2 4 AUG 2006 METHOD FOR COLLECTI NG NETWORK TOPOLOGY | NFORMATI ON Fi el d of
the Invention The present invention relates to network management; A\62006
particularly to a nethod for collecting network topology inforfimtion.
Background of the Invention Topol ogy i nformation collection is the basis of
network 10 trunk managenent, and it requires the devices within the

t opol ogy COMEEBLID CFOR CVELEET NG MEvEWGR IO r BoPoiesY nfNrerATIONf  their

adj acent devi ces. The process of topology collection is as follows:
converge adjacency relation information of all devices supporting topol ogy
collection in the topology, 15 collection coverage to the device that
initiates the topol ogy %}?Rt%n?herh%nmm in prior art can be

lassified i L2- hased | | ' hods and L3-based !
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pr ot oc itse esn't provide network routin unct1 on; ult, al
of theigxbshkbgonet hods perform topology collection on the basis of tree
network, i.e., through sending topology reports to the root node (i.e., in

uplink 25 direction), they summarize topology of the entire network at the
root node. Such topol ogy collection nethods are not applicable to other
t opol ogi es, e.g., neshBaghglroypd otthéhet Rawwenties structure. L3-based

t opol ogy collection nmainly refers to | P-based )
Topology information cellection is the basis of network

10 trunk management, and it requires the devices within the
topology collection coverage to have stored the information of
their adjacent devices. The process of topology collection is
as follows: converge adjacency relation information of all
devices supporting topology collection in the topology

15 collection coverage to the device that initiates the topology
collection.

The methods in prior art can be classified into LZ-based
topology collection methods and L3-based topology collection
methods. According to L2-based topology collection, all

20 topology collection messages are carried on L2 protocol;
however, L2 protoceol itself doesn't provide network routing
function; as a result, all of the existing methods perform
topology collection on the bagis of tree network, i.e., through
sending topology reports to the root node (i.e., in uplink

25 direction}, they summarize topclogy of the entire network at
the root node. Such topology collection methods are not
applicable to other topologies, e.g., mesh topology, other than
tree structure.

L3-based topolegy collection mainly refers to IP-based

30 (Internet Protocol) topology collection. All topology report




30 (Internet Protocol) topology collection. Al topology report -2- 2 4 AUG
2006 messages are forwarded to the device that initiates topol ogy
col l ection through standard routing protocol on network |ayer and form

t opol ogy of the entire network. However, such topology coll ectlphlnthods
results in conplicated routing algorithns 5 at every node in the entire

‘topol ogiLRVRIAGRe WhGRrieal ABOSEE DIV diw end araduct-ppaltdagut rout er
capablllty In addition, the existing topology collection technol ogy

can't emmmaeta@mpthteu§358@&nd@@dQﬁhhﬁntp@rbopcbmgynjﬁétWﬁmR|hmyerand
therefore is usually conpensated with periodical topology 10 updating so
t hat t laexdt Hpoihdppdaidiectitdre winltll reote tifd et Bowevemet sioelk Homolgdyong ti ne
even it i.s unsuccessful. However, for nmanagenent of network devices, the
i medi 5@@1@@@@@@@@@0@18 rEAEbRSI éﬂ&@%@%@%ﬁ%d{qw%ﬁ%mm@snet wor k

ble to detect a f f network d 15
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tree struocture; owever, Sinc spanning tree to be

performed at I%V%dlflféﬂ’ort'?léj@iﬂﬁﬁlh@ ttdﬁ%l%yt@@PiQQt‘h@ﬁ\t%rcﬁﬁﬁJldd}e t opol ogy
col l ection process becones nore conpl exed.” Sunmary of the Invention It is

an obj ecin ef ehferPeagile temeant d DR heaqiriosdtel Bopdbogiy npl feorrettiac of
col l ecting conplete network topology information. To attain said object, a
met hod afat tbelkéotrienys neswmwlk ky compensated with periodical topology
-1y 10 updating so that the topology collection will not affect the
network for a long time even it is unsuccessful. However, for
management of network devices, the immediate consequence of
incomplete topology collection is: the network manager is
unable to detect a few of network devices, resulting in
15 management flaws.

In addition, to solve the cycle problem in topology
collection, the existing technology employs a spanning tree
algorithm in tree structure; however, since the spanning tree
algorithm has to be performed at every network device in the

‘_520 topology coverage, the topology collection process becomes more

complexed.

Summary of the Invention
It is an object of the present invention to provide a
25 simple method of collecting complete network topology
information.
To attain said object, a metho§ for collecting network
topology information according to the present invention
compriging the following steps: the topology information

30 collecting device sending a topology information collection




topol ogy informati on according to the present invention conprising the
following steps: the topology information 30 collecting deviceygefging 2
topol ogy information collection 2 4 AUG 2006 -3 request nessage containing
a field restricting the nunber of .atessage forwardi ng operations fromthe

| ocal node to adjacent nodes according to the information of the adjacent

nodes, rafgdestheassegeatbngat hend od | OV 1Y 1aPsic i nbhe ModRmibRat ofecei ves
sai d request nessage returning a response nessage containing the |ocal
node' smesftepraf o onanding i oferatatdron foforc ohretbtohsdde ittcs addjpaeent nodes to
said topology information collecting device, determ ning whether the
nunber Neflegeagagedine viep diliyy inforawsran ofistheadiccan: tivslashr @8dol d val ue;

if so, gpding t he . progess; ot herwi se going to the followi ng step: the node
that r&EEPVEEPEaF4 PeqiiestOARo¥ale FEFREFdi ng said request nessage to al

of [ts adjacent nodes.. Wth above nmethod, in i ven topql ogy. collection
15 gcover falge, ’%ggc O%%\S;Cll}:aet it érer?eF\‘%EiEkr%%lﬁe?gcrg?%aQ%erpe%&H%ﬁgﬁ/a
i nf or mati.gncal Jn@grsstﬂﬁe E&QLLSH 1 NP SSRYes, and rfo%%ﬂogﬁfiﬁafég%a*t%ﬁ apgl 09y

col | ecting devi ce; e response Tressage contains i rmation of th

presentngevimeeiand dMf esrBéEON0RE teonnest hapsctacaldord] agenkadavi ces.
Therefore, the topol ogy 20 collecting device can obtain information of al
devi cesocandogiyntiefocoanéohi anlietathgndenfiaerat i on bet ween themto achi eve
networ k topol ogy information collection, so that the network manager can
construct thdepermbpnkngopbesiperditdgr ammiagy ohf winebsage forwarding

<10  operations reaches to the threshold value; if so, ending the
process; otherwise going to the following step:
the node that receives said request message forwarding
said request message to all of its adjacent nodes.
With above method, in a given. topology collection
15 coverage, each device in the hetwork:can receive the topology
information collection request messages and responds to the
topology collecting device; the response megsage containg
information of the present device and information of
connections to all adjacent devices. Therefore, the topology
20 collecting device can obtain information of all devices and
inter-connection relation information between them to achieve
network topology information collection, so that the network
manager can construct the network topology diagram, which will
serve as the basis of trunk management.
25
Brief Description of the Drawings
Fig.1 is a general flow chart of a method according to
the present invention;
Fig.2 shows an application of the present invention.
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serve as the basis of trunk managenent. 25 Brief Description of the
Drawings Fig.1 is a general flow chart of a nmethod according to the
present invention; Fig.2 shows an application of the present nqu\r/{g@tzg@n 30
4 2 4 AUG 2006 Detailed Descriptdon of the Enbodi nents A

- present invention will be described in further detail with reference to

t he enbodi nents aedathedabDeaechadtidhinvifNg@he Exbd>dShewts n Fig. 1, the

topol ogy information collecting device sending a topology information

col | ecti on réquedtod Qémmmna:entmgnwjﬂilebd desstiriibetd ng fiureheomber of

message forwarding operations fromthe | ocal node to adjacent nodes
accor dif§atie tHEN ket nem b the wiikadimenicdeand ahbet Révacfed repeat i ng
t he fol] ow, gggsteps The node that receives said request nmessage sending a

respon% ge containing the | ocal node's inf or mati on and information

coI ﬁonnectl ons ERO{‘”:LLLS dl’{fi?e{]t t”:?d Oé%?’l sal dnfto 1 Or%l JhH9rameion

ecting devi Ce; m hi ng ¥ e D nessage torwar di ng

oper at u%%c%ea@&?élﬂ% the 4 lq_n\f%lrlrf%ftl fn Seolfél@w@ntf}% UYRCess;
ot herwi se going to the foll OWI ng step: The node that recei ves sai d request

messageeieryar dbRgaisahd neguesl rESSAOEt 18y adhe aluddsr adl agentageodes. The

field 20 restricting the nunber of nessage forwarding operations is
forwarding operations from the local node to adjacent nodes
according to the information of the adjacent nodeg, and then

10 repeating the following steps:

The node that receives said request message sending a
response message containing the local node’s information and
information of connections to its adjacent nodes to said
topology information collecting device;

15 determining whether the number of message forwarding
operations reaches to the threshold value; if sc, ending the
process; otherwise going to the following step:

The node that recelves said request mesgage forwarding
said request message to all of its adjacent nodes. The field

120 restricting the number of message forwarding operations is
designed to control the topology coliection coverage, and it
may be an integer; after the initial value is set, each device
decreages the value of the field by 1 when forwarding the request
message; when the value reaches to 0, the request message will

25 not be forwarded any more.

Said request message contains a Source Path field which
is used to record the message sending sequence; said response
message contains a Response Path field which is used to decide
the message sending sequence; whenever the request message is

30 sent, the device identifier of the present node isg written into




designed to control the topology collection coverage, and it may be an
integer; after the initial value is set, each device decreases the val ue
of the field by 1 when forwarding the request nessage; when 2hélyHWue
reaches to 0, the request nmessage wll 25 not be forwarded any nore. Said
request nessage contains a Source Path field which is used to record the
nessagehsegdurgesPguances18ai ghe espONS eo £ NBSEATE GO S TS teh REispiense Pat h
field which is used to decide the nessage sendi ng sequence; whenever the
requestismesbhgeneéd Ioosensaid héadeviecePadentfiiifdlel phrohehpnesentsenode i s
witten into 2 4 AUG 2006 .5 the Source Path field; the value of said

Respon &SP ofi-elfd Patd g TRdE? ranfsaiasSedr deepaif ifrel @ft mldugh

revers Qper.at. on. A%ﬁath refers to a s%ries of id ntifLers of al

devi ce§FHerét %ﬁEﬁP u%%&&éﬁﬁ§e¥%305§ PGﬁ&ﬁ?ﬁ T PEMERH nessage
to it Sn%@s%g;%”t%sﬁﬁc"s’f Iﬁgﬁ 8c%9%tc%§\‘r’i5§s adqs. L3 0mn, o v%vg%%ao“l" el fler at the

end of Sour e Tequest nessage; evice responds to

the regelered fiRGUeSk HERS$@E8 sdilrcd PUBHSER 18 rSEALSRERQE ML, Of
Source Path field of the request nessage as the path o? response nessage.

I n thewl@renbotiniefd shedhdd b0chd, rebenveayviregulssendsda0e0l agy request
nessage 1 to device B, the Source Path field of the nessage conprises only
1 devi ceviedenrtsi ther senuenceAofBedotent oo fagdiinge Pdeh remriestofiredsage to its
adj acent devices, device B adds its own device identifier at the end of

t he SodEERePat M9FSrPR REqUEst PBthesshgeesphapef orassadre SoorddiePath fiel d

of request nessage 2 or 3.,is_A and B; when a device responds to the
redi vé F@&U@?F shown in Fig.2, when device A gsends topology request

messade 1 to device B, the Source Path field of the message
comprises only 1 device identifier, i.e., A. Before forwarding
the request message to its adjacent devices, device B adds its
owndevice identifier at the end of the Scurce Path of the request
15 message; therefore, the Source Path field of request message
2 or 3 is A and B; when a device responds to the received reguest
message, it reverses the sequence of the content of Source Path
field of the request message as the Response Path field, i.e.,
the Response Path field of response message 4 or 5 of device
120 Dor E is B and A.

To further prevent cycled message forwarding, when a
device receives a topology information collection request
message, 1f the Source Path field therecf already contains
device identifier of the present device, the request message

25 will be discarded. If the destination address of the request
message, i.e., the last address in the Source Path field, is
not that of the present device, the device will forward the
request messages to its adjacent devicegs according to path
indication.

30 During dissemination of the topology request messages in




nmessage, it reverses the sequence of the content of Source Path field of
the request nessage as the Response Path field, i.e., the Response Path
field of response message 4 or 5 of device '20 Dor E is B angd4MUGT606
further prevent cycl ed nmessage forweasding, when a device receives a

topol ogy information collection request nessage, if the Source Path field
t her eothal meadyricortddnsce dayiosd denthtiwrquafstt hespagsemodenideel t he
request message 25 will be discarded. If the destination address of the
requesttromesgagéple. ef adiwcdnlstdeatidresss Tonprhee8outbe denicd ifelad is  not
that of the present device, the device will_ forward the request nessages
to itsSEH3dEenthcAR SR BEFEREGStICRRAE A ndiSedd BRIUSHL MRS SRge

di i i f th | ! t 1 i 4 AUG 2006 -6 th

et wor KOk 06 8l T T Reet O T T P Mo eag et For WP AT F6m mul ti pl e
of ad] ge8enk, devi ergeecgr%g/e@het h@o;gc?i’bgf Ehﬁ%mé%@gh?%éﬁeeétﬁ%%‘onse :
messages repeatedly, said réquest nessage’ contalns a Topol ogy | ection

| dent i Heefi i 6hdn theiNal uge 8k %M&ﬁbi@?%@%@ér@c%té@ﬂ&@ﬂ&gy

information collecting device when it initiates the topol ogy information
col | ectdeafesteqursheviahenawsr] ectciodnd etldc@spiecessi sBeli ntisdedldhe val ue

of said field is increased by 1 and then serves as the Topology Collection
| dent i bifesafdrf el nexincoktheetin Iprodesisen s&imyek) asespe ealrgyage
contains _a Topol o%y Col | ection Identifier field, the value of which cones
from TEPSL-6GY- 18l Leenitdh iepudew frher neirdl eodfl adid oM i iequest
ﬂn?ﬁﬁag%és%g%ggv%%ssage contains a Topology Collection Identifier
field, the value of which comes from Topology Collection
Identifier field of the corresponding request message, whenever
a request message is receivedqitheldevice compares the Topology
Collection Identifier with that in the previous response
15 message; if they are identical, discards the request message;
otherwise processes the reguest message.
During dissemination of the topology request messages in
the network, a great number of network devices may receive the
topology request messages and sgend response messages
1}20 gimultaneously, which may result in network congestion and
topology collecting device busy. To avoid said problems, each
device may walt for a certain time period before gending the
topology request message. In the embodiment, suppose that the
time interval from sending the response message to forwarding
25 the request messages is Tl; the request message is forwarded

port by port in the sequence identical to sending the response

message to adjacent nodes. For example, suppose that Tl=(x+

AYms, herein x ig a given value, A is a random number, said

topology collection reguest megssage contains the maximum value




a request nessage is received, the device conpares the Topology Collection
ldentifier wiwth that in the previous response 15 nessage; if t?ﬁyug
identical, discards the request nessage; otherw se processes eA g@uest
nmessage. During dissem nation of tle topol ogy request nessages in the
network, a great nunmber of network devices nmay receive the topol ogy

' eqUES] TS SARes ,aNd: SENG ESAPNSR IRS5A08S, 20 glc@'gaen%%%a% yy ch may

result in netvvor congestion and  topol ogy devi ce bus? To avoid
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sendi ng uest nmessage n 8¢ that the

i lata@avelmgr %é@@gung\ag,h%er eSpORSE JpRssage to forwarding 25 the
request messages is T1l; the'request nmessage is forwarded port by port in

t he sequenceTtbdentitalk é@s@ﬁ@%cﬁt@pl@@ezﬁ@§@%\§Q:oﬁ&%fg%g%otl(le%@h@%ent nodes.
For exanpl e, suppose that Tl=(x+ A)nms, herein x is a given value, 4 is a

ranﬁonwhanbefler shedtopopodypgin tatthact dwncs Epresindgreksage ecerkdives t he
maxi mrum val ue 2 4 AUG 2006 7_ of A and the tine interval between request
messagé FOIRRI MgSsepen at’ RS Opeist tiyy noctet that rethenenblodimeswagex nay be
set to 20g§ said time interval may be set to 20nms. To further ensure

s

conpl eFBRESs LBE PERSI 6y ac BPFECIPER a@%‘i@ﬁé\‘fertl'{ehéw@@ﬁolt@@& PAor mat i on
|1 i ds th de that

ot ur ne T AgTRE EE AR58 R L BRTRRTE PERRA0R e a e PR b Bie nodes

that apge nagi gcg%?oitl%fg?ahﬁfBgﬂgti‘Bﬂ QY01 4 %%QH_ dw?%lgﬁ%‘gdr g nodes;

then the 't mat i on col [ ecting de ce w
710 a certain time period and then perform designated topology

information collection operation for the pending nodes. If the
topology information collecting device detects no response
message from some device, it will collect topology information
of rsaid device through designated topology collection operation.
15 In this case, since the topology information collecting device
already knows the route to said device according to the
collected inter-device connection relation, it can perform
source route addressing instead of above broadcasting level by
level so as to reduce network congegtion and enhance collecting

20 efficiency.




10 a certain tinme period and then perform designated topology information
col l ection operation for the pending nodes. If the. topology information
col l ecting device detects no response nessage from sone derq@A dﬁ] i
col |l ect topology information of sa-d device through designated QOpO ogy
collection operation. 15 In this case, since the topology information
collecting device already knows the ¢hatmsto said device according to the
coll ected inter-device connection relation, it can perform source route
addressing i nstead of above broadcasting |level by Ilevel so as to reduce

net wor k congestion and enhance col]lecting 20 efficiency. s 2 4 AUG 2006
Cains 1. A fethd® EBF IR S Tt REEROESplePRYC IR A PTG O wher ei n

the t I i nf ti |l ecti devi d 5t I i nf ti

col | ectiSh TEauSt TSI BT NI % FreFa T b80r FETPRG EREAuber of
; _ | g tfie furb
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foll owirng1st epstr10tThe 1R URESl WESnSakEgE elesd r ISP gR @LWMS a
response nessage containing the local node's information and information

of confieoti oriset d.dded adpdeento nadgactatsaisidvpalcegydinaf of datbihen

col l ecting device; determ nes whether the nunber of nessage forwarding 15
oper at ilBASTFeadREs ¢D the thdpshond valdgs, |ifindothemdsrepeatpr 6dess;

ot herwi_se_goes to the following step: the node that receives said request
nessa95098%WéP§ss§§P§’ '

= 10 The node receives said request message returns a response
message containing the local node’ ¢ information and information
of connections to its adjacent nodes to said topclogy
information collecting device;
determines whether the number of message forwarding
15 operations reaches to the threshold value; if so, ends the
process; otherwise goes to the following step:
the node that receives said request message forwards said
request message to all of its adjacent nodes.
2. A method for collecting network topology information
1_520 according to claim 1, wherein said request message contains a
Source Path field which is used to record the message sending
sequence; sald response message containg a Response Path field
which is used to decide the message sending sequence; whenever
the request message is sent, the device identifier of the
25 present node 1s written into the Source Path field; the value
of said Response Path field is obtained from said Source Path
field through reverse operation.
3. A method for collecting network topology information
according to claim 2, wherein when a device receives a topoiogy

30 information collection request mesgsage, i1f the Scurce Path




request nessage to all of its adjacent nodes. 2. A nethod for collecting
network topology information 20 according to claim 1, wherein said request
message contains a Source Path field which is used to recdridAithllinessage
sendi ng sequence; said response nessage contains a Response Path field
which is used to decide the nessage sendi ng sequence; whenever the request
message iied dsehtcadectewiee deents ficenralf itdieo 2SRy ee8enAidsriice Wi tten
into the Source Path field; the value of said Response Path field is
obt ai ned fridm sdisdaScuresd dPakeljuekiteng stslioeugh reverse operation. 3. A
met hod for collecting network topology information according to claim 2,
wher ei n when a%ddvineehpadéinesl deebpbl dipweal: t oot aay ile casldtden on
request message, if _the Source Path 2 4 AUG 2006 field already contains
- devi ceaF&é’ﬁ%iJ—?’lgelFo&latlH‘el FresefSgevicd e dpaat Bretara SRt d request
message. h l.ect i.ng. ne r opol.o informatign . _according
to ila?n?%pé%gg? gﬁ%ig%%fgéfﬁﬁ?gﬁﬁ%%:éﬁgégﬁgegggn?é%ﬁg Oéqﬁxfﬁp&ﬁogy

Col | ecjepp rheent bl %efE@ﬂa@lgé{?eiﬂﬁéﬂﬁ‘a%om&ﬁé&ﬂﬁﬁ'%@i hdde

t opol ogy information collecting device en It initiates the topol ogy

i nf or miti dmicoldiesd | Pher egpedbgy Wenameit BortoLbeLEEeNCRr 0eRRedts fi ni shed,
the value of said field is increased by 1 and then serves as the Topol ogy
10 Col weeticorr denbilieetiborpthecnaxischlhechéedn yhoceshie sai dairkesponse
message contains a Topol ogy Collection Identifier field, the value of

whi ch ééres f¥pmilepekregy &l | beeingn thefensetives faswl ghef Tdmeleent espondi ng

request ssage, enever, a request nessage_.is received, the devijce
coﬂ%ar 5o ﬁéﬁt%&ﬁlo}/l\g&ytlfler for the next cdllection process; said
response message contains a Topolegy Collection Identifier
field, the wvalue of which comes frorﬁ Topology Collection
Identifier field of the corresponding request message, whenever
a reguest message is received, the device compares the Topology
15 Collection Identifier with that in the previous response
message; if they are identical, discards the reguest message;
otherwise processes the request message.
5. Amethod for collecting network topology information
according to claim2 or 3, wherein suppose that the time interval
-’20 from sending the response message to forwarding the request
messages is Tl; the request message is forwarded port by port
in the sequence identical to sending the response message to

adjacent nodes.

6. Amethod for collecting network topology information
25 according to claim 5, wherein the time Tl={x+A)ms, herein x
is a given wvalue, A 1is a random number, said topology

collection request message contains the maximum value of A and

the time interval between request message forwarding operations

port by port.




15 Collection Identifier with that in the previous response nessage; if
they are identical, discards the request nessage; otherw se 2pr bdeB¥es t he
request message. 5. A nethod for collecting network topol ogy infornmation
according to claim2 or 3, wherein guppose that the tinme interval '20 from
sendi ng the response nessage to forwarding the request nmessages is T1; the
request nessageaifietlisReisiedRadcdindIaet wolrk tBBosEeGUeNnce tiletdcal to
sendi ng the response nessage to adjacent nodes. 6. A nethod for collecting
net wor lkectcopoliogyt o nflerimal | orhe@5 ravbendivag tiee cbabdpgy whBrweeat tdre ti me

Tl =(x+ 0)nms, herein x is a given value, Ais a random nunber, said

t opol oGP lies0iaet defiFequesel Hessadeesomss mesRgamktmarvaischd A and

the tine jnterval between request nessage forwarding operations. port by
port. 2AALE5008-ULRY TS fErkEoPREE I Fét RoPREE ditgy

i nformation coy di ng. t |.ai m 1, whereip whenever the tgpol ogy,
i nf gr %r} oﬁlar%%I %&%tﬁ%%e%g\%a%eaFgc% Q/%geﬁgr%%ﬁghls n%&sﬁﬁg%‘ﬂ ecords the
node { halsylcflddd1Sd NSeiPEsa0RoalBy kensd) d (1a0¢ b qRAsin Al fpnd marks
t he _nodesSI{ hat are lf}écil\?acen t% sal'_d node a_n% ha en]1 q@f‘ r%espo_ndlgjcr;ig;ls _
pendi NgJ10@es:; i rih@switBewl DPAIDGY Ao ar 88t #n CQdd gekiing gayige |1 wait
for a certain tinme period and then perform designated topol ogy information
col | ectdearf copedatignatiedr tbhelpgpdinfonmdeson collection operation

for the pending nodes.




