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An Efficient Available Bit Rate traffic Control Algorithm using
Random Congestion Detection in ATM Networks
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ABSTRACT

In this paper, we propose a new ABR congestion control algorithm which is a kind of ER feedback comtrol in
ATM networks called Random Congestion Detection Control Algorithm (RCDCA). The RCDCA algorithm solves
the problems of the traditional EPRCA (Enhanced Proportional Rate Control Rate algorithm), MMRCA(Max-Min
Rate Control Algorithm), DMRCA(Dynamic Max Rate Control Algorithm) in which the queue length and ACR
(Available Cell Rate) fluctuate seriously becanse the decision of congestion and non-congestion are made
simultaneously for all traffic flows in ATM switches. In the RCDCA, congestion decision is made randomly by
using the linear probability function of the queue length in the ATM switches whenever cells arrive at ATM
switches. So, the serious fluctuation of the quene length in ATM switches is prevented in advance by the
statistical multiplexing property because each ACR value of traffic flows varies in somewhat random fashion. By
simulation, we show that the variation of ACR and gqueue length are greatly reduced in the RCDCA for various
traffic condition and ATM network environments. Also, the RCDCA is less sensitive to the change of control
parameters than the EPRCA. Thus, the RCDCA is one of the efficient ABR congestion control algorithm in

ATM networks
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ATM Z3H& F42 d9F ooF Anlel
CBR (Constant Bit Rate) 2} VBR (Variable Bit
Raw) Efjgo] Mgl g B 73 dYE

< HUF ggste] dlelslg ALl A% ABR
(Avallable Bit Rate) Au]el gt o377} &5
A=) gt HTolw ATM £ =4y 2
2] ¥4 (Traffic Management Spccification) 4.0%
2 oz A4E 7] ABR 3F HolE
% Al Aalde) ke B T_f'7-4°\ A
Helvk e, 290 B wAlE pdalsel
A= E 3L Jlrk

ABR MH|AE 93t 2903 duelEEd dlo]
Bl 4 &je] EFCI (Explicit Forward Congestion
Indication) H|EF o]&3le] &g dwle EFCI
78t dara] 7"[5]-‘7]“, wke] Aleflef] we} RM (Resour-
ce Management) 412] CI(Congestion Indication)v}
NI(No Increase) B]ES ~2|x|dA A=zp] &3
ArEke. ofe]= RR(Relative Rate) 7)¥l <dz2]=
oA, el 4 AFE 5 s A48 ER
(Explicit Rate) zhe Alibale] Al AGgho=
M EAME Aelshks ER 7 duelie s EE
< 3lch EFCI 7|8k 2$1A]eAle g2 ARATE
t] W HdES FalstAl Hi bit-down Al
vty E4F AEsb A AH Bl &=
dE e waA WEHze] A tixsR] Xt
Al o] ACRY] w553} 7 o] wFo] Aeh}.
%}Zl“& ER 7]t 291 & dES =] Au

HEoPRs RMAlY| Ao} Bif7) el $ &
l~.~“=i g = AR s gick

2AF7H) =95l ER VR 2903 daejEe =
A g 718 2917l 94" =& Ve A
Hel fajedre vt FEeha glvt Exbda 7]
FogE 1 ZHeolel sl¥Ee Hisighe] 2elw 3l
o} 5 Aolihg FAlEl] E3hS wddle qlae
£ 2= EPRCA(Enhanced Proportional Rate Con-
trol Algorithm)2} MMRCA(Max-Min Rate Control
Algorithm), DMRCA (Dynamic Max Rate Control
Algorithm) Bo) AMH T 97, JHES F71He
2 gEsle] kg viel slHslaa) sbe dare
2031 ERICA (Explicit Rate Indication For
Congestion Avoidance)’®, CAPC (Congestion Avo-
idance using Proportional Control)[7J NIST 42|34
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wE/ATMT A A E4E A& o[ 44 A8 ABR EdHY Aol dwelF

B =52 2704 A4F 7k 5kale] ABR A
o) o] Bl dfsle] lgEla, 7|Ed AL &
]l o3 Adwdstel, 3Aelide AIjKE RCDCA
of visled AAE AHEhs, 4atldE AlBHeld
& Eslo] 7|2 F AHolE rMieE ExHE wd
s ERWAlY] o3re]Fa} A|olgk RCDCA Al
whale] A%-g wim BAels, FoE A SAel
HAES F Ao sl 7)gdrt

1. H&E ol ABR-EZ Hloj2t 7[&

e

2 A ATM g4 EFH A8 7]
¥l ABR &3+ Alelol| s} dwalm, 78l At
5 ABR Ao @3Sl #s) Al Eck

» 4 8 ACR, = EFCI Marking o If EFCl is set,
o Nmil € 44— » Fairshared A set CI
RM 4l 4% * Congestion Check * RM 4 retum

* BRMA18ICI, NI, v If ER,E A
ERF 7)o % | | ER= Min (ERFaisharef %
ACRA A 4F *1f RR, £ 7 Allntelligent Marking

F 3

38 1. ABR Aul2E 94 A5E /1 58 Al

ATM ¥=ollie ABR Eefge) 5.8 Ao )
& $jsld A$E M B WS sl
ok AEE 7 33 Ao WAE o¥ 13 o]
e ASEE doleld] &Tg FATelA
A4 Aeld 4 e WA E WE dolH Aol
v waEAe] & dlelE] Al el FHt
A Aelg glsle]l RM AlE ol8sha glow £
A9ds} pa1819 FARe okt 3le] dWE 4 sl
1=

o Ao E dAR 49 weje] As AF

% aulct shle) $HF RM (Resource Manag-

ement) A& whe 2 AFFhck

o 8T A9AdlAd VEHz AR ARE

oiulsk RM4e] ER (Explicit Cell Rate), CI

(Congestion Indication), NI (No Increase) =

o Ao} $41908 =lE8 ek

@ HEo}& RM A9 Ane e} 498 A}
Al9] A48 ACRS ¥1 3le] AXksle] ACR
52 dolelE HeR Huir

E 1. 548 ACR AR

NI | ¢l ACR3ZL A4t

0 | 0 | ACR+Min (ER, ACR + RIF x PCR, PCR)

. ACR<Min (ER, ACR - ACR x RDF),
0

ACR<Max (ACR, MCR)

1 | 0 | ACR—Min (ER, ACR)
ACR<Min (ER, ACR - ACR x RDF),

1 1

ACR+Max (ACR, MCR)

g EapHel ABR Eg AoiE sl 2
24 elAE gl vEdm g AlEs] st
slo] A%t ARE RM Aol Aojxufjef et o]
§ g5l 718 =] A daE]Fe] AtEm
oledl, dekdeR gedl daE|E:e 2y EFCI%
EPRCA, MMRCA, DMRCA7} Qlt}.

2.1 EFCl %4

EFCl #9121 2] 8 £4 o598 7An
ABR E#¥E Alojshe whalelr). 2$)Ae) dlo]
B Ale] w=atslA == dlojs A sl =
EFCI H|EE olgsle] ~9R]7} ExUA] obdAlE:
FEEke T 7R AT pAllelA delAl 9
o} &, § Aol7} EAwdt 71Fx|(THhigh)E e
A 74w ExEA 71E2(THIow) oliZ W
27k 79l sl b2t Exb Al A HRE
EFCI ¥|Ed]| Amghd. 429 =a4ske dely
Ale] EFCI H]EE zA}3le] & VCel EFCI 4
2 do] el AR F, w=ukek RM A& Alsh
Hojge] Ao wel ¥k RM A4l9) CI W EE
olgalo] $AloNA| EAF whlat fAE U=t

o] uhale TRl ZdEiA|el, ARt AAApE
R Aato] defd #hge] weld W HYF Uy
2 d wAEE VC 7t EFAAE sk £
A AR A9 AR FAL =2 H
22 2o Azke] Aoz A&sA W Al A
£317) Zahe BAlAe] P
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=] = ER 7hbgale] ofa] dae]Be] gk
3 glch ER b wels F Falel HelA] ¢
owA ABR EES sl Aesl= EPRCA,
MMRCA, DMRCAE o2 Be] Al4E Zo=
Balch

1) EPRCA (Enhanced Proportional Rate Conirol

Rate algorithm)

EPRCA¢|X & ATM %] E3t o F-& ats)
71 913 2] UAA (THiigr, THiowE AHSBER
Azl E4F A gissl] $l8 DQTE 72
olek. wel ERAAEPE obd Atels ¥
RMALS ori2 Apalskez dle, &3t Al
ol Aol ek RMAL] ERZ FANG S
(Fairshare) S w3l ahe ke BR3te g vl
o Buje], Exbe) ol AR Al sEP}
= »F o9wEk RMAL] ER#E MRE (Major
Reduction Factor)E ¢)-43}e] MACR X MRF g}
o7 Z4AA Btk 97]4 MACR (Mean
Allowed Cell Rate)-& 7 ACR e 4] ()
- zlo] 428}k RM 42 CCR (Current Cell
Rate) Zholl <J3) AlAlxlch

MACR = (1-2) X MACR +aX CCR (a=1/16) (1)

o]} o] EPRCA"elxe Al ol A3
4 9l =g 9t} RMAl] Aol XA H
o] UEZ Algll whaA A = gle Aol
9lch TR2E EPRCAS| Sipmeg uiehd 7o)
t}, 72}, EPRCAE A3l gle 29)x]edM=
3 Zol7} alAF(threshold)Z dojss =8 VCE]
R ospde dgAen Sdsled EL e &
A AR} 2z veel $A8ElA =3k Hrk

1f (receive ABR cell)
Congestion Check <2¥ 3, ta) #% >
If (ABR cell == FRM cell)
NACR = (1-a)MALR + a * CCR {a = 1/16)
Fairshare = MACR * ERF (ERF = 0.E15)
Else (ABR cell == BRM cell)
1f {severe_congestion}
ER = MRCR ® MRF
Elge (gongestion)
ER = Min [ER, Fairshare)

32| 2. EPRCAY] galsc
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ajzba] $41959] A4E4 ACRF] FA £
a7 Eof, 291x18] F Holrt A Fhg dbEsl
A €3, WA\ zZr)7E 24 A wels el £
Heg, & ¥y =77} Daspd =3, ABR Ao
sEiele]e] =R Hstelz of$- =ikel E4E
elie e 7)Aok

2) MMRCA (Max-Min Rate Control Algorithm)

g A48 (Maximom Rate)3} 4 AE
{(Minimum Rate)g 7]2k22 selective marking-&-
Al8-5}= MMRCA & A%}

MMRCA-& &3t AHghe 719)sl7] $]s] QT2
Eabo] Azt g metslr] 8 DQTY o
AXNE Far slrk 28Xl 29X 929
2B QAZE A A$E BpMAX)St i A
F OYMNE  fAse =g & dEe
MAX_VCe MIN_VCY VC ¥WsE -$xgkh
Ho A$E H4 A$E 2= g ve
e A3 VCREle] RMAle] = 9wt
#7ge] ek

MMRCAS®] 9Al e 2833 o) 7 2
o7} QA QTE FoiMA 2 B 293 vl
Efzr) &3 Agele} ozl o] ~A9xle
Ha HA4E MIN gurd & JF+E%2 AdE=
22 A5 vfsled [PF(Increase Pressure Factor)
E AHgsled Aoz EAF AR dRich

1F (DIR==0) {
IF{ID=~MAX_VC} {
MAR=CCR
IF(NAXK=0.0}
MAX_Timeout - 1.0/MAX*Nrm+2
PLAY
MAX_Tircout - 0
J3LER
TR ISCRMMAR ] C
YAX-CCR
MAY_¥CaIT
I3 tMAX=0, 0}
MAR_TiTeout - 1.0/MAXMNImM=2
L3k
MRX_Timeout = I
¥
)
IF(CCR == Bata“MAX)

A_MARX - (L-Alpha) ¥ p_MAX o4 Alpha*CCn
PRELSE 1 {DIR==1)
TR QL »- DT {
L -t
IR - winikR, ¥RETA_¥AX)

PBLSE TF(QTs=T) {
Marking_Taresacld = A_MAX * ro ( Qusuge_Lengkbh)
ZF (OOR == Marking_Chrzshold) {
CL =1
ER =miniER, Marking_threeholci

b
14
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www.dbpia.co.kr



=R ATMA o] 4]

WY E3AE WA o443t £83] ABR EHY Ao LaF

2 AH4Fo] MINXIPF B} 2 7$-¢] <7
o] ﬂh‘r A HEEE Fo)=F BT 4l
v, Hol ALEd #H4 g AHelr}
23 FFFo| MIN*IPF Br} 245 79 3
At ASES wI=F sw ok F Zel7t
DQTE i @%ﬂh‘:— RBE VCY HA$EE 7
2A70t} 23l AR QTelstE ez A
S 4 Ao dA=EI%c) wekslel MAX_VC
2 A9 =E VCY AFE FIE 4kt
olaigl dwe=lEe] EAo= EPRCART) w2
T wEA R 548 Xl sick

3) DMRCA (Dynamic Max Rate Control Algo-
rithm)

DMRCAL EPRCA!Moll4] CCR ko] 22
YHRE P A7 PAFEA= e £°P
s}tk DMRCA oA+ ABR VCE | 48
g 7= VC Hd A58t 2939 #F &
ol% AMgglt}l VCF &MJ 7‘4"‘9 AHg-slaLz}
e Hd HfEe] wEA gty FHF 4
of A B3Adehel] sleir] FHFoE et
(Fd AFEE AFEShs T8 %S EPRCAIA9)
MACR# wtzch). Ho A5 5] 4
overestimation ©|22 THEo] AL YA
717] $J8ted ZH9lANreduction factor)7} A}2-5]
t}. DMRCA2| 2]A} 3l 4 49 vl ~9]
A& RE ABR VCF F H4E MAXE &=

£ mln

nalru

Else

i3y dacvesss race of conpection [

i geitsh 1y unsangaerad

zudsr Tz e VC coprect
e2se 1A of conneetion

% 4. DMRCA &4} 2=

Uelsled], A i(Beta)E ARE3le] ALMAX
e 73Ad)l. A_MAX (Adjusted Maximum

tate) AARS ThE Al o] Sk

A_MAX= (1-Alpha) X A_MAX + Alpha X MAX

73] 49) oA} HEAAE A% e 3
sl Fale healel sl A

Marking threshold=A_MAX X Fn(Queuve Length)

3k Fn(Queue Length)= o4k §kpol|w] F o)
o]l non- increasingﬁl EAS e gpolnh o] &

aeEe iRl Ay e olgsld Tk
o EgE el HEReE A48 4 )
o,

# 2. DMRCAO|IA AFR3H= Fn &%

Queue Size Function Value
THiugn 0.75
THuign + 200 0.7
THiign + 400 0.65
THyen + 600 0.6

E 2¢)4= DMRCA oA A== Fn 42
Aogt FFolth §F #Hel7d THuwg R} ZA =
W Fn kol 0.757)} =31 THyg + 2008 399
Fn gke] 0.7¢] Sk AEee]Adladls A1 E#Ho)A
3742 Fn g & 29 & 3hE ARgsith

DMRCA|4= A% QT<} DQTE AHg-3}ed
E3F AN Aayl 5 Zelh dAlA QTE
Held A A8Ae 3 ASelRla 97
intelligent marking & =3fgicl. EF o] Ak
Hel §IAIA] DQTE Wdeid -9 A W+
sl g@dsle] =& ABR VCe| HEES
AR AFES FF4A7)7]) $18e] MRF
(Major Reduction Factor)E AR&3led RMALL]
ER =0 A_MAX X MRFZLC 2 #|&kgic).

DMRCA°)A A}454= MRF $3& o} g
) Eof4 AM&EE MRF $Auct A4 AAE
9}l (MRF =0.3).

o] DMRCA: 18 Bater) Y3, FHHoE
2] $=3Ae] £ CCR zholl wel o 97k wiad
£ delr[El(RIF, RDF $)el w7l kst
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o & RIFge] ¥4 4349 A+ A
unfaimess& H4% 5 9lek wWepx o] daelE
o] &vjalelw ulEA sy 2 RIF gL
& Febior Uk

. HREIAE MO 232F (RCDCA)

# =Fe|4] Ak} RCDCA (Random Conges-
tion Detection Control Algorithm)x &3 gt 4=
& 7 dolE e R sl dawiFelrh

RCDCASIA: & Zolrk A olzsig o
debdew gxb @ & ANE Addshe
EPRCA, MMRCA, DMRCASM= e, &7 5 2
old] wWE MY FEE 74 vCo EF3F ks
Azl easle] 2t vee] FEEol Er]hEle]
HyEshe g wAgeEHd F AHole 4% W
38 wode) WA BHG ehdck oA 8
S ATM 28131603 ABR A} uelgo] ZE
Vool ol QeeE Bk B uRE &
ek 7 vee) $aae] B5E] F)Hel
Zolo] WL AAA ek

7 S e
EF | g
A
S "y

low high

(a) EPRCA, MMRCA, DMRCAO{|A{ EFEhchiba|

Congestion
Probability

.
Lol

(D)RCDCAOIIA EAFEICIEIA|

g 5. EPRCA, MMRCA, DMRCA¢} RCDCAS| &3t
whka]
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mpeba] F Hole| wjE A HEE gt
A FA s faPutA =9, F Holrt AHHdl
el £ L FVBMAT £21de] FIEE
ddsiA so] dgbdq] ER ke A A
& 5 oe FAEES ARl obe] shEaizlch

<% 5= EPRCA, MMRCA, DMRCAS}
RCDCA9] &3 st whale =418 & Aok 2
eollx¢} 7] EPRCA, MMRCA, DMRCA|A =
F Re)7} 9AA (threshold) & ‘delrfwd &4k Hst
& JBHog $H%E & 4 glck W=l RCDCA
i F dold whE Agaql HEE AYEH
& e sy RS B 5 Uk & 2
2877} b ARgdo] oL § Aoz} EAF AE
yete] 7)ae] =& AR THhighel THlows] %
7}gk2} THhigh Alojel] $1218 A¢, 2% 5 02
A4 7 22 A¥ze] SER d5EA B A
e Addd) 22l3 2930 B4 Ageln) &
21# F Ze]7} THhigh $} THlow Afelel] 31& 74
Lol 23 5 9 A4 ¢} 722 AFH EHE
2 g B4 ARk sAR:

ol F Eo] dwsld ofg-w el THlow = 1000
o]i. THhigh = 20000)2}z 7}4akak @A 2913
7} &4 Age) ohd Aol F Zelst 15009
ol=® 0¢8] FEE, 1750¢] ol=® 058 ¥E=
20000 cl29 109 B2 dsiA 2 Ve £
b Aesle Addgicl v ~902)7F E4F Algdal
Al F 217t 20000 o]2x 02] g, 15000
olux 059 & 1000d] ¢]2m 1,098 &= @
JalAd 7+ vCe| &4 FAE gtk

M -
T T PRITEEM EDDI[I
B MACRa MACR +WOCK-MACR), [a=1/16] | 1 \
SeEbgRM ®  Tiisshare = MACH b, {h=7/8) '
|
i
'
3 ' !
1 A
q_..__l_‘ Cungestion
v
RREEY YT !
i o5 A
4 U gt ER =Min(ER Faiestare) \
| 4
i |
' i
| .
—
H i
(- R
l: rM 4 |
L] D: WTE RCDOAR 82 EATM 93]
MAUR : Mean Allowed Cell Rute
MRF  : Major Reduction Factor
COR @ Curment Cell Raw

7% 6. A4 RCDCAY] 8=
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TEATMAE A e E47E B ol 48 B84 ABR =Y Ao dieE

2% 68 FAF-E 71 WA]dlA Alekgt RCDCA
wale] Aukdel AelE Jehdl Zojch AAe=
Melizlo]z] Hio] RCDCAE f3sks ATM 2%
AE vele], HAe g Ay H-E- 2o Conges-
tion Feshe F-Eold 17 59 D)) A% A
A Fa AE ARl

V. AI2H0IM0 248t 85 &

£ Aelxe AlEHe]dS s, A’k RCDCA
©} EPRCA, MMRCA, DMRCAS] ACR #3}
o] MHAE FoA AeE win BAgT vk
& = $elA A% 48 908 VBR EdHe
SejalA] @ 7ZA$¢t VBR =L e 4¢
o wieted AYsigdck =& of8] ABR Al] et
vle] W7 mE 2t BAE B5390k

2E AEHC Al S8 A9A)9)
9l A=le 10 kmZE 7HAEHE, 27 Age
100kme  dAslds, 2 F3o] AFEL 155
Mbps2  7}Asledv)k  AlEwel4d tool@i NIST
(National Institute of Standard & Technology )el|
A] Z{%F NIST ATM Simulator’ '8 AR8-314]c).

4.1 ATM 28%2 72PF 100km ¥ i ABR

Epfj=at EXI5H= d% (Simulation 1)

7]¥ ER 2:9)7] "kAlst RCDCA 22912 Hb4] 4]
ABR Ezf¥ EA} Alole] A5-& 5] #5lo
a2 73 o] 671¢] ABR VCe} 6718 ~4A2
TAE ATMT 298 ALGSlel AlEHe]dE e
slodch

Agehele] A ABR sefelele $334 2

@ ABRE4Y
() ABR 744

Al
ﬁ aals
<) M A

[]:294

37 7. ABR Eddw &z A9e] ABHeldd AT

ATM = T4 =4

o] Adx13lgdel. PCR (Peak Cell Rate)2 3| %%
£, MCR (Minimum Cell Rate)® 4 35,
ICR (Initial Cell Raw)e Z7] H%$E, Nmm
(Number of Cells/RM)-&- RM At} A4wE He]
€] 4 <, RIF (Rate Increase Factor)t H4E 3
7}%], RDF (Rate Decrease Factor)= #$& 74
%)% vJehlled, ERF (Explicit Rate Factor)= <A
HHEF (Fairshare)& 78 o AMgE= depvle{o]
=], MRF (Major Reduction Factor)= 412}%F &3t
el 734 ERE A W AMSE= detrieo]
h

E 3. AlEHeI4 1004 84¢ ABR Aol Hejee|
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