WD 03/101051 PCT/ GB03/ 02125 1 APPARATUS, METHOD AND COVPUTER PROGRAM TO
RESERVE RESOURCES | N COVMUNI CATI ONS SYSTEM The present invention rel ates
t o communwoaBiionst systens in general 5 and in particul ar PCa/GEBORISE
reservations within said comruni cations systems. A conventi onal

comuni cations systemor network is corrprl sed of a plurality of nodes
coupl ed by an interconnect nedium Communication is 10 effected by one
node termed "Source Node" sending data to another node terned the

"Desti nati on NodebparaTusr GErH¢mIO ANDI AUMARUTERA PREERAMCTO RESERVE| RESpURCHS Ser vi ce

(QS) the Destination Node nust (ghesShdfrSUkidLis8 sy €SOUrCes to process
the data w thout undue delay. In fact, not only nust the destination node

reserve sufficient resources but any internediate node 15 that the data
must traverse b@hermresesthnyRptits @éstenabi emmpuisiat idrso sy steger re gsuéfalci ent
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i nt er medi atsrg] snQdes. For exanple, the nodes nust have enough storage space
to buffer the data before processing. |If adequate buffering is not

avai l abl e the node may have to discard the data. In this exanple 20 storage
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Resour ce Resgsetasat tion dRr otwacldut( RSAL) deldyTF IFEa220bot Sapt erlser txk997. The
RSVP provi Qegtﬂ‘r@rcl&ﬁgeayexresef@ gwft&@leﬁitetrgéburgés rb%ﬁowycgnée%%sava%fe' ke 1N

ot her words,the, destinati og nod e he 81I:ev?:'seac0 1t L a on a,nessage
sent by a SOufce nods. " RSP St 6501~ 2% sus%satlB? Jaor’hB’é? £45¢ equest
bandw dt h FFB?ﬁ"tehéufrféfmtkrﬁﬂ“ra%ﬁ &°f fNg e PrPﬁ@t RSYFEysdngafaFhy dased by
routers towdehin epedrandvirttdiatequets tRoratdamphodese alodag ruke pathediugpat hs
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drawbacks is t protoc Feserves  resources on
fl dls. Staf&TFagfothér TR RSVPUT edledte T2} e SoTRIOEEST FaB MY aﬁh@lﬂﬁ rection.
To this endeREYRAt reaeseivesanderocessodatee) 2asal ogise@ldngedi sksacicef mgm a
recei ver (dastideakém@n) €408, ifrodedtort R 18aMB naPRlaneRidc@nefy 0Ccess may act
si mul t aneously as both a sender and
The prior art provides several flow control proposals for managing
25 data flow within communications networks. Resource management is an
integral part of the flow control method. The prior art flow control
proposals include Braden et al; Resource Reservation Protocol (RSVP), IETF
RFC 2205, September 1997. The RSVP provides for receiver- initiated setup
of resource reservation. In other words the destination node reserves
30 resources based on a message sent by a source node. The RSVP protocol can
be used by a host to reguest bandwidth from the network for data flows.
The RSVP is usually used by routers to deliver bandwidth requests to all
nodes along the path or paths of a flow. The node issuing the RSVP can
also request confirmation assuring that the request has been installed in
35 the network. One of the drawbacks is that the RSVP protocol reserves
resources only for simpler flows. Stated another way, RSVP requests
resources in only one direction. To this end RSVP treats a sender
(source) as logically distinct from a receiver (destination) even though

the same application process may act simultaneocusly as both a sender and
40 receiver.



40 receiver. W 03/101051 PCT/@GB03/02125 2 In another flow control schene
termed "Rate Base" the rate at which data is permtted to be delivered
froma sowooe/1bwsa destination is controlled via a feedb&ch/aiogoad2sfrom
destination to source. If resources are gvailable at the destination the
source may transmt data without 5 restriction. |If resources at the
destination are in short supply or wunavailable the rate of transmssion is
restricted to the point of cut off altogether. One such rate base

techni que i s deser piyedernflam ATNVrdboghend teftetl 0785 Bmtd’t ted raEmbkaneedth
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but provi dESPRB-waPuIHFteki¥nd this to reserving resources throughout a
plurality of interconnected nodes. The invention provides a nethod as

clainmed in claimnlye22nBrefeeddl Yondhe RESAUNGERESQLYAL R SYstemef 1he
present invention. includes a Token ner ener at

. Kk tipon Unit which S a .
speci al nessSage ternet deage%r%ﬁetseandl'gé?r’]aréLﬁneg\l/\}ﬁ Q}!ﬁ\gitg‘et afs i 19 ‘éd"%?l(fhal I
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provi ded w tcE a Rgggiaf\ég&%%%% rf(ﬁq ﬁ{% ? r? Mal}aﬁg?enrtfoﬁ %ﬁgflg e&nﬁgt’ SIBHS in
t he node artfd®&ommuni cates via the SLT, to 35 other nodes the avail able

resources for each of the input ports. The RCU also reserves resources in
ot her nodes to WhieChrisai SriRGLLARYeNMtED 0 a8 efihhifHe@wedN@wSlnbafRYanlet he

_Ci rcul at ed a'l@o@atg.@aghotdqg& Tcgg bryoa td’e%gﬂ?rggtgi. Igm%dg‘t]c-)r Qée ibn atlhs,% rce node,
inter conne%tl ngropat h which transmts data bet ween t he nodes.>th
20 ut vides no way to extend this to reserving resources throughout a

plurality of interconnected nodes.
The invention provides a method as claimed in claim 1.

25 Preferably, the Resource Reservation System of the present invention
includes a Token Generation Unit which generates a special message termed
a “Slotted Token (SLT)” which is transmitted to all nodes in the network.
The SLT includes a plurality of sub-fields with each sub-field relating to
a node in the network. Each sub-field carries an identification (ID) for

30 each input port at the node and a value indicating resources available at

the port.

Preferably, each node is provided with a Resource Control Unit (RCU)
that monitors input ports in the node and communicates via the SLT, to
35 other nodes the available resources for each of the input ports. The RCU
also reserves resources in other nodes to which said RCU may wish to send
data. The SLT may be circulated in a path dedicated to transmit the SLT
or in the interconnecting path which transmits data between the nodes. On
its first pass the RCU in each node enters (write) the available resources
40 for the input port in the space reserved in the SLT for that input port.

Upon writing the information for all of its input ports, the SLT is



its first pass the RCU in each node enters (wite) the avail able resources
40 for the input port in the space reserved in the SLT for that input port.
Upon wri twogstihmsi nformation for all of its input ports, taa/GtosoeesWO
03/101051 PCT/ GB03/02125 3 forwarded to another node which does the sane.
The process continues wuntil all nodes in the network nake entries in the
SLT. On the first or subsequent pass of the SLT each RCU reserves the
resource it needs in a particular input port by subtracting the resource
fromt he vdcgeaidedordedotharnnedee wipdicéoas sbeisared Ahe lprohespapttioukar port.
The presentuntiventiiekhat ehoreeps oy naies «aopidi Matdhensiret VeeRna £iRktrad ity

of nodes begause . ar rgggga(gp the éi%egacthoaénf %Q%Qvfes' e rrE@cIu'rQF itf ﬁgeaJsdkﬂga

resource avail a |I|t%§be Ween al | nodes nodes are ab reserve

resources IRF* té\’cﬁ 8t i -t e n]?%FH%‘i‘iaﬁﬁl’}geéﬁ? (ﬁeﬁﬁuﬁcésg‘iﬁ"bége f@l‘é‘?/éﬁf:%‘meldl ty
in the nessiagehe Preferreeriaibddilieriths rArtipelaprezent i nvention will now be
described in detail by way of exanple only with reference to the follow ng

drawi ngs: Fi gurg.1,,3heus @.bhack diagiam Qiovrlt;@s Q%gze&utn @ké&%gﬁg& of - Band
15 Resource Re%grvat ogday%tenlaccordl t eachi n resent

n
i nvention; SF'glréY 2° sAGWE” &°gT HghT Car> %pl;%suesﬁ‘?ao SR Fh‘e“fgff%atttltgﬂ Token
(SLT) for r%’ﬁ?a%fﬁéarﬁsﬁgr‘f?) at"ﬁblaﬁ’éh’fﬂ?' hefrest alhenprseseritd redeeneionrblFitgure 3
shows a fl owsemaret résrurkegity adyjushénglokennGenertath arghiiihg 23o(dddd) ; Figure

4 igoa flowshaddonifi OFy @0t WBsdde. Resource Control Unit (RCU); and Figure
5 shows a bl ock diagramof the Decentralized In-band Resource Reservation
Unit according to the teachings of the present invention. 25 To sinplify

t he descri ption FCEANTITdeBREHTIR tare thR MPFEEd IByPthen “daheabre depemided
or ot her symbédtzilnby wey fefgarawie Frgureith séfpwsne bbogle doHgwang @kadings:
Resource Reservation Conmmunications System according to teachings of the

present inventi %gure-rqesl%%ogrb(i% }«.Reds.gé a%:[ Iogrk ch-:%nkzcﬁtllzg S u\s:ysn{ £, c'lnC| udes

a communi cations 30 subsystem and source reservation sub em The
contuni cat GRS EuBFPEY MY UGB NBEE-", ENGdE: feachings Rf)cféle(ﬂ’\’ﬁef)ent The
nodes are deupitédn:toget her by interconnect nedium 12. The conmuni cati ons
subsystem nmay take a plurality of different forns. For exanple, the

conmmuni cati ons %H?&yéfze@amgag' P A GHEL AT Bd QYL EL WIN 3N 0008,
bei ng a bl afde in the rout

rmat according to the teachings of the present invention;

Figure 3 shows a flowchart for logic in the Token Generation Unit
20 (TGU) ;

Figure 4 is a flowchart for logic in the Resource Control Unit
(RCU) ; and

Figure 5 shows a block diagram of the Decentralized In-band Resource

Reservation Unit according to the teachings of the present invention.

25 To simplify the description common elements are identified by the

same name, numeral or other symbols in the figures.

Figure 1 shows a block diagram of a Resource Reservation
Communications System according to teachings of the present invention.
The Resource Reservation Communications System includes a communications
30 subsystem and a resource reservation subsystem. The communications
subsystem includes Node:0, Node:1 . . . Node:(N-1). The nodes are coupled
together by interconnect medium 12. The communications subsystem may take
a plurality of different forms. For example, the communications subsystem

can be a box such as a router with each node being a blade in the router.



WO 03/ 101051 PCT/ GB03/02125 4 In such an enbodi nent the interconnecting
medi um 12 coul d be a backplane in the router carrying a bus or optical
channel fwomnansmitti ng data between the respective bl ades/GRaslelssse, the
comuni cations subsystem could be a plurglity of boxes, each box
representing a node, 5 interconnected by an interconnecting nedium 12 such
as a local are network (LAN) or other types of conmunications highway such
as Internet, etc. Stated another way, the conmunications subsystem can be
any networ KInj puchwiancémbgdieeniashe dnperconamrsfiey medidn abn ovdd e & baarkahaddher
unit in then oed Watker 1@rRahgrd inag Jrooﬁigiélie&almémcfo5 tx@ﬁ@rﬁht&@gg cia@at he

conmmuni Cat'b%@éeeéldﬁéyxsetsS%Jl@?s %gg e$r EBEe%st%epé)omﬁnﬁnat{l £ eglgsly e‘b and

out put port an i nput port
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Nodes (N- 1) imaveconappreshby atne inypyaenrest iz mpdiupa? tsich ekl kebadsashowwdriv
the figure. (1A8) arlbtiganeyads efidaaimp{leati‘tﬂxsdhf@@hi,@mcﬁfasiah@exfnbewéﬂa the
resource res.stery@tahgehexcg @hg%hmrﬁcﬁyﬁn% ygz???QQx\é% inJ her A hoYs. Data

transm ssi oh lgeé en 's such \ gﬁ IS transported
al ong the “PAERrESANS ?\ enﬁfﬁnliﬁ‘?ﬁrf &O?%ﬁ&ft PO EURET St put™ 58Pt i s
provi ded VietHoE:- buffer shown as a 3-sided synbol in the figures. The
horizontal 20 lines in the 3-sided synbol represent a stack or queue of

datgowhich is plageddgned he s @randq, h%racr,me@ of tﬁyré%%eu%a@l &lgso be
used to represent ;lhe buffering. Str Orts érr ng to Figures and 5, the

as one or_ more rﬁ%’l o8& r ¥e "5 P‘é?utuﬁi){t nb%‘blded

resource reservation subsystem i
in each of RAAELIFHA&Es Nod5: {ids ot dRRM4T g@ﬁ'erla]P?]dﬁduTrﬂPt 0j adepetwicetsd by
comuni cat ilehsl hedpa: d4nd Rirgur e Ih)a Grimi YHre meorREerddene dndnNdd : (Fi QURevd) .

The commnua@@tbmatm%at skt 6aRub&ABY TheDRH 851 BBl i QR chad ,

message ter SN Taoke 0 be_djscu sed her ei nafter ener at ed by
t he t oken gﬁgerat HClgle t% Q rg%rlsorﬁ d(f% fl PE(%’ “be Ao ed Igﬁeeﬁvth‘m

Figure 1t rFé’mgr‘b‘tctaEbo%sOSWé‘nlq éstﬁ"féﬁ"@n’m tte%I aéﬁo‘as deBfteat BN atis® ssi on
path such astvesnmudtTabflons Wed:aald Nder 88s) i 18 Ergusperted heory 6hd ed Token

I's  transmintetc@Retfitigi RARLAOMNECEadkE M d;ulm ﬁ»@rt"‘@ﬁ&t&u@ﬂnﬁppéf@qg L% 1 608
data. The f;upct 'b%?e%’]‘@h&@ aLe, peLf e b¥ Iheh ource Cﬁnntkaj Uni t (RCU)
e | nput ortS|n no I'n \%lc t

i ncludes monitorin
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represent the buffering.

Still referring to Figures 1 and 5, the resource reservation

subsystem includes a resource control unit embedded in each of the nodes

25 and a token generation unit interconnected by communications media 14
(Figure 1) or interconnect medium 12 (Figure 5). The communications media
14 can be any transmission medium on which a message termed “Slotted
Token” (to be discussed hereinafter) generated by the token generation
unit is transmitted. It should be noted that in Figure 1 the Slotted

30 Token is transmitted on a dedicated transmission path such as
communications media 14 whereas in Figure 5 the Slotted Token is
transmitted on the interconnect medium 12 which also transmits the data.
The functions which are performed by the Resource Control Unit (RCU)
includes monitoring the input ports in the node in which the RCU is

35 embedded and communicates to other nodes the available resources for its
input ports. The RCU is also in charge of reserving resources in other
nodes to which it needs to send data for processing. The RCU reserves
resources in another node by subtracting the desired amount from the value
carried in the Slotted Token (SLT) for the particular node. The token

40 generation unit (TGU) generates a special message termed “Slotted Token”



nodes to which it needs to send data for processing. The RCU reserves
resources in another node by subtracting the desired anobunt fromthe val ue
carried iwotldao®sptted Token (SLT) for the particul ar nodecTtiisn3beiesn 40
generation unit (TGQJ) generates a special nmessage termed "Slotted Token" WO
03/101051 PCT/ GB03/02125 5 which is transmtted in turn to all the
resource control units in the system Even though the token generation
unit is shown as a separate unit in Figures 1 and 5 the function of the
TGQU can be vhitledrat@dsw ttedt ire tuppdesaRCthe repelsreetdntiraatuimgs timetheed f or
a separ at e s764én.5 Rehetkduzg newcbenFygidrasidh uRitand &owhhes &l eddedcdalken 16

i ncl udes ampél%@!eé tlyaf?& ssuiqe féuﬁéa%neééﬂahgfwmgh CINAR §§aeeraf ordmtion
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Node: 0. Li kewi se, the sub-field | abelled Node.l Info carries infornmation
for 510 Node: | amdf&rihgridw. tdhmegurdsor et kod swhtieh silstiad tdiensub-ihcbldks a
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partition [F3Beliedd 1akplisiiPes Océ?ﬁoi é%rrtlﬁé ﬁné@ﬁ’f‘?tflioéa‘tqléﬁl‘tﬁ te H?ﬁ’fiep%ft and
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| nP: 2 | nP; Wththe alla e, Lesour f or. hoftheln orts
recor ded |:r%ncshcal€ere ace mg lpntl}u SE it cca%lon (l Wftﬁhth R Sgo]fttsgd Token

nmessage belaﬁéo‘iﬁaltﬁ‘&l“&t%ddﬁ‘tr‘e%d@u?% tg%rﬁeFB‘imt?ﬁl Lvad Aok B rEheh el BHE t PHEber
20 and assd#diatredti@deurcderendeheo spaee al tiot ttédstf epbiffiald portNodei: kewhse,
the resour garebholavdDidd GaN: J AEEILY BaF QSO HEESadrt i 0L NRK 0P Ot 5h43;vport and

adj psting ttng A gulao% S0 83OWG el Qi) Q‘JL&% twereggusr%%rcel tpenede

want's anot her to reserve 1 n or Process ron1 e req uestln

node. The ﬁﬁ?‘ﬁ £Pohi né”éef‘”lﬁﬁdefo(‘l\}i%f t§e§"r AP T8 TRET AAFEP ]rﬂ?&ejsedaﬁﬂ?%
wi Il not bénHexsdrPbedvftr ttheravakigirerSoghowws far fdaghcdfarhe iinbustooats ng t he
operation akcéhrdt okepacganesiaint Otb WRE tinpBt Gokc 16 .i Swidhe iy E}bt}l@ﬁnfo}d.eﬁt o

the fl omh%gsﬁ]nbemgogwﬁameap;e%gﬁeep Sy %ﬁ% 9&9% 58 apd desc

|nto bl ock 2 er eat k see i I nit |zat|on nee to be
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bl ock 22 whéremEorire cSrgol eeh iFokan reSirPe vesokredre ihortimt metsfrorth in
Figure 2 i sdgendnatec. avainebDy eeessct hen ideseeadse pémubt®ahaldnsheseat t he

I nput port wﬁnééjahgther node to reserve in order to process data from the requesting
node. The partitioning of Node: (N-1) is similar to the other nodes and
25 will not be described further.

Figure 3 shows a flowchart illustrating the operation of the token
generation unit. Block 18 is the entry point into the flowchart. In
block 18 the program enters the process and descends into block 20 whereat
a check is made to see if initialization needs to be performed. If

30 initialization is to be performed, the process enters block 22 whereat the
Slotted Token (SLT) with the format set forth in Figure 2 is generated.
The process then descends into block 24 whereat the input port’s ID in
each of the sub-fields is set to an initial value. The program then
descends into block 26 whereat the space reserved for writing available

35 resources of an input port is initialized to 0. The process then enters
block 28 whereat the SLT is forwarded and the program loops back to block
20. If in block 20 the initialization process was successfully completed
the program descends into block 30 whereat it tests for arrival of the

SLT. If the SLT has arrived the program then descends into block 28. If



each of the sub-fields is set to an initial value. The programthen
descends into bl ock 26 whereat the space reserved for witing available 35
resour ceswofozamosnput port is initialized to 0. The proceeeTi¢Em3/0eNEEr S

bl ock 28 whereat the SLT is forwarded and_ the program | oops back to bl ock
20. If in block 20 the initialization process was successfully conpl eted
the program descends into block 30 whereat it tests for arrival of the
SLT. If the SLT has arrived the programthen descends into block 28. If WO
03/101051 PREF/GBOBAO2DRSarBvehehSitkohass retitabloakedot flonprdeess mwxht sntll ock
30 along theoMNo path into block 20. In this operation, the Token
Ceneration Unit (TGJ) generates the SI otted Token which is in constant
circulation as Ionghas the systemis is assuned that the ring
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| nP: 2, and t280 droeqhaiPr3.0 Bhemyt hehdRChdran tatiodeexbreecieiny esl dched SlyTethior t he
first ti rre,de‘sigr%@ts VAx\éRe§|nr<‘>Be &®OshRle cAYRESHAR: 2cL0; kR0 aNd 1 AVReSEOR3 t o

200, 20 Wh e| ves.the SLT al so uses 0 reserve
resour ces |ecr[%1 31% Sourcn% grscl:y v%lt RP13°°R Avtlikes%%P sef?lcf datd #ng ptrt%ces§| Wy

For exanpl é°F a¥&{TRe® N&dé"“@ (B995ur e FEPURRddsPap SR taatIR? ABWE®rofi n t he
future, to repfurdé) 2joroanNadel(N£dY .I1n802, whenooheéoRCWPfor MWoderk> rrevefares
the SLT it do@Ser vese+RSOLEET ifdr | iR: é&-s%)tmé,degltg%t:m@Rfegﬂm;/I\VBﬁilsaPi 2 25

t he anount t\,Qg;InP 2rﬁeeg§o I?Elg)m%gg@duc%o 2£ he RCU for Nodeo wants to

reserve 10 units in from AvResl nP: (K-2) before
forwarding the SLT. It shoul d be noted that the anount of resource
reseé¥vation i s [Mrantedotey swRed reseivedi tat €UT ag beiongsew ahdtabloeréserivhe
Sl otted TokeBolwRSSage.other nodes to which it needs to send data for processing.
For example, assume Node:0 (Figure 1) needs to send data, now or in the
future, to InP:(K-2) or Node: (N-1). So, when the RCU for Node:0 receives
the SLT it reserves resources in InP: (K-2) by deducting from AvResInP:2
25 the amount that it needs. For example, if the RCU for Node, wants to
reserve 10 units in InP:(K-2) it deducts 10 from AvResInP: (K-2) before
forwarding the SLT. It should be noted that the amount of resource
reservation is limited to what is indicated as being available in the

Slotted Token message.

30 Figure 4 shows a flowchart for the operation of the Resource Control
Unit. The Resource Control Unit could be implemented as a state machine,
a program processor combinatorial logic or similar devices. The flowchart
in Figure 4 can be used to generate the Resource Control Unit as set forth

in the specification.

35 Figure 4 shows a flowchart illustrating the operation of the
resource control unit (RCU). The flowchart can be used by one skilled in
the art to design the Resource Control Unit. In block 28 the program

enters the process and descends into block 30 whereat a check is made to



30 Figure 4 shows a flowhart for the operation of the Resource Control
Unit. The Resource Control Unit could be inplenented as a state machine, a
pr ogr am pwoasdasmsi conbi natorial |ogic or simlar devices. pOTaGEB30Bart in
Figure 4 can be used to generate the Resource Control Unit as set forth in
the specification. 35 Figure 4 shows a flowchart illustrating the operation
of the resource control unit (RCU). The flowhart can be used by one
skilled in the art to design the Resource Control Unit. In block 28 the
program enteriE the prooss Sokend (deBceadsriinted . bl Bekh8GLEhiercatt arehesk is

made tg V\Dtgélpk%ﬁ;érslﬁ&gé GBO2 Qzaag pzthrﬁeﬁté fbhibhe 58l metreft hoke o(::%;) thﬁs
arrive e SLT.has not.arrived. 9 s he No pa

into bl ock gé&mﬁgr eat aQI p?%:ess h ﬁ%c% 9{6 ggéét 19)8% (Iaa)?ggsecel ved at the
i nput port PEPFPFAas IEe@i’F 2PFETess . HhY PEARSEnsErS ‘P%Ckontt%él?ﬁ’%ééss Ifoops
baclké i nt o heciesBOnsd fis Srdshehe esparrsecnteryasloches prbeream et eesouskeck 50
wher eat theel&sQuUr&e a & Raser pascatsi RS Uhbmdf r@é@i@essalmghé RFES:id ag&ld/ed at

the port '%h@c&%%gu;& airﬁ'ﬁbF%%EC&a%V thg ! A 85 ha%heoggéée%g'a{en g&bpurlhi

process then | gops from Still erring to

if at bl ock*30 btlﬁ‘ékai;r‘?sﬁ\%rblogk?és the 10 program enters bl ock 32 where it
checked to see if SLT has arrived for the first tine. If the response from
bl ock 32 is No tshelprecessndescengisei nf ar b eakcd36o tur bhoak 36 vieBecteot al

amopnt - of r%%aﬁegmre Oyfo%% w@,ﬁglsé Rp: ar)eckééscgcg@et ed é’}hl na§ f;ﬁ‘ﬁm&%op%g

InP:1 sinc ecei ved i s added e anpunt

avai |l abl e resourtégefor tthg F?\Sﬁﬁ’f’s%g??m §°]I‘n3|3 S Ner 6P BFB%?(SSS%estOf?Edi)rlé’éPam
enters bl o®ko3B36 n I3l bEKCK3BE tthe tWRAl amoanb At rofeased arsedrqee $RrRegENP: 1)
(ReResl nP: iapsasisoed atied tiet hngutepompuhr A0Eincel BR% i1ast NGeetd2 bmstvaki Me t he

SLT was recetvedal Ss 88&E chori MR 5@%9@9£abt19 R B6K-e320t fenb Nk Tod 2
belg\% recelv d for the first 20 time in the RCU the program enters bl ock
e

r eat & RCU inserts the value for the resources avail abl e at each
of its |nput ports and descends into block 38. Still referring to Figure
4, from bl ock 38rpheélpriogrannd@scenrdsentrire blvkedcis .40iwbesaatst tie Retdichecks

to see if anb@RELYErJ185UH CEsLEHS( Rta@esh@x? 2)5 a%%&%lcle@%thfu{ehﬁnzgu%slg%e I's

Yes the pr qg£alms§§ét%h9|]pa%it<: 41911eal:h Sceewai'é is rese?l o whereat for
every port's reservation to cance 5 the Aot “ 7% acf’ded to the

resources avail able for that
With respect to block 32 if the SLT is being received for the first

20 time in the RCU the program enters block 34 whereat the RCU inserts the
value for the resources available at each of its input ports and descends
into block 38.

Still referring to Figure 4, from block 38 the program descends into

block 40 whereat the RCU checks to see if a reserve resource needs to be

25 cancelled. 1If the response is Yes the program exits block 40 along the
Yes path into block 42 whereat for every port’s reservation to be
cancelled the amount is added to the resources available for that
particular port. From block 42 the program descends into block 44. With
respect to block 40 if the RCU does not desire to cancel a reserved

30 resource the program descends into block 44. In block 44 the RCU decides
if it needs to reserve a resource. If the answer is Yes the program
descends into block 46 whereat the Resource Control Unit deducts from
every input port the amount it needs from the resource available at the
particular input port and enters into block 48. In block 48 the SLT is

35 forwarded and the program loops back to block 30 to repeat the described
process.



particular port. From bl ock 42 the program descends into block 44. Wth
respect to block 40 if the RCU does not desire to cancel a reserved 30
resour ce whaspowmgr am descends into bl ock 44. In block 44 taa/d¥islocesi des
if it needs to reserve a resource. If the_answer is Yes the program
descends into bl ock 46 whereat the Resour&e Control Unit deducts from
every input port the anount it needs fromthe resource avail able at the
particul ar input port and enters into block 48. In block 48 the SLT is 35
forwarded and tireepsfogram hodpsahagk ut® doboisk 360dd’'e repeate heegteseri bed

process. WR.024-43105LxPl/iEBA3Y oggélez5&s<_8rv-£b%r?fagr@escglmdﬁelcqulnoh Us&e

another nodg s, yesource unless Lt D& ourc A §le%t£c” £§S°“£§$ed When
reservati on as descrl Bed Herein. A noa d’l a use anoth node

resource béyBif whAaRsYES hd§srr€§§FYPéd.°nVWeﬁeed§ ﬁ%d‘@kecﬁ)%ﬁ%‘erﬁ@on if
reseérvati omor¢ mpeedsesoarmkequEirpéw rMesarsatiicaan rdceSprorfethieSour st are

[ﬁqu:?rcﬁd L stkseqtient glaeei@ie afu hb@at_%lsTu(é Raked1Sip: i arfai&.r ﬂhh@hef iS%@Efotri me)
e u e. n |
pqgg IEQ %}45? Eaé a¥ #@ﬁ%% Qﬁﬁ?lbg %rlng %C : E 1{ stJZ 9

has accordi ng | ow ng YE6tE T Arbunt  of
rel ease r e?Squtee tag%loé‘l“%‘f%dc’%rFF\e?st’?PrFs%’lrﬁ‘Eé‘st"‘ﬁ‘"elatleﬁs‘“tltf‘l Fﬁé’ tlh%mSETtl'Was
recei ved. Feft évigpytienFLT vphereREW/ddsFResVer?: ink:@d 1% A¢VRexldaPrésInp:1 he SLT
before forwareimg:i hen Shel .suFMeroxamlk-eardibhg Nedesdr.r el eases five units of
resource as a result of processi ng the data received at InP:(K-2), it adds
five to ReslnP: ﬁ% |ch wi || eildded to AvResI nP: (K-2) the next tine
the RCU for Nodé°f NEB™'Fedbitres: Jtlfé &15FS 18 AU NG Fe O Trdy SRS & gesult
reservat i oREf FoceEs I £y dpta Iraseieslepy dbPi (K-20t hidr adirdésve WaeResdnRotie2s
RCU recei vesiéh SliTl iHe ald&@ tis @SRELIAIP : (10-20 AL hexB Y mé @Sl N@d tHLIRHECAS 1h N
ot her nodes.tbalesl thdmyrnot need. For exanple, assune Node,) (Figure 1)
has reserved ten units in InP. (K-2) and wants to cancel four units. Wen
the RCU for Node: O receives the SLT it adds 4 to 20 the val ue of

AVRes| nP: (K- 2) . PARSRSCEBAY rarfeledts APFerTdtdeneior- resudtesséhame Feseprediided:
Recei vers oabeempise t Wgdr aregieus cey ancisendessT tiakeal sshasest BRy: neeghrcal a

di stri but ed.nyfné%lgk@éh résoulbes i 1BV§{He'roﬂoc§lépwtt Pt %E}armtc nE&POUEGE exampie,

reservati on, L 91e ender one recei vgr *(One nder ny receivers,
e No 1) has reserved ten unlts n InP: (K-2
Many receivers one se nd wmon and wants o

cancel four unlts When the RCU for Node:0 receives the SLT it adds 4 to
20 the value of AvResInP: (K-2).

A decentralized “aAdvertisement-based” scheme is provided: Receivers
advertise their resources and senders take what they need in a distributed

fashion.

25 The invention supports dynamic resource reservation for

eOne sender one receiver,
eOne sender many receivers,
eMany receivers one sender, and

30 sMany senders many receivers

with one reservation message. Receivers need not know who the senders are

when resource reservations are made. Can work inband or out-of-band.



30 Many senders many receivers with one reservati on nessage. Receivers need
not know who the senders are when resource reservations are made. Can work
i nband orwouwsAafosband. WO 03/101051 PCT/ GB03/ 02125 9 CLAIPU®/GEo3/02128et hod
to reserve resources in a communications gystem conprising the acts of: 5
(a) receiving in a node a nessage having at |east one sub-field to carry
identifying indicia for at | east one port and associ ated space for

carrying information associated with resources available at said at |east
one port; (b) exam ning the nessage w tér2ampesource control unit; 10 (c) if
said sub-field carries an identifying indicia that matches an ID
(identification nunber) of an input port in said node wite in the

associ ated spacq resQupca3qavaibable Alscdabds ah J €88huQ08 RALt oy difnt he

i dentifying i nrdilsc%a matches a port |ID for a port to which the node w shes
to comuni CAte adj st ng tedource information recorded in the space to 15
refl%®ct resourcdg’ reseFeBE By i BPdfodianespageThavinst Abd eaft Crai bt el Ker

i ncl udi ng tcheraddenfifytin@ansm ¢iai Agr khelams sagepod. adfesgetixndd adfpack afian 1
wher ei n t heaagdingf i dirkst iondaddoek Md@swi 20 rSat-EAC At B18Cal akiyakugfhom a
value carrigd in.said space. 4. A node for use in a communications network
whi ch carries out’ the nethod of any preceding claim 5. A system
conprising: a pl'& al g™ BHrACdEs™e938F UHith? TRECHTEe BTt rel andt4; and 25

i NntE¥Y connect mnedicum Gpesaitd vebyfiehd epcoimseat ildgntiteipd unald¢itaytigft maodes. 6.
A conput er spr ogr@aei@duatios NGREES)] B HONRMEHoPY QQr UNCRGE wsixr ed QR a
comput er 1 ea0ahl.2.5 Q.80 IBM UM MUl MEN. CXCGUL LM, 01,2 o 30 da! 8,
processing systeminstructs the data processing sys?emto arry out the

met hod of éﬁé‘ﬂﬁfé&%%llﬁal?@t H%t'cfhEFaa] Rprt ID for a"port to which the node wishes

to communicate adjusting resource information recorded in the space to

15 reflect resources reserved by said node.

2. The method of Claim 1 further including the act of

transmitting the message.

3. The method of Claim 1 wherein the act of adjusting includes
20 subtracting a scalar value from a value carried in said space.
4. A node for use in a communications network which carries out

the method of any preceding claim.

5. A system comprising:
a plurality of nodes, including the node of claim 4; and
25 interconnect medium operatively interconnecting the plurality of
nodes.

6. A computer program product comprising computer program code
stored on a computer readable storage medium which, when executed on a
30 data processing system instructs the data processing system to carry out

the method of any preceding method claim.



