y B AR A% A,

llvm_asm!("ecall"
2 "={x10}" (ret)
:"{x10}" (args[0]), "{x11}" (args[1]), "{x12}" (args[2]), "{x13}"(service_id), "{x17}" (node id)
: "memory"

: "volatile"

(4) WA DL TR AR DB, WK 10 Fios, — e TR ZE5E s N —2eIhfg: 1) W& PInA, a4
WIIUATIC S, B U T AL BRIAR, 2) A PR R AE B i T 3) AR LA 20 11 1 ZEKk, 45 Hf & R B (7).
A kM, HiBuOS & BT EHUEM RS2 — G R RISC-V 64 #H45H1 (QEMU RISC-V-64 virt machine). L7, 4F
MG IETR) R &, BJERIE T — AR 44 . bootloader, Bl OpenSBI 2% 3 RustSBI [l {42 52 1 F6 4 B A A7 4E
P PR 5 A RO ERIN, K7 30 48 MR DA & — HEI X5 DTB (device tree blob) HH T ARAE ALY HE Py A7 7 ) AN s
77. 24 bootloader Ji g#EAE RGN, SHEE DTB WL AE al A 728, ARG B BIEAE R AN D 1y
HEAL R ST, HiBuOS 73 /7 DTB 4 I, o0 U 4% 128 B, 25 A B R A0 85 0 8 R I HEAT R R Ak AR 118
SRAF R T AL AN R Wk U, BT SR T AT B4R, DRI AR T A — B S 5 B 7R RISC-V
rh, 5 AN AR N B R AR AR I — AN EE A O P & b a2 PLIC (platform-level interrupt controller).
2 HiBuOS #2352 2|—AN 52200 B i, & mT BUE I 2 PLIC FIZ5 /788 Kk T B2 & % R IR b 8, s 4
AL PR T A SRR R AR T G R AT 451 oK R T S i N i AR A ), 0 2 E R R RO Y S0k T B AR B B
FPRL b R, WA ORZOR T RN S BAF Hh I3 SR L] (S AN AR AN R, RIS
T 25 FE AL B30 A0 2 I, o AT JEL BB 8 67 0 v B T SR B IR A . )i, WA TG LA 8 U BB R A IS,
SRR WA AL, B R R B R IX 45 SRR [ 45 4T 55

J\_*J-LL/' ?JEMZ (S mode & address space A) qffﬂ_éﬁgiﬂi (S mode & address space A)

EEIR7-¥2

1

: !

TR i |
A I !
0.’ ..' : :

' '

SELEIRDL:
RHESTTT

1 ! [

1 ; o [

o , 1 1 K 0 1

(5 : : A !

T T ! : LA w0

: ! B i)

4% % : : Ea :

{5 425 (U mode & address space B) :_ _ B 4 (S mode & address space A) |
K9 AR5 R AT R SEI R 2 Bl 10 @AM SR = 8

(5) #E HiBuOS 1, I Bfith i — AN LAFY il A0 — R e, I BfOR R (R — Nl . i 11 Joms,
LT SR AR AR BRI AL T T B A 5%, LA, 1) ZEARS5ISATING A1 55 R i ) T — > LI P S 2R A B 5
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AR 2) AEAIE AL, B S S B o BN Bl R L BB AT AR B 3) I Bl el e I 1) AL
RS B A RS A5 L oK.

FOL B FEHLR

‘ (E5 b4
’ v

953 2 < IPRPER LR T AL

IS8

FE55 1

IR £
(R :

I I B 1 eI i

B2 1 BT SRS

% 1% e
B 11 B IR B S IR

33 ETHBERRENSHRIERGERSZ I

HiBuOS F AL Gt A RGN SEAE FLARSS (WAFEFHE, AT 2555 3, P s B 5% ) S b BOR 2R B4y i, B
A3 AT E W 6 o 2 oK A 22 4, TR, MR BB FRARAE SR 3.1 RS 7R SCERALPEY AT, FLTh B 0 AT LA s
et A LASE b ot B ) B 31 R GRS R R AT LA SR . SRR T IR v) DAk 5230 AR SC I ik, b4l
PR ST AN B 2 )2 BB T, 3% Nk, A SO 3 SR 245, B Py A7 TR, S/ b A R 45 B,
R JETRIET I3 R ORI BRAE R G R4 Bt
331 WAFEEE

HiBuOS " (1) AU FE 35K 4 A7 55 R 45 2 2 AL 2 AR dlrh (A A, Wk 12 TR, AT
EHLAR IS0 S LUF AN T 1H: (1) AR ER S (M DI fe B e, A Sl A7 oM IL, B 10l P 77 38 B0, 333 43 vl Jal ik
X AT A R GRS HIR AL 5 3R AT (2) PIAF T BRI R GG LAY, T ot ALPE T 05 O R (0 T B, 2 SEIAL
R L 4

: Speegtib
L N 45 T B T e 1
| o A7 BT B T RE ST
R F— WEGU| | R
- ‘“) G ey
i e BhAHAE | [Hhdlkas
T pris a5
\ EE— )

K12 WEEHRRERE

AR BEER I T BB TG 5, B R A X B S 4 2 IR P A7 DB B T o Ay B A B SR Bk, &
TRAZ T 2R WA PR IG W ER 005, S5 R30S, DS A SE B 7 SO A7 T 4k e ) 4 B8 505 (1) Ak, 78 20 TIC (1 i)
16, B e R AR A A 2 AT IR B TS, A 1R TE L AR TR [ 35 MUK 1% HiBuOS A4y it
PP ER 5T DX ) AT T, PR LS R AR B IS I —. WAEE AR — RO A (R A WIUR I HE, BI3S
H e — 25125 PR L L ) A B, JEER AR SE b0 FO AR ASPN A7 10 BR 450 1. LR, WL BRER1E ) 3 2 YTk
T8 e s I ) SR A AT A7 4% CSR (control and status register) Ja F T 43 U, B 5 41441 2 5 Ae sk &
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B AR — A 247 Hhk = () — AN Bk, 75 Y A7 4 28 50 MMU (memory management unit) 25 1) 2 2% 1 5%
56 RCH L A RE U ) AH Y. B . BRIk, FEBRATT A e T R, A7 A5 R S A B 2 3l 43 IE 708 A e 1
T P AR DL RN T 2 2 U SR KA A KR AU N A FH A B N A WU DG 3R, 0 Y (RDIR S B T P R AE T 2 RS
FEAE IR IS . G ALY SRR B BIIE U7 I (9 A A s R A R S rboet N g bk ), B AR AT — R
VA B b ik 2 R ol k. T2 AR5 U Rl i R b RS B (Y Mk R, 58 A 0 T O AR H
A RS E R, B — P ORRE T R PRI E T

PR BTG TCA  vE AT BRIV B, IR FHOT R oR 20 T 3EAT A0 2. HiBuOS FIH Rust 3 5 4F1E, BUE Red: I
B R 2 LS Rk, BTN AE P ERSS, 2SI Busadapter trait. Busadapter 32— 20U SEIL I G 2 11, RISEIN
TR HIAC IR, Rl BN SR, A SRR AT, IRGSPRIRST, IRSTERSH. 4 B KB N AL B
IR, S 2T PO AR IR 45 s AT TR FH T B B G P AR S 1) P9 A PR IR S5 AL BT K, A% O ARAS AnARRY 2 B,

A 2. B Bl e S A% A

pub trait Busadapter {
fn handle(&self, service id: usize, body: [usize;3])->isize;}
pub struct MemoryManager;
impl Busadapter for MemoryManager {
fn handle(&self, service_id: usize, body: [usize;3])->isize{
match service id {
MEMORY_WRITE => {}
MEMORY_READ => {}

_=>panic!(“Unsupported memory service id”), } }

}

332 SEH/PIAE

{E RISC-V Z&h, 535 (exception) A1 H W (interrupt) # 2 —F B (trap), JEX e T AL B AZ 01 5,
S 5T CPU [RHR-2AT A2 [R5 1, 5 5 B Ak A 11 Jirt DX — o A% 3 0 380 1 4 482 BT T o B J00 5 2 T 24 iy
IEFEBEAT I 2, A2 Ui 7ok 15 WA A 1 DA B Hh W G ik g 58 4 5 A B8 TE 2R AT 1) 2417482 J6 5. HiBuOS
PR SR ) A BT SR AT 45 A 3 ML B AE I R U (1) AR A OS2 R F AT PR B R A ) AL R 2
RIETH R (2) AL B mARAEFE DI B R S0F B, W ENLROR GBS 75 HiBuOS H, Hrlbi =20 T Ui HE 4,
LRI T el W A B AR UL (1) TEATSSE AT B R — W R, ARG R i B T — AR RS ) 1R
T BRI S AR, I B ROR BeSs BB e R T Ab .

333 fESEH

HiBuOS ¥4 55 i S AE b P SO 5 I FFE S — e G 1945 281 b ) SCAF, KA 25 T 2 (0031 JE Ak 39 o 1
SN bk AR 55 BRI 45 B R B B LR e ALY h (FE 5 AR, AT 45 B AR I STy D AR IR AS
Jrif: (1) AR AR D fe 500G, MRS TR BRI S DI, (2) (458 AR M R ZoE m s, Hasolia 5 W1z
E LR BIARR].

T 58, AT55 5 R AR K 17 SR PRI ] 0] R 38 3 SV RN 25 AT T B HL A, AT 5545 BR B8 44— M55 DA A, 55
DCNBASKHUH — ME S AT — AN R, SR 5RO BA R, LR HER P A S BT 58 . B, AR 55 DI 92 b
R B NS5 T LR Sl iR B N A5 S 2 B R D)4, I R P A R4, RURR R DI AN
P P 4. AT 5 M 0T R R SEBINT N A R D 4. B N A T TR D 46 e AT 5% T B R — N R R 1 eR 2K
(switch) £ 5¢. 7RI switch BTN, LSSl R AR AR BIRR T4 3l ORAF T AR 45 BN bR SCRA R AL etk
ALY AR R SR R B R T RS . AR D) R B 13 R (1) B AEE TR A 7RI
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I switch 2Z |1, FeEHLE ZBiH B HUA BN TR SORIBE N AE BE & B3 HTAR AR R, T B A 2RI B 2 2 B U0 #e
KI5 (2) 155 A AEHAESS B SO ORAF A AT A A7 9 1045 85 (3) BRI B AR5 B R 3, JFIRAE B AR5 R
TRAFI A RN 80 A5 A7 (4) IRAFAR TR AT I A7 Ar s e B TAE55 B (K ML Gk, BE i se Bl 74 i
e, BUI, AR5 BL AR AR5 B AL, ARG 1T L ORAF AN D)3 R SO R, B 8 S R R, S AR A5 K
BRI RS, 155 B THRIEAT.

CPU ] CPU CPU CPU [ 5
RAF
AMIFAN | | B BB A KN || B BIBEA ATBREN || B IAIEA AN | | B IR
R R 'S R X X S R
AN AN ATFBEA ATBEN
hrrEa || B B LEE A | | B kA LR || B BN JeFREA | | B B
/37 Ab 3 FH 033 AbH FH 033 AbH P37 A
Sp 34 34 34 34
Ly| A TS A RS A BES
LFx LR L
sies | LT | e wes " B s " | B |
ETFX R LR |sp LR (g

switch(task_ptrc, task_ptrn)

K13 R4 E)He iR K
4 7 &

4.1 RLBENSIHR

o JJRIE: AT AN A1 BER VA HIBuOS (1R ek, BIIE 28 48 b 3 I ik 55 (K42 D 2 2% AN R SE ] 47
B (AT R0 B RE . 0k, FATEM . HiBuOS Rl R h Y AT 45 BRIR 55 OB el 20 A BA R 3 280 1) R
PUAT AT 55 78 BRLIIAS A DA L1500 D RE H 0, K X A ) R 253 SR e 48 0 i I e 12 IR RIS 5 2) Jn K
e AT s DU AT A AR BE AR LT RUROR AR 5535 SR R, IR A Zh g oo AR IS5 3) BB LR HE IR
e RE MR I R N R RE AT TR LA Y AE HiBuOS A48 IR R 55 K A% 00 £ T B 2 5 5 45 (1) S
AT RO TR A ST, PR R Dy oo vl AN DAY S BSOS SRAT . HLeh ALY fCZ AR & R RR G R, HeAt
AP AR 22 BI5M, i HiBuOS (B U 2% B/ T AR A (AR 4L, FLIK, 25T Yegdrasil BRI R 441
PEAT ROER I A0 ) U A0 0l H FR AT . HiBuOS ARE B 2 b s i 0 A5 B0V AT 1 el
AR T AN, R R G MR /N AT 2 O T LT s IR, FAT T L — A AR S K PFid HiBuOS
L] MR G (LAY ) S B R G AT SRR, e B M AN ALE Y R DL AT 55 IR 2R (1
i1 MapReduce 4 BHUAE AU AT HIN & Z 2 A TN BCAES). B RATE — FRE 2 LR 28R
10 NPT RN O Z B0 2, SXRERE (I DR D T 5 (AL 40 o -k LA, AT R AL A4 s 10 i 5 o8t
B Ox;x;...x,y, e 0 AR R LR (MARGAHIR TR LD), n FOREE n 2B L, x FoR58 i 2 BB bR

UL, IS, 508 SRR 0 Oxy i, 1D 14 B, A (1) 15008 M A5 45752 log, 2 S gtk
FALE. B DURAT 158 BB S 15 K 5 BURE LS B SR L CBIIBR T Ox,.... x, O e B (A
BRI 0, Oxyo... Oy, oxiy SEHCR 12 0), T 4 BRI TGRS D 1) SR 1015 b 1Y 0 K2 08

B2 Oxy... x5 2) 0T RCREH S R RUBR AT O, OB b, P BRI e, B FAR1Y b AT
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K 0x, % xy, TG n+ 1 -0 RHCGRER, 5 RN RN ACTE O (logM) 290, W] WL BEZE AL AT 19 s 1) 38
I, R R I RN IO LR, B R G H &Y Rk W0, Gnutella 2 T G SO m] 47 i 8, 42
T A S A 2R, LBk JRU U R 2% th AN Y s R RS S AN logV AN 1Y iU EL B R AR A3 A1 W A 2 )
B, RG] R BN A E L E Ty 19
10><(9°+9'+...+9""):M o)
o AVE/MERE: BT Yggdrasil i) HiBuOS JFEJGE B2 TE I 1 R S K, A2 3@ 4L T —Fh Pk Be FH 22 4= R G v] i
PR T Bt. HiBuOS 1 ML A% 1) 40 2 R BB an 18] 15 0o, ARA K R G055 7 15 R SEBh B8 Tl Aoy
BRI AF I, TAVE A M) TR TN B W R e vevt AT PR R GRS 1 s SEI0 eR B FH I, AL
AT I T AL RGBT A T U U R e 1 45 1) Bed 35 ek R i, 380 10t 39 78 9 B9 ML A ——UnderBridge™”!
R 5] FoAZ O ARSI TR BB T ) Ja Rl 20 P 3, A o R PR B el A T, A5 7 2 B ) R e IR 45 T AT X
WHIg T, T RS BATIE A%, R TT DUE G0 53 53 1) 5 R85 TRAR AT, 24 3RATTAIH UnderBridge Bt SRR
GRS AT, AU EE S5 [ T 95T UnderBridge 1) R 48 Bt A 05T T34 T UnderBridge Z4¢ (ChCore™™”)
(R, 45 9% W 5Py b i J5 42 TPC HTEL, UnderBridge Wit e e 7 12.3 f5 LA L, W& 16 Fios. Al i,
T A B3 7R 0 R 22 A WL 1 o R 4, B R P AR B AR B PR T 1 R G 5 Fhfig

° 'E
00
ot ?02 s ——
010 i 020 AEE M1 ’%%Hﬁ%
011 &
E B ? AL

Canvs Elws = ®kus % % POTL
Kl 14 g K15 VSIS 23O iy
8500

8000 r
7 500

8151

% 5000
54000 s
3000 |
2000 |
1000 }

K16 RS IPC IR FE I} 0
o AR AN AT EH KA 2 IR 2 _EIAEAE. B B E RGN IRIG R Ih, DR RE NS A TR 1
B OA IR E R AR, DL G B NS = N H R R Sl 5 Hb. Y ggdrasil A28 DARABL RS 5 F1 E IR O%
RAEEAE RGN AL, T DL o5, 0 TR B A R G i, PUEE IR RO 2R 14 D bR HE, SERT DA
HERE] HiBuOS 1. JF HNZEH) ERit, Yegdrasil EAT A AHALM: % R 2 AU A5 ALHIAER ¥, Btk HiBuOS 1 LA
T 3G e R e 2R 2 R A S K B IR T SOE N BV 2 N I . R, I B E R A A T AL
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AURE G I RS, I BT REWECE W4, &R IE N 2 0N 3 5, DB AN ERAIE R 4, K354
SR EE. HiBuOS 78 SEIL R AF (2R A R i, (R 25 AR RN L LG 2084 7 TG BRI ).
4.2 HiBuOS M4 &EMHK

AT EAEIE QAL I AR FE RGN T BN AZ Bt I BIBE) SR UK Y ggdrasil N H T #:4E R 48
B A AT

(1) W B AR I

PATTIR, T PP B A 1 L 0 Y, B SRR S R R Al — Rk LI B R . B —, AT 55 AT 554
AR RILY D, T4 S ELAR W IE LA AL B 5e v B SRR ), XA AR S T IR BRIG I (a] A (1.1) /R 45 R
28 LR A TR S th; (1.2) AT M1 s MR (T B R (RIS TR AR A 14 1) TEAR); (1.3) AL
S LIRS AL SR B s (1.4) (RS- AR B B B AP IR (1.3) R (1.2). BB (1.1). B, 4%
EHLAS I N AE R LS RS B, AR B KB C s A 52 1 B Sr RIR [, I AN AR T R IR S5 BRI I ) s A0
(2.1) EHHCRZ E Rl A FANY BB il (2.2) WARE ELE AL B B, AP (2.1) IRl 85 R K 1 Fos,
MBI IR 2 A IS A,

R IH BT

17h S TR
L5 AT A5 5 BLAR 6 1. & AT45 5 BLA (VI i A5 AL FE RS B #2R 1] 124
AT 255 TR 10) PN A7 B 6T G, & VAT B8 0 3 8 A P B JS B IR [l 7
IBATHT 45— hello world” 17383

(2) LMBench SEAENR

FATAE Linux FIHLAE LA 1S 471EE 19 LMBench JEMENNR ™, I RGO, (L2500, AEWUE, 5W
1. Hrh RGER A B AEIR T Linux A AZUIEAE 8], B0E AR T-HL28 8 B 28 b 1) E WD R IR RS, RATS53REUE
B IR S5 (Linux W ¥ NAZIRSS) (0 Fhad i, A 45 6 il & 1) 2 G ASHHE 25 0 LE LIS AT IR I () R0, X AN 72
SE AT A FRF (shell) PPRER IR SEAR. 55 YA 1A BRI, B BIUR /N4 4 KB 1R A A7 (R I ], X AN 78
S — N HE S AL, &5 R W&l 17 P, A1 AR 3 HiBuOS ML R 0 T Linux S5 1R1E RS,
RIXPIAS R G RAT AN RIS S, AR BT 1% 5 SR T DL W JE AL 1 AT 2 R G817 SR W il (8 1 e 454
20000 F
17500
15000

B Linux
B HiBuOS

12500 r
10000
7500 t
5000 f
2500 r

SN s A S A

0

create  fork Mmap & write Mmap  get
process write time

K 17 LMBench FEHENA 45 H

5 8 &

AL PR LB SN 2 REAL R B LIRS R GE, 1 T PR L A E RSB Y ggdrasil.
Yggdrasil Jid s 2k I BRI R SCBL AR S AL 2 8] AT L, I g W1 RE A5 5 ABRAR T RS ALF 2 RIS
AL, LR SRR Tl AN 2 A B TS 2 vk, SR AR ST AT AR T SE MEAG B 2 R T Y ggdrasil
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FINKRAT KR SEBL I T2 2R 1) A S PR . M A N R 125 (32 5, A7 BT 22 R4 1 B B ML A1 1 AR 4
HEJ). BLAt, Yegdrasil HIE5HE EAHBMWEAE FLR 252 BIE R, B AR KB R 48, WM T IR D R 48
(KIBEE. 24 T PP, Y ggdrasil BRI T), ASCEAT IR T 20 sUR SN 70 )2 PO 2 5] HiBuOS. AL T
PEALAE: (1) J2 RGBT (2) BB Z AT LIS BilAL; (3) #RAE RGUMR S5 Bt 5 58 BL; (4) MR 5 1PAl. 451
W], HiBuOS A7 WIS I PEREBIAE, (I FESE iy RETH AT REE, e abk, YERE, B P R A A 25k B T3 T AT AR
KIKHETy. N5 22, ASCHIPARZR T Yggdrasil [ ATATPE, (EORBEREE 55 [RDB X0 S R UEAT 45 6 QUFT, sy
T893 UL AR (1 DL SR e . 5 28 A LR 1 B PR AN AR Ry 52 I 320 35 T PRER R A A7 T 4R )
B, A UEAY Y ggdrasil IUAZ0EE ).
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