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gdZ9 Axe AAsA) ofd wew AR+ EFCI(Explicit Forward Congestion Indication) 29 Xelii®
Raed, vo)g A9 EFCI H|E9 A 2] Wy ujz} o] 292 1Hd v win o] YAXE zALsH EFCI
H EE A g8l WA(EFCI with Input cell Processing: EFCI/IP)3 229 w] v ol JA R E 2ALsIo A g8}
= ¥ A(EFCI with Output cell Processing: EFCI/OP)2.2 3o 3% 5 2t
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3 olEe Axe HE AeolA £4 99 ACR(Allowed Celi Rate)# 29X 2] F 7Zo]e] ME g 4 T8 A}
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ABSTRACT

In this paper, we investigated the performance of a binary feedback switch algorithm for the ABR(Available Bit
Rate) service in ATM networks. A binary feedback switch is also called EFCI(Explicit Forward Congestion Indi-
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cation) switch and can be classified into input cell processing(IP) scheme and output cell processing(OP) scheme ac-
cording to processing methods for the EFCI bit in data-cell header.

We proposed two implementation methods for the binary feedback switch according to EFCI-bit processing
schemes, and analyzed the ACR(Allowed Cell Rate) of source and the queue length of switch for each scheme in

steady state. In addition, we derived the upper and lower bounds for maximum and minimum queue lengths, re-

spectively, and investigated the impact of ABR parameters on the queue length.
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7FX 71 Al Bl
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€ =dAe WA Ui % 4 &43 vy
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Add.

A
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QH| b - /
QL o S

Qmin pee” - . bl ]
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38 2. 9% 22 Aeivt e A S 9 el ACRY
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Fig. 2 Dynamic behavior of ACR(f) and Q) without buffer
starvation in steady state.
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Z271%E Q)2 T3 o] F P
ACRA0) = ACR(t), Qilzs) = Qi +15).

7}. Phase 1: ACR\(t)

2R A T} S FAEE Cl=1%] o
WE RM 4.8 97 |3 A44312] ACRE 4 (1)3 7o)
MCRol =@ 3}7] A7A @je] ACR =ZL7)9| ]zl s
of ZFaA7IAl €} o] phased Ay 299 vH
o] A4 o] g4 ZASEE $AQos Tty
€ 943 RM 49 T3 8§ LCR/(N-Nrm)2. &
Fatch wEbA, olg ACRE fal 28 ZAbgd o
3 o5 Ze niE HA Yo R vepd 5 3lvH3-4]

dACR®) _ _ g RRE-LCR 3)

dt N-Nrm
2] (3)9] v|R WA Ao ZHE ACRME g7
7ol e At

_ RDF-LCR

ACR(®=max | MCR, ACR/@ e "™ '|. (@

o 7] 4 ACRy(0) = ACR(#)°] o}

1}. Phase 2: ACR:(?)

29X A ZF7} A HE CI=0& 7HA € 9%
% RM do| $£A¢02 Agsuz $499 ACR
< 2 (2)9) we} PCR =937 A7}A] additives)
A Z7}stet. o] phased| M E phase 10]A] ¢} w37}
A7 29X 9 vy A$T o] g4 EAGEE
e RM A& AdA T £3E LCR/(N-Nrm)2.&
$A9o Aggo. webA, ol ACRE thga 7+
L v Aoz vetd F Arh3-4]

dACRy(¢) _ RIF-PCR-LCR
dt N-Nrm

o) MR P29 & 7o ACRE THe
7o) Fa Ak

RIF-PCR-LCR
ACRA$) =min | PCR, ACRy(0) + DI PCRLCR t}.

N-Nrm
(5)
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2.3.2 29121 2] F Hol2] W3 Q(t)e) MY
AA $21499 ACRY HZE 1o A0l FHE Fol
Zhop 29119 F ol FEFE v AA At v,
zt phaseol| A o] 29 oA 7 Zolo 2713 Oulrs)
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g 5 A+
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Al ZbE o} 1, Fo] 292 F Aol Huld oj=2A
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AA, A (1000 A tnae $49 ACRe] PCR7}R]
Z7H8tA B 759 ACRe] A2 Fvhsted 3
g AZHE YEd Y 2 (5)9} (DS 4] (6 d Y3t
A o}F3} 7o) ez

_ / 2Nrm(Qu— Omin)
Tmac= Al e PCRLOR +1y oy +wg. 1

A71M, wee FF 2L &el7] 98 EFCI ¥ EJ}L
ut7 | diolet o] AFE w7 g LA 9
7Y AA A& Ydebd o EFCI/OP 43l 7399

£ 245 dolet 49 EFCI B EE A7 &
off 2AdA FY AL gt whdol, W o Y
s& A& A st EFCI/IP Wale] AL Z3 8
Borsts JAA ) AFsheE Oulel ol &8 Y2
2 A$E Fof TF 2L gl vole do] 2
AXE wWAYY £ A7) BB Qu/LCRUF F
J A Fo] MAFER wr= tHEF o] EEE

0, EFCI/OP
w={ o, (12)
TICR EFCI/IP.

283, wee 419 0] EFCI ¥ E2] Adej7} ubg o
olel Mg W& F olF $AA Y] AT &F
T RM AE Ue U7A dee Ad Altez gf
3} o] e

N
ICR’ for the best case
Wg= (13)
M for the worst case
LCR ’

o 7}4], “best case™= EFCI B E7} ul4 do]ef 4
2 &) ST VCe) &I RM A& W A2
FA¢o 2 HE58 Bd RM A& vt& d A= A
A Ajzhel 74 B A5 oulgto). vhA ), “worst
case” & EFCI H|E7} vl ¥l dlolel A ul2 Ao} a3
VCo| 4% RM A& H4d AL2 $U922 H
2 2 &Ue RM A& ded Fdele A9 Al
o] 7t AR e F4E g} 22z, 4 (10)9]
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%ol dale Azkez 4 ()8 (DL o838 o
&3 2ol 7 F Ut
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(14)

webA, A (1D o (5)& dYshd ACRSY Hdgk
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T3, phase 19042 F Zolg 271 Ot e
phase 2°0]A ¢ F Zole 73 ACR 28X
phase 2°9] A& 7] §& 4 (69 HYsA b5
Zro] vterd = AUtt

QI(Tsx) = QZ(Tsx) +J Tt ¥ T e {N ACRz(t - l'sx) - LCR} dt

Ta

= Ouin +“% {N-ACRuax—LCR)

+t4(L-PCR—LCR). 16)

7] M, tpe phase 2°04] ACRe] Hujghol] o] & &
phase 27} BUA thA] 7HA23817] A7bA] R &E & 7)
7+ ou) gt} Phase 2°& 7 Zol7t Ou® F o &
o BuH, 0xHA st $499 ACRe] o}v] PCR
7HA F7he 7399k 234 B 9ol wE o2
ol Tzt
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QH—Qmin——‘—ﬁjm—— Trcr
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+15 tTe

if Qz’(‘tpc;z +Tsx)<QH, (17)

Tmax —TACR.. Otherwise.
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Ald 7+A3sHA "t} Phase 2014 # Zol7t HAg
Ominl 2 43t ol Adale NS 1.7 819, 4

(SISt ()& o) §-8ted thesh 2ol BAY 4 2ok

1Q-|-=ACR;I (————) + s
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= .
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o g3 o] ¥ 4 Ut
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Omin = Qalts2) +j‘°* (N-ACR(t —tw) —LCR} dt
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A9 A 19)ANM ACRminT Qo) AR HE &
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w23} 7o)l RHEEL
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1A, A (20004 tmied $419 2 ACRe] MCRET}
& 739 ACRe] A7) Hed Ade Al 7HE 93
o o3 o] F o}

Tmin = 07(Q1) +1v +w, +wa. Q1

4714, QFQIE QiH=0,9 ATFE nis
e A BEATE A7HE YUl BT

_RDF-ILCR

N-Nrm ( R

Qmax -

-1 |—=LCR-t—Q0,=0 (22
- ) 0.=0 (22)

23, wee A (137 FY3H, we 5 HAE
gel7] A vlolel Aol 299 wHeM AdH
B 79 AAAZLL 2 EFCI A8 #2d o2 e
3 grol 7% % Utk

0, EFCI/OP
Wq = 0.1 (23)
TCR EFCI/IP.

2832, A Q0)NA tucrd $4192 ACRe] MCR
7] golzle A$ Ade Alteg o 9% (e
o] &3l )23} o] I £ Qi)

N-Nrm (N-MCR)

24
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TMCR= —

meba, o 2DE 4 (9ol s ACRS Ha3t
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25)

%3}, phase 29 A 2] Qx(1s)% phase 1’91 A 9] 7 2
ole] 273 ACR 282 A& A7k T2 4 (6)9
st &3t 7ho) ekl 4 Qo).

Tachan +Te+Ta

Ote) = Q1 {1e2) +[ {N-ACR At — 1)~ LCR} dt

Tes

N- _ RDF-ICR o
=Qm———# (e N-Nrm —'1)“LCR'TACR__
+1.{N-MCR—LCR). 26)

o} 714, 7,5 phase 1°0]4] ACRo] H4A 2 4% ¥
phase 171 BUA thA] F71817) AR A &5 & 7)
7+ 9|3t} Phase 1’ 5 Aol7t 0.0 o] & T} &
T Fol U, o] E 9 $A199) ACR wa}
g5t o] 2 At
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N-Nrm ( N
RDF
N-MCR-LCR

Mr."l) +LCR'TMCR

=
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Table 1. ABR parameter values considered.
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Fig. 6 Queue length vs. RDF (infinite buffer).
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