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Abstract

It is difficult to manage the global resource because of complexity for the
MPSoC systems. The key requirement of effective utilization of MPSoC and
speedup execution of parallel programs relies on management of the resource by OS
for the MPSoC systems, so it’s necessary to study OS for MPSoC. The asymmetric
Multi Processing model is applied to design a distributed OS for a NoC-based
MPSoC, in which nodes are divided into Control node and Operation nodes. A
costuming Linux runs on the control node as the interface between end-users and
the hard-subsystem, while an extended uC/OS on each operation node to get high
performance and support execution of parallel applications.

There are two modules on the control node. The resource stat module creates
multiple processes to collect resource information and stores these in the stat pool
which is constituted of shared memory. Dynamic scheduling technique is adopted to
assign tasks to operation nodes by the scheduling module. In addition, the stat
module automatically establishes the stat environment and provides required
mapping file for the two modules after reading the network configuration file so that
the system will hold high scalability.

The uC/OS is replanted to ARCAS3 and task switch, interrupt handle, network
interface driver, and dynamic memory management are implemented. In the OS
extension layer, the stat task collects required information determined by the
configuration send from control node. By setting the mapping result at the
initialization stage, the stat task and load task can communicate with the control
node accurately regardless of the scale of the network. Then the load task gets the
mapping result, uses paging system and parameter passing to create, load and
execute MMPI tasks assigned by control node.

The control node cooperates with operation nodes to schedule, assign, load and
execute parallel programs. The distributed OS is validate, a test case with four tasks
executes on a three-core platform, which includes one control node. The result
proves the validity of the OS function, and the cost of every stage such as
scheduling, assigning, loading and executing is evaluated, then the influence to the
cost of each stage of the system size and application size is estimated. The
distributed OS can be used in the embedded systems and to evaluate dynamic
scheduling algorithms.

Keywords: MPSoC, Asymmetric Multi-Processing model, Distributed OS, Runtime
Scheduling, Paging System
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Shfefidy . B 2-1A MRS H Y R E R, BRI AR, NaEH—
A~ ARCA3 CPU. ZHA BRIl W ARt A1 H T304 1 NI

ARICH ) 2 A B AR R GR FH o A AP A S5 0, AT AU AT 1Y
A4k % FF 90 MO (o ik 2= ], AN S CPU AT IR 5 BT 7 1 S dis 47

SO

Routi’ *‘_
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fits 70 A Mo A7 it 2% v o bl T A 2 A SUA7 6 B8 A5 A0, AN (R R ) %) 08 5l o
MMPI SK5E %, MMPI J&—& 2 Hil1). Exhic A 0N i B8 0, mTBLs ik
HoE L . AR ARERA RENY RIE, ey & 28 KA
ARG, VERIRTF LEAEERAE . AXEITTNHT M ZRAZNZ
RERE RS, HAERGE W BA RIFFIBH R, e FH S L2 %R
GNP .

ZE MR G M5 5 IS B . M52 S RO K 2E T
—AMER T A SR TR IEECE . FAIRSI T &, M5 (i FLER RERE
P4 RS (Full System Mode, FS). 7 FS #=XF, M5 ifl 7 4%
CPU. fiifidh BELL L Z RN NN EN RS, B IsITHRIER
oA . M5 AdH T ) X SR T AR AL IR RGP I S AR, BR S T LS
BP0 AR () & I D g, FF AR n 3k S8 O — AN B RS e B R 4 b A B
Pro M5 A C++ 58 O LB R A5, A F Python >k 58 Jlunl 28 4 (1 4l ik
Fa 3 A SRR A B R PR C R, X S B 7 3R] DAAE ANAE SR P el B 1 1 O T
AN R B AT FL R 48 R AR BEE AT A [ AL B . M5 38 B AT 9 K 3K 1)
8, AT LLIE R IE BR AR ORI H] M5 d S AN R AR B R VS 215 ., R R A A5
RPAT IS E . IR DA SR A B4, R BRE R TRIR SR 0 T A K i {F
Mo ARSI ECAHM M5 207 BT TS, KT T BHE WA
B, AR B R s /N BRI Timery TP s b 95 0 A Ml A7 % e 25 b, o4y
TSR Tl SR 2 MMIGHE 110 W, AN HisiT aml 2
ARG & .

2.2 ZRIERGOLITER

BAF RGBT = A bR AR SR O, AR 0 SR AR OF
AA A 55 v 28R RGBTk i Je AUk HEAT I T J3e K A6 )
ARV RMSRE, WANETX R R 8. M. SR G . MasE
I Th REPE P R AP SCRF o 2R ERAE RGBT =R A B, 7002 R
B BB AR B B, R X SRR T LRI

2.2.1 B\

AL (Bare Metal Mode) 2 4% 11 il EASATERAERSE, R —
MR 2 fE, BN AT RET 10 API 2 S5 A0 BLER BRI A G . 2 R G HF
ARETE KRB, — RO R h e BisfrifE R4, 1400
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{0 G RN ST L B o7 K R 52

RN, X TR RGN 5, Pra AL BERE T #8 H KAT
FESSERRE, MR T EAFRSMHATIT, IFAT N AT 3R A e (PR RE o (H N
BB N ZZARAAAVFZ O, B T AP BB SR, &
LI RE R AP 52 ARSI AT N R e BATREAE ARG, B0 17 JF47
MIREFP IR IT R AL s R Z W Ea 4T TR Y R T B, P Bkl
ML (U RPRAS, IR HAT IFATRE R, ISR TR S T4
CHRET WA, AN HIBBIEOT RN 2% R G S (R R K ] A R
JEVEMRZE . BREH API Ah, BRAZBLE BT BE T3 6 2507% R W] HY 1) Ak B 8.0
MEH, TR R0 AT R 2 H AT S5, — ARG )M H R A AL I
FrREFe AN RER HI B IR S RE Ty, L LU 0L 2 7 B HDR IR 20 JFATAE S5

2.2.2 ¥HERL

Py, (Symmetric Multi Processing model) T &AM 04T 56 3 1 -
HEA R SARL S RE M #/E R4, Flln Linux 303 Windows #/E&R S, 3
MR T 4 AE RGN R )2 TR s AR I 5, B B 2B B S
GO HLIE] 25 TR UR A BT R T ARCOR BB R o 70 MRk 45 4 B 1 S b K AT
BUR I IE R 3 A o, X i o0 T 86 4R v 10 N B A 3 0 (R AT 3R
R AR L R — Oy G B T m AT R e I nI B Rk, IF B 2 T AT IFAT
ke, (B — 7k N B ENIFR, SHEMRE TR, Mok, W
i FH A R 2 A S0, Bl Jt 5% Cache BRIL A7t 28 1E £ 4% 2 )
B 5 IR, XN Z RGN MRS, WIRE T KRGy k. 7k
SRy B R, i R LI A R A RIE AT R AN e I, X PR T HAE
RGN

2.2.3 IEEiEst

e, (Asymmetric Multi Processing model) T &M% FH AT HH H [
B RG, XEHERZ LR R RMNIRIERS, o] LUEREELN
MARBAERS . BT RE DR S0 UHATEEREERS, KRS
I DOSR AR UF (R R, TR0 I p T 1 i R A R e Ok 2 Rl B 4 T
%, WON IR EAR AL T A, R AN ARSI RN 2 ARG BA RIT
AT R AT R P (R nT R A e o S8 i A 1 () LAE T &A1 S AT A
B A RS, AT AL RS, RS A X 4 R R R
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BB SCEL, ORI AT T I I AN AT AR B 2k

B ARG T R %, BERE AR T e g%,
IBATAERC LN f B R R PR A RGRAE T B I PERE . LA, A AR A
A R BOAR T DA 2 2 R G0 2 iR vExT AR GE W], A K A b
HIRTEEAT A B Y s B T A 2 S N IFAT AT, IR O 2 % &
eI IFAT R T AR HOF L AT I A B G KRR RE T 2 R 4L M
AR5t A SCN A AR A s e vk 1 M 1251 NoC (1) MPSoC 73 A1 502 % 4
ERGE, RGN R N B RSB S, &K A LIgT AR
REMBRAE RS, WAMIRIERGE Rl r 240, SCBL T X 2 RS04 R B
WHER, WA ZRAGERM T A RIWED, I8 IFT N A 2 %
RGPS

23 IEEREX T REEN

ERAR G MR GHE T Z AL, V2 ARG MW IS R AT
MT2RARG. A e RGeS E R T EAUE T B R G, RIS
SRR AR AR R S, RO B W] U7 AN [FIBLAS UF R 1 RE
AICRH AR R N T 2 R R M U E RGO E 2 R AT
Yo oA SARAT ZR GE K0 B v T A g 9 5 1 TR A e 1 2 D AN [ 1 T 3 A
PESCRr; HUUR SR ALIE WA ] AR 4 BRI fig

AW 2 A A RGO/ 110 Uil SCIFRGEAE T Rgde b T3 e i
SEY R S AR AR Y R SE A AR S AR AN R R 23 O A
TR Rl I FAT R AT R, s AT TR R A R G R AU &
PP 55 I JRE AN SRV PR R D RE R AR BN AR /N, i fRAIE ds S R
AIRGFIPERE . T AT AT S W05, g st Ui . AT 55
(K3 R LR AT 11O SCPE R G A AR s R AR AR, IXFE T e A 2
ZARGHHERE D), I HRGHA BRI k.

231 FEDEMZET S

KIS Z A% RGP BT 2500 O B SRS Y A, R A RE
T RJE R P Server-Client £5#4. W S WA AF £ M AE2. 10 A fidk
AT A BB AL MERENERIERS, FEWA BT A
Linux #e/E R 48, @H AT EPATAE — > BEE HI I uC/oS-I1 #:4E R4t

T AN EED R EE T IEE Y ARERERN 2 R A AR R AR

-12 -



A, FEIFAT L BRI MR8 28 48 BEUR 00 A S A 5515 SR HEAT IRAT AL 55 (1 1 J5E AT Bk
OFe MAh, ZRARGRM T IR RET), T /O BRAFMITEREE LT 1/O
BE, ARG 11O BAb ity B g i, R AT v S5 s 500 58
i, EEWEAASZLHIFTHE . KPP RABE I ZRAS
N, 2RAGRREMR 2R M EIE . DL R 2 S5 E Ton) T
MPIEWL, R AERAT I AT R IS AT DAAS 25 50 e i S8 I 2 A s 1 o AEHT )
ReIFAT WIS sc g B3 mn, ARG S A T FAT L, PR R 4
KBTI 0 Rar AN BH 5 B HY AR R SR I i 5 45 R
5947 N RE P 0L« NI 5¢ BOFAT AR 55 3T o 70 mIRa 5 RUE R
Ry R S RN AR, s AR R g DU AR e 1 SRR
ARG HEEN ARRR, B Rl s S R A R G AN B s
ROBEUR, AT SEHL A 2R R G TR P MR ARG SEH A
VO FBl A RGN, SRR AR T DO P g aiE B, AN B A U AT R U A
BEG RMRGF AT R BAT R, NI RIE T 2 AR5 R T R

A Z ARG, TR BT IR R 2 AT =2,
T 5 R P ACHEAT AT I U BRI, SRS R RO AT RR T R 4
BEA R, BURIBHET S ARSI AT T MMPIREFPAESAAT I A 52
NG R EL T i FABAE S5 I WS 5 B0, BT USRS T MMPL [ JF47 2 R 1 i J2 A
PEIER, TP RN GORU AT 2 T A S50 350 i RGN A2
ARG TR Ta S, AR L2 ARG LIT RN AT R e 5 A A OQ IR
AN, HATEF I B it . KA AR A B v AR K R gkl 7 o0 BT
A SRS, AL ARG A R A T R R, [R] i
P T AR A SR 4 R BEURE BN IR AT N AN 2805 AT IR i)

2.3.2 RFiz1TiHIE

AR A AL BRAT ARG8T B R 10 R D AT N S (A Y 2 4% &R
GOFATIHAERE IR JHTN BT T2 ARG LWL, EIG2EH
FEWSE . BIRETFATAESS 70 i AT Tk ey pl b, LR IFATE S o e, IF
IS AEPATINIZAT FANFI Y S b, 2R IS 7 K BIAF I 5 B2
JE A BEPATIATAESS S, a8 RBATIF T oH B X A B A
AIE S AR 58 O AT N - 3T, 0 An X2 R ERAE R G da AT il F2 4 &
2-2JT 71 o

FFATRE > 1 U S W by 2P0 R 58 B, W T ATRE e BB AT IR B W i 23R A

-13-



RIS N N 2 7 w2 VA9

ARG T E B LTS AT BEHER. AWK ASE T, JF
ITAESS WA SRAR B I P g e, iy R G B U A 5 B0 i B4k R e geh 43 21
B 2-2h M ROMOR B EE Sgithdfe. K dROLHE Y RRERS
GETEPAE T R BRSO U S R AOR B B i, R @R B8 R
TE AR GUR B BE AR B L GE— (A% 347 A A2 L T A7 il 8 A5 1K 23 1)
o, B RLE A R GBI B R RO B . T 2R R G
A EAT R SRS BN 2R A AR A, BT AR R R RS B R S

FEA A BHEATM B
| | | |
| | | |
App L e, [ [
| [ oaemmentt I 1oeen., . |
| T | - |
| ®)..) | |
| . . ®. | | |
| - | | |
| B Resource| \ | \ !
1 . Stat__1 ) |
: o | | |
0S& | % | |
Extension : D Load | Load |
| Parallgf I tart I l.-.t-uart :
|S hedule ~ |
e o @y E®
. |
Stat Stat
Corel Core n
HW

{UE 1

Kl2-2 73 i N2 A R Gis T B

a8 S IS B G T BT B R A S 2 e SR AR BT, R R GiE
TR AN T FE PR IR I R G W8 . 76 Linux R ¥ IRS TR B LS & FE 7 I E
LieA7; G AL, BUE BGBE B E R U AT AT %5 2 A it
SEIIEIMAT S, IEAE RGP UG AT S5 Ja B TR R AT o 38 5517 2SR 20 SR
G FURIRBHEAR B, FE ST R 2 AR OE EY SR IR I R B

TEIRGEVE A AT I (R R R 0 i BRI T R A @22$m@@@ylk
PR R G0 B AT N R 2y R IFATAE S I B o 8 B ORAT N FH 5 22 T R AT AT
FAG B R ARG WA, PR RO RD #3717 55 IR A7 I BRI SR A 7 I8
GErh BEHSC AR 1) R S I R UEAE R, AR @RI IEAT A SR O ATAE 5515
o ERBOIATAESE B ﬂ%%ﬁﬁ PGS, R HRR R R A AT AT
W%%ﬁﬁ,%Fﬁﬁﬁfﬁ WAE, IR E5 5 A AE MMPI R 4

AT W A% 38 4 AT N 1938 h?(mmmmww,m FRAE A A BOE 58O
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FEF AR REGE R, I BEAR B o AR I AN 1 8 45 AR A 1 SORAT B T RE 73
KB TAESS IV S R, g S0 0 IR AT AR 55 00 E SR U O F R B 1 T 4
RGN A B AR S5 I S IATAE 55 AT

2.3.3 TR AMITIEIE

ASCIARY I R AR AE S S O B AT TOT 6 FBOHIN, JFFRF
TR S TV AT B B AT R BN T DA S T IO
b MMP B FIATILRL, SR B A3 2 B R G0 ] 2 i T8 F
JAT BT R 5 DL B

2.3.3.1 Linux T MMPI 2 FH T2

HAT B AT 5 Z2 AT N R 7 R &85 R s WA . o TR 2 %
RYN A AT RE T, AT N R S RBIAF Y R, A8
M EPATANE R IFATAESS, 19 0 R 5 BEREAT Hds 10 4% 35 DL 58 BT 55 1R 3845
[ PIIFATAR 55 5 2 T R HABAT 55 () 23 AT G O, IR BSRIFATAE S AE AT 2
(RGN S

CHZEE G P SEIERS Linux SCE RS, TN HKRREY
WS 4 R DL SCAE 8 AT SO R ge vy, T8 AR shell i MMPL R 70k
PATIFAT IV, [5) INE 3 J5 WS ST o 2 Ak i 45 R AT VAR P . MMPL 2
JPAEPAT R P e S AT REVIAAG, WIRAE R B MPI_Init BR #5050 K
PR JE T S I WG A AR . fE RSV A IS FErh, MMPIL B2 7352 N B S
SO, KW g AN RIEAE TR JBAE T8 MMPIATSS RS, (P4t AT
NS AR S5 AT IFAT N 7 8, MRS I A0 A R, AT A
RIS T HAESS E L A A B ZE A T RS AR IR S . R T — R B
TEWESE SO 25 €, 57 RUM R IS B2 A8 R G 46 Ak B2 v b Ay — 823
5T R AE AR & AME S IS E R, MMPL AR5 75 AT I
ol A A TR SR A S A B HARE S AT AR, RS2
[F) P 30845 4 48 Ok 1 s 1) RV T8 A5 I 58 GBS s 1) 4% 6

TECE NG S5 R f5, MPI_Init BRE oS iR I A A8 45 1) 43 BC AR JE A AT HS 24
R BC AT S B H AT S AR IR S . BEJS MPI_Init eR £ g A B (045 B AL
H fork BN IFATAE S QI RS . F Linux F fork s34 i) FtRE S &
A RE ARG B . s B HE AR B, &A1 HE R () AR B A B304l B 55 A 1 A
HAMFER A, K& FHRMARA K2 REE 1. TR i
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25 0 RUNAE S5 P SR AR 1 R I R0 55 5 18 O 1% 1 ERE T BT AT
FIbR RS, 2RSS TG IFATAE S5 AT . BAR AT (K2 A1 A (0 e
Fe, Bl TSRS ANFE S A THERERAT T MMPL R R A F 5, BT
BEREPAT T IHFAT N AN AR SS . IR B T AT AR 55 (10 70 BE AN BRAT

2.3.32 IEHERELET MMPI EEFHITIHE

7 Linux & AT Y BHAT R H ) 2 i A WU SR, fEHATIN 458 ik T
S SR, U R R 45 R LSO T AR 36 245 MMPL RR P o ASCIAEY i R 4
AW AR B ARSI RS, MMPL R F S 25 AN fig
CASCAE I T A A s HOE SCHREBAS U, 75 MMPL R 70T I A4 1R 3 R 40 9%
Y5 A3 AT HEAT PR EE AT o DA SCH MMPL FE R AT AR 5 O A 1) Linux 4
RGN IPAT IS A

T ROOFAT N F R BE A A IR AT N R e B B AT B4 T Sk, IRAT R
(RIZ AT W5 2 AT R B oR e e, P W SR AT R P AR 515 B OF
AT B — BE I LAR 05 SO AN T A GE AT 25 LU S Wt 25 SR (1 MMIPL ISR ST A
3 L T A O () A S SR T R AURNIE SN A AR A S 4 SRR I
ATREY, BEIFAT SR, JF H AR P28 BSEAf o J BRI W] 3R1S, 53R4T NV
MR 25 RIC oG o ARSI AR R G rh AT N FH R PAT 70 A WO TR RS . W Sgt 45
Rk Bk JHATARSS AL AT S ) LA R o JFAT N I AT /5 2 32
P NS S MR SE A, P AU B I D R AN AR E], Y RO
1E S UL S IR Dy sean 1 2-3T 7 .

eI
fiﬁ%ﬁ{ Sh Rtk
BT R
MMPI i R
BT
SRR GER I I i

Ssgey e | BT
MMPIZ AT 5561
MMPIZ FFATAE 55 AT
Kl2-3 SCREIFAT R P AT I 95 s D e 5k
FFEN R B E LT E AT MMPI JRAT Y H IAE 55 TR RS, IR 1 45 SRR
i DR L S IE H T A, X EE B L by AR AT AT R B kTR K. 18
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W AR T MUK T2 2 i 3
R R BN RE e R K S S AT DA A LU 8 R AT AL TEAT DY FH B I 2
K, AR 5 Sk [P PR AT R o H T AR AU AR B A A
WA BT B, B Ch— et Ol FRET 2> BB K BES 1S BT N 2. B3
SUTE BRI E BT N3 i 2 K AT N R e A3 B B A7 23 IE T4 45 108 5500 R
2tk MMPI R P AT ok B b =450 m i TAE 28 58 .

BEA M EAEST MMPL RS ST AR, %45 IS 5T S 4E R4 8
AFFIEIEA AT, FUl FE 9 RURIE IR 7 ARG 3K, R340 &0 K WiE RE P
2R S Fo A BT W BRI, a0 AL AR SR AT B U ) 3R R R B R, A kR (] 2R Y
B B AR B RE E R B R N S s R AT AT SRR )
fe W R IL BIE S i I8 ST RERCER A VTR A i B O R 1 R A3 ()
o, R AR B AT SR A IR AS AT S5 WURE BRI 2 AME S5 AEIB S A
b T R R () ) B AT ST 2 MMIPL AF 4. £F Linux F MMPI ZAF45 1K)
YR fork AR ZA TSI, EHE A uC/OS RGI T fork
PR T AT R A B, ARSI AT AR S5 A TR 1 A R A
To Bl J5 I8 S A AT 45 W &5 BT 45 A 15 Tl i S Bk i 45 AT AT 55
uC/OS "~ MMPI 271 R GRG0t #E 2 A MMPL I FE 7 12 800 R e
[r) PR 235 ) A T R AR 45 SRS R LA A i s, IR B AT S5 1
A A T I 58 BT 55 AT

2.4 IREING

KREEN B2 RGE WM E, 18 T =M 28R R R,
IR AR AR O PR RE MR B2 0 T — A RaF i3, SR AR i ik ot
DRZIRAE R GGG A SCIEIE R 0K BAT A 1 m 37 . I RS Ak DA R A e
RITERE . Ao A A 2 A% 3 AE R G e v 1K) AR il P AR S B Aty ok 1) 42 R
DU BENUTAT A I AT 1 ) e B R AT T N A AR S AR BT 1Y
ZARGINEN, RGP A EET RS E 1, TR T 2 Eit s
PR A RBHIRIN S B . AR JZ AN, REMIa T RS RS I
A7 IR 23 5 BARAT IR 53 b 947 T R PRAT 0 55 R SRS R 56 L RS &5 2R
K IFATRERR 73 R A Bs S i EIFATARSS B AT 55 LA I R
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FIFE EETRIRERS

TR EZ RGN VO FAl, MRS 4 RPN 224k, 14
M2 RGO, A M IFAT N R LS RF o T8 R A R 48
T Linux B4R 40, 0 SRRGETHBIHURTITAT I EEBEHOR SCBL BE SE T
IAT LTI 8 e 73 2o

3.1 FIED SIRER G HLIA

TP AT ELI DY REPUE T B R AUE ] — N E ERE R S, K
B IRAIRIER G AU S R H & A, IF RN e th AR K
JRBRTE. S8 = O M2 0156 5 s 2 Linux B 1E RS, Haehs
WAL EAE AR E RGN E K. Linux J2 — NI EE RS, AR 4
PRI Bl DHE R B s RS BETE, J7 (8, JF HIROLEIB AL e
BIFRI SCFRF 2RO RSE, Al DUE B FE ms AT nl S AT S0 K A A
BAF) R SCEE Linux, LD IKEHRE P I OF A feda s Linux BGARRUE, 38
R PE S, TG TR BORL . SUTH N BN 2 R G 4 R A Linux
HAT A2 0 ST Lk o 9 A R S

AIOR BT RUEATIY Linux REEEAT 7ol AERGEAREE T30
A4, A RAM Disk HEARMBSCIE RS, ORGP A S AR 1
BusyBox LALLM M HIRERE . WA /N SCAER G RST, SER G583
BRI, X ESRIEAT AT PATRE R L AU E A % AE M5 TR E B, E
P RA A S O S ENREATAZE, M Al BB & O #E BusyBox HH A fi
A, BUATIATIVH . AFELE Linux N SEIUSIEGEVHFIR B IEAT A I Th g, %
YRGB EORAE L4 KA R GUR SN T 4R IAT, £ BusyBox (15 3 i
A reS A BEIR GV RLR (HR 4 o 8 W RZAERIIG L 5 s AT I
A, A5 reS B 1 fie JE DN DR GE VAR B (A 1 RES ORAIE 3R A R S8 AR R 3 A AL
EIRAT BRI G v i e s AT IFAT IR, O 4071 RE AR B Hhs S I 98 5 R B AT
HATES A, JFRIFTRE P KB RIS AN F A S, e BOFATRE 1R FE

3.2 RRGITHRR

DRI GE VAR B S B P R IR B 4 R SRR R I Zh e o IR AE
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W R ARG R 2h 2 Ja LRI IAT IR AE R G i A7 K AN I RS A1 R 30
17, BOa A RURIE M BEIAE B R A% AR e A Al £ 2173 mOT B (0 5%
P m e T ORIERGE Al A, SRR GBI e v D e T AE S B
5 0 23 AR () AR A T AR A o 0 I T N ) 2% T L S A, B A T AR B R A R A 1
25 AR T e T Ut it 2 1) R AGL I 4 2% rp F— N IE S )OI SRS R . TR BE
BN D ZH0E MMPL IS SO 44, ABAZ SO IR AT S R e, %0t
FEBRIR G BB I UG AT I FEANAEAE 17 1 BE IR G0 v A B A B3N W 25% JE 2 S0
PREER. BRIR G IR il vk i SR sAE B A A B h, JRAT
U JSEASEBRAE PRAT I AT it b R 4 SR B R o TR e T BB (K R AT I A
B 3-1p7w, HEAUEREIME L B fUE BT B SR ge v AN F
A7 R RS B R S SO IR A A Th fE

JE48
AL
A 4
AR v
BRI AREZS
Vi B
A 4 Y
TR I N
S PR

Y
T R £ 1
S A A7 [R]

Y
R ATET R T
LTLE LIS

13-1 WU G i BB LR
3.2.1 FWiRMESL

RISV B SE v D R T S RENS A R R GBI AR A, AR A B I
B NoC W £ e B SO AT B YR S8 THIC B SCfF . NoC 4% i B SR i Tl fis
PO RIARE, F50E T B4 RUIARSR, M4l NoC 2% L & SC A mT LA & 9 4%
T B T . WURSTT I SO T RS E SRS, RS
AL & TN P e S s DN A S/ Y EU SN Rt 5]

JFAT WA LB P25 Al Y 98 05 48 TH R HR IS 1R S N A S PR 0 e AN )
Fe, XTBEAAERFEMALEE M. Linux & IPC (Inter-Process Communication)
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%
o

Y TR oAt A S

PLEI LS BB S A5 S A A A TR BASIAE ] 2 5L i A A1,
i AR B AN E 8 S R T RERE R RS, IS EAAE T TR
AL . seoh, BEREIRDE W] DL SO oK S it (1% 3, (B SRS
J& T 1O A, BN SCAF RS S8 MR P PR e o AN SCIE L3 A A R AE B
UL 5 FHAT I B 2 TR L= B YA

PRIRGEU B AE B2 NoC I 45 IiC . SCAF AT B 95 48 v e . SCAF Jim BRI AT
90 2% 1 e B DA S B AN Ja Y R DA R A i B A d8 B R B RS B BT R A A 1) K
/N DAL RITR] R BRI (147 it 23 i) TS 2 R R R, i BEAS )
B Ay 8 5

3.22 BBREE %1t

DU GE VT IR SN FH IR 2 e D e v e, RIS ST R SRR AR AR A I A
SRR B IRAE BRIR S P A RIS S AR I B B IR B AN ]
(Fy, FELeT SRR RS B2, FEY fURIRIREUD . T MMPIL
MP1_Gather & %5 [ IR AT 75 8 e B BR A 5 A0 FLAR T A 19 s B 28080 J5 A g
iR, FTUAESZEL E AR A MPL_Gather SRR VRS E . WIHG AR K
B AN S R AE —NRCERE, AR B CEE R PIE A A A MPI_Recv £
WS B BT MPI_Recv v DABHZEHHERBERE, ¥ B B EIRE,
B FE & BH ZE AT IR .

AT R PAT, AT R & AN B S ORI RS R, BRIl
HEREAEBBORT 1 98 95 A RS 2 S BT WS R A e N Y S s . T2 AR AR
7 BN ] — P L A A (R AT S AT, BT DARE A T DR U A BN AT B
S5, BB PSR R RS s v i 4R S . BEAh, BSR4 1 )F
A7 8 BRI ) IR 5 1) B2 5t R T B Lk R R G IR R AR AT U AR R ) % I
F R S SO RS S, T R AR BRI Uy ). BRIR SR
BRI AN W DA FEAT U BE BB AR Vs 1] 9% 5 2 w4 F A 5 B I R 2
SR A A A A A HEFE D3RG T BRI I U IR, SR D Y i B 2,
E Il RSN /AT D A A o e P = R 1 [ 2% e 1
EFRRE IR % Y5t (14 o5 FH

bR R UEAR AN, MMPL R A FH 1) 388 A5 358 00 A A 20 TR) A PR 2 U e i
AL AR TR o A S A R R AU, LA i 2 ) F S U T B R T T
W, AT BRI A T O FRAT N A) T, DR 2R B U e AR rh Al Y 3
5N R A A0 A5 B 2 TR A 0, (R AT U BERER R FAT Y 43 i AR A
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FH 038 A5 4948
3.2.3 BRE ST A AR

IR GV HAE B N B S e T IC B SO e 2R L A5 R R 4 R gL
EHA AL SRR S BB e mOGR I BEIRAE R, DT AR RSB
Beor RGO R B BHIR G A 55 BT MMPLIEAS . SRR SETT D g n] LA
BYER A MMPLIFATI T, SR SE VA HAE ST IR 7 S0 AN RS SO LU T fif
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] BLRAEES IR AT R AR BRAL ] o A S 2 A% AR GEAE BEUR e v A e v A iz I A5
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UK 5y J B A0 A A FH R X 231 JEL IR R G o

AR DL — LB E R, R AREN HATRER B AR, |
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source dest N data
rank rank 129 type
Envelop
31 2726 0
comm message length

%13-3 MPI_Send £ 141 %

7E MMP1 SEE A I8 A5 580 R4 0 2 2103 JE 15 BHIK 32 7 i 5 A7, &l
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B P (3045 BB A 5, DR 30 AT N 1R 38 A5 I K BB VG B R 6 31 31, 7
AL 2R R G T AT N HPAT R, W E ISRy ¥R, M
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-23-



RIS N N 2 7 w2 VA9

BEEREAE , I HAS R IFAT R R AR A AN 2 AR TR

oy PO AR SR B 2 5, T B HORE S A5 AR 03845 I — iy, RS
U J5E 45 A AR Sk KB S N TBAS 2R, IRz g M ik oy & 210a 5097 5
AR HOE MR RGP, ARG R P AT A R A DL, JF
AT FEBERAE AT 58 B S e SLER HY - DRIk oy B Y BEASE B $7 D T e 8 5 Jal A7
fili 1), 3.2. 27 U B T G A it 2 1) R O e, B A i 2 () — S A
32 NFAFICEREAL, AR N B AR B, 4o RE oy 0 AURY
O FR) A S AR IE ARAAE S ) DA R 25 94T D, 7 U0l 1 P 23 A i 4
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/NI R YRR S5 B 2 B B A e AR T S OR EEAR S5 I B L
MR, AL ZAE S5 5 HA A SR 55 A LB AR 1 A 1 Bk 2D 2 FRUH
Ao AR AT TT 4 S /N IXASPEAL B AR BT LR T 23 BE T 7 81 b 3 R 213 150 i
(RIRFE— 5 i, T SRR IR AT B2 P AT A8 55 20 e 58 HE R 58 ) AR 55 1 T
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A S5 (R R] 23 BE YT s SR RO B E SN RS AT IR, AR v 550 H 3 A 55 1l 45 T
B, AR A T 0 A 55 R I Y R

3.4 RE /ML

AT T BN RBRERSE M B HOLUORT T R AL
Linux #AERGM R, BLRAEARMARM W Z AL H, Linux RGN SL
FF O 84 S RGESEIF N A ENUR DR IS Hf . LR AT ENA T
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BAE R AR E R, B RGEEE O uC/OS WIZADIREY e JZ -

MMPINHZ  [MMPI Application MMPI Application MMPI Application
| : : f
N Virtual Runtime | Résource
ARG T | Memory Loader | Bratistics MME Lib
= = —_— e === |
PAERS)Z S—— Scheduler IPC Drivers
AT ARTL Manaﬂement

Kl4-1 5 55 uC/OS Ba1E R G450 i 7= 1K
uUC/OS & N2 A5 MR AN SN EE RS, WIBIL . SEMR %,
HEABAERE T T MR ATIRE. uC/OS #1E R4 B AL CHE S WS,

-27 -



RIS N N 2 7 w2 VA9

HIERJAT R, RA DS 5 A E ISR = I AR 2 AL miE S mS,
I FUT MR D B TAE 8 /T AR A 5] ARCA3 bRl gs 1. uc/os #2 4L 1 fE
SRABR, (HRe i L is S5 s T 2, I Lo T S T B R T 45 A R e T R AR
T Linux #1E RG> TIRZ, AT LURIIFIS 80 s fE AT HRAT N FH I B AT 888
PERE. §R)Z RN T ZHZ A MMPL AT N AL P R D RE, A5 faf B i
REAL P AE 4> TUHLAE] . IR AL 15 BRI A BRI BT I FE 7 2k B &
MMPI B A5 W R . §RES R MMPIL Lib D5 s A5 34t 75048, Wilg
TEIU A F 37 AR 7 A A S RS R, KRR AE 4 T ML RS AT I
INE R MMPL AT 25 19 0 2 AT S B AR AIE

Kl 4-2 /232 55 55 uC/OS #1E R4 H gk #2on BB, 7858 uC/OS M e
JG, TFEAE uC/OS bSEBLWE RS VRO N H HAT IS g, KRG B )E
TG AA A TAE, WA R 2 R SE I I A B E R G R A =
HPAS S, JFRCE IS S AR A . B EAT T RS TR RN RE T
e, 5 ARCA3 CPU. F W Affifigs. MZE . Timer Fl W4 il 2%
o REVIENE ESLWUANMES, 20 a2 T DMALNL $00 2 098> iy
%5 1F4 DMA_NI_MISS Task 1 DMA_NI_RCV_Task, I T-Hal B8 Ak
WU S5 5 IEAT N R R T L IFATAE S5 1) MMPI_Create, vt JF R IXY

RE A5 DMA_NI
e

REEHIM1L LG ULELA DMA_NI_
=

15 &

i

LogSource

Y

BT S 61) MMPI_Create
v
e MMPI Create LogSource
MISS Task
¢, A i
P e -
¥
35 [F] R
FOIEAT IV
TEIF
WAL B IFATIES

v v
K]4-2 uC/OS ¥tk R4 ) shid v = K

-28 -



RIS N N 2 7 w2 VA9

MRS B RIE SR 55 o X WUAME S A Je dedi b SCpTaid Ie I ss 22K
oh T 2K RE A TR AT, DR P A T Rl 2% R AR DU S 55 o BT B A o
Po F R G BRHEAE B AL IAT RS NOIAT ARS8 AT 45 IR
IARAL, PRI 7 MMPI_Create $0AT 5 4evh 15 sl %0, FrEL MMPI_Create
(RIS 2 b SRR e AT 55 AR S 9 5 vy o

RYAC ARSI M OSStart FFAR W FEAR S5 IAT, 1 o2 A T T IR 55
WREPAT, —BAEOLN RGBS A R AR A, AT W R AR
K gr NI FPIRES G 2B CPU 15 F . MMPI_Create 24328 = 45715 i R 2 1)
WS R 5T AR, BT MPI_Recv 78 3% 7 2 2 B0 I 2 B 28 P 17
17, Kk MMPI_Create 2 7F S5 RN D . IR G VAT 55 & S5 Fr eI =45
W RIE MRSV ACE, 5 MMPI_Create Ml [A], & e 2 AR BElso s g .

4.2 uC/OS ¥+

IEEAT R B uC/OS HE RAE 1 e B S AR MRS RS . P B A 3
WAFE PIEERE AR T RE . uC/OS KK 7> Thie L 5 G o¢, A D E
I S S IR D RE, I AE e R ARSI S A P AR AT
ARCA3 (WL 4454 EH 2L, K 4-3/ uC/OS #HAE RGN LMK . AT
T ARCA3 4b#Egs I uC/OS M tl, QIR L AIEMYI#. Wik, uC/OS
~ DMA_NI BRB)F & BA S A7 B LA J7 10 ) P 25

N
UC/OS-115 AL 88 T S A AL uC/OS-115 3 & 7
0S_CORE.C 0S_Q.C AHIE AR
0S_FLAG.C 0S_SEM.C
0S_MBOX.C 0S_TASK.C 0S CEGH
0S_MEM.C 0S_TIME.C e DR
0S_MUTEX.C uCos_II.C
uCoS_I1.H
UCIOS-IS AR AR Oo-cr i oA B R
e  CPU_AS el
0S_CPU_C.C :
, HoAb A,

[]4-3 uC/OS-I1 {4 R 45 1)
421 EFFEILI VR

uC/OS IS A — e, R HIUCHBBEAAR, &
it 64 ML . ARSI gMm, AR G0 I B E N . uC/OS &

-29-



RIS N N 2 7 w2 VA9

MG, U H 2RSSR B, D 5E R AT 45 B RE SR A
CPU M AL . uC/OS #4E RGAEWI ML FE P Ol — NS WAESS, MRS
A HABE S HATIN, RGBT H WS, WS T T S
Jed, — BALMAES A TEIRES, SHRAES SR IE. B WAES A1,
BAE R SR E O AN G5, ZAT S I e AL S AT 55 5
MRS LA B G v T 5 F S AT i L 28, Wik CPU W
HABAESPAT, AL VAES v AR AT, e T BLIACh CPU &b T 2F A
R, PG VRS AR B 5 AT Ir v I R] LA R v S CPU ] 2
uC/OS HPME45 5 BERE IR 2 248, Tl b AT 25 7 37 MR 2 OSTaskCreate >k
QU 4TSS, T uC/OS R A MMPI [ HATAE S G ¢,
JIT LA 6 ] B2 A 4H o B2 . OSTaskCreate B8 N 2 50060 45 AT 45 AT AC AL
Pt bl . AR5 SH. MERRTR & DLRAE S It e g, Horh AT ACRE A7 i Hb bk
F5 BT P AR5 10 — E RN L 2R B A AR WA R ALE s AR IS 80T LA
1y — SO AT 55 AT I 5 ST AR Al AR TR R P a8 AT I R VE R G 4 ot
SYTC IR ) X3, 38 RO SR AR i RS AT 25 D) I 1 3% Al
By MAERBERESN) 1D, XIE THESIATINE RN, 7EA4F 55 01 i 2
AR 2 I BB O BE A 26 9. uClIOS AT 45 A o i A B AT AU AL (1)
(Pt bl AR5 S50 0RA7 2 73 TE B AR A TR, 24 45 AT I o R34 V) 4 K
HRER N CPU M3 748, F2I7 BRI AT AT IR B IUAL 38 AT 55 2 50

uC/OS (i B TAE R Ay OB 43, S ARAE S5 4 8 h A R B 2
P e (AR S5 s HORIEARSS V) e 3 B L 98 e 3] 24 1 1E AR AT (R AR 45 A
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CPU responds the INT, save SR .
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. Interrupt service and clear INT
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Y ("

Read IMR and save it to memory RTE
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CPU continue to
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pblk=pblk-8
pmem
BIk=*(INT32U *)(pblk+4)

pblk<(plink=pmem>=
OSMemFreeList?

plink=*(void **)plink

*(void **)pblk=pblk+pmem->
OSMemBIkSize;
Blk--;

*(void **)pblk=pblk+pmem->
OSMemBIkSize;
Blk--;

*(void **)(pnext+pmem->0SMemBIkSize) = *(void **)plink;
*(void **)plink = pblk;

*(void **)(pnext+pmem->0SMemBIkSize) = *(void **)plink;
*(void **)plink = pblk;
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=

4 B AR 4 75 22 8 L 1 R AT AR S5 B BCH ¥ VUM R 2, DR B4 IRAT
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