HFEET—-FF 7 F v 132-2
YATLYTRTLTE o o
FRV—=F4 25 « VAFA
NANT =% >R
arva-5aq2p B
(1999. 3. 5)

PCRI%xy hU—2ZI2X 5
HEFHT N VAZERERFOWSNEE T X T A

TRE #n7z t A g~ 1 BE R i = AT W RE*
KB Mg Bt

35 18 AL TR B
BT HIRR A BT
* BEFESR B BT

4k RHINET &R, PCEZBER Y b U—7 THE LTHERORWIEFINE LTRSS &
AT ADEFEEITR > TS, RHINET ANV RIBTELY A7 VRIBEEERTH L AR,
B4 R BIALER % R AMRE R R o TV B, AREUE T, RHINET ¥R — k3 5@Ee7 1
FHROIICVARAT AESEOBELIRA~D,

Parallel processing system using network-connected PCs
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We are developing a parallel processing system called RHINET which connects PCs using
high performance network. RHINET provides large-bandwidth low-latency communication as
well as functions which support high performance parallel processing. In this report, we present
overview of RHINET focusing on the communcation model.

1 FU®I= RHINET? [1][2][3] T, 1Gbps~8Gbps DA
Zaxysiavi ATV RBEAAMFERBNTX Y

. EMEEPC 2 SEAVCUFIAEAITAS P U7 EWRT DI Lk VR, PRnY
Whwd s IR ayEa—F o REREShT  OHBLVATFUVERBIOAES LTS, e,
WB, ZHbIciE, Myrinet KRESNBVATFA RV ET—7 A0 F 7o AR &2 WFVLEY R —
TYTFOELAFr Ry hT— 22N b0e: MEEBEFOZ LKLY, EFAEYETAEAY
[5]. 100BaseT % Gigabit Ethernet 72 QWA DE E— Iy L 7EFALDOTRERNET RS T
ER YR T—2EANELONRHS 4], LsL, §i  ALEFIHBR KT TE, 2L LTHREOR
F IR RO IR B 5 720 PC AT 2indE  WESILEZFREICT 5,

TRELAELSTEZLT, EXy hU—2DF INETHA—F 7 =7 ORER LU Myrinet[8] %
Ru I+ 58#b REV, BEHIZ. Z2LOHE B Ialb—ialz2iThnaib, Bl e
TCP/IP BAWLNDE DT/ b DREFENEEX D
WHEMENH Y, v AT VbhREN, 1 RHINET (BLATHE MLC & FEHZh T
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FNaADEELNA— R U =TIC L VERTIHEEL
V7RO =TI L BHREDE) 0 bt 1Tl o TE T2,
AR CIIBETT VEPOLIZ RENET o8 %
B,

2 RHINET OBEET I

BEOVATUVERRBL, NUNBERXIZT
B9, REHINET 1281 35 — & Ok O EAT
Puoavbr—nlE—hAF) ab—Th3,

RHINET D N—R 7 =271, Xy hI—7 A4 ¥
Tx—ALEERY NI bHREND, Ry
FU—2 A 2T x—X RHINET/NI |% PCI /SR
HEEEND, PCIRREZAVSZ LIz X B0
b, RHINET OB EIXUT O X 5 2EEEFo,

e PCINRIZI/ORATHY, HIZF — FEHED
SH EFRRETARBABRKE N, FA S AEY
L OMD DMA X, BEHNT 1pusec FRIE DORFE
ZHE4 5, 1Gbps DBEEREEZRKOXy hU—
7 RIBETD L, lusec 1L 1kbit DERERERIC
HYT5H, 2o, DMA 2843 EEIT
TEBEFDRLTHRIEBEE LY, 22T,
KEpEEE2FAD A®Y & NI ORI CERXL
e Mo EBITIXE O ORHLEE TR
HSHREEAE TS, i, EBRIEXTS
A Y R MBEERY Y F N7 FIZ Lo THRE
THEERE TWIN AT 2V 5 FiE (HR)
BH5, »

o NI X CPUPLARARAM EDA AL AEY T
TATIVEAREBERTHZENTERY, LI
BoT, AAVAEY ~OEBEERAR[FEHTEL
Lo CGRIERREITDZ LIXTE RV, #fE
ReETTus T AR CHRBICEB SN,

o RAR CPUNDL NI EDAEYA~TZERTH
CHKE IR NBND, T 7EATERS
WRBET TR, PCIRARAEEFETHDT,
NI EDAEY Z#R—Y T TBH LI RA_—
Ta TR D RE TRV, TOTDEVIRL
T IRATER—Y T TR BETITRR
h AEY BRI MERDD, Bib, NI
AN AEVIZEZIAALEZTRI ZLIZRD,

2.1 WHMTIOERTIL—TF

BED /= RICFETDHA L CEFILEEITR S
Ta ADEE Y W 7RIS )V—7 (parallel
process group) &L, [FA—WH Tt 7 —7

WRTHA7 oA TRMMOTaADT R LRZE
FICH L CHRABETHIENTE S, BEORE
BRA-7a¥ A A—7I BT 57 0w AR T}
bhd,

2.2 BETVUTID

EWVCEET B 7o e AR TR, BEEEER
AT R VABRZAZTEERH S, 131 0F
ETIRERFOa v X IIBIT A RBTR VA%
AWCEEESEZEBETAZLHTERN, v F
¥ ¥ R bR EOBEOBERT2RFOBE TIIEHE
Thbb, £, HETRFVAEDLDTIERL, b
BTYTHOZFTEY bIZE o TERETBHBEF
ThHHZEHLED,

2T, BERKBVWAZY TORBEFMBTE LA
ZNHZREL TR, BERITRE=Y 7ID &
KET R VANLDFI 72y Mk VBEHEOR
BT7TFVAZREETIFREPRIETS, BE=) 7T
IDiF7 et RABICEEIE->Z L L TE 5, BfExY
7ID 2R LEBEREMTE 7R, @Ex
U7ID &Y 7TOEBEKRET N VR % NLIZBET
B BT ERZEHEDOID 2BETHI LN TX
B, hizkoT, #E=Y 7ID J&i{RIEMNIC
HETR VRAEMEFOZENTES,

2.3 BEOEBESIOFI a3V

BERETTe s FLAP CTHRHIEEBG IS,
BE DR DITHERFERIIA A b CPU LD NI
WNEHBEARICL - TRLBND, MEDHKR (K
TR E) 1. BERCEREBBTAERETR
VA %E NLICEMLCRE, ZZikn LT NI AF
Rz LIz XV BMENS, BEOEEIX—F
T ANLEE N ~OBEXRALZ LIZE>TT
29,

TuFrvarEEBRTHEHIC, NI LoFEER
BEZH T 20O L VR FIEROBE~—D
ey 7E&N, TaeABILRR2ER—VERAVD
(DT v RDH DPEN—DIIIET 7 ERT
&), NIV UREIRT 7R ESNBEOWE
R=—DBEIZL D EOTuARNT Z7EA LN
B ERNTE, Zhick-TFua5rvavruesE
B3,

BEOCHFIR, /—FID&FutrIDitks
THREEINhD, /—FIDIENIZEiffiFbohs,
SMP CitE—#F 7 ut R 7 A—T BT 58K
DT ARNR~ )~ FICFEETDIZERHY, =
NHRTerERIDIRE>TRAMENS,
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24 JE—bFAEVOE—

RHINET OB L EKRE R DEERXVE—F AEY
ab—%Thd, VE—hFAEY T AL (PUSH) I,
BEAOT AL LEETIEEHRFHMO 2t
A~DIF1DAEY A —ThH5, 2™ —Eh3
IR, EBEMIREHEORBT R LA LA Xk
DVRESHhD, ZEMT., EETF VAZEER
THETHHFXE, BEZY 7 ID & offset IZL Y
BETLIHFERH 5,

Yyxe—h 2EYY—F (PULL) iX. BEHEFH»
LEB~D 131D AEY a3 —TH5, FH
DOEBMOIEERIZIPUSH LEHETH D,

2.5 BTy
Puab—pYE—F A€ D a— Tk, BER
EERIZT bR ABICEEEN E ZEMOWTRIZ
BOWTHEEICAVORZ2—F T aEADAE]Y
AT Ay (E AT IZEE) ShTwiel
TEZRLRY, V¥ vy Sh@EiiE, ~—YVH
I CREBT R LVANLHET R VARCERTS VP
BT —TNCRESIND, VP ERT— T M3 —
FVZEREICEM NS,

Ve—MMilOoBEIERTS AV HEEOoC ¥
7 EHER/BERT B D, BEMIZY T — MMz
HLTErF Y LY A BT ENTED,
vrHF Y 7 AN EFIT Y E— MO NI,
VPERT—T N EFazy 7 LTEXZ T E3NT
WhifZz o g2 EEUCEBaT 5, ShThRith
. BAPMZEVRARRENTTE Y E T V2T leo
T ECEBlic@MT S, vy IR b g
TFrole /) —Fix, VE—bF /) —FTCOEVFT
DOUBERR L oleb o) ) —R %% ST
AT UEBERLTEIVWERELS,

2.6 isend/ireceive DY R—h

MPI 1251} 5 isend /ireceive O & 5 72 HRE% B
FTHIIELY B—F A® Y 2 7T THER+5 T,
A BPORLEDLYEESLEIC RS, RHINET
T, ZEACELAEDEEEL AR T LT
TINEERTBE, &/ —FiE, XUF 4o 7RE
Ny Z7eReF A TRERy 77282, Zh
LRy T 7T, FREOCEITIEESND key I
Lo TEREOvyFUrIntbhs,

ZAEM O NL X B O REFTRENE D »EH
Rpzavhpg—pARAye—YEZFEBE, EFPTR
UF AT BNy T 7 PRI T B RENBRES
RTVBENEIDERD., BERINLTOERE

Sender Receiver
———
Send Y7 =R b
PendRecv %
Frxvr 20
» PendSend (&
f' B
reev BT HEDE | .
FUSH gy s ||| FendRene b

PendSend %
Fxy?
PULLY 72 b
4T

PendSend A5
HiIBR

[

B4 2: isend/ireceive

LX)

PendRecv IZ
B

PULLOEEETS |

7" vz R DFEFRIZORET F LR EEEME
25, EEMLZL Z CPUSHEBMERETTHZ LI
2B, BEINTOHRITIE, RUTF AU TEEAY
7 FICRE OB EFERORIBT F VA EBRET 5.
X 2 IZZEMIBT 208 LR,
ZEORICIE., ¥ PRUF AT ERy T 7
AR, T A RERHNITRGE N TV A RERN
OBIEFERDORET ¥ LR % AWT PULL B{E%1T
25, RIFTHIE, RUT AT RENS YT 7 IR
T3,

ZEAMTHLEDLEEEETIZ LIZEY, wild-
card ZRAVWVERET o R B2 RBE LRVVSENEE
T& 5,

R Enas HRE

RHINET 2R 2#{81X. PCI NR &M L1z
DMA DOEBICHEB PP D7D, NN L
TS BHFIRET 45— "~y FRKEV, 2T
RHINET TIET& 5727 DMA OEEER L T2

2.7
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push(my_addr,remid global_id offset,flag status_ret,size)

/¥ B ae R TOERT 57 —F OKET R LAY/
[FRFETEEAOID: /—F ID BLO/—FATaEAID ¥/

/* global id THLNDT K LABLDATE v k*/

void * my_addr;

PID remid;

GID global id; J¥ a7 R VAR ID ¥/

int offset;

FLAG flag;

STATUS * status.ret; /* ETAT—FRERT DEE~DORA ¥/
size_t size; [ =B DY A X (byte) */ ‘

B AT K LA my_addr 25 size /34 b OF —F %, remid, global id, offset THIRE

BHEFEO ATV IKBETD.

X 1: PUSH &A%

12, —OOFEETRERERB OV L DRDOES %
AT AR AR, Bl K& oMt
EEASBERE LTHEELRR L, EHIEDPT
BRI EEL T AR A HEET B 2 L EAHRIC
T5,

R ICER T AR A ET DU TO 320D
WENRPDOFIEERWD,

TWIN/DIFF B o ) —F 5 EkE PULL
T ARSI EDFEBEORNE Y TWIN A€
LIS AFYCar—LTRE, PUSHZR LK
roExETEIC, EXEITHNAELZ TWIN £
TYDRARLLBELT, EESNTVWIRDD
Bk ERERICERRET D, 2K o T, multiple
writer 48 [7] ZN—F Y 2T O R—RFICX
DkEipF—N_Ny NELIZERTE S,

bitmap Fz: EXREITHAEE vy vy TIC&o
TIET B, BT & DMWY B REBICERE T
HURERBHZOLNT B S T AE > THMT
Ho, FNEFRTEY by T EFESHITERT
X ZBEBIERT 5,

stride H3: {THIOBEDTIEERET LIS EITH
W5, EETAmaoRE s L, WA, EEE
BET Sz Lok —EMRICIE A RIRE R
ETHZENTE D,

2.8 TILFFeAb

Bl— 05— ¥ # WP ORFITEDGE, vV TF Xy
2 R AR AW T —EOBEEREB TEDZ LM TE
3, wAFE YA M, Ry b U—7 OEREE Y
TEEICFRIICEHETR D BV FFy A &,
NI RBERICEHTBBRSAF XY A BB,

RETLFErRb: Ry T =T OFEAL—FITH
EMUHEDOHNITH L TEETEIDONNE—
VEBRBLTREX, LR TN TFy
ZPTE, NIDBRY N T =T ~DAFy D
PEHIE—ECH D, RF— BB TED
BN, NE—VEERTHICER Y P T—T 2D
SERBEOBRELE LR TEZLRWZD,
FEAEERXTERY, BT —T
ROTr—RFx R RECHAWS,

BRIILFFv¥Ab: KA o PNHmEEDY
Z R & NIREL, NHZZhic L - Toidk
ey b EEHT S,

2.9 HBEEGHAE

WA TEHEL VS & B EEBEEOT o
TATHEAEL, AHICEHFTIZENTRETHD,
Z O, ESFEREESIZEELTHERTO / —
FiolEZEansz < T bRy, RHENET T, &
D) —F REOEREIH L TNEPERTT A
ZRYFETO—FRFL, BFHFKIEIhICL
TR o TeNFHF Y R NT D,

TDEEOILFORME L TREIREMS, 7/
WOKE SIFEBETH D, BEEBICF—L/ —FE
HENPUDRHTEBE, FHickFsmTs /—F
. R— AR U THREIZBM LIV E WD Scribe
Ry b—TEhED, X, FRERZEBMLTVS
£TH)—RIZFLT, T4 v 7 M VicHRSN
TB)—REMLD LD ERTE, ZOBERICHT
BTV )Ly PRFEST, FikEmy s/ —Fic
ZFOEMDF — 2L F 4 VI NV IERELRLD,

¥ HEEEVRD S/ — R IX Unscribe A v
= UER— AR LTEY, F—sE LTk
HI—ROF v 7MY EEHTS,
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% 1. WAL MR T B WS AR D API

HEARAL Hne AR  twin diff bitmap stride

push ye—h 2EYVSAF | O - 0 O O

pull YEeE—h AEYU—K | O O — @) @)

mcastA | R L TFF ¥ A b o — O O O

mcastB B NVTFF ¥ A B O — O O O

isend isend O —— O O O

irecy ireceive O O e O O

subscribe | & B O o - — —

211 YT N

& 2: TOHMD AP 1E & A EOBIEHIRIE. BEC XY RERICRA
Gaki e b u y FITE D IRBE DT BIEEE RO,
iprobe - A o UBE TR
unsubscribe | A B EALER
lock s 3 AE{ED API
unlock Trayy
barrier SRy T B 11z PUSH OEAFB D APl &R, HEO
pd_req B A Y LER WICEEFANBN L OMPDBIEEEKR LTS,
pd_reply vy Ay o ERGE K LICAPI DY b MSIREEEL Y R—-F 5
pd_release v F T fRERR R bOERT, ENLUSADLEDOER 2ITTFT,
sync EERTTHD

Scribe BRIZIZ, FTI2BMNT 5B/ — R, Rm—Ah/—
F.BHFLTWAYE—F /—FD3EMMTAY
T—VDITEBNCEL D LR VT 4V a VA
LT BAREMEN DD, BB, FlZSMERE Lz
J—RMWE—>b ) —FnbF—F 22T L DA,
Je—b ) —F» oS EHEREZT & 5 REM
bbb, ZOBAKE, BYEFEREZTLLT
BREEREE-T, T—EEBHETRIT LI
Wk, ELWAEERITR S,

2,10 AYIBBIUNYT

oy 7DERE ) —FEBENESHEF 2—ITXY
HEHANG. EREEPR—IvicEdh, v R—
CRIFHLMAFTELTHAF a2 — DR A ZRHEND
BERAPF o —OBRBEROTaEXICEY DT, F
R OF 2 — DIV RO T a R iza v
ZR3PSENB.

RHINET TR —V¥ 7ot A0ERICLD

HEANY THREBMRT S, VI X BEANY TR
Xy hU—2 R IR —E LV REINET T
A LI SWEORHEANY TERAVWS.

To Router
: I 1~1.3Gbps

Optical'
odule

Router Interface

g Receive FIFO
A4

TLB /j @ Send Packet
Protocol
N Controler 7 Memory
(FLEX10K250)
TWIN memory | £ General
N~ Memory
PCl bus
Interface

PCI Bus(32bit, 33MHz)

X 3: RHINET-1/NI 7 e v 7%
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4 N—F 97O

M3kRy MU —27 L% 7x—A RHINET-
1/NIDT vy 7 R%RT, NICIZIT 03T Al-
tera #:® PLD(Programmable Logic Device) C&
% FLEX10K250-2 % FV 7z Protocol Controler %3
1725,

NI bz VP E#R7—7 V0 TLB 2/FH, = b
U 23 TLB EICHIIEEBEICT R VAEBREIT2) &
ERTE D, TWIN AEBVIZTWIN 2B 72DHDH

. O TSDRAM # VT3, Send Packet Memory
IRy P U — 21l 7 —RRE LTRICEET S
7Dz, BYHLERFy boar—%E<,

DL, BREOAEI AN IERL, Zhb
CHRFICEBICT 7 A TR N TERZ En—
27 ut vy EHNTIC PLD #HWTTa b
ararsta—3EERTIREROMRTHD,

Ry b U—7 R A»FIX, Asynchronous wormhole
routing iC X Y LV A F L v B L, N—F ¥ LF v X
NEBBERHOZ LIZX o TrRr VORI E/MES <
Leib, Ty Ruy 2 &2<, 7y b OBEZEIXT
RPRVOT, BEMZT S —BEERWRD ., &
g &N Tery MISESICHERICE X | WBED FIFO
HEHRIEEND,

YRR T -8 RAE LIS, NLZBBHICHE
EEITRD . 20D, BE Ty MIEsEERK
VITAEZESD, ZEATIEEFIRCBEELE
Z & % FEFE LT acknowledge 3K 9, HHNHIZEIE
L7 hiE, =7 —Th 20T, EEMICHERELER
T5H, £io. EEMT—ERBOEIZ acknowledge
FEENEERERPIBESTCIRTNEFALT TR E
B2 LTHEEEITRD, 20D, NIIZ&ZTOH
J—RIDOWTREREVY TAVEBLEZEVY TLE
5EEHT B,

5 HbhYIz

WEEFT NV EHLIC RHNET OEIZOW TR
~J=, BFE, RHINET-1 XNl Eliz7ua b ark®
¥EPTH B,

RHINET-1 CiZ 1.3Gbps DA FaRxrray
% U <1& GBIC(Gigabit Ethernet THWHNITW3
AvFaRsvar) BV, ASIC A A v F [6] 12
LoTRY NT—2 2R T D, VAT L2EEL
TIL 19994 8 ADBE@METFEL T 5, 5%, &
B b TARBRE CRREBEETAVOEDHEEHERL
TWLTETH B,

Fiz, 8Gbps 7 T AN A FaxrvavER
VW7 RHINET-2 R Th V. 2000 FFK OB

FEHEBLTWS,

B

RHINET i T2FR 2B L CEERIRREER
Wi, BB O FER R, B FK,
BH B, ¥ FYx7y 7 OFK BITK, NEC 1§
WU AT HARDOE ERK, BEZSRXZOMK L
HEEHELUET.
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