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In principle, the interaction of RSVP and ATM chould allow thc ABSTRACT IP level to bcnefit frain some features of thc ATM laycr. The 
mast interesting one is thc native support of end-to~end quality of scrvicc providcd by 
ATM. On the othcr hand, there are isweb that must be clarified t o  dcfine correct   inter^ 
working: for example, thc possible overlapping between the mechanims used in t h e  IP 
and ATM levels to support QoS, or the necdcd IPIATM address resolution mechanism. This 
article proposes a solution to  cxploit ATM d,ortcut VCs supporting QaS in the Internet 
integrated >ervices model. A straightforward enrichment to  the HSVP protocol is dcfined. 
which only impacts the devices (hosts and routers) involved in the shortcut procedure. A 
rnachanism for IPIATM address rcsolution is  provided, avoiding thc use of othcr mecha- 
"isms such as NHRP. Special care has been taken to maintain compatibility with "tradition- 

This articlc iiivcsligatcs the i n t c r x -  
illc Inlcrnc, inlcgralcd services 

(IIs) and ArM, ri l t i ,~- 
llale ,llis intcr;lctiol, is llcscl.illcd in 
I l ,~c~ 2RX2 Accr,rdillg t ~ ,  I~l:C, 

all' RSVP liosts and rou'ters. 

uspiic its t r e n i ~ n d o ~ ~  growth, i l i e  l o t e r n c l  is 

mvdcl, cal lct l  best er/otf,  providing 110 guar;iotcc in1 the  cin-  
rcci and t imcly dclivcl-y 0 1  data p;xkcis. l h i s  simplicity biis 
priilmbly bccn 01ic o l  the main reasons for tlic succcss of 11' 
lcclinology. The bcsi-cfhrt scrvicc mudcl, ciimbiiicd with iiii 

cfiicicut tr;inspvrt l a p  p r o t v c r ~ l  (i.e., K Y ) ,  is pcr fcc i ly  
suited fin ii large cl;iss [if applicaliiins, ~-clcrrcd to  iis ciiislic, 
wliiclr ca i i  adapt  (even dyna~iiically) lo diffcrcni  pcrlor- 
iiiiiticcs olfcrcd h y  t he  inclwork iii terms o f  ilala iliroiighpui 
and ciid-ti,-ciid-~lcl;ly. Web blowsing iiiid e-inail iirc 1ypic;il 
cxaniplcs 01 c1;istic applicatims. Llc;il-timc applications like 
video and audio ctinfcrunciiig iypiwlly require stricicr guar- 
; inlees on througl ipul  iind dcl:iy. l ' h c  idea of cxtcndiog 
lntcriici capaliilitics io provide suppiirt 10 real-time ;rpplic;i- 
tioiis liiis l ed  i l i c  Intcriict cvnimi~iiity t i i  dcvclnp the Inter- 
net  i i i tcgratcd services  (11s) iircliitcctiirc I i ] .  'I'lic 
gu;ir;iniccd scrvicc and conirollcd lvnd scrvicc modcls have 
I i c c ~ i  ;~dtlcd tn the  I i cs l  cfSort scrvicc modcl, and a s i g d i n g  

lias bccn dcfincrl. 
A second c1i:illcnge to Intcriici iccliiiiilogy is t he  ziggrcgatc 

switching througlrput thai  s l ion lc l  bc pri~viclcil hy IP r(nitcrs. 
Advanccs in iiptical iechniilogy alliiw liiglicr arid higher link 
handwidihs at dccrcnsing cosis. In this sccnariii, the proccssing 
c;ipnbility of the routers could ciiiistilule ilic most relevant ~ O L -  

ilencck. Although gigihil IP rvi i tcr~ will h e  ;iv;iilablc in tlic 
i icar future, currently ii is widely acccptcd that asynchronous 
transfcr modc (ATM) lcclinology offcrs potcnlial arlvanlagcs 
i n  both iis capability iii ternis of aggrcgatc swiicliirig Ilirougli- 
put and iis native ability to support qu;ility of scrvicc (00s) in 
both point-to-pirint inid pijiiii-ii,-miiltipoiiit virtu;il clianncls 
(VCs). In facl, A l M  is currently nsed as a n  efficient network 
iccli i i~~k~gy for tvimsportiswiicliing in backbone nciwvrks. 

A key point tor tlic future of  AI'M is iii1egr;ition with II' 
iecluli i lvgy. Current IPIAI'M inlcrwurking solntiuna (LAN 
cmnl;itioii, LAND [3];  classical 11' over ATM, CI ,II' PI]; mnlti- 
protocol over ASM, MI'OA 151) 110 iiol natively suppvri QcS. 
'I'hcy focus on using ATM tcchnvlogy mdcr  tlic c1assic;il bcst- 
effort 11' modcl. 

D .  sill1 l a r g e l y  I ~ a s c d  on a vcry siinplc scrv icc  

protI>col called Re.?oliK(! Rercwnlion / 'roloCo/ (RSVI') 121 

suppurling tlic IIS modcl: 01,s 1ransl;i- 
tion iiiid Vi: maiiagcmcnt. OoS traiislaiiini concertis iiiqiping 
ii OoS lrom ilic IIS i i i m l c l  io ii p rnpcr  A I M  OoS, ;rnd is 
cxtcnsivcly t lcalt with in 171. This wixh cuiiccntrtitcs on tlic 
issuc 0 1  VC m;magcmcnt, i1c;lling i n  parlicular with sliortcuts 
aiid ziddrcss traiisltiiimi. VC m;in;igcmciii ctrnidcrs how inany 
~ i o d  wh;ii kinds or VCs iirc nccilcd. zind which iraffic flows arc 
rouicd over wliicli VC:. Dillcrcnt sulutions arc possihlc; For 
cxamplc, Ihc first clioicc is Ihclwccn AI 'M pcrmaiicnl and 
switched viriiiiil cliaiiiicls (I'Vik, SVCs) or a mix of FVCs and 
SVCs. Anuthcr clioicc is I-clalcd ti1 tlic possibility O S  Iiaving ii 

single V C  for each IP Clnw or aggregating scvcrd fkiws in ii 

single Vi:. 'L'rxlitioiial hop-hy~liop routing ( I T  shoricui VCs 
ciiii hc uscd. 

I1  is w d i  spcmling sonic time (111 tlic topic of  A I M  sliori- 
cuts. Wiiliin tlic CISI' nivdcl, logicnl I P  sirhnclwor.ks (LISs) 
arc clcfincd as scpmilcly adminislcrcd 11' sulnictworks. Hosts 
bclonging to diffcrcni LlSs caii commnnic;iic vnly IJY going 
ilirougli an 11' rouicr. An end-to-end pa i l i  be t  
caii lie ciniiposcd of scvcriil rouicr hirps, cvci i  iliougb it miiy 
be possililc t o  rqicn a clirccl VC bctwcci i  ilic two Iinsis over 
ilic AL'M I I C ~ W V ~ I ~ .  'I'Iic possihililg of using tlicsc clirccl \ICs, 
referred iii iis slior.lcui VCs, is priipiiscd ill nrcliitcciurcs such 
a s  MPOA 151. Tlic firs1 problcm to l ie solvcd in sciiiiig up ii 
sliiirtcui is to know ilic idcnlily and  ATM address o f  i l i c  
rcmole end of the V(:. Wilhin MPOA ii specific protocol, 
callcil Nexl Hop /<e,solrilinn / ' W I < J C d  (NMRP) [8l, allows thc 
rcsrduiiiin ;in I P  adclrcss io an ATM addrcss. Anyway, ihc 
Ihasic mechanism IIIIUWS redirection of a l l  traffic dirccictl io ii 

specific 11' address to a shiirtcui VC with no 00s rcquirc- 
incnts (e.g., using l hc  A I M  iinspccificd l i t  ralc, UIIR, tsiiiis- 

Tho intcrectioii of NIIRI' with KSVI' is still unclear. In ilic 
following section siniic criiical issues rc1;itcd to this interac- 
tirin arc dcacril)cil. l'hcse consiilcraiions 1cd us io prriposc a 
solution lor llic nsc ol A I M  shiirtcnts i n  tlic 11s architcclurc 
not based on NIIKI'. Thc sr,lulion avuids tlic use of Il'IATM 
iiilclicss rcsolution mcc1i;inisms by :I simple cnrichmcnt io tlic 
llsvr ~ m i t o c o l .  The fnndamcii te ls  v f  th is  a p p r o x h  are 
clcscribcd, and also the  specificaiioii of the iicw classcs and 
Iurtlicr ilct:iils on ihc procedures LO liandlc ilicsc cliisscs in 

pvrt c1;ms). 
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(*) IP address of ingress router 
("*) ATM address of egress router 
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t l ic roulcrs. 'l'lic ;irliclc rC1JOI'lS oi i  ii l im i l cd  tcsthcd i i i ip lc-  
mcntalinn. 'I'lic multicast ciisc issiics iisc listctl, ;iiid filially the 
c ~ ~ ~ ~ c I u s i n ~ ~ s  arc given. 

lSSUES IN THE INTERACTION OF 
NHRP AND RSVP 

NIIKP, dcfii icd in 1x1, i s  i isct l  l o  cstiil i l isli i i i i iCast AL'M V(:s 
that bypass 11' riiiitcrs. NIlRF psovidcs for ilic m;ippiiig (if iiii 
IP addrcss lo tlic corrcspiiiiding AI'M iiddrcss. 

' l h c r c  arc soiiic issiics rc l i i l c t l  lii tlic iisc l i t  NIIIII': fnr 
cxainplc,  t l i c  d<rininii effect ( t h e  gc i i c ra l i o i i  o f  m i i l l i p l c  
NHIII'  mcssxgcs liir tlic si i i i ic tliitii packet by suhsequcnl  
roulcrs), tlic possilii l ity of shl,lc rnut i i ig l i i i i p s  i n  the rniitcr- 
to-riiiilcr case, sca1;ibilily issucs, and I)urdcmonic nianiigc- 
meiit. Tlicsc issucs iirc ;inalyAcd iii [X, 91. 

I ' u r t l i c rm~i rc ,  i icw priililcms i irisc iii considcrii ig ii s o l u -  
tion for Llic i i i tcrworkii ig NHIII' and KSVI'. 'L'lic i i i lcrnc- 
Lion i i C  tlicsc two approiiclhes i s  p t c l t y  ciiiii[~lcx. N H R P  i s  
iiot UoS-r)r ic i i tc i l ;  lor cxarnplc, N I i R P  rii 
iihlc to  carry t l i c  t r x l l i c  i i i f c~ rma l inn  t o  bc used ;it czicli 
(NHIII') iiodc a s  2, "hint" IO y ie ld  the  "l i i i igcnl" possible 
OoS shortcut. Aiiolhcr issue i s  linw lo lransporl the IISVI' 
cr)ntriil messages. 'l'licsc i i icssagcs iisually Sollrrw l l i c  hop- 
hy-bop p t l i  eccording lo l l ic 11' routiiig. Whcii ATM shrwl- 
cut V(:s arc i iv i i i l~ i l i lc  the IISVI' iiicssagc can use tlicm, hiit 
side intcr;icl i i in w i th  RSVI' logic miis1 bc ciircfully c ~ ~ i s i d -  
crcd. 
A f i rst  iipproacli could I I C  10 iisc NIIIII '  i i n d  l l i c  A'L'M 

shortcuts whencvcr possil,lc, i i i c l i i d i i i g  lor  ts;iiisport of 
RSVP messages. Tlic p;ickcl S,irw;ircliiig pr~iccdures s l i ~ i u l d  
bc c i i rc lo l l y  dcsigncd colisidcl-ing l l ta t  d i f f c r c n l  p i ickcts 
(best cfforl data Ixickcls lor d i l l c r c ~ i l  dcstin;itiirns, packcl i  
of OriS Ilows, IISVP ciintsol iiicss;igcs) slioiild go i n to  dil- 
l c rcn t  VCs. A d i f fc rcn t  possil,lc s i i l i i l ion ci insists 01 i isi i ig 
A I M  shortcuts nn ly  fo r  011s I lows. I%csi-cflorl  17' r i c  I i c t s  
should fo l lw tl ic hop-liy-l iop piit l i . Tlic N I  II<P prnccdiircs 
slioiild skir l  only alter rcccpt ion r i l  t l i c  f i rst  IISVI' III:,SV 
incssagc of  thc scss in~ i .  A dr;iwliack o l  this solution i s  lliat 
iiiinccdcd rcso iirccs in Llic i ii t c  I. i n c d  i a  t c  no d c s  a r c  
reserved. 

111 the ncxl scctioiis :in i ischilecluul sdul i i i i i  ki r  interwork- 
i i ig hctwcci1 RSVI' iiiid ATM, i i iakiiig iisc 0 I  s l i~ i r l cu t  VCs, i s  
~ J r n p ~ l s c d ,  bot i t  d ~ c s  n i i t  make iisc 01 NIII<I' iii o r d e r  t o  
ovcrco~iic tlic ~irobleiiis listed ;ibovc. 

INTERACTION OF RSVP AND ATM FOR THE 
SUPPORT OF SHORTCUT QOS VCS 

Two iicw i i i11)rni~itii i i i clci i ici ik (c 
must be ;iddcd ti1 the IISVI' I'A'I' 

Special ciirc Iins hcci i  takci i  lo iiiiiiiiliiiii ci impnl ib i l i iy  w i l l i  
' ' tsail i l ioi i~il" IISVI' I i i i s l s  and routers. No ~ i i~ id i l i c i i l im is  iirc 
iiccdcd iii the Iiiist i ind iii tlic rmilcrs LIiiit 00 1101 hkc piirl iii 
l l i e  slioitciit procedure. 

T l i e  priicciliirc fo r  llic suppiirl o l  AI'M s h o i  tculs 
Fig. I. I t  i s  iissiiii icd that ii set t i l  RSVI'-capiihlc roril 
iicctcd hy iiii rindcrlyiiig KIM iiclwrisk. Classical IP (I 
rim; tlicrcforc, tlic packets wil l lolli iw ii I i i i~ i - l iy- l iq i  path 111 this 
sccneriii, llic goal is  111 dc tc r i i~ i r i c  llic loi igcsl possiIiIc AI'M 
sliiirlciit, wliich directly coiinccls llic iiigr 
The  proposed prnccilurc GIII he d - 'l'hc ingress ri i i i tcr, while sciic 

SClil lCtl  prnccdul~cs I,, Ilnndlc l l lcsc clilssc 

s q c  iiiward the i i cx l  h p  i i i t c r i i d  10 the K I M  n c t w ~ r k ,  
iilscrt its owii 11' addrcss u s i i y  n ~icw I<SVF class called 
K T M ~ I ~ H O l ' _ I I ' ~ A I ~ I ) I I U S S  ( I 1  101'  slands fo r  f i rst  
hop). - T h i s  iiifuriniiliirii i s  stiircd i n  l l i c  I'AiIl ~Lalc i i i I i i s i i i ~ i I i ~ i i i  
iii c x l i  siiliscquciit 1P over Al'M routes i n  the corc incl- 
wiirk. 'l'hesc riii itcrs forward l l i c  i i i lori i iel i i i i i  unmodi lied. 
I hcrclbrc, tlic cgrcss r o ~ ~ l c r  iilso rcccivcs aiid slorcs t l ic 
IP addrcss r,f ilic iiigscss ruiiicr. 

* T'lic cgrcss sotiler, wl ic i i  lorw;ircliiig llic I<SVl' PATH 
lgc oi i  iiii  i n t c r l acc  oi i ts i t lc  llic AL'M core ~ i c l -  

woslc, w i l l  in01 include llic ATM-II IOI'_II'~AI)UI<I 
class. 
Wlicn receiving an  IISVI' I<I+:SV iii 
i f  AI'M_FILO1'~1 I'~AU1)III:SS i i> lormal i iu i  is  slorcd i n  
tlic rclcviiiii I'ATIL slzitc. In t l i i s  CIISC, tlic RSVI' IIUSV 
message i s  fii~wiirilcd i isiiig t l ic skircd 11' i ic ldrcs~ iis t l ic 
II' dcsti i iatiw. According 1 1 ,  l l ic IlSVl' iiicssagc pinccss- 
i i ig siilcs, si icl i  i i  iiicss;igc wil l not  11c i i i tcrprctcd Iiy the 
intcriiiccliii lc r~iiitcrs, wliicl i w i l l  simply forward it ti1 t l ic 
ingress mikr .  In iidil i l ioi i tii tlic ollicr i n lb r i i i i i t i~ i i i  (e.g., 
Rspcc), ii newly dcl incd cliiss i s  ;idclcd iii this criricIicd 
IISVI' IIHSV nxxsiigc iii order to ciisry llic cgrcss r i i~~ lc r  
AL'M wldrcss f o r  i l i c  sIiorlc I ' l i i s  i icw CIRSS i s  c i i l l cd 
A I ' M ~ I , I I ~ ~ I ' ~ A I ' M ~ A I ~ I ~ I <  (1.1 101' Sl i l l l t lS  for IilSl 
hop). In tlic cx;iiiililc iii I l g .  I (lie cgrcss router docs find 
tlic ingrcss r o i i t c r  TI' addrcss i i n d  sciids llic special  
lIESV directly to it. 

i ,  



~~ ~~1 

Shortcut as in the Shortcut as in the 
basic solution 

ATM aublic network 

IISVI’ PATTI i s  n n l y  oll‘crccl t o  the 
next ri iutcrs, wl i icl i  can c l io i~sc  I O  use 
( 1 1  ignore i l i i s  in lor i i ia i ion wlicii send- 
ing t l ic  KSVP l lESV mcss;igcs. 11 a n  
cgrcss r i iutcr agrccs 10 cs1;ihlisli iiii  

A1‘M sh i i r l cu i  VC, il w i l l  accept t l i c  
ollcr anc l  imcI-i i i s  AI‘M ;tddrcss in the 
A T M - L I  I O P ~ A T M _ A U I ) I I E S S  class. 
Tlic i i i f i i r i i iai ioi i  nccdcd by i l i c  cgrcss 
ruiitcr io cnrrclalc ihc i i icoii i i i ig ATM 

* l’hc ingress ri i i i lcr wi l l  rcccivc an RSVP RCSV coiilaining 
tl ic A’CM ;iddress of tlic cgrcss rnutcI iii tlic iicw 
a s  LISLIIII, lhc trallic spccillcalinn i o r  llic rcsewiitiu 
fore, all ilic i i i lunnal ion ( iral l ic specs iiiicl AI’M t i~ldl-c~s) 
~icctlcd io sci up a 0 0 s  shorlcui VC is availal)lc, iiiiil l l ic 
ingress router can send tlic A-I‘M SETUP. 
Tlic sciiiaiiiics rcl;ilcd io ilic use o l  Llic lwo  newly clclincd 

classes ciin hc lurilicr cxplaincd. When iiii KSVP rooter (e.g., 
roiiicr in Fig. I) i i iscr ls  ihc AlM-t . ‘ I IOl ’ - I l ’_  
cliiss in an RSVP PATH mcssiigc, i l  iiiciiiis ih;11 

the r i iutcr i s  w i l l i ng  t o  set up a dcdicn icd VC l o r  llic l l ow  
under cmsidcrat io i i .  Therefor lie roII1cr could choosc lo 
iiilil  t h i s  in f r i lm; i t i r in  n n l y  f o r  SI) I flnws requiring a piirticLi- 
lar 00s (e.g., high biindwidtli), wliicli iirc worth being ninpped 
in ii specific VC. Thc trai1itioii;il Iiiip-by-liap procedure can l)c 
supporlcd til t he  siiiiic l i m e  by Ilic siiiiic m u t e r  f u r  al l  t l ic  
otl icr lliiws Tlic addii ioii ot [lie ingress roi i tcr Ii’ i~dcl~css i n  an 

tr; l l lspl”i Ill t l l i  nex t  rcfie.sll KSVI’ 
oilier wi l l  coi i t i i i i ic ;idding t l ic 
cliiss in tlic rclrcsIi PAl I I \ .  A 
g t r ~ i i l i t i ~ u i a l  I P  rouiiiig a s  thc 

Firrt I’ATIl. Tlic i i iai i i  advaiiliigc 111 ihis soluti i i i i  i s  simpliciiy, 
licciiusc nothing liiis to  bc adclcd ln l l ic  Lri i i l i t i i i~i i i l  IISVI’ pro- 
ccdurcs. Anoihcr ;idv;inl;igc i s  t h t  cliangcs i n  Llic 11’ rrruiing 
can l ie  Iiandlcd witl i i iu1 ;in), risk of loups. ‘I‘Iic dis;idvant;igc is 
tliat tlic intcrnicdiaic core roulcrs wil l  i~sclcssly process PATH 

igcs and slnrc PATH slalcs for ilic l i fetime of the IISVI’ 
flow. If the rcquircincnts iii  lcrnis ol  message priiccssing and 
PAIH state storage rcprcscnt a syslciii bottlcncck, the second 
u p i i i i i i  i s  10 e s t a b l i s h  AI ’M sliorlculs for  tlic trarisprirt  01 
KSVI’ messages. In t h i s  CLISC, c i i l i c r  best -c l lor l  (UBI<) VCs 
could be iisccl, or 00s VCs with minimal rcquircmc 
l l i c  hii i idwidtl i nccdcd tn  transpnrl RSVP [’Aril in 
very l ow .  I1 scvcral  RSVi’ f luws hc lwcc i i  lwo roulers arc 
active, llicsc flows can shorc the same K.9VI’ coi~trol ATM VC:, 

- ~ ~ - -  - -  - 

IS router ED 1 ATM net ED 2 IP net ED 3 ATM net ED 4 IS route! 



l t  i s  wortli innling h i 1  tlic A T M  VCs for 
llic I l-; i i isp<nI 111 RSVL' i i i  

I i C  tOrI1 dIIwI1 l lccilllsc Ill 1 
iliiic, iis in  llic cliissic i i i iplcincii l i i l i ir~is 01 
shwtculs, 1x11 y n u  must kccp tliciii iilivc 
iis I11ng as yo" I I C C d  t l l  slll l lc RSVP I I iCS-  

si1gcs thr~lugh ll lcl l l . 
lii I l ic dcscrilicd scciiiirio, ii siiiglc corc 

ATM i iclwork i s  rclircsciitcd (Fig. I), Init 
this s ~ ~ l ~ t i n i i  i s  iilso i ihlc tu supliiirl IIIIIIC 

ciiniplcx network scenarios, wlicrc iiiiilli- 
plc i i idcpcndcnl AI'M i iclwiirks cii i i  I J C  
crosscd. 111 s i ich a siluii l ioi i i t  i s  possililc 
lo gct iiii c n d - t ~ i - c ~ i d  pi i t l i  ct i i i r l i lulci l  by 
S C Y C ~ ~ I  slioricuis (ciicli crossing ii siiiglc 
A ' I M  ne twork ) ,  i n l c rc i rn i i cc l c t l  h y  
rnc i~ns  of 11, scclions. 111 hcl, ( l ie  cgrcss 
rirulcl- 01 lhc l irst A IM network l i ikcs 
care o l  rciniivi i ig tltc AL'M_I:I 1O1'-11'- 

wlici i  k i rw i rd i t i g  lhc IISVI' 
igcs; tlicrclinc, llic prnp~iscil 

nr~iccdi~rc ciiii bc i i imlicd iiciii i i i i idci~ci i-  . .  
clcntly iii llic sccoiid ~ i c t ~ v w k  

work t i ipi i logics) the scquciicc iif sli i ir lculs iiiid II' scclirins 
i i lmincc l  by tl ic described proccdurc is  suboptimal. This hap  

iiii A l M  nclwork iiiitl l l i cn  cii icrs il iipiii, inaybc i i l l c r  I iw ing  
crosscd a tlisliiicl AI'M Iiclwiirk. I'igiirc 2 provides iiii cxiniplc, 
slinwiiig l l ic npli i i ial KL'M shorlcul iiiid tlic su l i i~p i i i i i i i l  s c q ~ i c i ~ c c  
d slinrtcuts ( t l ~ t t c t l  lines) iuid 11' scctioiis (I l l in lines). 

I t  i s  possible lo cii l i i i i icc l l i c  snlut i i i i i  iii order lo l i i i d  llic 
opt im; i l  shrrrlcul in t l i c  n i i is t  gcncr i i l  ciisc. The n c c d c d  
cnhi inccmci i t  t o  llic prnccdi i rc  i s  t l i i i t  niorc that1 one I S  
iiddrcss most be allowcd in ttic A1'M- PI lOl'~ll '~ADDlIF,SS 
class. Tl ic first iiigrcss router i n  ciicb ATM I ic lwt i rk w i l l  :idd 
i l s  II' ;iddress in the A I ' M ~ I ~ I I O I ' ~ I I ' _  
lhis ciisc, l l i c  ATM- I ' I  lOP_lI'-AI)DHI 
sciil t o w a r d  11' iiiiilcss w i t h o u l  A T M  l u i i c i i i ~ n i i l i t y  ( a s  
dcscrihcd prcviiiusly, they just fo rward  l l ~  oiiknuwii c1;isscs). 

An cvciil lriicc 01 llic iipplicatimi or llic ciihii i iccd sii lutioii 

Uuclcr parliculal- condilioos (i.e., net- 

wilcll tilc IP rilIItc i l l ~ ~ l l w c l ~  ily IWVI' ltlcssiigcs ~ I I C S  011t I I ~  

c,iiivcy tl ic cgrcss l i t)  KIM iiililrcss 
A I'A'L'IL mcssiigc withoiil Lhc A l ' M ~ T l 1 0 1 J ~ l l ' ~ A l ~ l ~ 1 7  

<iss . . rcvcals lhet  the  0 0 s  VC w i l l  hc t o rn  d i iwn :  thcn llic 
ingrcss rooicr s l ~ i i u l d  reroute tlic flow iiii ii l i q - l i y - l i q i  piith. 

l'hc pr ice io hc paid is  t l ic ~iccd lo cxcculc more cliccks; 
cspccially t l ic cgrcss router i i i i ist he i i l ~ l c  to distiiigiiisli t l ic 11' 
;iddrcss (il prcsciil) (11 tlic rm tc rs  thiit bcliing lrr i l r  o w n  A I ' M  
network in ordcr lo sliirc l l ic  liirllicst IIIIC. Each cgrcss roiilcr 
c i i n  sclcct t l ic destinatioti lo which io sciid t l ic I lSVP IlESV 
h l  i iII~)ws i l  111 sei u p  t l ic longest slairlcut. 

NEW RSVP CLASS 
DEFINITION AND PROCESSING RULES 

DEFINING NEW R LASSES 

'I'Iic dc l i i i i l ions 111 llic IISVI' cli 'c rciiorlcd I i c r d t c r .  



igc c m  only he iin ingress (briiiich 11) 
UT cgrcss roulcr (branch 11); i n  tact, according to the c m -  
ccivcd zilgoritlnn, IIic ATM iiclwork inlcrmcdiatc rnuters 
will never get ROSV messages ;iddressed to tliem. 

IIrancli c rcprcscnts ai ingrcsslcgrcss rinitcs which is 
the nnly criisscd iivdc licliniging 111 ii spccific K I M  nct- 
work (the PAUL mcssxgc did niit cntcr the  siiinc ATM 
i i c twork zigziin ;iller having c1.11ssc~1 lliiit IlSoA router) 
iiiiil rcqiiircs 110 aclivns to bc pcrlornicd. 

Kcl'rcsb RKSV incssagcs wil l  lol l i iw l l ic  siiinc path cif 

tlic first RESV mcssxgc lor lliat scssion, obvinosly with- 
m11 crcaliiig any furtlicr KESV stalc. 

TRIAL IMPLEMENTATION 
'l-lie cnrichmcnts to RSVI' liavc l iccn iniplcmcnlcd in :I 
tcsthccl runniog UII ii IAN. This scctim gives an ovcivicw 
VI" tlic ;irchitccliirc r r l  lhc  Lcalbctl, describing llic cqi i ip- 
mcnt ;incl soclware lools used. 

Tlic lcslbcd (l7ig. 7) consists 0 1  thrcc PcnLium PCs running 
linnx (kernel 2.1.125) aiuplc-iiitcrcoiniccle[l via 10 Mlds lither- 
ncl links. Obviwsly tlic lwu cxLcrniil r o ~ ~ l c r s  hclong to di f lcrcnl  
1P solmcts. 

1: Table 1, A r e p "  qplesl corifio.rirliolls. 

hordcr slcps to he takcii exclusively in llic c~iliaiiccd solntiun. 
Clarirying coiiiniciits tO the proccssing ri i lcs iirc givcn IicIow. 

An IISoA roiitcr inlist Eirst "real ize"  whc thc r  i l  i s  i i i i  

ineress router for t h e  snecilicd f lvw.  If tlic I'A'IH mcssagc 
Y 

Ims ;ilrc;idy ciiterctl llic ATM octwnrk 
(i.e.. n;isscd tliroueh ;il Icmt  011c A'I'M- 

~ . .  " 
capa l i l c  router), i t  c i i r r i c s  tlic 
ATM FIIOP 11' ADDR class cnntain- 
ing tlic Kl.M<ic(wnrk ingress rootcr 11' 
;iddrcss for the spec ikd  fkiw. 

In  the  cnhanced ~o Iu t i n i i  a r i i i i t c r  
can be considcrcd a n  ingrcss muter  Cor 
that flow vnly if i n  thc PATH message il 

cs tlicrc are no IP addrcsscs of 
l ISoA rontcrs belonging t o  tlic si i i i ic 
ATM subncl. 

I n  tlic case ol' branch n (cgrcss 
routcr), only in thc c111i;inccd stiltition 
can tlic A l M ~ P I I O I ' _ I P _ A D D R  cliiss 
contain scvcr;il 1P addrcsscs hclonging 
to cliffcrenl ATM suhncts. In a i  inter- 
n icd ia tc  r n i i l c r  hranct i  13 w i l l  b c  fol- 
Ivwcd. Branches c and d arc related to  
tlic ingress router  and  ingrcsslcgress 
routers, respectively. 

'lhc IIS ronters sliould I 
messages containing new cla 
the cnhanced sdut inn it is un;~voicl;~lilc. 
An cgrcss roiitcr will fnrward lhc PAT11 
nicssagc witlioul t l ic A'l 'M~I'IIOl '_ 
IP-AI)I)R class sincc sucli inl'ormntion 
is unnecessary lo suhscqucnt rontcrs i n  

Further  lorwarding the PATH nies- 
sagc withvut tlic KIM_FI IOP-IP-ADDII 
class will allow l l ic  saiiic process as ziI~ovc 
to be repealed in c;icli siihscqucnt ATM 
snbnct. 

l ' h c  algoritlim p c r f o r r n c d  i n  tlic 
r v i i t c r ~  whcn they get the first IIESV 
nicssagc of c;icIi scssion i s  described by 
incans of a flow r1i;igram in Pig. 6. 

According to classical I<SVI' (branch 
a), i i  message not ;iddrcsscd tu the c m -  
sidcrcd iiodc will simply Ihc forwarded 
toward the destinaliiiii slation, wi th  no 
processing. 

An I ISoA router l l ial  receives  a n  

the path. 

............................. 

, node of my ATM rubnet?) 

,', 
one an  ISoA 

No 
~~~~~ ...... ............. 
! I Choasethe l i t  IPaddr 1 ~ 

Is the  next- 
one an lSoA 

......... ............. 

Create the 
RSVPPATH 

state 

, ~ ~ . ~ ~  

, ............................. 



t 

plc. 

OPEN k U E S  FOR THE MULTICAST CASE 

[.et l i s  cimsidct llic cxlc i is i i~ i i  of this iipproiicli iu ilic iiiiilli- 
cast case. '1'Iic guiil is t n  iisc a s i i i i i  
ingress ED ohlain the AI'M nildr 

ADDR cia% already 

RESV msg? 

192.168.1 .I 

, 
192.168.2.1 

192,168,1,2 

192.1 68.2.2 
~ ~ ~~~~~ ~ ~~ ~~~ ~ 

Add my ATM atltlr to  the 
outgoing RESV m q  

~. ~ . 
Forward the RESV mrq 

towards thc t le i l iwt ion 
station. witl iout any 

Read t he  egrcir ~ O U I C ~  
ATM adrlr convcycrl by the 

towards t lx ATM ~iiliim 
cgrcrr l " " tEl  far tl ldt flow 

~~~~~ 

Setup a shortcut QoS VC 
toward5 the ATM nubiirt 

egreir rociter for that flow 

Do tmt insert anymore the 

outgoiriq RESV inrg 



tion mechanisms like NHRP.  'lhc IP unic;tst case llits bccn 
considcrcd in detail. Although dctnilcd cxtciisinn to thc multi- 
cast case is Eor furthcr study, tlicrc arc nu  conccptiial ohsta- 
clcs. 
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