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associated with allocating the use of a shared resource among multiple users
may therefore arise in many different contexts. Regardless of the particular
context, however, such resources may be found in many systems in which at
20  least the following conditions hold:
e 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);
e atany particular time, the resource is being used by n different users,
25 where n is a nonnegative integer; and
e 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
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30 FIG 1A is an illust gUMﬂ'IRfR? WWWVM@N(" first enbodi nent

of the invention.
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  least in 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.



FIG 2 shows a flowhart of a method according to a second enbodi nent of
the invention. FIG 2A shows a flowchart of an alternative enbodi nent of a
nmet hod v@®orzoes di ng to a second enbodi nent of the i nventREKUSPI265252B shows
a flowchart of another alternative enbgdi nent of a nethod according to a
second enbodi nent of the invention. WO 01/ 24005 PCT/US00/26625 3 FIG 3
shows a flowchart of a nethod according to a third enbodi nent of the
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a predetermined 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 4}). 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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equally | fo & se'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 110i 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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lowest rate Y, (300 gallons/minute) will be used. The values of the elements of
P may be chosen, for example, to maximize the average collective 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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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
25 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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rate ot 1 Ruf IeerCtze in %lgplg 280), which represents a value between 1 and a
predetermined parameter Ny, 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
Yo T€presents 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  wvector 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{YjH, Yposs} as in block 365, where

Y,0ss Tepresents the highest usage rate possible given the user’s current
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intensive, it ' y_[ desirable in certain applications to reduce the
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a third embodiment of the invention, in which only one random nunber x is
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per sijst e(k?%cé’&&{e%ri\’yé LSRGRts a cumul ative density function (CDF), each
el emrent W representing a probability that sonme rate Yh will be assigned,

where h i3 ay A nteger such that 0 <- h<- j, Yh is a valid assignnent for
this user, =

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



35 and 0<- j<- m2. In the | oop of blocks 330, 340, and 350, the maxi mum
value of | is identified for which x > W. If the test in block 330
succeedsworodlgoo, +, may be chosen, or the usage rate naypoe/Ush®sess as

m n{Y] +,, YPoss} as in block 365, wher;f Yposs represents the hi ghest usage
rate possible given the user's current ]x/\D 01/ 24005 PCTI USQO 26625 10
characteristics. If the value of j reaches zero in block 340, then the rate

YO is chos otherwise, the. value of | is decrenent d i.n bl ack .350.. Note
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1. Many one or more users, reserve capacity available, predicted capacity, status of the

15 resource, information relating to scheduled or unscheduled events that may

affect resource capacity or status, etc.). Control unit 460 may issue commands

based on this (and possibly other) information to users 420a—d over respective

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



other relations may be chosen to exist between the elenents of a
persistence vector and the probabilities which those el enents represent,
dependi nygdiubd 25 design of a particul ar inplenentatiorcridsoaebzsvnen an
overload condition arises in a system a}?cordi ng to FIG 1 or FIG 1A the
users 120 may not be aware that an overlfoad has occurred, especially if
the resource is consum ng reserve capaC|ty in order to neet user demands.
Even in a gglss Or\{Ynere trrée Qe I?ad cog on. caus sethe J eesourffe' S 381
avai | abi |l i ¥ QL aretye b e Rrde e?o% é’x%bc?fﬁg o BiEstHRAL TS he
user nmay U§EIS| bactie tanthiel eontyol emiif, WWWeVMrsttdheasﬂmem@ergldi seqluiee tan a
resource upNBehAPfoim b8y pa;}t 5 Wi e SABARERisd Be HiReSHRD! Y
as wre

pat h. Mor | cat’i ons suc
conmuni catMeiover; additjenal mosts rad elays svonkl ﬂ’@TﬁUS@EEQGGtESTeCQWIﬂg,

f eedbagk @Q@&@,gﬂn%rg@(fe%b@nm% eb¥udh (g_strgay obtain timely notification of
an overl oad. Therefore, user Fﬁ%/es 2 inue to Fse t he rzsource unawar e

of the proble Olr?ielité)%i‘é%‘ r&hneo YaRABES Pf B8R IFvesthgraly schemeo
i ncl ude aitcappbsdibleytd iHsueSram@falllbyaﬁgni Based s uebrs! pasowshgead Sapadid i on

that t dify th f d d t
porsi ot enda G/REY g iftagh AtE Bl and SafERRbr fap 2yl BlchleR inclidd e,
non- over | (olaralsesdeamthednm Whaeccq:ertdmg Ufe¥aterd AppHcationhiyios. DHf ¥KXeXXX¥n
rel atjgng teanftlfég FESSTEN N@“ME)I‘HWGF&RGP%RSKBTEN@E Vﬁé*&ﬁi eB%@ED

avallablllté I t1ona fgamt or a reduction in resource

capaci t y) MPRIFIGAIAORS Qin (&bl BAJESS ueind dnsgrpaspted bl tebetencasdovei ty,
wherein aadt 09} 244m97, 46QitIRL eMEBHOD QDR ATE AQ!L?(D@QWIQ)N'SINJQX ghATRSOUr Cce

400 by us yr f one or, nor.e
users, gﬁwm&@\’fw E]Eeéi Marr‘:gszg %&Sﬂgnﬁgla‘iq

pr edi ct ed assigneé dbf/thespaserst infvehtion15utkeschemes emiﬁlerthatonfrot ah#tto rsgat‘e)
statud cefdh M?&%‘E’?‘*H{f ey Yl the Bers 3o Sl SR EEREMR el o8

possi bly elﬁhgfr jo pomerextantonhile the eprtrabonit gonventrates pacsysiem-wighmisauesat i ons
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respective pergg#;t age rates 410a-d of the u ers e that it is 20

possible for c OLW%@OF’ISStS@ .aﬁmréh@st%a qwth %rﬁéoplé@sm&f %50 or,
al ternat i weVventi®rs, whpsdih @ntosleunit 462r ecefveshiaforifitioddClatbd ta wsle @ecorres
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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  itis 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



for user-driven remediation. If at |east sone of the users are able to
comuni cate with each other, then a solution such as a reduction in usage
rate 25 whYiRsosegot i ated between them In many i nstancespcihwsensds2s such
comuni cati on between users may be unaxgi | abl e, inpractical, or
undesirable, and it may be desirable r a centralized feedback nechani sm
such as control unit 460 not only to convey information relating to the

resource bu lsq to,e sonme degree of c over th ermtted usage
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di sadvant agrafief z?c'&of&ﬂlgeﬁ} égfo%%aﬁghfs@ﬁed B)I cbﬁtrBP%éﬁtbh@O t(Q?(b Swethd! €

al I ocati ons based on us ast, usa Sui't abl e schenes usage rate
sel ect i onSWHYR SRRV Y 1S pagiedicp B(%talcé‘PFqlﬂ%It%a€0t}1€ﬁ(§§]é6f6€scr| bed in

T oot g e e i conn oy 0 it it oy
an

hoor Bor sV RS Tyl E MeEk: OISOV PeIsRiebPs canae T uny A0 (el Re AT

ALLOCATI Gné N rAnibdreAof GEBVIVRINNGATS (ﬂ\lé;y NE-WQt'édf pbaddmerlt;h of, Oﬂff&g’i&ﬂd

asstaned §gubflfns SAANEE Gl Ve HRSRETIcbiNETLIE, U S SDgEES,8Na e the

control unit to har e e users, e users
control tHeitpst éﬁ pgedpati [ronditions- ﬁ@agéamleoar@eés@t@nﬁe \mptcz; &elﬁéney)rbter ol

unit concpBhsdtes &6bﬂ¥ﬁrﬁﬂh%lﬁi&1ﬂé%§§@nrﬁ&ﬁ%ﬁﬁ agdie WS hahtey. adther
avol dfdmesi lflat?(\)/I‘?Sr tlh%%gna%? lellstel the tontrol unit to send a new or updated persistence
vector set to 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 o 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



FIG 4A shows a system according to a fourth enbodi nent of the invention,
wherein control unit 462 receives information related to usage of 20
resour ceQyd@P4ays users 422a-d, and each user 422i has a sepcofuspeicsist ence
vectors 4321. In this exanple, the pernmtted usage rate 412i of each user
422i is influenced at least in part by  commands received fromcontrol unit
462 over respective conmunications pat hvvays 442a-d (for exanple, such
commands _rmay contain or relate to,  changes e or nore persi stent%e
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If the procedure {s successful, the user uses e resource a rate not
greater t¥5RS f9ewhemer different get r?’éfeé‘cﬁs"ﬁc&?fﬁéﬁfjeﬁf@féeﬁa‘ﬁlée@}erﬁé’
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rates. It Is not_ necessary of avail abl e

rates, bulo ¢seblisky ity permetted usage rafRagrerding kaowe efthegnethsidsidascrined (560)

SO that i br ekl drbi. 10 predict the state of resource use and |ssue
i.ble for e set of

contigl, o 91 e SRRASRLLALELY o0t fan S0 RSB o Sl B e
i ssued byalbwmirrgod system &Bﬁppﬁf;ﬁ)latwlwh&mmmodate 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



such a command is issued periodically or according to another schene. The
set of persistence vectors may be a permanent aspect of the 15 operation
of the we§bhi 24851t may be issued by control unit 460 (560pcT/US00V86BN case
one or nore of its nmenbers nmay be upd d periodically or otherw se.
Situations in which a new set of persistence vectors nmay be issued are not
limted to overload conditions. For exanple, a persistence vector set my
be issued to.,a pobile unit at channel assignment and agai n ypon handoff.
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Per si st emuevel éedtaresupidelosed iraynplsshidiehuggn. as a nmeans to pass control over
35 uggge rates between the control unit and the users. For exanple, the
control unit may prevent users fromusing the nmaxi nrum usage rate (or any
ot her ratWhat jg/clgimeidrs: t he probability for that rate to zero and/or by
nodi fying the persistence vector(s) corresponding to that rate.
Alternatively, the control unit WO 01/24005 PCT/USOQ 26625 14 may cause
one or nore users to use only the |lowest rate by setting the probabilities
for all other rates to zero. Such action m ght occur in an energency
situation, for exanple, where it becones desirable to support as many
connections as possible or to reserve a portion of the capacity for
priority 5 use wthout term nating service to other users. On the other
hand, the control unit nay effectively transfer control over resource
usage to the users by setting the probability for the maxi mumrate to one,
thereby permtting each user to



select its own permtted usage rate. In a nmethod according to a fifth
enbodi nent of the invention, the 10 occurrence of persistence vector
assignn&pp%lamﬂsupdates is reduced by using correction veetrRisoGgieds | h a
basic i npl ementati on, one set of persistence vectors is shared by al
users, and a set of correction vectot& is transmtted to a user or users
for whom a different set of persistence 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 persistence VeltAIMY, for exanple, adding or
multiplying the two vectors. The user then uses the resulting nodified
persi stence vector or vectors to establish its permtted usage rate
accordi ng t o lodesystemivormpnisiogs descri bed or suggested herein. 20

| npl enent at i QNyeQf L FRIHRGHS gr&agggitt heedsGdIGee control traffic while
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4  set of available rates.

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

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

5. The system according to claim 1, said selection being determined at
2 least in part by a previous usage rate of the user.

6. The system according to claim 2, wherein each element of each
2 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
2 member of a user’s set of available rates is substantially equal to 19,200 x 2'

bits/second, wherein i is an integer.



circuits, or as firmmvare prograns | oaded into non-vol atile storage or
software prograns | oaded fromor into data storage nedia as
machi neweenalbése code, 5 such code being instructions exds{le$B64§ arrays
of logic elenments such as mcroprocessors or other digital signal
processing units. Thus, the present 17nvention is not intended to be
limted to the enbodi ments shown above but rather is to be accorded the
wi dest scope £ | iscl osed
P A R e G TPt
16 CRAIl matieaSAOWsﬁreﬂﬂgéh@pl@ﬁa%y 0f ugerse she Vel atnlgast enprEembereasur e,
and a plgfrab isbyisafubdeaitiallyeasihl e \ddible the @Rid 8 fnothed BlerfbePSf &ieSt ence 4
vectors, and a set of avai'lable rates, wherein a use of the resource by
each amﬁ‘ﬁb the plurality of users is 6 determined at least in part by the
usage rate of the user, and wherein the usage rate of each anong the
plurality of users is, select east f .avail abl e
rates, said g%? PXﬁteréFﬁ%"rgé%??nC{?éﬁ‘ Y’ Feee{gtt |n pg raie Of(e;antelgg%ng t he
set df peesirsbegtiee phohlitysof GserFhea aydltwagacets.ding to claim 1, wherein
each el enent of each 2 vector anong the set of persistence vect ors
corresponds to one anong the set of avail abl e rates. 3. The system
accordi ng to 1 ailie2sysigrar e¢qerdingh teckih®, grherean ap pgtua] éltsérfbfethﬁ‘ect or of
at | eastregh\ercarmBNgt (a8t Bhiladhohy 18 pUsilsy [FRIREEH RoBgraaté@batin tHey of
using a rate at "l east as high as the correspondi ng one anong the 4 set of
avai | ablU5eF §{4§88€ FateThe system according to claim 2, wherein each vector
anong the set 2 of persistence vectors corresponds to one anong the set of
avai | abl e ratgs m accaor bei ng
det er m ned at1el p?esgg{ém%gor%fn%go 8a%e%|‘é)lﬁesr8££me;$t Eﬁpgﬁ%?ﬁé ser . 6. The
syst ém adgersistegce yectoas mpzresemeae:umlela@we@ie@@emtfuoch@a@ﬁctoz vector among
the set of persistence vectors corresponds to one anong the set of
avai |l abl e rates,
2. The system according to claim 11, wherein said cumulative density
2 function vector is based at least in part from one among the set of persistence

vectors.

13. The system according to claim 6, wherein each vector among the set
2 of persistence vectors corresponds to one among the set of available rates.

14. The system according to claim 13, wherein each among the

2 plurality of users has the same set of available rates.

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

wherein said selection is based at least in part on a relation between the
4  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
2 each among the plurality of users is drawn from a set having a uniform

distribution.



7. The system according to claim®6, wherein the value of at |east one 2
menber of a user's set of available rates is substantially equal to 19, 200
X 2' biwe/®es®wsd, wherein i is an integer. WO 01/24005 PECTUSO02688%25 17
8. The system accor di ng to cl aimbé, wherer nin the set of available rates
2 of at least one anmong the plurality 1&f users, the value of at |east one
menber of the set is substantially equal to doubl e the val ue of another

menber of thel74Thebystdm ddeerdirst ml@ﬁﬁQSdWRGrélﬁ sﬁicﬁbélb&toﬂ"ﬂa%:%ea dthe usage

rate f t east . 2 on ural it sers .is.a nul e rate.
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density fheeseron vector. 12. The system according to claim11l, wherein said

cunul ative density 2 function vector is based at |east in part from one

am)n%the set of persistence vectors. 13. The system according to claim6,

wher et n each vector anong the set 2 of persistence vectors corresponds to

one anong t he18eTheby samracabtcﬁn abe$aiml 5, Jh@feﬁyea&ﬂm% rtﬁb?ﬂutaqlt l'ai m 13,
se

wherej n ch apmong the 2 of us s the s of aallable
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pl ural i t gomprises aseresofhdega prodndwom.nunber, and wherei n sai d sel ectr on is
based at least in part on a relation between the 4 random nunber and at

| east one of the elenents of a vector in the user's set of persistence
vectors. 16. 1H T@%/%X%W&?@é@?djhggotdﬁlm%Mh@ellv\mﬁrmsnurdeelsraawmtasaunber of

2 each agmarthdllier A @nhduir@éatibif sndS drawn froma set having a uniform
di stribution. 01/ 24005, PCT/ USQD/ 26625 18 I T The, syst em according to

claim 15, whelSISiedhUses e rgspyise pompriges transgaidtingndatar oven therel at i on
bet ween t\helessmﬂramtehrrber and at | east one of the

20. The system according to claim 18, wherein the resource is the
2 reverse link of a wireless CDMA channel for data communications.

21. The system according to claim 15, wherein at least one among the
2 setof persistence vectors represents a cumulative density function vector.

22. The system according to claim 21, wherein said cumulative density

2 function vector is based at least in part from one among the set of persistence
vectors.
23. The system according to claim 15, further comprising a control unit,
2 wherein the control unit receives information relating to the resource,
and
4 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,
2 wherein the control unit receives information relating to the resource,

and



el ements of a selected vector in the user's set of persistence vectors, and
4 wherein said sel ected vector corresponds to the previous usage rate of

t he userwod12f0s The system according to claim15, wherei npeaaRoRteerg t he
plurality 2 of users conprises a data producer, and each anong the usage
rates conprises a rate of data prodl2tion. 19. The system according to
claim 18, wherein the resource is a wireless 2 channel for data

co ni cat i onsy,.ar er.el .of . [ e C onprises.transnitting data
ovrerrut he 4 qu?}rlee]laeré]lgst\i}@hg%lﬁ%f).}ﬁ%? %gﬁg{f‘sgg%%sgc%r |r|t|1émt (())fct?l i’?’ﬁml , Wherein
t he resdfreistanset viectops o vatr keast jome amangnithe |PusaliDviaf arsennelt least dat a
comyni GAYireA$y. 21. The system according to claim15, wherein at |east one
anong the 2 set of persistence vectors represents a cumnul ative density
function vector. 22. The system according to claim 21, wherein said

cunul ative de3siThy sydtéminetoiingasicddin 23bagRdeid! al RASE ohd aRRe fHeOM ONe
anong the, set of $er3| sgéance vec{fors. 2; .Th& S%Stﬁ}?l according to claim
15, fur theP! RYSFFSenE e SAPFSEN R tUm A tiyred @Rt HINCEOR YesKOTuni t recei ves
information relating to the resource, and 4 wherein the control unit
supplies at lga I s rsistence vectors of at |east
one anong thez% bﬂ}? gylgﬁ/ﬁ (%?&lfgférrlé pgﬁ%%\]%fé “éyegrf gnmg%'lil corgh 1\4[e0<§eé}3égym 15,
furtBer fEDE4PN Spetgr as basad af leasti in, pare fgm rasierarnhagdbateodf perststeramei ves

i nf or matyepfhrtel ating to the resource, and WO 01/24005 PCT/ US00/ 26625 19 4

wherein the control unit nodifies at |east a portion of the set of
persi stence vectors of at |east one anong the plurality of users at |east

6 i ndirectly.272Fhe Bysteiy sicesrdagabdilaign 08, MRIrfines: 104bebRE Wedforli§ast one
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cunul ative density 2 function vector is based at |least in part from one
among the setgoirhReLSieih S0ESrding to claim 23, wherein at least one among the
2 set of persistence vectors of at least one among the plurality of users is based
at least in part on (1) another among the user’s set of persistence vectors and
4  (2) a correction vector.

29. The system according to claim 23, wherein at least a portion of one
2 among the set of persistence vectors of at least one among the plurality of
users is based on a product of (1) at least a portion of another among the

4 user’s set of persistence vectors and (2) a correction vector.

30. The system according to claim 29, wherein the control unit issues
2 the correction vector to at least one among the plurality of users.

31. A method comprising;:
2 using a shared resource at a rate determined at least in part by a first
usage rate;
4 obtaining a random number; and
using the shared resource at a rate determined at least in part by a
6 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
2 code, such code being instructions executable by an array of logic elements



vectors. 27. The system according to claim 23, wherein at |east one vector
is a 2 nenber of the set of persistence vectors of each anong the
plural i tyodfi468rs. 28. The system according to clai m 23 pc#isoehés26t | east
one anong the 2 set of persistence vectors of at |east one anong the
pIuraIity of users is based at |eastoin part on (1) another anong the
user's set of persistence vectors and 4 (2) a correction vector. 29 The

systen1acc dln to claim 23, wher as i on of one

The set SiTharof sterDrtolkior oo Eer | el SenahengceReng Witk e of
user ¢ |anamedonﬂdaﬁpnqﬂmnunhbd@mhqammhgast a portion of another anong the
4 user's set e tar ] The
syst om acoor dinig B kSRR &S A el MR BEM AT od 7,

corr &ct i esRgegeter to at Ieast one anong the plurality of users. 31. A

met hod corrprl§15trglgmn%aul%h@gm@nﬁ%&daﬁgsour ce at a rate determ ned at | east
in part by a first “usage rate; 4 obtaining a random nunber; and using the

shar gd r esour Beingt the ?}bﬁré deseHFsenat adate éiﬁéqrmlﬁ‘eéa?tt leggt an rArEdyond usage
rate, saetoadamage usasggalaade@oh@uag deiRrbuing deddrntifad tat leasl@h pabyby

ring the.ra on1n er t ast one el e er si st ence
Voot "rhPRinBdae Rt eumell leasl %ﬁleﬁlﬁegﬁaﬁ?ﬁgrﬁaf@ﬁﬁ%ae?t@adam e 2
code, such code being |nstruct|ons execut abl e by an array of logic elenents
WO 01/ 24005 PCT/ US00/ 26625 20 such as a m croprocessor or other digital
signal processing unit, said 4 instructions defining a nmethod conpri sing:
using a shared resource at a rate determned at least in part by a first 6
usage rate; obtaining a random nunber; and 8 using the shared resource at a
rate determned at least in part by a second usage rate, said second usage
rate being determined at least in part by 10 conparing the random nunber
to at | east one el enent of a persistence vector.



