HoEHel & 4 % 8 Vol 9, No. 6
1998 £ 6 H JOURNAL OF SCFTWARE Jun. 1998

—FE T Ethernet FTTTHSBHE
ok B4R IEX AEH

(GWERETRENEESARE JLX 100084

W TESHNEAAFLEIREr SWERA. L FEHIIETEXS M Ethernet 65 3 # T K 5 4
Hiresbakt o T — M T K FBE R MAK (multicast acknowledgment) § 3 X3k, A0t K B
L E LR IR O

%40 GE ATabm EAE L TEM, N B,

Tk S#S TP393

EMEEHT. AN AEEERERHERELS ERETHHEFWERER, BEFT AR ZEHEE
— /e — collective BAED?, 111) 7 38 . £ /5 reduction , barrier [F] 27 %, T 3 #F collective R fEMBEAFF FRERF
% (Multicast). B il multicast BbRIE— 4 1 K5 RBIE M1 2 #1 B (4 4. multicast 2 BB EH A H TR
HEFERERA 2, MBEH SR EREHHED LA REFHBOERSRERTBE multicest By 3FE HIH,
multicast ) L F X TR S AE EERA R B ErEm.

multicast ;B E X P& FTHHRE it ACREZETEF R FESMREIMBLE T M multicast BEHIHF,
41 HPF (ligh perfermance fortran) . PVM{parallel virtual machine) Z BTN BT EHEPHEIM T mulricast Thie. &
B aFEIEERAELRELREMN mulicest A AR AN AR EEFHELME LREFNFREEERERR
K, 48 multicast ¥ 8RB, E, IR muliicast MR EEEEEH PR T, AR CRENER
multicast BI¥E AR , SUBRME S B 44 B FF 6. ot B AEE 1 B BUR 6 B multicast, HAB B b LR EAER GHRE
S B multicast W X EER B F multicast BT R—Fr-2 BB, BREAG SHHE, HUHLENER
B R AEEE N T E B R L AT LR LR multicast A, BIE X%, 8 AR B FTRE mulicas:
M, [ e A 1 BN R SR B AT R multicast BUAMILE AR A AR HETHREN —PEZERE. ¥

—JEH T B multicast S, FEEE 3 A B DI E &4 A2 F N EEXR, B multicast B
grhse iy SIS R A A RAD O, BRE S ER R R @ E B AT & multicast i, ﬁﬂﬁ{if_‘iﬁfﬁ -\
ACK (acknowledgment) K TR/, T EL0H 1 3 BE RLRT §6H0. R L4 %8 A B 49 P45 58 {0 A T R R %R A AR
HM{THE Ethernet b S8 W HE multicast. FHEZEFE—T Etherner #5454,

1 Ethernet Wi®

Ethernet & - - Fb s B4R 1) B 45, = R B CSMA/CD (carrier sense multiple access with eollision detection)
BA T M AR, Al ¥ %4 IEEE 802, 2 i LAN SR CLEX MR THE ., H SRRt nRh
1.0t 4 5B multicast Myhk, dm BB B A 69 67 4% 1, NS ARk B I8 ahhk i R HcHE B A2 2% 0, R TR o-
nicast 5 5 S BB E AR AL A T H b B AT & B0 I BT SRR A R B

WE 1R, MEETIEEIE ORI Mg b, A EHRH NS SRR R e Eﬁﬂ:ﬂﬂﬁt mRPR|EAE
itk B — A multicase 4, MM 338 B B ERIL. multicast B AW AT B unicast R4 (L, T B B AR ik
DG T S8 B v T (SR SR B Y » 5 BB W LK Ethernet 888 323 multicast B HE, {HX # multicast ERTRH.ERER
SREEFEFHERE R W.d2.HB AR - ERBERRIFS A s RENHR.

« FFXPFRBBIEE 353 BRH T A2V, EHBE, 1069 iﬁi,ﬂié,iﬁmﬁﬁﬁﬁs#ﬁmﬁﬁﬁ.ﬁﬁﬁﬁ. SHE
1946 A, BUE, L BT, S B A SR R TTAL R, RS, 1037 4, 338, 18 L B, T BEF R GUR N 34T/ AT ab . o E],
4r,1638 £ B8, 19 BUW , E R RO AT/ AR AL

AIGEARBEREA, B&, L 100084, A CE NI BERRE
2 X 1997-04-14 WBTIRA , 1997-06-05 BB EELHR.

© HIEERES AT hip:/ www. jos. org. cn



6 M $ ¥, —HET Ethernet MesTE F A E — 433 —

NN N NsE

Ell Ethernet multicastit 2

2 % H multicast JE 4T

FERBEBF MG, I ATM Myrinet, [ ¥ E LA ERE Rt 378 E . H AT R multicast BB, BE
WO multicest 3, ff multicast F93E BT, T Ethernet MF . Ethernet DS WA S HF— L0 HITHAE
538 AR (o7 B 8 0 4 ot R BE AR — S N A S B RS, TR B R & multicast B 97 2B RE A T Edh-
ernet. {H Ethernet ¥ AT M multicasr, iR Etherner JAiis: & BT L EEER R multicast BT HER
LR A A FYLH R Echerner BB B T4 £,

T Ethernet E AT § multicast § 78577 8, T M A B AR IEN 3 FREE 00 (RS2 17 2047

() BiLHE

AR —HERENTRSANE SR IHET BOUTRAISBETRAS o o
B E G SRR I 2 BT T S A0 (R TR A i A multicast 47T
B AR S AT A0, BRI ANE 0T B it i e 4 RO K REEER B B e () / &

Y 0T R R K, B T B AR R AT, B, L FEEEAFF Ethernet X ¥ multicast @ @ @
Es, EHGE R R E. SAH R — 4 0R w7 ERE PYM g multicast B33 PVM

2HH R AR ISR TE multicast, £ERSRBRIENE F A TLULA
EFrAT A 48 BRI F2 BiED:

reliable unicast —

ACK B7E3E 5T 38 B AL, 75 Ethernet 7 0 2 multicast BRI -
AT E (S, B 2R H 5L multicast ¥R Y BQFRHESE A, R
EEHE BRESWA SR ack. W F W] —4 multicast &5, B

multicast packet — A RURT A 0 3 A 1 s R R B — 1 ack. AR U7 SR 4 B E B RS (R] PR O
urmicast ack - FlakWITHS5ERSAEHERGHERRCETRAAEENEA, —IE
Bla Aﬂ(ﬁﬂ% EHBER FTNAIEEER TR AR VTEFEEN 1 HEG, 52

-5 M EE B ML 0 3 BT ACK HIER - T R & R
BEFH HETRHEHEEMESHNEINTHHE, H2A3IEMEGEEN RS, AR LB ACK$ FHi
SR AW ACK HERR AT B AR XST AR R XHH.

(3) NAK (negative acknowledgment )5 %

#Ha FITRRNAK B HAMEER YT R ACK HEAR  Recy-1 Sender Recv- 2
EEHETEWAE ACK HER AL ER TG M RO RR—
AR BB B EHE. T NAK SR HERA -HEL
MR A ERIEEMNIEB BN, 7 NAK BB 28l F A
IEBEENPESRRE T EREEHE ek, BRI —
A oak MEERERNHFC. B FNEFHELERORALE
ER Sl e BE G LA BB L, F ik NAK HiEESE Y E
BB, PR AEL 9 4 38 G VT BB . NAK M B ¢ FF R,

ENAKHER LB HEORT LREXBEMERER
I, P £ o Bk 7 0 B B S 4, PR R A [ A8 PR L 1R RS
ERETREHLEAFSE AELAEESE SN, BWE S Recv-1
BB E LA BB " . packet 4 FT packet 5, F & Recv-1 H L&
Sender TR nek HE. nak HEFREWNIA AL 1 IRRER

+ HEERBUESHIINEENER KRBT SERLEHAMA.

© HEFRES AT http:/ www. jos. org. cn



— 434 — w oH % R 9 %

WR G, 8 2 HHTE REE S FS. Sender BB nak ¥ 85, L EI R A nak 4 5E T 5 H IR packet 4 F
packer 5, X RFE T FEHFTRE

3 FHTTRSRNEMAK

3.1 MAK JEHRIE

MBI 3 HEETENAGPA LS, SR EEEERE, ACK B K. NAK HE R TR 111 NAK
W EEETBEAPREN, CHE 3 AFERE. B4R NAK HEMER T ERBAHFEHE. S&HT
NAK B d AT EREELZE LM nak HE, T nak BEHERHABEER TARRARMICGECRETCR
WA A ERER BN T FIES BN TRE, NAK HESBEHRLR T FREAHAMNE, £ CRUBES
R REN K HRER NN, EXRSNATEZSBREM. KMERESTERMER T REIF Sender —H
ERRAE A B, SR FRBE R N, BAFE T F A A% b KM A WE ER, HEERR
W R AR T O NAK A —EfRIESEN T2 TH. #3 NAK JER 6L, RITEHBAELE
R % 25 ack T B R RT N A LR BRI T SO REAE ETURP R ZHER.
HA#LAWE s iR, BN/ ERFEARESANMEENR, SRR e K E, AR TERERT E5E
B ack T, MR LR AWE FH BIREAE ack RN, 3 01EH I /8 FE ¥ R E BTSSR IEREN LR /N
FRABRHLERRE  EURLFRERLARHELNHERRE A REQ HRSFHURIFTHE ack HENL.

Reev- 1 Sender Rage- 2 Recv- 1 Sender Recv- 2

%
./Eck/‘
] : |
(a) acki¥ BER (b, nakilf B {52
#s MAKHIE

NAK Hif 5 - FEZ b BB T THHBERE ~ M HEEAT E % W EHT NAK BEERL 5 — T HE
B RN AN EARFRE A NBEAE A HEMEE T WRETS  MAXRERLRERTREREY
TR % NAK Wkayirsich , BB 8 =7 RS H S AN F 5B ma iy SR s B neE — 1 HEa s,
FHEEEFER ack FE, XERETT TR ck ¥EHERERFYRBQETIRANT BN TERR
TRE—MEIEER 7 R A4EM 0 .

NAK HERS 3 P RESARKEGBEEHTH S RE. 208 4 FR . SEBHTF Recv-1 M1 Recv-2 B XTI
F SR AL ¢ BT, =724 B Sender % nek 4 B, 1 T Sender 23 B4 T PR nak 2 REZRRT BRGRE
GERET FLOEMFYE LT SR R EER, & TF NAK NP W AR A AEHE Y ARE
nak B, LY EEIEANERFHEQE R, ENHLREHF LR nak. AR RN FR, B AREH K~
4 nak BUETRURAT S EMEE, WAL EEAHFN nak, THEREF LRI BHEPEEHEREX FHTR
FEEM TR REEE—S%H T NAK 55, m8 s&) 5z SEEHE SRl NAREaE K RUHHEK
o I EEE nak 8 B RGBS, R 4Bl 0rer S 4ot E S REN, TEXRAWRAR
TR AN ek BB, XU LW MR RS EHIRE SR H nak 8. L1 Recv-2 R FH B
B] 5 U AR M AT W B BB 4 LD 4 M 80 nek B, T Recv-2 RIS K M nak WA, Sender ¥F) nak
B E RSB 4, Recv-1 WL FIM nak HEE 8 E LS £ HF nak HMENH EHEM nak™ 9350 nak(t4,

© HIEERES AT hip:/ www. jos. org. cn



[ P E¥F,— KT Ethernet & T § $ 36Xk — 435 —

HEEER G BUE M A NE M N R B TEENE
TGRSR S EREM MAK BSR4,
1.2 MAK WEHGE
FEHFHEFRPNEREE R ERLEAABRE S HPRBRE SEXBREQNT BFFE s RE B0

#XxEmME 6 xR,
R KR " —~~
() O -k i nak )

‘ ’?'; i‘.&V
gﬁa& HEH

naki ./ IE % HE 6
B RiEfAREFRE [V et et o 3

(1) RBRE LERARLRNEE. AELRE M ERE, Rb T REWE.

(2) SBRE . S RRGWEHA, ARANRZRESE B HSHRSE D SEL0 LRRK. AH YR FEH
M BER ack MBS, A BEREEEHE N E/RREERZERE. S RELTHEREN. FRH 2R
#ERITHEEREREERE SR EKE.

(3) BRRS . HEREARE LRRBRE Y —FRE, TR ILARBIE XA RE . a7 880w LUE
FHEA SR EEAERRSE  SET) nak BB, TUARRAFRRELDERRSE. HERLERMERT IS
HalE B TR — M RE.

Bt SR EHREWE 7 BrR  EEE 5 MRS,

(1 By ER I B ReRE.

(@) FHRE S BRAENE M REEE KRGS AR L FERELMERE, HEIH 2SR
B B8 B I 26 A e JRTRE LR B S PR B 65 6T 1B 0N IR R 4 R I [ 5 AT [

(3) NAK R In 2 nd et QA8 A U BT ARE nk HE.-

) BN BRRE. Y R WEI A RIBCE LN NEN ERETET - IR T FIdR B EHEEITH
B mBELTEHEBRENBEUF IR XL SN N BCRETHEBEREEH nk HE HY IRBERLSIC
FMEBESIHE R, IEESERS  FUELERS . AR iR R R,

(3) ACK R L8y B — P HIE A ER R AT A0 K C 3R 0., R ) R RS R ack
B rERERIRE.

1 TR

% T WL S 6 BB AR BE— 28 89 2 B 8411 7F Ethernet M bR F R ] $£69 UDP (user datagram protocal) BMI
SRR T % 4 PRI 8L multicast BB, #E X T MTRHEBESFFT 7 AR e, R NAT LRI 4R 10Mbps ¥ LK, 8
& SPARC20 TR, A — S fE R RE A K E1E MBS AL 8 1.2.4.6 ST AWK, THE BN AEHS
®’.

(1) 4 FrHE % S E BEE R

A AEE RO W EEATFSFEEEA RN AN EEEEFE SO TH W E 8 TR BIUREM ACK
B0 GG T NAK B MAK Bk, 508 5 01 2 000 R e A0 B 49- S 10 I S0 . I I B 3y K
B (B FESK B B o TR S5 T e 0 3 L ) B B TOE Y R (H e I T By R . MR AR,
ACK NERSE AN ER L BRAEK, TR H F Ethernet FI S #8il f§ 0 F 8 b unicast 3 fFE K. NAK K%
HMAK BEEER, HTF MAK B Sas EHE g Sn e on, BREEEFaRs LEHNL KRR
SIS TF 4 A B 1R R R T

(D A FFHEEH S EEHER

RILFROE B4 5 S i R AT RN E 9 BFR. BED,FARHEEFHYEEHEERL 1 024 FFHAR
RO, 5 SR R 1 T90us, T 5 M A, RITER AT 7 210ps MK T 3 ) ACK B MY HERE
ALBRANEF HEAERDARE RN IMARAEE M, M1 o2¢ FHRB|RE 4 RETEENE

© HIEERES AT hip:/ www. jos. org. cn



— 436 —

£ #® ¥ &£

L 3

AL 883ps, M 6 -Gt AR N 2 800ps ST HA 1. 5 45, NAK Hl MAK SR R TR, EMNEH
R R BEAR A, S5 3% 6 B LGB AF R M INE R R — M R E R 15%. TR, @ M FEN LR

Mk, AR B SHE S DS,
) e — B
. 200 [ IEE EEYad 13
1800 ——— NAK W *
3l
=" N
=
)
oy
i
-
0 200 400 600 300 1000 1200
bytes
B8 4MEEIaEERE
sooe » — o — WG A -0 = BT L
—em thARG 2 503 —a— A 2
T e el 4 3 so R 4
g obunn p T MK 6 T 3000 — il 6
£ s r Caet %2500 ]
Houm .--~'*'/’_,_,.-- . =
T et - 2 =
& 2000 Lo, L ”’;"
1050 hagey— e == 1000 r.—"
" . . R - . ,
I g 00 0RO 1200 300 00 500 1200
5 bylss
(a) BALE AR by ACK Brfhtl
L5 - -k A 1 g 1
e mpe 2 Sl SNy -
— M ¢ — e — A
Lo —n-w—s?fﬂtc & 1300 F e o
:':s oo é‘m
o own t % 900
b l
g e % 700
00 ; 0
W et i -
o 20 600 TNK00I W, LR 0 300 600 e 1200
bytes bytes
(c) NAK H:shep () MAK W =bksk

5 GRE

BHo iHHEEREERLEERES
(3) NAK ¥4 MAK B4 aevt i
B PR R A TR BTN 2R, RT3 5128 1 024 ZHHBIBE A
AT S ITE RIME 10 iR AEFTES  SEE % 512 2 R ARSI . HE X WERE
MR MAK HENTTH BAR B G T NAK 83 .6 F 1 024 FHEHIEQ NAK BEBEEEENERY
3ps /8 T MAK FRE 638 b S B 14ps/80 0 H I MAK HILGHEREE T —HHES.

TR EJ/IERIATHTHP AR ZRA, PR EE4A 3 BRAE ACK HEMNAK B &8
B NAK BiEAREEESN R BEFR-FHER TR SHHE MESSE LR FAR BT, TR
RNBE T -HFOTREFHE MAK Hi SFEdERHARE T AR RHE MAK BIEEH R RETH
EAIRY Ethernet M, EFRFEATHEASE WATM X HBRAUARE, FRIERGGTRSE W LT T 5

© HEREEBHAIT

http:// www. jos. org. cn



6 ¥ BRF . —FHET Ethernet FT X S ¥k — 437 —

e,

——NAKNE (512)
- - & MARKE (512}
—r—— NAKCRHE (1020)

1340
_ian

2w = M = MAKRE (1020)
= i
5‘5 il
H o
2 00
Tl e

00 I-

440 & + L ik L 1.1

! 2 3 4 H [}
B 10 NAK HiEL MAK HistEERT
#EHIH

1 Huang Y, McKinley P K. Efficient collective operations with ATM network inter{lace support. In: Proceedings of the Interns-
tional Conference’96 on Paralle] Pracessing, Los Alamitcs, California; JEEE Computer Society Press. Aug. 1996, [-34~1-43

2 Anderson Thomas E, Culler Duvid E ef 2l. A case for NOW (networks of workstations). IEEE Micro, Feb. 1995,15(1;54~
64

3 Lin Xiao-le, Ni Lienel M. Multicust communication in multicomputer networks. Technical Report, Michigan State Universiry,
1989

¢ Sesanae E Hambrusch. Ashfag A Khokhar, Liu Yi. Scalable S-to-P broadcasting on message-passing MPPs. In: Proceedings
of the International Conference’ss on Parallel Processing. Los Alamitos. California: IEEE Computer Society Press. Aug.
1596. I-69—~1-76

5 RAMEEXR. TCP/IP MERE SR, bR #ER2 L] 1993
(Zhou Ming-tian, Wang Wen-yong, Network principle and technology with TCP/IP. Reijing. Tsinghua University Press,
1593>

A New Reliable Multicast Algorithm on Ethernet
SHEN Jun ZHENG Weimin WANG Ding-xing SHEN Mei-ming

{(Department of Camputer Science and Technology Tsinghua University Beijing 100084)

Abstract Multicaet is an important communication primitive for parallel programming. In this paper, the authors
first analyze three kinds of reliable multicast algorithms generally used on Ethernet, then propose a new reliable algo-
rithm called MAK (multicast acknuwledgment) algorithm to obrain low communication latency. Measuremeris on it
also show that the implementation achieves high performance.
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