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Order-Preserving Broadcast Protocol on Multi-Channel System
Aximito Nakamural and Makoto Takizawaf

This paper presents a design of a reliable broadcast communication system on less
reliable broadcast networks like Ethernet and radio networks. By using the less reliable
broadcast service, we design and implement a reliable broadcast communication service,
i.e. an order-preserving broadcast (OP) service where every entity receives all the
protocol data units (PDUs), i. e. messages broadcast by each entity, in the same order as
they were sent. In order to provide reliable broadcast communication for multiple entities
on the less reliable broadcast service, we propose-a data transmission procedure, whose
execution is coordinated by all entities in a distributed scheme. In this paper, we also
define reliability of broadcast communication and model of broadcast communication
services. The protocol can be useful in designing and implementing distributed systems
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like groupware systems.
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Vol. 34 No. 1

JOHIREE AN S, ARX TR, 7o tavopERs
FESH2Bic, FZEBMERETSCHORR
7 PDU % €4, ROF— £ %EMAO PDU ff
5 (e¥—ry ) T5. O

2.2 HEEEY-EXOHE

BEEKMSFIHET Y- 2%, PDU ORFITH 5
0 OB ®ELTEFNVETS. T, m
® PDU modus L & <prpe-pu-i1pn] EF
X, top(L) 13%ED pr, last(L) BEBRED pm Z7R
TLET 5.

BNOLERK E: 13, REBXIUZELL PDU O
BETHZ%ERS SL: E2fEw s RL: KD
(1=1,-,n). E: 5, p OEERIC ¢ ZRELLIED
1, posiig EESE, p DFERIC ¢ BZELKES
£, p—roig EEL. BIBEn S RLi; %, RL: O
DIFENC, Ei 38 E; pOZE UK PDU hoRb &
9 5. & RL; ILDWT, p H RL:;; RicgEhbiX
B, p BNT SL; RKEET S0 ETE. 918
bb, ZExhiz PDU i1, b sEKTREINS
DTH 5.

FEO-DOFEn /" RL: & RL; O OBEFE,
PUTwEHT 3.

[E&]

(1) RL: & RL; OWFCEENEEERD_DD
PDU p & g it2WTC, p—rLig 12518 p—rLjq TH
%&%, RL: & RL; BEFRMETH 5.

(2) RL: & RL; #, H—® PDU 2480735
i3, RL:; & RL; BEHRRAETD 3.

(3) RL: & RL; %, JEFRMETHOEHRFAMET
bBEx, RL; & RL; 3FAMETH 3. O
RL: & RL; BEFERMETH 254, E: & E; ik
%25 Lz PDU OZEHFRFE—TH 5. LrL,
% PDU 8 E: & E; OMAFTEEFEINTVSEERE
575 RL; & RL; ERFEMETH 2854, E &
E; 3E—® PDU #ZEL T3, ZOJEFIIR
— SIS0, RL: & RL; BRETH 384, E
& E; 3F—o PDU 2#F—0JEFTZELTV 3.

wic, ZEv s iexwd3%Ens RL: OBEEERE
#795.

(%]

(1) E: ¥, & E; hoZELLEEDOZDOD
PDU p & ¢ iT2WT, p—sijq 85IE, p—rLiqg T
HbExE, RL: JJEAFBRETH 5.

(2) RL: &, SLy, -, SL. it&%h 3 PDU 8

FF v xAVRATF A LOBRERFRERRBET 2 +ayv 137

RU &%, RL: REREETH 5. O

RL; MEREER S, E: 3, & E; CTEICEEE
i PDU 2321 T\3. RL: WEREETH L&
&, E: BENOREKRINRE LA PDU £%EFL
TWa. PlE»s, RL: OWTRATOEEA5E

#7 5.
[E#]

RL: BEFHEELDERRETH 735, RL:
BIELW. O

DEY, Ei id, BEEBEELIE PDU %, XE
JEICZE LTS, BEEEEY - XA 2RET 2 HN
DEZEa S RELVESIE, Coy—v 2%, BH
BEBEEF—ERET B,

2.3 HEEEY—EROES

Ethernet % FDDI Z0D@E(E VR 7 413, BOER
HEEHELTHE. UL, BE YR T L8E#E L,
BEBMLLTD, ChAFIETE7 ot E 0ok
#, Bo St PDU 23 _RTRETEXRNESD
Hb. Ny T rDORE, A —nNF VEBRIORRAT
HB. LI->T, ERPSRILEEOTHBOBE
$—EROEEIL, PDU ofpkThb. T,
HEOEES LT, I EEZ 3.

[E%]

(1) 1F+x0 (AC) - &R, 8FEns
WEFFRET, POEWKIAFRRMETH E ¥ —EXT
b 5.

(2) £Fvrx MC) 4y—-ER&i3, £FEn
SHEFFRETH B —ERTH 5. O

1C % — v 2 &2 FALLES, &E#&Z PDU %
B—OEFETRIETE 5. MC ¥+ —E X Tid, REK
clic PDU 2XERKCEZETES. Lr L, Th
5DH—E AT, PDU BBLT2EE48HD, %
ZEaSIIFEREELRIES V. 1C y—-Ev R,
Ethernet @ MAC BIE® W0+ -t 2EEFMLL

E, E,
] [T
CH,
CH,
CHr

E:®k(i=1,.,n),CH;: Fxxr (j=1,.,R)

H2 8F+riL (MC) ¥YZRF A
Fig. 2 The Multi-Channel (MC) system.
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Fig. 3 An example of the 1C service.
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Fig. 4 An example of the MC service.
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PEFIFERET 5 PDU
N )
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Fig. 9 Acknowledgment in the TO protocol.
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Fig. 10 Acknowledgment in the OP protocol.

PAL;. OB/MEE T 3. Ei 13, ¢'. SEQ<minPAL;
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¥, REQ;<¢'.SEQ<p’. SEQ TH3 ¢’ %5k
T5.

(2) ¢ 2ZEBEULIEE, B3 j#h) KDO0T
REQ;<g" ACK; 1251¥, REQ;<¢'.SEQ<qg"
ACK; TH5 ¢ #K LT 3. O

i, ¥4 PDU OIAFHEAE% 5. PDU OF
FEHERICE, go-back-n Fikd, BRMIFERFENSSH
%. go-back-n FETII, #k L7 PDU Pkiciz
U7: PDU %B#EL, Iho42H%ET 5. COHET

g’ E,
\gi
. q"
P L2ES

B 11 EEoMmH
Fig. 11 Detection of lost PDUs.
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3, FEBBETH I, EULIRESNLPDU &
BEEIN, EXXINLDic, BROBEND 5. —
¥, BRNEXFETIE, PDU OREELTHT, #
% Lic PDU OA % ERNICEXT 5. TOHER,
SHRIZBOSFIESEMETH D, go-back-n ikl
BLTIDEL DNy 7 > REANEELTH. TO 7
o banTid, BEo SHORMEEE R DD
go-back-n Fi:AHANTHB®., Lil, OP Fu b
INTH, ZEe S E2HERTEDORIn 7 & UTHRE
LT, £ElasNO PDU D&}, Zh 50
E (SEQ) itXy, —BICHRETES. o&h
5, BRMICHEX L7 PDU 22E 0 / OEYEAE
AT R ENTE, PDU ofE4 L L, B
PDU #WAT& 3. #5Lic PDU RIBRICEZE L
PDU i3, #4: L7z PDU MEXINEE T, BIHEE
AN, Lieh-T, 2o PDU 258 LTH
7DDy 7 » BRD, KA CHBELENLZ O
B, BKT, EEKTOREY 4+ ¥ FYIEOHTDH
5. Ll, BEAE)ORERIBTREL L > T
TNZDT, MEEIRELMNEES 5.
GEIRMBZEDH] E 2, PDUa, b, ¢, d, e, f, ¢
HCOMEICEEL, E: BTNoDTNTEZELE
W, Esld ¢ & dEZETEE»-7cE9 3 [F12].
TO 7w baTiR, Esi3, ¢ PIBICSE L7z PDU
EREL, Ex e d, e f, g #EXTSE. ZOF
BT, ZE Uk PDU OBELFERICLD, $hEs
ETT50T, $iklicc &t d OAEEXETEIZE
EEZB. cLdOHEHRLTH, & PDU OEE
OKRNBF» S, Es 2o a2 Ea S OB
BICHATES. DF D, b SEQ<c SEQ<d. SEQ
<e. SEQ it X, BHEIN ¢ & d %, TOJEIC
b dOICEATE 5. O
PDU p/ OM&EFKE L E/ 12, REEK E;
i, BREERT S, $/, BEEREZE UK
T, BROH-7 PDU OAHA2FRT S, Ok
Wic, BEER PDU 13, E; kLT, BT~
PDU @& O#EFE 4RI DDHEE GAPS;, GAPE;
el BERM(1)FLR(2)BEEINLEE,
GAPS;=REQ; - L, (1)12513GAPE;=p'. SEQ,
F7003(2) 85X GAPE;=¢" ACK; &18%. E; D5,

RIs : <abecde fgl SLy: <abcdefg)
Rls: <abefg]
B 12 BEIRMFEEOH

Fig. 12 An example of the selective retransmission.
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HRER PDU 2315 U & &, GAPS;#NIL 13
513, GAPS; »& GAPE; ¥T@ PDU £#H%d
3. K120 812, GAPSi=REQ: (=c. SEQ),
GAPE1=e. SEQ &1 %.

7o, & E: i3, BERIEE Uic PDU p d5—5EH;
FINICHIRERR SNV SE, pE iR plcHd 3
WeRB A .5 PDU Wik Lic L ¥ L, p 2 H%
3 3.

LE

OP o b 2%, Ethernet THER XN/ Sun
7 —J RF—av (SPARC2, 28.5MIPS) kT,
UNIX O 2 —#7Fu+x & LTEEL, OP Fut
INOERERE AT T, BT~ RF—va v &
iz, —D20® OP &Y 4 —wAiEH 7. Ethernet @
MAC 4 v 42 7 = —R1CiE, NIT®AZEH . Fal
5 A2, CEETHDG 00 277 ThHY, EFER
DAREXZH 50KB TH 3.

A, OP OISHSEMADL, 7 7 4 VERED X (T,
WICRET & PDU 2 >EBEMOWRE T - .
PDU E3fEzE (180 N4 +) &L, BEEBHE—D
F—2BERET LD E L. ZO, EEEn
EEAIEELSD, 1PDU #ZET21DICE
L7z CPU B (Top) &, ISAZEEMTOBRIERL
(Top) %, R 18 1R, Top i3, OP Fm b=z
Vo=, BB GSEER) 57— 2 2Ry
W-Thhd, ChiEFERT 23 TIcE LTz CPU B
DEEHTH 5. Top 1, IGAERBF —2EHELT
o, TNPBACIEHAERTREINSGITIKEL
TeEEMTHS. Brobhaiok, it LT

350 T T Y T
300 | h
250 b
)
S 200F 1
E
GE> 150 Tap ——
- Top —+—
Es)
100 r -
P
50 | S
o - i 1
3 4 5 6 7 8

the number of entities

13 SREGMOLEELERHE 1IPDU %7200
CPU K
Fig. 13 Transmission delay time and CPU time
for receipt processing per PDU.
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To, BT THY, n=5 D&%, # 40msec TH
3. Tep b,n it UT, MBICHEMLTHEZ EdbD
A, 3k 12), 13), 22) Tik~fck 5 ic, CPU &
PDU it DWW TOHEER Ol ThE T ESbh3

5. ¥ & ®

AZHCTd, Ethernet ZD(EEBIHBIEY —
E2AFHLT, BHEEOHIBEBEY — 2%
ft4 2 OP Fu + a VORI DNTHR~NI. OP 7
obanvick-TRHEENSE OP - X%2FHT
L licky, BEEEADLEEIN PDU F, #HA
DEFEKICEERCET SN E. OP 7ot 2w,
SEABHEE, BEOOIHIKETSHTY 2. B
3, BHOEROESTHD, ax7 ¥ a V%R
L1zdDTH 5. MC +—E =2 T, OP Fu ban
MNOP 4 —Evx&ZRHETICEAREL, 7o bar)
FIAT, WEEFEEET . OP 7r b avif]
m?%c&m&b,yw~7alT%f®%%E¢%
BREERL, HROICEFTTES. Af&i ﬂﬁfbiﬁ(
KBIES 0 bamme st A e
THTFETH 5.
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