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Abstract: ATM has one common feature which guarantees its success, namely
the possibility to transport any ATM service, irrespective of its characteristics
such as the bit rate, its quality requirements or its bursty nature. ATM also has
high flexibility in allocate the bandwidth, and thus allows more calls to enter
the network. Unfortunately, this advantage has a negative consequences. ATM
presents congestion problems in the network as well as in the end terminals.
This research describes about congestion control mechanism that will be applied
for Available Bit Rate (ABR) Service in ATM networks, namely, the Rate-Based
Congestion Control Scheme. This method supports end-to-end closed-loop
control and has been indentified as the most appropriate for the support of this
service by ATM Forum. ABR Service is a new ATM Service category. This kind
of service automatically and dynamically allocates the available bandwidth
to users by controlling the traffic flow based on feedback information. The
source increases or decreases the source rate of cells transmission based on the
information in the feedback Resource Management (RM) cell it receives. This
method minimizes the duties of intermediate nodes and the destination node, so
it is expected the source will receive the feedback information faster.

Keywords: ATM Networks, ABR, Traffic Management, Congestion
Control, Rate-Based End-to End, Closed-Loop Control

1. Intoduction

In accordance with growths and advances in social
business activities, demands in multimedia and broadband
services increase rapidly. People have not yet been satisfied
with the telecomunication services provided today; they still ask
for the better ones. People need telecomunication services with
higher bandwidth wich is required to support services such as
LAN interconections, video, image, and so on so forth. On the
other hand, development in computer and networking enable the
realization of such services. All of these lead to the Broadband
Integrated Services Digital Networks (B-ISDN) concept
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BLISDN uses 8 worldwide netwiekmg iecinolosy provided with o s of
mser mierfoces sl emnerss] communicoises equipment. This kisd of senvice will
syt o only corment services, bui alsoe famre senaces.

in onder W mpport the HB-ISDN  sevvices, & [mdomstemal
Telecommmention Union on Telemaph and Telephone (ITU-T) bas selecind
Asyrerhonoe Tramler Mode | ATM) = the mest appropriace. sl mode for
B-ISON. ATM is @ packet-orenied swiiching and mubiplexing techmgee which
e fved-sie cells 10 tramsfer informalion over 3 H-ISDN network In ATM
meiworks, one fued-sice cells comsists of 4N byies payioad and 5 byics header:
The fived-size cella makes ihe netwosks very ssinble for miegraied sll iypes of
iraffie which conai=ts of vece, vides, and dain The shor sze of ATM cells =
expected i gve foll bandwidib lexibily 2= well = high badwidch wibzation m
a high transmissaon rie. b 8 abo eqpecied o previde Qualny of Senvee ((eS) =
required by e applications. Bandwoidth is alioated sccording (o demand im AT
i morks.

ATM has ane commaon Seature which smrsmiees 1is success. namely the
possibifiy o irmsport any ATH service evespective of s chamoersiics sachi s
ihe bii mie. the qualiy requirimenis or the burmay notore. AT also s bagh
flexibility m allncating the bandwoideh, and thus, it allows more @il o emer the
metwork.. Unformamiely, 1bs schaniage hs o egrine conseguences beombe i
comses oosgeston problems in the notwork a5 well as i the end termmals. There
are three lemtions thai congestion problens can ooour, md consequenly, tere
are there kevels b0 contral ithai congestinn o follows [ Fabib and Smedme 1990
in the end terminals. oi ithe netwark access pomts. ond m the miemnal elements of
ihe metwork

Faor comvenicnce, ihe conirod ai the ortwork access pomt amd the conirol im
ithe maermal ehemem of the network can be grouped m nerwork pontrods.

These mw commod seemes. ihei & (he end-terminal controls and the
metwork conteols, have different objectives. The objective af the end-termimnal
conird i to anprove the milicy ond performance of the ATA comsection = oder
i ge greajer throushyas. Wieneny, ke oljeciive of seiwork commls is 60 proleo
the netwmi mesouce = well a0 protect ench ATM commection fromr oiher
connee boes thai competz for the sane resources. Network comtraly coour ot fwo
levels, that is at connectns kevel mmad ai ATMW celi level. Each level bas o differen
method. Call Admmsian Control |CAC & the method 1o comrol the congestion a1
the commectiom Jevel Wether & call will ‘be accepled or nof depends oo the ebality
of the metwork © ssppor the srvice parameters megained . by the @il CLP Cell
Liess Priority) and EFCI (Explici Forwsnd Congestion Indicator] are bits wkich
mazy be med iv conirol the . congestion a the AT cell level Wien ihe CLP 5 sel
io [, the cell may be discardad m any meiwork dement il theve is local congeston
Laie CLF. af EFCT is sec o | @ means that these wes congesion along the viraal
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chazeeel (V0] or virtusl paib (VP pased hrough by the cell oo the way o jis
destmaticm

Characteristios sf ABR Service

AHR sovier s 2 new service avadlable in ATM setvwork, amd umil now i
s will m 2 developmental siage [is apphcations do mob regare 8 specific
tandwidth. in other words these applicalioss cam be mm in any bandwidih. The
tandwidih range i between Mmimem Cell Rate (MOH) anf Peak Cell Rate
{ MR} which are specific for esch spplicaton This is becanse in ABR sorvice
wrer cam detomune minimum Bmi and manimum bandwidih elloomied noa
connectim when the connection takes place. This process i peritmmed by user
{ e during the connection wet op bme.

The purpose of ARR service in to milire umssed bandwadth m o petwaorkc
This bandwitth in remaining bandbwidih which & not wed by CHR sd VBR
appieztinns o ceviain time This ovaibble bandwichh wil be allocated
dymamecally by the network 8o psers (sureeh by coniroellmg iraffic flow using
leodfack.

ABR service i desigoend for normal data traiffic, soch m file trmafor and
email Even thoush @ prnciple services categedred in this cles do oot regqure
pmireniee or mmimization for cell irmeder defay and cell loss mbe; it will he
hetter 5 the swiiches can minmmized 1he deloy and kesa. The sowrce shounld coatrod
ity rake trmnsmission which depends on the jamming condRion in the netwark

Seversl Congestion Cenirol Metheds which have been Suppested for AHR
SHerviee

Jam | 1995: 5) sizies that “Cangestion lmppems whenever the. mpen mie &
mare ithan the avxilable Ik capaciiy.”

Filaput Rote > Avalzhle Link Copacity

Canpesiing Comsestion Mechanizm
Druratiom
Lioog Cepaciy plarming and netveork design
Connection admizsass conizol
[namic meating
[hnamic eompressian
Emdin End feedbadk
Limk-bry-Link Feedhack
Shon W Bufferng

Fipure |, Congestion techniques for vanious onngession duratios | figure =
adopied from Jain 1996; 6)
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Figure | shirns how the duration of mngesiion affecs the choice of the
meihod 1i com be szen from ife Geere that the dorstion of oongesiion for AHR
tradffic & estimatnd between shorl and medmm This & comsidenng e ATM
mztwork has high speal iechnology so that the oossestion ks small prohshility w
orcur 2z takes phoe = rebively shon Gme. Therefome, the required congesom
contired method is the one with enl-ro-end or bbby Ink feedback charscienstic.

Follveings are several conpestion scheroes suppesiel e the ATMA
Forum i pvercome ihe oocumsee congestion. i ARR senace (Jaim 1995: 11-
i)

1. Fasi Resporee Momgement

To ohimn desired bandwadih g0 ths =vaee can senad Bs daia, firm m oewds
io send 3 resoorce mansgemem oell (RM cellk. 1o the BM cell B included
infoamaiin ahout the amsmmi of tandwidih requirad. 1§ 2 swiich the peoeived the
RM cell cam nob pusmmes the request from source, then the RM cell will be
discanded. In this case sowrce hes a time-out IF ihe 1Ene-oni hes passed and the
source has not yel received is R cell back, then @ will resend the B el [
swnich mn puaranies the requesied bandwridkh. then this swiich will send the BM
cell io the nest pwitch. Al the end (he destimtiom will send the BM cell back o the
source =3 that @ tien cun semd w5 data.

The weskness of this method i g sounce has (o wail urmil 8 ez oo mp
delay befiore it can =znd ity fusy dete whes the setveork is idie. Diherwise, the
source has fo wail uniil & time-oot passes before it can resenl s rogeest. In arder
in maid this delay. it s suggesicd m lmmediaie Tramsmission (T} nwinch burs
s imamsmiited immedisiely sfies the B8 cell It it then trm ool thei 0 swiich mm
e pccommndate the burs, them the swiich will discanded the BM oell sl the
bt andd eend = msficntion to the searce. Corsaderine the emommt of hurd
discanded, the omivent of ool loss derme cungestinn & very big. Therefore, this
mietdesd is nepected by the AT Faram.

L Deby-Haszod Reir Coniml

Sources sfways mombor the mund mp dely by sending BM cells
perindically. The B cell coninin timestemp miormation, and lbber on, (hese
cells willl he resurmed by the destinaiion Siupces use the timestamg o measnre the
ol i delsy and 1o fake 2 conchsion aboot level of congestion.

The sdvaniage of this method i that # doss not need amy exphicit eadback
from a2 netwank. Ths. it can be applied m a path which & not an ATM nerwork
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Usformumanedy, there is no coninumimn of ibs sugpestion, and alw, iheme s s
mare detmiked explamaion ahou ibe e of delxy.

1. Hackwand Explicit Congestinn Mmificaiion

Svnches memior the lengih of &5 quees and then send B3 cell when there
ts.m jum. Somrce will reduce kalf of iis mie afier receiving the BA cells 1§ there @
ma HECK cell recewod durmg thal time, them ihe mie for the comespondimg VO
will be dovhlal for the newt period wmtil % meaches the pesk e To scheve
Imirmess. @ sounce repovery porod in male proporional io the V' mie such ikai
the period gets shorier an the memssion mte geis sover. Ths melbnd &
rejeciedl beoouse ibe sysiem is 2 bii unfair &y the sources recerving BECKS is poi
abweva the ones tal cuses compesion.

d. Earby Packet Drsamd

This method sy thet 1 5 betier 0 dscand 2l celb from one pocket than
io discond cells mndomby fmm differen packeis. Therefore. this method uses ane
il m cell header which marks the end of mesage | EOM). A wwitch whose boiTer
is fulll will look for the EOM mork amd descand 21l the nexi cells comng fFrom the
cormesponidine VU mniil the nexi FO mark. This meihod & alsa rejocted becaose

there & produabibay that it in exfair @ g cell coming i 3 foll boffr does oo
mevessarily come from & VT that cmeses the jam

% Faw quesing with Raic and Hufler Feedback

Sourcey, penodically semd RM ozl m onder o know the use of handwidii
el Epffer durmg mm. Swiiches oo the G share of Vs The share mmmum
value oi this swich and ather precedime switches & placed in BM cells. Swiches
also momilor te queoe knpih of each ¥C The maximum geeue loneth o (o
swich mnd ibe proceding wwiiches & aboe ploed o the mame BME cell. Every
swiich implements fir quening by usme =penie quese for each VIC The far
share af a YT is detormined s the verse of mberval borween o cefl] arrval and as
tranamessiaon. Imerval reflects the totsl of aciive W7o Sice the iotal and inienal
dre mndom. it is seepesied that the average ol several ob=reat meral is ossd

Thos method s alse repocted berause i = very comples, that & is reqoires
per VL [ @iry gueaing moswiiches
. Crode-hased Approach

The approsches used are flow per-lmk conirol, flow per- %0 and window
Tow conimdl Every nk comsésts of a sender mode which cam be 0 soorce end
gvaiem or & swich and a receiver node which cam be a wwiich or o destination end
syslem Each node gives an mdinadaal quese for every V. A meceiver monitons
graene lengih of every VU and determines the smmber of calls ol can be sent by a
semder to the VI, This mamber is called “credn™
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1T ifere & pnly ome VT active then the namber of coalt must be quite kg
w0 ihad afl links we &l every tinae, or i other wonds:

Gredit = Link Cell Rate o Lmk Hound Trip ieloy

T link cell mir can be caleubied by dividmg lisk hardoadth |m $hgs} by the
cell pre {m bas). The abhove scherme & callal “Flow Comralled Virimal Ciarcun
{FCVE)T. This scheme miroduces two problem. Frst, il the oode is Josi. the
sesder will not kmow. Secoml. every VU has o reseree (he entire round np warth
ar buffers even though the link is divided by o member of VIO 's. These problems
are overcome by mirvdocimg credit resyncroneation dgonidem

The credit rewncronimiios algorihm oonsists of sesders and eceivers
itmi both momtam the mumber of cells sem and roceived for sach VO and
permdically mierchange this member. The differesor boweon the Tumber of cells
sent by o sourre sowl the pumber ol cells recerved by the destinaiion shows the
ioial of cefls that @ losi m the link. The receiver retsoes the amount of additional

The adapive FCVC algernhm only pives VO one fmction of mound omp
delay worih of bulEr allocstinon. For a very adme VT fmchon & big, wiale fora
le=x actove one ihe @action & smaller. Aninaciive VO geis o small Feed oadi 7
0 YT does nol ise ils credit. then it con be seen bl the usege e dure this
permnd &8 Jow, snd thus, the VY will et smaller buffer allocation dorme e nexi
perod. Adsptive FCVC redace boffer requimements, in i cmses mmp-up ame. 17
then ihe VI is ootive, then it will taioe some time before the VO con. e jis full
capacity of the bk even though there &= oo ather user.

Croalif-hessd s 2ben nor aoceepled, even thoogh o s actually beiter than the
previous methods. The most objectiomable [actor of ke oedit-bosed s that i
requires per-VE quemg which mades the swnich complexity prows proporioal by
io iz tamber of ¥Us. The grealer is the number of VI a0 bo sspported by a
mwnci the more complex: & the comesponding swriich.

T. Raietused Approach

There are three approaches sspzeded for this method, mrely oepstive
polarty feedback. posiive polarity feedback. mmd bipalar.

Nepstie pahniy feedback & whes the RM cell i fod bock in onder 6o
derresse the mar. Un the conimrny, posiive polarity feodhack & when ibe BM cell
is sent by ibe destmadion) beck m onder io morease the reie. Hipolor & wien the
RM cell = semm bk v decrease or imenese he @iz The mepaive polbiray
featbock pives o problem i the BM cells is lost due o pmovise whes it i seol
ack from the destimtion o the soorce. IF this pooes, the soorce, which is om the
forvaml dwection of the tremmission, will keep =creasing the mie ot
overioad corrs. Positive polarty feedbeck 15 meam o lamdle this problem. It b
beiver if the source keops decreasing it me when the BM cell & Inst: Therelore,
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the poziie [eedback polary is also calferd “proportimal mie conmd aleorithm
iPRCAT

The nmin objecttve of e mie-based proposal is o spport ABR senvioe
andl io defme 0 fenible fomework of mebassd oop schrmes for comeesiam
cenim vari possibilies of implememasion depending on the cosst s level
of pomplexiy,

Deor o the fexibility of the Rate-bowed approsch. ATM Forum then
derides to acoept this approach = o congestion contm| for AHR service. One
imporiamt sdvaniage of the me-bmnl = ths meithod does ot require per-Y'C
acuEy.

&£ Lk Window with End-wo-End Bmary Array

This is o combimation of credi-based eml rate-haed methods by usme
wimshorw flow control ai each Imk amf EFC] hinary hit at end-o-eml mie comnael
Usforiumaety, thin meihod & nol accopted by either oredil-based party or mie-
hased party becmess i comisina eirmemts from opposmg pantion.

Ruie-Rased Conpestion Control Scheme for ARR Service

ARR service is specally designed i handle traflic efficiemby. In ander o
acinieve this purpose, the ATM Forom ks relesed o specification called ihe
Traffic Maomgemesnt Specilficatam TVA.D on Aprl 1996, The traffic manapomeni
is imemded tha the tmffic m ATM newesk can maniain the OnS aml
nimultaneoasly use setworks resources (handwidih and haffer) maxmally.

i ABK Kate-Based Traffic Manapement Model

The mifc memerrmess model for ARR & =linl the Raie-Besed End-o
Exd Closed Loop Model This paming is hased on how the imffic mamagemeni
itsell works. 1l is called mie-besed because sowces semd their dain ol determmed
miecs. i & a closed loop model becmme there 5 3 contmons. feedback sent by
sounce-desimation-source (o mondor network: siumon |1 & nemed ond-fo-end
becmwse ihe cell which monibars flow of mformation moves from o soame o itho
destimaiwm aml then reroms i the source,

An informalien comtnol B performed by 2 cell called ihe Risowrces
Managemeni (RM) cell The operation of mie-lsed end-io-end closml Toop
madel s the followmes:

1. When there = an ARR dais call. e source requesis for cosnection teough o
call setwp regpoest.
The sovarre mepotimies vabies of PCR snd MOR parametes ot thai tone with the
medwaork The values of other paramefers, nomely ACEL [CR. TCR, Nrme Tromy,
RiF, RO¥F. ADTF. TBE, CRM. sl FRTT. are determined by the network
acvording foibe network condition at that tmme. Tabed | shows & b af ARE

pEEEmEieTE.
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2 Afer the commectinn esinhlished, the spupce sans sending the datn. The scare
sends ifn dain sccording 1o the waloe of ACR value, that &

roree_rode = ACR (2.1
Al the bepinning of iresminsnn. ACE & e io ICR nhose value = acoonding in

MCR = ICR < PCR (2.3}
The chaice of ITH value = ps the followmes:
L Acconding o valees of TBE snd FETT pomameters:

ICR = FRTT < THE
O (LY

THE
IR = legrrl

Are the maximum member of cells that ez be sent by 2 somce wiich can arove
for the firsi tiee ol the swmich doring ibe first roand trip imme {belore closed-loop

simrisp. Considening the, CREM parameier abo depends oo values  of THE sl
N paameter

CRM = [%] (2.4)

which shows the maximum bmi of member of BM cells that com be sent im
forward direction os lone &= any kackwand BM cells have not been reoeved vet:

iL ICR from the resuht of negotiatmp with the setwork

Then, R el by soree i the minomsm 1CR of §1) and §ak or
1R = Min (|22 ICR negatinted with the network ) (25)

Thm mesms thet ICE walue will he spdaied affer the commecion seiup proces.
Tha is dowe 1 pearanies thai the value of TRE pamameta goven by the network 5

ackieved
Tmmsmsson is saried by semlme an B cell which will be followed by da
cells. RM cell will b sem by the source every (W - 1 dain cells.
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L An BM cell & seed from 2 smece o the destmation. On s way e the
destimation, the KM cell will be process by imtermodiate swviiches. There are
three ways for swaches 1o give feedhack vie an M cell (Rsm et al 1995: 51}

L Himary or EFCT swiich. ihad & the switch grves EFCT mark bt on every doa
cell header ol the swiich expenencimg jpmming

i Rebitive rote moarkmg swiich, thet i the swilch eets U1 2md NI bits of a
paslond R cefl if congestion occur 2 the comesponding swiich

inl. Explicit iz switch, that is the swilch cefuce the value of explicst mie m ER
ficld of the RN cell oi e wwilch expenencing jamming

Tahbde L, Liai i ANK pesrmssicrs

Bl raeli
Latel Prall ™z nis valse CmEnaTs
(g | Pl Tl F Ml cxdlay Wil b pudsced by sicreank
W Nlirmmeam Cell Baic exlla L] will he marasiced
Ll
ST il lermonca] | Mmix clls s
K Tmmsd Tl B cedls s 'R St uy raz sk mmres hang el
— Tassead Cell B il o el By which smerce may wrl sui-l
Ca L SR Sy T imic Forward ASE cefls

N Sumrher of el beiweon | i s S = 3= iy P L | i, el

FEM oS a - b wom AL ol

Cereils banibeaith
Ll | llins hetseen PR RE -H E
NEL. nel dein colis

T maisl im asio

FEA ool i 2 L2 P
[ B} dlE UnT e i nElELE L'Le Eak irsclis permiic
RN B oot s “anE (MR
The ome pormesicd bordcom. eTanng
AITTT W LITTE AN oolla hefoer dhe e 1 dociomnd
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Sumibor thai Lo nember of colls
Trasaem batfer o tha m shi by s e wlari up
rm i TN z a
capisurT 2 . i, ol dae fes O el
roimrme
lLame S mamterr ot B oot mndl m
Cs | Nbmmg K-l cmmi | Mome | [THEN e bemo of roern g e
KAl ool
. Cownmlb the doeresss of &0W eclan]
CT D umlT e ey ke HelE 18 k v
o RS
Tuisl dclaw ihe may ke takes s
FRTT T oz e i ke L worr s 4 doeremin d bk e
LETTE

{. The destmation will chempe direction bt of an BM cell belbre the ool =
retumed o the ssurce. For swtches maing EFC] method. ife destination will
check whether the b dota cell it receiees have EFCT hit that has bees st if il
& s them the destimation will sei the C1 bit of BM cell to indicabe jamming
Mhemainvely, Sarsedches using other methods, the destmation will only petam
the RM cell a0 the source mathom doing any prooess. This will speed wp the
feedlock receiving process by ihe source In the end it will scoeberate 1he
ochievement of maximal hardw il sape

(]

The smrce will reset 5 ACR mic acconding io the miormation therl 8 recenves
from BM cell coming from ibe desimaiion. dai i, beat on the O ad M
wztoes im the RM cell which i showed by Toble 2 bolow

Tabde 1. Actions comresponcdmg o M and C1 hit values

bl | il RCTIEEN

L L AU Simifn. AU » KEF o PCIL PCW)
il [ G £ Rl R AR - ALK MEE)

1 i ALK & MmilH. ACR

1 I AR (T AR - ACE 3 RENE)

b BN Cell Structare
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Table Y. Fickl and ibeir posiioms m BN celis

tmzital Yalu
I mrich
FICLR OCTET M) OESCAITEES S ruiei}
1 s - prorrses o
S NI
grrrrwieil
Flessicy lim¥ all ATEE Elrmstes KM-YPL: % dem FTI= 10
KM-YVLT FTI=FI0
(51 i ol Provissl i ]
ull} T ¥ LTI
I T T nEcs Call
(= | T 1] L im gosi=m Eritr Cl=]
teelagimn r Ml
5 7 L “u [ACTEzec ar | r hush
| 2 T ' F.oque i r s insceordmes with L1171
ko lodge draf
Boserved | 7 TR Forsared ]
FR HinG ull Fapact Cxlf R L I R PTG Any rux
faan MCH Feamsic vahu
[T [T all i oamemi el | A A Farameio
ML 1320 11 all himmnemn Cell Ass | SGCH Fammacicr
[&] 1dm |7 |adl iarur Lengih & ar sgdl inaocwdmor with LITI
draf
B IHam3i |adl Srqurerr Sumber rar e i aocwrdmaor wih LITI
araf
Agsoreed | 2§ Hl T e, fho | i oy i
I'l--n.r\--\.-l . ] Eim Koo 1
R -1 = =il LR S mrramn LAHLE ]

s it o be seem in Table 3, RM cells comsisi of Geld besders, [T
message type feld, ER. ER, OCR, MCR. QL 5N, and CRC- 10 Special for (L
omd 5N, they are not used for the ATM Fonom's ABR. CRC-10 s coloeliml =
the remaimder of 2 (bvisinn | moiluko 2§ by ife pohymomial genemior of pods &
and payload RM colf coninin ouisde CRC Geld 7374 hisk

The comnins of ER, OCR. sul MCH wmv te same = e resli of
TezCH It At COmmECiion s

DR, BN, CL ML and RA are mcloded m message type ikl DR maris
ihe direciion of dain flow comed by RM cell. THR = 0 menns formand BA, whike
[ME = | & for a blewsnd AW cell. BN marks whether ar not the cormesponding
HM cell s a BECN. If s 0 BECN cell {peseabed by pon-scurce) then BN =1
amd on ibe other haml. i the BN ool is penemicd Gy soorce 3en BN = 0. The
valnes of U1 and N bits will 'be green by iniermedinie saiches or destination. C]
and N1 are bis which are used 2 o reference for ihe source o docrease or oz
its camreni ACK. B4 is mot used for ATM Foram's ARR
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€. Im-rwie and Uwi-af-Bate BM cells

These are two types of AHR BN cells, that & mame RM ecll om-ol-nie
RM cell [n-rme RM cells means thaa the (otall mie of dets and B cells shookd
e evoeed e ACR of the smove. And im-rate M cells will be sem with CLP=0L
O the: other baml, ow-of-me B cells o be peserated by swilches, desizations
inr even sxrees aml will be seni wiih CLP= 1. Therefure, o o-aie BA cells will
be carmed hy the petweak omly if thee & plenty of bamdwulth amd can he
discarded if conpesied. Chol-of-rabe RM celis glso con be peneried by sources if
the ACR given by the retanrk i smaller thon the TCR. They wre limited o 10
out-ofrate BM cells per seonnd per VT

Werk Doap

The Flowchari for Traffic Monsgemeni Rate-Hased Fad-to-End Closed-
Louop Comtrol per-YC

The fllawing flowchan for maffic mamagemes rate-hesed end-io-end
chozed-loop comtrol provides @ example of confammieg behaviar for the ssece
end sysiem (SES) sml destmation end sysbom (THES) which s enclosed m 1he
appendices of this stafy. 1t represents & mimime] e camlste implemenmnn of
the specifisd emd sysiem behavior, Ths flowchot @ fir o single swece
conmchion. i ako asmomes a cell schoduler mechasisny thal conmels the cefl
emmsinm. from the SES. which & nepresemind as the sguation helow:

time_tn_send = now + {1000/ACE) i4.1]
Where ACH is i umx of colls per millseoond.

Far simpliciiy, & also assumes that safy oot-of-mie FRM-cells will be semd
wien ACR < TCR

The behavie of the SER s controlled by the valwes pivem o 8 set of
parsmeiers, that & PO, MOR. 1CR, RIF. RDE, COF. N, Mon ssd ADTF. PCR.
and MR is sgreed @ comection setup time, wheress others sre determined by
the nevwnrk ot the same time wiih valess given o pet the besi optimee
perfommance over varous metwork irsde-off. PCRL [CR, ACR and TR are inuni
cells por onit fime hesed on the fodlowing constramis:

MEH - IC8 ~ PCR i4.2]
MER — ACH — PCR (4.7
0~ ECR — minlACK, LER) 44
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Where O iv cument <2l rale, reflecting the mser's offered tradffic.
enersdly, CCR s ecquel to ATR or 2éro degends on whether the somoe hay tradffac
Thrw 1o he st LOR & cell mie due 3o physical lme lmitaion.

The inllowing is snme definitions that is used in the Moechans

Frd Sywiems Varmbles {Per commectonk

ACH = Allnwed Coll Rme

Coum = Mumber of cells st {ofl kinds} since the e forwand Rb-cell
Leack = Mumber of forwent R:-cell sent without an BRM rooened
Time-losend (3] = The fime schoduled 1o send the next oall (in-rale)
Lasi-BM = The time thal the most recenl KM wes semt
Per-consection [nitalization

ACR = ICR

Count = Mm

Lmmck =

Lazi-BM = now - MmmICR

The fira Howehar is for the infl e pocess: 1t epresess 1he poces
ol monming ARR data call conneetion setop and celll ermssion

The secondl Bowchan s for recefving foetdback process by the source. Tt
represests the process of checking BEM =l by wwrce whether § experiesced
congestion. which & represenaed by the C and NI bis. Then, scurce aljsts is
AR based on thai indformation for the next cell transmission
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Camputer Fropram

The program & develaped in Borland '+ |argunpe o semulste how the
rate-bosed end-io-rnd chosed-loop worke. Pammetens such 2 FCR, MOH. ICR
REF, Wrm, Mrm, ROF. ACE. CRM. ADTF. Trm. THE. CDF and TCR arc sioced
in struct type mamed Srucl con_sef.

PO MOR, ACE. CRM, ADTF ol THE conmin data tyvpe of osipned
lonp beranse the maximum vabe of PCR is 4200772952 mnd umsigned lnog =
suitatle for . On e sther hamsd. othey paremeters oontsn data bypee of isteper or
Tioai.

BN cell poramestess are also siored in o0 smoct because @ consisls of =ome
varishles end thin i will be casier to mssign a value Sor each parsmeter. The dats
type e overy wmable & abso differest. MR, CL Nl sl C1P are b inleger tspe
because they nead only one bi, whereas CCR st ER are in smigned loag type.

Flag coll_emter i 0 varishle reoded for checking peocess whether there
are some date cell entering the source buffer. Initilly, Mg cell eeber is st 1o 0,
amd if theve is a cell sntermg the buffer i & ==l o 1. Fleg ocoe st i used for
checkimg wisiher ibe conneciion bas been established. [mimmlby, & = =21 to [k and
after the connevism is esinhfished it will be set o | Mest, ssother varnhle s
required 1o check whether the cell scheduler lma been actiomed. The varnble @
called flog_tiesr fo_vend. Initmlby, 8 is ==t fo0 0, ond ifthe cell has been schedsiod
it ekl e i L

Function pictured) is used for mvoking porameters swch = 188 Mar
RM_Par, tiwe-fo-send, in-mde and oof-rate so thal they cem be soen om the
congpuier manior The command prie! AR Fordreest) s wed 10 pet the values
of AHR paremeters, primt FRAMCE Pan8APar) s used o get the yolues of BRM
Muameters. especially for ow-of-mic FRM cells, prim BRWOR_ P8 Parn &
med v imvokml  the values of snolmie HEM  cells  parsmeens,
prini_FRALE FarRMPari) = wsed o mvoke the valies of memie FRM cells
parmnciens, md prist SRR P @MParcd) is wsed (o wvoke ihe values of m-
raie HREN cells parsmeters.

Dt celln inble m-rme BM cells inhles and om-of.mas RM cells mhiles
are the mesull of B simmlstion. Fonction vl datofda o pointer B med o
invoke doin cells tmble, where do fe pedsier i of struct dado ype. Fanction
wprimd_irF R innme_potrter) is wsed o mnvoke  inerate RM cells dable
inmair_pearder s of smoct ferote type. Fancton wpvied_on Bllestrole_pomierd
is ety mvoke oat-olraie BN cells tobles. where ssbrate_pedinfer & of siuc
in-raie ype.

[Hscmwsinn
The Grst dwin:
ACH = oreater than TCH and neiwork did mot experience congession
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Tahie 4. BN xlls theeg the comnrriem mithoun angrsinm

— e e | | s e | 1D ACH
iz il imi dmnf 2t
1n-rabs BT ol [1] i JiK TOH i} i} il 1K
I ruim B il [0 1] i T 1] il [ I 1M
1o-ram M3 owll [1] 1 1M TTH i [i] [ i 1M
In-raiw M4 owll [2] i TIM TVH (i} i T4 T -
In-rate MM sl 1) | 0 b M m L) L 1T TR
In-ruim MY ol [2) 1 T TV n 1] [ 8 TR -
In-raoe K% awdl |1 1] T L 1] 1] T T}
In-ruiw B eulll 1) il TTK TV i 1] i 13 T
In-ruim B eulll 1) 1 TTK TV i i i 13 T
In-ruim KM oulll |4 I ¥ T 1] [FF] ul
In-ruie BT call 14 ii ¥ T 1] i (T ul
In-rabs BRI rall 4] i ¥ T 1] i [FE ] ul
i
&N}
Ea ]
- — LTl
i T e
ST = = = A Riga
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[}
i W

P A YRR EE LR
e ok s i

Fipure 5. Resuli of the simulation wrhoui congestion

Every cell & semi based on the nime schedule which = set afier the
comnection setup. The time schedobe for every ooll depends oo ike last vale of
ACR parameier. The time o send in the simalation is given i unit of millisecond
which = calculabed relative to a reference time

It cam be seen from Toble 4 that the first im-rate B cell is sem o 10 ma
Smee soarce receives hackward RM cefl with Cl=KE-0, o means that the foraasd
RM cell dvesn nol experence congestion in ibe metwork. Thes, the source is
allowed to increase 15 ACR from is previows value of B ops
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From Table 2-

ACK = 4CR + (RiF = PCR)
ACH = [0 + (L0625 x 70
ACK = 14375 cpo

Thiz ACE volse iz lexs than ER so thoi thEs valoe = used for nest
cakuloticn. Smee ER & st o PCR, thus the minmmom vokue of ACR iz 14375

Cps.

From equation (4.1 ) by esmg ame egual 1o 10 mes

- d-rend = 10+ E—&%ﬁ

- dn-rend = | 6956 ma
Thus, the ferst data cell & sent ot 16956 ms
For the second datn cefl:
ACK = 143,75 + (L0215 = 700
ACK = 1875 cpx
still this ACH & the mimum between ER and ACR.

Al

tirme-do-seud = 16,956 +|-{1-§%]

fime-do-send = 12,259 my

By uming ihe same way the chan i Figure 5w formed. The chart
represenis the rate 51l which daia cell & sent, and the time when it is sent. Since
there & ma congestien in the netwark. the nexst RM cells will be sent afler every 3
duin cefls because the Mom is set to 32 Ab the [£™ dain cell, the maic becomea
stable, that is ACR egual m PUR. In this case. constraion (43), whech is MK <=
ACR <= PCR. = used. The value of ACR never excecds ibe value of PCR, and
alse i i3 never beiow the MUE. Therefoce, when ACR & greaster than PCR. ACR
i s i PPCR
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Since ACR of the spurce is 100 cps while the TCR is 10 cpa, ACH is
greader than TOR. In this case source sonds in-mie FRM cell DER=0 represemis
the B cell is sem in forward dmecimon. CCR=ACH represemts the rale o whick
the cell 1= sent, which s [0 cps. whereas ER indxales ihad the applxaiion will
gt iis best performance of & is seot o e of THF cps. Cl=XN1=0 indicates that the
cengestion doss ni heppen when the BM cell travels from source ti swiich. STS
represents the time that bas been scheduled by somree - send the BM oell from
the source o swich Yaloe of 10 ms means that the BM cell will be sent after 10
ms from reference time. 5TIF repsesents the tme thai bas been scheduled fior
sembing the BM cell from swnch 1o Sestination. The dsa in ATM network wal
traved fo=t because ATM metwork is o kigh specd network. Thas, the cell will be in
o swiech for g very shon time. Theredore, f & set thar the s=nding tmme from ik
snwmee o the swiich is ibe same with thel from the swiich to destmation o case
there is no conpestion. The semding 1imme  from swich 1o destination & delayed for
| ms compared with that frem ssurce 10 swiich 1B case the congeston bappensed.

The secwnd datm:

ALE ts greaier than TCR ool with copestion

Source semds the fist BM cell and copgestion happens. This. C1 and NI
biis are =e1 o | by the swilch. As the comeaquence, there will be defay of | ms for
s=muling the cell from swite 1 destination. Unce the sowrce peis the ockwand BM
cefl, it adjesis g ACR:

From Tabde 2:
ACR = ACK — | REOF & ACK )
SOE = 100 — (ILINKIE = L)
ACK = 93,75

A ths valee = lesz than the value of ER, soth it & cormed oul @ next
caknlation. Fomm equiion (4.3)c

MCR <= ACH <= MR

The value of ACRE=93.T5 spifies thm constramt, sl thns tlhe frs dats
cell will be sent at 93,75, Froms equation (4.1

tirme-dr-remid = mw & [—:Ei—?}

fimre_fo_verd = 10 & [q]'%g]

Elkawnie: Journal of Islamic Science and Technology Vol. 3, No.1, Juni 2017 | 131
(www.jurnal.ar-raniry.com/index.php/elkawnie)



Elvina Djalal: Rate-Based End-to End Closed Loop Control for ABR Traffic Management

fame o semad = 20,667 my

From Tabde 5 it can be seen that the second RM cell is sent st STS=121 16
ms. From Fezure &, the walue of [XL 06 is the time for sending the K® cell. Iy
means that the mexl BM cell kns abready been sent before 31 dma cells are s=nc It
happens. becapse at every oppurtunay i send 2 cell. the smarce has wo kind of
cells, thai is data cells and FRM cells. The source will =end data oell or M cell
depending on the priority st that time. In mormal conditson. source will seed am
FRM cell afier every 31 data cells. In the carcumstances whes the ACR & low, the
distance between two FRM cells will be wider amd as the comegoences. the time
reguired by the source io receve feedhack from the perwork will be delayed. This
conmadicis o the obfeciive of mde-based & self which is to optimize the
banidwidth uszpe in the petwork referenced o feedback. namely backward B
cefls

I iz czse, when neiwork expenenced conpestsn, the vabse of ACH 1
decrensed every tmne the pexi cell & schedubed o be semt. Therefore. the nexi
FRM cell is sem afber the 8 data cell because the condition above is suisfied at
thaot time. This con be represented os beloaw:

v 2 fawd A+ Temr
e 2 ik oy o+ J O mor

a2 110 ms

while the timre_io_rewd i 12216 and & i grester than mow. Toe the minth
coll will be FRM cell

From Figare & it can be seen tha ke firer sight dats cells are sent wah the
ACR deoreasing m every sesdmg time. Abhough after sending the second FRM
cell, the ACR = increased gradunlly wntil it reaches the stable rale st ACR=PCR
Agaim, this chart sdisfies the consiraints staied previcasly. Adfier the 40" datn cedl,
the sowme decresse its ACE. This can also be seen from Table 5 wihsere there 15 no
miormation about the senfing of this FREM cell from the switch o destinmson
This happens because this thind FRM cell experierces conpestion on iis way from
the source 1o swiich and losi m the petwork

Since there & only one HEM cell that s mot received by somrce. wherens
CHM 15 zer io 524287, source can siill contnse the conmectiom provided tkat s
ACR is decreased. Thuos, by knowing the imformateon abom BM cels as & i given
in Tabie 5, ihe network condiion can be predicted. If congestion bappens then the
ACR will be decreased gradimlly, amd vice versa. Also by knowimg the bime
st heduled for sendemg BM cells, it zan b seen from the chan that dhe BM cell is
srnt after o pumber of dais cefls
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Tahle 5. BM cells during the connection with comgestion el oo congestion
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Fipure b Result of the simuhtion with congestion snd me congestion
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The thard datna:

T'shle & and Figure T helow can be analysed os in the secomd case ahave

Tshle fi. BM cells during the connectiom with no comprsSon and congesion

ol el B T [ 2 el el i
Im-raiw B call [0] i ii® m il il i (1
In-rats WA ol [0 i ik T i i (1] | iid
In-rue %] ool [1] I 1 TOH i i i I 11
In-raiw MY owll [1) i T i il TA. 75 TH
In-rais MY owll 1] il T | il 1] T TV i,
In-ruiw WA cwll 1] 1 Tik T | i i T T T
In-ruiw WA ol 1 i 118 T i il br 108
In-cuiw WA <l [1] o s TN I 1 L] (i W] 108
In-ruie WX awll 1] 1 118 T I 1 [1] LTETL 1018
In-ruiw WEawil 4 il H Tk il i =& pd A
In-ruiw WY awill |4 o w TN o 1] [ TR A 1]
In-ruiw WY cuill 4] I 3 Tk 1} il i TR A 1]
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Fipure T. resal of the sirmulateon with o congestesn o< congestion
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= E e BOE e

i
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hl‘ﬂl-.lm-inrli

Fipure & Eesuli of the simulaties for ACR < TCR el mo congesiion

Oui-of-raic BM cell & semd by source as the first BM ozl This & doue 1o
the walue of ACR fuom negoimtion is less than the valor of TCR, whene ACR=5
cps amed TCH=10 cps. From Tabie 7 n cun be seen that CLIF ba &= =21 o |
mibicating the om-nfmie B cell smd the rest of the miormaiion s for in-mie R
ceils 3 discus=ad above,

Them # is found that the out-of-rate BM cell does mol experience
congesiion because source receives i with Cl=NI=0. Thes, source morenses: 1is
ACR. From the chart in Figure ¥, the ACR moreases gramlly indicating that
congeston never happens m the neiwork dunng the conmection. Evemmaally, ACR
eguals i PCR which happens when the source sends the 15" datn cell, ond then
sniarce keeps sending data cells with constam mte.
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Tahle 7. BM cells during the connection for ACR < TCR and no comgestion

MK . ER | =1 CLF T ST ViR
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The fifih dstn:

ALK js be== thap TOR at the ingalization of connection gnd with compestion
bappened

The explanation for this case is the same as that for the fourth data, excepi
the first three in-rate FRM cells experienced congestion after the source semds out -
ofrate FEM cell Thus, from the chari # can be seen the ACR decreases
gracually. Since the decrease of ACHR does not caumse the value of ACH becomes

smaller than TCR, the source sends in-raie RM cells for the rest of connecbion
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Tahle B. BM cells during the connection for ACR < TCR with compestion
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Figure %. Besull the simmlation for ACK < TCR with congestios

Canclusion

Mechamsm of AHR allows a netwark io divide avashibis burdwidth &irly
apd effeciently v maific peoerator sporces. Tralfic Manapement Specification
THAL.0 has been refeased by the ATM Forum in order o aviieve this purpose
This tafisc manapement = called the Rse-Based End-1o End Closed-Loop.

By imsimg rmie-based control, the cell defay or loss dee b0 mmnung in s
petwaork can be detecled by 2 source immedmtely, once the backward RM-cell
urrive at the sorce. Thns. the problem can be anticipaied by the sosrce. tha i by
decreasing s ACK. On the other haed. if the amiving backward EM-cell =
setwith o indicator of congestion, the the somee can wke abanage by
mocreaseng s ACH fo use more bamdwidth in the perwork. Theselore, the
bandwidth can be nsed optemally.
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