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PERSI STENCE— VECTOR- BASED RATE ASSI GNMENT BACKGROUND OF THE | NVENTI ON 1.
Field of tWRO0Ihtion This invention relates to allocati oRCOUSEN2662S t ed
resource anong nultiple wusers. Mre spegifically, this invention relates
to the assignnent of usage rates based on a set of persistence vectors. 10
1. Description of Related Art and General Background A shared resource is

one whi ch mY DEEMeAND METHQDUEOR PERSIST ENGENVEGT OR<BABED

limted availabilities or capacRIA'FE ASSIGNMENTUI verse exanples as
el ectric power stations and other energy plants, water sources such 15 as

reservoirs and flow ng bodies, supply systens for the distribution of goods
and/or materiel, and daBAGK@ﬂO&.HNDrGFﬁEH/E)IWEMTD@NVV&yS Pr obl enms
associ aked with allocating the use of a shared resource anong nultiple
users may therefore arise in many different contexts. Regardless of the
particul ar L. Finaldqf thenswepdion such resour ces may be found in many systens
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cartons/vveéje,sedlontn $et/of @eosistbnce déctaly particular tinme, the resource is
being ypged by n different users, 25 where n is a nonnegative integer; and

at any particular tine, the usage of the i-th user (where 1<- i<_ n) may
be char act dli PescriptionfofiRelated AgeandiGeneralBadkgrosnger measure of time. A
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context, however, such resources may be found in many systems in which at
20 least the following conditions hold:
o the capacity or availability of the shared resource may be expressed
in terms of a finite rate R of units per measure of time (e.g.
kilowatts/hour, gallons/minute, cartons/week, or bits/second);
¢ atany particular time, the resource is being used by n different users,
25 where n is a nonnegative integer; and
* atany particular time, the usage of the i-th user (where 1 <i < n) may
be characterized by a finite usage rate u, of units per measure of time.
A basic model for such a system is shown in FIG. 1, where resource 100 is used
by users 120a-d at rates 110a—d, respectively. Depending on the particular
30 implementation, the rate R which characterizes the shared resource may
indicate an actual or estimated limit of the capacity of the resource (e.g. in the
case of a communications pathway) or, in the alternative, the rate R may be a
threshold indicating a maximum safe or permissible load of the resource (e.g. in
the case of a power generation facility or device). Likewise, the usage rates u,
35  may indicate actual use, expected use, or requests or demands for use.
An overload condition arises when the sum of the n usage rates u, at any
one time exceeds the value R. With respect to a power plant, for example, an
overload condition may arise when the total current draw exceeds the rated



one time exceeds the value R Wth respect to a power plant, for exa@dlsr 7
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30 FIG 1A |C§feéih>adqumsitlﬁ1@mﬂ on of a system according to a f| rst embodi ment
of the invention. FIG 2 shows a flowhart of a method according to a

second e_rrbodi ment of the %chgﬁllf Bﬁﬁé mwmf(bw\chart of an

alternative enbodi nent of
In a system or method according to an embodiment of the invention, a

20  resource is shared among a set of users. Each user has a usage rate selected
from a set of available rates, and each user’s use of the resource is determined at
least in part by the user’s usage rate. Each user also has a set of persistence
vectors, each vector element corresponding to a rate among the set of available
rates. Selection of a user’s usage rate from the set of available rates is based at

25  leastin part on one among the set of persistence vectors.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an illustration of a system including a resource shared among
several users.
30 FIG. 1A is an illustration of a system according to a first embodiment of
the invention.
FIG. 2 shows a flowchart of a method according to a second embodiment
of the invention.
FIG. 2A shows a flowchart of an alternative embodiment of a method
35  according to a second embodiment of the invention.
FIG. 2B shows a flowchart of another alternative embodiment of a
method according to a second embodiment of the invention.



35 according to a second enbodi nent of the invention. FIG 2B shows &9 MAR 7
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PCT/ US00/ 26625 3 FIG 3 shows a flowchagt of a nmethod according to a third
enbodi nent of the invention. FIG 4 is an illustration of a system
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is only a predetermmed set of available rates is assigned to each user (where the set of
available rates is represented as an m-element vector Y = {Y, Y,, ..., Y...)). In

20  this example, users 120a—d may each use the resource at a rate of Y, = 300,
Y, =600, Y, = 900, or Y, = 1200 gallons/minute (i.e. m = 4). If a fair distribution
is implemented wherein all of the users are assigned the same fixed rate, then
each of the four users 120a—d may be permitted to use the resource at rate Y,
(300 gallons/minute). Such an assignment effectively avoids overloading the

25  resource. However, if fewer than all of the users 120a—d are likely to be using
resource 100 at any given time, this approach is also wasteful of resource
capacity.

Now consider the case where resource 100 has the same capacity of 1200
gallons/minute and the set of available rates is as above, but where the

30  probability that each user will be using resource 100 at any given time is only _
{we assume that each user’s use is uncorrelated with that of each of the other
users}. In this situation, a more optimal utilization of resource 100 might be
obtained by permitting each user to use the resource at rate Y; (1200
gallons/minute), as only one of the four users is likely to be using the resource

35 at any given time. Of course, use by more than one user at a time may now
result in an overload condition.

In a related example, the probability that any of the four users 120a-d
will be using resource 100 is _. In a first scheme under this example, each user
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L st ol S e
gal | on Pm (faPagity of resource 100 unused Under this scheme, even if three users happen
to use the resource at one time, the potential for an overload condition would be
expected to arise in only half of such cases (i.e. it is equally likely for the total
permitted usage to be 600 or 2400 gallons/minute, and it is also equally likely
for the total permitted usage to be 1200 or 1800 gallons/minute).

25 In an extension of such a scheme to an given application, system values
such as the number of users of a resource, the probability of use by each user,
and the usage requirements of each user may be either observed or estimated.
These values may then be combined with design parameters such as a number
of available usage rates for each user, an acceptable rate of occurrence of

30 overload conditions, and a minimum acceptable average rate of resource -
utilization to obtain a probabilistic model for system control whereby resource
utilization is maximized and the occurrence of overload conditions is
minimized or eliminated.

In a system according to a first embodiment of the invention, as shown in

35 FIG. 1A, each user 120i has a set of persistence vectors 130i and a permitted
usage rate 1101 taken from a set of available rates. (Note that it is possible for
the system to include other users who lack a set of persistence vectors.) The
length of each vector in set 130i may be any integer greater than zero, and each
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P may hosen, for éxample, to max1mlze the average coa[[ectxve use of the
resource without creating an unsuitably high risk of occurrence of an overload
condition.

25 In this example, the element P, is set to indicate a probability of _, and
the other two elements of P are each set to indicate a probability of zero. Before
each use (i.e. for uses that are discontinuous and discrete} and/or periodically
during use (i.e. for uses that are continuing over time), each user chooses a
permitted usage rate based on the probabilities indicated by the elements of P.

30 For the values of P indicated in this case, the user will choose rate Y, (900
gallons/minute) 50% of the time and rate Y, (300 gallons/minute) the
remainder of the time. Because the probability that each user will use the
resource at any given time is determined to be _ for this example, on average it
may be expected that the full 1200-gallons/minute capacity of the resource will

35 be utilized and that overload conditions will be avoided. Additionally, the
distribution among users is fair in this example because on average all of the

permitted usage rates will be equal.
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related to each other in a linear fashion, and the elements of the set in Example
2 are related in an exponential fashion, no such relation or progression is
necessary in a system or method according to an embodiment of the invention.
Likewise, it is not necessary for each user to have the same predetermined set of
25  available rates.

Note that selection of a rate based upon the persistence vector set may
indicate permission rather than a requirement to use that rate. The actual rate
used may depend upon other factors as well, such as a user’s current need
and/or ability to use the resource. Likewise, the actual usage rate may or may

30 not be a member of the set of available rates that is used to indicate permission.

If use of the resource is discontinuous (e.g. packet data transmission over
a common channel), the set of persistence vectors may be referenced before each
use. If resource use is continuous (e.g. transfer of electrical power) or
prolonged, then the set of persistence vectors may be referenced and the

35  permitted usage rate adjusted as necessary at predetermined intervals during
use or upon the occurrence of some predetermined event or events.

In a more general implementation, each persistence vector in set 130i
corresponds to a member of the set of available rates. Note that the set 130i
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persi stence vectors according to such criteria as:
conditions without incurring lasting damage, for example, a user may

conclude that an overload has occurred when a usage rate is not met or a
level of service is otherwise reduced. Such reduction or denial of service

23 may also cause a user to adopt a different persistence vector in an attempt to
repair the overload condition.

FIG. 2 illustrates a method according to a second embodiment of the
invention. In this method, a user has a set of persistence vectors including an
(m-1)-element vector V, wherein V = {V, such that 1 <j<m-1}. (As noted

30 above, the vector V may be chosen from among others in a set of persistence
vectors according to the most recent usage rate for this user or some other
criteria.) Each element V, of vector V is a persistence value representing a
probability which has a value from 0 to 1 and which corresponds to the rate Y,
(where a < b implies Y, < Y,). For example, vector V may (but is not required

35 to) have the form of a probability density function, wherein the sum of its
elements (or of the values represented by its elements) is one. In block 210, a
counter j is initialized to cause processing to begin at the persistence value V_;,
which corresponds to the highest permitted usage rate (Y,..,).
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predetermined pararneter Nyaatr In block 290, the user waits for z time periods
to pass before retrying the rate selection procedure. In an implementation using
the communications network of Example 2, for example, each time period may
represent the duration of one time slot or some other unit of time relevant to the
25  operation of the system.
FIG. 2B shows an implementation in which the actual usage rate may be
restricted by other factors as well. For example, a transmitter as in Example 2
may not have enough power to transmit at the rate indicated by the procedure
of FIG. 2. Alternatively, the amount of data available for transmission by such a
30 transmitter may not justify using the resource at the permitted usage rate. In
such cases, the usage rate may be chosen in block 265 as min{Y, Y,,,}, where
Yoo represents the highest usage rate possible or otherwise desirable given the
user’s current characteristics.
Described above are applications in which the length of a persistence
35  vector is equal to either m (i.e. the number of members in the set of available
rates) or m-1. Note that cases may also exist in which it is desirable to skip one
or more of the available rates (e.g. because the rate is not available or is
inapplicable to a particular user). In such cases, a persistence vector need not
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a persistence vector may be fashioned to favor one or more higher rates over
lower rates.

Note that although the random number x as generated in block 220 is

25  described as being drawn from a set having a uniform distribution, any other

distribution may also be used in a system or method according to an

embodiment of the invention. As the selection of a random or pseudorandom

value may be computationally intensive, it may be desirable in certain

applications to reduce the number of such values to be selected. FIG. 3 shows a

30  method according to a third embodiment of the invention, in which only one

random number x is generated (in initialization block 310). In this case, (m-1)-

element persistence vector W represents a cumulative density function (CDF),

each element W, representing a probability that some rate Y, will be assigned,

where h is any integer such that 0 £ h <j, Y, is a valid assignment for this user,

35 and 0 £j<m-2. In the loop of blocks 330, 340, and 350, the maximum value of j

is identified for which x > W,. If the test in block 330 succeeds, rate Y,,, may be

chosen, or the usage rate may be chosen as min{Y,,, Y .} as in block 365, where

Y,.s represents the highest usage rate possible given the user’s current
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A persistence vector is then constructed such that its elements represent the
elements of Z. For example, a vector W suitable for use in the implementation
of FIG. 3 described above may be constructed according to the relation
20 W=1-2.
such that an element of W having a value of 1 represents a probability of zero,
and an element of W having a value of 0 represents a probability of 1. Many
other relations may be chosen to exist between the elements of a persistence
vector and the probabilities which those elements represent, depending on the
25 design of a particular implementation.

If and when an overload condition arises in a system according to FIG. 1
or FIG. 1A, the users 120 may not be aware that an overload has occurred,
especially if the resource is consuming reserve capacity in order to meet user
demands. Even in a case where the overload condition causes the resource’s

30  availability to a user to drop below a user’s expectation or demand, the user
may still be unable to verify whether the shortcoming is due to a resource
overload or to the failure of another component in the supply path. Moreover,
in certain applications such as wireless data communications, it is possible that
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communications pathways 440a—d, such that these commands influence at least

in part the respective permitted usage rates 410a—d of the users. Note that it is

20  possible for control unit 460to be implemented within the resource 400 or,

alternatively, as a part of one or more of the users 420.

If a user becomes aware of an overload condition, the possibility exists
for user-driven remediation. If at least some of the users are able to
communicate with each other, then a solution such as a reduction in usage rate

25 may be negotiated between them. In many instances, however, such
communication between users may be unavailable, impractical, or undesirable,
and it may be desirable for a centralized feedback mechanism such as control
unit 460 not only to convey information relating to the resource but also to exert
some degree of control over the permitted usage rates (for example, control unit

30 460 may issue commands that contain or relate to changes in one or more
persistence vectors).

If complete knowledge of the future usage requirements of the users
were available, then it would be theoretically possible to construct an optimal
usage schedule that would satisfy the users’ requirements as much as possible

35  while completely avoiding all overload conditions. In many practical systems,
however, a user’s future needs will be unknown even to the user itself. One
way to prevent overload conditions in such systems would be on the basis of
current usage requirements: for example, by granting usage rate allocations to
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P 432i. In this example, the permitted usage rate 412i of each user 422i is

influenced at least in part by commands received from control unit 462 over

respective communications pathways 442a—d (for example, such commands

may contain or relate to changes in one or more persistence vectors). Note that

25 it is possible for control unit 462 to be implemented within the resource 400 or,

alternatively, as a part of one or more of the users 422. An exemplary

application of a system according to FIG. 4A to a communications network such

as the one described in Example 2 above is shown in FIG. 4B, wherein users

520a—d are data producers, each having a set of persistence vectors 530a-d;

30 resource 500 is a common transmission channel linking the producers with data

consumer 550; and control unit 560 receives usage information from (and may

be incorporated into) the consumer. Producers 520 use resource 500 by

transmitting data to consumer 550 as allowed by permitted usage rates 510a-d,

respectively, and they receive respective signals 540a—d from the control unit.

35  Consumer 550 and control unit 560 may be parts of a base station, and control
signals 540 may be carried over a forward link of the communications channel.

Any of the methods described or suggested in FIGs. 2, 2A, or 2B or in the

text above may be applied to a system according to the embodiments illustrated
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itsel f. Ongooyases 0 prevent overload conditions in such systeasensesisl be on
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530a-d; 30 resource conmon tranﬂ§| ?I on channe
pr oducers wecterpet fo one or more users include the following:

* A user first requests usage of the resource.

¢ The control unit wishes to reserve a portion of the resource’s capacity.

¢ The control unit wishes to deny resource use to one or more users.

25 e The control unit wishes to maximize the number of users able to use the
resource at one time.

* The control unit responds to a request from a user (or to requests from a
number of users).

¢ The control unit responds to detected or communicated user characteristics

30 (e.g. recent usage rate).

* In a wireless data communications network, the number of connections
between the producer (mobile station) and the ground network (base
stations) changes.

Persistence vector updates may also be used as a means to pass control over

35  usage rates between the control unit and the users. For example, the control
unit may prevent users from using the maximum usage rate (or any other rate)
by setting the probability for that rate to zero and/or by modifying the
persistence vector(s) corresponding to that rate. Alternatively, the control unit



consuner 550; and control unit 560 receives usage infornmation from §andRIrpy
be inCorporated into) the consuner. Producers 520 use resource 500 by
transmtti to consuner 550 as allowed by permtted

510a-d, P@ggg%Fﬁvely, and they receive respective signals¥§20a-d f?gn1the
control unit. 35 Consumer 550 and contrdf unit 560 may be parts of a base
station, and control signals 540 nay be carried over a forward |ink of the
comuni cations channel. Any of the nethods _described or suggested in FIGs.

2, 2A, or BN R PEXTOIBHRETHHP Bee ARV lde tawvestsiatechy setinglithg to

t he enbodi peababilitievsforabHdoArMiRe2 004 280 018240 Q2 tiBRTMHBAO/ %8625%n 48 i N
FI Gs. 4A agg_le?E |.f _the .ﬁro edure iz su CeSStfll).Hc, t he .user,uses the resource
at  a rat e ROt 5 FateHatRGn IoT exBpPle KRETEA Htbecpmies degirakle; igrpport as
procedur e meanybeonneepons ad passible doto ssargd @ poatipr of itisé enErityefor @Irifoirﬁy

updat eds s el . Of - ) 0 R xpLration of a
timer, %ri Slggr“ﬁ ng 015J e§§1§§té$%9§%§$%8@§gﬁﬁgg5.a ?‘(L)Itvt\}-% pcgﬁgfhaﬁnﬁ,n@ﬁgc,on&o&' ) or
a predet er WY iefectivelytransfeeropebiovermesanicepsage dalthe usersehy setusgr ' s
use of thethe %Bé}:ﬁligpfﬁtoﬂ{@n{a(iiﬁunﬂ’%fé RUbRE, thEkD Sgggnggggg%&ﬁt@egqgng

the user's set of availahle rates. It Iis not nece users to
have t he saWECSE:OWR REFRULted | USagarate. but the set for each user shoul d be

known to controlinuniniethod GBEEding tbha]tfiflth éfﬁlﬁoﬂﬁ‘n'bﬁbbf_ £ F{Miti%h, tthe I
state r u | ue ntro I gnal s.a riat . t IS al so
Soaei b | SROHEERSPORRLA RS FedOR bl imHeniaia RIRIAR tsfebaled Py ising o o6
modi fi ed aceveetion vedon sesnmima basisuaplémentatiaroonaset ofipersistay vehrher
such a congiithrbd byl edeRCahAY &ldfofecABA VRt id &ag@{%ﬁte%@a i@ﬁhﬁ@or The

set of persistence VeCta&i,i? may be per manent aspect. o operati on
ﬁ%%‘%?e‘iﬁtﬁzp

of the useMSersHor wham gEakttieRAe YRRtersasdepised) Eachelgment ot ase
one or noreaoh ¢drreswoherectmy cberespoadedtpeinddirealifigs OanobRReientSef a

S : . . : : .
el o S RUKIng it eiee Vel SEHE Ser R AR R p Bt o € 1y
be i ssued apprepmalei pessistencearectdrapndior exaimgierstding o ramailtiply o theatvaof f .

Qher 20 Siviepidid. OTRe LBSE tHEW uSRYAE résﬁﬁtiﬁg Phodified Persistere %cf?brgﬁ"@egfors
updat ed persi Stﬁﬁéfitﬁ% vector set to o ude the
|

e or nore users inc )
fol | owi ng: *© eHa mifted Hsage raleAREORIingH qriese heamethads desembed uni ¢
wi shes to moeseggested perdinon of the resource's capacity. The control unit
1 shesabo 9ony SRR GO FOf oL s, SN SOTAIAL i
allowing a system to appropriately accommodate users having different usage
behaviors or profiles (e.g. premium vs. economy, commercial vs. individual,
scheduled or automatic use vs. use on demand, etc.). In a variation of the basic
implementation described above, the set of correction vectors has fewer
25  members than the set of persistence vectors, each such member corresponding
to and modifying one among a predetermined subset of the set of persistence
vectors. For example, correction vectors may be supplied only for those
persistence vectors most likely to be referenced by the user. Alternatively or in
addition to this variation, one or more among the set of correction vectors may
30 have fewer elements than the corresponding persistence vector. Such
variations, which reduce the volume of control traffic even further, may be used
to concentrate control information by restricting the corrections to those
persistence vectors (or elements thereof) which are likely to have the greatest
effect on resource usage.
35 The foregoing description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments are possible, and the generic
principles presented herein may be applied to other embodiments. For



resource at one tine. The control unit responds to a request from 2a9uger?)iL
(or to6 requests froma nunber of users). The control unit responds to

det ect ed o¥OouL2Me0Mi cat ed user characteristics 30 (e.g. repenMUsoRaes rate).
In a wirel ess data comuni cati ons networqk, the nunber of connections

bet ween the producer (nobile station) and the ground network (base
stations) changes. Persistence vector updates nay al so be used as a neans
to pass co Vi@ t he ontrol n|t t he
users. For régég{rﬁ)ﬁ e lﬁgén%??[g?‘; B} ?L%tp ?&%@ﬁ?r el\r/le%a{r% Q5ép §V Ll.i?lr &d" ired
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the maxi muMevet @af‘b"eéﬁ@CIQSﬁérléW}’rféﬂmlDﬂthaﬂgmeach user to select its own
permtted usage rate. In a nethod according to a fifth enbodi ment of the
invention,vgee .%ﬁ.og§£rrence of persistence vector assignnments and updates
is reduced h?i‘ﬂ ¥ection vector sets. In a basic inplenmentation, one
set of persistence vectors is shared by all users, and a set of correction
vectors is transmitted to a user or wusers for whoma different set of

persi stence vectors is desired. Each el enent of each correction vector
corresponds to and nodifies an elenent of a 15 correspondi ng persistence
vector, and the user applies a correction vector to the appropriate

persi stence vector by, for exanple, adding or multiplying the two vectors.
The user then uses the resulting nodified persistence vector or vectors to
establish its permtted usage rate according to one of the nethods
described or suggested herein. 20 Inplenmentation of correction vectors
reduces control traffic while allowng a systemto appropriately
accommodat e users having different usage




behavi ors or profiles (e.g. premiumvs. econony, comrercial vs. indiHaR2G0
schedul ed or automatic use vs. use on denmand, etc.). In a variation of the
basic inplenentation described above, the set of correction vectors has
fewer 25 nenbers than the set of persiﬁgence vectors, each such nenber
corresponding to and nodifying one anong a predeterm ned subset of the set
of persistence vectors. For exanpl gLgmsection vectors may be supplied
only for those persistence vectors nost likely to be referenced by the
user. Alternatively or in addition to this variation, one or nore anong
the set of corr ion vectors my 30 have fewer elenments than the
correspogdingAﬁ§§%W§PgH%§"$éctor. Such variations, which reduce the vol une
of control tratdsbercetieving HichpRity nisayurbeandsed to concentrate contro
information by restricting the corrections to those persistence vectors
(or el enents & RBYABY pfyparsicagh baving a usegedatsad &otiof Pesisicnce yectorst angea sebn
resource The foregoing description of the preferred enbodi nents
is provi%%ﬁaggﬂegﬁg%le any person skilled in the art to make or use the
present i nvenwhe®in a Wardfabis redottcé be @hdhodisorigatht bRedlite o asirsBindesermined at

possi ble, and the generic principles presented herein may be applied to

ot her ensadimBaE BY age ptogithoniss and 01/ 24005 PCT/ US00/ 26625 15 exanpl e,
the invention, By . 'uE%ﬂﬁQ@ Rrest zﬂn@%{)&e @furﬁlgy%%e‘?s BSsefbelel MWt Geast ,
circuits, as circuit contigurations ricated’ into application-specific

i nt egr at ¢hd uset's saiidf savadablasates, rsaidassdegiiondreatgsddtemdeed anteastnimnparobmtont e
storage or so tma&& Paggéans | oaded fromor into data storage nedia as
machi ne- #BAREIF oS RETSISENCE ¥ECUSde bei ng i nstructions executabl e by arrays
of logic elenments such as mcroprocessors or other digital signal
processing units. Thus, the present invention is not intended to be
limted 2.0 t hEhesistai pesording o vlaimdowhetsin eachaidraentiof each pestarcmmmgetie t he

wi dest chﬁf con§istenE with the Qrinc%ﬁles anqx§n0v§% features di scl osed
in any f%oRI BASREPE FOlorpeSfspords 1 PaF aRang 1 5ot of WaRblois16 cLal Vs 1. A
system conprising: a resource having a capacity neasure, and a plurality of
users, e?ch havi ng a usage rate, a set of persistence vectors, and a set

The system according to claim 2, wherein each element of the persistence vector of
at least one among the plurality of users represents a probability of using a rate at least as

high as the corresponding one among the set of available rates.

4. The system according to claim 2, wherein each vector among the set of persistence

vectors corresponds to one among the set of available rates.

3. The system according to claim 1, said selection being determined at least in part by

a previous usage rate of the user.

6. The system according to claim 2, wherein each element of each vector among the

set of persistence vectors corresponds to one among the set of available rates.

7. The system according to claim 6, wherein the value of at least one member of a
user's set of available rates is substantially equal to 19,?.00><2i bits/second, wherein i is an

integer.



of available rates, wherein a use of the resource by each anong the 29 MAR 200
pluratity of users is determned at |east in part by the usage rate of the
user, and wherein the usage rate of each anong the plurality of users is
selected fromat least the user's set of available rates, said selection
bei ng determ ned at least in part by drie anong the set of persistence
vectors.,2. The syst i . i 3 i each
vector song e VAR0T RAHERE &b Sy Bl e HERRILAERRN, BETRNL B STE S
set of ay@ habhg thattralif: of hBeBY 3heahecof di rigast wnel memb2; ofhihe eden ieach

el ement of the persistence vector of at |east opne anong the plurality of
users repbsgaially equpltarlanbleiths vabre efangtenmegtber akthe gelst as  high as the
correspondi ng one anong the set of available rates. 4. The system accordi ng
to claim2, wherein each vector anong the set of persistence vectors
correspofds tDheosisteaBtrgrdihe teehindb, aliacinatht @sagrtres.of at 1ehbicoreyastang the
according to claiml1, sajd selection being determned at |least in part by

a previ oﬁyaﬂﬁ’a‘gfélsﬁréﬂ%aaﬂﬂﬂlﬁ’@elﬁgéf. 6. The system according to claim 2,
wherein each el enment of each vector anong the set of persistence vectors
corresponds to one anong the set of available rates. 7. The system

accor di npn.t o TheasyRiet asdading ro tlhin $alvherenf amacthad ase obthe mwnbeer byodt least user' s
set of available rates is_ substantially equal to 19, 200x2' bits/second,

wher ei n n¢jamong the,plugality obussrsyppobgrgaten than Fie USFES soes B according to cl ai m
6, wherein in the set of available rates of at |east one anong the
plurality of users, the value of at |east one nenber of the set is

subst ant11al | yTleogyatent accdalitg ® ¢lhien §.avhareiofat &mast dreranmmgisbe sayfof phrsistamrs 9.
The system according to cLagli m,6, .wherein tt}e usage rate of at |east one
anong th‘ée"toﬁﬂ?ﬂ"aqsf"ftgaﬁi‘lmﬂ ?’%dF%s‘té{}WEﬁnlondg%laﬁ rate. 10. The system
according to claim®6, wherein an actual use of the resource by at |east

one anong the plurality of users is not greater than the user's usage rate.
11. The Eyst ehheasysendicegrding tol ddim bl, wisesirisaid gumiulatize demrety Snamtignivsetoset  of
persistence .wvectors represents a cunul ative. densi unction vector. 12
The systléﬁflﬁgc?gfe&isﬂﬂ Pf"ﬁ%{ﬂnbf’?ﬁ %?n%ﬁ&s%tioﬁcpggfsgmga%%{%{si ve density function
vector is based at least in part fromone anong the set of persistence
vectors. 13. The systemaccording to claim®6, wherein each vector anong the

set of pksi stnwetemyacsonliag toorldiaspoepseinsaghecciompne e s8Of SETSEiERCE abl e
rates. 1$ecto}£‘&r?éég&rgd%‘tg%fiﬁ5&5%%%{3@%&% a erein each among the
0 e's Sét" 0

plurality user as aval | abl e rates.

14. The system according to claim 13, wherein each among the plurality of users has

the same set of available rates.

15.  The system according to claim 6, wherein each among the plurality of users has a

random number, and
wherein said selection is based at least in part on a relation between the random

number and at least one of the elements of a vector in the user's set of persistence vectors.

16. The system according to claim 15, wherein the random number of each among the

plurality of users is drawn from a set having a uniform distribution.

17. The system according to claim 15, wherein said selection is based at least in part
on a relation between the random number and at least one of the elements of a selected
vector in the user's set of persistence vectors, and

wherein said selected vector corresponds to the previous usage rate of the user. -



15. The system according to claim®6, wherein each among the plurali?ypmf
users - has a random nunber, and wherein said selection is based at |east In
part on a relation between the random nunber and at | east one of the

el enents of a vector in the user's set, _of persistence vectors. 16. The
system according to claim15, wherein ¥he random nunber of each anong the
plurality of users is drawn froma set having a uniformdistribution. 17.
The system according to claim 15, wherein said selection is based at | east
in part 1$n alliekgtémnucbailivgetd thimrEydamreinndaeh anmohgathe | gamdityone uedrst he

el ements of a selected _vector in the user's set of persistence v gt ors,
and wher€ImpPrsss @ g‘ﬁ? dEediger; idofach AMNE Bi5(Wsage, RS CRRRUFTLL rﬁl@a@fg #at e of
t he user maucﬁiop{AR 2004 18 18. The system according to claim 15, wherein
each am)%g the plurality of users conprises a data producer, and each
anong the usage rates conprises a rate of data production. 19. The system
according to ¢laim 18, wherein fhe resource . is a wreless channel for data
communi cBti onshe sHstFThAGROETIAL (R slayn 13y E"é‘bﬂ?"c@s%?f:ppias}é’ge@%%W?lﬁ%ﬁg dat a
over thejw cStaRN 20. The system according to claim18, wherein

t he reso%éﬁ%ée&#@&t?ﬁe reilgédse link of a wreless CDVA channel for data
communi cat i onshergib. usFbétleystoaneavoypridenigansmitting data Dyer thiavirsilass ghannelst one
anong the set of persistence vectors represents a cumul ative density
function vector. 22. The system according to claim 21, wherein said

cunul atiye depgd §ystdnhiREEIr@RgME I AM 18 Swhdsiatthatredofastisithe Palketseflikmpone
anmong the set of persistence vectors. 23. The system according to claim 15,
further wireless GPNA ehanoak fooHatagpmmunigatipes. n t he control unit receives
information relating to the resource, and wherein the control unit supplies
at least a portion of the set of persistence vectors of at |east one anong
the pluralityTief sysensaccdddindne lyb ers, anhaeidi By ¢t Gnai amddy tharsthef
conprising a control unit, wherein the control unit receives information
rel at i ngPargstense veslwsureptesentha cypulagva density fgetipp et t nodifies at | east a
portion of the set of persistence vectors of at |east one anong the
plurality of users at least indirectly. 25. The system according to claim
23, wher®l.n aThd 8a&m awverdimptogelaine? s athendin spid caimutative densitytfongionepgr®sent s a
cumul ative density function vector. 26. The system according to claim 25,
wher ei n @g’?ﬁd@lﬁiﬁﬂﬁdﬁp@% frpaom eng MeRFIbE SEhPTPERSISHNCE VEC¥Ssed at | east in part

fromone anong the set of persistence vectors. 2 9 MAR 2004

23.  The system according to claim 15, further comprising a control unit,
wherein the control unit receives information relating to the resource, and
wherein the control unit supplies at least a portion of the set of persistence vectors

of at least one among the plurality of users.

24.  The system according to claim 15, further comprising a control unit,
wherein the control unit receives information relating to the resource, and
wherein the control unit modifies at least a portion of the set of persistence vectors

of at least one among the plurality of users at least indirectly.

25. The system according to claim 23, wherein at least one among the set of

persistence vectors represents a cumulative density function vector.

26.  The system according to claim 25, wherein said cumulative density function vector

is based at least in part from one among the set of persistence vectors.



19 27. The system according to claim23, wherein at |east one vecporMAISIR
menber of the set of persistence vectors of each anong the plurality of

users. 28. The system according to claim 23, wherein at |east one anong the
set of persistence vectors of at |east one anong the plurality of users is
based at least in part on (1) anot herlgarmng the user's set of persistence

vectors and (fe &GN 5t9éafraiﬁg 1Y BRI a%ereﬁm léat/s%gg\v@&spfsdg RAgmber & @k M 23,

wherein at |east "a portion one anbng the se persi stence vectors of
at | eastseonfpasisteged veetqes of edch tynoaf thesgomlitysotheesd on a product of (1) at
| east a portion of another anong the user's set of persistence vectors and
(2) a correction vector. 30. The system according to claim?29, wherein the

control it fﬁé%gae&lhscc%%iﬁg%i Odim VELt ek 3 1LRAUne OGRS bhf
plurality of users. 31. met hod conprising: using a shared Tesource at a
rate detpersistonc: wdctdreat at least pae among dhd plustlitustigeers mthased aldesst m pgt anr andom
nunber ; d using the, shared resource at a rat eterm ned at |l east in part
Ananqtiergn of &) :

by a sec ongAhe User's set of BEISISIFNGE XERlors 0L (B WIetBYsHYed at | east

in part by conparing the random nunber to at |east one element of a
persi stence vector. 32. A data storage nedium said medi um bearing
machi ne-2%®adabhesystate accudihg todeim B whereinsat erst & poionxdont abloagithe seh arr ay

of logic elements, said instructions defining a_.nmethod c rising:. using a
char ed rersEnaEc velitrs ok detel Pt AR i Bl or oS By R4 Bt afe
rate;  ofyh gk NERY adpdrabs YN MBIRE ainoAB Ahél Tkdt@ deh@f PariRehck eRtOTE andt2par at e
determ ned at least in part by a second usage rate, said second usage rate

bei ng detcereniipredieci@r. | east in part by conparing the random nunber to at
| east one el enent of a persistence vector.

30.  The system according to claim 29, wherein the control unit issues the correction

vector to-at least one among the plurality of users.

31. A method comprising:
using a shared resource at a rate determined at least in part by a first usage rate;
obtaining a random number; and
using the shared resource at a rate determined at least in part by a second usage
rate, said second usage rate being determined at least in part by comparing the random

number to at least one element of a persistence vector.

32. A data storage medium, said medium bearing machine-readable code, such code
being instructions executable by an array of logic elements, said instructions defining a
method comprising:

using a shared resource at a rate determined at least in part by a first usage rate;

obtaining a random number; and

using the shared resource at a rate determined at least in part by a second usage
rate, said second usage rate being determined at least in part by comparing the random

number to at least one element of a persistence vector.





