; £3e4001$2: 2TJ464T4W8 ,. r. r ROUTER, METHOD OF ADM NI STRATI NG DATA
TRANSFER ROUTES, AND COMPUTER PROGRAM FOR DO NG THE SAME 5 BACKGROUND OF
THE | NVENTI ON FI ELD OF THE | NVENTI ON The invention rel ates

specifically, an apparatus for adm nistrating information aﬂmummmmmmmm‘

t hrough which data is transnitted, 10 through the use of a tree, ipucture.
The invention relates further to a nethod of doing the sane, and a conput er
program for causing a conputer to do RQUTHER;. DESCRI PTI ON OF THE RELATED
ART In order to transfer&fﬁgckets anong net wor ks, Hﬁﬁﬁ table in which

15 i nf or mati on ADWHJ§WWINGM'EA tR@QUTES,stored in
a tree structure is generally stored in outer or conputer. After
connected to a network such as |Internet! router or conputer starts

transferring packets i | i FIG 1is a
bl ock di agram of a cod@ﬁﬁ’mﬁﬁﬁgﬁﬁmm%@ﬂ@fﬁﬁg?\h@st rated in
FI G 15is conprised of a first routing engine (RE) 10, a second routing
engine”(RE) 11, a third routing engine (RE) 12, a denon routing software
core (RS- %{G‘}]ﬁoﬁNB}bF"l ST FIONC vided fromthe first to third
routing engines 10U tO0 12, 0 Teygisters the routes into a |later nentioned
kernel 14, anqigIlsO¥ M) EIN\ o es routes provided fromthe 25 routing
software core I3, Info atorwarding route table to thereby carry out
routing control. The finkehtiba tbldtes relitd Neb B BESciliGallyl ad thpbhrafey Hof
I n accordance with unicast protocols different fromone another. The
routi ng saefdministrating {fdricabion dBoutcl wowte thidught whick d4tA ishtransmitted,

10 through the use of a tree structure. The invention relates further to a method of

doing the same, and a computer program for causing a computer to do the same.

DESCRIPTION OF THE RELATED ART
In order to transfer packets among networks, a routing table in which

15 information about a route through which data is transmitted is stored in a tree
structure is generally stored in a router or computer. After connected to a
network such as internet, a router or computer starts transferring packets in
accordance with such a routing table.

FIG. 1 is a block diagram of a conventional router.

20 The router 50 illustrated in FIG. 1 is comprised of a first routing
engine (RE) 10, a second routing engine (RE) 11, a third routing engine (RE) 12, a
demon routing software core (RS-CORE) 13 which merges routes provided from
the first to third routing engines 10 to 12, and registers the routes into a later
mentioned kernel 14, and a kernel 14 which stores routes provided from the

25  routing software core 13, into a forwarding route table to thereby carry out
routing control.

The first to third routing engines 10, 11 and 12 operate in accordance
with unicast protocols different from one another.

The routing software core (RS-CORE) 13 includes a first tree 10A in
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which.a route retrieved by the first routing engine 10 is stored, a second
tree '11A in which a route retrieved by the second routing engine 11 is
stored, a third tree 12A in which a route retrieved by the third routing
engine 12 is stored, and a best route tree 13A in which a best route found
anong routes stored in the first to 5 third trees 10A, 11A and 12A is
stored. Hereinbelowis explained an operation of the router 50 with

r ef er encewthiclkraG@Bute rétriévedrbyothe firkt neuting eagina 20 o skoretly aceoord treentilAh
seven routers Ato G are connected to one anot her through networks Rl to
R8. 10 Whim wthieh mordute vatrieved byrthepsecked soutinghengivevldr i #®rédy a bleirddresr k
structure_illustrated in FIG, 2, %ackets_can be transferred through_ three
rout es. | A24 injwhichrprewte yeheieed byrtherthirdsrauting enginent2 iestsed, &gl athestigh
the routers B and E..I.n a s con%route, fpac ets are transferred to &he
networ k REOWISr Bgnl $hdn Bhicdy 8 kesintpute fPHnd IHPRY Yoyes Storadii the first to

e iR LK Byl g e routers D P and B The firs:

KExXTioP (8) s FisatBTERRY Ss 001t 1 Spkkdtion o the YRufdiob] udh pferehgy

accordancgogyilg}lg.gtéyti ng protocol S, a,nd stores,the route NEXTHOP (B) into
ree

the 20 firs Ain the routing software core 13. The second routing

engi ne 11 retri evegGNEXfiidirifes Ahaawoek i@ri@ude ABSWhidH s6%en kbatersi £ tolde
network R8 in accordance with a routing protocol T, and stores the route

NEXTHOP ( @}e cohimedtbé t6 o@enthdthee tArbhighmétworke R1 6@ RBof t ware core 13. The
third routing engine 12 retrieves NEXTHOP (D) as a route to a destination,
that 18, the net wiVhel8he moteraAdnansioce packdtsaorttiet netyvqrkoR8dnlthe)netwdrk
stores the route NEXTHOP (D) into the third tree 12A in the routing

sof twar e etrustume illustratessiuid6r. (2 peickets can badransfersast thwughutlineg romgesme
11 has a highest priority, the first routi n&geengi ne (10 has a second hi ghest
priority, Iaffirsferaute, packaisiarg teapsisaretbtobhe networls R8pthrenghytherouters B
routing software_core 13, It 2 (s, further assuped that th est roufe
tree 13A PR Eal I3 octesPad TGt qackets ate fanglarved So the nefeors Hfhunoghdhe
first routing . engine ores..the route NEXTHOP (B) to_t t wor.k ,
havi g beaRufRat P atih gy e Phibd fobli padtek ek o rhsterdd B e Sérdy il Re
soft e (B) is 5 stored in the first tree 10A
asso\(,:\?gt egﬁgm&%#%%%pﬁt;eg%b;o%d%g“ﬂ:ngi ne 10. Then, the route NEXTHOP (B) is

stored into the besfe fipstt & e rbifingSbRSRIER010 8/12 b2 e
stored in the best roulte tree 13A tnhggbr%igltee NEXTHOSDOﬁ(é%)aE%aI\l/i%%%?gB%Vﬁh

retrieved rhytinge plrbiosbls AuffefhtefimcoRd anotiedr edThétBrdtheokiisl EAgINR tloee
13A without carrying out the | ater nentioned conparison. The route 10
NEXTHOP ( Bptrisvest DIRXTHOP KB) dsnh aroube thar destingtions that irstthet wetworkFR&.ind)
when the third routi_ng engine 12 stores the route NEXTHOP Di{to t he

net wor k R&ccorslaneg widhra ratting peotdsgl Shand istongsthetronte N—lﬁ}&’ﬂ:‘ QR (B) mto thiee
routina software care, 13, the route NEXTHOP (Dé is.stored in the third tree
12A a8ocitlebdros t10A in thei remtingisofgvanegrore 18. Thensecond: reutingengine 11

E)SLE i fe&‘%&%avl%ﬁt@@@%ﬁ(?% s %iroﬁéttrg"%‘é%w%?g tfgéf% it BBcRRiaG Ra e
. TS e s .
13 the ia%ta?a‘ﬂf?éfc'sgﬁt%?'af@%?g gl dantd SR tpe e e AR HGE B F%fsﬁ%f
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routing engtfevdd NEXTHOEP(®)NEEGHTutE B zgfﬂ\égﬂﬁa%ﬁ? that ri.l,g%faedgs%éﬁeRtBriinr d

routing engine 12 1s not stored Into the best route tree

i |1 usopat agcbrtldde with wheutide ﬁi@fd@ﬂﬁ U, Oahd RGo1RB8%HeErdiiteSNEDEPHUTE (DY $AK
NEXTHOP (C) to the network R8, having been retrieved by the second 25
routing eryhierthiddl treert2A i€he eoliting softiararcored8e 13, the route NEXTHOP (O
is stored in the second tree 11A associated with the second routing engine
11. Then, the routltng asfumedcheirbdldwathatphe seecond oroutinge engite INEXISHEP
(© into the best route tree 13A. However, since the route NEXTHOP (B)

havi ng bednighest priveidy,shet fiestfiouging enginegl @ hgs mesetOnilshighestapyiosity reanl the
the best route 3  tree 13A the routing software core 13 conpares a
priority dhirdeosdngsnginetli2nhasadowest priogity iprther rauting sefiwatre core A8ut Ithg
engine 10. Since a priority of the second routing engine 11 is higher than
a priority of the first routing engine 10, the routing software core 13
removes the route NEXTHOP (B) out of the Best 5 route tree 13A, and stores
the route NEXTHOP (C) having been retrieved by the second routing engine
11) into the best route tree 13A as a best route to the network R8. Then,
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10 as. a best route to the network R8. Hereinbelow is explained renoval of

t he route NEXTHOP (C) having been retrieved by the second routing engine
11, out of the best route tree 13A. First, the second tree 11A is retrieved
in order to identify where the route NEXTHOP (C) is stored in the second
tree 11A. Then, as illustrated in 15 FIG 6) the route NEXTHOP (C) is
renoved out of the second tree 11A Then, the best route tree 13A is

retrievedid fyreidiedssund TeRdt fhe MR rBuid et A LI NEXTYIHotdd nd Powtegr €d in the
best route tree 13A. Then) as illustrated in FIG 6, the route NEXTHOP (C)

is removed out of AjHHubgsited Gut PIGT 8¢ wiivh tise fixet Golyinighengiviet 80 NEsTESChhd O)
havi ng been retrieved by the 20 second routing engine 11 is stored in the
best rout mouteeNENTHORMdRetd theuhetwarkt RS, nkavingk bBén i etsicwed dby rthiehfirkest
route tree 13A after renoval of the route NEXTHOP (C) out of the best route
tree 13A. ra@iting engined6; intouthe ramting soféwave corRs 185 the rowreg NIEXTHOR) (Bhis he
best route tree 13A) the route NEXTI—JCPd(C), havi ng been retrieved by the
second r ostiored) iBriienfiratitres 1A mssaciatad dfith fthe orsk onsing engintec 40 e hen,
ees 10A and

oA sssoctik e NESTHAE (54 siGrehint i bostront et 130- a/Sings no routes
ti | w. Th te .t h k R8 ,havi f
oo Py oy h o thie fAGPmERE e sthfed, BF HREbESErouER 1755 15, U6 doufe NuX¥rQP (B)
t 1 . . . i
convent | oRa?ift Biest risie Ry Pho SiokhSysihl 4hERld 1638 AOREHIT I NRS roppe.
that if aphestghoyithdii Eﬁﬁ'ﬁéﬁ% n&tt el Fatbf "MYRHABA éﬁmggﬁgeﬁ.st TiHButd e

13A, it would not be pos o transfer 5 packets tot estination
until1@ NNEXEHOP MB) & dtorsd AeHelr hitothel@shel 24t e tree 13A. Accordingly,
if it would take much tinme to retrieve a new best route and stored it into
the best route tr@e illRBtratadkat BIGoY| ewheet tie thirdncdting @nigind e stores the

destination for a long tine, resulting in deterioration in reliability of

t he rout erowe. NISXTHQP ddt to dheenetworkt R \ieaving bednigetrievedrly, thetthded i n
whi ch a best route has to be found is also huge. Hence, a route to a _
dest i nat i seuting engine 12eintocthegrouting epftwane gore 1de thexaute NEXETHQPR éB) it o
whi ch the retri.eved rqute is be stored has.to be retrieved.in_the _pest
route treétofgf&.m'rtﬁ‘@ ?185‘% drees 1@80’?%601%?‘@“{1%% the tRirdroutdng nEine Ag- adden; n
the bgst rpute 13A. 15 The aboye-npentioned conyentiona .

1 usER oo BB e softy et tE aleni i sthE HEF ThRls AR ISR B iato he »
plurality I i engj nes rout e o] idpation i n,trees
Pssoci at obo PRk A4 ERARNES, SRk Paboielef oI DAER 08 haRsRC bbbt
of the tr : | By I i gssaf bl i t:. S f ry
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14. For inghAarkekoufing dofti frd@oteNIB BaAPar&d 4 ipRicatyddf tHetlsied @odtin@Wrdifle
engi ne 11 and having been stored in the best route tree 13A as a best route
i s renoved2otd aopriobitysef ohe firsterciitthgragine lestSinoete pricetyl 3A thehthird
first and third trees 10A and 12A associated with the first and third

routi @ emguting en@ine 12 is lower than a priority of the first routing engine 10, the route

NEXTHOP (D) having been retrieved by the third routing engine 12 is not stored
into the best route tree 13A.
As illustrated in FIG. 5, when the second routing engine 11 stores the
route NEXTHOP (C) to the network R8, having been retrieved by the second
25 routing engine 11, into the routing software core 13, the route NEXTHOP (C) is
stored in the second tree 11A associated with the second routing engine 11.
Then, the routing software core 13 attempts to store the route NEXTHOP (C)
into the best route tree 13A. However, since the route NEXTHOP (B) having

been retrieved by the first routing engine 10 is already stored in the best route



26 and 12 are retrieved to find routes having been retrieved by the first
and third routing engines 10 and 12, as a best route candidate. |f the
first tree 10A associated with the first routing engine 10 includes routes
to the network R8 in a greater nunber than the third tree 12A associ ated
with the third routing engine 12, the third tree 12A associated with the
third routing engine 12 is first 6 retrieved, because the third routing

engi ne 12tyaasi3ad, | theafowingdsoftwardadrd 18 coaipares a peiokity Iif theldecond eogting
10. If a route to the destination, that is, the network R8, is found first
in the thenginer Bk td 2A prsmityi af ¢He viiitsh rtoluéintghengineolifi n§imegangridafipy tofieche
route is stored into the best route tree 13A as a best route, and further
into 5 theeckadmouting enging Yoia bighertthance priovityi efnthe fizat rantingiengisentd k

R8, is found in the first tree 10A associated with the first routing engine
10, the rthe sowdng mefiyeate eeer 13 emaypstthe mtredNEaéTHQd’ §BYioné of thesbes

by Che 11 Faitertsen NA4. angi werenihe rente BRI HOPIE haringdieanomtBersd BYItHR o
best te. .Th fter, t.h t.e havi b tri d by the third
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pr obl em tigisihg ohBles10USepidTRd" it el RUMA 13, B DS totRUNEhROP(P d

best route IS ved out of the best route tree 13A and a ne est route

is to be RhGHROhddH fothiteed B tHeOtEcBnl TBaLIAZANgPhBNVARY sfdredatd tVEREIAY 1O

In view of the above-nentioned problens in the conventional router, it is
an obj@®ct a9t bt eohediohd netiwdrkteR®r esent i nvention to provide a router

whi ch is capable of shortening a tine necessary for retrieving a new best
route to thereby Hedeindelow lisexpiaimedrieasova ofetheordute ocNFXTHER 06) having
al so an object of an enbodi nent of the present invention to provide a

net hod of been geliviavedthyathaeecond: ronting engineidi ent afithe bestinomte traer B3A. and a
conput er program for daoing the sane._|n one aspect of the presgnt

i nvention) there F&rshr bRe Geepnd trap d1AIselripved (r)ordep| tor ientify syhensi thest

or ot ocol gk RRERRAN REF ! AL, U0 R TehRY ! 1O, 2 26 T £
15 FIG. 6, the route NEXTHOP (C) is removed out of the second tree 11A.
Then, the best route tree 13A is retrieved in order to identify where the
route NEXTHOP (C) is stored in the best route tree 13A. Then, as illustrated in
FIG. 6, the route NEXTHOP (C) is removed out of the best route tree 13A.
: Since only the route NEXTHOP (C) having been retrieved by the
20 second routing engine 11 is stored in the best route tree 13A, no best route to the
network R8 is stored in the best route tree 13A after removal of the route
NEXTHOP (C) out of the best route tree 18A. Since any best route to the
network R8 is no longer stored in the best route tree 13A, the route NEXTHOP
(C) having been retrieved by the second routing engine 11 is removed out of the
25  kernel 14.
Thereafter, a route to the network R8 is retrieved in the first and third
trees 10A and 12A associated with the first and third routing engines 10 and 12,
respectively. Then, a route to the network R8 having been found by retrieval of

the first and third trees 10A and 12A is stored into the best route tree 13A as a



6 into trees associated with the unicast protocol engines, selects a best
route anong unicast routes received by the unicast protocol engines, in
accordance with a priority assigned to the unicast protocol engines, and
stores the best route into a best route tree) and (c) a kernel which
receives the best route fromthe routing 6 software core to carry out
routing control, wherein the routing software core, when a plurality of
rout es adghvwedestrdutea conmon destination is stored into the trees)
registers a route retrieved by a unicast protocol engine having a highest
priority) into tHdowesér, rihe abbvemagionddesonventionalappiteesst ifusrated/ ino
routes retrieved by other unicast protocol engines, in accordance with a
priority BlGadsisgnednmpanihé withcasproplexodeit ¥reybeet routed to egidsstinativheis
routes into the best route tree to%ether with the best route as a best
rout e cartginenes omhe)fatlmﬂwatgégutﬂ) wenddpyitafoslthagt i possiblndopirassfer
i nvention wll ﬁescrlbed her ei nbel ow. In the youter ordance with
an en@odlﬁ’ﬁcrlﬁe %fwtt @ dostinafion wo@ﬂ RAV bept reuter ispferad I%égs sh&gute H‘@@e

is in adv tor in td)% bes o eth out

LS donr | nefgs ReShiney HR 963 [ BBl %ae@é%‘% 5l it gl Bhfes
Out Tl o gtaPs Cﬂ?‘% 9%9%% SEIDALY bt 18, rptRelt Bl g8t phRSHRUP ta'thel ©
Comeny it for b 1HAL S| rbubin ind doioheiBn W0otalldbihiy B Ehe BortT

12A are r@@'rleved for finding a new best route. If the first tree 10A
associated with the first routing engine 10 having a higher priority than

the s@me of the tHid bekpbutieigiriwelZnshdngie hotwerk, d) tideecirginddtlera begwer
than routes stored in the third tree 12A associated with the third routing

engi ne 12rowerloag éo bet favmdeis Alscbhiugbe Hencel a avutedoengientindfionshds tetbe
stored into the best route tree 13A and further into the kernel 14, and

i medi at erefrieNed dnfsush a hugsutree and isememary atee inte sthich thermgtriayedheou® i s
stored into the best route tree 13A and further into the kernel 14. Thus

storage ofS @ bresiored s torheratkievrdindhe heshgeutedivee 434 Bhe)seuteriy ster

"1 accor UGLhA RS RVSREIA qr%iérre'@ﬁ‘?et&p&e@m R on. IQaiPeoLE‘“er
2 bedd® route to AThESHTNA FEREOREU G ehRghaL b iy, b0 MEbisiEa iBIRIGT g .
retrieved,fy, z{rﬁea'wﬁhe%ﬁ%r*mb&qnaaspfopBwsty éfuﬁl ‘ﬁ‘ira{-nﬂﬁﬂf E@&lﬁ%%(?sng

other 5 routl g engl nes nce,” routes retrieve routi'ng engi nes

a priorityoredaioutédtodaPbbBntdry d@(stﬁaa@%t %ntréeéjtds@;gcﬁ'@&! NRitd" €hé Glouting
selected as a best route) resulting in that it is possible to prevent

repetitiogngines! dhag®udés chdiesto heuhll tréthoved loak ndfl tlendréedToVEHis ofesaltoeli
route out of a kernel. In addition, since a next best route is in advance

known, it unnecessasdpnrgartPingo ombl stepetof storimptitheardutes ton thbi kérrehel hemtd
best tree is stored and the best route tree, when a best route is to be
exchadfyedremovakofithel rovges onbobtlwmkernad Idet ri eve all of trees, even if a

|l ot of routes are_stored in the trees, This ensures that a_time necessary
for. retrieving trB6E 1Bgkanss, §hér raHedhavigeRhearr refriyrdplyy dhecrecopg ToRAMISGS

engine 11 and having been stored in the best route tree 13A as a best route is
removed out of the second tree 11A and the best route tree 13A, the first and
third trees 10A and 12A associated with the first and third routing engines 10
25 and 12 are retrieved to find routes having been retrieved by the first and third
routing engines 10 and 12, as a best route candidate. If the first tree 10A
associated with the first routing engine 10 includes routes to the network R8 in a
greater number than the third tree 12A associated with the third routing engine

12, the third tree 12A associated with the third routing engine 12 is first



FIG 1 is a block diagramof a conventional router. FIG 2 illustrates an
exanple of a network. FIG 3 is a block diagramof the conventional router,
simlarly to FIG 1, showi ng an operation of the sane. 20 FIG 4 is a bl ock
di agram of the conventional router, simlarly to FIG 1, show ng an
operation of the same. FIG 5 is a block diagramof the conventi onal

e arle%]ci%b&rl#é’cta%x%e fthe third §£&%‘i‘ﬁ€§&gle}}e?ﬁ?§ T}&‘sié’lhvgért %ﬂﬁf%é'@?n%%%m S a
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accor dance I ment the present 1 nvention.
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i n accordance with an odi ment of the present invention) simlarly to

FIG 7, thpovtedisatofRBindo £he Bést Rfute aiiBe 13AFAEa Bébtioude baRE furtihegriate of a
router in accordance with an enbodi mrent of the present invention)

si mf arthe kexrel 34. 7, showi ng an operation of 5 the sane. FIG 11 is a block
di agram of a router in accordance with an enbodi ment of the present

i nvention, sinilfaairpute télthe desthotiony thatdpethe netwotk (B8, safomndrirGthd?2 i s
a bl ock diagramof a router in accordance with an 10 enbodi ment of the

pr esent firgtviaae i 104 assaesiated yithothe frsty rewtng epgime dfethe ironteohaving beerm.
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and the route having been retrieved by the first routing engine 10 is stored into

10 the best route tree 13A as a new best route. Thereafter, the route having been

retrieved by the third routing engine 12 is removed out of the kernel 14, and the

route having been retrieved by the first routing engine 10 is stored into the
kernel 14.

As mentioned above, the conventional router 50 is accompanied with a

156 problem that it takes much time for retrieving a new best route when an old best

route is removed out of the best route tree 13A and a new best route is to be

stored into the best route tree 13A.

SUMMARY OF THE INVENTION
20 In view of the above-mentioned problems in the conventional router, it
is an object of an embodiment of the present invention to provide a router which is capable c;f
shortening a time necessary for retrieving a new best route to thereby reduce
influence exerted on network communication.
It is also an object of an embodiment of the present invention to provide a method of
256 administrating routes through which data is transferred, and a computer
program for doing the same.
In one aspect of the present invention, there is provided a router
including (a) a plurality of unicast protocol engines each receiving a unicast route

from an adjacent node, (b) a routing software core which stores the unicast route



15 enbodi nent of the present invention. The router 60 is conprised of a
first routing engine (RE) 1, a second routing engine (RE) 2, a third
routing engine (RE) 3) a denon routing software core (RS-CORE) 4 which
merges routes retrieved for each of destinations, and registers the routes
into a later nmentioned kernel 5, and a kernel 6 which stores 20 routes
provided fromthe routing sgftware.core 4, | fo rdi ng route table
(not i 11 Jetp Heedpesbitabdl with e i Gl bratachletelicer t1BEA Refititufe inpdy
tothird ' [ . i 0 i.s9d .3 unjcast 0

engi ne, a%lﬁgé%égrg%ﬁ%g ?e%%é%ecdog’c‘f:ﬁ@%%vél?%&ag?%eaﬁ(ﬁngﬂ%lr@tsbggl &?ﬁo]r &%ﬁééengﬂhrl oM
ot her ones. t : H&5RE el i ree
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stored, a third tree 3A in which a route retrieved by the third routing
engi ng 3 doftwwd edve 80 tadrPasit rauing ldoderoalAwliereii theardifithe rsafveareOtn@,
anong routes stored in the first to third 9 trees 1A, 2A and 3A is
stored. BEshbnaf phialityrait rautes laidddessedt tong cenghor debtinatindis3storediines the
uni cast route froman adjacent node in accordance with the routing

pr ot ocol ,trees) migistess aheouteusetrimved viesd aunnicast protacel ienging havass achighedt
tree 1A, 2A and 3A, 5 respectively. The routing software core 4

admi ni st rptiexity, hintantheabest gouts theasiaggaeest rarte; eppliesya tpriority 4o rautes
third routing engjnes, 1, 2 gnd 3 and siored in the first to third trees 1A
2A and 3Ar.etr1ﬁva@d|o¥i pther quueash inrgtact (ergiBesoiR aceprdgase r with <2 ( Briewtn
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route to be stor into the best raoute tree 4A | e fol l.ows. 15
Waen a plurali tyeg'?e ?%‘@Pk’sge?(?% & ?P%f@@??'ws{‘f ?S)fﬁﬁ? b%%ﬁﬁf‘@é'aﬂr‘f‘%}'?t he
first to pdhiesheinid hesbifh8loRes 1 to 3, a route having been retrieved by a
routing engine having a highest priority anong priorities of the first to
third routing enghtiRsotei i adcirdarse wdthtaadnbedimenest the present infeatitr) aslealoeet ed
best route is stored into the best route tree 4A. Concurrently with storage
of a lfestsacontebésttmutbdsin bdsvanceoatored rinethbAbest seutentrepeigetivert witiEXheiOP
is stored further into the best route tree 4A as a _best route candidate in
associ at i bestuirente He Bedlestivation. HeAe¢ordinglyecyen BESt beromeed maceasary 4o

route having a secqnd highest priorjty anong priorities of the first to
thirdr ou%*‘g’g“ngﬁg?ﬁ&stlwﬁee!t Tf’nélos)étf}ﬁ‘i’a %@@Pgﬁ‘%’uﬁ% IRESS OB NeWs gplegonte-

t he best ute,t.ree 415 as havj n%. an address 0Or 25.destinatiqn identical

with the SARE 1S EResBICH PRt & MR aIRee TR IBE reRintBe A TIPS 00 best

route stored in e Reshnboitnhl SRR maBkhebd tn 1. 106 bpdEdbat£EaY
eflowrs e o)

in the kernel 5. rern xplai ned an oper at’ion e router

W th geef ebé‘élf?eﬁl%r\]rga%t &f tRe best %‘Q\fl%e Eﬂe@ 1841 bhe! Firsf Rl %ﬁﬁ%ﬁ@% éerA and

structure 1 n which seven routers are connected to one ano

through ne2pqiresrdttieved H8r AldRt dRckPBESE rdute aMf tRb Lirkdaked I0W0addRiated
network R8 in the network structure illustrated in FIG 8, packets can be

transf er redth bhe diist troating bopgineg16 Hdviag 4 higker priorityf thexi thewWame ket s
are transferred to the network R8 through
third routing engine 12 stores routes in the greater number than routes stored in
the third tree 12A associated with the third routing engine 12, a route retrieved
26 by the third routing engine 12 is first stored into the best route tree 13A and
further into the kernel 14, and immediately thereafter, a route retrieved by the
first routing engine 10 is stored into the best route tree 13A and further into the

kernel 14. Thus, storage of a hest route into the kernel 14 and removal of a best

route out of the kernel 14 are repeatedly carried out,



the routers B and E. In a second route, packets are transferred to the
network R8 through the routers Cand E. In a third route, packets are
transferred to the network R8 through the routers D, F and E. The first to
third routing engines 1 to 3 operate in accordance with 10 routing
protocols different fromone another. The first routing engine 1 retrieves
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(© into the secon routing software core 4.

routing gagkR By £UbuEHRS NEREHERYAT adfridrif Highs thaflofHld B0 offied!

is, the networ in accordance with a routi'ng protocol U, and stores the
routs Nﬁxﬁﬁﬂg éhdineB! OHcMRe! Rotithst FeREieFdd IBY rHELIAEWiidifles Haviag & E?Io@it‘ﬂv- 20
It is assumed herei nbel ow that the second routi ng engi ne 2 has a hi ghest
prioritowbhehfnraspriveityiofg enrgairerduting eaghecarsd nbt golestedas arbdst)roabe t he
third routing engine 1 has a lowest priority in the routing software core
4. 1t i gebultingpin thatuited nasaible te preventr rapetitiorcef glarage of al bast souteintoo
routes. As illustrated in FIG 9) when the first routing engine 1 stores
the 25 rokemelpviemenl ofecbestyoyte out pbakernekk R8, having been retrieved
by the first royting.enging 1, into the routing goft e core 4, the route
NEXTHOP (B) is stbddition, sHcerg pext bestaropie i upadranee kpown, Heisrnacggsary

i i .. Then,,th t E B) .i t dintag th t
U510 SRS d R Rus R A SRl e 06 P bR Bphed
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into the kernel 5 fromt est route tree 4A. As i1llustrated in

when t hehlahial timeodddeBSaSNbr (8 t1de Ping! 1#6ed bn Be lshBiRNNEXTHOP (D) to the
networ k R8) having been retrieved by the third routing engine 3, into the
routing software core 4, the route NEXTHOP (D) is stored in the third tree
3A associated with the third routing engine 3. Then, the routing software
cor 364 BE JESCRIPTIONIQF THEDRAWBNES D) i nto the best route tree 4A
However, since the route NEXTHOP 10 (B) having been retrieved by the first
routing engine G hl&%b@@ﬂks@@@&m of 2 penvaadionad youter ee 4A) the routing

ft 4 iorit t thin d ti [ 3t
o i ority of o 10 UFGErtAs SherwwDle oSf MeEWTr | or' 1y of Che third
ti i } l. t I QLit f th | I St t . ' ,
he rout o NEXTHERC: BySAEbIoRE DalithltheVaRvalional {aleeh YRFRRERER L 5
is 1 [ 4A b di d
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routing miﬁgﬁlap&r@&ﬁbﬁt}?@sglﬁute NEXTHOP (C) to the network R38, having
been retrieved by the second routing engine 2, into the routing software
core 4, the rouf@GNBXNSHPlACE)dingramafaticiconverntiorabrohter,esdmibary o FlGt &0
with the second routing engine 2. Then) the routing software core 4

at t enpt sshowisigareopéxatiauobtiEX HEP (C) into the best route tree 4A
However, since the route NEXTHOP 25 (B) having been retrieved by the first
routing engi ne ¥Fl(s Gisrahlpgksdiggram;of theecopuentipnal routesesimilaniyiso F&Gt ilng
software core 4 conpares a,priority of the second routing engine 2 to a
pri &9 t yshawingan Pl’f’%lfati%f’fﬁge 88Pne 1. Since a priority of the second

routi ng engi ne i j gher th priority of the first routing,engi )
Lot oo oM R G o Bk BIORR iRl of o e ds SoEAonht T onaab 2
is 12 stored into,the best route.tree 4A as a best route to the network
R8. The ‘?%89&1 e(%sesﬁg\'}ilﬂﬁergté% retrieved by the first routing engine

1 and the route ' tr] by the third routin
engine 3 are sto@ﬁ?é@g%gh%g&@qgég rgé&%gﬂ‘segond best routes. ]
Specifically, 5 H’@diQth?oJNWonoulf@\fﬁMoﬁﬁﬁ&\ﬁfﬁﬁ&ﬁ-eVed by the second

routing engine 2 1s stored into the best route tree 4A as a best route to
the network R8) and concurrently, the routes NEXTHOP (B) and NEXTHOP (D)
are also stored into the best route tregg4A with a priority being applied
to themin accordance with a priority applied to the first and third
routing engines 1 and 3. 10 Since a priority applied to the first routing
engine 1 is higher than a priority applied to the third routing engine 3,

oy R I\ 77" 1 17NN . o, . " A AR o g e




Her ei nbel ow i s expl ai ned renoval of the route NEXTHOP (C) having 20 been
retrieved by the second routing engine 2, out of the best route tree 4A
First, the second tree 2Ais retrieved in order to identify where the route
NEXTHOP (C) is stored in the second tree 2A. Then, as illustrated in FIG
12, the route NEXTHOP (C) is renoved out of the second tree 2A. Then, the

bost ' . . . . . » : .
NexrHop Py Ui B8t of Ui PR iERehtlof) Bkt Ay VORI 7 SHORES, hDLERafiBoF
FIG 12¢hd Bemicout e NEXTHOP (C) is rempved out of the best route tree 4. A
At the sane time of the renoval of the route NEXTHOP (C) out of the best

route tree 4A) Foeyd ¥ adRUHifFa 05 h rduddiif adcdrdahcd with et 0 t he best route
tree 4A. At this stage, the route NEXTHOP (B) having been retrieved by the

13 fi egibodeient @f €hgipeschtandehtion] v idafilXd HDRE, (Dshbavhg enlgrpatich lfeved
by the third routing engine 3 are stored in the best route tree 4A as
secohd bhswammut es. Hence, it would be possible to concurrently renove a
best route presently stored in the best route tree 4A and sel ect a new best
route which has H6ehl staddedk disgrameof 8 rgysenin perordance Wthan as a second best
tree, nmerely by retrieving the best route present|ly stored in the hest

rout e tesbodimegsefithe paesant inventigndsimeilpdy o 16 .17 showing eamneyatienwie

t he routﬁ NEXTHOP (C) having been retrieved by the second routing engine 2,
out of tReSBE¥: route tree 4A, and sel ect the route NEXTHOP (B) having been
retrieved by the first roquti engi.ne .a 10 route. After the
renoval of the %dﬁt@ﬁ@@?@% m%&?r%‘*]fertlﬂéc%éd;h?x\%gﬁtﬁrgntree 4A and the

sel egti . r . as t . (o)

(5 0 BRyRloitedBs F4hE oikehittaybition” sy R WIC 4 kBowif alieFabbR G0
in accorfarggmeaeM th the first 15 enbodi ment, at |east one second best route
is in advance stored in the best route tree 4A together with the best route
to a destination. Accordingly, even if it becones necessary to exchange a
best route, it is no longer necessary to retrieve a new best route. Thus,
it is pGESCRIPTIONOF THEBREFERREDVEMBODIMENTS'9 a new best route. 20
As mentioned earlier, in the conventional router 60 illustrated in FIG 1,
after a best roWRI&.hadsbedloclediaghimuifl afrouter B8sin mecdelance ewithAa fivet
first and third trees 10A and 12A are retrieved to find a new best route.

| f 1Be fembedimend ofdhe prespntanyendiionh the first routing engine 10 having a
hi gher priority than the me of the third.routing engihe tores roytes
in the .greater tee-‘réfﬁl%omﬁ%é géérf%@tirﬁuﬁw EREY 112A§e°°n3
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k
renoval of a best route out of the kernel 14 are repeat egﬁ}/l parried out. In
conRpastroutds previded feémbehd RoRifs dffwearetdre 4 hinthid Forveaddasl Fote table
| east one second best route is in advance stored in the best route tree 4A
t oget her(not illusirivest) to thexehycargest roatingreonfwla second best route is
selected a 5 route retrieved by a routing engine having a priority higher
than the sane ofEaghhef the dirshgo shijidnesutine eoginesolis 8 sand Brisecomptised ofiai ng
engi nes having a priority lower than a priority of a certain routing engine
are not unirestt pyotesoh emeire,r gndeoperalas tinngeeordamge with @ yeuting pratecol
pr event c{;&get%on of storage of a best route into a kernel and renoval of
a best rBHPEe opy Ot ONRE . 10 In addition, since a next best route is in

nexBbest tree (LhedoRbuE noltvReS ede (RTORHE o Tactuferd dirstrop ol di s

1D 08 SRRRCE Soute ndekichRg N 6L AREFGRERY ehigd 10,i8 sty nteckhf TRee BX°"
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V.
by a data processor such as a personal conputer or-a wor 1on, an
PrOgr am ot $de/d Rh witilh!d Bodt Ruth Munddindifl ARitbWRidteAdnHE firdfH third
program may be presented 20 through a recording medi umreadabl e by a
conputer. The programis read out into a data processor when the data
processor starts its operation. By contgolling an operation of the data
processor, the routing software core 4 can be acconplished in the data
processor.



The performance of the routing software core 4 may be acconplished as 25 a
program i ncl udi ng vari ous conmands, and be presented through a recording
medi um readabl e by a conputer. In the specification, the term"recording
medi um means any nedi um which can record data therein. 15 CLAIMS: 1. A
router conprising: (a) a plurality of unicast protocol engines each
receiving a unicast route 5 froman adjacent node (b) a routing software
core whi aftesd PALSASAIDISANS ebs@ledr oute into trees associated with said

uni cast protocol engines, selects a best route anong unicast routes

recei ved by sai d Emilcafthefirsbtothrdgiowting engines dr, @aanéd 3nrddeivesps umicest
assigned to said unicast protocol engines, and stores said best route into
a best 10ombetfeom raze adjatent )noalekigr acdordhneshwitl the agutingpuioterol,r and etdnesm
said routing software core to carry out routing control, wherein said
routing sibet khps wepeivedyramicashplneude i intoothe cagessiatedr tepeed A 024 eaendih
destination is.stored into said trees, registers a route retrieved by a 15
uni cadt pie8PeEYelEngi ne having a highest priority, into said best route

b : | i i ori . i eved b .
ni cast prot ocol TG RBERE fuRaR! sBf & ahRinEHERe e EEF, Mue fiavirg
reo T ogal iy Fepriced NG The 218 S HBILRS T BabBHCE, 5 2R S ofeba iR
router aspRgtyd ehird trides! gA!"zk a)é(gegg'. N 1a2hdditf, | (e §6’&€i¥i§r§> hfe cdfen
said best route registered In sal est route trée 1s canceled, selects a

best rout@esgsidirsidfed 28LEW F disBlifitiond irPlakéordanes GvitRsSA éﬁ‘i’éﬂi@y appHbdafoes

registered in said best route tree, as a new best route. 25 8. A nethod of
admi r1iost reddhnef theufiest tohttird bowtinglengihes 152 tandnsf fnded; bezopuies am@nihthe
steps of: (a) receiving unicast routes from adjacent nodes through a
pl ural i t yrooftes stored in the first to third trees 1A, 2A and 3A, and stores the thus found
best route into the best route tree 4A.
Specifically, a best route to be stored into the best route tree 4A is
gelected as follows.

15 When a plurality of routes to a common destination is retrieved by the
first to third routing engines 1 to 3, a route having been retrieved by a routing
engine having a highest priority among priorities of the first to third routing
engines 1 to 3 is selected as a best route. The thus selected best route is stored
into the best route tree 4A. Concurrently with storage of a best route into the

20  best route tree 4A, a second best route NEXTHOP is stored further into the best
route tree 4A as a best route candidate in association with the best route.
Herein, a second best route indicates a route having a second highest priority
among priorities of the first to third routing engines 1 to 3. The second best
route NEXTHOP is stored in the best route tree 4A as having an address or

25  destination identical with the same of the best route. Among the best route and
the second best route stored in the best route tree 4A, only the best route is
registered in the kernel 5.

Hereinbelow is explained an operation of the router 60 with reference

to FIGs. 8 to 12.
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uni cast protocol engines 16 (b) storing said unicast route into trees
associated with said unicast protocol engines (c) selecting a best route
anong uni cast routes received by said unicast protocol engines, in
accordance with a priority assigned to said unicast protocol 6 engines and
(d) carrying out routing control in accordance with said best route,
wherein said step (c¢) includes the steps of: (cl) registering when a

plurality of routERGaddiiessedes @ AetvasiXOBtrdetirenat which sevearemtery 4 tad
trees, a route retrieved by a unicast protocol engine 10 having a highest

priority, atedonmetall tiesie navtlerttheough netweslts RaubdR§.c2) applyi ng a
priority to routes retrieved by other unicast protocol engines,

accordance with aWhenothe youtesiAytrechsfersgricketmta tise nptwork K8 Enﬂnmastvawnk
(c3) registering said routes _into said best route tree_together with said
best rout girasturenliawstrated ancBi(ai Biapackets can bentramefersed 4brewgh the ﬁllqnnmg

claim3, further rising the step of) when said bes rout e ere
sai d Eost IHGETEUSee Ich BERCERIR, DA eéétarﬁér%p Sxed i Bk ﬁé e

N Ghest pp oLt IPIG, ! 5 LS AT B4 S5ur e L LR e 0o Lo e
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e a0 10 > o 2
associated W th sehd ffic@RSthRBMRRMe engines 1 to 3 operate in accordance with

10 routing protocols different from one another. The first routing engine 1 retrieves
NEXTHOP (B) as a route to a destination, that is, the network R8 in accordance
with a routing protocol S, and stores the route NEXTHOP (B) into the first tree
1A in the routing software core 4. The second routing engine 2 retrieves
NEXTHOP (C) as a route to a destination, that is, the network R8 in accordance

15 with a routing protocol T, and stores the route NEXTHOP (C) into the second tree
2A in the routing software core 4. The third routing engine 3 retrieves
NEXTHOP (D) as a route to a destination, that is, the network R8 in accordance
with a routing protocol U, and stores the route NEXTHOP (D) into the third tree
3A in the routing software core 4.

20 It is assumed hereinbelow that the second routing engine 2 has a
highest priority, the first routing engine 1 has a second highest priority, and the
third routing engine 1 has a lowest priority in the routing software core 4. It is
further assumed that the best route tree 4A initially stores no routes.

As illustrated in FIG. 9, when the first routing engine 1 stores the

25 route NEXTHOP (B) addressed to the network R8, having been retrieved by the
first routing engine 1, into the routing software core 4, the route NEXTHOP (B)
is stored in the first tree 1A associated with the first routing engine 1. Then, the

route NEXTHOP (B) is stored into the best route tree 4A. Since no routes to the
network R8 are stored in the best route tree 4A, the route NEXTHOP (B) having

11



engines (c) selecting a best route anobng uni cast routes received by said
uni cast protocol engines, in accordance with a priority assigned to said
uni cast protocol 17 engi nes and (d) carrying out routing control in
accordance with said best route, wherein said step (c) includes the steps
of : (cl) registering when a plurality of routes addressed to a common 5
destination is stored into said trees, a route retrieved by a uni cast

protocol Ba&h REtriad By 3hBi filke ToubinigOéndive 1 i Stopdd Anheshe bebt SotiteCtred A
best route (c2) applying a priority to routes retrieved by other unicast

prot ocol eithdigscartyingcaey thankeeminidhtionyd @mparisasi gihd rbats NEXTHGRSB)
prot ocol engines and (c3) registering said routes into said best route tree
t oget her 18 storedifurthes intbOtheckerned$ faomecdie hestreuteatrdedi.e. 6. The program
as set forth in claimb5) wherein said programfurther carries out the step

of , when said besAsriblustratediist EIGd 10n wdeeindthe shirdorausing eagine Sastovesthe
75 carkt qaves NERTHORAIN tedhe Babvork it BFeoE heew Tebtenta 0% gus cthirg
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the route NEXTHOP (D) is stored as a second best route both in the best route
tree 4A.
As illustrated in FIG. 11, when the second routing engine 2 stores the
20 route NEXTHOP (C) to the network RS, having been retrieved by the second
routing engine 2, into the routing software core 4, the route NEXTHOP (C) is
stored in the second tree 2A associated with the second routing engine 2.
Then, the routing software core 4 attempts to store the route
NEXTHOP (C) into the best route tree 4A. However, since the route NEXTHOP
25 (B) having been retrieved by the first routing engine 1 is already stored in the
best route tree 4A, the routing software core 4 compares a priority of the second
routing engine 2 to a priority of the first routing engine 1. Since a priority of the
second routing engine 2 is higher than a priority of the first routing engine 1, the

route NEXTHOP (C) having been retrieved by the second routing engine 2 is
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' $109%& (}ne H8stlfoute tree 4A with a priority being applied to them in accordance with a
priority applied to the first and third routing engines 1 and 3.

10 Since a priority applied to the first routing engine 1 is higher than a
priority applied to the third routing engine 3, if the route NEXTHOP (C) stored
in the best route tree 4A as a best route to the network R8 is removed out of the
best route tree 4A, the route NEXTHOP (B) having been retrieved by the first
routing engine 1 is newly selected as a best route to the network R8. In addition,

15  since the route NEXTHOP (B) having been retrieved by the first routing engine 1
is different from the route NEXTHOP (C) having been retrieved by the second
routing engine 2, the route NEXTHOP (B) having been retrieved by the first
routing engine 1 is stored further into the kernel 5.

Hereinbelow is explained removal of the route NEXTHOP (C) having

20  been retrieved by the second routing engine 2, out of the best route tree 4A.

First, the second tree 2A is retrieved in order to identify where the
route NEXTHOP (C) is stored in the second tree 2A. Then, as illustrated in FIG.
12, the route NEXTHOP (C) is removed out of the second tree 2A.

Then, the best route tree 4A is retrieved in order to identify where the

25 route NEXTHOP (C) is stored in the best route tree 4A. Then, as illustrated in
FIG. 12, the route NEXTHOP (C) is removed out of the best route tree 4A. At
the same time of the removal of the route NEXTHOP (C) out of the best route

tree 4A, a newly selected best route is stored into the best route tree 4A.

At this stage, the route NEXTHOP (B) having been retrieved by the

13



10f >s109%& () - 5#10%&' () -1 f, - &LO%&' ()-z++1,,,)-{-dEbCL*-&10! !y
#10%& () - 9SS&L09&' () - SH109&' () - #109&' () - #109&' () -
Y109%& ()-{---.m..dEbCL*-&10!1 1 yO$SMLOYE ()-|"#10%& ()-L @I10%& ()-
| 109& ()- YL0%& ()-#109%& ()-..C///OrOdEbCL*-&10!!!y F1 10%& ()-
S/ 109&' () - - #109%&' () - +Z" 109%& ()-L) T&L0%& ()-' 10%& ()-r0001ql1111dE:/ 10
10=109%&' ()-: #10%&' ()- S#109%& ()- F 6mLO% () -
5109& () - fikst S%LeiE éngihb3] ahdothe/wvté 'NEXFHOR (D)-Havihg &bouretyievod bedi * &
'()-Z ' TFz&10% & ()-Z Y40%& ()-!9%0%& ()- 10&7079X9:::::aVK@Lg&l0% 10 10
10 1098 (dhird a0z (endih& &R £fordd in Fha %8 saute) trée @A B%&efind bbest routes.

" <v<dEVK@/Lg&10% 10#10%g&’ lgg %10%g&’ () O#10%g&’ (g
#10%g& () Heneaogaveyld be possigk: to corcur ]D:FQM@EL ggiopoute presently stored
10#10%g& () - F#lO%g& ) - f@lO%g& ()1, m0Ygs () - 10%& () #10%& () -
D>>>>? Qs thadmat odnes 4095 Folect a pewoksst rpute Whick hes peen stored in the

5 best route tree 4A as a second best tree, merely by retrieving the best route
presently stored in the best route tree 4A, Specifically, it would be possible to
concurrently remove the route NEXTHOP (C) having been retrieved by the
second routing engine 2, out of the best route tree 4A, and select the route
NEXTHOP (B) having been retrieved by the first routing engine 1, as a new best

10  route.

After the removal of the route NEXTHOP (C) out of the best route tree
4A and the selection of the route NEXTHOP (B) as a new best route, the route
NEXTHOP (B) is registered into the kernel 5.

As mentioned above, in the router 60 in accordance with the first

15 embodiment, at least one second best route is in advance stored in the best route
tree 4A together with the best route to a destination. Accordingly, even if it
becomes necessary to exchange a best route, it is no longer necessary to retrieve a
new best route. Thus, it is possible to omit a time necessary for retrieving a new
best route.

20 As mentioned earlier, in the conventional router 50 illustrated in FIG.
1, after a best route has been removed out of the best route tree 13A, the first and
third trees 10A and 12A are retrieved to find a new best route. If the first tree
10A associated with the first routing engine 10 having a higher priority than the
same of the third routing engine 12 stores routes in the -greater number than

25  routes stored in the third tree 12A associated with the third routing engine 12, a
route retrieved by the third routing engine 12 is first stored into the best route
tree 13A and further into the kernel 14, and immediately thereafter, a route
retrieved by the first routing engine 10 is stored into the best route tree 13A and

further into the kernel 14. Thus, storage of a best route into the kernel 14 and

14
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In contrast, in the router 60 in accordance with the first embodiment,

at least one second best route is in advance stored in the best route tree 4A
together with a best route to a destination. As a second best route is selected a
route retrieved by a routing engine having a priority higher than the same of
other routing engines. Hence, routes retrieved by routing engines having a
priority lower than a priority of a certain routing engine are not selected as a best
route, resulting in that it is possible to prevent repetition of storage of a best
route into a kernel and removal of a best route out of a kernel.

In addition, since a next best route is in advance known, it is necessary
to only retrieve both a tree in which the next best tree is stored and the best
route tree 4A, when a best route is to be exchanged. It is no longer necessary to
retrieve all of trees, even if a lot of routes are stored in the trees. This ensures
that a time necessary for retrieving trees can be shortened.

The routing software core 4 has such a structure as mentioned above,
and operates in such a manner as mentioned above.

The routing software core 4 may be accomplished by a data processor
such as a personal computer or a work station, and a program to carry out
functions of the routing software core 4. Such a program may be presented
through a recording medium readable by a computer. The program is read out
into a data processor when the data processor starts its operation. By
controlling an operation of the data processor, the routing software core 4 can be
accomplished in the data processor.

The performance of the routing software core 4 may be accomplished as
a program including various commands, and be presented through a recording
medium readable by a computer.

In the specification, the term "recording medium" means any medium

which can record data therein.

15
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(b) a routing software core which stores said unicast route into trees

associated with said unicast protocol engines, selects a best route among unicast
routes received by said unicast protocol engines, in accordance with a priority
assigned to said unicast protocol engines, and stores said best route into a best
10 raute tree; and
(¢) a kernel which receives said best route from said routing software core to
carry out routing control,
wherein said routing software core, when a plurality of routes addressed to
a common destination is stored into said trees, registers a route retrieved by a
15 unicast protocol engine having a highest priority, into said best route tree as a
best route, applies a priority to routes retrieved by other unicast protocol engines,
in accordance with a priority assigned to said unicast protocol engines, and
registers said routes into said best route tree together with said best route as a

best route candidate.

20
2. The router as set forth in claim 1, wherein said routing software core,
when said best route registered in said best route tree is canceled, selects a best
route candidate having a highest priority among best route candidates registered
in said best route tree, as a new best route.
25

3. A method of administrating routes through which data is transferred,
comprising the steps of:
(a) receiving unicast routes from adjacent nodes through a plurality of

unicast protocol engines;

16
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carryi ing

ng out ro control Q\_accordance with said best route,
wherein said step (c) includes the steps of:
(c1) registering when a plurality of routes addressed to a common
destination is stored into said trees, a route retrieved by a unicast protocol engine
10 having a highest priority, into said best route tree as a best route;
(c2) applying a priority to routes retrieved by other unicast protocol engines,
in accordance with a priority assigned to said unicast protocol engines; and

(c83) registering said routes into said best route tree together with said best

route as a best route candidate.

16
4. The method as set forth in claim 3, further comprising the step of, when
said best route registered in said best route tree is canceled, selecting a best
route candidate having a highest priority among best route candidates registered
in said best route tree, as a new best route.
20

5. A program readable by a computer for causing said computer to carry out
a method of administrating routes through which data is transferred, said
program carrying out the steps of:

(a) receiving unicast routes from adjacent nodes through a plurality of

26  unicast protocol engines;

(b) storing said unicast route into trees associated with said unicast protocol
engines;

(c) selecting a best route among unicast routes received by said unicast

protocol engines, in accordance with a priority assigned to said unicast protocol
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(c2) applying a priority to routes retrieved by other unicast protocol engines,

in accordance with a priority assigned to said unicast protocol engines; and
(c3) registering said routes into said best route tree together with said best

10 route as a best route candidate.

6. The program as set forth in claim 5, wherein said program further carries
out the step of, when said best route registered in said best route tree is canceled,
selecting a best route candidate having a highest priority among best route

15 candidates registered in said best route tree, as a new best route.
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