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BILLING BASED ON NETWORK USE This application clains the benefit of U S 5

Prbvi si oP OABM2P cati on No. 60/ 111,008, filed Decenber 4, 1BEB/USEN2%63 ound

of the Invention This invention relates generally to network control and

managenment and) mare particularly) to billing network 1 . ently,

wi de area networks (WAN' s) have achi®ved an enor nous pog‘ mwmmmmm

popul arity of WAN's is, at |least, partially due to thei

i nt er connect operations globally and to performa variety of*%¥¢icti ons

rapi dly and econom cally. The functrons perforned by 15 WAN' s i nclude data
transport; forABLS 3 3 i BTHOR Zge transport;

aanlig

conf erenci ng; 3ag sSgapahen: qoﬁaepame@h%ene@atta%sa jgincti ons can

require the transpor r ge anounts of data across the network. The

t r andpdreVorS 1oy %Pr%hh‘?étb?md%l?a 684 Wdde P& STigrd iReAE™RAR Bandwi dth .
Users alssm enploy WAN' s for the distribution of data to groups of other
users. One type of distribution is advertising where a | arge group of users
will receive the distributed data A second type of distribution is 25

net wor k conf erenci ng, Berk meonrng, which targets a
wel | -defi ”edrgﬂt R {ozgr%fa_est ﬁ{eﬁg 1% RS %f %’téé’” [-3,€l ectronic
mai | directe 0a group of “Fecl exanp e enp oyees of a

conpangndDimanddanarsnsandy reye| permanémrslsmortcofb:rlalr:geg 30etwoukt s of data
el LYiher yhecause thaydalon), | @{ae Q?QHpﬁe%o*ﬁéal AN Ons Agﬁedata I ntensive

applicati such as, video or ti1 medi a_ appl ggpularlty of
WAN' s ﬁ@blﬁﬁf@chraét ﬁwm@ﬁswom%gélama ihee iyl azitse P EeWAB(S probi ens

Wi th maisnt aiching stuf fd Lhend1 WWNue 209c MAY r2R3 11t W 33dRecr 2
PCTI US991 28763 bandw dt partrcularl due to the proli ation of the
| nt er nEPSZAF %ﬁﬂﬁnéiqgﬁihﬁn?%ﬁtFBnge ﬁé“b@nV@ﬁ¥§%¥ Q#u#%%%?h?ﬁéss of
WAN' s Ira@mr\odw@l foneDEA 1 DY | edThacfease ionshgedviciidedisiage by
I ndig/i gURl 5 19R8 e WS | MELRES8 DS BLPRLARELY | AT easgd, the
and video data; message transport; conferencing; and
searches of data bases. Each of these functions can
reqguire the transport of large amounts cf 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 regquire 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
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cost of WAN's to businesses relying on them The uncontroll 62(ng Me\e/aggo%n
bandw dt as given businesses two choices. Either ac 9% | Ng
and eversyﬁﬁﬁggﬁgne by enpl oyee-users including the need toﬁﬁgbsay zgie and
nore for WAN services or restrict many WAN services from enpl oy-users to
control costs. Presently, businesses,are unable to control bandw dth usage
by enpl oyee-users without strongly |IiTmting access to many conveni ent WAN
featur : j [ dwidthy, u : S ed from
undiscﬁ%Frﬁgﬁiggt%%ggg?ﬁf%ﬁgpdggglqﬁhent f négﬁ%g%ﬁ#égtégngh%hat use
WAN's:Tnﬁﬁﬁﬂ%%eﬁ@diﬁvemmﬁéﬁei§P§ﬂﬁ§ﬁﬂ&9Q%)overconing, or, at |east,

reduci ng t hered feshventeRBE BhaNDER FRfl et 2 RIQP! §NRasebrbattBgabove.

Summary In a first_aspect, the invention prqvides a methodq.of billing users
accor didfy ‘{I?)C?fh"e??lﬁé b?‘céeﬁéﬁmbf‘-k%&ﬁﬁg’%{ét JaFfasty ngFKFF‘P?Eof l'i nks

i Nt escamwed | noried 25i ptveaket pasf snbde dmdatlilonsindheasethodei ncl udes
determ ni e price per unit bandwidth fqr, a virtual path between
first éﬁﬁﬂgééaﬁﬁﬁﬁoﬁet?o%ﬁg?BﬁgfefoF%ggﬁdigQH:%Q?%'dé% €for an anount of
dat a t narsporteld edt iwenedbe finr bandwd &dcorshigwode$ ogavenns. The usage 30
price i r oportlo m ot,. e I.Ges I a set of paths
betweeé%#%?%%%% gﬁ% é@%gﬁ§ghodglF%%gﬂ#§%§5EHé§¥é§£§% %%go i ncl udes

cal cul anvenythimg adopeike eypndbyee -usersnoumetl uiingat the rassgorted tines the

usaﬂ@gg&é@%&eer A4 tnA0dL At fan 5 WRi10¥/3322% a5 131 20 RaMpYWRQ03

PCTNS 763 In_a second aspect, the invention provides a nethod of
bi | | i nfaURSEree ckerdi aEP oYt HERFSUSLYETE TR L GRsthr k. PTRESRELWor k has a

pl ural idys0fedddkSat @t @rgONECEDI egnatrdlemhdmmd@sé%@abyons. The net hod
5 includes determ ning a usa rice @pg_unit bandwi dth for transmtting
ati

e
data b 4% TSI R LERONE ROABTEAYAM NS LI 3ECeT Ag P BRFY ¢ data f or
t he amustvenfi«dat awaw afspouted.fromthe first node | ocation to the second

node. | ocat i and calcul ating_a.to r f.ar._the dat Q,tragnsported.
Thef?otal p?ﬁg% %%c¥%%s%§ab% %?P%@légb @ﬁ%é eﬁ%ﬁﬁcﬁ%s$i§%%u%%ggannunt of
dat a t famsportdadsc ikl ned hodthbgde incltite sleyspomniemi ngt thewt ot al price

betwee%qé#%%ééf&ﬁsa@ﬁaéeﬁggdWﬂﬁd locations according to either a price
[

responsi ity matrix or a rate plan. 15 In a third aspect, the invention
al so provi dé g Rresprbgi ANeBEdPRgAE SISHIES tE&Tc dR MYV aF-@Reedt aBFe program

The pregr ampNcodesahdshy Ueht 0RS rhetReEIf0INONRE Alothesabene- descri bed
rs_according to their use of a network. 20 In a

met hods of billing use

fou?ﬁhgiﬂﬁﬁﬁTst?ékiﬁ?éﬁ?iﬁﬁoﬁFovides a systemfor billing users according
to their use of a network. The network has a plurality of |inks

i nterconnecting a plurality of n%ggi%¥€% | east two of the nodes have node
| ocati ons. The systemincludes a ' ality of collection units and a
subsyst em coupffadat dirsceiaspradie ddta deYeRblaneBreyides colMeaddiddn units

Each cold ggtiondinitets goUBLEANLOLR oRANALEd idKk 9fndbgoprt work to
accunmul ate traffic data on_data raniponted over the cougled i nk and

betweeﬁqﬁﬂqggwﬁrmoggg_aTﬁéurality 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 between 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.



. the netmnrk of, FI

.. 30 subsystemis adapted to determ ne a total price for datazgu ngg
froma first to a second node |location. The total price is f
data tran%M¥BA%romfirst . to the second node | ocation tfﬂ@sawll%’&be
price per unit bandwi dth for a virtual path between the first and second 35
node | ocati ons. WO 00/33229 - 4 2 9 MAY Z003 PCT/ US991 28763 Bri ef
Description of the Drawi ngs O her dbjedts features, and advantages of the
i nvention will RQe apparent fromthe follown descrl tign taken together
with the dramﬁnS? Pn SHTPOT APRaE 1S HIRES th?@hPF§VéPeﬁlégran1of an
exenpl ame treddvas K ; bElIinéBJSQﬁWSaacﬁbﬁllhgr mg thestreidafe @f 1d ng users of
fl.aw.chart illustrating a

FIG,2A is_a veI
10 met héd Or}%jet GWW rf?%‘bw?ﬁlé ﬁ%ﬁi ﬁaPE'ug Xf tfhéfﬁri]ﬁﬁ(s of the network of
FI G 1Blr1tle(3:cczmecstmgu@m least tWov\nctiar tloclaltusmrsatl Mnea megtiod f or

. billi I e of
equat?gﬁg&?égiu%ﬁt%i&%é c%ng%\?% g%gg pgk\c/;r‘ﬁiﬁam%at cttqusxig%n pairs of
netmorktMﬁﬂ§W%ﬁﬁﬁﬁﬁnﬁ@qﬁl¢$?¥32n ﬁ}EFtSBn§h6ﬁ§°Fﬁe truction of a

virtual 1patdt foris a2 RI1éONiNg eractyver &ahavmg fthee anduss; df @addh shows
{he sie o et er ning, e, Cotel, 2080, cecand apeofiandathe Lotal price
col | ect innglet Nadddcigtat and @ald:xmkasmgl hecbtan piitce fdd Ghe dﬁma/vs t he
om0 St oot pLL G oL ots! B s T D P LG 0
and 4. bandwidth times the amount of data transported. The
method also includes apportioning the total price between
the first and second node locations according to either a
price responsibility 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 metheds of billing users according to
their use cf 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.



Description of the Preferred Enbodi nents The enbodi nents H&%M%ZQQ@S

and appargbwgsse 30 accounting and billing the use of a WApttekywigdses O
separate network node | ocations and/or users. Accordingly, the nethod and

apparatus nmake users accountable for their usage | evels thereby encouragi ng
nore efficient use of network resourges. WO 00133229 - 5 ~e ~ ~a,;:..i
"ft;7~ -;,p_ PCINS99/287G3 FIG | A shows a network 10 having a plurality of
links 12-22 and a pBunafi tDe=afrinetivr lohodee | Deakings A ' D. The |inks
12-22 form pat whi gh. cannect the vari net wor k nodes | ocations A-D.
Each link 1 hagﬁéﬁ" o §Cba?sesc8tcsf’at %atu%%%% pg‘f{@ea?wnfi??ﬁ& e | capacity of
that |iimventi@n vwEath benkppazkso Hfaeoma the | fchaivialy eddsadiwdi bnBF1, whi ch

i's the Ry [y rég%&?%{,i%gtkhrzggggrgggngsn in HRledn, the usage price of a

link 17s I'nclude costs~™and may include a desired profit. The
cost® include BpEratiPfnghdng dwdricambrvel ndiagsaaneé evsexesblary |ink 1.
Sever alph4afpaths will typically connect pairs of the network node

| ocations A-D. _For exanple) three paths 15 forned fromthe respective sets
of links 12-1aFIfi-nkd FROWE PR tiRG AB- SpSteBnhett PEhé 1RSt wor k node
| ocat i oA & the pathsrrospeetingia;pair of the node | ocations A-D may

have different ngt.hs,. e.g.,. nunbers of. | i nk ut , each i.r of node
| ocations A-D ﬁig'atzgeclso 51{(??}‘32%"%0 ‘%)Ja?%sc%fghlﬁg}lgtﬁgﬁilﬁlﬁnﬁn nunber of
i k& f2t2@d For tdet panindhgnode howahkdnsisdgeCoft hehepaltirskd asfred by |inks
12-14 apd %ﬁ'ﬂdﬁ? c}?-gf?hayg,thr ee links and are the shortest paths

t e

connecti ng e nod ocations’A and C. In the network 10, a path transmts
dat a between iF§G252&ndsoianthsighifievwsdactlowrenattt helnetwockngoa s

| nessefidedlod & PPECRS! G5 8PBOBLERE! n ERRINCHRNIA) Wiy diave different

t opol ogi es and _function erent ways. The [inks 12-22 y use
di fferent typeBl6ft Rér dhaws IdhastsQictal eddyabionpovpgulating the

i 1Ust con@ i P d 08F NG System 3Patar pdetrled pangPidd ing wiatia for usage
of the ng&v\@rk 10, of FIG _IA _Sone of the links 13, 21, 16, 20, 14 have an

associ &f 9% IMY i ¥1S82-36, which accunul ates 35 traffic data for the
associ ated |i nRIGTheH shicfisc tdat @onstruction of a virtual path

for a portion of a network having five links;
FIG. 4A shows ths step cf 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
)5 level 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
separate 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.



~2 9 MAY Zpp3 - 6 provides nunbers of bytes of data that t?_ﬁeﬂaﬁﬁi‘_p‘ﬁimﬁgd
link 13, 16, 20, 21, 14 transnitted between source and destinatl users
during an %PO4RMti on period. The users may, for exanpl e, Sg:q't%%g{z@'fﬁl ons
on machines 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 of networ k nddé | ocations A-D. Fromthe traffic
data over the Ii ké

12-22 associated with packet transm ssi.qns, gne can 10
deterni ne the data tri@f ?EOVFaﬁsﬁe?f"g%%bgpmgéxlggcﬁ lgzl"’,lr lq:t}heaﬁetwork
node | ocatin&ss 12-R2 Erel eoldlectaloit i sn8w@tk pevdedlcaht yosend-t heir
accunul ated f i tia t I t i , ixgnat ed
corrputerbﬁavitrrﬁ;@3 all(rﬁle}%a\;\olfzk #n‘?e%(ig%' The c.olﬁpéx?ocr:t st %y\sffggfd%@)g% uses the
traffic BEENORH nogepdseddenTid ., thrchiakink sl udael @@ deternine the

» average Hikbi3altieeN uaRfe §AGId ifte WG dife tmﬂm@‘%@ﬂwse@l bandwi dt h
over a period_qof tine divided b ,tue fuh bEndw dt h. rein, .the used
bandwi dt RPRE Féf¥r led Go aB25H ﬁﬁ@ nonensP BaRdfi donl §é’@c}2‘(ﬁb]ﬁ1e

col | ecti pandwhslyst &P 37wHseR tbBetHat aakdmdet daphne atthke thiriciesh fidte
transm’t#i.ln1 data in accordance wth the invention. In some enbodi nents,
billing r$7per f or med by a separate billing subsystem 38. The billing
subsyst em 38 25 Heye per f ohen aspoet poncef othe Henkr i nst ided iofed heo

i nforynat i d faqr billing. . I, erhodi ; bi I}y ng subsystem 38
receil\r}%skQgtlgﬁﬁs(gg%ftc%r3 algﬁ Iq%ﬁfg J?]rcgl%ne or rrlt)@s:'l(g\i i%ﬁ‘%%g‘_f or tbgsystems 37. An
i nt er f ac@088s41NcINNEC OPeFAEH N INestdwar aurAnd /30r 3va Becepanpe of the

associ at gdskisnks 18e 34nKkl6,. 20, 14. Each collection unit 32-36 is simlar
in construction and function. The collection upnits 32-36 may, for exanple,
be real-ti me nom¥GRTRY IRVONP2PRBLEEL L TREPLERE &¥t FRETERICt PRFEhQludes a

pr ocessot h40nantoz k3Nt ade\die Md. Tiproaeagsos, 4nobsepdesst he

REPLQQENEy;mggE%¥om the respective sets of links 12-14, links 15-

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., numbexrs of links,
but each pair of node locations A-D has a set cf 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 1its

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



~ 9 MAY 2003 WO 00/ 33229 PCT/ US99/ 28763 associated |link 21 azgiif ai ns
traffic data that identifies the anount of data transported o e 2003
associated link 21 and the data's sourcé and destination. The processor 40
wites accunul ated traffic data to the 5 nmenory device 42. Either, in
response to cues fromthe collector subsystem 37 or automatically, at
regul ar or specified tinme intervals, the processor 40 sends the accumul at ed

tT Laff'ﬁda:a rmrﬂaébenmsyodteg @@stﬂozf hgtsh@uacpltlh%craggoiéyé)@ébsl t tem 37t 10

e collecti u eracts w ol lection units
32-36 to ret :HQ\??e?s #? alzélt ;ﬁ trraé’lsF‘llEE%%lg‘Eerté‘@Ff’cs‘a‘é’f% £ %%y ocessed by
the collecti @gss',mbs’ymrem%ESt dueinyran dgtamabaiiromcperebd m ridtee dupl i cati on,

and det er m ngsaeyr gy Anchdexhinpad | A & %9&§cat1§>r£§bagmw@umsofae§sed data,
the coll ection subsxstem 37 gener ates detail %g on bandw dt h usage for

billing. Bl GBRT3ACRHY Zﬁtéf’roé NRE |]&F€|thP6VV)i\ Thar £8% Ffustr ating a net hod
48, 51 for bicollagtigernmnidgls BRe3fetsvoniffioighowe drtEtGnelBhe2C FIG 2A s

a high-1evel dtalcgwcﬁmfltc Iddelfsrew&l;ﬁ&habeew&d é%aﬁeroﬂ%ﬁwﬂw ng the
nom nal usage §8 #he |J nks 18 22_ of t i.n El GkFlB At
|

bl ok 49, ¢ nEodt 1SR st ariory <08 PERYEIS sale EE % AdRkene 1 nks
12-22 over alprédeaesenigdgdt Wikh jradked. tTarsnispdons, peitd gdncan be any

period | ong aeesghuteo tHeelkdtst efd sticCaraAMRItAGR YsBgeeralath bairexanple, a
day, or m)nth eg__clwg) %0 the col l. ect50£ @ubsystem 37 determ nes the
1

nominal utilf za °% ]é%.CC tlI°|nnk 22 fromthe collected traffic

data. The noni naI ulehIel gatleation eaéhs 3P 136nre1dodirgld vt enpethidt age
utilization atctbgldddd thamdwe ddt0fcot Becdl Hethb2- 2dbayatengad, over the

p edet et ned UL oo B g8 PR ORI e PR, ik pEat o of et
full bandhi dfhe ofo}IREHAINRURSY RS 37t Haes tvvs GopESPoglatay for tyor ~~~3
i:) purposes. First, the data is used to determine the
average utilization S of each link, which is the measured
used bandwidth over a period of time divided by the full
bandwidth. Herein, the used bandwidth is referred to as
20 the nominal bandwidth. Second, the collection subsystem
37 uses the data to determine the prices for transmitting
data in accordance with the invention.
In some embodiments, billing is performed by a
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 43-47 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 a

35 memory device 42. The processor 40 observes the
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. PCT/ US99I 28763 noni nal bandwidth Bl is a used bandwi dth of 2theMAY0D
averaged over the predeterm ned tine period of block 49 of %ﬁ%@ for all
ttansmi ssVOM3R2r the network. The enbodi ments enpl oy the (28783nk
bandwi dths to 5 determine prices to charge users for transporting data
communi cati ons between two endpoi nt The prices include a portion for
mai nt enance, operation, and infrastructure costs and a portion for desired
profits, FLG .2kl §1akhbg ah8V8bebligl Ghaldeid 148y Ahigg @ 10 method 51 for
det er mi i ng prices bi Tl ers pairs of nodes for their usage of the
net wor klclm%hémsmhﬁl anomst mf @a@@ktsznsmﬁt@ﬁ |asceortkeibsyst em 37

sel ect sadsp@dcOF $9HKCE1aAAqdeRkI BAkA0R BRAR-dDGRId WSst {04t £XRNPI e nodes
A, C. At block 53, the collector subSﬁstegnw 37 finds the set of paths

bet weer hePE2FREFRE LBUNELLERI2GER tédE 1odTdns® APE having the

smal Isesﬁemmgbede@icélmhs 12123erl en, redposie testoyad hsrodredlgering to FIG
source ation rode Ioc i ons ath fornmed of

f t
I i nksorl?{lf.e%'f‘l%lrtﬂ iﬁsﬁﬁ?'h oPFred 5P RRd S5 bﬂé’s - 1r7e§h"é£/aer smal | est
nunber sfedinksd Theecohteetalssubhgspencessorefdr ai)ér;dsentmfnys t he Dykstra

et of DT LLICsATRERE R C  faRE' 90, REECKRREG Pl dEmd A% M T

constrlmlsl%tCWIt%FabSpathme@m the set of shortest paths fromblock 52. A

Vi rwal path i gpra RahN L&fiRed e} dised W07 endpol-atssandca Br heeuper byte
Pvp for data transmtted between these endpoints. The collector Subsystem

37 det i FRELFHI PBr UBRER viT BRaFOpAERTAEYR & T0 Dridfet i SN®f the | i nks

12- 22, ﬁétl\f\iéxl'ecﬂ)etﬂa5§U§S@Qt§ehQV\/prAEeb|s@@kb%,tﬂ&%&loﬂéwiddlg units 32-36
collect traffic d %a on the arrﬁunt data transm.tited over the |links 13, 21,

16, 20,SUPYETR| Af ebCt ARFBAFt A2CFh8CSETEFXr £ i TR ves the nunber of
byt es tdwgpisindt 2on pnahiedet @r@ivAYsourceV\ONA0 &I A at ion &§3}§99128763

assogi dI| 13 1, 16, .2 14. as t.i_on _of sor d destination
nodg% g%sg ?A—Ef)i.'ogl'h s%gl ‘flaég oFlh%nlctg%fl%%% 1'laC(I:lub iy t e traffic data
over a%mﬁtepﬁe@leteihﬂede@aperPodbﬁnétﬂld;‘f,humlﬁ@lg@t e?ebrt d)ltlrﬁe-*tgrre 5 period

associ ated vmtlgllg;lsoclépﬁ%ndT% tar]gg‘ fﬂq%kg_alt@\,éfuugg‘gt erat-pes the anount of
data transmtted over each as a Tunction of source and destination

node | ottt W%n"f‘tﬁ%t]fl?ﬁfﬁ?c dat 497t R 1% M5HT S bsyidtem 37 can

det er m me: ek t DO akhawBunh picdatls. pa55| ng between an 10 ordered pair of
nodg | ocati ons Thus S the data transported between
each’sel ect ed E&@ céfand @e&’l%ﬁleve %ggvllo%%‘?fﬁnsﬁl’fl 8?{ il &, A C,
over ametlioksid2£@2. dénernbhangstAepnoby nelmuissget et ttrlaefflln“}cwer vari ous
ks 1522, WL Doyt ﬁgy%f}&%n hon! L8l bizes that, 15, has danavgd ed over more

than one lin aving a coll ecting unit - 36 he collecting units
32-36 prisi ol Laotgh ﬁbbﬁmgema@a seligat st ﬁéac,fcﬁ-JCec%sra sty stleen 37 can

avoi d dpmk@ ﬁ@“@i'BGeEhQ %aaﬁeeemme@atua@ pRMebd hougte semed al
col | ctlng its -36 20

coL LECLLNS, 4t L2, 2250, 20 haverepart ed Lhe, Sae cqtuL callonln one
source aa«mlraj@stmgageoﬁaﬂadefbmcakampaeprawdda@s tdre maxttth ng Aata used to
avoi d QQH9h§ §&PHEBQQCO11ector subsystem 37 determines the
nominal utilization S,,-S,, of each link 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
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At block 56, the collector subsystem 37 determnes 25 a tot aI rice

data sentW@8MHN a sel ect ed pair of source and desti nati onPGHHEIYIEEE i ons
Kvp fromthe fornula Kvp = (Pvp) (Avp) . Pvp will have already been
determined, at block 54, as will be described below. At block 57) the

coll ector or billing subsystem 37, 38 -apportions the 30 total price for
data sent between the sel ected pair of node | ocations Kvp between the

sel ect BAMHER SRASBIALEN dhd It 4Rt PRROUEIFBCcati BRS ALnE Based on the
| ocat i ateraged vaéisaihe§|§ﬁ§@§te§ﬂﬁ$néﬂ| teaileObertida Idﬂ 9 sapsyst em 37, 38

produce | i nf or tlon istin rices apportioned o each node
| ocat i 8% glllln‘s %’rreflocrasae]s ?ﬁ%nsmW6%P§3§¥§r %?’6 nf% qﬁ&Y 1[
PC fl L&Bb%m&trsordmp)lm)ofthélenemiahl phnk Kapdbiidites ttm an node | ocation

is 100 p newi used, i.e

Wi t% A% QE;F \éplgoh e%t'r aéoc? %ﬂl%ﬁ’ ng %?J%sys %gntspgéjﬁ % é%)@‘?l i ng

i nforne@mmnntlﬁ@tm@morharomemotw emipesnt:e eab“hen@dec@s userludeg., a list
of theateEelueH G K B edigc bl |%89at%9r nahaoenlf%a%t&r&dcd a dat abase

for latef use by an adm nistrator o_may actually rmake bills for nodes A-D
or usefQSt$0aPAGE PREHRR Fosydeehied @ﬁ@ﬁtlFéns 59-62, which enabl es an

iterative deterninapbonsoh hhghpnepeilt imewicHdre: vuwetr@em ak bl ock 54
of FIG 2 gqgat on. 59 states that.the nonbn?é bandw dt h Bll+12 of two
t

i Aks TBFPRSt As) TP, 495 STRHMERY ot T heSef P qHEFS St RE MAiTRim of 15 the
nom nabf bandwisdtflos Bhe:x,r Bi2agpd¢ dhethaonetwokk 10, shdwn Equati®n 60 states
that t nogin n Bl1l+ f | Lnks p hs) 11 I2 coupled in
paral | el |§Et %qgiﬁ%% erﬁﬁéﬁ% Q%En%ﬁ#aY% %E (ﬁ "S 1% Iinks 11 12
. Equapéamn 6f statres tdmi dé\@tmtgeoxprn@éeClcteaz1ohsu5|fn>gr two 20 | i nks (or
pat hs) 2 er «on t S e . Us C11, Ci12
aSSOCI%%% plE o@%&ﬁ¥il (gg@ éﬁ%ﬁk $§ tﬁE”E%I%%E g %%gi at the

pr iLtée ﬁ@pfépﬁsdéhﬁaﬁ§QM92rﬁﬁﬁh@i@etW%?nekéﬁpB@}ecﬁédu§@Wﬂﬁ?\ﬁﬁ@ual pat h
I's theisspiahrtibe WsRGE WdLesokd £ Orcushfgnghenki Bks128st of the virtual

path divided b he nom hal_bandw dth Bvp of the vir path. An iterative
proced%?@b85t8¥ ﬁ@§%tﬁ§\ﬁ%ttﬁﬂepatﬂh§ %Bﬁfﬁﬁ?thﬁ&%ﬁdth Bvp. The
pr OCGdRJéEeﬁpﬁ)hQGSOeCﬂIG‘HI airs, Sﬁbr 6hé osdhecki aha déstheaah@rrt asidegat hs

betvve r est| rL |pn node_Locat 3 be descri bed
bel ow % ‘équa i o Thab! %‘nef ﬁe er?n“‘l‘n«gm l}or operties of
théOV|p@uhlfpamhdapLMHmﬁ<Iﬁhkﬂ I5{17ZhaﬁetheBsmaﬂ&eStameetmhe

constrygti opal !t Ay iddual O3t Newidly BLOGka 94p0L tELGo1 2. ohibildis 11T ustrated
35 exarrple e set of s ortest paths i1ncl UdeS Five ks
bycstra algorithm, which 1s known to persons

practiced in this field, to find the set of shortest
paths. At block 54, the collector subsystem 37

5 constructs a virtual path from the set of shortest paths
from block 52. A virtual path 1s a path defined by its
two endpoints and a price per byte P,, 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



- - 2~ M~ 20D3 . - 11 5 between the source and desti natzog Mcﬁl! RQQ%H ons
S, D. First one conbines links 1, 2 and uses equations 61, 3Ato
det er m neHS33¢Re usage price Cl1l+i z andnom nal bandwi dth Pﬁggggﬁkﬁs
associ at ed vvrth the path 6 are5C1+Cz and min{Bl, B2}, respectively. Next,
one conbineslinks 3, 9 to obtain thay the usage price Cl3+i 9 andnom nal
bandwi dt h B13+ia associated with the path 7 areC3+C4 and m n{B3, B4},
respect t, ombj,nesthe t Lt path 8 and the
associ a%¥§£%r1ag‘§ O%ﬁ n&% g?ll bzr?nggﬁhh%%nﬁ equﬁtﬁrﬁé 61, 60 of FIG

3A. Fi nasbyrcenandodisistdaatiison moged karatans &1 obtk€n thevirtual path
repr eseB???th%ﬂU%'l%S 39 -het weenmadal Oaatd ang i ARk anvéheaassoci at ed
val ues usageprice Cvp and noni nal bandw dth Thus, the_links

11- 1515%?60}'1%?5??@&9?“\%6‘@& REFIRF (dfta t’e?jl‘&}“%ﬁ‘ﬁp#p%ﬁ%gt%q‘i?é‘h%h@%9 61 unti |

only @?ﬁe?i&@%b!@cﬂ&ﬁ:lédr TR plothersanni Mg wfdfeiid Wiatpatthus t he virtual
pat h enom nal dw dt h and e the rem ni.ng. pa a henom nal
bandvvl dERCBYPLERE Gglggér‘ﬁl"’lnc?e Oé\?é%f %hre tet Gpa ar%% %?l%e per byte
Pvp al | agakeduhatsendiofy s@batraiseta\me?erdas’.tentamqmdesis kochiDioRSt hen t he
usage price Ounloly Usloo plbelbnischn the ubiiushopatlindididsd 3y

nom nal bandw dt'h e virtua he co ector subsystem 37 enpl oys
the iterani det25mpm@c@@t¢r éO@falFladHOLE’B: tQ)f R Rafe i RREYeSPrite Cvp and

nomnal oPé@Q%de Féveff %dtehqovaarttlt@ts parh befkw@n Aheisekeet edrpair of
node | ocati ons

bl ock 54 of FIG 2B col | ector_subsyst em 37 only
uses th@fkﬁbﬁhdé§égéra}§’rsP@éf§e@ ?@?e&hfarﬁﬂnsr?gt Ct?aerfgvﬁ"?l‘t‘h% Igngz of the
| inks 3Qed2i33thend@iRlemirR dtheny .| perxdmdle Pup, of, tdeewiathyal path.
However the nom nal bandw dt hs Bl 2- 22 are not ktﬂé) 1:a [ or| and
fu

initial Ly*8ne2anter s Five ARG Srtve Y F SN EYH 4 éﬁd V&t hs
BF12- BFQQrQBuethnJ}dsnhzlzzZmetcﬁnd rtbuhzﬂlé eudwrt iInghstysa £fi 7thdhen, the 35

coII r s bs 37 deter PLACEMVENT SHEET
£ fg @Bf’é'e@f’qb tr{%gar;rrer&hégﬂi@g ]fijaﬂ;néj %\;A a%ngPvp for each
node pacolbthzhagnemhad 3ar3ia 1 ustheateal lerRuEs WP s 3372 -3hd 3B. FIG 4A s

a flow ﬁ?éb&d@%bbh@%t rx%tdcrtqu%t hearst epsSofacalal @ing-tde total price for
data transm ssi onbetween a s€]l ect edloefalr of nods | ocati ons KVp and how

t hesyst 8HPSYSEE™38 Ta5Fsr BVsHS! Rt O T e iTPRf G 2B. At bl ock 66, a
sub- bl oekmaf:nklaek o34 Laee ﬁ@g&@evémroiébbéml@bsmstenﬁzhdet er n nes

the price_per bte Pv Of or sendin dat bet weep_t - |r of
noded% gf‘l n§e e ® e col Fie%t%r?su ??ﬂ "cal cul at es

Pvp by the |1beraatuo\ne adornste m]ilmruﬁlmgreumtrwhz J}J@twrbeeespeﬁtBB) At

bl ock” 6 ub bl LEIS i g 13801 4H8 SOLLERLEN the
subsystgrﬁlgg)% usogls %h q{rg:i I C %%a&fromthe coﬁllectl ng units 32-36to

cal cul areusiRg idaga tugedarfourvofd diRwPsento R34 - . source node | ocation

to a destinati of: npUgckosat i eRe TofllRd A sublkysterl 8ct aletstthsirsdem 37 suns
the data trafficover the paths between the sel ec]tc??tggugg?raggmdesti nation

node? oatPsAe RHHsutt Yo A & Bt i RYEWIRRcdI F2eT T ono uRi 36 provide
| nf or rratsbmrcenabid rdgasttrnetmiimtmdsubetysteqms?h\tpofa@m dheodlpirandaunt i ng,

ting age t af f i r r gcthen unit
32 36 t\%‘nr‘)‘te 2 %\é’ enbc%&‘i r‘r*;eclt1 ?%%c%r%%ﬁl;gies?éeﬁnﬁ%%vor ds doubl e

count i n@lwkaécﬁeptamgﬂlt]rlaﬂw cdmelltﬁénb%%%igl ePAsePeefbdSdol FBEt i on unit
32-36 far,y %@E&b%ﬁ“@ﬁc OIIIN: G4y SPem THE, S@é%ﬁ:ﬁ@r@@bhgcth@n unit 32-36

i sl ocate ent the sourte location of the co ati on30i_f a such

col | ¥t |t<9r‘Far}n|Hr13?£-’— Frexdats. sSerhpar¥eent hBsefe EEe oPP&&t Pén unit 32- 36
is | ocah@aeamct%rtoztmdgsséaateéﬁnthecateueattedr phlie bcfmmmrmt izomd
Thecol l ection unjits 32- 3¢ ovide ipfo tion enaplin | ect or
subsyst &RSFAR 1Rt é??ﬂ%el‘gﬂﬁ%‘th%‘?s ‘g ﬁrr??g §2°§5g% 9 ggg’ ed adj acent
t he soureRl fr desdrt el a9fe s or 'anenuum.eatounorREPLM:ENENubSHEET:m 2 9 MAC
28 37, 38 produces billing information listing prices

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



- 13, At block 69, a sub-block of block 56 (see Fig. 2B), 2tﬁe col I%ctgr
subsysterWQ'pO@éQ-érm nes the total price for sending data bePEEMP*YEE ect ed
pai r of source anddestination Kvp by multiplying the price per byte PvP
for5the pair by the anount of data transmitted. At bl ock 70,a sub-block of
bl ock 57 (see Fig. 2B), the collectd? orbilling subsystem 37, 38 bills a
portion of thedeferm ned total price KvP to t he source node IQcatl on Aof
the selPSEEPHLY ChhetPoRt| BHLEE Het Srirkibech %y 2N opPieel PESFSRE bility

I ev(el et I‘1IOO21( %)ﬁgo bIeIhdl s@uasegga:clewx Atscfjﬂpsg IZighatggbbb: Iock of bl ock
57 (se i the.collector, por_billing subsystem 37, ills
thererrzj‘a‘ﬁ‘dg‘f’l':Ptzl'ls 4752 of - The” f'%ﬁa‘f“”’pri ce KvP to thedestination node

| ocati on C of The S@Ilel@ttmsbrp@rr biAtlli5tyg cokbFPsteme38oblreciuaresor bil ling
subsys PERL e v 1 qt i CES

dat %{rtgﬁg‘pg 3 glgrtqﬁeen %%%%rt}ggﬁe%?éggggiabg g?ts?c}u?rzlca%d%gtl ng%l on

| ocat | oWpsteKRE THRe TRt hiods, 48, 169t @6 BheFreSal2 Rriz@® it -4A20eA&S e t he
entirepgasi, rreﬁ/&fHI&Icgﬁ y§es9éréaelﬂegwe5@%as%1%lfax.Fé{:m usB, to be
apporti onecf nong networ kusers. Using the_nom nal bandw dt h B1=BF1S1

i nst ea@YoIat'h@CMﬂfIl%?\%IWEt%thlﬂlayfBFtBééFIYI makel bigilestar t BPaRBri ce Kvp,
whi ch takegyd Rff@ecount the use of each link25in the network The sum of
t hese total prlces for tatrans ort between all pa e and

dest{ nat i onnodEFocat SREYRVR i3 S&fd‘élo‘{ oeqlh%tje?l’?ig égdé Hé’ enuef or use
of thEelfnebI]l@:I’é< arl hec wont hed detérmahaonenSbZ- SR2aperapdoniescally updat ed
onar C fog,t ha es gsage of the

i nks S,r ‘% <.??tskt@rg ggiégg}ﬁ %% gggg&gha? thg'%@'lo%ﬁnl%?oréland/ orbilling
subsystsem‘;e@ tisg r@m@lwhamaal bbandwgdphu Bes::t Gifr e tlepo® alcrhanges in

nomi na | z|at| ns he,n a r r I adj ust
the35ph gttla’fsé bil' e by§%ﬁg§§?%§ t§ e%&‘gﬁ’gﬁg p%raé%lslsé 1%@ rﬁlﬁ?ﬂ%lﬁe?%dl vi dual

i nks thepnamsnaf |kandwidthexBnpl B;: e ssWack dakedlhar Hwar e cost s,

etc. TheReLWR ks adii fi st ratof €88 AbsOnad] g@hdaﬂlhd%/ms bysthe sane or

di fferent REPLACEMENT SHEET -r  WOD_0Q/ 33729 - 9 ﬁ( go
PCT~USSSr¥S7 6P B3R ¥4 cht'i dn’ f SPPBLES bl 'at’e? Bf FEE the cost

of theofetomr kndmi: il bbhhdwidtAs qufl B,{ of Iuises’hl;[hsslﬂ exjbility enables
t racki ve;rlabl costsfor e he _li.nks 12-2 f 5 FIG 4B
il ustr% S8 et hod- 80° of'?:ao |%§%I ng %r anfll%léda - & "oﬁo ug%%kggi

assdi étl@dksw (tCI‘r thecleo) | kot ilon baveved cbrplegted. 18 bhecRuB20%it he

processol. 40 Aat g5y nes Ehe érgvuratss%l%aééa tyangnthtadiang ths source and
destination node 1ocationg fot* a 10 detected data transm ssi on on the

associ 8éd)l ilnk 21. Tﬁ@hﬁﬁé@és%r Sﬁétéb’t &g t9fee aovee dBta By r eadi ng t he

envel ope 1Qra e aeker r@égamdet%%eéxam@mém,s&loormseAttrm 0¢i<rt&4a1the processor
40 suns the ano%lﬁt of data for the detected nsm ssi on \g ga‘[qf) anount of
&t bhs.

data f PGS SHriehF otd™? n%lﬁ‘?sg?ﬁﬂg Bef‘ﬁﬁ@ncﬁh OLahe s At

bl otk 860ft theproressal gétstdiesdelebgunhien nontinad ¥ ilwaddvedth Bhe nenory
devi ce 42 1 c.file is. a. i S nunbers of
byt oo Crariia eittunl pathl | A i PRERE XU BRB s FPadt o ohay T

col um&hef et wad rP&thaﬁdn@@snﬁhabﬂéﬁWnéG@ Bosat i BAg Paperdupe rows of the

TR 1| gty U OChabBebhe B50CEESEL $Redlak s MStdes acptesel ect ed
accurul ation tinme has el apsed. At ck 90, i.n response to the presel ected

accunulP&Ghsh h??%e%vf-]ﬁ@ %P‘éﬁgédantihée§6llpé'€tl&n S st REREEOBF col | ect s

thes¢r afsf lmn‘llwefdggaszsearpéﬁaﬁor FQnEAll@r ptmduammlsgpegatuon Then,
t he praoce or 40 del etes the presel ect.ed accunulation tine has
I

t he
not el © (& prBc §§8Fmﬁﬂeréﬁﬁrﬁ§°§’8rl§l§€k BT hEE88&h accumul ati on
peri od paaxtl aﬁ bhecBOsg0obEeEIGON2units 32-36 create traffic files listing

t he anount of r tted be over the
associ aged Iin%g 135E§1fsﬁ11 trfoteéivﬁ%%t lsz EBQ%}% gfu%ﬂ{éfs FI/G 4A, rate
pl ans oridsiudl rgaclIlasaEdeIetErBﬂneft FEGap@ort ilonneme biluabresdedl 35 price
forBQate%cérﬁﬁ?,m éﬁéogepeg%BSHoQ@lers% %fat%%urﬁﬁ:ﬁ%s five links 1-
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KvP. A price responsibility level matrix PRL(S, D) inplenents tzh Y 2003
apportionnent for ' billing classes. Ratke plans assign billing liability
for the whole 5 price for a data transm ssion to a user responsible for
initiating the transm ssion. For exanple, the sender of electronic mail is
responsi bl e florbeserdnnghe hourgel and adesttiioetdbon aratle) dophtiens the Dahol e price

for the mail .p;Sigy,! @ﬁEYCorﬂﬂl%e'seﬂﬂﬁfé‘f’ 01r of aadd@ml Qadations afre® 10 network
server is res({)qe sI L\ﬁ for te down ﬁ'ﬁ %gl S, |Iled the whole price for
transnitting $he ‘Jownf o5 F5GHERR Whitta "BEsBS 2R RFAtEP GPpdr EPOnnent s of
usage prices nayninké bardwidid Pmi+ia asedcidtedetitbrkhasadd énavder ages

efficient 5use:1caf:2 tama aem\@f,k B;p e e € OUE PPl NBIek®, ULKE SEdmplihaed usage of
bandw dt h. Ref erkrl %oo %t he FE%Le matrix r9i4 dgt erm ngs t he percentage
of the total Pri€e kvP that ?rh Soldf e&° 1%5cati ok B"8nd desti nati on
| ocation A - monenaﬂhbawlrd s§m14aﬁé€l0%at‘q¢dt WétiKvide Paghcdl aphs 96 and rows

98 ng f)f t he RBL& ralar iélxmamﬁ IBélb,eh%@prtH?@l}bi I ang, Cérlib‘&ﬁ)'ﬁxb]}?lfbﬁ chL:?ect or

or billing sybsyst is, pro e_val ues t.he mat ri x
94 so that th eyg?gﬁ] p?7| 072% Sb?as“g amge? ﬁghth aaf)(%? f%%eeagpb s\een source
and dest ilfat iamd spmimal pkmnrdwaésbcfmneeqmpt:hormélr(vﬁo Thef I SAtries of PLR

9A4F9I \Iée t he F!Q:htamp, %ni%nﬁ)@hé& 1d1rr1kce Kug tnd |ﬁ(ﬂhtBBt@eokﬂ:&S.%Cltﬁéedbe)lurge
- or exa or_the source I nat | ) vp Is bille
q’p %{.1 5. é)\t[z;, I5e'p els)eﬁnzr ae%g/o gsaglorp Aé én d)

to source A and SOcCi at ed inatiton B . 30 Sone
enmbodi nent s dPC?ﬁeOPﬁv%rﬂﬁdoﬁ pad ety ra§t59°s@%ﬁ§’nc¥,alaﬂﬂ ‘?f}l‘%‘f@gﬁl l1ing classes

of node | ocatpir@as cebhend i i@tinallabsndwiclthdeg, .nodkusd oadie aasks or, et wor k

managi ng ge‘“ rgtlveflg §81%a ag §é'$ SYSEAY éz%ﬁ}ﬁg %%9@988% ass

i ncl udes node oca I oNs vers, respon o0 data
downl oad reqd@sfd PRiohh GeAdr ahe effeothyr 3y remagnsy ARG j ¢
/ U599l ZS?&BmBQM\@g le ifeetsve Theet H Hisr dhel wissuancpardes geneer al networ k

wsers. in addchigly SO BTROGhITHI S, Qﬁlﬂﬂeerfehaeﬁl éagﬁfﬁxsarﬁ £, as

types of genera user asses e cl ass designations. o erent
enbodi ment s é‘ﬁE‘bﬁ?égléa"SdePFPe’?‘én?“%sesrangﬁésc‘? &vrdtle tOef V&F'é‘l‘ﬂliy use the
net wor k 20. PhehPRLThmtpriixenpyr tlakte 6p allangeedftovakoésng alata

between the two nodes S and D is then the usage price Cyp
for using all links in the virtual path divided nominal

bandwidth Byp of the virtual path.
The collector subsystem 37 employs the iterative

25 procedure of FIG. 3B to determine the usage price Cyp and
nominal bandwidth Byp 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 Ci;;~Cz; and nominal bandwidths B;;-Bzz of the links

30 12-22 to determine the price per byte Pyp of the virtual
path. However, the nominal bandwidths Bi;-Bz; are not
known a priori, and initially, one enters the usage
prices Cy;3-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
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encourage various classes of users to be nore efficient. The »§ WYrmgonse
| evel matrix may be nodified 10 wwth tine to account for changes in costs
of mai nt-ai ning the network 10 and nonft® img configuration 30 of FIGS. | A
and 1B. The nodifications may produce a net profit or net break-even

rel ati onship between billi n%s for network usage and networ k nai nt enance
costs. The ndtpthealY die FSThay the Autfdfat PR i Frr ifGdePREN YOS net | oss or
br eakeven relmtiirobght pe heitdeansbi i1ingsaaed DRI FiGnaree 8mstand Such
automatic nodjfications may be perforned by the collector or billing
subsystem 37,” 38 of FIG 1B. FIG_ 6 shows the an enbodi ment 112 of the 20
col I ector subsyst emEFF-offAFLS a fB.owrkBagbnputidl UssEa Bl theadtPRe menory
114 and aS5driofe cakl6ul#tirngitteef aceall Iff icendeet Satd e raaspuseionl1l?2 to the

network 10 AcRiaghaln SAAde gsﬂ o 1ol $oL000R0 X, PARLL hoDegh N L he

drive 116. The program storage device gnetic t ape or
di sk, an opt iS¥aFe®i 3k X7 3§néPH8Ft¥%§l§PetBFﬁbr%rﬁﬂcesﬁt?r é@eFH‘éw%Be The
progr am st or age bllevk c&6,l2Gubahiotk wiemiodes54a (WeegFam ha®) hghet eps for

performing t r&%lﬁf@&b@ﬁ%uﬁys%ém $p, déac"éQ'mggletl'Fé gglcgppeg%yt%' pand 5,

respecti drjve can read t ram .and.30 {'he programis in

a form ejgcutfgﬁl ée'b?“i%éiaéﬁnﬁﬁf"é‘?erif’f‘e ‘f’ﬁge‘é %4 P8 iFeftbr3PY14 can al so store
the program lBratiéys, tive msthpls mMBlesSa, of. FITES. c@Aleeb23 enabl es the

net wor k rranagﬁbsgséé}ﬁgﬁz fcla@zsbbatléstw rb@quhesnt@ﬂattl% Bbhs€rdr i ng of the
network 10. F 5 ex

he t ot e KyP coul di sc unted for use
2 9 MAY 203 B 12path *(seh Begh) 5%&63“:&%8??’9 gﬁ?{k apél“ ods, such as,
certain tinedlotktdle darkahl/ 6see diigai ﬂBUaytsheofCOtlhecweleksubSlY@hemhanges only
require gsscounhi&g drhe ttratfeicma&e&lﬁﬁptm c’bll@.%&@@ﬂé ags tat 3ethgpeak times.

Simlarly, the s m, 30 of EIG 1B 5 cou dlsontsto certain
types of traffi ngl‘ﬁ@tﬁef\‘?ﬁjr% ‘Frandyert "E?é‘ﬁta?go %etl ?yyf%raease prices to
Penal i ze act sehr¢esodghilohabien rior @ drpeird tient Ooﬁ%tmaé'-lloo eTg., usage
ddring peak Rouasa,.Fi fad |c}bllTeB@of:|§iﬁs@'s|tb§1Y3@fsf&{’se@hEYd£th£ RReTBL i X
enabl es the petwork 10 manager to %ncou a deconomc use of the network |0
b % paths ?xﬁf? .the se % spurce a

Yy vari ous gr oups users. 1 0oNns, 1 oNns, ot her nodifications
of the dédcripetiraitem redeslegdtiops abbla@temtdoelél@h@%@weu%@l inthis
field and areow éddion heissope-36 prbeidd frofdrmaicnon céreduTingwbné is clai ned

I'S. collector subsystem 37 to avoid double counting, i.e.,
counting the same traffic reported by more than one
collection unit 32-36 twice.

25 In one embodiment, the collector subsystem 37
avoids double counting by accepting traffic data from a
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

30 if a such collection unit 32-36 exists. Otherwise, the
selected collection unit 32-36 is located adjacent the
destination location for the communication. The
collection units 32-36 provide information enabling the
collector subsystem 37 to determine whether the units 32-

35 36 are located adjacent the source or destination for a

communicaticn.
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2 9 MAY 2003 - la 1. A nethod of billing users according to ir!f ui‘%e of
a network having a plurality of links interconnecting a plura ;MAof
|'ocations, conprising: 5 determining a Udage price per unit bandwidth for a
virtual path between first and second node | ocations, the usage price being
proportional to a sum of usage prices of links of a set of paths between
the first andrserlamk f8deal blegk:; ofidplasik éét { $Re tiigff 2B) datke for an

anount of dat@oIlrea:l’t%QO"stlBEIyélﬁérrV\@Gndéfwrnfllde&t thedcseaopdigedeot ocat i ons;

calculating a toC} RLLGEHE %I aé{i%ct?e npunt %fdsaotﬁcter ﬁgported tinmes the

usage price per uni andw smt a b| I ncl udi ng the
total price t¢EdARtaPNt Re E%é?%ltlﬁlym@ ‘Fﬁﬁ WG&CSfP%¥ divhel Pvanferein t he set
conpri ses sshowﬁéae,ialmabpsuoé dnicike betawen ttrheshittedd .andt2Blsecord node

|ocations. 3. T KLARC Ol 8 1oddiiher sEOMIS LRg) oBRRPTAS NI g the

total price between t First econd T'ocat | ons he net hod of

claimi, \Aherl?e‘twlt"ﬁesaﬁy%‘?e“hﬁﬂor??&?ﬁ]ﬁ@ PnEPTHD l?sfl ﬁaea pr| ce
responsi bi | i tdeteewdhedatsotald tparidet Kientoetitcheoappertodimeatobnthe t ot al

price. 30 5.44 Q%eﬁegbeﬁt&c; p%' el m'I?’he \Mbert%ﬂ wedeac%tm%eapzpprglom ng

i ncl udes: deC|d|n irst or second node | ocations
r esponsi bt ffbl}lqenlreﬁaw?fgblt%Yd%*éelt r“}?ﬁ§b6r{PEEIHerté’b8F\/\Eeﬁcu%ﬁ‘Fcﬁi 35
apporti oni ng bdiewt.ot AL prode o & heub-é¢dpoksp bl el avkdé7addee siig .REPLACEVENT

SHEET WO Q3332286 cdPrecdt ot MeAYilMTg subsystem 37, 38 bills the
remainder, if any, of the total price Kyp to the
destination node location C of the selected pair. At

15 Dblock 72, the collector or billing subsystem 37, 38
repeats the above steps to bill total prices for data

transport between other selected pairs of source and

()

destination locations Kyp.
The methods 48, 52, 65 of FIGs. 2A, 2B and 4A
20 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
the full bandwidth BF;, for each link 1, gives a total
price Kyp, which takes into account the use of each link
25 in the network. The sum of these total prices for data
transport between all pairs of source and destination
node locations Kyp is equal to the entire desired revenue
for use of the network. The nominal utilizations S;,-S;;
\‘) are automatically updated on a regular basis to account
30 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

track temporal changes in nominal utilizations S;;-S;;.
The network administrators can alsoc adjust the

35 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

can also adjust all Pyp's by the same or different

REPLACEMENT SHEET
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PCTNS99128763 6. The nethod of claim11, further conprisi ngngtAeYr %QQ%g an
ef fecti vevdpamstseedt h of the virtual path, the usage price pepctiosdsrdsagdw dt h
bei ng the sum divided by the effective bandwidth. 5 7. The method of claim
6, wherein the effective bandw dth of the virtual path equals an equival ent
bandw dth of a virtual |ink produeedl4f romthe set of |links by: replacing a
serially connected pair of links of 10 the set by a first new |ink having
an equimudltampl izardivdnt hactoak to aomenanmmitdlhe dafidvddt bseof the |inks
repl aced...angr i pai-r +af .l Rlkss of _t t. C e in parallel by
a seco(ré\g?r?ev% it?% %%/?ﬁ%ggnagqﬁgvg}%glé llglf baaﬁ_%vﬁ% gccg:]&nuafé%gé)é sum of the
bandwi dtAs Flatidiliky eepbiesdtraslingpaarindleaiaPsiot sE®f repl aci ng on
renai nppg datikyy Afnd heigies wptbb eperkignk 1genains, the one remaining |ink
being the virtual link. 20 8 The nmethod of claim1, further conprising:

det et mi ni ng nohtfal 4Bsdde UFraEh 3 iTRENPRe8 PaRbivFat he6F 18%peci fic |ink
beingfarﬁFmidxﬂuhM;Fﬁl&ﬁithenspe?iébeoﬂﬂﬂfddImmtﬁjﬁhéunﬁpal Es?ﬁe of the
specific,Link.. 9. The 0 clapm 3 rei,n the act of 25billing
apportF8%§eﬁhéﬁﬁéWﬂiﬁP?%n%goPEghe?FOtaptmﬁiﬁgﬁ(§%Wu§h§rst and second node
| ocat i precies scespdhstet @ermbreaodbel snaungnetheadrgitnprismidi féé@rent billing
cl assegnal AT, MLl a6Lal M2 MNBEEN 1he e Hlegold ecting traffic

data conpri ses: retrieving thetraffic data froma set of collection
unit® desectisgt adtisn thangeifpikn apndthe? agspiyat@d- 1irgo 2 enovi ng doubl e

count i #ge0b Ad@fdd f4@%$@§%ﬁgceh¥egbb%f Hia€ adaha by hdreihod of billing

users according to usage 5 of a network, the network having a plurality of
|i nks PRVEACHSh&ET iNRpdRE PEalhe ERBSA5EE IFEEREM3SSIFonprAsi ng:
det er nbbeg B4YSagR: PFEee PEErUNDL shABAWHE! Rkt IENYWHLd | Aigr dat a bet ween

first gﬂg %%%@%é](¥}ansmission 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 1n 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 destainaticn 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. If 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



10 Il qcations: collecting traffic data for the anount of d&tg M’AaYISZQQS ed
fromthe $igoiszpede address to the second node |ocation; caepisdolpesa
total price for the data 15 transported, the total price being the usage
price per unit bandwi dth tines the anount of data transported: apportioning
the total price between the first _ang r- second node | ocations according to
one of a price responsibility matrix and a rate plan; and 20 transmtting a

bill, agestdineg ilon angiofldder juricaly, espanprbebi k¥ spahisipididyt he rate
h_of _t.he i.ncl tioged total price.

| an, t ~the bill di ng_t he_appor
EzénThe?ﬁggﬁoEa&n& aﬂ’iﬁ?ﬁ%p)mx}pg;er{nﬁrhtes autPé o‘%’%?)ﬁ'b?gfi@ﬁpﬁg Phcl udes: 25
deci di npindicky afladmedirst or second node | ocations is responsible for
initiati th L he - \WeeR;: : | Qnj t ot al
bri ce to the T oB5asPbaS ASgolosst e 302E1L o bk Rt Gt oS m 11
wher & nprheeudgde prdata garangnis P it ysepropeponsnhlet §oa sum of

usage pih¢esaefing s8le ArdrddiisOforshorgsste pathise bet MeeRahhe f LEst and
second node | ocat’i ons.. REPLACEMENT SHEET 2 ~ MaY Zoo3 WO 001 33229 - 21
PCT/ U S9OFSEFER1F4 Mafte IfbtifstP S ILE o, senid iR t8® PRt si ng: det er mi ni ng

an eff eerhnembardwrdtdhdfid hel Migd udle paidi e thei &S aper ptheéempel . uni t
bandw dgh belog fhe RUM A Aed D &I Rl Ve HangwdLp-

10 network server is responsible for the download and is
billed the whole price for transmitting the download from
the data base. Heavier appertionments 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 ccoclumns 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 values of the PLR matrix 94 so that the total
price K, is autcmatically apportioned between source 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')K, 1s 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 download requests from general



£ J AL LUt))
5 15. The nethod of claim 14, wherein the effective bandw
V|rtualvﬁaPW'§ﬁﬁals an equi val ent bandw dth of a virtual |P§£“§E%ﬁﬂ§%d from
the set of links by: replacing a serially connected pair of links of 10 the

set by a first new |link having an ng|vaIent bandw dth equal to a m nimum
of the bandwi dths o= the |inks reptaced; and repIaC|ng a pair of links of

the s e t n I Yo C ui val ent 15
bandmﬁ%%% gﬁha 5!a gﬁ%?o ﬁ{ﬁg % gg gﬂglﬂgg' h@ﬁ% %k régpaggd and
repeatBAYSsai dra@tdsdxﬁmre,pl%mmﬂge@hOdémnﬁSngnmlmdg dringwe set until one
link repaiRs, theones re&%ﬂ&pgeé'ais §ehBgat hasur talsddnk. 2Q.16. The

nmet hod_ of cIa|n113 further conprising: neasuring nom nal usage data for
each FiﬁﬁSoﬁ%ﬁ%QQﬁ§1°Q§uP§kﬁ¢%l%bffﬁEeBEnSWP8§Hm6P£§a@WQRR%?$Pc link to

be 5 fukkekamdniulidy afydde sherbié CeffDkibhoRy LBe roE ncwdrrsage of the
specific link. 17. The met hod of claim11l, wherein the act of collecting

traffte-data conprises: receiving the traffic data froma set of collection
units distribnhedpPRn imhertet wark taked 030 a eremgeng flowbl eesotnt i ng of

traffic fron1the receive I Ce 0 1 A system
for blPFlng “Fse orloustvwwi?%%ﬁ?ng@%éﬁ?uralb?NﬁXFé %%égéalegconnectlng
nodes of the He¢wrkcearebpasiset wevefll switditodey Hewimgdhbded ocati ons,

C‘?Lrﬂ”x'ﬁ!:ﬂgtlﬁm R ‘Hcfaéd\L OEoPoéklu%?ééQ”lH“bBétseéﬁhm%‘l' teacltx{ uni t coupl ed

a separate link networ k and adapted to accunul ate ffIC data on
the aRbanneswodat 4 @ rans gt e pied ¢pRftguppedoni AR 9§nﬁ%§ﬁpalrs of node

| ocatigngnqane 10 18 URRY:SE £ €oMPE afh{ Opreaat¥eat H@td%&%ﬁ{?@%@” ated by
the collection units and adapted to deternbbiéﬁpé price for data

t r ansport BISERGRVET TS %P%F@%Eo%%t%%%% ﬁéQﬁﬁ%9“$r|ce bei ng
the aopagt ahddaisr vdmnsporieshdniom ¢hecéi r stheombHe Faecanicbds node

cat t f t ual th bet d f t d
sdoriiRotE FOCaYITE T SULLyRtah Fir hBreadgpred tt O s { the tot a
pr|ceeVeneaehaaﬁdﬁuhnpubetweém)niﬂlﬂszsgsdema@htehanmeu:ommere|n t he
SUbsyéﬁéﬂ"%ug%%&tﬁ% tn%bofffx 1 004 L hDg Lof BLERELARLT @, g parti cul ar node

| ocati on based on t prices for’ data transported fromthe particul ar
node ¢@ééﬁﬁ@@rt@ﬁﬁbﬂwlkﬂﬂkﬁwbﬁxﬁ¢%MS372532001Tﬁé CsysdBem of claim 19,

wherein the sppgysteghbasadapt ad b&b@@ﬁ%éﬂ@mtdﬂeoﬁ ofigk prices between the
first ag?ﬁsecond node | ocations of eac palr based on bllllng cl asses of

t P nBdePGERET WS SHEMTMCGENVENT BHEETEE:  The computer has

main active memory 114 and a drive 116. An interface 118
connects the computer 112 tc the network 10. A program
storage device 120 is readably positionrned in the drave
116. The program storage device 120 can be a magnetic

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 Ky, could be discounted for use



2 9 SAY 2003 - 23 21. An article conprising a conput er-rza%aMlAéYrmaJm

whi ch st qyggo/68Put er - execut abl e instructions for a met hod pefralebhsgg Users
according to their use of a network, the network having a plurality of
links 5 interconnecting a plurality of node |ocations, the instructions
causing a conputer to: determ ne a usage price per unit bandw dth for a
virtual path between first and second node | ocations, the usage price being
propor&uommf{meakamarbbdssagecprhsesck&t@hnlanEsﬁoﬂiﬁhﬁ ddy pat hs bet ween
thefir n I ol lect . tr ic data for an anount of
dat a tran por t dﬁ'g%fnweggﬁ?hgf b%t an% se% %@@qeoscaqr? ns; calculate a

t ot al praq;are&]@isqwmhéngrmhﬁttota15pdatca5t Kansmfora epjera:euelsagéle usage
price m ¢ nGlau e {gptal price to
each o%et{ he uspers dwo'q%% %ﬂ ﬁdgeg?ge P% ?gslteg\lgov\%efpg‘;fn&t heé)set conpri ses
shor Bestowal AL 8T | dHRGOBRESEEA ERECPLASLYRRE SdcoFafifode | dha i ons. 23.

The de{a8dHk Ghaidaed, céﬁear@éh@ﬂeiﬂb‘lﬁ}eﬁn%g?eﬁgfépbﬁ'd& @pportioning the
total price between the first and second | ocations. 24. The device of claim

21, whdS&HH 13 3t Bt £ 895 apPot t1 oRf fig™PREI GERENS ity &2 RS esponse
mat rix 1o deteer mmgéled@ppmgtpemnehbu@é t hei1hatlaly ,usage. REPLACEMENT SHEET

o Ie il YO 90L3324% FTLUSOBL 20101 . 2ol TG dRUGR0T clai

21 t he mé risi mnirngan “ef ectlve andvmdth of
t hel®i mamglger to =ncourage economic use of the network 10 by

various groups of users.

Additions, deletions, and other modifications of
the described embodiments will be apparent to those
practiced in this field and are within the scope of the

15 following claims.

What is claimed 1is:



path, the usage price per unit bandwi dth being the sum5 divid d% \(/2303

effective bandw dth. 26. The device of claim25, wherein the e ctl

bandwi dth of the virtual path equals ant&quival ent bandwi dth of a virtual

|l ink produced fromthe set of links by: 10 replacing a serially connected

pair of links of the set by a first new |ink having an equi val ent bandw dth

equal to a mininum of- thé BapREed dthPidlirhersarsk3creplenedo ahdirepl acing a

pai r of |inkssabet be sertemrtmeﬁaeﬂuq i PRuparaty lf hynrRssecond new |ink

havi ng an eqlil ‘E@Ir'?: q_tva gt 199&’ t %fa S Qf . khgbandwi dths of the

i nks replace re eat’l ng-sal replacing eh remaining |inks of

the set unti Icoﬁ’ﬁélﬁi‘h‘k renai ns, the one 20 renmai ning |ink being the virtual

i nk. 27.5The devi ceiatfermhaim&lusfabe pei&md:eﬁ:unhhterbarmmﬂitﬁi B9t a

determnin a d fic link
g %%g@ld{.{‘iég% t%eﬁ £ dyl eCI fd 8 801{(63%@% EQ 1&3310‘%?;%

being a full ban e nom'nal "usage of
the specificUsSapenRricsy being Hé?/?%‘etl&f‘a&l 5P A Fym ﬂ,ﬁeﬁ‘%ﬁ% ¥ C&8t of billing
apportions ue€qUahkpost iaoretobf tperHsobaktwpen cthet dikhe dnd stecand second node
| ocations i nngggpggggtf& t.he 30 node | ocations belonging to different
billing ﬁbasses VO _ 00l 33229 - ~ 9 1~AY 2003 PCTI US99128763 29. The
devi ce ofVcl ai m 22, SHeFEFHIPY I‘Feraefdstlc ofata far| BRt3MRP Y & PetRata conpri ses:
recei vi ng theranaﬁcbrtﬁdjéuteawaeomwe detrsof and| dewondonodmi tgcadiionsi but ed in

the network; and 5 rceqem'eu;wbltetgp%tﬂaweaﬁair@J fihe Gmefht her recei ved
traffic data, 30. The devi wherein the act of apportioning

i ncl udes: (d,?g?nbr?/&ﬁp&ftsge?%e |$§t UB?Q%&’:&H& R®He™d | ocations is

responsi bl e pendwidthiatandg t he data transport therebetween; and
15 transmitting a bill including the total price to

each of the users.
< ,

comprises shortest paths of links between the first and

The method of claim 1, wherein the set
20 second node locations.
3. The method of claim 1, further comprising:

apporticning the total price between the first and

second locations.

25
4. The method of claim 1, wherein the act of
apportioning includes using a price responsibility level
B matrix to determine the apportionment of the total price.
-
30 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
35 apportioning the total price to the responsible

node address.
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. apportioning the total price to the responsible node | ocaf) §nMAY 2013

. AH. AS% AL $Q0A8228 _ A5 A[ L. A AHL. As. A53 . AYH, . A5R. A95. A. AS pcAYuddvheres A A
[Y A . Ay. A3l r. As5. A
() U+, / 0@} xsmheY] ca] ca] ca] cal] ca] ca] c$al] c$a] cTa] ca] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c*al.cqaUl-ca] c&aU]c&a 0 1 ~ f ht z|
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L;Z]/&c/;] c}fa] caLoa] caltrécaéenbaapeatraleal , - £ikthbb" eokplrising:

%0e@' } xsni
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ca] ca] @alca] chicakaglea' pI)I’i:EV-p-E-r+#1ri\ith JHandwidi00 00ifky 12126 28s8333336{ vgkf a\

: &a

2] Cal cape L AR S S IR A B SRBIET, “Chagon0k. 1o o cealeatle
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QLR ROR RcRderﬁp?;d?H?Eg(ZiZééﬁZﬂby bddzfﬁb?cxwddgz;ﬂ pfalcaksalpdal ca] ca] ca] ca

lc c cal. i -

] g }9@] %fz;ic c%} %g%%gj %}Ncg]l n'thﬁI]bgeb L‘lblebablbebl"bpf gfrftfg
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Ul ca]c. pﬂ]rg@,__y]g gg]:gga] galxcal ca] ca] cal] ca] c( aU] c( a] caU] caJ ca] ca] ca] ca
oSoTooopLqYq" qj a{ ar uu( uRuuuukywwxxxxxxyyzz{ { }X] ] ca] ca]ca] ca] ca] ca] ca
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U] ca] c*zas]p:ha}caqmaimd] ca] ca] ca] ca] ca] ca] cal] ca]c' a] cal %: GN axy') 7TRY%®4VPo{ zt o

seaislollten sl il i clc

& ()- zu @m(yhezsm%mml& Ere LEDH /&e(ﬂ)ains (O I, )- 0
(10% | 8rén)xa£jﬁ%¥ ll%’f{lgé&n@ the virtual link.

9*10%/& ()-'! 9*10% ()-' "9*10% & ()-'!" 9*10%&'()-'!‘9*109&t&f()-'~_@@
"109%& ()-10%& ()-S10%& ()-'F) 10% ()- @
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



10t 10t 10t!:s10% & () - ' 20(3 M Y
WU3~ @  s#10%&' ()-!" S#lO%&' ()-I S#10%& ()-! s#10%' ()-!B s#10% é 3303#8#10
% ()- . dcdef}\OB5!1010"' 10 " Y% 109%&' ( )20G-" Y% 10%&' ()-G ° Y@@lOW&f() G X
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locatlons,
collecting traffic data for the amount of data
transported from the first node address to the second
node location;
calculating a total price for the data
15 transported, the total price being the usage price per
unit bandwidth times the amount of data transported;
™ apportioning the total price between the first and
~ second node locations according to one of a price
responsibility matrix and a rate plan; and
20 transmitting a bill, according to one of the price
responsibility matrix and the rate plan, to each of the
users, the bill including the apportioned total price.
12. The method of claim 11, wherein the act of
apportioning includes:
25 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
\ node location.
30
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 locations.
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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 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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calculate a total price equal to the amount of

15 data transported times the usage price per unit
bandwidth; and

::) transmit a bill including the total price to each
) of the users.

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

23. The device of claim 21, the method further
25 comprising:
apportioning the total price between the first and
second locations.
. } 24. The device of claim 21, wherein the act of

30 apportioning includes using a price response matrix to

determine the apportionment of the total usage.

REPLACEMENT SHEET



' #10%-& 8) 'H#109&R ()-m 9$810% & () - 9%$810% & () - F%/aow*&' f”\#m 10
fy: 100g* J¥OCP3322hog*g& ()- ! 10%g*g& ()-10" + 10"+ 10" + 510%LYIRI(
y,-10% + & ()-FQZ|[:vU410 [m S"109BMB& ()- C S"10%)g& ()- dS"10%K* K& () -
“fF 10%9)g& ()- fF 10% & ()- "10%*g& ()-2)!s|[:vU410 | U .:!110%&c& ()-
sh.:110%*2& ()- D $* 10%/\$&' ()- $*269%& ()- iZ S"10% P& ()-

S" 10%Jb) U&: * < 10% Q+: & %6+ . 109+
E$10%q+&' %)-3(1) --)\ﬁl )‘F.%hc‘?ﬂ"f ci%b%ign&-t?‘f &%@zzﬂiﬁ . 10%g+&' () -
* 96 1095@SHEL { 11ty % 109N N| &' (01, @10%a+(& ()- # y$L0% & ()--

$10% g+. & () - -89: 10%
{omwg () - O i R ﬁ%‘g %’ i) Rﬂi‘gmg%agfom IQFtff"":@locyor&' ()-M
 $10%-&4d%h, 5&@%&&9@) prltgl@%n&ne): K @f&pf()baym/«&twoamlo #10% U(
& () s 1OMRMLQM MLOMENL 7 LOMMEMEL) pandwA IR & () - 3*#10%& () - .
#81098$& ()- Y4 [ bUAI0 d & #10% ( & ()- "~ & #10% & ()- c& #10% & ()- {
"10% ( & ()- N "109%& ()- #10%)h& ()-9%R|[:bUsl0 |h/"10% & ()-,
‘10%0 )10% & ()- Q‘s{s% h&?@fl gdel(OIlcers?@&l@f/aﬁdx&&é) ‘gi'fz;."g@lle%' e&'lfge)%(tlg& ) @

Od‘ + \V S 0 ! 0 ! 0 !
109%) & %‘)“1 e Virfug O/(P'a% EAY S arbtﬂ‘gv%{gx 10%<) & ()-

&' 10%m&8d\(1)dth nEfl éO%)’&ué)l 1mka&b@Mdem fhom KhEyLAO%EXE O ()- G
Fy&lO0 (%y"hbrnal" "Headi ng 13]c" "Heading 23]c" "Heading 33]c"

"Fbadlng Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heddi ng 93] c" Kepdefcinla Parerfrably FpmreeckEdsratont flikmips <0&n

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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29. The device of claim 22, wherein the act of
collecting traffic data comprises:
receiving the traffic data from a set of
collection units distributed in the network; and
5 removing double counting of traffic from the

received traffic data.

30. The device of claim 23, wherein the act of
apportioning includes:
deciding which of the first or second node
10 locations is responsible for initiating the data
transport therebetween; and
apportioning the total price to the responsible

node location.



