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.5 10 15 20 25 30 Background of the Invention ACCOUNTI NG AN

ON NETWORL, (pﬁ? is application clains the benefit of U S JR¥oud 93}29%@'
Appl i cation %0/ 111,008, filed Decenber 4, 1998. This i nvent?on rel ates

generally to network control and managenent and nore particularly, to
billing network usage. Presently, wife. area netvvorks (V\AN ved
an enornous popularity. The popularity of WAN's is, at lea ﬂw‘(mm ”ﬂmnw due
to their ability interconnect operations globally and to

of functions rapidly and econom cally. The functions perfor med ¥

i ncl ude data ”EW’EINCS %ﬁ%mG %“#EE%&Q ﬁETﬁBQ{%ngEO data rressage

transport; con of these
functions can r¥&uys r@pph@cwaﬂsp@l@lm thegeenabint ofo.Gat a across the

net way kPrEQ@mBﬁ%ipﬁbbl‘l Al ge NYTO WY 5 10f, R 2 %%&ﬁ?eé%r%‘éi' gant VAN

bandw dt h. Users al so enploy WAN's for the distribution of data fo groups
of ot heF— 8§ers One type of distribution is advertising whe oup
of users will receive the distributed data. A second type 31‘ w“‘m ||ﬂm|“m)

is network conferencin f.or exa I vi deo copf er enci

wel | -defined and snal | €2 R st ri but| on is 'é‘?%sctronl C
mai | directedhtie anmmapamfrerl@cnqa s rldry exarrmtef,for}hecemptoyees of a

conpany . il FLb, He?x'&s , rp%ééladlﬁrgﬁg}eort&fbiﬁi:% UL g of data

t@;‘é
ei t her because tar e Iar ge “groups or cause they Jse-darai ntensi ve
applli®cauraas, sucﬁ’r§§en\tlldfeo wgrdema nsiamai tvagis | 0N ofls. hawe popul arity of

WAN' s f QentBeedi Shr 'el?l‘cbtx‘n%s‘)f I{Iﬁlﬂ%&l@a fid s djasy ygg%@%mug probl ems
wi t h mai ntai ni ng sufficient VAY 2003 WO 00l 33229 -
PCT/USQQ?ZB?GS east, partially due to their ability interconnect

operations globally and to perform a variety of functions
rapidly and economically. The functions performed by

15 WAN'’s include data transport; for example, text, audio,
and video data; message transport; conferencing; and
searches of data bases. Each of these functions can
rgquire the transport of large amounts of data across the
network. The transport of large amounts of data can use

20 significant WAN bandwidth.

Users also employ WAN'’s for the distribution of data
to groups of other users. One type of distribution is
advertising where a large group of users will receive the
distributed data. A second type of distribution is -

25 network conferencing, for example, video conferencing,
which targets a well-defined and smaller group. A third
_type of distribution is electronic mail directed to a
group of recipients, for example, the employees of a
company. Distributions may require transmission of large

30 amounts of data either because they target large groups
or because they use data-intensive applications, such as,
video or multimedia applications. The popularity of
WAN’'’s for the distribution of large data files has caused

serious problems with maintaining sufficient WAN



bandw dth particularly due to the proliferation of the Int\e/g;gtMEgdzooer
ecomer ce applications. The conveni ence and useful ness of S S

produced .an un trolled increase in bandw dth usage by indjyi users.
This i ncr"@ggéz’ﬁgg substantially increased the cost of WAN S’CE‘J&%B!E)%?’??%SS%
relying on them The uncontrolled increase in bandw dth usage has given
busi nesses two choices. Either accepf anything and everything done by

enpl oyee-users including the need to 10 pay nore and nore for WAN services
or restyrl [yi V- s f.o.contr ts.

pr esenti Vb REELFELAEED MO LRI i S S

enpl oy isaret \iRAoBECENEHAG| §PPILACELA§NSccess to many .. conveni ent WAN

features. 15rde-b6eRESRSi AnBandwirdl heuzage Hane £l1sos nesstiesyfrom
undi sci plined nethods _in the devel ogrrent of _new applications that use

WAN s. SheépidslereliadehtroRaPE dlr ARSWiLS hovEathing, 1o vidug kast

redusi ngsdhe. effers sinéroaceOhaBDEabEL ahlie a2Q yoriglt s st thort h above.
Summary |In a ’{Iﬁ'@?&' asgect, t he invention provi (rjt%s a met hod of billing users
accor diTiFt &P BskC PUEIHEPREPK TN E "Fe R0 s & Pfurality of Iinks

i nt er cannsmtt Nyl ke@5iptoeaket ynobandde dttc atsiagres halheghediod i ncl udes
det er m\n| rice. ungt dw dth . faqr jrtu pat h bet ween
first agr}kdg%éé%yn%gggﬁg {ﬂggé?lg%hs, E%S?I%gc}tgic%éa%ttr %ﬂyiatcﬁ/#aé agﬁl‘%r an amount of
dat a t reifesporh e béenechyt AEPL PYSE - A5G rSedoed UTHdw | Weaitiesd. tThe usage 30

Pri €8 iSaprabes tidahot® 2oSURRRT sHSRAR RN iges ft 44 dksmphy vt of paths
bet ween t'he first and second node | ocations.. The nethod also includes

cal cul 3% NG e % ot BPMpETRECYGHEF Lo EONECRIT Rt SiStdht a RFeFRPotYed times the
usage phisEndesesinhiebandpldt bo coorell 3328 idth K3&&My ?nn3

PCTNS99/ 28763 I n a second. as ec%r th ig_\r/ienti.‘on provi des_a net hod of

bi | | i ng TREPLCRTRDFHF i tBOPhePFTR8FgE of ™ P OR%RTRSS THe MtYork has a

pl.ur al idonedéniémk SWAKt Eegonmpeeti ng at | east two node | ocations. The net hod

5 ingludes erypning.a_usag 4l er j t dwidth for fransmtting
dat ggbet wee%ﬁ%‘?_r}s “an Sg‘écg%dgﬁggggﬁg%aﬁ% S, hch e%?%%gr?sr‘%#??% data for
t he anotmem oindbsaipt ansgomesbotisomnt Ifdref ideste lnmfeenocat ivewt o t he second

node I%@ip@atﬁggscghgglgggngm,tsqt al price for the data 10 transported.
The total price is the usaggngri ce per_.unit bandwi dth tines the amount of

data transpof tedPT§RE Feth LB ¥l UFESESsHITR i DREFGOTHRS t oPEI pri ce
bet weerat heedét st raddcsagontenede elcacatdfonmacaonbng o0 €héher a price

ol 800rRRrobes oFLE BrBhranbBiBeage device encoding an execut abl e program
The program encodes instructions to performone of the above-descri bed
met hods of billing users accordi @Jrﬁrﬁ’affe” use of a network.
In a first aspect, the invention provides a method
of billing users according to their use of a network.
The network has a plurality of links interconnecting a
25 plurality of node locations. The method includes
determining a usage price per unit bandwidth for a
virtual path between first and second node locations,
collecting traffic data for an amount of data transported
between the first and second node locations. The usage
30 price is proportional to a sum of usage prices of links
of a set of paths betweén the first and second node
locations. The method also includes calculating a total
price equal to the amount of data transported times the

usage price per unit bandwidth.



.20 1n a fourth aspect, the invention provides a systemfor $ % users
90 MAY

«*.-according to their use of a network. The network has a plu

i nterconngefdond,@ Plurality of nodes. At least two of the NQEOssHIRYS node
| ocati ons. e system includes a 25 plurality of collecti on units an
subsystem coupled to receive the data accunmul ated by the collection uni ts.
Each collection unit is coupled to_asseparate link of the . network to
accurrul ate traffic data on data transported over the coupled |link and

bet ween pairs ofnngdgscohhea e'%:lébs)tﬁi{ee@riv%r?&%{ gh-dpiglei e mne a total
price fo transported froma first to a second node | ocation. The

r .
t ot al pl“ie(f'g‘qu YhPEnoid ‘b?e’a%t%‘:??ﬁ‘lilsbﬁr'fedth%ﬁ] peREE °fo3t he second
* node | ogattiv@r K. Memhea nﬂa@:&tﬂprm@g @eplﬂflanlbgndw dhhk&or a virtual path

bet ween .t he first d se nod  logatio 3322 - ~ 9 MAY
D008 P sTestihe oot tPle BPS8L 18Rk pplC CHRE MR Ned
* featup esncandiﬁjmt@g@mmg theusagenprbnewper belappanelmidrcmmotrhe
fol | owl Rg--destyd ﬂdgﬂhé@%%%@&&sh@{r t bnbingcdbaui Rgaci n whi ch: 5 FIG 1A

shows a hlg di agram of an exe ar net wor FI'G 1B shows a
noni t or iL9§ K iAEm fC‘d?lllﬁCFtHIF@ %@ﬁglef d@he ﬁ@ifwéhﬁ grmopng of AatA G 2A is

a hi gh- leewgisddaw Ehardm idhaist{ st nﬂoaelQoHBUﬂeﬂ ter tdet aeropiang the
nom nal usage of the links of_ the network o IG 1B; FIG 2B js a

hi gh- | eV9S HRFTHRT - i3TUsERRET @taan%eﬁhﬁatﬁ r PELFEI f§Tusbes 3d€ed on
t hei 10 netrsotdpdrsage, FiKe Bécshop:slteelsethef uequat petiser gl ainitg the 15

constru virtu at h n rs_of net rkn e locations in
FIG 2 %_alré] )é%h htol\/\nr/se Fl%ehegons ‘?ﬁ%}tlvlggndg a§\§| regar eath for a portion of a
net wor k nediay fise ingksdes| pdyt shonsgt hbestepadf pctetcer Weftiwegrt he t ot al

20 pri C%}%‘%ﬂ@@%ﬂc@%%ﬁ@%é@éaio@éh‘i@nb”ab@%r@% od O il i ?aB FIG 4B
is a flowchart for a net of collecting traffic data in a
CO||ecugﬁ+qﬁ“qespon51blllty matrix or a rate plan.

15 In a third aspect, the invention also provides for
a program storage device encoding an executable program.
The program encodes instructions to perform one of the
above-described methods of billing users according to
their use of a network.

20 In a fourth aspect, the invention provides a
system for billing users according to their use of a
network. The network has a plurality of links
interconnecting a plurality of nodes. At least two of
the nodes have node locations. The system includes a

25 plurality of collection units and a subsystem coupled to
receive the data accumulated by the collection units.
Each collection unit is coupled to a separate link of the

. network to accumulate traffic data on data transported
over the coupled link and between pairs of nodes. The

30 subsystem is adapted to determine a total price for data
transported from a first to a second node location. The
total price is the amount of -data transported from first
to the second node location times a usage price per unit
bandwidth for a virtual path between the first and second

35 node locations.



FIG 5 shows the formof the price responsibility 25 | evel tya ,

D); and FIG 6 shows a collector subsystem programred to paﬁmmf

met hods Q{ofgh/S33292 and 4. Description of the Preferred Enmbogiiipddbsskie
enbodi nents 1 nclude nethods and apparatus for 30 accounting and billing the
use of a WAN network to separate network node | ocations and/or users.

Accordingly, the nethod and apparatys .make users accountable for their
usage | evels thereby encouraging nore efficient use of network resources.

WO 00133229 Q 9 MA¥ 2@ Dz <RGTHUSSY 2;&76_6}“9@&,3_1‘}3 ows a network 10

having a plurality 1t net wor k node | ocati ons
A D. The I|nk@t%fI??Qﬂﬁ?ﬁﬁﬁﬂﬁﬁﬁtqﬁﬁﬁy %&@ a%ﬁ%g%%rPgughﬁetmork nodes
:colclatl Qﬁ&reaqﬂlor]?anﬁlll Bk Apbasenn 5raﬁ1$?2¢ﬂe§tf©d mmgﬁ; Wés(tfﬁ:l{plm’ichrsi Ingblt he

u city of that |i Cl. _Eac i.n o has a fu avai |l abl e
bandw ék t %&F%ﬁr ¢ ﬁe%ﬁgx%ﬁﬁn1ag§alpaw hrough the link. Herein, the
usage price OfFéGI mA:thwskﬁ|hwghikﬁW£ﬂ|@cagn@mcoétsnaﬂdemayarmclude a
desireq} ﬁg % The costs include operating, hardware and/ or mnai ntenance
costs of t ink 1. Several data paths will typically connect pairs of the
networ k node | 8&&t-i dis sRays ﬁ)rm%klérﬁﬁ@jgtW%'éETbaﬁﬁ§ %Slﬁéﬂﬁed fromthe

respectya-sets ohel hoKkGotR- 4, Fk@;nkgAlS 17 and |inks 18-22, connect the
net wor k node | ocatiagns A, e ectln air of .the node
aHet 16 “Huib

| ocati ons A-D F&y -hadfe i & FECHREEPAKE, but each

paiIoohmthhﬂ|Kmﬁid@ﬂérﬁaﬁuhgstHeSﬁbm@ha&h@Bb@%toEOuMﬁfEhnMHC3fhave a

m ni mu nurrbq:bW k% éz %% For the pair of node |ocations A C, the

pat hs formne n?s 5 143hd by |inks 15-17 have three links and are the
short est pathstéhnéﬁiungEtmmghxkEVQimi1@WSCMaEMdlIiusnrahengeamork 10, a

bath trANSHLe Sedat B; RELHEeobls 23-8ATDO iy THR GXASL [QIIBOf the network

10 i s inessenti to the speC| iC enbo i ments e networ may have
di fferent topoF3§ esfarfhdvwmcthorreth @f feerehionaysesThatingkshe2- 22 may

useidi fdeientudypes eF handwaigl3Bashr weltees PBlrShoWHerwdh& 1B
|IIustHﬁ%§an nnnitoglgg ¥sten13 for determining billing data for usage
of the ®2B19Rs. TR EFC1A%/Sone of the links 13, 21, 16, 20, 14 have
an FIG. 3B shows the construction of a virtual path
for a portion of a network having five links;
FIG. 4A shows the step of determining the total
20 price and apportioning the total price in the method of
FIG. 2B;
FIG. 4B is a flow chart for a method of collecting
traffic data in a link’'s collection unit;
FIG. 5 shows the form of the price responsibility
25 1level matrix PRL(S, D}); and
FIG. 6 shows a collector subsystem programmed to
perform the methods of FIGs. 2 and 4.

Description of the Preferred Embodiments

The embodiments include methods and apparatus for
30 accounting and billing the use of a WAN network to
Sseparate network node locations and/or users.
Accordingly, the method and apparatus make users
accountable for their usage levels thereby encouraging

more efficient use of network resources.



associ ated col l ecting unit® 32-36, which accunulates 35 traffic data for the
~associ ated link. The traffic data 2 9 MAY 2003 ~~ WO 0@ §3RbAY- 2803

PCT/ US99/ vi des nunbers of bytes of data that the alscc.%' lin
13, 16, 2%‘%@@339%)' transmtted between source and destination ugg,z?%éuri ng
an accunul ati on period. The users may, for exanple, be applications on
machi nes at 5 particular network node | ocations A-D. The set of collection
units 32-36 is sufficient to determne the data traffic over each path

between a pair gfrdetmord, g | 008 AR FEOM the fLpf £ c data over
w th_pac cak P

the links 12-22 assoclate backet transm ssions, one determ ne
the dataliP%ffie-EPafBRi Bt BdUbBLWEYN Odadstpark &Pdehd osattisile ode

Iocatifms.ﬁ-ﬁne]]fm;enﬁgl hecbhofowhi at&%-,%hg.ehi edngal ;:Jt}’_t%@”'dréﬂgids o
accunul ated tr [ ata to.a collector s ste , i.e., a designate
conput er*ha¥Ph ﬁoﬁgﬁ Pk‘a?ﬁf)gf‘f éé ; 1§a?ﬁe§)é6‘ﬁ(l g]c%tﬁs &lbsyst em 37 uses the
* traffse alag;ac_:iatgetivm;pg?ppsesel Eorsus inke téat ﬁrx:jla m&@ﬂcﬁg:}deifergi ng jtgeh
aver age i 0 0 c is.the ured. us andwi dt
ULLLEELIOR Scbf oAt 1My PLEDo | SaL0e ERERULSY, veBde

over a périod of tifme divide the fu bandw d rei e used
bandwi dtipandwidfbr BEd, twhiash 20s t thize noawk bahm bdadsi dahe Sbrondh the
col l ectipp,gubsystem 37 uses the data to determne the prices for

transmtting data in accordance with the invention. |In sone enbodinents,
billing is perfdlaraiby H'SeprIL PHITTi Py 3ubsyst bnigsdeTheepi EPi ng
subsyst efm3Buds BY¥tperhar ey pociude af delerdet griymat.i ompef the
information_used for, billi ng- [ n i‘%cg enbodi ﬁtgnts, t.he billing subsystem 38
recei vesCQaF8 G8E4UFSr OBREPFAGSH r BT O8RE SoPTEPE DTGNS ubsy st ens 37.
An i nter¢ases4d4f4¥heonnekt 3 .each collection unit 30 32-36 to one of the

associated |ink 1, . Fac 0 i i 2-:36 ig simlar
in constructi onssaeﬁ%}fazulnc(#tgan. l—éslél% gcﬁ’%‘#%ﬁﬁ SQQEH%%{: né?/}rgop%exarrpl e,
be real -theenabwprbr nage( RVEN) ipnsbésD . Th&ozokekeotiley whinee3Pdtis udes a

ggfgggggfoé@ean@réé nEErRLYdeviee 425 The 1RhReessr 40 1ahsas ves  the WO
17, and links 18-22, connect the network node locations

A, C. The paths connecting a pair of the node locations
A-D may have different lengths, e.g., numbers of links,
but each pair of node locations A-D has a set of shortest

20 paths which have a minimum number of links 12-22. For
the pair of node locations A, C, the paths formed by
links 12-14 and by links 15-17 have three links and are
the shortest paths connecting the node locations A and C.
In the network 10, a path transmits data between its

25 endpoints.

The exact form of the network 10 is inessential to
the specific embodiments. The network 10 may have
different topologies and function in different ways. The
links 12-22 may use different types of hardware

30 structures (not shown).

FIG. 1B illustrates a monitoring system 30 for
determining billing data for usage of the network 10 of
FIG. 1A. Some of the links 13, 21, 16, 20, 14 have an
associated collecting unit 32-36, which accumulates

35 traffic data for the associated link. The traffic data



2 9 MAY 2003 PCT/ US99/ 28763 associated link 21 and obtains traffic data.
"that identifies the anpunt of data transported over the asacgau(k 21
and the data's source and destination. The processor 40 wites accunul at ed
traffic oMO&40BI292he 5 nenory device 42. Either, in responsd®GIUYHBE6Er om
the coll ector subsystem 37 or automatically, at regular or specified tine
intervals, the processor 40 sends the accumul ated traffic data fromthe
menory device 42 to the collector subsystem 37. 10 The col |l ecti ng subsystem
37 interacts with a group of collection units 32-36 to retrieve traffic

dat a. TH%EOVé@?ISeVEH‘b?F&f Pifc bydes iod sad@eddwt hhe reseeriakefng subsystem

37 to ensHkeidat asacouracy,, ald rraistitifdd eddvien addudetenfiine source and
destin %I on.users. 15 Usi %Ed'he processed .data, the collectjon subsystem 37

gener at 8ESHAPAFLRR H5EE S0 AgwiET RO F5rChiRs e - FI &8¢ 2A and 2B are
hi gh- | eugergl mwchabtsemlahmdter,aﬂumgtp@mm:@ orbImdchibekl ahg users of

the netyork;10: oM AR GoalB RAHIG: 300 S anfl obied eypl flow chart

illustrating a net eterm ning the nom nal uUsage of the |inks
12- 22 ofclhecheborkite §ﬁmﬁr$ iis PuELirBeny 4t ctkteonippetbel | ect or

subsyst gy 37-cqklkeect %vte&af fact GRld Hamddie d igksr 18f 220 QY8 KA
predeterm ned tine period. The tine 25 period can be any gerl od_ |1 ong enough

to yi el BOS8eatpPseFignsadelage F&@égé%ttaraﬁ%lrc é@@lw%vea Bag, lérkfonth. At

bl ock 582 - Qbea‘e‘x@blc@.@ﬂt@rd WQ%/%IaQﬂde'ﬂ tdelredni iesoide deal pah utilization
S12- %22 of each | 2-22 fr the col |l ected.traffic data, The nom nal

uti I za@FBﬁranakﬁ% Atien i PR L R AR RSBt PEATof the ful |
bandw dbh ohet hetliomk h2d2? laxfartagmia ower. the predetermned tine period. As

ted above, f |
bandwi deh Bl Brocal opiiey $B A0 2 aRTER RS LY [ AR R
link 1. a¢ﬁUS\Ulalﬁéd tweLFIBIEIR -ty a ool egboR I PETNSYIAZ8763 noni nal
bandwi dt heBl ks d%sti\%%qtté@%nqm&f Hahﬁlﬂanés ﬁe@N@fﬁgfﬁt@¥%actehe

predeternined_time period bl ock 49 of G 2A for all transm ssions over
t he lrfet %’"B?kcoﬁ%écéﬁﬁoﬁ%éﬂ%% oy e tefi ad L1 AkABRAIRPdt K¥Ct o 5
det er m parpoisees t ¢ighargeHselsd ors tds;aétsp@dstca@tgeﬂaiﬁecemum cati ons

bet ween_t wo _end The e clud rtion fo mai_nt ena

oper at | BHELARE Prddear iU SomaAtta ke poltt oh ¥ 5r ChecTPBGRRer 15, Fi G
2B is aulsieglhblamﬂwlldftlmwv@hara pddiust raf | ngna dAOviedodyStheortudét er m ni ng
b cos, banblhlpt® Sidle R [Pl J0f R i ANV L6 upaRE-oLdl B8 AGIwOrk 10
shown in F f Ioc ) e colTector subsyst em selects a pair of

sourde hhe€ @esdiingdt |b@r1i1d’\@dié:hoca‘iq<29f§i f@mee&@hﬁ@th@aewhsyetem bl ock 53,

the col hect@ksSubsy M B Heddhghnd hﬁlé rPéepaths bebween tihegsel ected
source %nd destinati on node | qcations A, havi ng the snmal | est nunber of

links 13853 1P ECCrifortdst Tt i VHREEP ing to FIG 1A for the source
and desti nati onimodeméoeabbdnsieArsC, btihé ipaf i <f grerebofed ilmksa 12- 14 and t he

separate billing subsystem 38. The billing subsystem 38
25 may perform a portion of the determination of the
information used for billing. In such embodiments, the
billing subsystem 38 receives data used for billing from
‘one or more collector subsystems 37.
An interface 44-47 connects each collection unit
30 32-36 to one of the associated links 13, 21, 16, 20, 14,
Each collection unit 32-36 is similar in construction and
function. The collection units 32-36 may, for example,
be real-time monitoring (RMON) probes.
The collecting unit 33 includes a processor 40 and

35 a memory device 42. The processor 40 observes the



.20 path fornmed of the links 15-17 have the smal | est nunber § links. The
*.col l ector subsystem 37 preferably enploys the Dykstra al gcz MAYV\:BOBB IS

known to r practiced in this field, to find the set
wpioas FeNRERY pacn

pat hs. At bl oC 4, the collector subsystem 37 25 constructs a v

fromthe set of shortest paths fromblock 52. A virtual path is a path
defined by its two endpoints and a price per byte PVP for data transmtted
bet ween these endpoints. The coll ector subsystem 37 determ nes PAP for each

virtual g pabh; L £om § gk 391 PERACELERS nQf cth@ flilnkitk2-Adar @s Wi Il be _
di scuss,eg bel ow. At. bl ock 55, thg@col |l ecting units 32-36 collect traffic
t

dat a ontdfRt hhbeht Bt aMPHARsATt FRf2orErNERP Ak OVEEY B 16, 20) 14
associ adesbtheten L hnkThe 3hdt eakf Hatdakasgures el mudbemafidyt es
transrri,{.ted on _the %8 I\/AYt200§ V\Q 09/ %35‘22@&% PCT/ US99/ 28763

associ at &8 PTAREI3°T 230 Y5255 3TqURRIZtAG &bt it i & 4 desti nati on
node Sl cvamdonsdéviDceTh2 . coELebeironionirespd2s86 taccums afwont iehd raf fi ¢ dat a

over a e L ped-peki-o Is rel at.e t ime 5 period
associ a?%%P%g%ﬁfbgg%E{/%eﬁT 2 ED rka? F ?:gﬁ%‘gtl%ati Eﬁ’g %tett %rér#'}lle&ts}et fe anmount of
data tropedified blep &BBRYVRAR. ashs PoreeseerofM EARES gtk desti nati on

node | ogatipiSar EQORYLRE:ET 8hELC reahmdchehderRlhe el SMIbsysiemRy can

determ ne_the total anount of data passing between an |0 ordered pair of
node | ot@t1anEor ATBPSY$hE®, 3Avp is the sumof the data transported between
eachosel ect ed oI e ldrttdiass inMdyarawde? | Dsedirapss Woehexagpbap A C,

over any.lin 12-22. One_obtains, Av .sunm_n e traffic gver various
links 1 €2§O§mf?%%ﬁ?ndblﬁ ﬁg g%ﬁ% iﬁa ?regfyrflfaé'et ﬁ&%%‘%a‘i&%aveﬂé over nore
t han oneetin&ved-egaffirngabacekl peroicrgsed Y3286 cdheeaoin@cting units
32- 36 pgeml;gstseaog_ghtagggbngedageasacm% e ecl%it%ﬁé@é subsystem 37 can

avoi d doubl e counting same comuni cati on even though several collecting
units 33UBELoBthave PBPOREEGTIABEsEABTECEMAY Gadtdmat¥rwiesatmbodi nent, the

Loca;__tsi Olﬂ_si?lflgtbgec kbeekkad aa'tb_sda%eB@o\eref&tri%spéwbéyosﬁém $pur C_edagd o
estinati on node [ocations provides the routing data used to avoi oubl e
count i n%?ni\faﬁ?ﬁcﬁegé,lhf"aedgﬁlal 8t E’P“gﬁ'ﬁéﬁik é‘rﬁga@a d‘g?]ér% 95 a total
price for data Rerd. bt veeeh 2B setechogh phevedf £3our eaand desti nati on node
| ocatio K the _f | 3 KVB,= -~PVP~ -=p' VP~ ~ pvP. W have al r eady
boon ot SHir Bt Qbf“%@&g’éﬁsasgﬁ PP AR P BeI ot e bl ock 57 the
col | ectoetwerki LPi ownbspsFém-32B-38 apportions the 30 total price for

dat ggsent bet weert t hey sed ectiethipal &v0f podE Lagati ensuk¢Raketyeen the
sel ect ed Eﬁl rr of source and destination node |ocations A C based on the

| ocat i oRSGRdABr FBSeAEPABEBE NITRES BT Wiads |9 nghe ubsytem 37, 38
produces2b2b| bAgrhef asgabiran 1bi shickg, A ¢as 39 BPp&t ivheck tas each node
|ocatioghelgofgggtggsgﬁbs§g%em 37 collects traffic data from the
links 12-22 over a predetermined time period. The time
25 period can be any period long enough to yield statistical
average usage data, for example, a day, or month. At
block 50, the collector subsystem 37 determines the
.nominal utilization S,,-S,, of each 1link 12-22 from the
collected traffic data. The nominal utilization of each
30 link 12-22 is the percentage utilization of the full
bandwidth of the link 12-22 averaged over the
predetermined time period.
As noted above, the nominal utilization of each
link 1 defines a nominal bandwidth B,. B, equals BF,S,

35 where BF, is the full bandwidth of the link 1. Thus, the



WD 00/33229 - 10 2 9 MAY ?~n~ PCTNS99/287b3 portion of t@%/MAX gggse KVp. -
billed to an node location is 100 of KVP,. The total price a wth

t he bandwalodizxased, i.e. with ASP. The col lector or billi nPCITOIseY2876In 38
produces 5 billing information that apportions total prices to each node or
user, e.g., a list of the total prices KVP's. The billing information is
stored in a database for |ater use By-an adm nistrator who nmay actual ly
make bills for nodes A-D or users. 10 FIG 3A shows a system of equations

59- 62, naMiLeR leBabices dih iBierdgt By dlsget daridwitdtdn of the piwpelties of the
V'rtuahv@%bgl@t&Wé%ﬂ%5¥1ﬁ?e&%é%ré&né@U@ih@”pégléEaéfstB@k ghe nom nal

bandwi dth B |z of twa I'i nks (or paths) , connected |n series,

equal sCEhE LR RPmifTor s ?WW%@“%a‘h\ﬁfd?ﬁ% BEEWOBKz ofPEhe two i nks
11, | ZembEQtuafremrs @thﬂlc@t eshéd hectmixﬁwl noimkabahawdatHsheB11, 12 for |inks (or
pa hss t 1~.. olpp arﬁl lel, is thg SUP of thetnom'a bandw dt hs
B11, Bij? §FERE rrhf: CHEAR 1O B 1-SF al 53PPRIFEHE HE&Ge price Alirlz
of usi ngmtrmm iz tliiomes k(eﬂ:rwqemu hsjo lendd@inhswevehecpnneesedncilsidehe sum of

the > 2IBhT o f%le’m &%ér?&é at%ﬁ’_}‘%ii‘o aCFn!ﬂ' EKf(:QEtBBEtELrJé' 2.

Equat i on Stat es t hat e price ars”per megabyte, for
exanpl EPStEo awsk & RENL ¥eWafopadesised herelint8f the usage prices Cl for

using the |inks:@5> 3p0f st Re nMight uah-eRat i \drlgd: by e g @l o bandwi dt h
BHP of the virtual path. An iferative procedure determ nes the V|rtual

pati? sTREMATal® %m%ﬁt’rﬁlﬁ“@lﬁﬁepﬁ%%%dﬁﬁaebébbl R&8¥8qfht PERLS59, 60 to the
| i nks ef tladesh@dredhepiat hssdgd VEENthidensowber andsHeshi Aat iFQE .node

| ocations 3Q.,as  will descrii bel ow. Finally, .Equation: 59-62 enabl e
one to et ot P4 Fropert: 68 BrOTRE orPEIaFohneh BE LBRDS 354 of F1G 2.
FI G SBaiihd st rsatesd hmctcrﬂlsmimitmnoxﬁoctihelvi:atmahspaifbr at bl ock 54 of
FIG 2, e t exz~-th e Sy 1 ncl udes
five Ith sp%% r{ﬁéé&gl '32 9 - 2 9 ?/E\Y EB%SEB%EI‘?%gggl %ggfgf%%@bet ween t he
sourTe3dnd iekst itie it r@ﬁepaa@@atb@ﬁ\se@ bheFppdectedeseumsenend i nks 1, 2
and usee quR{d i lde SPocations A, C having the smallest

number of links 12-22, i.e., the shortest paths.
Referring to FIG. 1A, for the socurce and destination node
locations A, C, the path formed of links 12-14 and the

20 path formed of the links 15-17 have the smallest number
of links. The collector subsystem 37 preferably employs
the Dykstra algorithm, which is known to persons
practiced in this field, to find the set of shortest
paths. At block 54, the collector subsystem 37

25 constructs a virtual path from the set of shortest paths
from block 52. A wvirtual path is a path defined by its
two endpoints and a price per byte Py, for data
transmitted between these endpoints. The collector
subsystem 37 determines P,, for each virtual path from the

30 properties of the links 12-22, as will be discussed
below.

At block 55, the collecting units 32-36 collect
traffic data on the amount data transmitted over the
links 13, 21, 16, 20, 14 associated therewith. The

35 traffic data gives the number of bytes transmitted on the



' of FIG 3A to determne that the usage price Cl1*lz and an wi dt h
" Bl1*l z associated with the path 6 are 5 C1+Cz and nin{ Bl,%g msj

respecti vedgypo/Nexd , one conbines links 3, 4 to obtain that ﬁ&um%mri ce
C13*19 and nom nal bandwi dth B13, 14 associated with the path 7 are C3+C9

and mn{ B3, B9} , respect ively . Next , one conbines the paths 6, 7 to
obtain path 8 and the associ ated prige-10 and nom nal bandw dth from
equations 61, 60 of FIG 3A Finally, one conbines link 5 and the path 8 to
obt ai n Besodiateal lpatkh Uset viden Ifode2d pch | ansa Sandt randft he associ at ed

val ues qof uli,%%g%n%rl eestq?%[)tal%?bqlogg %Qt}b PHP.Jbus, the links 1,-15

d
are |terat|vel y applyi ng equatlons 59-61 unt|I
only oneOéflfGG:cttllome Yreittts r@@ﬁ’nsacdltheilc’eml thad eif e i dat padhersat he

virtual g gi%dé@gﬁ?ﬂne@ml@ci‘ @k PLd C@nzoéléé@d regei Rk ”Slﬂét h are the
bandvm

nom nal and usage price Cep of the virtual path. The price
per byt EEpAszﬁsaq%@éteéh Y Sdndcy Rt a %fé%vse@ﬁwé daB2nbdes S and D i s

then t haedsag nid GheC'amdic Ust raﬂatealltfamlttttbd hevé(rréal@h pahk divi ded
nom nal band dt h %}g% t he V|rtu g%h The col ior ubs stem 37
C%

enpl oysaﬁhg SEYAT ?’%E%Lﬁ'ré BB} FYLT et AFRRIPHE - usage pri ce
CAP and nom nal Fhamdwhet erlEIPﬂ:odatlae rihet gall lpatbrb et tawe Xkl ect ed

pair of %%?et%lﬁln%sc %(Laah baln?c?l,lﬁlé Pfdféa@ a%rzﬁgﬁﬁ&%éﬁcéﬂr

subsyst € uses nown usage Prices” &% ind~Nom na
bandW# derrsleged. @z?lzllbfoﬁ meode nkacaBoians 22A0ko deéhes ni Ae tise tvel samper byt e

P'p of b€ tHe Witla RAldhsJEMENE e die 084 AR @Pé'@%&“@éu?&é Bza are not

known a priori, and injtiially, one enters the usa 'Erlces Clz-Czz and full
bandwi dERS SBREEISE, Node RIATIMNE 12£9D ¢¥IRPI%e Zol FecPBRY s@B¥yst em 37.
Then, tharﬁdi; aal-l2ect ororsbsnsd & 3, deeetinnesgt brenoraAdl cbandw dths WO

001 33229 _- P N899/ 8763 Bl2-Bzz by the_nethpd 48 of FIG
2 and B THP dddHhoe Tai T U e ne PR R ST TP OeE AT BheT NARF o, 28, O
and BB. hRIsGtdAd1d cf\ram/vrmdsmttlw'ndmesl:akl hy-2hehavepg 8 of cal cul ating
the tot %'olﬁrécft%ri Mo, fiat 332‘r?é‘smﬁ%oé‘oi’%&@?ﬂ%auﬁﬂgciﬁd zgair of node

| ocations K'p how t he system or rtions the total price K'Pin
FI G ZBPrRtVllﬂQ)(ﬁ@CG{’Eh 1Rty cda R %%b%?@?eﬁh%?cﬂbl@ﬁ?ﬁpﬁes the price per

byte P"puyysrending dat a-Retyessubhe selgeigd Qe Pahheof node |ocations,
for exanple nodes A, C. The collector subsg?iem 37 calcuylates P,,p by the

i terat | FOEBTYGARIDE W (HRPYIR 13RS pat nCpLieckied UBFtSAP2pPEck 68, the
col | 2ot tvavsuhsyrsirare B ks esathdecdmmifi catdada. f r om dhe embbdéteng, units

32-36 t aI G te A f.da fr sour ce node
| ocat i o(r%ht d%s i'hat fiotnheno%éﬁﬁoca;fggogngrtg 39 5% ‘%%bhregg}:’?ect or
subsyst &f @%lﬁﬁ;—utq’fe QmﬂaiQ$‘am¢‘él©vef10@ﬁe19@@hsobét reeridre Sbkect ed

source aRghddes! idatd QE‘sé@dLeole@@iéoﬂéLMEheHﬁnﬁli)H | e counting. The
col lection units 32-36.20 proyide information enabling the col|ector

subsyst em 37 t oAEvEL@Hoahl e EEGURCIAG O SURSYFHG™hG 1 S S SITRI 383 fi ¢
repozs e motaEY ien bhe et e@émt)nbaﬂwlaeBZa3§elé\tﬁéd baienefenbodi ment,

e ool LSl SHREIRLEM 2L, aXel dsadovle eaunt k0o by qceping, Ll c data

Kyp = (Pyp) (Ayp) . Py will have already been determined, at

. block 54, as will be described below. At block 57, the

collector or billing subsystem 37, 38 apportions the

30 total price for data sent between the selected pair of

node locations K,, between the selected pair of source and
destination node locations A, C based on the location

and/or user classes. The collector or billing subsystem

37, 38 produces billing information listing prices

35 apportioned to each node location. In some cases, the



comuni cation. The selected collection unit 32-36 is | ocawﬁﬂv ent the
"source location of the comunication ~if a such collecti 3%[798

exi st s. q,{g%/g\gﬁg, the selected collection unit 32-36 is | geaghgsoaghisacent
the 30 destination |ocation for the comuni cation. The collection units
32-36 provide~i nformati on enabling the collector subsystem 37 to determ ne
whet her the units 3236 are | ocated jgfdj.acent the source or destination for a
conmuni cat i on. 2 9 MAY 2003 WD 00/33229 - 13 PCTNS99/28763 At bl ock 69)

the coblbeelion YHRE /Bt qteFdi gSbl heefotal apr ineRd Ao&andbmg dat a

bet ween a _sel ected pair_of source and desti naLli on K'P bel mul tiplying the
price p&r M\t% i ftor The PRFFIbPTEHE Brofrelss I8 tthfsnitted. 5 At

bl ock Pandwieitdoluset ori ox. bwidh g, subsystem 37, 38 bills a portion of the
deterni ned ot al, pLigeoKiE. 0.1 B3 139uLCe Hade Jgeatd qn-dugfLhe sel ected
pair. The portion rs determ néd by & price responsi ilfl?y TeVel matrix
(PR tdlBerdi sousseththichowhat dppekt fdnsthetgdl pedcers @ @addi | |ing

subsysteme3ty & | 18 dhe {empindeE, chd '@Qﬁ'algfarﬁ!aést L als prifge K=~ to

the destination node Iocation C of the selected pair. Al block 72, the

col | ecérlgmdpidngorgraiisyy stet Eredsin epedtsabpecabove 1S3 4SS bil | tot al
pri ces hohriai@nid snsRordr bainegsy odbeiaBey eahre 13108 FHrofnsdul ce and
destination | ocations Kip. The methods 48, 52) 65 of FIGS. 2A, 2B and 4A
enabl e®tfre %nt15% Hesi red revenue for use of the network 10, shown in FI G
1B,10 0 be apporFtGoned ahowg aebwywstlenusdr quasdinghd &S vk nahibandw dt h

B1=BF1 Lnst e of f gzﬁ]pq i 1..1o0 bl gives a
t ot al %ha@g% %1% v%ti%%aégﬁees&%én? 0 acé({:\%g(?ﬁq ?Eetﬁgeﬁgﬁggargﬁﬁ@l(ncif in the
net wor kheThe e bfpatiesat tiotetk pr4 cet FBE. dat a Eqaaspont Sfet ween all pairs

of 50“%&%1:%@' dest inad | Qi nede bosakiens K. P bs ew:lifrfké hgentire

desired revenue 25 for use of the network. 'THe nom nal ‘utilizations Slz- Szl
are aubdts)cal:ly lupdePedeehcd +BgEFALCHasPSUsd SaddBumiFEruR éphor al
changes Hen ddwei iusageaiwidiend imks £2- 22 oie .tadinisks af or 1Gan request that

the col] ector and/or_billi subsystens 37,. 38 re culate billing prices
o 30, EFAC T A E THehGaEn eI PaL | PROAPEGRS $1538787 The net wor k
adm ni Stimddsor xcapeEbso hdj Uust theppedces bilkadd dly, changiegsthe usage

prices - . Ladivi dual finkg 12- r ct{, fior exanple,
upgr adgg%pl%cr%asleﬁaé V\a/é\yie cost%l,“etébz. %Fﬁét}%egtlv\%jrbkga%‘rﬁ n%zslt rator 35 can
al so adjavsttizn ¢ pstapgs t heasapeonsdgef prége Ci1M0 GF 389205 -tWa

20 1links (or paths) 1,, 1,, however connected, is the sum of
the usage prices C,;, C,, associated with each link (or
path) 1,, 1,. Equation 62 states that the price Py (in
dollars per megabyte, for example), to use the virtual
path is the sum of the usage prices C, for using the links

25 1 of the wvirtual path divided by the nominal bandwidth B,
of the virtual path. An iterative procedure determines
the virtual path’s nominal bandwidth B,,. The procedure
applies equations 59, 60 to the links of the shortest
paths between the source and destination node locations

30 as will be described below. Finally, Equations 59-62
enable one to determine the properties of the virtual
path at block 54 of FIG. 2.

FIG. 3B illustrates the construction of the
virtual path, at block 54 of FIG. 2. 1In the illustrated

35 example, the set of shortest paths includes five links 1-



.2 9 'MAY 2003 PCTI US99/ 28763 multiplication factors to nor t
"reflect the cost of the network or to build in a profit (ggiqgﬁﬂm

flexibiliiypepakies tracking variable costs for operating tgerdsdoksresl- 22
of FIG 1B. 5 FIG 4B illustrates a nethod 80 of collecting traffic data on
the link 21 associated with the collection unit 33 of FIG 1B. At bl ock 82,
the processor 40 determ nes the ampunt of data transmtted and the source
and destination node locations for a 10 detected data transm ssion on the
associ ase@ddweerﬁlcheTtmamewﬁbrded&n’mﬁm fide abovet fleha by peadi ng the
envel op header of the detegied trans At _bl ock e processor
40 sum;gtl% am)uhet a Y ﬁorc'{ det €6 e ?san%%la%%%lhswg [L’Ee anount of

data frofh FEGr &A (tus dertemsrmmltmxt ereweraghepshoe Gode hndati ons. At
bl ock BQSﬁl@ﬁlprﬁ%ﬁﬁﬁQTthA'% Sggra%é&%eéanwﬂ@ thafbienfil g-Ln the nmenory

device 4 e tra { i's a mtri x whose entries are total nunbers of
byt es? t FahSidR@diigh 1heBIz} nkregpreshivedYnod¥eKscathenSOMEEEAE S0 t he

col umsiehihe et rdo o rdastdhathnon. susie pocasions,! akel the rows of the
matri x. At bl ck 88 tcgtlejaprocessor 40 deterpines whether_a gresel ected

accunul 2GR Foed: MWSWRREG' 1T TREPBASR 7o2ffe presel ected
accunul at+op amcmanha&ﬂs]ng =l apsedpethevedll ecNextsulsystcemdmed’ col | ects

the t f f t 40, b h Th

the probCEeR D dui et 60 (RE T aart & i BHE bl atednarabon ¢ e has
not 1@l apsediontire lprioabsiott 0 ran Lﬁcmaltxplm otk, 880 OhrFRg.eaddh

accunul g4ion 1REr iR Ay o fﬁeé he; 30 §0$111&CE1’1@ E‘ht§ §§ §§t85ﬁaEﬁet raffic

files listing t'he anount data transmtted evveen i xed pairs of users
over thela’ﬁ{?bll R |Ihefecers node hegcaviong 45 apdppPogRg vmeand 72 of FIG

4A, rat g RIS tda hid1udW & assese det eeani khe appenkiomaRGkyiefcH he total
35 pri ce for oot i and WO 00/ 33229 -

tat et
15 "2 oBw Ay D963 PeiT L érg}?lﬁggﬁgm\é\gfee? %'F%ﬁlp{&&?’?g SRS B P, A price
r espbihisirleidaatyed By edppipt ingx RRLAS| )s | 5Pt ereansil henapponti onnent for '
bi 111 ng Glasses,. Ralg, p:l{r&‘f 4SS Op, b ILérHQEnJr &békkéxi—_@% F%gh‘tﬂﬁgl e > price

for a data transm ssion a user " responsib for I at
t ransm §$icorviroralexeatgt e, The rentesl obarfetdrbnivdnaricesofe§pensi bl e for

sendi ng he, i g IgANS A SS1OHe %@&niﬁap'ﬂaaﬁéwiéﬁh"\@o' enar he@deor the mail.
Simlarly, the re uestor of a downl oad froma.free”10 network server is

r esponsiPBIES cﬁ'VPt‘Pn% HoAnY baEYahdPRERDI | FBE PR&CHENBEE B¥it€e Bvor transnitting

t he ziowallQastdtadn ddessted tndpaset a Heavween apper twonfedes ef augage prices to
t he user, Wr]%lé ni t.i at ed_t he net wor, k saggsencog&age ?(ﬁfl .Cl nt use of the
net wor k * ‘h.%‘%%u‘%% ?1 18- Undves |p||ne usage ot Sartdtini . Referring
to FIG Vart‘uh@l Fm_tlfmxﬂxvxdm nenenal neandwedpbr Bantodgd hef thl‘-ré:uait al price
KI P char, to the source |location A-F and destination |ocation A -F of

the pair associated with the KIP. The columms 96 and rows 98
The collector subsystem 37 employs the iterative

25 procedure of FIG. 3B to determine the usage price C,, and
nominal bandwidth B,, for the virtual path between the
selected pair of node locations A, C at block 54 of FIG.

- 2B. The collector subsystem 37 only uses the known usage
prices C,,-C,, and nominal bandwidths B,,-B,, of the links

30 12-22 to determine the price per byte P,, of the wvirtual
path. However, the nominal bandwidths B,,-B,, are not
known a priori, and initially, one enters the usage
prices C,,-C,, and full bandwidths BF,,-BF,, of each link
12-22 into the collector subsystem 37. Then, the

35 collector subsystem 37 determines the nominal bandwidths



20 of the PLR matrix are | abeled by the billing classes. The collector or

"billing subsystem 37, 38 is programed with the val ues ofg[ eMﬂﬁRZUﬂSlx 94
so t hat t‘gﬁ“&& %} price K'p is automatically apportioned :\Aﬁgé]”?@érece and
destinati ¥he pair associated with the Kip. The 25 entriés o R 94

give the portion of the total price KIP billed to the associ ated source
A-F. For exanple, for the source/de %irjation pair AAB, (z')K-~~is billed

to source A and (1-z')K~P is billed To associated destination B . 30 Sone
embodi nent g oft he ol RendPn dhaue gid Stop seseng. apd thishid hidd ing cl asses
of node lIzoc%ftlij ns. eThe ?lltdr st class ]; ncl udes nog"é ?oca{e‘lgg?l]s l-Ric()iré net wor k

nmanagi Mg HevPyeshe gngthodhalcalluetspteghsystrdiis37.28he3XecaRd cl ass

i ncl udeggnode | ocations for data base servers, 35 which respond to data
downl oad requests from_generstahl \\D 00l 33222 - 16 2 9 MAY 20(13

PCT/ US99128763 TH&t-wirtk Isét 1M RITT dP el 284UPRERBARY §EFerSHeRTet wor k

users. ¢fi edtichlaningotreetbedinprtisel felrudntfd nefardmssesonsuch as, two
types ofgeneral user.flasses. heaglass desionalions o fhe ghtferent

enbodi ments” éncour age erent user types to nhoreé cren 3e/ use the
net wor ksy9temha? PRE Bt eprorbyonakhen tatredngy igfe akLues FéGené8ur age

vari ouspcl geser of USEESch1BECER! e ekhidtianty; Hift dfiges esponse | evel
matrix may be nodified 10 with tine to account for charges in costs of
mai nt ai PF hEe t BRY nleY #er Rvrl G can g emsiinco g doptegi athenssbesteri GS. | A and

1B. 16hepandi b cabaOnNsoBY i Bhadugera eR@imdilOfida«dy Metc bregkeseven
re~_ati onﬁl%abet ween billi nﬁ; fEr net wor Kk usage .and. networ k nmai nt enance

costs. R P¥i ePFYREeTs 3 Hay b UdtGtative 2d-R¢i Y5EFEHLNF a net | oss or
br eakevesnsetratt ooshop batweerthiall ipagsh antkarw1d erE@cCe CAst BloSKCh

aut omat j i fi i ma rfarnmed by the collector _or billing
subsystégﬁ ggge3 Sg#’egpér fépgglsgg%%s?héﬁse hteheantrear%]gld? n‘%ﬁ?algﬁogf the 20
col | ectvhesabsyscemng7upfitFl G2-8B. ttheadonpife® has a.ewmi hhective nenory

1141and; @000t VEs 148 2 ABeh Rt gh-bace LL3,cQNetds 18 COIRULET 2112 to the
net wor k %géiﬁ\q_grogr am_storage device 120 is readably positioned in the

drive €OPr BEFEML €868 - deicc & 1PD ban bR aCRAYREEPE 25 tape or

di sk, aguesykeah ghskuek anet bakar eadadie Y ARStPLEEE Heviveen The
program st or age dEﬁl ce 120 taggl bl y .encodes a#ercglgr am havi ng steps for
perfornfii§ ERESREEROESULES 52 FESTiNR P H OSAC19BS 4, and 5,

respectwyehgut Theutl eveohhbicgn raaet tdud proagia@muradts 392tBe programis in
s I SEERUEOL Ry DS ROTR Sl Rl LS, TRIBEYe444 90, o 30, store
net wor kteaadged dobbkilgechuakilpial i tiy €.n athusting tie paneetvhflising of the
net wor kydfortel Bp R¥2EPLBant keel Qall 1 & Kbl ot d3ber g ggounted for use
In one embodiment, the collector subsystem 37
avoids double counting by accepting traffic data from a
25 single selected collection unit 32-36 for each observed
communication. The selected collection unit 32-36 is
located adjacent the source location of the communication
*i1f a such collection unit 32-36 exists. Otherwise, the
selected collection unit 32-36 is located adjacent the
30 destination location for the communication. The
collection units 32-36 provide ‘information enabling the
collector subsystem 37 to determine whether the units 32-
36 are located adjacent the source or destination for a

communication.
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as, certain tines of the day and/or certain days of the mglﬁfm%QSﬁQQﬂ nges

only requ{h,bq,ogfﬁgounti ng the total prices K'P by a percent ggeadoo887s3peak
times. Simlarly, the system30 of FIG 1B 5 could offer discounts to

certain types of traffic. The network manager can also flexibly increase
prices to penalize activities, whi.chiare nore expensive to network 10,
e.g., usage during peak hours. Finally, the flexibility offered by the PRL
matrix enabl es ANt K, 1OheBoeUBEc t OreBaBEagentConaite ruttedf the

networ k_10 by, various groups of..users. Additions, deletions, and other
o 11 CEPORSEBE PRACEOCEH BEAUMRo AR TeE b SPLEF AT PBLEhose
practi cefl saurhesahdebdsandaaiemik, hiby thel stppeing the pbitel bew ng

cl ai ns. t ol S €l ained jS: 0/ - .48 9

PCT/USQB¥g§78§ f%%:qggﬂaﬁ}nﬁbﬁﬁgﬁﬁréﬁ%ﬁﬁﬁso%c%%gﬁi%ggﬁgm%gggg'usage of a
net wdr kAhablagka7fl utlki cpldedtiorkson Midrilciornesthsigseenl 37 al 38y of node

| ocatiops$y ) goAPELSEAGH Brdeher Meidithihdidags f i 681 PerxUnts bapdwidth for a
virtual path between first and second node 1ocations, tHe usage price being
pr opor t FBHAFSt BOdes dRFEE 168ade Ofr it0&s ST aGHAG RA1H- seThefPeat AN bet ween
the first asdesrcond n9da bedald arspoHd ianllact ingyél ahdteigdata fox an

arount_ FaE7 et bEPSBRLL et ReLYAR) el beste,end: secgnc.noderl gpat | ons; and
usaged peorckipéingnsubtyshbamdwi7dt 3.8 bills the remainder, if any,
of the total price K,; to the destination node location C
of the selected pair. At block 72, the collector or
billing subsystem 37, 38 repeats the above steps to bill
total prices for data transport between other selected
15 pairs of source and destination locations K.

The methods 48, 52, 65 of FIGs. 2A, 2B and 4A
enable the entire desired revenue for use of the network
10, shown in FIG. 1B, to be apportioned among network
users. Using the nominal bandwidth B,=BF,S, instead of

20 the full bandwidth BF,, for each link 1, gives a total
price K;, which takes into account the use of each link
in the network. The sum of these total prices for data
transport between all pairs of source and destination
node locations K, is equal to the entire desired revenue

25 for use of the network. The nominal utilizations §,,-S,,
are automatically updated on a regular basis to account
for temporal changes in the usage of the links 12-22. An

administrator can request that the collector and/or
billing subsystems 37, 38 recalculate billing prices to

30 track temporal changes in nominal utilizations S,,-S,,.

The network administrators can also adjust the
prices billed by changing the usage prices C,,-C,, of the
individual links 12-22 to reflect, for example, upgrades,
increased hardware costs, etc. The network administrator

35 can also adjust all P,;,'s by the same or different



2. The nethod of claim1l, wherein the set conprises short | i-nks
" between the first and second node |ocations. 3. The nethégithxgﬁgégﬁé,
further GpgRLASLe9: 20 apportioning the total price betweerpdygsobhsfms and
second |l ocations. 4. The nethod of claim11l, wherein the act of apportioning

includes using a price responsibility level matrix to determ ne the
apportionment of the total price._.2545- The nmethod of claim3, wherein the
act of apportioning includes: deciding which of the first or second node

| ocat i efisl d SpT BSPONShbEacteirsi Bt maleng dhig-adals s teider ebet ween;

and 30 apportioning the total price. t.he res i bl e node address. WO
00 330505 18 “Dhg bk 35 Y Bleoute s BVHIE Mot ol i m 1

furt heTcispflesk gl 1 deyeenbbileg amackfiiegt ivieer ilrdmidniattidt offethe virtual path,
t he us i p uni andwidt h cbei t sum di vi ded by the effective
v SR G Do e R e, of foct i ve bandw gt h of

the §irtual pafAGequd sllaiihjtates entmenadi 80 hobf calypetadal | i nk produced

from t he pet; Of g4 OKsnbyhel ERMACHAY 28 53RV IAdY WE@M@HLd pair of [inks of
|0 the set. by a first new | ink_having an equi val ent bandw dth equal to a
i ni MUl eFel Hangw bt R3~6F€ FHE -1 ithks @épli’a]&?d“ 8nd &l acing a pair of

| i nks frddesset £onpectemingspahal bebu asead Hemdmikedavi ng an
equi val ené %%ebandwi dt hnféqgals t.0 a.sum of t_rire%3 %ﬁ%ﬂ%ﬁs of the links
repl acEd® arde r 8PRAEFng al ShdrE 6 AT itRS My 1inks of the
set luntddtmteecﬂiahktaenniansmislseoan@m [iadin 51 ra@sag:diiaﬁecbéimgc_thb. Vi rt ual [|ink.
R L DL S
t he spe&i¥ekope nkrt haaderhefnghiendletesagsl dfransmissmicdni c 2¥nk. 9. The
met hod 10f o Sk a3 N 3p HLWhpLeLR RS aet R |dddith@Rpordd ©nssypequal
portions of the total price to ,
the detected transmission with the amount of data from
15 previous transmissions between the same node locations.
At block 86, the processor 40 stores the sum in a traffic
file in the memory device 42. The traffic file is a
matrix whose entries are total numbers of bytes
transmitted on the link 21. Source node locations label
20 the columns of the matrix, and destination node locations
label the rows of the matrix. At block 88, the processor
40 determines whether a preselected accumulation time has
elapsed. At block 90, in response to the preselected
accumulation time having elapsed, the collector subsystem
25 37 collects the traffic file from the processor 40 by a
push or pull operation. Then, the processor 40 deletes
the file. 1If the preselected accumulation time has not
.elapsed, the processor 40 returns to block 82.
During each accumulation period, all of the
30 collection units 32-36 create traffic files listing the
amount of data transmitted between fixed pairs of users
over the associated links 13, 21, 16, 20, 14.
At blocks 71 and 72 of FIG. 4A, rate plans or
billing classes determine the apportionment of the total

35 price for data transmission between pairs of source and



the'first and second node | ocations in response to the no&e l ocat i
belonging to different billing classes. 10. The nethod of &ﬂﬁ%)ﬁ@rei n
the act ofyacedaesting traffic data conprises: 30 retrievi ngpdmnesdorafdsi c
data froma set of collection units distributed in the network; and WO

00133229 - 20 2 9 M AY 2003 PCTNS99/ 28763 renovi ng doubl e counting of
traffic fromthe received traffic dats.-11. A nethod of billing users
according to usage of a network, the network having a plurality of links 5
i nter cordm@cﬁjmag;icm rh@astlod:a\niairweKJpocaAi pns cec@Eppotigigiildetyer m ni ng a

usage prig oca onspﬁl]g )It e*&q@g Eélgg?g%%%nﬁﬁv\%e@oflrst and

second no |ng tra afbunt of data
) transporbtlédmrﬁla\\%s%rst node address to the second node | ocation;

calculating a tﬁta%Le %rl'a%% f%rsﬂghebqgtlantg qq%wltl% dde d ahnpfdce being
t he usage price p unit bandwi dth tinmes the arfount of _data transported;

and aff‘:)pé’r‘-”tllct?rl|fr‘F@;rtalﬁed%‘b"l1 AFE PR RES HEPRER ® heSEFr5esRARSILA6ndOK0de

| ocat i onsiacicarihdioc e Onenehissishce F@ﬁp@ﬂ&hﬁlél t yheakehgeandra rate
plan. 12 Th: nmet hod_ of claim11l ]\F/er #nt e ct OIéhZO apportioni ng

i ncl ude$ STEAUMHY Tt cht D - THROHT O’ée%%ﬂ *H8de"Fol4tions is
r esponsithiseshods $ 1o | @nd ngs tihel bed athe anspbet prheeebetrwede; mand .

apport i el e, | Ol PLLGELSr IO & eaBanELlleraamngde Lacation. 13. The

met hod o ca|m11 ere e usa grlce per unit bandwi dth is
propb? t NGTAORHD LBYRF 0f S USSTROPT iR eratBet devnlpaks anfl $Kort est pat hs

bet ween yihe dd rste afgo 5€CHRIN0LSr | ©FaH5RNEE ing the download from

the data base. Heavier apportionments of usage prices to
the user who initiated the network usage encourages
efficient use of the network 10 by discouraging

15 undisciplined usage of bandwidth.

Referring to FIG. 5, the PRL matrix 94 determines
the percentage of the total price K,, charged to the
source location A-F and destination location A’-F’ of the
pair associated with the K,,. The columns 96 and rows 98

20 of the PLR matrix are labeled by the billing classes.

The collector or billing subsystem 37, 38 is programmed
with the wvalues of the PLR matrix 94 so that the total
price K, is automatically apportioned between socurce and
destination of the pair associated with the K,,. The

25 entries of PLR 94 give the portion of the total price K
billed to the associated source A-F. For example, for
the source/destination pair A/B’, (z')K,, is billed to

. source A and (1-z')Ky is billed to associated destination
B'.

30 Some embodiments of the invention have first,
second, and third billing classes of node locations. The
first class includes node locations for network managing
devices, e.g., the collector subsystem 37. The second
class includes node locations for data base servers,

35 which respond to data downlcocad requests from general



2 9 MAY 2003 WO 00133229 - 21 PCT/U S99/28763 14. The f im 13,
" further conprising: determning an effective bandw dth oﬂm\orzm pat h,
t he usageygpsgneper unit bandwi dth being the sum di vi ded bpcrivsseisiecti ve
bandwi dt h. 5 15. The nethod of claim 14, wherein the effective bandw dt h of
the virtual path equals an equival ent bandw dth of a virtual |ink produced
fromthe set of links by: replackngea-serially connected pair of |inks of
10 the set by a first new | ink having an equi val ent bandw dth equal to a

m ni mumeodotrheubamdwi dThs thitrde dliasles imepdlvat=sd gearskraephacwagka pair of

i nks ofoLhe seh GARNESLAT ERnRALAkE; @%slerﬁmgaw Adpk having an

equi val'ent 15 equal sum o of the |inks
repl acebasand. r epeht PRg S¥icd ta’@te§ é’ff SEpIeFE IngisHY r@lﬁﬁfﬁﬁfﬁg | ThRs of the

set unéiésgnseghghawwsnaf Ehe eNE AER N idithdd iterted NWhtbgr¥get ual 1ink.
20 16. _The net ho claim 13, further conprising: measuring nom nal usage

dat & f&ILERERNF| HRSSF LYRESSEC ™RAE GG LRg e thﬁfn&/ﬁ%tfhe’é‘r’o§§ch specific
link tpobe a full bandvvl dth of the speC|f|c link tinmes the nom nal 25 usage
of the specifi 17. The nmethod of claim11, in the act of

col | ecting traf %TFT cp%latr&a rT%%sta)F%c%Pv?nﬁaPﬁg P aV]aﬁélec‘Fatté’from a set of
col | ecdsmcocnuuagésveln:sbmsbufladaaerss tolfe usetrsordg sndncdfe resfibiiec bgndoubl e

counting of trAld i6{LOmI5oKece 4601 hALELS fa)Ape miR:0Y/H229 - 22 2 9

M AY 2003 PCT/
10 with time to account for changes in costs of maintaining

the network 10 and monitoring configuration 30 of FIGs.
1A and 1B. The modifications may produce a net profit or
net break-even relationship between billings for network
usage and network maintenance costs. The modifications

15 may be automatic and triggered by a net loss or break-
even relationship between billings and maintenance costs.
Such automatic modifications may be performed by the
collector or billing subsystem 37, 38 of FIG. 1B.

FIG. 6 shows the an embodiment 112 of the

20 collector subsystem 37 of FIG. 1B. The computer has a
main active memory 114 and a drive 116. An interface 118
connects the computer 112 to the network 10. A program
storage device 120 is readably positiorned in the drive
l16. The program storage device 120 can be a magnetac

25 tape or disk, an optical disk or another readable program
storage device. The program storage device 120 tangibly
encodes a program having steps for performing the methods
48, 51, 65, and 80 of FIGs. 2A, 2B, 4, and 5,
respectively. The drive 116 can read the program, and

30 the program is in a form executable by the computer 112.
The active memory 114 can also store the program.

Finally, the methods 48, 51 of FIGs. 2A and 2B

enables the network manager a large flexibility in
adjusting the price of using of the network 10. For

35 example, the total price K, could be discounted for use



18. "A systemfor billing use of a network having a plural it fang |

i nterconnecti ng nodes of the network, at |east two of saiZQCﬂAyrmEg
node | ocalhQhsisOMPrising: 5 a plurality of collection unipcgysgasdhes
collectigﬁbuﬁ?t coupled to a separate link of the network and adapted to
accunul ate traffic data on the anount of data transported over the coupled

| i nk between pairs of node |ocationgy and 10 a subsystem coupled to receive
the data accunmul ated by the collection units and adapted to determ ne a

total pgicerfopediatgetianspostiel hEQMcridalist tlitheds SECKE Ngle | ocati on,
t he total PI’ICE bei ng iHhe angunh of data transported frorqlthe first to the
second AB31BHCFHLAt HoH2Y PnBE & ﬁs%’(&é’ipri SEFHFRANASY R bat h bet ween sai d
first anskpserendisodentongt thastotll Phe caestkemint | peénrdBtagderein the

subsyst WP ed. pr - Rl i .t i for p i cul ar node
| ocat i o%{nbéééfeggon tﬁéﬁlggf a?ggrglg%ggg’fo?%fog %tta rB%sop%rPE]g%' fafréom t he
par t bcutewldodef¢pcdl Boaundsotherensad nl ¢yasisonf R2EBLfMe. syBem of claim

19, m%@&%ﬂb%ﬂ@gﬁt@a}ﬂ §l§939§§Qi]EJQ})aQ9ﬁrrteia% the 4Ot &l prices between

the first and second node | ocations of éach pair based on 25 billing

cl assesPoRal hze ndgelVdEatFonyPichyareo MPIE ¢XpPerpive o quaye Pt

PCT/ USSP 284 63. 2lusAgRr agranysbeaJacd@d .ce Freading e execut abl e program
of instHJctioni,for 2 met Hog of . bi EHLP users acci?o):éji ng to their use of a
net wor Kt LEHEEREE R RERGEFAQ DY BPGr SR P 1) RS CEn T TR a &

pl unal i hynagenode éncatirapgs, ethecmetchadec @fprils ngtwtetlernd bng a usage
price p@éry%é %gg&léfgd&@ Lg%rg virtual path between first and second node

| ocat i ons, e usage price being proportional to a sum of usage prices of

| i nks of a set Aefdigaitdiss bedederiqme fandt obhgr seedaditetiaone Pdcati ons;

col lecting &eattisedatanbaimantamunt e daipaddranspordiegsbet ween the first
and second node | ocatj ons; ﬂgg%{ cal cul atin price equal to the

a total
amount B¥23519afalFr aRdFor PREs 3T P GreRe it tEhaindwi dt h. 22.
The 1devieelofinbatm2hs .Wherein the set conprises shortest paths of |inks
bet ween the first tan.d sellcond ode locations. 20 23. The device of claim 21,
the method furt cohpt ast%eg& Hpportioning the total price between the
first and second | ocations. 24. The device of claim 21, wherein the act of
25 .apportioning includes using a price response matrix to



determ ne the apportionnent of the total usage. WO 00/ Sﬁﬁzmwé 3 9 MAY
© 2003 PCT/ US99/ 28763 25. The device of claim 21, the netho e 00

conprising: determning an effective bandwi dth of the virty he
usage privtRINE2Unit bandwi dth being the sum 5 divided by tpﬁé."%%}g@tﬁt}ve

bandw dth. 26. The device of claim25, wherein the effective bandw dth of
the virtual path equals an equival e?% bandwi dth of a virtual |ink produced
fromthe set of links by: 10 replacifng a serially connected pair of |inks

of the set by a first |4 n VA ui val ent .bandwi d equal to a
m ni mum of theilbandv%”n H‘tg%\goéjf kaﬁng%l]:l%ﬁ&e%%%e%?c%ﬁglpgpwgckﬁﬁl pair of
| i nks ofsadee cfeta coetreetiednaving papabiell iby @fsdaavkb new | i nk havi ng an

equi valiele RN A Ing Ay hoad s sYMLef nbhe hapdwdidls of the 1inks

repl aced; and repeating said acts of replacing on remaining |inks of the
set untGAMEIFEIRAK remmi ns, the one 20 remaining |ink being the virtual

links 27. The devieeti@fing & Msdlge el dethod dnlt NBENGARBELSERSE a _
determ ni n%n]gm n‘%l1 usage forf.each | ink, trr]xg b%ﬁdvvl dth of a specific link
bei ng & ¥4 harrinh PR BFeD5LLRE s BRE FEE PPN RAGSEL T HbTi b usage of
the spesidde piinke B8indhprdpeirctcahlckal m 23m wiienaiayd heriaeds of billing
appor tigns neguat portions gl.theptotal prige g the, {iratoand second node
| ocati ons i'n " response $o e 6 noge I"0Cat i"ons "bél“ongi ng To diYferent
bi Il i npcleaslsssations;
10 collecting traffic data for an amount of data
transported between the first and second node locations;
and
calculating a total price equal to the amount of
data transported times the usage price per unit

15 bandwidth.

2. The method of claim 1, wherein the set
comprises shortest paths of links between the first and

second node locations.

3. The method of claim 1, further comprising:
20 apportioning the total price between the first and
second locations.

4. The methed of claim 1, wherein the act of
apportioning includes using a price responsibility level

matrix to determine the apportionment of the total price.

25 5. The method of claim 3, wherein the act of
apportioning includes:
deciding which of the first or second node
locations is responsible for initiating the data
transport therebetween; and
30 apportioning the total price to the responsible
node address.



WD 00133229 - 25 '~ 9 M AY 2003 PCT/ US99/ 28763 29. The device of claim 22,
"wherein the act of collecting traffic data conprises: rec® Qi pAYHNARaffic

data fro f collection units distributed in the ne ‘ff%'ryu &
r enovi ngr%gt?gflgiengounti ng of traffic fromthe received traffic dsgt gﬁ%go. The

device of claim 23, wherein the act of apportioning includes: deciding
whi ch of the first or second node _1Q¢l qQcations is responsible for
initiating the data transport therebetween; and apportioning the total

price to the responsihlenaedeal 0eatifim 1A5:uAYnds. AbmikiAd .. AL5% Al
A5, AF.AH AT, ALA ,A&+Y.A#.A?§%AnﬂA55l FR, A5l . A;7&568;

ATF A A
>ADGcdBC| wr mhc O (R BET £8P cal e TE&]’EaPE&]i&éFEQ] 8%] EBPcYL&EME] ca] caU] ca
] cha] capaahcalna] ashed ehaldec ajer* aldic* ajariduddsh Heing thé® dum
divided by the effective bandwidth.

5 7. The method of claim 6, wherein the effective
bandwidth of the wvirtual path equals an equivalent
bandwidth of a wvirtual link produced from the set of
links by:

replacing a serially connected pair of links of
10 the set by a first new link having an equivalent
bandwidth equal to a minimum of the bandwidths 'of the
links replaced; and
replacing a pair of links of the set connected in
parallel by a second new link having an equivalent
15 bandwidth equal to a sum of the bandwidths of the links
replaced; and
repeating said acts of replacing on remaining
links of the set until one link remains, the one

remaining link being the virtual link.

20 8. The method of claim 1, further comprising:
determining nominal usage for each link, the bandwidth of
a specific link being a full bandwidth of the specific

link times the nominal usage of the specific link.

9. The method of claim 3, wherein the act of
25 -billing apportions unequal portions of the total price to
the first and second node locations in response to the

node locations belonging to different billing classes.

10. The method of claim 2, wherein the act of
collecting traffic data comprises:
30 retrieving the traffic data from a set of

collection units distributed in the network; and
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transported from the first node address to the second
node location;
calculating a total price for the data
transported, the total price being the usage price per
15 unit bandwidth times the amount of data transported; and
apportioning the total price between the first and
second node locations according to one of a price

responsibility matrix and a rate plan.

12. The method of claim 11, wherein the act of
20 apportioning includes:
deciding which of the first or second node
locations is responsible for initiating the data
transport therebetween; and
apportioning the total price to the responsible
25 node location.

13. The method of claim 11, wherein the usage
price per unit bandwidth is proportional to a sum of
usage prices of a set of links of shortest paths between
the first and second node lcocations.
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pezi replacing a pair of links of the set connected in
parallel by a second new link having an equivalent
15 bandwidth equal to a sum of the bandwidths of the links
replaced; and
repeating said acts of replacing on remaining
links of the set until one link remains, the one

remaining link being the virtual link.

20 16. The method of claim 13, further comprising:
measuring nominal usage data for each link of the
set; and
defining the bandwidth of each specific link to be
a full bandwidth of the specific link times the nominal

25 usage of the specific link.

17. The method of claim 11, wherein the act of
collecting traffic data comprises:
receiving the traffic data from a set of
collection units distributed in the network; and
30 removing double counting of traffic from the
received traffic data.
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locations; and
10 a subsystem coupled to receive the data
accumulated by the collection units and adapted to
determine a total price for data transported from a first
to a second node location, the total price being the
amount of data transported from the first to the second
15 node location times a usage price for a virtual path

between said first and second node locations.

19. The system of claim 18, wherein the subsystem
is adapted to produce billing information for a
particular node location based on the total prices for
20 data transported from the particular node location to
other node locations.

20. The system of claim 19, wherein the subsystem
is adapted to apportion the total prices between the
first and second nede locations of each pair based on

25 billing classes of the node locations.
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billing users according to their use of a network the
network having a plurality of links interconnecting a
5 plurality of node locations, the method comprising:
determining a usage price per unit bandwidth for a
virtual path between first and second node locations, the
usage price being proportional to a sum of usage prices
of links of a set of paths between the first and second
10 node locations;
collecting traffic data for an amount of data
transported between the first and second node locations;
and
calculating a total price equal to the amount of
15 data transported times the usage price per unit
bandwidth.

22. The device of claim 21, wherein the set
comprises shortest paths of links between the first and
second node locations.

20 23. The device of claim 21, the method further
comprising:
apportioning the total price between the first and
second locations.

24. The device of claim 21, wherein the act of
25 .apportioning includes using a price response matrix to
determine the apportionment of the total usage.
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links by:
10 replacing a serially connected pair of links of
the set by a first new link having an equivalent
bandwidth equal to a minimum of the bandwidths of the
links replaced; and
replacing a pair of links of the set connected in
15 parallel by a second new link having an equivalent
bandwidth equal to a sum of the bandwidths of the links
replaced; and
repeating said acts of replacing on remaining
links of the set until one link remains, the one

20 remaining link being the virtual link.

27. The device of claim 21, the method further
comprising:
determining nominal usage for each link, the
bandwidth of a specific link being a full bandwidth of
25 the specific link times the nominal usage of the specific
. link.

28. The device of claim 23, wherein the act of
billing apportions unequal portions of the total price to
the first and second node locations in response to the

30 node locations belonging to different billing classes.
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