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APPARATUS TO MANAGE PACKET FRAGMENTATION 5 This specification relates toN . -
communi cwd @ns4asm general . More particularly, this speci fPEHUPUAPH] ates to
a nmethod and/or apparatus to inprove network performance by nmanagi ng packet
fragmentation. 10 Packet fragnmentation relates to a conmunications
technol ogy that may reduce the latency for transmtting i nformation across

a network, such as when it mght be desirable to provide a higher |evel of
servi ce. ConwEPTHODRANDOAKEA RATAGTEOMANAGE BAGKHTORRAGHIENTATIONay not
enpl oy packet fragmentation as effectively as desired. This may be I5
particularly true in view of the dynam c nature of a network environnent,
where changes in operating conditions ma Ll D€ occurring.
Consequently, thgi® is a need to inproveﬁm@&mﬂﬂﬁﬂwﬂgwtation of packet
fragmentation in a network to adapt to p nges in operating
conditions, for exanple. zo BRI EF DESCRI PTI O¢%¥2*THE DRAW NGS The subj ect
matter regarded as enbodi ments of the invention is particularly pointed out
and distinctly gf.ai Lt IOk b@erddf MoRepasttkly) @Rt i on.
Enbodinénts of fﬁggﬁﬁﬁgﬁﬁﬁgﬁﬁwﬁ8&%&@&?“%39%'EE to orggﬁ;zatiog and net hod

of operation,.z5.to i i t; Yo meesdy t her eof |

may best bémﬁﬁﬁé?% %g%ggéa¥k&g$%ﬁ%§%?%§?F§%I% ﬁ?ﬁg@ﬁ%ﬁ IH%S-t re¥erence to

t he follom%pﬂ detaiqu}de%&&hR;ion when read with the acconpanyi ng draw ngs
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BACKGROUND e 155150*

Packet fragmentation relates to a communications technology that may reduce the
latency for transmitting information across a network, such as when it might be desirable
to provide a higher level of service. Conventional packet fragmentation technology,
however, may not employ packet fragmentation as effectively as desired. This may be

15 particularly true in view of the dynamic nature of a network environment, where changes
in operating conditions may frequently be occurring. Consequently, there is a need to
improve the implementation of packet fragmentation in a network to adapt to potential

changes in operating conditions, for example.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as embodiments of the invention is particularly
pointed out and distinctly claimed in the concluding portion of the specification.
Embodiments of the invention, however, both as to organization and method of operation,

25 together with objects, features, and advantages thereof, may best be understood by
|



FIG 1 is a block diagramof a systemsuitable for practicing one
enbodi nent of the invention. 5 FIG 2 is a block diagramof a network in
accor danwe odisissene enbodi ment of the invention. FIG 3 i BCHUMIGORMI agr am
of a node in accordance wth one enbodi nent of the invention. FIG 4 is a
bl ock diagram of a program partition [n gccordance with one. 1 di ment
of the invefﬁrtmnﬁoﬁhﬁ@l%ﬁ”ﬁ espilgdl IR W Péﬁﬂé”r‘rﬁ?‘él?e QCH%mBq,ngggggaﬁqu&I ogi c
performed by a packet fragnmentation access nodule (PFAM in accordance with
one enbodi mewliictof the invention. FIG 6 is a block flow di agram of the
processing logic for a packet fragnentation t5 size nodul e PFSN& in
accordance wi t hFigné ismtock diegramof a systen switabie fasmractiying one snabodingnb ol 11 ow
di agram of an internedi ate node in accordance w th anot her enbodi nent of
t he i nvent iefnveaBorDETAI LED DESCRI PTION In the follow ng detailed
description, nunmerous specific details are set forth in order to provide a
- thor ough under sfEndiingblotk dihgramnife detwerk in acfordanee Whlwemﬁthwimllqm%tﬁ? be 2:
understood by those skilled in the art, however, that enbodi nents of the
invention fR¥ndt. 2 WO 021 OS~G89 PCT/ USOL/ SOS3~ practiced without these
specific details. In other instances, well-known nethods, procedures,
conponents and gi¢ aui 4 sloblaNiggrmtofaaede dasarddaedwitinomtetnaiodingmt elgbeiot t o
obscure the foregoi ng enbodi mrents of the invention. Enbodi nents of the
invention rRy.ifprove performance of a communications network, such as a
packet sw tching network. One enbodi nent of the invention inproves

per f ormance of glcﬁ?%qgﬁgaloéw"ﬂfaﬁﬁhr}ﬂafb%gﬁ&ﬁEgr’ﬂMod WRE@Ydange wahagenent of packet
fragnentation. Packet fragnentation in this context refers to breaking a

Sl e nfr BRG] ot BBy el Nore barti cul arly. the enbodi ment of the
I nvention aut Om?-"d‘ncsalls L%Io@ﬁ%&%agpmgﬁhe processing logic performed by a packet
fragmentation access module (PFAM) in accordance with one embodiment of the
invention.
FIG. 6 is a block flow diagram of the processing logic for a packet fragmentation
15 size module (PFSM) in accordance with one embodiment of the invention.

FIG. 7 is a block flow diagram of an intermediate node in accordance with another

embodiment of the invention.

20
DETAILED DESCRIPTION
In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the embodiments of the invention. It will be
25 understood by those skilled in the art, however, that embodiments of the invention may be
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fragnentation in accordance with changi ng conditions, such as changi ng
priority level, connection speed, and so forth. Consequently, this may

i nprove weenawesal | capacity and performance of a networ kRCRESUIMPHg! vy,
users may benefit fromfaster response tinmes fromnetwork applications and
servi ces. Packet switching continues to be an effective technol ogy for

voi ce and prattized oithuunitiocae spseific deaidscdn ol ingAnass) Well-KNAPE MePREext may refer
to communi cating information over a network in the formof relatively short
packets. Appaclueds, dompohérss andreirevits heesf et deanlescribed ingietailie a3 PRAIQ RCYF a
limted length, with the length typically represented in terns of bits or
bytes. An mmg@nmm@mMHheimg&dﬁom ght be 1000 bytes. 20 A network

. typically conprises a nunber of nodes interconnected by a communications
medi um The nodegbémyiche oA moERicafmaydmmont partirmgnde of @ coramimentions ot her
nodes over the communications nedi um using one or nore protocols. A node in
+ thi's cont extwaRY sichh HEsckenvidRME Aewoa alreentibdieenmafbciaréntign imdrovasat i on,
such as a conputer, server, switch, router, bridge, gateway and so forth. A

communi cat h%mﬁﬁ&idfq‘pﬁa&t KBy ndfvorlesl ipreapambmgehentaf packerg i nf or mat i on

signals, such as twsted-pair wre, co-axial cable, WO 02/ 1 15-4C89

PCT/USL11/ ?Qééémzqom?p)aa@ frSnentat0h  thisREMENGEES [@Bdaisy £ packdiof A pr ot ocol
may conprise®a set of I nstructions by which the information signals are

communi cat ed over the, cOMYAlCRliRARReTEMLLR tybRAIEH MR fan hBerigihal ocol
ni ght be a'%g%]?(ag'?"gsn\}mg%gﬁl ng 'pr ot ocgl “'such as ytEhe )'?'r ansni ssi on Control

Prot ocol (TCP) as defined by the Internet Engi neering Task Force (I EETF)
standard 5P#*®Request For Comment (RFC) 793, adopted in Septenmber, 198,

d the Int Pr ot | P def i . : : FC 791,
dopt 60 n Sopt Mistrrcagisy; tEbrABE IR e LA ENRERLE AdLR, 0

Speci fication") A packet sw tchi net work. npy. Go, i r node, a
dest i nat i orffagBgRatiofyy a5cs ee?"rﬁbg%f’%'f‘ BFRS foggesu%od(}gé%ﬁ%ﬁgﬁgﬁrlg\?l’node may
conprise a node that originates a set of .i.nformatio or I o the
dest i nat i orfoRwsgEoN IPRFh ARRIY t8ﬁh'n99/"58%‘|‘?’55?¥’§}35 DAy oY ‘é{ﬂ(@%ggﬂﬂqga@/&géﬂg
represented as a signal, such as,an electrical sSi.gn opt.i . signal,
acoust i cal psrfgmeanceplc neewerky 6ﬁ90r@2Q%ﬁ15€§"b’P/ 'ﬁefr@tf'ﬁﬁltatjfi%?{rlsﬁorfsﬁil“g% 'Eg:ont ext may
include data froma voice conversation, videoconference, stream ng video,

el ect roni c fian hetporkragplicafionfeadd sg¥icey0i ce mai | message, graphics, image,
video, text and so forth. The destination 15 node conpri se a node that
recei vess i nf or n@eckshswilihéingicantéineei bt cHeds ‘%@P'?%n%r‘ioécﬁ aH%é%‘% t hat

comuni cate the information fromthe source node to the destination node.

| n oper at i cromniunicasonsr Packsbshetatring is Byircroniskonaaiefes i O MHEAHRSt | nati on node
t hrough one or nore internedi ate nodes in the form of packets.. K The source
node br eaksinfor@ationafve2Onétwbrsrimtheifonm ¢fiteletivehsdiorteackss: faRacbt & thisach packet
may contain a portion of the information plus sonme control information. The
control i nfenpey ictis wayscasSifotmation of ahuited kngibawith thelepglh tyiieallbrk to route
each packet to the destination node. The source node sends the packets over
the networ Kecpibehied inferinpbesizedbate Aodampiodiapesket lrastp g 08 | 0 B%ss t hem
briefly, and passes themto the next internediate node. This continues to
occur upd il aAtdBvdfk typically comprises a number of nodes interconnected by a communications

medium. The nodes may be capable of communicating information to other nodes over
the communications medium using one or more protocols. A node in this context may
include any device capable of communicating information, such as a computer, server,
switch, router, bridge, gateway and so forth. A communications medium may be any

medium capable of carrying information signals, such as twisted-pair wire, co-axial cable,

-
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WO 02/ 0y181 PCT/USOL/ SI'l1 S3. 1 destination node eventually receives the
entire series of packets and uses themto reproduce the information from

t he sourwe medssy Transporting packets through internedi atRCHBYESISHowever
becomes nore conplicated if a packet has a higher priority associated with
it. Information may be assigned different |evels of priori%.. | nf or mati on
with a hi gher oplidsordipyreqeanciseansi spdprtihr A PENEAL MAY CAMRESE AL é‘é"'i'c[“oﬁsasses
through the network. An exanple of higher £giority infprnatiog,nay i ncl ude
tithe senspy wiieh iheficomatioonigngsiai cammunicaedrater 81§ CPMBNEANAT EECEssage. | f
packets carrying voice information are delayed in the network, the
recei vi ng p@fdxymphaythepioaebMeighi Hearackse swivdking ietoc@ sicdad thenlsaBEYSSI8l  pauses
.and rhythmof a normal tO tel ephone conversation, for exangle. i nformation
that may beohRs Pr&ds{tdras idfinkd bethdahtasst Engireerieg Task Korce (JERF hefandarde nai |
nmessage or voi ce nmessage, on the other hand, typically has a | ower

L priority. b feqaskstSo@ERy RA) B, &itpic intpumger,d08!,ded tydafgrnethe del ay
frequently goes unnoticed by the intended recipient, unless excessive.
Consequent 'PVotocJoFQﬁf SREHiAldSyIRIET Fata dafl SeRFC apBhatieptafin Septembirni 984, t he
priority level of a packet and processing it t 5 accordingly. Transporting

packets of | .auer. Blel il qWwiVBse.88” ralcaviP\epedifictioahght f orward since these

packets do not require any preferential treatnent. Transporting packets of

hi gher priority ] -,g%mplng Atk QbRLe hee @k@gyioh Aodecshdee del ays

in the netvvo_rk.A g§§£¥ﬁ??% nentatio%cisgtne techni que for reduci ng network

del ays for %ﬂher ﬁ%ﬁ%ﬁl‘a{eynop CkfLs urgeqko.ldgnﬁ?@onﬁﬁﬂ?’s@@n@?é%a@frigmaﬁ:sla@évtentl on,
ma

packet frad ?é#ﬁ y refér to breaking a packet of information into a
Sl | oriot naR It §F RaN AT Eh s AT bY R Brais? By fud P09 e
Fragment . FOROBALRBIE e K aRLas Ty ot R ber PRENS L PIS00. byt es
F'r agent  mitgoustea AT A0 5t ErbnEor o B TP ERRRL Ik PR G RGeS

PCT/ USOL/ SOCS3a t he origi nal packet plus a fragment .h [P AW g{rent
header in tffinga ¥@ipg @@f’eréﬁt?ﬁf‘f‘g"é)§°'5ﬁ'§"‘8r St%’?@g%ﬁ%& ?‘eecgr?@ggr?flﬁ‘n%nga@ogf rol

information that may assist another node in reassenbling.the r t
fragment s imessageheiesrma| messagsagiridtics, %R’e“ﬂ&l"r ‘é(b‘rf’@ﬁf%kolnghﬁws g%sﬁgﬁtﬁgchni que
for reducing network delays for higher priority packets. NMore particularly,
the useisof e key compriseariode Harmeaives sHoMptien-nERf HEENGHARNSS B8 muni cat e
packet fragnents with a higher priority between packet fra nts of . | ower
priority. Fompexanplsthasgonimimnisaieabis famagdendromihesawes e 0 gﬁ?ﬁ"‘ﬁ@ second
packet, with the first packet having a lower priority then the second
packet. Thendder st packet may conprise information froman enmail nessage,
for exanple. The second packet may conprise information froma voic
conversati on, fqhoﬁmaMpL&ws&h&nkﬂt@ﬁﬂﬁdkﬁv@ﬂhﬁd@t%ﬁ§d§$6?%"Vﬁ@cﬂV?§g and
second packets in a transmt queue. A transmt queue in this context my
refer to MegRrof nidle MicPmedipaakds & atarm of@adkptst dhe squsasnfesliedls aspt Afhe
network device. The transmt queue may be organized as a first-in first-out
(FIFO  s§ I UgaHhfatiorfinf Fvikdofipatiatsc @atlepicketefagicontain agortionef {hedrfPiRalige t hat
orders packets fromnost recently stored to _ _

plus some control information. The control information may assist intermediate nodes in

the network to route each packet to the destination node. The source node sends the
packets over the network, where an intermediate node receives the packets, stores them

briefly, and passes them to the next intermediate node. This continues to occur until the



~ 5 least recently stored, and where each packet is retrieved from nenory
in the order fromleast recently stored packet to nost recently stored
packet. woroms#&sple, a line in a grocery store typically WpEFSHESSHSs a
FIFO where the first person in line is the next person to be serviced at
the register. Consequently, if the first packet is received at the

i nt er medi adestingide npdd ayentudlytrheeives S 5RLTS ATIS ©f PAokE!s AR WEHRGAL e node may
store the second 20 packet behind the first packet in the transmt queue.
Thi s meansreptuatcettheindeoerioh frers Kstsowcs Pod§ot be sent until the first packet
is fully transmtted. Transm ssion of the first packet, however, may

i ntroduce a | evBhnspbrielpagketshiapughayteriendiatenades BpwewsH bsPMesdYecond packet .
. In other words, the transm ssion of the first packet may take so |ong that
t he secondcgmasiicated Wid gackeohasar ighee pacrity assocdlated withit difomesdion way B¢ n an
acceptable tinme franme. Using packet 25 fragnmentation, the internediate node
. may be abl gsstoRed Misereht A&t prioriag mefotnsation evithtarhégher prBItD 2¥aP¢ gigen

PCT/ USQt/ SOS3- L second packet between packet fragnents fromthe first
packet in m?er&rﬁan@mrhermu@w?aass&shmroe@yme ecwoikn At dxempletof higherqrrigdtyed by t he
first packet to acceptable [evels. The transmt queue probl em descri bed
above may B, hskibEal idcUatk kit @ehshive Wiyrnation xastpdsenforasiongromratoicehe | engt h
.of the first packet is 1500 bytes. Further, assume that 5 the network
devi ce may Ae%éagérﬁ'r%aék@@ chirfing vRSCKRrm@V@raredelaBa @ctht atwogeharécayingt a
connecti on speed of approximately 64 kilobits per second (kbps).

Transm ssi ild SlenRAKELhNRNICEd ta AP pABYI dMtriRfthm 20D norial i seconds
(ms), or ag’g'r”g% ?rg{ly 1%%3 per byte. Assune the second packet conprises

i nformation from s §ifonC i1 RRrh IR iR Mal 8k RESdeRsitifk: b Gind deRyof
del ay. 1 t‘ﬂ%"hé’%%%ﬁ‘ Q'J;s)%@’e@p?)%h@géhi ndrthe fi rstag/packet in the transmt

ueue, the second, packet w|]. I | | t 9B hake first
gacket i's H%PH‘@IWPP‘gﬁ%CEiaP fme%f],’&'{/\ﬁ?% i02¥§a? &%?%th ?lgﬁl’é] omghﬁ]dntgslggpa;

t ol erance of the seco cket . .As 3 | | arrive
late at thé QWEARED; gﬂpﬁgﬂﬁ?ariyf"gmgen}aﬁﬂe&rs%%%%’E’t? ééﬁ%dgg‘qé’rgrgfgs‘ss”e\gg* ent

fragnentation, however, the first .packet hidapacket
fragnents vﬁoﬁﬁu’ﬁoi'@ﬁgﬁHhes'ﬁﬁp‘{’eéirre‘i'ﬂgrﬁ’ ‘f@%bg%é%sgg ) lalggér(eﬁgeﬁ]ggpwﬂtgh thet‘pfi rst
packet may be ~5 broken do i nto. packet fr L e85 each.

Tr ansni ssi dides aigolyn gp ‘\é\fnﬁegr%%‘%é ¢ ‘?rf‘oé'&n@%trr%? % g?ﬁwfmaggfp ?&réésgﬁ‘ﬁgl?ket woul d
t ake approxi mately 3.99111S. Conseguently,. the inter i.at may

i nterrupt tM%’QWﬁésiTWSN”"EWC\‘?t?%toﬁ%{éﬁéf'we{ﬁyel?c rgﬁ%g&c)gget?at@ thg%g%t for the
first packet has been fully transm’ttgd, 1 herelto% r.@duci n.g tg&gtsré}ssi on

del ay for tdinseshesopatkesdw ot reqytingamppyeirantial tesgimenh, HABSPEHLE PIRBT Srent at i ons
of packet fragnentation, however, are_unsatisfacto'r:y for {a nquer of
reasons. Forighex anigrite, hopverecemay prapiappddiqnakicshiplogy e s 48¥S 8% del ay in
the systemdue to additional overhead in the form of fgﬁ ment t.ion headers.
Thi s del ay wamyorbe Packeefagatsh@tipmisopeieehnigrefagducingnetwer g'ﬁﬁ O fENE del ay
probl em descri bed above when a network device is transporting packets

havi ng a hi gheity glek@s.i ority. If the network device is transporting packets

having a | ower priority, however, . _
20 In one embodiment of the invention, packet fragmentation may refer to breaking a

packet of information into a series of packet fragments. Each packet fragment typically
has a length smaller than the original packet. A fength in this context refers to the number
of bits or bytes of information comprising the packet or packet fragment. For example, an
original packet might have a length of 1500 bytes while a packet fragment might have a

25 length of 100 bytes. Each packet fragment may contain a portion of the information from
5



WO 02/ 05-4G89 PCT/ USOL /5053-4 this additional delay may be incurred
unnecessarily. In another exanple, packet fragnent size is typically
dependenvoupessssmnnect i on speed and priority |evel of thdGABKBEEI34|f t he
connection speed or priority |evel changes, however, the packet fragnent
size may no | onger be appropriate in view of the changes. Enbodj nents of

t he i nventthonrigina pdestplube fragmentheaderd dy Brgmanbheaderdn it contial cCAMPIste t hese
probl enms by dynani cal |y managi ng.packet fragnmentation in accordance with
changi ng cemwdirtioonisils repredentg qonirgrinfoymation ghal mey ATSEANBIST 89f6dY and so forth.
For exanpl e, one enbodi nent of the invention may automatically adjust an
oper at i ng &haemblifgahe pakitdtagheatgmmthaoiiginalipacketcor dance with changes in

. operating paranmeters. The term "operating status" as used herein refers to
a state of opermkk@fraf@entitn ipackethnione fmeriueing ostwotkslays fahighgr i n an

i nternedi ate node. Exanpl es of status may include active or de-active,

* which gy Fﬁ&rﬁyr ARefs UMBrOG AT the negiTpndiat fragmentspetrhitralinteynediateor  of
respectively. ﬁe term "operating paraneters” as used herein refers to
operating gRRdbLoRRSNiERE pRAGIKRImMERE giR athathopridriunlod:emalatiey fragmets of.

i nt er medi at e node. ExarrpFes of ~5 operating paranmeters mght be priority

| evel of i'])RA%FE:‘?&BQ”FW%QE\HE@HNH&&W%ndﬂHﬂ’@?l’rec@fveE&'@d(@ﬁ&se@mﬁlmnliat,at ed, and
so forth. [t can be appreciated that the exanples given for operating

status and i F\é\)?ifgtdaf@ fority her$ the 3kdoH@ pacRet Thel fiest p@Rek raye not
meant to Iiw%Rt%et r(%tr}ggope o} tr?ee‘iaﬂven%i on herein. One problemwth

convent ! onBmpiR i FIFRARR KB n'e anmfe%é%g&, b1 AGRBRL Thi QRoftpacken9 that a user
rgpa S?a us or p ra

manual | y s& acket mentati on through a user interface. A

user interface.in this. context .refers.t. C r hRenhadt Rede
communi '@at égmﬂés&mftc?r&ﬁ%irﬁ)ﬁJgkbae{o\;\‘/'reegcr?ﬁ\t'e?fghgns’g?rsegél'hi‘\gn?gﬁgr at i ngt systn:ear% ( OS}

for the int e%ﬁgh%& ?%ngg(fengrpﬁ‘gﬁegsm A l?rtalgs}}iifﬂug??t@ﬁgnsﬁﬁg fette Fn]?lil@ eddiagr e that

manages basi® conputer orm such as file nanagenent,

e L L

user want s "2y el or pac ragnent ation, such as

fromactive to WO 02/ 05. 1(89 PCT/ USQ1/ SOS3~ = ive h manual | y
accesses t e {ravsmif qHens may ke AgeNitd A 'irsé'é'fcﬁrs“'%&z?@?) I)Jétr%cﬁ%%'gg F(llf)@nirrhnd to the

0S. 13y way of contrast, one enbodi nent of the invention moni for the
net wor k f orthig egriteit Felerh Enp@emey SBH‘é“"Gr‘haﬁﬁrt‘jérsﬁ?gﬂE{}Wﬂgdccgﬁyyasﬁ%f ée%s, and
automatically changes the operating status for_packet fragne tafti on

accor di 15g] yieasFioeengx atopsideand; wheggrach packptibisfricyed f‘i@ﬂé‘“ﬁ@f’é@t@e ?fﬂ%& "Thiy 1 ower
priority packets have been received for a certain period of tine, this
enbodi nent laist ebently swesdtiadtet fpayoshtreeiisiased RagkdhEorgEampe &SR8 for packet
fragnmentation fromactive to de-active. If the internedi ate node detects a
hi gher pri arodeyy pare kgically hpesatesdsadil F@nvhess the Mest P8R SRS XL PSHE i cal |y
change the status for packet to fragnentation fromde-active to active. The
term " aut onabe sabicsd atitls: ragisier. Hamedquently, if dfedfrsitpackenisirefgivag 8% wi t hout user
intervention. Another problemw th conventional inplenmentations of packet

f r agnent at i igRri&idbatdeprigserthadesodmmekeslthojintsenediae pede iy slragassendi ze
based on a set of assunptions regarding the operating paraneters. One
exanpl e,pf aBk&BENiAd the Pirdd PAcKBEN etic traRym it noduad&his means that the second packet

will not be sent until the first packet is fully transmitted. Transmission of the first packet,
however, may introduce a level of delay that may not be tolerated by the second packet.

In other words, the transmission of the first packet may take so long that the second packet
will not arrive at its destination node within an acceptable time frame. Using packet

25 fragmentation, the intermediate node may be able to insert packet fragments from the
6



t5 connection speed. Typically, the faster the connection speed, the |ess
time it takes to communi cate a packet. A | 500 byte packet may be

transm tiehfoasiser over a 64 kbps connection then a 32 kbPSI/ESHMAEEH on, for
exanple. The less tinme it takes to comuni cate a packet, the |arger each
packet fragment size may be to avoid or at |east reduce the transmt queue
del ay pr obleesddasiet bhedenghckes fragomiefreathe, firsttpackebindhe IragMiautifkes to 20
communi cate a packet, the snaller each packet fragnent size nay be to avoid
the transnibrefpRUGiSEha AL Dbeand biethe fird packatioveccpiablotavels: oper at i ng
paranmeter that may affect packet fragment size is the priority |level of the
packet. For exayfly@nsrhi0GaQE piodletedestrited atnve niagibg better iiuptraied Bproph | at e when
packets of |ower priority are comruni cated since |ower priority packets may

tol erate | angele dekde thilhSlenSAOF thefirf padket is fl 5eghyent Fadherengineghathonever
may be appropriate when packets of higher priority are conmunicated WO

- 02/ Gs-Gpl F]gﬁét%%ééﬁﬁ%ylraﬁilﬁgﬁtemrﬂ'ﬂgd'kplﬂf\ieﬂi tdnyicquiaa lopdratingey at ol er at e
shorter delay tines. Thefefore, appropriate packet fragment size may depend

upon di fferoen%ctg)ﬂ%h%h!oﬁigpp?&}{i,ﬁa@fy%m%losi%%r asoOMBRY! Tanssipgedofand priority
or

level of the'Th tion communicated, for exanple. Operating paraneters,

however, may. vary oOv ' i RS), biodppedxafdlel e aypey
dependi ngnﬁfvft Bﬁk lawonu?igh%%{oggrggtgﬁ)gﬁﬁrg"slm%elirgr@gg _(g))% l([;E_l(}l)(‘:)kets ?:gan%un?%at ed,
changi ng pg%g: %\gﬁl%ﬁ%nﬁﬁt s%géngi&)ég%'tt Ecﬁjﬁtseg ReormATBRHRE 81 bieE coMR BlisatiBn tiRdl dars O

forth. Acc agnent size is selected in accordance

with a given connection_.spee nd/ or .t . j: i h&mit ed, and
one or bot FIEFREHGE Pﬁ@ﬁgﬁ?yeqﬁg’gﬁeectong P %cgf?r%g%eﬂs'ﬁtgé ﬁngsgb%g%tqggﬂg\lf?ge t he

desired system perforpmance. ., e inment. .of i | OF noni t or
t he netMor Kugusy the scpnd chﬁéﬂB§§%]W'e§g§r?%p i“}ngW‘b'%rtgetrr%?' éér@&e@%%&%t)Wy packet

fragment size accordingly. This e di ment qf the.jnv j xanpl e,
may noni t otragemifed ik '%%é@&reéﬁi‘i‘ ‘E??&Fidf(}h“’g?f%ﬁ“’s‘? o%h sg&&%gﬁéﬁkfégﬁf vary the
packet fragnment size accordingly to inprpve syste fo Vi ng

appr opr i at eeswiscthe sesand pasket vl pratvk &te gt Hat! '?E%Jg]agﬁ %'é‘geart' .Q‘ﬁg“* Bgr&arret ers
change ~ 5 may ensure that the delay infrodyced due t? p kael;t\tof rnagpent ation
i's reduced eampibyy getentegmaniatinns haecver. thsdEreRcker REREHPRET I MIE]CBa  al i zed.
It is worthy to note that any reference in_the specbfkcatigq tob"eone

enbodi nent "fragmehamwitbraoutmemalter framh00ibytes ner cXgmplethe PRERACE Y cul ar
feature, structure, or characteristic described in connect] with the
enbodi mpnt brekenkiewh b pabket fragmants &3 bytesrrache nbaeMBsn Ry ijfa%lrdi?étei nventi on.
The appearances of the phrase "in one enbodinment” in various places in the
speci f i cat i paakdl ragrént Memehs firsi packatlwouldsthlesr approxiniels 3198 msnberFmisAtY:
Referring now in detail to the drawi ngs wherein |ike parts are desiglnated
by Iike refgsaiGReMbERbS Gayt itedupthomsmistibieofehe §rst packesaften aspicked frapaenty 5
system suitable for practicing one enbodi nent of the invention. FIG 1 is a
bl ock di agr greffird padket RTbEAGURSraBmMddshagbyaredoungeansmission dgax BiHEct ed to
a destination node 1 10 via a network 106. io

second packet to below 4 ms.

20 Conventional implementations of packet fragmentation, however, are
unsatisfactory for a number of reasons. For example, packet fragmentation introduces
additional delay in the system due to additional overhead in the form of fragmentation
headers. This delay may be acceptable in order to reduce the transmit queue delay
problem described above when a network device is transporting packets having a higher

25 priority. If the network device is transporting packets having a lower priority, however,
7



WO ( 12/ 0a- 41 89 PCT/ USOL/ SOS3.| Source node 102 is connected to network 106
by connection 104. Destination node | 10 is connected to network 106 by
connect i Bi® 020846841 t hough FIG 1 shows only one source nodeCHHE0I1GGS34
destination node, it can be appreciated that any nunber of source and
destination nodes may be used in system 100 and still fall within the scope
of the 5 ithisadditiornl delay marberiseered iaecessarily. I woee eragple. aagket fragment
"interconnection,"” and variations thereof, in this context may refer to
physi cal cozmietpiceHy depgudent ucogrrectiqrommeesoanid orierity fgvel ofthe packetp| BEhe di agr am
of a network in accordance with one enbodi mrent of the invention. FIG 2

i |1 ustr at esonaeatioh ageel 2P drithkvelchyngbs howevea deapagkdt fragoent e gl kol 06.

- Network 200 conprises an internedi ate node 202 connected to an internediate
node 206 1@ngerbe appromiatciotviesnof2Bdchahgese Embddimeets nbidie ivediomags defaibedxanpl e,
receive signals froma source node, such as source node 102. Internedi ate

" node 206 nmyn&edetais h@eiahfiermayeredies thasapriobleme by dynasiclily amndgsg packéti on node
110. Although there are only two internedi ate nodes shown in FIG 2, it can
be appreci gi@gskntdtiah irpdt¥ordaith evith@hargiigbon@itdoml suichad@bornpievéligcanaetionn net wor k
200 and still fall within the scope of the invention. t5 FIG 3 is a block
di agr am of seedgiesoifrtaccor dance with one embodi ment of the invention. FIG
3 illustrates a node 300 that may be representative of an internedi ate node

such as i nt er meglkfnflORE cRBiRBH o2 (MR invilRGh BB auitatieARIdi B ard CoMput er

platform such as a personal conputer or server. In this embodiment of the
i nventi on, o&?ﬂmg%%swmsﬁe%ﬁgglf r@maﬁ%&eammammhar{geflwdwiamﬁ {79

adapter 304, an operator intefface 306, a 20 nenory 310, a nonitoring

modul e 3 | g%anﬁ&grs.aTﬁg{&ﬁﬂu%ﬂepﬂinggglﬁg’eas?t%gd hMERR s &) DsehBYF SfePition GPUL er
program instructions and data. Processor 302 may execute the program
I nstruct| Oﬁ%’g@%ﬁ%&ﬁ?g{ﬁeﬁﬁﬁgn & AaLR in 55 Nfdedi grﬂg a[%&aﬁk@g‘ﬁ%{ta%sarq%pt er 304

may conmun er devices and trans out of

i nt ermedi at e, node. 300,0ver cqgnnectiQ 24. . (per rinterf 306. my

provi de an"CHEEPFYEL ﬂﬁé?%&ﬁaﬁah@%yrre eﬁgo 'ﬂg"'%oag%?ra%ﬁheenrtﬁ[ogigﬁﬁg 'ga?'ft)éce 306
may conmuni cat e _conmands g,gt ween the user and,OS IE .V\D,[Ll%lgleSr- f1689

r T/ usnnus " PF Fhaespeaiiyelyr dOF 158 “ReXt (78 PRAFSERa T B15d PEEPHE LR PP eNedul i ng
nodul e 320 nmay. be configured to intain a current .tinme,and date.. Al these
el enent s aF%‘ditIﬂnéf%Gﬁ%g‘Fwoﬂﬁf“'Bﬁ “%td}’é‘f’ﬁ ?%‘“HTB‘%A%‘CB%‘%%%‘“@‘SS of

i nt erconmuni cat ed between_ the el e,mentﬁ. 110 adadpter 304 n’%)é repgr esent one
or nor d51/ epesRiHgRaraRcisrs Highlps iigrht leye o€ mormgtion. eoietion REE: TUNeHRL| or

wi de area networks such as, for exanple, network 200. Therefore, connection
324 may reprekelssemmupissednd gnforth. | carbippprecied dhagfhecxdmplehdi¥et bn to ot her
equi prent. |t can be appreciated that node 300 may have any nunber of |/0O
adapt er s anperatingrstatysians speraingtpagpelerGra i Wpiraive SONERANE BIFHCETFYBY 16824, and
still fall within the scope of the invention. Processor 302 can be any type
of processdmitgbpsbpeofohe prveviodihengint he speed and to functionality desired to
i npl emrent enbodi nents of the invention. For exanple, processor 302 nay be a
processor from @né problen vaith meaeissa irsplamdsatipps forpedke Corguaantetipomay bt or ol a,
Conmpaq, AMD Corporation and Sun M crosystens. In one enbodi nent of the

i nventizon, tHar ®aes sahuaB 2ctsaytatne fa packenwbadmaptatoe feoigh assertintarfacehd ys960
networ k processor nade by Intel Corporation. 15 Menory 310 nmay conprise any
medi a capahlafet irsthBrcomextireisitola ko fonse pdgpmatattcombhenieatec ueechniyyarals
processor. Some exanples of such nedia include, but are not limted to,
read-only WHeRREYthe REMhnd sros|daitngeBass(OB tartye inRAMdiatphatpr amd®inghROV]
erasabl e programmable ROM electronically erasabl e programmabl e ROV

dynam ¢ RAWLhBRGERLsItE sdtivake th@Onanki@mRYc Hinstiona st atemgutdr plugdrm, eehiasal di sk
- (e.~, CO-ROM and 20 any other device or signal that can store digital

i nformati ofe dih2BReR RGN BHhagchleft, input/output (1/0) management, and so forth. 1fa

25 user wants to change the operating status for packet fragmentation, such as from active to
8



instructions may be stored on the nediumin a conpressed and/ or encrypted
format. As used herein, the phrase "adapted to be executed by a processor”
i s meant wap0#Ise@ApPass i nstructions stored in a conpressedPEGRYSYYSOBHCr ypt ed
format, as well as instructions that may be conpiled or installed by an
installer before being executed by the processor. 25 Further, node 300 may
contai n vadd-atise, clonisemnasiuaipacsesserlbhisee intesfegmpldeogpinicgies galgugeangd W o
112JU; ~C89 PCT/ USU1l/ 5053-4 t hrough other 1/0O controllers, which are
accessi bl ecdwymsndacerx®. 302 and which are capable of storing a conbination
of conputer programinstructions and data. In one enbodi nent of the
i nvention, MeENDEyway bf @neaont seSodimern péthatiivegtisyBaemerEbe theacposkfoam
- partition 312 and a data partition 314. Program partition 312 may store 5
and al | ow gx@fkihhgks ByorRIoP GRESPEIRIRIMRE pprrasgramrdistomattalybartgeathei npl ement
the functions of each respective node described herein, such as source node
102, desti palhip s&%@orﬂt)al:lgat frb gt EHidTRA laadordi NG EF @QRaraplel, il Mt émterediliatee node
206. Data partition 314 may store data to be used during the execution of

program i ngf fUffah QRS 0|||1§ vAG BREAY paddisiBYe Ben aecBiotdver k cértiiepdriadef t hat may
conprise any suitable to technology for controlling conmunication signals

bet ween nelugr ki ARbhRat ki fnfl6S P thiofbiically SRATUAE Saius Wpadkeot 0Ol s,
servi ces and operating procedures. |In one enbodi ment of the invention, 1/0

adapt er 3%8&8%%{0%%&"{] ?1(:%98 & flanfe. %{1? gtgﬁ.eiﬁ%/ olble RRESH 4 lili?@:tr pABrity! N

anot her e e I nvention, apter 304 operates in accordance

15 ReC 166 0ub wpimgl PR Bog iy Bl e WS T gheoos € 0%

yet anot her enbodi ment of the inventjon, 1/ 5 APRFAtE N
accorddﬁceﬂﬁﬂ?ﬂ“@é?ﬁgﬁ%gg?%ﬁﬁ“V%ﬁgy QF&H'af §?Q§§%ﬁ 538% §B¥%bice Over
Franme Rel ay | npl enentation Agreenent" as defined by the Frane Relay Forum

(FRI') St afakifgpeton withoyb uies 19 ¥FRBY | 997, Anne: J Added March 1999,

available from"ww. frforumcom' ("FRF. 1.1 Specificatiopn’). . anot her

embodi nent of tﬁéoﬁhﬁf\lfé‘httlf'ﬂr\‘i't(f‘lcf)@eé %‘?P‘%‘bﬂ?ﬁ)ﬂ?’ag}s %’ﬁ’@?‘%?? gra%r?le"gaglgﬁﬁ)sdance with

various VO P standards, such as the "Packet Based Nugéinediﬂ Conmmuni cati ons
t

Systens" aghaefsenatio ByanyAly Seine eRGkAL frasment sre RSN BHY O/ on
Tel econmuni cations (I TU-T) Recomendati on H. 323, adopted in Febr@?%y | 998,
er

avai | abl e fregandifigivevoperatinigrmarameters Qepxgpaleiof prrereraiiie paramglerapy U
enbodi nent of the invention, I/O adapter 304 25 na&foperate kn accor dance
with "Real cohmeetidhr speat olyp{dRTR)he fastaribhenspeqtiopspseadts legsdime igtakesip)
02/1h.t(,89 PCT/USOL/ ~053-1 _
communicate a packet. A 1500 byte packet may be transmitted faster over a 64 kbps
connection then a 32 kbps connection, for example. The less time it takes to communicate
a packet, the larger each packet fragment size may be to avoid or at least reduce the
transmit queue delay problem described above. Conversely, the more time it takes to
20 communicate a packet, the smaller each packet fragment size may be to avoid the transmit
queue delay problem described above. Another operating parameter that may aftect
packet fragment size is the priority level of the packet. For example, longer packet
fragment lengths may be appropriate when packets of lower priority are communicated

since lower priority packets may tolerate longer delay times. Shorter packet fragment

25 lengths, however, may be appropriate when packets of higher priority are communicated
9



Real Tine Applications” as defined by the | ETF Proposed Standard, RFC | 889,
published in January 1996, and available from"ww.ietf.or~" ("RTP

Speci fi cag @ms)es9l n anot her enbodi ment of the invention, PCOUAERSEr 304
may operate in accordance with "SIP: Session Initiation Protocol" as
defined by the | ETF Proposed Standard, RFC 2543, published in. March 1999,
and avai | adce highenprioniwmpackets may tolerpte shqnesgrley ﬁ‘m%satﬁhﬁrﬁque’?ﬂ%r%"aé? e just
exanpl es and nmany ot her protocols may be enployed in alternating.

enbodi ment gackék/fapmeiaptze mag @dpenti spon difeetleopetatng BE B S Heh RGERARE'Phg 1/ 0
adapter 304 with a suitable comruni cations nedium Those skilled in the art
Wi || under ghanshdtphiatityliv@l afiaptrdorndilidn eraymundeatddy B exdelérat i on si gnal s over
-any suitabl e comunication nmediumsuch as to twisted-pair wre, co-axial
cable, fiber opbpstingipadinetets; ROWBRE iney vagrdestomé. ofar kxanphicewrechd) modul e 318
may conprise any hardware, firmwvare or software nodul e, or conbi nation
“thereof; t g, IRy OfryQelskAging 66 coRET edndNignpachaetanbef of page 300. | n one
enbodi ment ‘of the invention, nonitoring nodule 318 may retrieve an
operating Pﬁﬁ;ﬁ[ﬁﬂ&ﬁéd,k%gﬁq?f‘)hﬁﬁcaf £FACcRriBas o€ the cAMmapiestahi mgliynaraadet er
identifier in this context may 15 conprise explicit priority information

froma packef. frexblet Fhdment Bizd RisSleq@inardordmye wizh egivem a bit or
byt e t hat Eogﬁehcﬁ-g?%gfnlgw (ﬁﬁt iefi eésma priority level for a given packet or

series of packets. oM dnQbindfinFedd] Md 3dSorBayh dhange, fheot ocol
anal yzer. E\O'B‘F(éqioglégéaﬁﬁg@w §Oﬁgy bel desi gngd to convert information

signal's into aform.1eadable, R POAE: APBsirdNeERAkRcLT of Mati on may be
ro |

anal yzed t &ePae e con ormation 20 for a received packet. The

control information @@?@logﬁm%?q\}cgti%er%grﬁé B r theletvidrit fof céreietnah s iR

recei veld packet Y"EBP arec packet conprises an 1P packet,

noni toring nodul e 318 may determ ne the i Ori . | by
exan ni ng &PERFRERAEARGISP a@‘il’\?ﬁ'@égm&t & gﬁgll;tlnst?zr °¢ E‘é{éﬁéﬁ?nﬂﬁ' gmlg%cnﬁg‘lgg)tefr for

t he packet in accordance wth the TCP/IP Specifi L: QF ecei ved
packet conphq igentian fergsamREKERY mﬁ’ﬁ)‘r‘ﬁrt°8?qeﬁtb£fgeeﬁoa§§ﬁ)é8@1éévfﬁg?lmixam' ne a
priority level identifier in the RTP header. for the pac i WO

02/ 0y189 P@EWomstinallycay-thepacks dE8REN HA REORUNGR 'é";?é"cvgfs Sceg{‘ P%'Jan"’p“fé ““a packet
conprises a Voice Over IP (VO P) packet, nonitoring nmodule 31 exani ne
control i nfriavingtapprepfisie VORBICHIRR & RACKS FQEME §{2A8° %‘%f%‘(‘??@'a?‘ét\?gslcr@#e
accordance with the H 323 Specification and_ SIP Specification, a packet
conpri ses andyremge ﬂ@tdnydplar:%éqosill%ﬁl'% iRt fraseqnittion & fﬁ@k&e@%ﬁ &1&‘ control
information in frane relay packets to determne priority level in

accor dance agvirhagehef palket flagmerSpinimdydetrediged These are just exanpl es and
other identifiers frommany other protocols may be enployed in alternating
enbodi ment's. Al tieis Rakthy &l nofe tharsany osfencerinthglspecHiationy aut @PERIHRENS 0% npl i ci t
priority level for one or nore packets. The term"inplicit” in this context
may refer t@nied®bdibfey ngans iprhiocoraxt IRt 4 garéduldr deatuge, SHERWE. Fchy@glesic of
packets using a set of rules or heuristics. One rule or heuristic may be
based on pagk&ibeck fn@inRecctiba fvitxiengedinknt mhebermylutes ippklgeseang ¢rakodinpeny” packet
length is relatively short such as, for exanple 500 bytes. In such,

Ci I CUNBLANCEShe fnl&HtRNI Fhdagpeamanabl e pirkel ihasembhdimentian paiikeplafss ikar ryi ng
tinme sensitive information and shoul d be assigned a high priority |evel.
Anot her 1 ul . Qpe liRbHfidrSdd for AB¥sshlyhaisefdr wnhd amermbodiakenton in a packet, such
as a tel ephone nunber. A rule may be created that if nonitoring nodule 318

detects a tel eph@ﬂgri’ﬂgﬂg@ﬁn WiekiNdoRhSdrBRmkewhertingike parayarddesgnatedibylilb| e
| i keli hood that the pdcket or subsequent packets may be carrying voice

| nf or mat | on, enr? c%mngeglstmromiug BReke R ilis@RtePM RG] [ ¥ sys@ueduitabia fanot her
_enbodi ment Of Cthe 1 NVEntion: nonitori ng nodul e 318 may conprise a

practicing one embodiment of the invention. FIG. | is a block diagram of a system 100

25 comprising a source node 102 connected to a destination node 110 via a network 106.
10




zo nodul e to neasure the connection speed of connection 324. Connection
speed may be represented in terns of kilobits per- second (kbps), for

exanpl e. WAl e205¥e@h noni toring nmodule 3 | 8 has been il ust PET/HAIEYSH nodul e
to retrieve priority information froma packet and connection speed, it can
be appreciated that any type of nonitoring nodul e configured éeo retrieve
any numberSmicedwed I @His epesicated grepmrk dp@bweaspectiony 04 Restigationaade Hifdssti | |
fall within the scope of the invention. 15 WO 02/ 05.1689 PCT/ USOL/ SCa3. |
FIG 4 is enbtoakodeagriabisdly canpscter Kb pdihpigh DR | shoseohaasEeuTiE t h one
enbodi nent of the invention. FIG 4 illustrates a program partition 400
that may beodeapd esedesttative nade, i rogreaappisaiatei thabany3iumber of sphicgathbodi nent ,

- program partition 400 contains programinstructions to nanage packet

f ragment at §@nndtion nadesintlyebe medi iatgstano téh) and st falswithie the seape af thenodes 202 and
206. More particularly, this enbodi nent of the invention utilizes four sets
- of progs ampivagionUEhiteisoteNdE tedhs {'coprection’! adt inetonneaioel’ nediviratiber ei n as a
packet fragnmentation manager nodule (PFMV) 402, a packet fragnmentation
access nodyerof Rrdicofieds may RaE keghykitagomietticis agd/omldgita coiie8Mns406 and a
packet fragnmentation nodule (PFM 408, respectively. O course, the scope
of the inventiomd $idPoIBAL dihdrith be& ndtRofkhh ScddpfahbCwitinsneseatbodimennsiitheict i ons.
In this enbodi ment, PFMM 402 operates to nanage packet fragnentation in

general . PIMMAAA2 FGOANNERARRGEAFDINAIE R e BLARMRIIGBIOAL 10T O T &
packets received over connection 324 from nonitoring nodule 318. The term

"operating r i nf Lon: i il de iy 2@kesi red
i nformati or]?]%f?weogg?(gﬂno&% @lﬁg{%ﬁgﬂﬁ@%éj{aﬁng&gggzaﬁg‘? gdrté.El lggmtﬁgllggrqout es the
operating paraneter..i r ion.to P v 402 al so
oper at 8¢t Wirr?tcng'?eﬁlé%nn{v(vjl% t hm%rﬁ“e?gFe "s°8€§ as é%o%?g',"&g’n'gg@r? Sﬁ%glrsgﬁgn{r\w
interface, such as operator interfa r Al : ,qurati on of
operating SPHEEN° &psé,\'ﬁ}:\ SlSH&’CE3?‘%%’%?“2?’%‘?‘“&?’1‘9‘*% e'ﬁéf}‘gﬁ] f'g’ﬁdggadf)?on
information that may be desjred.for PEAM 404, PESM 40 . In
anot her enH&XNAERRNOGE SEEEasslsstnAtAHIodE A0 O?Jﬁlh@f: I°dha nlb? 590&5@%? %%I Wi th
reference to PFMM 402 may .be irrgl ementdgg as Rar of.PFAI\é.élt(gzrl‘b er)'nanaM 406, PFM
408 or anotAds speWHINI b dLAAR be aPRIRAITLGR 28Y %m%%{roﬂnéeﬁﬁ"gr' SySTEMPPFM 408
operates to perform packet fragnentation for ﬂgde 300. One enbodi nent of
t he i nvent ibersgsen neiveek Phard il @Hg‘ﬂ’@ﬂ’t‘g\? PR PHPGEYENPAnce with the | ETE 25
Proposed Standard entitled "The Milti-C ass Extension To Multi:Link PPP,"
RFC 2686, 16 WS.025 p beck dBgrapef punsderinpseoudange with poeiehpdipsst lier 1 999,
avai lable from"ww.ietf.or~." ("MCM. Specification"). Another enbaodi nent
of the i nvamenton. Jaef biltmstrasesskaode POGAETRYRE represental e dreanedirtanadfe
"Frame Rel ay Fragnentation |nplenentation Agreenent"” as defined by FRF
St andar d 12pcteatoptetdiate MeesBand 200 7Nodg\3A0 mglyicamprissih copmppiet PR cont
("FRF. 12 Specification"). Al though the enbodi ments of the invention may use
a packet f rsagnantmtsooal cpmpttecwlserasr. diefhismubodimanhef huiuverstisaciode 88 i on or the
FRF. 12 Specification, it can be appreciated that any packet fragnmentation
protocol maympasdiaesoctsor REVhAButanchus(iQ)laddpatr 309 antviperaton intesfaep 0GR t he
i nvention.

20 memory 310, a monitoring module 318 and a scheduling module 320. Memory 310 may

store computer program instructions and data. Processor 302 may execute the program
instructions, and process the data, stored in memory 310. 1/0O adapter 304 may
communicate with other devices and transfer data in and out of intermediate node 300
over connection 324. Operator interface 306 may provide an interface between a user and

25 OS 316. Operator interface 306 may communicate commands between the user and OS
11



The operations of system 100, PFWM 402, PFAM 404, PFSM 406 and PFM 408 may
be further described with reference to FIGS. 5 and 6 and acconpanyi ng
exanpl eswoM2ziseasgh FIGS. 5 and 6 presented herein may i ncPCHESHE/98HL | cul ar
processing logic, it can be appreciated that the processing logic nmerely
provi des an exanple of how the general functionality descrihed herein can
be i npl eneditégdnd praviderstatussatohmypartathieaserwSetdnling "@‘P‘ﬁ'@r&ﬁr’%’ sing | ogic
does not necessarily have to be executed in the order presented unless I5
ot herwi se tondigat edmaiftaih a Suriest imbangidates |AJhihetie glgments afe INECOPRSEADEi ng | ogi ¢
performed by a packet fragnmentation access nodule (PFAM in accordance with
one enbodi BRB08OHhichelldwswant tb b intékeonopericatédimgtyrsn deelemenisod/Qadapighst  one

. packet may be determ ned at bl ock 502. An operating status for the
operating ped AapRpresemynder mat @Onidagiersat ndivorkkini®iakes PatdeacomBettp dgAknt ati on
may be perforned substantially in accordance with the operating status at

bl ock 506. o} RideRRaGRRRMksRRE aspfor EXdenpid) viemiorlo200. Therefops cairienonyRd amayt er  may
be a priority level as defined by a priority schene. The term"priority

scheme” i n thlsniGQIBhRX%LNTRY HeBidik of Hdiddycdnaediioh GLhdrequipaprr #tcambe
information into different classes of information, and 25 ranking each

class in a B1aMiddb 300181 P haVERAE nGifiber OF i/0.addpréimldadnadetismyymuchns t eri a 17
WO II2/ OS%t;&Eé(gﬁg&CTfUSOl/ SU53?~ may?be cl ass of service, quality of service

(QS), sengjd a;déhttehﬁoantdlégﬁe%na@ﬁ; arfdQEH 10 wiReh We GEpe IO the GBveNREHE, _
destination node, information type and so forth. The term"information

" hi i i ia@dh,
type” in this cgplext i@ycarq \8/% %&?&eﬁrﬁegﬂ)l‘)&bﬁ)lé’@ prviGiRp R sped lafd

vi deoconf erence, stream n nessage, Vvoi ce nail nessage,

raphics, image, video, fext, an : eRfidh. "HOF kO Foin

tg hi g colft exf "&8‘?%‘:’%9‘?55&%% 'F‘Hléaﬁte?tfe?ncebro E@%%Q&ﬁg qc‘{egl;(gn tﬁﬁgtbﬁ#a&lyé{iptlog?%grt eits
rank. Exanples of priority |levels. ' AETAR . MERFSIEM
priority Fpé\ngayle\%pb(fcfﬁP%l?V" Iagﬁ}%'lly%agcg%sg*sgﬁdﬁ.b&XJt%rq06¢§¥y ’schen%ly’nay have

any nunber of priority levels, and define eac 1or] . HSi ng any
nunber or t4aEwagfAMD %@P?rét.‘or\ ‘H“@HB h@ﬁ%ﬁ?ﬁ%ﬁ%hﬁn% e?h"gﬁﬁ"%\';}‘eérﬁ{f‘%ﬁ@é“’g’ri ority

schene is used that classifies 10 informtiqgn cor di to i nsitive
nf or mat | OrPIeASEOnAYR BENE SRANPKINRSEAR SRS B OCUeREorE BrosPsyBRe Sy i o
context may refer to any information where it is desirable that it be
del i vered tiotehCor@statipmt i on node within a certain tine period. Exanples of

time sensitive information may include information froma voi

f ce
conversation, viMenwyai@meneenprisadnsnediarinibledl derng iRgretion@deniziodey
information in this context may refer to any other r5 type of . ipformtion.
In one enbogkecmet byod protessarnSent pxamples ofrguch aiediatinahiede; bt areiel I'BHEH Sy be
assigned a priority level of high, and non-tinme sensitive informtion nmay
be assi gnedread-miliy atentoyy (REM), rotlomenscesamemongRAM; srogamngble RpMexanpl e.

Al t hough particular priority schenmes and priority |evels have been
descri bed i ¢rasable pesgramneble RDDA iclvemerscady etasablé programmeble ROM cdyarpie
appreci ated that any nunmber of priority 20 schenes and priori tKBI evel s may
be used andraM,klaghelcldiski(ehi Aopyaliscnpbardfdrivéleotitinalatinki (a8, CDRRGNB 28drbodi ment
of the invention, the operating status may be one of active and

20  any other device or signal that can store digital information. In one embodiment, the

instructions may be stored on the medium in a compressed and/or encrypted format. As
used herein, the phrase “adapted to be executed by a processor” is meant to encompass
instructions stored in a compressed and/or encrypted format, as well as instructions that
may be compiled or installed by an installer before being executed by the processor.

25 Further, node 300 may contain various combinations of machine-readable storage devices
12



de-active. If the priority level is high, the operating status may be
determ ned to be active at block 504. If the priority level is low the
oper at i ngsiasusomay be determined to be de active at bl oRKT/BIM/S03He term
"active" as used herein may refer to activating or turning on IR WO

02/ 05.1@&9 PCT/U 5(1 1 /50S3-4 packet fragnmentation functjonality. The term
"de- act i vethragh oted/® eomiaiersayhiek e aceessitle buproresstrisig 2t Whigh Ang” of f packet
fragment functionality. In one enbodi nent of the invention, operating

stat us maycdpebleer gorrigremnibjnacumbicampngr HegamdnstiEons3ad daltng par aneter has
been determined within a limted tine period. Operating status is

determ ned i n aEGAE iabekmetohithe reveetal, mamoor3 | 0lcampisss ambRFGA EBISYSIEP t he
.invention, the operating paraneter may be determ ned to be a high priority
level . If the ahidghanPparafion ¥12lae¥ e datapsrtiion 3 dietPeogram @ertiipn RIZmmheorki ni t ed
time period, the operating status may be determ ned to be de-active. In one
- enbodi ment ,0f ailoiEextANIBRLY BRceshS00pEpBRIaNGgnSuatiors tiymjemdetter ni ned by to
searching a nenory using the operating paraneter. 'The nmenory may conpri se,
for exanpl @, &Y ¥ach tpectl® noRafeairibB@hétiaf sush aBgpulve nokixt 2 ndestmhtiosi ng an
operating status associated with the operating paraneter in nenory. In one

embodi ment. ke { /B€inleAHERkE Rie J0DEnPRRIALIiAS nBRIIEE DA panYioh | lstipsiiened by
receiving a packet wth an operating paraneter identifier. If there is no

operating |s para ra LE e, QREhatichghspar aneter may be inferred
usi ng one g?tag%iéeeﬁrs?{ij‘ﬁgglg%ﬁé’%#gé#tﬁétoif?r;&gas di scussed above. The operating

paramet or | dent | ) G IEu, B 21 HL XA AR SGrBACKRHse 49 saRmienbod mont. of

t he inventi on, par amet er entifiér may represent a priority

" o1 oupconpmnpiG Chcpel SRRl PR BATE P BR RT3 2 Vo ce
used hor o ieny sFar spmighpreRpREEP et TR A e Ty
b1 0CsS1 g gL DU PR e SRS to-Safe FYSHETLLAY a1 the
Dol ow,  howeirerifcaient I HEUSE STy BUBF ECRIoR W e PAASRRR Ly 1 Cvel s,
O o Vel Lot wit e Bandioamgroics! (P b BTnBFE) GETETISERRY SLnS and
15 RFC 1661, adopted in July 1994, and available from “www.ietf.org.” In yet another
embodiment of the invention, 1/0 adapter 304 may operale in accordance with various
frame relay standards, such as the “Voice Over Frame Relay Implementation Agreement”

as defined by the Frame Relay Forum (FRF) Standard 11, adopted in May 1997, Annex J

Added March 1999, available from “www.frforum.com” (“FRF.11 Specification”). In

20 another embodiment of the invention, 1/0 adapter 304 may operate in accordance with
various VOIP standards, such as the “Packet Based Multimedia Communications
Systems” as defined by the International Telecommunications Union Telecommunications
(ITU-T) Recommendation H.323, adopted in February 1998, available from “www.itu.int”
(*H.323 Specification”). In yet another embodiment of the invention, 1/O adapter 304

25  may operate in accordance with “Real Time Protocol (RTP): A Transport Protocol For
13




PCTI USUl / 5053.t paranmeters may be illustrative in nature and are not neant
tolimt the scope of the invention herein. In this enbodi nent, PFAM 404
manages yackasidpagnent ati on for system 100. PFAM 404 nmayPGHESHINSHo
automati cal ly change an operating status for packet 5 fragnentation based
on, at least in part, one or nore operating paraneters. in one enbqadi nent
of the i nvRediiTane APPAMiaeZ andefinedlihg & TpRrpeseh §tapdard RdiCe 8P rUBHRSEi on i n
the formof |evel of priority for one or nore received packets. PFAM 404
nmanages t hi Japerat 496garsitaasitabledfonPrxvaaaf ol AR TR0 pepificatigadedianathes dat a
partition, such as data partition 314. The data partition nmay i ncl ude a

t abl e havi Bgbaiimeper akiimgnsdnat/Oadagadi atagdperatewn adgordands Wity SlIP:of priority
- for a given priority schene. The operating status nmay be, for exanple,
active or dexasihiMSionMoBeAnal dfindd by halll e Rrbadsediigndaed, RF€A2543, accor dance
w th one enbodi rent of the invention is shown below as Table | . It can be

appr eci at ed, 51gdd iAMWar&f 1990t abAiRSIc Ut ew edtlors (BHr Spdelfiesfianiut These pur poses
only, and that the enbodi nents of the invention may not store the rel evant

i nformati of..i:n RkLFISENY nfah€ ohd Bobes1 finas bdérF1Byelidn hiesrRdting ehBélimerdts Pri ority
Level Ti ne ré?l{']sct)dd@gdr at inné aS\%%at ﬁgllili gh Priority Level U secondsActi velLow

Priority Level 3903195[%&@@@%&3‘%1&6@5 ZoRn&¥or$ 19 WbnrieftinfalD) &lapicr BOMOWRH 4 Or i ty
| evel s are defined: high and low. The high priority |level may include any

i nformation that i i MRIdGn tift aPBwiRfundl@dtad (BA 1/0 Abter

02/ 05.1189 Sﬁ@%ﬁgﬁ?[@cﬁggﬁ%egpm{'g?hg‘rger(reﬁglqimat?at nc?de.I Ig?(arrpl es of hiiwgr)\ priority
I evel inforpation may.include.inf QM IS8t LsatéPnps, Vvideo
conf er enci r%gE T7Y 56 '-mtf?rr%ng Sr'%'{e]{lr‘rslo Jnvgp%/dlygg'(t)gb?‘%p%“gd n?/ci%gg’g&g;ﬁ imge file. The

ow pri QY leavel JRY.LNCluds. Ay thet. o el f@Rben other than

hi gh prior i'VFerRFE WV enf BT s“Vvol ce messages or enmmi|l nessages.
It can be appreciated, however, that any type of desi i.Qrity schene
may be utilizedMangorRy ‘P?‘Y@aﬁs Wﬁ?t%’“ﬁ‘fv]aé'y 3sf' Kivare '"ﬁ‘hgerglgﬁgoredﬁt% |Féon. Each
priority level nmay be assigned a tine ri.od val ue, which.may. represent a
Li e pe | odnadlcnp OTEEREMETSH RmepipER SR F oY MESYRICIRR o Res e od

prior to changing operating status. The ti ﬁ riod may be useful to ensure
t hat PFM 40®¢ dubadipgnt of the invention, monitoring module may retricve an operating

parameter identifier from a packet. An operating parameter identifier in this context may
15 comprise explicit priority information from a packet. The term “explicit” in this context
may refer to a bit or byte that specifically identifies a priority level for a given packet or
scries of packets. An example of monitoring module 318 may be a protocol analyzer. A
protocol analyzer may be designed to convert information signals into a form readable by
node 300. The converted information may be analyzed to determine control information
20  for a received packet. The control information may be used to determine a priority level
for a received packet. For example, if a received packet comprises an IP packet,
monitoring module 318 may determine the priority level for a packet by examining a
Differential Services Code Point (DSCP) in the IP header for the packet in accordance
with the TCP/IP Specification. If a received packet comprises an RTP packet, monitoring

25 module 318 may examine a priority level identifier in the RTP header for the packet in
14



to constantly switch operating status from"active" to "de-active"
unnecessarily. For exanple, the tine period for low priority packets in

t hi s exawdl ®@/054688et for 30 seconds. This nmay hel p ensure PGHUSHFEIFHO8 does
not change its current operating status unnecessarily in response to, for
exanple, the insertion of a low priority |evel packet within a stream of

hi gh pri oractorddnee siith ek BRt Specifisatinnhdi a paskelsomprises giVpise faer BdUYP) ~5
receiving low priority |evel packets helps inprove the possibility that PFM
408 may chmaokee, merstoopemadila gl &may exgmins cogiseldrformasionig ¥VRMIPAKEE K ng hi gh
priority |level packets. If the operating status for PFM 408 is currently
active, anitteamsenriestydével ovacparilance tvith ithevib B2 pSrskdicaticaraad SEE 8pepdigatiin: hout any
- high priority level packets for nore than the given tine period of 30
seconds, tinepadRerddnididesvrlyanicatay paaket henawigonatuted 18 prayaxamige sorttals, whi ch
20 in this exanple is "de-active." PFAM 404 may send a signal to PFM 408

i ndi cat§ nginRMhdSn e célangekits ® dtern@npriofpgiat! ingestrdinus withthehe new
operating status of "de-active." Stated another way, if the operating
status forp@FM ificatidil MRS dry/ jusCdxhimBles @dichti® idengfierpfromrmadny otevel packet s
are received wthin 30 seconds, then PFAM 404 nmay retrieve the associ ated

operating Shakys fa0be LRI IS enBMilentohi ch 15 "de-active ™ PEAM 404
may 21 112/ 11'S~&9 PCT/ USOL/ SOS3-1 send a signal to PFM 408 indicating

PFM 408 rmay chag@s, i,y CHbRiSRhe MB8HIREI HfaPiabitind & iHpACIDSNRPRVALLNG St at us
of "de-active. ™ TIn anot her exanple, the tinme period for high priority |evel

is set to Qnﬁzo‘r?ﬁﬁogé’ acketd! Ph ﬁg{qhﬁ"’,iﬁﬁﬂ%o‘ﬁ%ﬁt by REGGo RRRHRY apRbrival t a

given tine 0 recelve priority level” packets prior to changing

operating status. Rather,. \ t tus for PFM
205, 1 o~ B0 R SEbric RN A TR0 bR Ee R ORI 1Ty Tevel

packet. This .may be desirabl e SHI i phorkty | evel
packet is 4’%’5‘@5‘%’8@ b P %B%t?etnggt %ﬁgﬁ%ﬂ%{} ﬁa@g%ﬁﬁﬁgg%?l? {yhg{)'g%ati ng
status to an "active" operatin tatus to et ssi bi | of
del ayi ng aPﬂ?k?fﬁEﬂg"] 'é\WsIFtP"ﬁLYé&%"? g“."ﬁ 2f> #f’lrheé‘a?’ﬁ{e§§§$¥l&ef‘2@ Ss‘fq’act'ﬁgm?%'ﬁ%f-’FM 408 is
currently "de-active,”" and if any high priority.|level .packet is received,
Lhen PEAV ot inageasesible Dielinon hadisepitkerducaspieline sravts lormaionand i gi
priority level which is "active." PFAM 404 sends a.signal to, PFM 408
i ndi cat i ngstePid beossigned @I ehorwRgdeYal s ABRIFFEHE ob PRirists 'ﬁgy E‘E Bt 0 the new
operating status of "active." In another enbodi nent of the inyention, PFAM
404 mays maivdgmaper et packes, spetaagrideleriione Aurabe o Adh g avPesHatedthalr e schedul e
paranmeters. The term "schedul e paraneter” in this context may refer to a
time, a dameniteringmasiulend Sdlgteers a felaphencarumber withig atpackshthere manbe & uch as dat a
partition 314, may include a table having an operating status associ ated
Wi th one oreasmwablcdibtlgdod thaptae artianr subsTgieniopeekett MpbesGAY NG VARY be, for
exanpl e, active or de-active. An exanple of a table that may be used in
accor dance intbriratid®arahshoadibo disiged a biizh pherity feveht i on i s shown bel ow as Tabl e
2. TABLE 2 22 WO 02/ US~(i 8l

In another embodiment of the invention, monitoring module 318 may comprise a

20 module to measure the connection speed of connection 324. Connection speed may be
represented in terms of kilobits per second (kbps), for example.
Although monitoring module 318 has been illustrated as a module to retrieve
priority information from a packet and connection speed, it can be appreciated that any
type of monitoring module configured to retrieve any number of desired operating

25 parameters may also be used and still fall within the scope of the invention.
15



PCT/ USOl JSOS3- 4 Decenber |, 20008: 00 amActi veDecenber |, 20008: 00

pnDe- Acti veDecenber 2, 20008: 00 amActive In this enbodi nent of the

i nvent i owO0 RABIE92 may i ncl ude, for exanple a schedul e paPERESEISOEBNPri si ng
a time and date, and an operating status associated with the tine and date.
The operating status may conprise, for exanple, active and de-active. In
this 5 enbodi mdhE. ofs atinskidimgean ¢frprogemnprditien Ffe?fc?fﬁ?f}f@év'tbé’eket
fragmentation by changing the operating status for PFM 406 according to the
schedul ed dnbmginaamtofihe mvertiont FEG.dbibystrates appsizeam PFafignal thagpagbeess Tabl e 2
to retrieve one or nore scheduled tinmes and dates along with associ ated
oper at i ng mpretativEsRivbgtd pariyion 8ti lnehis egbedimertty ragrammpaditioe4¢fesi gned to
maintain a current date and tine, such as schedul i ng nodul e 320. PFAM 404
conpar es thatirgedgrad isirgn@hstomdnhagd prekat dtapmenabntfpnan intadnadiztenodef t he
conmparison results in a match, PFAM 404 sends a signal to PFM 406 wth the
new opey at §yoK aSinakrMediatE a6dee 20 de206 PRM pbdcuialy, thétenibedineat ¢fithe and dat e of
8: 00 am and Decenber | , 2000, respectively, and the associ ated operating
status of |ha&itioN atilizeRFAVsAO4f fregah iesuaiogn taswilreroodediecdyiréfergedrodul e 320.
Once PFAM 404 receives a signal 15 representing a tine of 8:00 am on

December 1., 4090, F%&é"ﬂa‘éﬁémﬁﬁ&ﬂﬁmg&ixmle PEMREMA0BpdcRet FABMERtdNS Cur r ent

operating status "active." This sanme or simlar process may continue

wth the nexthRWuTbEAVRIbe L MEkePAYEDPER RORICETSM bb alpsbicrd, PRAM 404

may be configure gin with th rst rowin Tabl'e 2 once the |last row

of 'fable T?rai fen a?%ﬁlﬂ-%gglleéplf}%ﬁ]@ﬁ{egﬁ%ti l)(sjpop@ou?sgntﬁ{: %565@9fﬁ19in5/@19%ﬂtis certain

rows on a urring odi nent of e 1 nvention my be

desirable, for .e le, when an.internedi ate node or system may assune that
a certain P?E‘é“'8??‘?%50‘*?%??‘6%"?%'93 %E&Es(:ei ved at different tines or dates.

For exanple, a syste acﬂn‘i I St may. aptici 0@4}-98~Ir89
PCT/USI | ]/ SOSSJ“rt@'é&'i%‘? 'Qerﬂi gﬁﬁ”gﬁ‘}%{%ﬂpf Vi n&%ﬁgﬁ’%lﬁ&gﬁeﬁg%\é&?ﬁt@t 16 hours of
8:00 am and 8:00_pm every day, and |low priority.information be en the
hours of 88‘%5’6”8@ @WM ‘gl_%dgceg’ 8%‘?%&?8&‘.”%@&%@/ °58Eeu?r,m9r%Pa°%¥<Y§npl e,
because all information fromemails and voi ge ﬁaHl S . ar e‘wﬁrotcessed and
cormuni cat EgeivehReReannEHiop Rk fran Pogorpemadin? iy HEHTY RA¥AMBhe syst em or
internediate node is |ess freauent ly utilized. This schedul e ge% be
i npl enent edarameehiafrBatANG RS Tl hercm mayracperdny AlssireraR oRation e 4y change
operating status accordingly. It can be appreciated_ that _an%/ nunber of
times af dapee&iﬂga)ﬁrab’@telns@ww #03 rpute$ e pperating parameter information fo PFAM

404 and/or PFSM 406. PFMM 402 also opecrates to interface with an OS, such as OS 316,

and an operator interface, such as operator interface 306, to coordinate configuration of

operating state, operating parameters, or any other configuration information that may be

desired for PFAM 404, PFSM 406 and PFM 408. In another embodiment of the

20  invention, the functionality described with reference to PFMM 402 may be implemented

as part of PFAM 404, PFSM 406, PFM 408 or another program module as desired for a

particular system.
PFM 408 operates to perform packet fragmentation for node 300. One
embodiment of the invention performs packet fragmentation in accordance with the [ETF

25  Proposed Standard entitled “The Multi-Class Extension To Multi-Link PPP,” RFC 2686,
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and PFAM 404 and still fall within the scope of the invention. Furthernore,
it can be appreciated that Table 2 and PFAM 404 may utilize a tine, a date
or a ti mvoaedhsd@be, and to still fall within the scope of P€hESIIV#EsIt i ON.
FIG 6 is a block flow diagram of the processing logic for a packet
fragmentation size nodule {PFSM in accordance with one enbodi nent of the -
i nvent i on. publistied Ssptember 19pBrazailahly fioar amewdelorgy GMEME Speaifiadond- bl ock 602.
A packet fragment size may be determi ned using the at | east one operating
par amet er ahothdreaiboditrnt oFhiee iprankion pdrfoamsrpgrket feagaiepietionip apeordanes Vitkd
substantially in accordance with the determ nation of bl ock 604 at bl ock
@6. | n onge eramdiReRNFragmdntadon myderbéntation tApeccopet’as definep by AREStandardy

- conprise a connection speed. In this enbodi nent of the invention, the
packet fragmaadpi&l in DedBibdr N7 avdlalds fome voonfréoomooms FFRF. i2ncr eases.
Conversely, the packet fragnent size may zo decrease as the connection

- speed decr a3 fRatidn™). ONIRhRER 8@ ieABBdimehts bhe iifveRtinimdy, ust h@adkper at i ng
parameter may conprise a priority level. In this enbodi nent of the

i nvention, g1 NeeRack StotddoP R AhedSih 2R MEMILISRE Fioafnas tHeFRMIZ ority | evel
i ncreases. Céonverse y, the packet fragnent size may increase as the

priority | §%€1§ch 66T RRAEBe appfeciaeieh dhyISck&RgMetbidn Prioddd Bral bk dscane

enbodi ment e Invention, the determ nation at block 604 may be

per for med @5 pb0) Ao AN BRI e QREGRIE RAcARRANEt er has been deter i ned
within a tinme period is evaluated. The packet fragment size may be

det er m ned SubSHANLIAkib drly @G 966 BPGRe b3 BERRPGY BEYA4081nd PRVIONE

enbodi ment of the 1'fnvention e operating 5 paraneter may be a high

priority level, .and if the hi riari l.evel m w thin
the tirk pByybhfurthe ‘Le\ﬁfrbbggWé@q%%acrﬁeP\tﬁ(}§'zsea\ﬁ(rdargf\q%gccggﬁ)aeg?n&%i%gh gﬁg used to
nodi fy packet fragmentatjion. In one enbadi.nent of the invention, e
operating pahayshFlES; yand qO‘HWCBtF? B?rF'N"ZIyé(}cé{H,% it rPWéeSIS'S%Hﬁ?cpgrc%'Fy | evel
was determned within the tine perjod, a nemegack,et Iraf%msrgt si ze, may be
det er mi ned baaRPresiases hef thoRrPssysiph ogistmare !y grNIAEATT SAMPIEPTIRY s ds8ERhent of
the invention, the at |east one operating paraneter conprises.a connection
speed and furictenaliyy dessribed hergintcpy be @%?ﬁ"%@nf uggersqqgh P‘?‘F\%‘Hf’iwd NgHEbacket
fragment size increases within a priority |evel as the connection speed
i ncreases. pReassmedediydocs et nsaesrastly havadprbhexeeyisbindRce dePESHNEY WFSa priority
| evel as the connection speed decreases. The determ nation at bl ock 604
descri bed abewesermgicattéo be utilized ~s with this enbodi nent of the
invention with respect to priority levels determined within a time period.
I n one enbodi meRlG.dfis & hieck flvediagam ofttheprdesssingiogigtredfarned bylagerkes06 may be
performed as follows. A nenory is searched using the at |east one operating
par amet er . fAgmaskiain dccagmpiile PE2eM pisioairdenedwith bie ¢nilepdieent ebidbe one
operating paraneter is retrieved.

invention. An operating parameter for at least one packet may be determined at block 502.

An operating status for the operating parameter may be determined at block 504. Packet
20 fragmentation may be performed substantially in accordance with the operating status at
block 506.
In one embodiment of the invention, the operating parameter may be a priority
level as defined by a priority scheme. The term “priority scheme” in this context may
refer to any technique for separating information into different classes of information, and

25  ranking each class in accordance with one or more criteria. Examples of some criteria
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20 The operation of system| 00 and the processing |ogic described with
reference to FIG 6 may be better understood by way of exanple. It can be
appr eci apexh2iossdshe exanpl es gi ven bel ow, however, that thRCHPSOINE3 S | evel s,
definitions for priority |levels, operating paraneters, operating status and
time periods are illustrative in nature and are not neant to lim¢t the
scope of tiney bawlassiof smvibeqedlity observicafQoBR sausitiv e topimy dedyty OIS SeT¥E-M 406
operates to automatically nodify packet fragnment size based on one or nore
operati ng garemeiedsstinktionamnde,dnfoouktive tpecand schigrthnVehiers ninfapeiandyee s ecei ves
operating paraneter information in the formof connection speed for a
connect i onj, thidebntds negnefechidan f@2va vacxcoprérstion,yvideagaiferenge, Hisam B nor e

. recei ved packets. PFSM 406 manages ' s the packet fragnent size for PFM
408. PFSM ¢, kasil akeQES vbize thatl aieasagargriphicarimagy elleagexdardisopfarth.i Theon 31 4.
The data partition nmay conprise a table having a packet fragnment size val ue
- associ at edgp tpriGRs evkevelhistonekd referd ty ah tlentifieyifsrenctprassitiat naggkeat and each
| evel of connection speed. An exanple of a table that may be used in

accor dance;whR pRsnAERAGHERHtevefs rdyebcinngilorignevs, vditimn phieitptevals Tabl e 3.
| U TABLE 3“Prai ority iﬂIievcl T?ﬁrrtg Peri odConnecti on SuecdPacket Fra nment SizeH gh

Priority L S 32 rRYiehbEbmBY hvkiahy nkbde bPps@ip Relslk,28
kbps64 byt go\s(ﬂ)rg%ﬁgfr%?@%ﬁggo ﬁhe)@el rsec}:e;ndSZ Ir];bypsl SOOybyt esLow Priority

Level 30 seconds6 - Br L orduinbeleMele3T cafignds| 28 kbpsl 28
byt esLow PP?%’P?’( éeri(l]g\%gﬁqédmsqé\?gﬁ%ﬁ% s2000 bytes 'S As shown in Table 3,

PFSM 406 rmay re&egn\égg%?%hmggt%tﬁeqmgn ,ia%ioﬁﬁcs.@h% iduRd iRt cladsifiegvel and a

connecti on spee y use the input information to search Table 3
and retrieve a tinme period value.to. n ol ; heN& t he
appr opr'Pat é"f?ré“a“ov\ffcﬁﬁil’"fq ‘e sy °'§§85|y % Ué%&’?%‘ sgﬁd %gé'gtglgeﬁ%'g;{ ?Eﬁ?gt:‘{(g‘r PFM 408.
Using the priority definitions described. w . : a high
priority | WBf SGRalve H‘ct}"lﬁﬁgmﬁﬂy‘aiyﬁ?fgrrtﬁﬁp Y g‘@rhﬁ&é@%«%@ﬂ g deetrsg%bl?m%tgtr l;Jeexarrpl e,
5 ns of delay per internediate node. In this ex | e, . pa r nt sizes
for high prF \rerfftd;ﬁowé%!na%%l@éfé”“ﬁ)é‘m‘iﬁ”?/‘af"?‘eé’&’d% 'gﬁi)ﬂa‘p{eg"ﬁﬁﬁ%é%?ﬁggespeed.
For a given delay 5 boundary of approxi matel}/ S s, f‘Pr eza | e 4@
connect i on isforeationimag nalisisdn fepiyatioB from HYAYESONYGTSALRL Y{ACQFYUCTYe B |yt o5
Transm ssion tinme for a packet fragnment of 32 bytes at 64 kbps would take
appr oxi mat elryandin@ Sidae, Newhtimh seraifivh éferalatipmigl s comext IRY &5 1A "E’F PBFity Ievel.
As the connection speed increases, the sane 5 ns, of delay may be incurred
usi ng aisl artgerofefotastionr bymermbsdiment Falie inveaHpN mesCYRGICTMACE JBEd of |28
kbps may set a tU packet fragment size of 64 bytes. Transmi ssion tinme for a
packet fragresdigel aplotyties! af hig2 8ndknpstimpsgneitivaikéorapitrormnkitastigned 25 ng,
whi ch also may be tolerable for the given priority level. Lower priority
| evel packejrivrifEiyvddpt bef, aidicuplothitiojst atasamplkonger period of del ay.
Therefore, operating status for PFM 408 may be set to "de-active" as per
previous ~s enbodingBe sarduldr Peoritp veirtienmd pFioeityelevryhdye becoriigharibethiy anBat  may
occur, however, that

or more embodiments of the invention, it can be appreciated that any number of priority

20  schemes and priority levels may be used and still fall within the scope of the invention,
In one embodiment of the invention, the operating status may be one of active and
de-active. If the priority level is high, the operating status may be determined to be active
at block 504. If the priority level is low, the operating status may be determined to be de-

active at block 504. The term “active” as used herein may refer to activating or turning on




make it desirable to perform packet fragnentation for |lower priority |evel
packets. For exanple, the priority schenme may define low priority |evel
packet s o @/iskg¥® boundary, such as packets carrying i nf oPGHUPOMIHat may
tolerate a delay of 9 ns or less. In this case, it nmay be desirable to

mai ntain the operating status of PFM 408 as "active' but inc&eas&a 2U packet
fragment spaketifiaghakaionduznivealiey. oFhetteren fdgscdye” @oHisd MECBMIPEEHL “Ther ef or e,
if PFSM 406 were to receive a low priority level as input information for
the given fdinRingeFf i@ingbffPackecitagmusi fuagitbnalittonnect i on speed of 64 kbps,
then the packet fragnment size for PFM 408 nmay be set to 64 bytes.
Transni ssi on tiARné anbalipatkethe finagimnopeandting 4tahy ey batdetarrme%ps woul d be
. approximately 8.5 ms, which nay be tolerable for the given priority 25
level . As [HQaGRNARGHr e %ﬁﬁ:ﬁdg bitnaasias bednhietesmimed @ithim adimittdltie nay be
incurred using a 27 WO 02/ O5~C89 PCT/USOL/ St1S3.1 | arger packet fragnent

- size. For g@?@ﬁpk)?eraﬂné?é?&l[l?%fdk@ﬂniﬁ&ﬁiﬂdcéﬂrda]:é’ﬁwkbnﬁ emalyatoet lronsacket fragnent
size of 12 ytes. Transmission tine for a packet fragnent of 128 bytes at

128 kbps vigih k& BRRNKRIRohedify swametdingly taldsmainyd betdighr abl e f or

the given priority l[evel. Consequently, once PFSM 406 receives a priority

| evel for qgne.or r MR e RAGKELS d&BGhiAcCRINE Gl il Al PRR efiad,
connect i onpﬁ‘ﬂf? I%V&rlg%h?ih@g)glbﬁﬁee appropri at e"packet fragnent size val ue.

Accor di ngl Yie lj)rlF;FFrg 'Eg4 §g§f§?§j$€ ReSinsnako 6LLEM 08 i ndi cating PFM 408 shoul d

change its ragment size value with the new packet fragnent

size value, )n pnoter SRSCTENG, Slol % ARUERL baN, B, 6L AGLiRARYAL NG

par amet er such H<LESH may be 'used to determ ne packét fragnent

size. An exanple of a table that may be used..i Lth this
embodi nént SHFChitER MAVNUSHA “feso"g'i‘?ﬂ(}\%paﬁ%']%{\e/\r/' gsh e%ﬁﬁﬁ?ﬁ&%&’éﬁ%

Connecti on SneedPacket Fragnent Size64 kbps32 bytesl 2 2
nbps1000 bytasplagnetnal(n a&BFfét'ﬁg,S‘%I“Sp@@kiet‘?‘?‘?g‘b"ﬁér‘{%‘§%%§§§"%?a§“g§‘t§§'§i at ed

with a given connection speed. PFSM 406 may receive only a connection speed
as i nput i rkociatedivih thoongeriag RTABCYLHNIHTKEY- fragment size for PFM 408. Once
t he connecti on speed has been deternined or recei yed, PFSB/I 4 c=,6rm§n%8r ches
Table 3 to findliéns capodiopnt efitee Wuenien. (hs SRSFASIE PAPREEr BAY 0o ¢
by receiving a packet with an operating parameter identifier. If there is no operating
15 parameter identifier, an operating parameter may be inferred using one or more rules or
heuristics as discussed above. The operating parameter identifier may be retrieved from
the packet. In one embodiment of the invention, the operating parameter identifier may
represent a priority levcl.' More particularly, the operating parameter identifier may be one
of a group comprising a DSCP, an RTP identifier, a VOIP identifier and a voice
20 information identifier. The term “voice information identifier” as used herein may refer to
any explicit identification that a packet may carry voice and/or video information.
The operation of system 100 and the processing logic described with reference to
FIG. 5 may be better understood by way of example. It can be appreciated in the

examples given below, however, that the priority levels, definitions for priority levels,

25 operating parameters, operating status, time periods, assumptions and other values or
19




WO 1)2/0S-4C 89 PCT/ USOL/ SOS3~ exanple, if PFSM 40G were to receive a
connection speed of 64 kbps as an input, PFSM 406 woul d search Table 3

usi ng t heowrlwsast4 kbps. Once the appropriate connecti on ROEESIRESH ound in
Tabl e 3, PFSM 406 could retrieve the packet fragnment size val ue associ ated
wi th the connection speed, which in this exanple may be 32 bytes. 5 This
enbodi ment pasdmeidre miap be fuistoativeriynatise geskarg 49| neapifodi ége ¥R BHEC t hat assune
an upper boundary for tinme delays for all information received, and uses

t hat upperinbewioslaérgint 0 det ermi ne an appropri ate packet fragnment size for a
gi ven connection speed. For exanple, Table 4 may be appropriate for an

i nt er medi at e nadehit babodanéritcfrdd 864 managys pagkeiritagmenntian fongsiemal®Pon, and
-therefore may only tolerate 4 ms worth of delay for to any packet

conmuni cat pela Piysol ey optraterte ditainaticablylehangd areopetating stayp&r ppekghdary, PFSM 406
may utilize Table 4 to vary packet fragment size with the assunption that

- the packet gffAGERIOh bBded 8n ali IcafYn Giry@ne aoncreopéraimggpesttarayineet result in a
delay of nore than 4 ns. In another enbodi nent of the invention, a single
operati ng PALHIRLR O BGhVeASord PFAM 404 nhatedeivermpefaing seaindter idbtraationie packet
fragment size. An exanple of a table that is may be used in accordance with

this enmbod O led B hrlb¥RN ok BRE drincvi RIokivaEpaoMetasPFRNII464 MandBABIE 5
Priority Lkeh\gg | mee Perf%rdPiz)Ekct Fragnment SizcHi gh Priority Level 0 seconds32

byt esLow Priori . h@ve! C PRARPAo4ANAL B&edQo Adats partition, BudiedaldataS, a packet
f ragnment sf’%eggtlsng Sglsngoogipg&e with a given priority |evel. PFSM 406 may

receive only.. | Ot . b e IR Ik QR ob& t ik adscattd WO
(127 oo a0 Pt Dl ity PAtoR Ml e L MIUR KBl A o e e e

iority |evel _det er ni . ' AQBi  Table 5
Do, 1 nalbt ne G5 aers 2t Briop i B a\ER gl SGRee the Belf Ahunaalelane TR C 21 e

to receive a high priority.|level as an:] t : ah Table 5
by hi gh pric%¥1R$ aF ‘(Feqr.de'd\qtévé' tAﬁ'ee"g'BBlF 8{)!? |Et§ éh%ﬁﬁg%?%glﬁé\@%:o%agﬁlound in

Tabl e 5, PFSM 406 may retrieve the packet fra nt,. si ci ated
with the poneembgdimgltof theypyeron ‘ﬁs‘%ﬂﬁ%“g’e&?a?ﬁp\aﬂ‘ggﬁwt “t?é‘zbgﬁg‘g'b‘t@%ﬁﬁp
any of the tables used herein is for illustrative purposes only, and that the embodiments of

the invention may not store the relevant information in precisely the same form as given

15 herein.
TABLE 1
Priority Level Time Period Operating Status
High Priority Level 0 seconds Active
Low Priority Level 30 seconds De-Active
20

As shown in Table 1, two priority levels are defined: high and low. The high

priority level may include any information that may tolerate, for example, 4 ms of delay
20




Thi s enbodi nent of the invention may be desirable in those systens that may
have a reasonably reliable constant or average connection speed, and nay
use t hat wavereagmoconnecti on speed to deternm ne an appr oprPGE/ESPAOREt
fragment size for a given priority to |level. For exanple, Table 5 may be
appropriate for an internedi ate node that anticipates an average connection
speed of ﬁykrkh:q:rm,ediahdmd@fEme@'eaOﬁh'glhpr‘?’i%*qVFV"\%HBQIO"é%aYd?I@u‘%aCket carrying
information that can tolerate 4 nms of delay or |ess, and a I_ow.@riority

| evel as anforpatidoeftons avice/cangerisations. vigep 61 ferhraingand rea i SIreAHBs ¥han 4" ns
of delay. Gven this average connection speed and priority |evel

def i ni ti ongem BRRNb40enagayildit Theilowe piersy &ve) may ivelrde any9thsayRee!  r agnent si ze
-wWith the assunption that the packet fragnent size at any given priority

| evel Wil | jjreehtih@hgthaartighyprioeiyelevad affomiatipmrsschi 45 votse mgseERgEe®dhnect i on
speed is as assuned. FIG 7 is a block diagramof an internedi ate node in

- accor danceniishiesanQhh 8¢ afprde@ddyrRee ver, tahanyi typearftdeored proiity sthemelmastheat es an
i nternedi ate node 700 that nay be 20 representative of internedi ate nodes
202 and 206iA0b&d FBChRWANAAREscERDofaprdnsies. a noni tori ng nodul e 702
connected to a packet fragnentation nodule (PFM 706 over a connection 704.
PFM 706 may 1 ecei%&ribARUévebmaNal &sighaia waapedtiveine, Aictanay iepresant port 708,
and send out put signal s representative of packet signals over connection
710. Monitoring. 1B h/ Rk B al PR inYiBrityN@It may bneba vedapioemahbngigg packet’

i nput si gngfngrbgr\}(gegr)!qg\()lﬁ(:h ;\(/&V&b I 12/%-‘)4@% PCTI UyS( 11 / SOS3~ connection 714,

i nput si gnals. QM i NRYE (RQTkridd fiay BAeMERENQIE Mt PRV GRlGesmepr esent at i ve
of packet gPedﬁtér{gsSFQ(t){'/s'erH%cgnngcrtli onay7l 2. Internediate node 700 sets up two

potential processin SN 8APROWELS veT nebdsEily. IF@cessi ng pat h
bypassed pﬁ%%gﬁ"a?' ?vé/tgcrrhgoﬁ)%la}tﬁp%%gtg%ggconti nues convent i onal processi ng

operations for an internediate ri. tslin B ERAMBR it &t Fr30Sdtohdd he packet s
to anot her K ?’q%tém% %ggé&dr&g @ggﬁﬁg&ﬁgfﬁ rlray pgrflorm ;;acket

fragrentatign and fhen,{of a6 ARSKELRS, Ol BAEKE I AGHRRL Fyder convent i onal

processi ng 10FEPRL1eghESUg 'ng on the configuration of the PFM such as

PFM 706. Monitoring nodule 702 is sim,lar to i J: 3818
described WRBGFCssan kb FRERONSHIOF[Qfexagplg e ngoﬂg?ﬁil) uF%&?%%@ﬂ;ﬂ;&ael so be

configured to route certain, incomn acket, si gnal .0 PEM 706 for packet

f r agnent at ivofhin g ¢f Gighi Rigrit A p‘%ﬁ%& "noél‘eﬁé{‘%fiagstt%'glg'bﬁgl%/édo@gr connecti on
712 thereby bypassing PFM 706. I n one enbodj ment. f L.on,

moni t or isng reestMinglowaRioret leYSPREES BAPEIMATNES %oﬁs'B@'bktégq)%%@@Lfo route to
PFM 706 over connection 704, and which incomn Eggck.et. ai\%?al Eettsolf15 route
over connechamge iFloperaiing fatesgp daiadivey YihQF Bisging Mgl PLPORJCF! BIF Thput  716.
Signals received frominput port 716 may be, for exanple, .fro 3 PFMM  PFAM
or PFSM sub&opsatPRMatusGor, PRMEARS is ourresly appaprileerissed Sue phQreY {/Q.VC For

exanpl e, PFMM 402 nmay send signals to nonitoring nodule 702 to route all

hi gh pri or i jagkqamk edcsived withas ametigh priprity lz,velawegﬂfpr TERS than; BT §YSP 1T ket s
over connection 704 to PFM 706. This may be desirable, 20 for exq_tl | e, when
hi gh pri ori geyiopat kesesondsphesRitMuDimag eqiteveitheaspasfandApeiabng sdys Y
information froma voice conversation, videoconference or streamng video.
Ti me sengi tinvis exdhepleBttenctive.”t BN D4 may semcharsignakte #FNs108gndieativg £EMof
shorter length to reduce potential delays in the network. Consequently,
there may bgygmaesiahg itscuivfioperating saluscte thtehiewi apeiatiegig@up®! “He-agiivent i ng hi gh
priority packets since packet fragnmenting typically 25 introduces

addi tional gueuhe@ferivihy! ienf dpering stactoe PFYIAQ iemretiboaters andwo bigh esul t, 31

priority level packets are received within 30 seconds, then PFAM 404 may retrieve the

associated operating status for the low priority level which is “de-active.” PFAM 404 may

21




WO 02/ CS~(r 89 PCT/ USOL/ 50~3-4 nonitoring nodule 702 may be configured to
determne a priority level for a packet, and route high priority packets
over connwecidems¥l 2 to bypass packet fragnentation as perPGHHBU/BFHPFM 706.
On the other hand, it nmay be desirable to route incom ng packet signals
representing lower priority packets to PFM 706 to reduce del aX for higher
priority paekesgnalusPiyg 40RéndomatinpPEM I8 tae chase dF AEFNLORSTAUNREAURent | on
descri bed above. In this case, nonitoring nodule 702 may be configured to
det er mi ne e péw opérhnglsemelof f'de-activpacket , and route low priority packets
over connection 704 to PFM 706. PFM 706 may be simlar to PFM 408 descri bed
with reference hanfihGexdmplPRM 706 perig fortigh préoritysue! issegiod scandsnMifput port
- 708. The input signals frominput port 708 may be signals from for
exanpl e, anBiMvhat PEAM 404 JPm&H4 308wedy res wEiE M v4Q fime PETA tnmeaﬁb@wsm 406,
respectively. For exanple, PFM 706 may receive input signals from PFAM 404
- to change g,rporqgfgvemaemgsraﬂWcﬁaﬁginwaﬁn@@tamx Retber, BEAMAO4ardl cHengdcti ve in
accordance wth the processing |l ogic described with reference to FIG 5 and
acconpanyi ng, examlsefis PRI RSm Cdaaqive; to“adiveFipor0Eeeimyf angdeghve i nput
signals fromPFSM 406 to change a packet fragnent size in accordance with
the procesﬁh&% lle?)gl a8 S FhisBRY bWidtdvabieteemneend ondelaGighpranity lavd pagkahyi ng
exanples. I'n ot her enbodi ment of the i nvention, nonitoring nodule 702 may

be configured vi i HaPPRN1 B08 EnaP Bldngd [tfopefating stats kooan ‘petiver i ty packet s
over conneéstrlg%erllveg(@fllggea%o?’ ypass PFMagO6. B Thi sﬁemay reduce the need to

manage packet fr as? zﬂn;?s% @é#g{lng%%@gﬂé] OfdeYdydhg arﬂ?mgﬁ_lé»feﬂﬁﬁckélﬂmf theort 708.

Wi | e cert APH3Y S es o0 1 ments of the invention have been

illustrated as . describe erein e JADG: ol »CRAR TS hi Stitviiellel patket Changes
and equiPvalCBFEYNEYS tﬂﬁgxﬂgéggr's Ciugg?ta%ggqgﬂel’ledli n§t F\%Lﬂgr to 1t ?d;t

t herefore, to he unde t hat t.he i 0S-4(R9
PCT/USI I I / dyssaveds thep h? é&@%}é T rgté'\?\éertﬁgp_ﬁgggtgﬁgﬁé@isggts if(())r\rfg lg%fj chaElges as
Fall within the e SRy i@ bPRMEABAQEJYE M gRalh PERFads WA PFM3S

priority level whic

408 should change its current operating status to the new operating status of “active.”
In another embodiment of the invention, PFAM 404 may manage packet
15 fragmentation according to one or more schedule parameters. The term “schedule
parameter” in this context may refer to a time, a date or time and date, for example. A
data partition, such as data partition 314, may include a table having an operating status
associated with one or more schedule parameters. The operating status may be, for
example, active or de-active. An example of a table that may be used in accordance with

20  one embodiment of the invention is shown below as Table 2.

TABLE 2
Date Time Operating Status

22



WO 02/0S.168') dains: PCT/US01/s11S3-t 1. A nethod to nmanage packet

f ragnent at

ion, conprising: determ ning an operating paraneter for a

s det eww (2iosgrsan operating status for said operating pabGRESESISHN

packet ;

perform ng packet fragnentation substantially in accordance with said

operating

status. 2. The nethod of claiml| _wherein

par amet er

claim2, mherein said operating status conprises an operating statuy

Fepmesentes 122090 ori |y | evel0G6a® sai d |packet. A"fhe net ho

consi stin

The method of claim3, wherein said priority level is high and said

of

ESIROEmBdrIy2am0 one | of t he3: @i owi ng:| act | veP&aAdiYe- activle. is 4.

operating
- level is

Statpteemberacoooe. 5. The nebéhod of cljai m 3, wheli¥i n said
ow and said operating status is de-active. 20 6. The neth

priority
d of

claim3,
par aneter,

operating

operating
det er m ned

priorit

Wgrein_sald detFrnlnlng an operating status for said operating

onprises: evaluating whether said operating parameter has been
- determ ned W t hi fhidehbdlih&d of iBrveRtidroTablan thay irdtudd cfoeexuimplerrgschadute
status substantially in accordance with said evaluation. 34 WO

02/ Us-t1 G8" ), BGd, LHO%}IS/nggﬁﬁre and datd,RRd BRbRRsling statils absatidted Wi nied timsanidd

ar anet er

erein said operating paraneter is a | ow

time pegi lc)g%g%dﬁlaeslﬁlo?&eqme%&rp PrAN MRy rhﬁ‘éké"ﬁhct@&qfhgﬁh@ﬁt@tr o Byatlamgingi

0 eratlng status’is de-active. |10 9. The method of

ot AuSELy 5 BN AR PRERELNIM S AL, SeibdaBRer ati ng

claim1,
par amet er

20

I'ng operati ng paraneter; and
example, PFAM 404 may access Table 2 to retrieve one or more scheduled times and

dates along with associated operating status. PFAM 404 may receive signals from a
module designed to maintain a current date and time, such as scheduling module 320.
PFAM 404 compares the received signals with the retricved time and date. If the
comparison results in a match, PFAM 404 sends a signal to PFM 406 with the new
operating status. For example, PFAM 404 may retrieve a time and date of 8:00 am and
December 1, 2000, respectively, and the associated operating status of “active.” PFAM
404 receives signals from scheduling module 320. Once PFAM 404 receives a signal
representing a time of 8:00 am on December 1, 2000, PFAM 404 sends a signal to PFM
406 to change its current operating status to “active.” This same or similar process may
continue with the next row until all rows have been processed. If desired, PFAM 404 may
be configured to begin with the first row in Table 2 once the last row of Table 2 is
reached. PFAM 404 may also be configured to repeat certain rows on a recurring basis.
This embodiment of the invention may be desirable, for example, when an
intermediate node or system may assume that a certain type of information may be

received at different times or dates. For example, a system administrator may anticipate
23

high priority level, said high priority |level was

8 The net H:‘ﬁ%tg enczﬁ%ﬁa!tl% %tla V\EB?E&IW!SC%QCX&@{)Q QE ahd dacsivat shiss active. 5

n said




retrieving said operating status associated with said operating paraneter.
15 10. The nmethod of claiml|, wherein said determ ning an operating

par anet ewcapadsses: recei ving sai d packet with an oper at PEHUBEY®F/Et er
identifier; and retrieving said operating paranmeter identifier fromsaid
packet. 20 | 1. The nethod of claim 10, wherein said operating paraneter

i dent i fi errecayingbighpgority pnformatioy betwee the beursaf %Ofb%afeftgpo P eVeridaet hod of
claiml1 |, wherein said operating paraneter identifier conprises _an

oper ati ng parlawptientyiicferation betwson®t Seurngf BeGrMEapd L) apfevepaieht THE
following: a differential 35 WO 02/US~fr89 PCT/USOL/ SOS3.t services code
byte, a remby bécoe fpraatiople) becalsnall nfamatien o ewaidsand vpige &1aHetre Pr ot ocol
-identifier and a voice information identifier. | 3. The nethod of claim1,
wher ei n sapidc@peraat icoagmpaicaattogcthadmpulk desngthe oysoingthiowg whes thegy gt er
identifier consisting essentially of one of the following: a tinme, a date
“and a tineoaadradife nddt.is Ehefrapthiydititiedc Thismched8le midydreainplesiented mithé ng an
operating paraneter conprises: searching for said operating paraneter; and
retrievi Ngfs@io TARIE RAdNdFF AM a0 apas dablaad chdnizé ogeaat thg satusiacopedinglper at i ng
paranmeter. 15. A nethod to nanage packet fragnentation, conprising:

recei ving a packefn beldhRE ficlinigamhiiidber ofiihdd opaskahayciingsed sk Tablpacket
consisting essentially of one ~ s of the following: tine sensitive and

non-time senspi Mok RhPLITERI MthindREscBRY $ahdTindghtipAC k@thefmargieainakei on i f said
packet conprises essentially non-tinme sensitive information. 16. An article

conpri si .”95%,%? iﬂeé&%ﬂ% TRAipiAM 368 HaShiRi2aeinEesliaol Nehesidates iy ed
i nstruction %ai, en executed by a processor, result in determ ning an

operating paia igﬁnﬁ@gugéokﬁgﬁkemﬂﬁ_packet, deternining an operating
status 'for “Sal operating paraneter, and perform ng packet fragnentation

substantially i Fd%594 gl%@l?ﬁO\WdFaQraﬁﬂ;f{?heoﬁ?sée@stini@lggétfﬁlalﬁckét frgéngrﬁation
size module (PFSM) in accordance with one embodiment of the invention. At least one
operating parameter may be determined at block 602. A packet fragment size may be
determined using the at least one operating parameter at block 604. The packet fragment
15 size may be modified substantially in accordance with the determination of block 604 at
block 606.

In one embodiment of the invention, the operating parameter may comprisc a
connection speed. In this embodiment of the invention, the packet fragment size may
increase as the connection speed increases. Conversely, the packet fragment size may

20 decrease as the connection speed decreases.

In one embodiment of the invention, the operating parameter may comprise a
priority level. In this embodiment of the invention, the packet fragment size may decrease
as the priority level increases. Conversely, the packet fragment size may increase as the

priority level decreases.



WO 02/ CS~G89 PCT/ US(11/50~3.1 17. The article of claimI|6, wherein the
stored instructions, when executed by a processor, further result in
setting waiodwemsy ati ng status to activate packet fragnentREVBVSB4 ' f he
article of claim16, wherein the stored instructions, when executed by a 5
processor, further result in setting said operating s ’aé&ﬂs t% deacti vate
packet fragnmentabnormbodgnenthithe inveetjos, he d@Fr&l'?ﬁt‘PB?‘mPé‘r "APYYE st or ed

i nstructions, when executed by a processor, further result in determning
sai d oper aicrfognatatioiiowsy Veveahen theiopgratgsnarenetes dpgbesp detatming! WihidAet er has
been determned within a limted time period, and determning (o said

oper at i ng mhapdipditibatuanti Zhd gacket fagmontdia ceay ke dptesringd whspiatly 8h. 20. The
-article of claim16, wherein the stored instructions, when executed by a
processor , ackovdhrte fvithasax vialuatiord dh enerembadgmeniofithe preeriidnnigc SPHRUNE by sear chi ng
for said operating paranmeter, and retrieving said operating status

© associ aj edpaphrhdlersadytbeapiagtaprioily teSelparddfbe bigh pRdrity Aevel wasmat dgppringd ng: a
conput er pl atform adapted to nmanage packet fragnentation; said platform
bei ng f urt hRkinAtARhEL0R, LHRfeparkAdragnenpize atay bg dptemenest aad ukedrto atodifgast 20
one packet, determ ne an operating status for said operating paraneter, and
per form pagkel ipRMEALALRORe EHRRARAR bRt SemicctoopRaie pardrisad
operating status. 22. The systemof claim2l, wherein said platformis
further ad it L, vabiidiy RUAWES dbRmARdd wialie tReatheqteriod, a .

f ragnment at ?’g‘;nﬁ%ﬁ'g)pl??gﬁ’ dn@?t)mgg T &89 PCT/ USOL/ SI | S3~ 23. The system of
claim 21, wherehn a% nl%i(%{nﬁ@{ﬁpde&rlﬁh\@@ R&r usedl kb &ffytpacieefragienapienat i ng

status to dealliva pac agnentation. 24. The svstem of claim 21,
wherein said platformlig tur I a0, i & RadOhebpBriifg paratheter SorRReat i Ng
status 'By eval u@tolnﬁﬁn%v\%dzpﬁ}grotf?%ila\aegper’ati ng apar arr%gtrer g?l)as been det erm ned
wthinalimted tinme period. t i SRIhe iReRtRL ihegaskeat us
subst ant i af’l‘:?/"'\efc‘jlt'oa{'csgberd(fgﬂ ggwwglsalﬁgqgéﬁ %Hgﬁié‘nén- 35. Th 2

e systemof claim
21, wherein said platformi.s.further ¥ jd operatin
status by Eré%f?“é'ﬁis Q'chelaseéé{‘l"@""oap%rr'ogﬁ 3 196130 Loh R fisH BEA icrened. ¢ OP v

E .
_ ng paraneter, and retrieve an operating

status associated with sai.d operating parapeter. FhekGoPer f orm
packet f ra&%mr%?ﬂx,yﬁpae‘&ﬁﬁﬁ%ma‘?e gq§9e g Sev?'[nﬁli'ann? élrbora te(\ﬂégeargg%eitlﬁg “oaramet er ;

determ ning a packet fragnent, size i n i d.operatin 1 L en; and
modi fyi ng Seged dpdeset ?**F%ﬁﬁﬁwf‘ﬂ%‘i“zaég@%@?ﬁ%ﬁ?’%ﬁgb‘iv g 8%?32%@2%9“ th said
determ nation. 20 27. The nethod of CI!\ aim 26 i\é\)ﬂg/rlg\i/erﬂs dse%i d. oa)erit%niang

par anet iér @dmﬁhiﬁg@@o@m@@jm{é}@tlpwtion with respect to' pr rmined W

time period.

In one embodiment of the invention, the determination at block 606 may be
performed as follows. A memory is searched using the at least one operating parametcr.
A packet fragment size associated with the at least one operating parameter is retrieved.
20 The operation of system 100 and the processing logic described with reference to
FIG. 6 may be better understood by way of example. It can be appreciated in the
examples given below, however, that the priority levels, definitions for priority levels,
operating parameters, operating status and time periods are illustrative in nature and are

not meant to limit the scope of the invention herein.
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speed. 28. The nethod of claim 27, wherein said packet fragnment size

i ncreases as said connection speed increases. 25 38 WO f12/ OS-t (B9

PCT/ USUL\SBAs4@9. The net hod of claim27, wherein said peCkESNIIWaYeNt

si ze decreases as said connection speed decreases. 30. The nethod of claim

26, wherein said operating paraneter conprises a priority 5 level. 31. The

met hod of cl ai rAFSM 406mestas tsaitemgigelbemodifapacksifragnspt S&ex’wa%g“ea%r sai d

priority level increases. io 32. The nethod of claim 30, wherein said

packet fr agrndpeiizeparnnetaasmonasmbedigepraf mwnp@vé’FSWéa%@? 33. The

met hod of claim 30, wherein said determ ning conprises: evaluating whether

sai d oper aéd;ieraeging@mamemrnrmmtidneie nhedfetre phsanaettian speed fof alcoRiecEenN, USh@s me

- period; and determ ning said packet fragnent size substantially in

accor dancecynkdion 324 a8Y plisray vl foldne oFneremetdivnd tkets. AFFM 06 manaesi n sai d

at | east one operating paraneter conprises a 20 connection speed and

- priority | giehekeBRagmeEsinBlonPEMO0S C PES V488 hasdeess tava & phrpidark stch &5 agent
size increases within a priority level as said connection speed increases.

39 WO 02405558 00P5l, YSOUARPRBtidn @@y caigrisor tdbbchaefngal patket B4gmenheirei n sai d

packet fragrreﬁt Sl ze decreases within a priority level as said connection

speed decr @aS€5ssocted WE cdABRINRLIPhiofitydbia @den pHueiteicheisanmll delt evetiofii ng sai d

packet fragnment size 5 conprises: evaluating whether said operating

par anet er Qgﬁepﬁﬁ.@ dat elaxRRpe Wr btk tRat ilafBe RSddl iR dicordadecdeiitestd ni ng sai d

packet fragnent si De"i n accofdance with said eval uation.

embodiment of the invention is shown below as Table 3.

10
TABLE 3
Priority Level Time Period Connection Speed Packet
Fragment Size
High Priority Level | 0 seconds 64 kbps 32 bytes
High Priority Level | 0 seconds 128 kbps 64 bytes
High Priority Level | 0 seconds 2 mbps 1000 bytes
Low Priority Level | 30 seconds 64 kbps 64 bytes
Low Priority Level } 30 seconds 128 kbps 128 bytes
Low Priority Level | 30 seconds 2 mbps 2000 bytes
15 As shown in Table 3, PFSM 406 may receivc as input information such as a

priority level and a connection speed. PFSM 406 may use the input information to search

Table 3 and retrieve a time period value to determine whether to retrieve the appropriate
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(0 38. The nethod of claim 37, wherein said operating paraneter is a high
priority level, said high priority level was determned within said tine
peri od, wuod2aaik@yoperating status is active. 39. The net hdI/gpo1E0dHm 37,
wherein said operating paraneter is a low priority level, (5 said |ow
priority |level having been determned within said ti. ripod, apd said
oper at i ng qiceding staws fe-PEdt #08e Usirg, therprior e defbitions d%ﬂ“ﬁiﬁ‘gg’, re&iﬁé‘?‘é % said
determ ning conprises: searching for said at | east one operating paraneter
and 20 retTityi ngigh packekvd naynedegny inferggtien helpaxiPlerte £/¢*aPPlFeast one
operating paraneter. 41. An article conprising: a storage nediun ao WO
02/ Ca~GB9 PRELEMY e 1B mediaai rdst lnrtbigexaneid, paskehicagmenhzes foshéah
-instructions that, when executed by a processor, result in to determine an
operating padrafRivelipackeds Watlevary aecoadimpoketnetticgpest For 2 gives fleldy sai d
operating paraneter, and to nodify said packet fragnent size in accordance
“with said gainanffionasgreimalelyS Mg forkxemplet a aingeatibn spead af @kbpainey &¢td t he
stored instructions, when executed by a processor, further iesult in

det er m ni ng,gai theRrfkele JB2BHRAT Trahsaeissn tieafoc b paget foagmeal of 3atbyleealst one
operating paraneter, and retrieving a packet fragnment size associated with
said at le @k?ﬁ%u@cpﬁl&@&ﬂpwnﬁﬁé@m@tseﬁs, whith 43y bA tslyrable forclongivdnsiriogity a
conput er platform adapted to perform packet fragnmentation; said platform

bei ng further, adapt &fnkQiod el FcREsBNhOBMES B RkiyanBiierincuded esing ae
packet fragment size using said operating paranmeter, and nodify said packet

fragnment ~5 size.s Lal a6 by &grgm%wgaﬁahgkmm&@@mtion. 44,
The system?aéger(?f‘%{cle%r:ﬁ , \E/\#{gér'el;is{)rrl sgi’fbg plcatforr?1 ips further adapted to

deter m i ng. 581 BASKShe I(AUIRD! TSRS BRELE Nkl Bianfal of Aloyieast one

. n : .
operatllﬁg and retrieving sald packet fragment size associ ated

with said ast e, oper at | %0 87 be he given
5 ; h be tolerable for the gi

. A3!. A3NL. iggk S piold (ke %’p@k‘d&g‘ﬁ%aﬂﬁ% ACAYE AS. AU& Au. AB. A

L. A% A9. A% A% A3@Y% A;

&% A3y9. A9 PROSIAIICYERD, AL% ASL. Aa9. AYO. A AY% AYN. Al . AY& k@ @5 , @

(#. #.08?ppp?ppp pp?pP0pO0p~?ppp? Xp?ppp8 8n8g XPXPXXXXXX
xxxxxxx?x?x?x?x?&W?M%%&ﬁ&@ﬁ£@9@g§iW§§£f@ﬁ@ﬁg@%&”ﬁ%gggﬁaﬁgggﬁgﬁ?ig?p??|p>??‘
p??p????pp??pp?p??pO??~~??p?OpO??~>??gg%F9>°?L9~££?9~99 ~~2220~p?????2p>??7?7?

2p>22222p~Whenrgaepporating siathofop BHHLAE 5 |p’§€.>‘559?dfp VS A PFPINLS 2 <>2p22p8p 22

P8p?p8<pp?8>p’ 08p82xp8~<p?" 8<>p8<p8" p8p8pg" 8p<ppxPpPOp32R8S. X @l? P?%WZ! " %
#w( ~p#1GXc {entlodimex]schlred] eation] TETCAPCE %9&]“85‘]‘52‘5 ‘egﬁec"gf‘ﬁg]"évﬁé?%a Qa] ca] cal c
aJ ca] ca] ca] ca] ca] cTa] ca] ca] ca] cTa] ca] caU{[ cajc>alc # .

make it desirable to perform packet fragimentation for lower priority level packets. For

example, the priority scheme may define low priority level packets by a time boundary,
such as packets carrying information that may tolerate a delay of 9 ms or less. In this case,
it may be desirable to maintain the operating status of PFM 408 as “active” but increase
20  packet fragment size to take advantage of the faster connection speeds. Therefore, if

PFSM 406 were to receive a low priority level as input information for the given time
period of 30 seconds, and a connection speed of 64 kbps, then the packet fragment size for
PFM 408 may be set to 64 bytes. Transmission time for a packet fragment of 64 bytes at a
64 kbps would be approximately 8.5 ms, which may be tolerable for the given priority

25 level. As the connection speed increases, the same 9 ms of delay may be incurred using a
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20  packet fragment size for PFM 408. Once the connection speed has been determined or

received, PFSM 406 searches Table 3 to find the appropriate packet fragment size. For
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f 1098v&' () - FKORDMA §darch TRBAE using Bhe value 64 kbps. Once the appropriate connggtlon speed
was found in Table 3, PESM 406 could retrieve the packet fragment size value associated
with the connection speed, which in this example may be 32 bytes.
5 This embodiment of the invention may be desirable in those systems that assume
an upper boundary for time delays for all information received, and uses that upper
boundary to determine an appropriate packet fragment size for a given connection speed.
For example, Table 4 may be appropriate for an intermediate node that anticipates
carrying only voice information, and therefore may only tolerate 4 ms worth of delay for
10 any packet communicated by the intermediate node. Given this upper boundary, PFSM
406 may utilize Table 4 to vary packet fragment size with the assumption that the packet
fragment size at any given connection speed may not result in a delay of more than 4 ms.
In another embodiment of the invention, a single operating parameter such as

priority level may be used to determine packet fragment size. An example of a table that

15 may be used in accordance with this embodiment of the invention is shown below as Table

5.
TABLE 3
Priority Level Time Period Packet Fragment Size
High Priority Level 0 seconds 32 bytes
Low Priority Level 30 seconds 64 bytes

20
As shown in Table 5, a packet fragment size is associated with a given priority

level. PESM 406 may receive only a priority level as input information to determine
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This embodiment of the invention may be desirable in those systems that may have
a reasonably reliable constant or average connection speed, and may use that average
connection speed to determine an appropriate packet fragment size for a given priority
10 level. For example, Table S may be appropriate for an intermediate node that anticipates
an average connection speed of 64 kbps, and defines a high priority level as any packet
carrying information that can tolerate 4 ms of delay or less, and a low priority level as any
packet carrying information that can tolerate more than 4 ms of delay. Given this average
connection speed and priority level definitions, PFSM 406 may utilize Table 5 to vary
15 packet fragment size with the assumption that the packet fragment size at any given
priority level will meet the priority level definitions if the average connection speed is as
assumed.
FIG. 7 is a block diagram of an intermediate node in accordance with another
embodiment of the invention. FIG. 7 illustrates an intermediate node 700 that may be
20  representative of intermediate nodes 202 and 206. Intermediate node 700 comprises a
monitoring module 702 connected to a packet fragmentation module (PFM) 706 over a
connection 704. PFM 706 may receive input signals from connection 704 and input port
708, and send output signals representative of packet signals over connection 710.

Monitoring module 702 may receive input signals representing packet input signals over
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The first processing path bypasses packet fragmentation and continues conventional

s processing operations for an intermediate node as it prepares to transmit the packets to
another node. The second processing path may perform packet fragmentation and then
forward packets or packet fragments for conventional processing operations, depending on
the configuration of the PFM, such as PFM 706.

Monitoring module 702 is similar to monitoring module 318 described with

0 reference to FIG. 3. Monitoring module 702 may also be configured to route certain
incoming packet signals to PFM 706 for packet fragmentation, while routing other
incoming packet signals over connection 712 thereby bypassing PFM 706. In one
embodiment of the invention, monitoring module 702 determines which incoming packet
signals to route to PFM 706 over connection 704, and which incoming packet signals to

15 route over connection 712, in accordance with signals received from input 716. Signals
received from input port 716 may be, for example, from a PFMM, PFAM or PFSM, such
as PEMM 402, PFAM 404 and PFSM 406, respectively. For example, PFMM 402 may
send signals to monitoring module 702 to route all high priority packets over connection
712, and all low priority packets over connection 704 to PFM 706. This may be desirable,

20  for example, when high priority packets represent time sensitive information, such as
information from a voice conversation, videoconference or streaming video. Time
sensitive information is typically communicated using packets of shorter length to reduce
potential delays in the network. Consequently, there may be a desire to avoid or reduce
the incidence of fragmenting high priority packets since packet fragmenting typically

55 introduces additional overhead in the form of packet fragment headers. Asa result,
31
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s representing lower priority packets to PFM 706 to reduce delay for higher priority packets,
using one or more of the embodiments of the invention described above. In this case,
monitoring module 702 may be configured to determine a priority level for a packet, and
route low priority packets over connection 704 to PFM 706. PFM 706 may be similar to
PEM 408 described with reference to FIG. 4. PFM 706 may receive input signals from

10 input port 708. The input signals from input port 708 may be signals from, for example, a
PFMM, PFAM or PFSM, such as PFMM 402, PFAM 404 and PFSM 406, respectively.
For example, PFM 706 may receive input signals from PFAM 404 to change an operating
status for PFM 706 between active and de-active in accordance with the processing logic
described with reference to FIG. 5 and accompanying examples. In another example,

(5 PFM 706 may receive input signals from PFSM 406 to change a packet fragment size in
accordance with the processing logic described with reference to FIG. 6 and
accompanying examples.

in another embodiment of the invention, monitoring module 702 may be
configured via signals from input port 716 to route low priority packets over connection

20 712 to bypass PFM 706. This may reduce the need to manage packet fragmentation at
PFM 706 via inputs from input port 708.

While certain features of the embodiments of the invention have been illustrated as

described herein, many modifications, substitutions, changes and equivalents will now

oceur to those skilled in the art. 1t is, therefore, to be understood that the appended claims
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1. A method to manage packet fragmentation, comprising:
determining an operating parameter for a packet;
5 determining an operating status for said operating parameter; and

performing packet fragmentation substantially in accordance with said operating

status.

2. The method of claim 1, wherein said operating parameter represents a priority level

10  for said packet.

3. The method of claim 2, wherein said operating status comprises an operating status

consisting essentially of one of the following: active and de-active.

15 4 The method of claim 3, wherein said priority level is high and said operating status
is active.
5. The method of claim 3, wherein said priority level is low and said operating status
is de-active.

20
6. The method of claim 3, wherein said determining an operating status for said

operating parameter, COMpriscs:
evaluating whether said operating parameter has been determined within a limited
time period; and

25 determining said operating status substantially in accordance with said evaluation.
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active.
5
8. The method of claim 6, wherein said operating parameter is a low priority level,
said low priority level having been determined within said time period, and said operating
status is de-active.
16 9. The method of claim 1, wherein said determining an operating status for said
operating parameter comprises:
searching for said operating parameter; and
retrieving said operating status associated with said operating paramcter.
15 10.  The method of claim 1, wherein said determining an operating parameter
comprises:
receiving said packet with an operating parameter identifier; and
retrieving said operating parameter identifier from said packet.
20 11.  The method of claim 10, wherein said operating parameter identifier represents a

priority level for said product.

12.  The method of claim 11, wherein said operating parameter identifier comprises an

operating parameter identifier consisting essentially of one of the following: a differential
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14.  The method of claim 13, wherein determining an operating parameter comprises:

searching for said operating parameter; and

10 retrieving said operating status associated with said retrieved operating parameter.

15. A method to manage packet fragmentation, comprising:
receiving a packet;
determining whether said packet comprises a packet consisting essentially of one
15 of the following: time sensitive and non-time sensitive information; and
performing packet fragmentation if said packet comprises essentially non-time

sensitive information.

16.  Anarticle comprising:

20 a storage medium;

said storage medium including stored instructions that, when executed by a
processor, result in determining an operating parameter for at least one packet,
determining an operating status for said operating parameter, and performing packet
fragmentation substantially in accordance with said operating status.
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20. The article of claim 16, wherein the stored instructions, when executed by a

processor, further result in determining said operating status by searching for said

operating parameter, and retrieving said operating status associated with said operating

15 parameter,

21. A system comprising:

a computer platform adapted to manage packet fragmentation;

said platform being further adapted to determine an operating parameter for at least
acket

20  one packet, determine an operating status for said operating parameter, and perform p

fragmentation substantially in accordance with said operating status.

22.  The system of claim 21, wherein said platform is further adapted to set an
operating status to activate packet fragmentation.
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26. A method to perform packet f%agmentatlon, comprising:

15 determining an operating parameter;
determining a packet fragment size using said operating parameter; and

modifying said packet fragment size substantially in accordance with said

determination.

50 27.  The method of claim 26, wherein said operating parameter comprises a connection

speed.

28.  The method of claim 27, wherein said packet fragment size increases as said

connection speed increases.
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31, The method of claim 30, wherein said packet fragment size decreases as said

priority level increases.

10 32, The method of claim 30, wherein said packet fragment size increases as said

priority level decreases.

33, The method of claim 30, wherein said determining comprises:

evaluating whether said operating parameter has been determined within a limited

13 time period; and
determining said packet fragment size substantially in accordance with said

evaluation.

34.  The method of claim 26, wherein said at least one operating parameter comprises a

20  connection speed and priority level.

35.  The method of claim 34, wherein said packet fragment size increases within a

priority level as said connection speed increases.
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S comprises:
evaluating whether said operating parameter has been determined within a time
period; and

determining said packet fragment size in accordance with said evaluation.

10 38.  The method of claim 37, wherein said operating parameter is a high priority level,
said high priority level was determined within said time period, and said operating status is

active,

39. The method of claim 37, wherein said operating paramelter is a low priority level,
15 said low priority level having been determined within said time period, and said operating

status is de-active.

40. The method of claim 26, wherein said determining comprises:
searching for said at least one operating paramelter; and
20 retrieving a packet fragment size associated with said at least one operating

parameter.

41, An article comprising;

a storage medium;

40



gy "109%% ()- {|[:vUW4 1 ,10%&n& ()- *10%m&m& ()- & 10%m&m& ()- Y

"10% &’ () - Y "10%&e& ()- y@B10%m&m&' ()- Nornmal" "Heading 13]c"

" Headi ngwaspxossesleadi ng 33] c" "Headi ng 43]c" "Headi ng 53] BCTUBRIAISHG 63] c”
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font"!Y*2: CFKS[ dl t | LQP" +FGy9,

"$&(*, . 02468: <>@BDRpRRNPRIIVMZARA N0 $ipred BETeasionvbpy, when exgguled'byog) Y- . 2T57;
=@%-| KM PSVZ' ] S | aegi korugw } K3=>MrJ(& -MO~: BwMm *wa, pHw 0% :f 1'c

" #$9R' () * procedsOr A34B 68 Aetermine an operating parameter, to determine a packet fragment
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti nes
New RomanAsizaluGogisdidopadeint paikoeter, Bnd roriérdi yDBaclypaeket k2gment size in accordance

T HSUR () *+,-./0123456789: ;

<=>7? @ABCDEMGHI s KLA?NORORHAMAKYZ[ \ | * " abcdef ghi j kIl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

' <=>? @GABGDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

42. The article of claim 41, wherein the stored instructions, when executed by a
processor, further result in determining said packet fragment size by searching for said at
least one operating parameter, and retrieving a packet fragment size associated with said at

least one operating parameter.

43. A system comprising:

a computer platform adapted to perform packet fragmentation;

said platform being further adapted to determine an operating parameter, determine
a packet fragment size using said operating parameter, and modify said packet fragment

15 size substantially in accordance with said determination.

44.  The system of claim 43, wherein said platform is further adapted to determining
said packet fragment size by searching for said at least one operating parameter, and
retrieving said packet fragment size associated with said at least one operating parameter.
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