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Abstract This paper proposes Monitor-based Flow Control (MBFC) for flow/congestion control -
for one-to-many bulk reliable multicast (RM) protocols. A bulk RM on top of IP multicast requires
flow/congestion control, because it needs to share the link bandwidth with other legacy traffic such as
TCP so that RM does not push them away aggressively. MBFC is a generic mechanism to implement
such flow/congestion control. Applying TCP-like congestion control in the rate control policy, it realizes
coexistence with TCP traffic. MBFC was implemented and evaluated in our RM protocol[1][2]. The ex-
periments showed that our rate control policy effectively achieved bandwidth sharing between bulk RM
and bulk TCP transfer traffic. ‘ :

1 LIz

TNFRYRFEACTCEERO2—FIT—-FIZBRY R
{F—FZB%E TS5 Reliable Multicast(CAE RM) DOBFZR
BREAMATORTWS. TOFHLEE LTIV 2F—
FEX, SRYIOL T UF 7 va VER, BREEAT 7
FRENET OIS, B NVITF—FBEEIIT Y V=
RSNy — v AOERENR L LTER SR TV 3.

RM OB LTI coXkE R BEENHS. 15
BHEDOH DT~ FEEOERL 7o — BREHOREE
Thd. MIEORIIZHE L TIXEXM®S Foward Error
Correction(FEC) iIZ 2\ T OBERHEE L ITbh T3,
7 —/BEH#EIL RM ZRko L TR L EELMET
HD. TNTFHYAFIBEENIZXY FT—2BXVE
D2—PIH L TORERKE WD, @07 e — /B

BB L VREEO Y 77BN EHE, »ORM b
FSEyIRUOEEFEr Sy 7 LAy U —J#g R
FTCEBLS5K, RM DXy U= ~D7u—% Wit
SHERDHD. LBLEKL, ZoSBF BT 3HEITE
E+aifrbh Tz, SRS 3] kBT AL—
7y b OREZBEIZRM O 7 u—HEclT3#RL
7o, FZCA#SE T RM ORBRIBEFRICESEY T,
RM oo 2 b BEDAVF—Rv b kDS v
DORBRIEEDS TCP b T v 7 DEFEERTIH
72727 v — /REBEHI# 53 Monitor-based Flow Control
(MBFC) #8735, ‘

DT RABEDHMRERT. 2Tz 4> FURIEE
L— kRl owW TR L, L— MRSV 2 RM 7
vk EVELTWS Z EkERfTT 5. 3T



7 RM k33 % 7 v — /@5 & LT Monitor-
based Flow Control (MBFC) ##&+ 3. 48iTiX TCP-
compatible 723V 2 RM A Omﬁ“@%%ﬁfaﬁ ®Bi
DWTRRS. SHCRARRIROFMHERETT. 6
AR EDE EHETRT.

2 /ALY RM Ex¥ 57 0— /S8

Tu—#HELEEOZ RN CHERESY T 7
FREIRICFIATAZ L 2B L LTS, —HiReEHE
IREERRY PV RBRATe—-fER2NED
KB BRHLLTRY, =V F-2UF 4R, 5 —
b= A (M—F)Bl L TEREND. RM F—ER %A
vH—Xy b ECERLTEILEBEXLER, 70—
JEEREIRICEERMETHY, HroBERKRET
b5 o VREHTu—%Xy b V-7 LICKGEHE
EoTHETHIERORBEEB I Xy V-7
ADETRHLRTNERLRVNDTHS. ARET
u&#ﬁﬁlkwrﬁﬁkiﬁfééxxwmzkﬁm
RM OEBHEHOEBIc O TEET S, UF, b~
W7o —HEFRL LTy AV N UHIEE L—FHE
%inﬁ¢“W7RMT—5E%N®ﬁAﬁkOWT
FOHBRIEITS . '

21 94U SHE v L—h§IE

RMBHETY 1w F vHlEZ#EAT 5848, 3 ~OHE:
1) F— S REBITSHKREEN DO ACK B - R
LigEE % 2 = 3 feedback implosion, 2) B DZEH R
RETBRRDY 4V F ik LILEM> B Iz M <&
By 4 F U 0EE, 3) BEZEEITXT S round trip

time(RTT) RAKY, ICHLT B HERH B, 1) DHLE

& LT, backoff algorithm[6][7], aggregation(8][9] 233 %
B, FOBAL VIREBESKE <25, ¥k 2) AT
AES T LN TVWRY. 3) ® RTT RV, U 4
VR OHEICBVTIEAY v MR EDROICRINTD
FCEETHS. EEE SR IAERFEREEIL
BRED L CRHICRMEELAL—7 y FRETT
3. MATwAF% ¥R FRET CHM®RE 23REE
BERI BRI TBOT, TOERRRHY XE
BELRD. EREBZINLORBBEITY 4V F THE#EON
AZRM 7a h an~0EBELREBICLTNS.

—HL—hHEAIER Ay P ERERETSIET
Tu—HiEEERTS. OBV RM TR P AN
~DHEALESTHS. LrLL—FEBTIRREEE
iRy h U— s ORBEBEL, REV—F 2RET
B ONFT= FBERIRLEL RS, E=BH
#Fiz X U XEHEEE (sender-initiated probe) & ZEE
BREYBY (receiver-initiated probe) LB TE 5.

Bz A EFEMA 6%?7&”&&\

SEXERTCRVTREEERAROICE=F 51T
5. X i NACK (23 < B A= [10] T, ZIEEN
AyryhuA R LTNACK #8T. ShE2idi
BE, BESERY F V-7 BBAKTHS LR
L, %fEL—k 2T 5. %7 NACK R—ERMRZ
BETIRE V- 2 BT 5. ZOFBEORKIERSE
Itk Y NACK Rk LEBATHLEMEL—F 2T 5
TEThD. ERLERLERRIFHELLTIAFXY
Z b O join/leave L X BA—F 47 P HuIEFAL
7= redundant layered multicasting[11] 2X%&iF bh 5.

—F R EERDRICBVTREREIRELS CE=S
BHRFTS. S VREERET=FORELHETS.
RM B CRBEEST= 5 L RAKCHERT 88, 5
BOREED DT =FRERNEVBEND b feedback
implosion & FIORERET » BV, Ele®= FHER
RBED L, T= FRORRENERERBR LA (225, &
BERLECS CTEOEE R MG 5 LER DS,

mEOHRAITLY, mﬁwxa&NAcxwkﬁ@ﬂi
LSRVWEBRERTE 5. &2 THEFSIE, 1) REH
L, 2) B RM
F—ER BT BE, BMAV AL EHMOCERT B4
ERHBI L, PORAEEMU CORELFEH LTS,

3 Monitdr-based Flow Control

AHTIZAVZ RM 07 u— /RBHEESRE LT
Monitor-based Flow Control (MBFC) % ##E¥ 5.

3.1 MBFC O#BtE

MBFC i L —F fiJc £30\ TR Y, 2REEHUE
=HIZROREL—F e MET . E=FWLT 4K
Ry 7 RY VROZHH LR Sh, T2 FEBTIRRME
FITEPRICT— 2y y F ORERESREE=F L,
T 4—F Ry ZHY VW TIRE= SRR LT THI
EBEINBECESERRB L 2RETS. 2EE
2z OBBREF— FEEFIRYET. UTABORE
ERLIBUTS. REOMELOLDT—F Ty b
% DT T, DT o —4 v AEH% SN(DT) TRT

3.2 MBFC@#&

[B=#H)
%_5%Lkwfﬁﬁzuﬁﬁtuﬂbr%—a%ﬁ
&U%T%uTwlotim?ETTB

1. BEEHII DT SEKO D 7k BREREECHER
T5.

2. HEEZRXLEORTERMAR, DT REROIY
v EBWMTS.

3. EESIEINCED-EEO DT 2EME, ZEF




server
client 1

lient 2
clientN
sand DT[sY} [0
S.st = SN of DTist) §DTM
start monitoring
monitor region C.st «— SN of DT{at)
count # of DTw sent %or sorvcion
monkor reg

send DTlen] \

S.en<= SN of DTfen} § oTen]
settimer ring

————— — 7:"2’;.2"5" of DTfen}
e mOnitor resulls = send back monitor result
When timer expires  \la ~\\.
ihe transmisslon rate DTist}

start monitoring

N

K 1: MBFC 281} 3 & = ¥ WO B/EEE

RHLTDT AV MRT2ISRL, ERLF 4
YEEy b5, I CHIEMN KT ORRIE, DT
~y FWOBEL v M TCEMT S, EROM
ko7 = Btk 7+ 5 DT % DTst] T,
E=F# T %#TT5 DT % DT[en] THT.

4. BEEIX DTlen] 2 2ETH L E=FREELREE
CKET 5. Z0E=FRERITIIDT(st), DTlen] ®
UV ABRERUE = FHMICRIE L DT 8%
REENBL , ,

5 REFRE=FIREEZNELT 4 —F Ry I
T. FAAT U P b—o0OBEERE LTI 4—F
RNy 7BITFA SRS, ‘

SN(DT{en]) — SN(DT[st]) + 1 &&= FHIMPiciEH &
ATy MR EBRST L —RLAWE &I
BETHD. LoTEEELBELETERELADT X
B L DTst], SN(DTen])) D> —4 v A BEXT&T3
LERDD. W1 eSO —EORELTR LTS,

[(ZA4—F Ry 7RY v
UTFD3 o0 aexAhbilRESh5.
1. {-:5’%%0)?#3 ’
LOTBEATHREENLDE= SRR REL,
BRL, EhEvy Py Tuk ittt

= 2 CH 2 D ORE THup, THapun 3 K TR 4 SOE
B up, down, resp, act_nZiEFA+3:

1&5ITHEE R RTT 2 HAT2 2 »Lgfszzsmg%& bED
DIERAVLRIEAy 7 +T7RHbLEENS

count # of DTs received

THyp P RERRCIVEE wp” BHT VR

TANED BIHIRE

THown : ZEBHERICIVERK “down” 217
MFEHEDS hpw 3RHE

up : DT ORTIZERNSME TH,, L ET
HEREFOBY

doun 1 DT OREEZEEARBE TH 0,
ThIZEFORK

invalid : EEERBRLEE=SRKELERS
HZRE LR EEDORK

resp D B ARERPELEZEEOBYK

act.n D REESHRAFHEL TV AZESFOBK

(::‘C‘ 0 <THdown STH"P < 1)

BE= FRERIE THyp and THyoun IZES% up
DRI, down DHEM, EE L — k DIRFRICBE 1T
bh3. TIT(act.n—resp) IFE=FEREOBLA
R0l RAEERERT. HIXIZ ((down+invalid+
(act.n —resp))/act.n) 31 IKIEVVES, 3L A Y2
TOZREEPBATRETSH S0, X b T—2n
BRELTWIRBTHS L2 bh, REHIRXE
Vb ETIF2LERHS.
FACRTAMNCE= SRR ERETIH/IC, REE
BUTOa—F 2%£{715.
respte;  [x IREOHoLREEREEXD +/
/¥ T SRUBREELA—DEI nF =y 7 +/
if ((S.st==C.st) && (S.en==C.en)) {
[+ RAERThERIRE THo, A EORMEH
BB »/
if (Gent "": > THyp) up+t;
/% ZAREZHEDBE THown RIEDZE
ERERRD »/
if (CT:,?}! < THd,um) down++;
b
CITSst BITSen ZEFHITL - TRRGESHh
7z DT[st] 8 LU DT[en] D ¥ —& A B E#¥, C.st
BV Cen BREEBRE LSRRI
1B B4 R{E L DTst] 38 & O DTfen] 03—
VABEBERT. Scnt BXTU Coent i1 ERE
=FHMPICEH L DT N7y B L URES

BRELEDT Ay rEEENTRET. F 1A

7Y bk, T3 up, down, invalid, resp, act.n {3k
75'&1‘\.& Iha3.

. ERRREREEL—FOLT, Biicwy Ly

T FBRRRERT, RMELV—F ol ¥, b



BVIREREOVTRA—ODRRENATS. BT
ey 2175 a—Fo—flzrT:

if (322 >0.98){ /*increase+/
new_rate = f;,,.(cur_rate);
} else

if ((deum > 0.10) || (frueidtlopinress) > 0.20))

act.n —
{ / * decreasex/
new_rate = fy.c(cur_rate);

} else {

/* remain unchanged */

} .

(where THyp and THgeun are set to 1)
BHORTAZEE D 8% LR up HROBE, T
OFBERIREV—F E (findC & Y) BT ZRE
ETBILERLTNE. KR TIIEREED 10%2
B down HEHBVIL, WA LEET=FREREEL
ZRERD 80% = (1 —0.20) x 100 KKERVEE,
TOFOERERE VP & (fin & V) VTR
EETHILERT. TNUSNOFETEFEL—T
HEEBANS. BELV—F 0T TFORERER
B fineBET fre L Lo THRESND.

3. v —F 0 LT TF ORE O

Ty Py FuEAREFL—F L (F) TR
LB, TOMmE (BF) B2 RET MK
Fine(Faee) EBENB. fine, faectd RM PO T
Sy s DRy T —7 COWBREERY VER
BE3bL0LRs. AXEAVIRM 7 bant
OF—EARBNERELH T HIEAITIL, finc 2K
B ICIET 5 L5 IBREEL, faoc (XNERRRE
I¥5.

KETIHGITTCP b Sk v 7 L OXFEHNE L fin,
fdecwﬂ%fjj&lzo‘l‘fﬁgﬁ'ré-
4 NLY RM & TCP O#RE

Ay H—Ry F DL RIEFERY NI -7 RBNTE
ORI IERE L bIEB LTS, @Ere k=
MED D LSBT SEERERLEL R 5. ¥
v FE R N ITEBENCEEEHRRELEVED, S
A% RM $—EREERTD LCEFr 7y 732D
LEEDA Y F—F v b LOXKBIE LD D TCP LD
«tp RAEEETS L0 REEHHOERNBERD.
“3t#g” L i, RM(TCP) b J w7 4 TCP(RM)
Foey 2 EMLERSRWI LERTLOLTS. £EO
=H YT > TORL DFEHT, TCP OEBHEE =

- >
— e

RFF N7 MBFC OIESEHIEZRFTHZ L THD. U
TCREFOFEIZOWTEL RS,

4.1 TCP =&t 2 EHHH & B
TCP (235 HHBEERIEIS X (RELEHERIT “slow start”,

“additive increase/multiplicative decrease”, “fast re-
transmit and fast recovery” ® 3 DDM L7 ATY
ZXahbiREh S 2[4 = 2 TRET ALY
X AOHBIIEWTS. Additive increase/multiplicative
decrease 5 L ¥ slow start RN LTV TY XA EH
EERIII—o0a—F TEBREh 3. HEEhETV
FY XATIIIEBEY AV R T (cund) BETAT—AF—
h BRHE (ssthresh) DD OEEBER SRS,

4.2 TCP avNR_FTALEEFHORER
TCP = .‘/)\'f“j]l/f: finc%ltﬁfdecmﬂ"'u f/"dﬁl‘?’
3. MBFC ZBWTEFEL—M I

MSS - m_reg
rale

BICR@ AN 5. = 2T backoffi¥ implosion R % [l
+ 3 e DI SEER TS DETRCT V& ARIISE
BHEF By 7 AT ¥ 4 M 6] CEAShDEX
EAEMEREEET. AR L SBELEERVR
O RIT 2 RET 3D REFTE=FRERCEIR
EE LGSR mRm e D TRETS. mreg IXE=
L FE ¥R b BEShET— REERT.

RIT f&iZ cwnvd RELHEN B TCP xt LT, MBFC
FERTT T LV KE R T BIEREV—F ORE
25 Litid. Lo TMBFCR Tonon REEIAIZ TCP
BRETBEES AV M EEERL Y ASROT—F 2
HFee L +ARERDS.

BERMR LY A AT Y b ES, TCP EEHI
slow start DRIBITH 5. T DRIBIZINT, ssthresh I
2+ 3 ETRITHIC cundiXfF 4 TP ENB. LT
nBUTOXIRERTS.

p def llo ssthresh) |
= L8 \ "MSS,.,

ssthresh I BT 5ETIZ, TCP RAFRY; 2 =
ontl _ 1 AV F ERETS. Lo TEOMOWEE
fEr—rix

Tmon =

+ RTT + backoff (1)

MSSy, - (2! — 1) , 2- ssthresh — MSSicp
n-RIT - n-RTT
n - RIT Bk, A LTV P BEE f:lﬂfhlﬂf cundid
ssthresh (23 L, TCP #{EH ORMRIL slow start 25
RTT 42 1 MSS 72 cwnd %37 additive increase




ZB5. ZOMOFEHEBEL—MIUTCHEShS.

MSS;cp - (27! — 1) + YN (ssthresh + MSS;p - k)

= % (ssthresh - (N —n+2) + MSS;ep - (N — n — 2)

20), (o f5)

aXxy va VHEMFFIZ two-way & B\ IX three-way
handshake 2175 RM 7 u k 2 /0B A 21X, MBFC
XV — kR BRARCBECE Y 2 RTT A2/ TV 5.
ETOBAIETNHEBFBV—F ZUTOHECRET 3.
2‘ssth1;::h—MSSu!’ (if Tron < n - RTT)
L (ssthresh - (N — n + 2) + MSS;¢p-

gN-n—z12gN-n+12) ,

Rfim' =

(otherwise)

RTIT 2 MBFC BRSARHIC 0 & RV AITIE, Rinii3i%
ZAREEREL TR LENHB.

—BREEV—FR Ry &h 3L, XEER
TCP @ additive increase & FHRICHAIZ L — b 21800
STV L. TCP DBE Trnon BIZ cwndi

Bm+3. XoTMBFC R T
Tman
@ T (where a > 0, constant) (2)
FTORMT 2 &) KRETS. WERHTIIREL—F rate
FUTOXS CEHELET.
rate
T) ®)

THIRE L — F BRRE TeB/EITIX, X (3) L K>TTCP
@ multiplicative decrease FR¥ Iz TIF bh 3.
5 A
AEHTIXTCP + kv 7 DI FFEIET S5 MBFC
DOEEHEFXOEDELRRRT B D ITIT o L FHEE
BOVWTHRRS. ZRIZELTIRASVZ RM 78k an
& LT MBFC # % L7 RMTP[1][2] %, /A7 TCP
& L THtp ZAV=.
51 ERYTUF

ATATHECHEA L EZRBEOBEETT. &5
X+ H1~H6 ® OS X Solaris 2.5.1 #HEALE. A—
ZIZBVVT Fair Queueing, Priority Queueing, Random
Early Detection i EEIfEL T2V, —FHEBR<<LT
DY > 7% 10Mbps ® Ethernet TH#E S tL, A—F D
ZTLEMTL—AY =Y Ial—F e LTHRS

rate = MIN (R,-,,;,

RMTP client

FTP sink

" FTP source

H6

RMTP client

RMTP server

RMTP client

M 2: EBREE

hTW3. DE9A—FMY 7 2RHICIERBET 3
Xy b= EORM R 7 L LTRELTVS. EB
IZBRL TSR+ H1 25 H3 ~0 fip IZ & 5 20MBytes
DOF —ZEHE LR M H2 25 H4, H5, H6 ~D RMTP
WX BAY A XDOTF— FEEE RARITITY, ZIEMFA B
H3~H6 O¥% 7 X b ETTCP(ftp), UDP(RMTP) D%
v PEFERMETAEIC L BAREYEZ Y OREL—
FERRLAMRYZIVI7OTORAMNI LY IOh
HFEEZHE L. £ LIAERO MBFC TORF A—F
BREETT. backoff time 2.5sec 111000 BREDZEH
iZx LT feedback implosion 2= S RWHEFRETH
% [2). RMTP OF—# 37 b4 4 X% 1024bytes & L
7. Bz & B & TCP ™ MSS X 1500bytes TH o 7=,

THyp 100% | E=%XM - : 10DTs
THaown 100% | backoff time 2.5sec
ssthresh : 64KB | #f¥ o ¢ 50

# 1: KERIZBVTO MBFC D5 A—¥RE

5.2 ERER

3IZ 20MBytes R 7— & #35R 0 H3(fip:sink) 3
X T H4(RMTP:client) TORE L — b ORERER 2R
F. ZZTH5H6 CORBL—IERIIHLObO LT
ER— ol e bER LIz, ZHIER VR 2 Y 7%
WEEICENOYT TRy b HBVIIER FRBCOT—
FRRIXIELAERP o L EBKL TN S, EXH
FEEBIX TCP i slow start iI2 & W+ R L WAN—T

MBI LAAFREIEIESELTWS. — 5 RMTP X

IAXRI Y s VR OFHEICT — FRER R T B0
H4 TORBEL—FR—BETRoTW3. EDOH%HL DF
fBL—biddRkaic ER Y, REMMAE 10~50 BREE T



2 H3/H4 & b ABEDOZEL—FERLTEY, B
BHAREERBERLTWS. o ickpznt X H2 X
additive increase REBIZH ¥ | Ber iR FL—+ 2 LH
EHTWS. £0O% 50 pFHECTIEELZEZ L—BLV—1
2T, BORELV— 2 LR EETVWS. —F TCP K
BWTHRMTP R b— bk 2 T e ¥@%IZ 20KB/sec
EZEL—FRELTVWS. ZORHEEILV—FR1CE
WTRAR L Ro e bITFlic Ah vz "y b BE
EINA3FCOBERMICL bDLEIZLND. ZO
ZLiIHA COREL—FOY T 7 x MFRIET®
BEWTBH LEBSICA L T &y 2 DAF% 1.5Mbps
CEVMEIR 2B 2 b bR TES. PBZSLtE
TEZ&VEUERNICY V7 BREIE LB, fip
14 280 5, RMTP (3#) 340 B CF — ¥k # BT LT
W3, RMTP KBV TF—FEEK THANCKE <31F
L— h BEBRATWB DX, F— N2 L 2 FXLED
EDIL—RERICT— I BT 2P oe e THD.

TCP/RMTP receiving rate at H3/H4 (m_reg=10)

receiving rate(KB/sec)

160.00
140.00 |-
120.00 |-
100.00 (-
80.00 |-
60.00 —

40.00 —

20.00 —

0.00

Y . 200.00 300,00
000 100.00 transfer time(sec)

3: H3(ftp:sink), H4(rmtp:client) DEfFL—b

6. FTLH

A% Tk bulk reliable multicast(RM) 239 % 7
u— /R L L TY 4 F oL 7 e —HiEo
Heichia 8% %, Monitor-based Flow Control (MBFC)
BLUMBFC LB\ THRED 1y 5—%y + EOKEL
25D TCP F Tt v 7 LORELTRICT 5 E8HE
BEABREL, TOWELIT>%. MBFC BREER
BEOE= FRMERD, REFICH L TERNICT -
FOSERAEBE ST LY 7u—EEHEA
#175. MBFC i3E=% OBk - KT 2BRT5E=%

WMLEa=FRBROTLHETNRIAIELEEFE LD
WEZ1TY 7 4—F Ay 7BLLRRENS. KBEIC
BOTIRT 4—F 3y 78RO L— FEERY Si2on
T,RM b5y 27 & TCP b Ty L OREEZTHRIC
T3 LW EAND, TCP 2R} DI HIH# (slow start,
additive increase/multiplicative decrease) IZHENIZRIG
F %307 RM A OBBHRIEFRIC OV TER L.

BRTHIWEHESRERE LSV RM IR b2
JRMTP[1][2] & ftp iZ L BV I F—FEREIZBNT
FHY > 2 ORAHEERE S 5HERRET o, K
BfERix RM & TCP OEEM THROIZHIBOIH P
ERTEBILRLTNS.

BEXR

[1] T Shiroshita, et. al., “Reliable Multicast Transport
Protocol and its Applicability to Emerging Networks”,
Technical Report of IEICE, IN95-140, Mar. 1996.

[2] T. Shiroshita, et. al., “Performance evaluation of reli-
able multicast transport protocol for large-scale deliv-
ery”, IFIP PfHSN ’96, 1996.

[3] T. Sano, et, al., “Monitor-based Flow Control for Re-
liable Multlcast Protocol and Its Evaluation”, Proc. of
IEEE IPCCC *97, pp.403-409, Feb. 1997

[4] Van Jacobson, “Congestion Avoidance and Control”,
Proc. of ACM SIGCOMM ’88, pp.314-329, 1988

[5] Sally Floyd, et. al., “Random Early Detection Gate-
ways for Congestion Avoidance”, IEEE/ACM Trans-
actions on Networks, Vol. 1, No. 4, pp 397-413, Aug.
1993

[6] P. B., Danzig, “Flow Control for Limited Buffer Mul-
ticast®, IEEE transaction on software enginieering,
Vol.20, No.1, ppi-12, Jan.1994.

[7] S. Floyd, et. al.,, “A realiable multicast framework for
light-weight sessions and application level framing”,
Proc. of ACM SIGCOMM ’95, pp.342-356, 1995

[8] H. Holbrook, et. al., “Log-Based Receiver-Reliable
Multicast for Distributed Interactive Simulation”,
Proc. of ACM SIGCOMM ’95, Aug. 1995 .

[9] J.C. Lin, et. al,,“RMTP: A Reliable Mutlicast Trans-
port Protocol”, IEEE INFOCOMM ’96, pp.1414-1424,

1996
[10] IR Cooperstock et. al., “Why Use a Fishing Line

. When You Have a Net? An Adaptive Multicast Data
Distriution Protocol”, Proc. of 1996 USENIX Technical
Conference, Jan. 1996.

[11] L. Vicisano, et. al,
Data Transfer in the MBone”,

“One to Many Reliable Bulk-
HIPPARCH 1997,

http:/ /www.cs.ucl.a.c.uk/staff/l.vicisano/hi]_;parch97.ps.gz,

Jun. 1997,

[12] R. Braden, “Requirements for Internet Hosts - Com-~
munication Layers”, RFC1122, Oct. 1989

[13] W. Stevens, “TCP Slow Start, Congestion Avoid-
ance, Fast Retransmit, and Fast Recovery Algorithm”,
RFC2001, Jan. 1997

. [14] W. Stevens, “TCP/IP Hlustrated, Volume 1: The Pro-

tocols”, Addison- Wesley Publishing Company, 1994




