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PERSI STENCE- VECTOR- BASED RATE ASSI GNVENT BACKGROUND OF THE INVENTION 5 |I.
Field of WodiR#MeENti on This invention relates to al | ocatB@VUses26623 i mi t ed
resource anmong nmultiple users. Mre 1§_ec fically, this invention rel ates
to the assignnent of usage rates based on a set of persistence vectors. 10
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particul ar context, Rowever, such resources may be found in nany systens
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cartons/wee orgmy particular tinme, the resource is
bei ng 4€ed by n different users, 25 where n is a nonnegative integer; and

ath any par Ei.gngﬁﬁﬁt%@qfkﬂﬂtééﬁ.&%:ﬂm&ﬁ&a% Bhékgds®hd (Where 15 i:5 n) mayA be
characteri ze inite usage rate y: of. units, per sure of tine.
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20 least the following conditions hold:
* 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);
* at any 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 v, 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 2 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 y, 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 tinme exceeds the value R Wth respect to a power plant, for exanple,
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persi stence BE DESCRI PTI ON OF THE DRAW NGS FI G 1is an
illustration of a systemincluding a resource shared anong several users.

30 FIG 1A is an il Iustragtmmﬁmqugmqwgﬁm}\p a first enbodi nment

of the inventio Gt of arretho ccordln toa
second enbodi men{}n P o Of Wﬁﬁqa?ﬁqomﬁﬁ%?o ARG (5 k(G
al t er nat %e gﬁgg{ﬁer}@ﬁharw agomgtehesd 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.



35 according to a second enbodi nent of the invention. FIG 2B shows a
flowhart of another alternative enbodi nent of a nethod according to a
second er8AVHE¥ of the invention. WD 01/24005 PCT/ USOBFYBEBYE%23 Fi G 3
shows a flowchart of a nethod accordiry to a third enbodi nent of the
invention. FIG 4 is an illustration of a systemincluding a resource
shared anong several users and a control unit coui)ﬁ ed to the resource and

the users. 5 FIREG. 3shpwsanflowrhast phrimoethed ageardingte adbisd enhpdiment f our t h
enbodi rrentofﬂ;u‘3 ifveRtioAvention. FI G 4B illustrates a wireless network for
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whi | e nmaxi saveralgsers sodacentrobuni Coupledltvlt}é%feﬁﬂ@rcégﬂﬂﬁht geereapaci ty of the

resource into 6FIGU aReis aafinhisessor 8t £ sYﬁHnOé‘c@btdliﬂg to a¥6u R MbddiRSRt
al l ocati ons e.n usage rates u; n a system where users have changi ng

usage requ?ﬁ'tg‘ﬁé‘h‘feé‘ oRowever, this approach may 15 lead to subopti mal
utilization of Hlfe 4BhillusttatesSowiretess Fetweskafy| data genununicatipnszas ane hat

resource 1g,qléleﬁleatm%ftﬁy%é§an@g4Aa capacity of 1200 gal |l ons/ m nute,
and that a rmtted usage Tate fromanong a predeterm ned set of

available rates is asmgned to each user h\/\/nere the set of available rates

i s rept@sent ed asDETAMEEDEESCRIFFION-OFTHEINVENTION). 1n 20 this
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di stributi th“i‘ t%?%ﬁ‘f@ﬁfegd &X ‘?fn%f’lre%‘?é’fﬁéntﬁs%f‘é“%qeé ozis@’fe&n’i?éet he same

fixed rat eallodetions cassigrong tthesef adLnrcauges s thoa- usageyratrs per I atsydterd use the

resource awvl{e?é fsefl ha(zg’QﬁaS%h Bilifomertty Chowavels Biig ApprdacRithegt i vel y

avoi ds adi we |f fewer than all of the users
120a-d! re ﬁaﬁlésﬁgg%t“aal ‘Efélf"ﬁ‘@onl”gméeaiﬁﬁb‘é any given time, this
approach is al sBonmetrgflelassime iy BIE.dethatrgsaeicey1 00 W@t_ﬁwnﬁe}y hmng‘.ase

wher e resourcﬁg d5%h280 Hﬁo&#mnﬁﬁaoaﬁawa&f el'ﬁﬂﬁed Ggeonsd fFoptimorgd t he

deer wi 1) BRI eésaf KB ol rsédﬁig%*p{ e detot o Rt
each user' gvaidable sate.amaepr@ls%ntedl amnhnﬂmerttweé@eﬁf ofi Y¢ Mo -ot hé‘ﬁ\.d)uéfér s). In
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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/ minuté). 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



obtained by permtting each user to use the resource at rate Y. (1200
gallons/mnute), as only one of the four users is likely to be using the
resource 3B0oav2488%y gi ven tine. O course, use by nore t%g U5 Ser "at a
time may now result in an overload condition. In a related exanple, the
probability that any of the four users 120a-d w Il be using resource 100
Is -. Ina first schene under this exanple, each user Wc) 01/ 24005
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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



of avail able usage rates for each user, an acceptable rate of occurrence of
30 overload conditions, and a m ni num accept abl e averag f. resource
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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.



25 In this exanple, the elenent P2 is set to indicate a probability of -,
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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 notbe 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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quality of service in rece con |t|oneg Is the
conditions without incurring lasting damage, or 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 (Yy,).
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a permtted
P the B8 munications 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, Ypossh, Where
Yooss TEpresents 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



rate may be permtted to fail (here, by extending P to include a value PO
15 corresponding to rate YQ and allowing the value of | to reach zero in
bl ock 245Wwoo1Bl@s user nmay wait until some external eventPCIAEA¥E6250 repeat
the rate assignnment procedure,. or theguser may retry the procedure after
some predetermned interval. In an exenplary inplenentation as shown in
FIG 2A, wupon failing to establish a permtted usage rate, the user
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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
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, represents the highest usage rate possible given the user’s current

poss



10 < b inplies Ya < Yb (as in Exanples 1 and 2 above). Likew se, the val ues
of a persistence vector such as V described above may be chosen such that
c <d inpwearthat [V,] > [Vd] ([Va] > [Vd]), where [V, pcirpshoagbes t he
probability represented by the val ue V;. In such a case, the
probability that a rate will be chosen’increases (does not decrease) as
the rates becone smaller. However, 15 note that no such relation anong the
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persi stence vector, Wrepresents a cunulative density function (CDF), each
el ement W ﬂepqE$FfUng}ﬁz@qpbabhlLty that sone rate Y,, will be assigned,
where h is any |n&eger Such that 0:5 h:5 J, Yhis a valid assignnent for
this user, 35 aff <- m2. In the | oop of blocks 330, 340, and 350, the
maxi mum val de=o i [Kdildentlfled for which x > W. If the test in block
330 succeeds, rdt'e Y,+, may be chosen, or the usage rate may be chosen as
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rate possib ' current WO 01/24005 PCT/US00/ 26625 ~ 10
characteri s%?oggéxﬁ%&r%ﬁ%qﬁgﬁu%éof j reaches zero in block 340, then the rate

Y' is chosens ptherw se, the value of j is decrenented in block 350. Note
that this nethad al so may be nodified to |ncorporate a wait-and-repeat
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test condit ?Sﬁleg r example, a vector W suitable for use in the implementation
of FIG. 3 descnbed 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 systemn 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



bl ock 330, depending on the particular characteristics of the val ues chosen
for x and W. Even in a case where a persistence vector is not originally
present edWgs0184006DF, it is possible for the user to gendHEIYH2EEF from
such a vector and 10 thereby reduce tihe nunber of random nunber
generations for each rate assignnent procedure to only one. First, a
probability density function (PDF) vector F may be constructed froma
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PCTI USQQ 26ffé& reddurce 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
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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, ZA, or 2B or in the

text above may be applied to a system according to the embodiments illustrated



way to prevent overload conditions in such systens would be on the basis of
current usage requirenents: for exanple, by granting usage rate allocations
to WO 01/ 2400B4M0ET|I USOX 26625 12 users only on a requedCTBHEVE6625 n or der
to convey the usage requests fromthe jausers back to the control unit,
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e 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.

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

e The control unit responds to detected or communicated user characteristics

30 (e.g. recent usage rate).

e 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



transmtting data to consuner 550 as allowed by permtted usage rates
510a-d, respectively, and they receive respective signals 540a-d fromthe
control uniyggePfaeggonsumer 550 and control unit 560 may beqpaist®26eds a base
station, and control signals 540 may carried over a forward |ink of the
communi cations channel. Any of the nethods described or suggested in FlIGs.
2, 2A, or 2B or in the text above nay be applied to a system according to
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request fronmlowisgra ystent € aEsropesiately acsnanodatatieersdfavirgpdifferent 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



The control unit responds to detected or conmuni cated user characteristics
30 (e.g. recent usage rate). In a wireless data comruni cati ons network,

t he nunbwo @f24e98nnecti ons between the producer (nobi| CIUSOVAIS and t he
ground network (base stations) changgs. Persistence vector updates may

al so be used as a neans to pass control over 35 usage rates between the
control unit and the users. For exanple, the control wunit may prevent
users frorxampleg thdlﬁ\vﬁﬂﬁbmyuﬁmgmpmﬁteﬁte(d)m pary ooihetoledschardowiredt t i ng t he

probabi | i ence

vector (s) %%Séfreségggngu{t%)ﬁﬁé?ﬁﬁtsh @}fya% terna phé ioagstpﬁgﬁlcc}ﬁgg% +t§§n|t WO
01/ 24005 P@Wl@ﬁ@@/azégwa@zprﬁﬁga%lp@éeéﬁ@t%morhﬂpl@ gpragePr saftwarey t he

| owest r atpeogmantclcatiod fidif orpﬁabaﬂalstbrage rthediaads! mathige-readatde tédger o. Such
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pernlttedfﬁ@&b@ahﬁs%dﬁﬂﬁsﬁiWﬁﬁ“ﬁﬂﬂn@%bﬁﬂmhg to a fifth enbodi nent of the

i nventlipon, the 10 occurrence of persistence vector assignnments and updates
IS reduceqNRX hugmdc?rrectlon vector sets. In a basic inplenentation, one
set of per5|s RE™eltors is shared by all users, and a set of correction
vectors is transmtted 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 nodi fies an elenent of a 15 correspondi ng persi stence
vector, and the user applies a correction vector to the appropriate

persi stence vector by, for exanple, adding or nultiplying 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
accomodat e users having different usage behaviors or profiles (e.qg.
prem um vs. economy, comrercial vs. individual, scheduled or autonmatic use
vs. use on demand, etc.). In a variation of the basic inplenmentation
descri bed above, the set of correction vectors has fewer




25 nenbers than the set of persistence vectors, each such nenber
corresponding to and nodifying one anong a predeterm ned subset of the set
of persi st epgeizagg@ct ors. For exanpl e, correction vectors prapsbeeesasppl i ed
only for those persistence vectors nost |likely to be referenced by the
user. Alternatively or in addition t®this variation, one or nore anong
the set of correction vectors may 30 have fewer el enents than the
correspondi ng persistence vector. Such variations, which reduce the vol une
of control traffic even further, ngéwed to concentrate control
information by restricting the cor I'ofs to those persistence vectors
(or elenents thereof) which are likely to have the greatest effect on
resource usage. 138¢ g}gnfcg{r@ggir@ description of the preferred enbodi nents
is provizded to _enabl e .an erson. skilled in,the art to make or use the
present “i nvent i Bﬁgsouvgrl}agﬁgpmm%gﬁaawg, % { hese enbodi nents are
possi bl e, and t heplgmligyiof users, reecplleying eswmagedatweraesat ofayerbistemopl i ed to
ot her egbodkfBA, snd EQk: HRvAiHA4 Bes, PCT/ USCO 26625 15 exanpl e, the
invention may be.,inplenented in part or in whole as hard-wired circuits,
5‘6@?@ of dhe

as circuit conf FesquEes Pnearhaineng the BrdgGtmsersiiat egr at ed
circuit$, dcletamifdd anieaseirpargbate: hagdeaeiofithe usen-awnd| atil e storage or

sof t war e progrwmréiﬁwgsa%eqme% ch Qm%ﬁ%qhégﬁﬁsﬁg drefdLa i8 Selected
machi ne-re?dabl e codg, 5 such ?ode, il gag nst Uftl_ ng executabl e by arrays
of Iogi & eHTRAL a8t bR user’ sht of BRAIRDIS WHIRS SB SSiactiPn Beigieidatersnigrd

pr ocessi ng atikiastin pihitsy, orteremqmigeiheset ofiperdsiehawdctornot i nt ended to be
limted to the enbodi nents shown above but rather is to be accorded the

wi dest scope copsi.stent with the princjples and noyel. features disclosed
in any fashion forBs Systep Waf‘?% o g dri%’?eer?a%‘ﬁlﬁméé obERFIS00/ 26625
16 CLAI RB vectopasysgdhe satwp pessistence Yeatoresumspentintd onp amoagdw dey measur e,
and a pl ur akhtMiBle M&RrIS, each having a usage rate, a set of persistence 4
vectors, and a set of available rates, wherein a use of the resource by
each anong the plurality of users is 6 determined at |least in part by the
usage rate of tBeTbhseysteandccording to claim 2, wherein each element of the

2 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
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 leastin 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.
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wherein the usage rate of each anong the plurality of users is selected 8
fromat |east the user's set of available rates, said selectiaon being

det er mi n@YOOHMMSast in part by one anong the set of pePSTEYRAMES vectors.
2. The systemaccording to claim1, wherein each element of each 2 vector
anong the set of persistence vectors corresponds to one anong the set of
avail able rates. 3. The system according to claim?2, wherein each el enent

of the 2 per d}stherfystepraccording taclaimds wherrinamtipet Rbayailablemies of users
r epr esentsf £ ledat ehaliddrigthefpluslifg ofusers, ahatvaliRasttat dcash baé naenbie

cccor af ngot e RS ARRAfiaE patel 3 HoPbrR VAl ARG arénpif B 7L ence

vect ors ct8tresponds to one anong the set of available rates. 5. The system
according to claiml, said selection being determned at 2 least in part
by a previous pusage rate of the user. 6. The .system accor di tq claim 2,
wher ei n each qu ejﬁfhfy Sg?mgagﬁwduﬁg _e@f’(ﬂ)%a (f;elflﬁﬁe g@?geoﬁa?epgi %glgf‘%nce vectors
cor r eshonere arpong) thegplurality b usass is ohulhusageadte rates. 7. The system
according to claim6, wherein the value of at |east one 2 nenber of a

user's set of avalilable rates is substanti al equal_ to0.,19,200,.x 2°

bi t s/ second, v&??em‘ﬁ system aﬁcqrmn&gé’r .Cslaﬂlélﬂ%fﬂi‘lffg‘iailusﬁl%oﬁ*\e 1111 WO
01/ 24005 rentds(y #de2s onk7arBong the Blpsaliy efcuserdlismptigreatenthansthewherein i n
t he set OfisepdRishedtRerates 2 of at |east one anong the plurality of users,
the value of at Teast one nenber of the set is substantially equal to
doubl e the value of another nenber of the 4 set. 9. The system accordi ng
to claim6, wideThesystempasoerdingtoclaim 6twhergin at loasypae among theeetpl ural ity
of users bfpesiBiehte UEAGS repieCentd 8 cutlifatidesd @RItR EERItIdNN@ctoR. Cl ai m 6, wherein
an actual use of the 2 resource by at |east ohe anong the plurality of
users is not greater than the wuser's usage rate. 11. The system according
to claim6, whe dhasysteincarcording taelging 11 Heherein sgid sunpdativesdensity vect or s

r epr esent furti6H Reétak isbasd@ns Idayt it from a@@&@@ﬁ& set e peyssdtenBeaccor di ng
to clai m 1 r\g/nerei n said cunul ative density 2 function vector is based at
| east in par? fromone anong the set of persistence

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.
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vectors. 13. The system according to claim®6, wherein each vector anong the
set 2 of persistence vectors corresponds to one anong the set of avail able
rates. 14. wheusymst em according to claim 13, wherein eacﬁcﬁﬂjé%zﬁf%e 2
plurality of users has the sane set of ,available rates. 15. The system
according to claim6, wherein each am%ﬁg the plurality 2 of users has a
random nunber, and wherein said selection is based at |least in part on a
rel ati on bet weerl’t Fie systeranrdordingtioataiomip, atherain s2idgalecoon isased ehent s of a

vector in tREsiUfYarcorsstelion DO HROFRNSEERMBer A atlREstDRIgEIRACCOr di Ng

to claim15,, wherei.n the random, ng\nber Jof % each armn% the plurality of
users is dr Samepishaseiesrdyagiond hedter Brehot BFSISISBEYFOR™S AR 1111 ~Ji 1 |
LLLLL gi4l 11 | |whereirGadid kbl&cted opctot Qi@ nRETY tIB0DE2BEE Sisagdratd of The

system accopglipg.to claim 15, wherein said selection is based at 2 |east
in part on a relation between the random nunber and at | east one of the

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

t he user. 2 18. j . | ai Y‘(‘(}‘?ﬁ ' ng the
pluralit 2 of %é}gg?ggi%ﬁp@a?‘g"gghg tgg%atéﬁplr%b%g}eeﬁeiacn e&{cggt hgﬁ%gaﬁtgﬁe usage
rates conpPf Y88rscompaises agdeir Proficeri 8RD eRgh FRENE\IOEHIAEECTAEE ng t o
claim 18, whenptisestdhats efshitd podustianW rel ess 2 channel for data

comuni cati ons; and wherein use of the resource conprises transmtting data
over the 4 wreless channel. 20. The system accqrding to, claim 18, wherein
the resource is thdhesystaparcadingip malaa\kV#“éTeé%g‘eéﬁﬁf‘%c‘rﬁ%b?rm‘é’Feﬁeé? dat a
conmuni cat i cmswmelfor dibecosymtiritnaeespankd ng to claim 15, wherein at | east one
anong the 2 set Sl e r Bs ' nsity
function vector .ngfe@%%h:%/fiﬁ%rﬁ%g%}grgﬁ #gﬁﬁ%gifﬁs?nmgti%\%égag %Pégﬂ?d

curmul ati Ye Wdredgspgharmel.ynction vector is based at |east in part from one
anong the set of persistence

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 set of persistence vectors represents a cumulative density function vector.

22. The system according to claim 21, wherein said cumulative density
function vector is based at least in part from one among the set of persistence

N

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
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vectors. 23. The systemaccording to claim 15, further conprising a control
unit, 2 wherein the control unit receives information relating to the
resour ce woewpdosd wherein the control unit supplies at |RGEUSIHIHEYti on of
the set of persistence vectors of | east one anong the plurality of
users. 24. The system according to clfaim15, further conprising a control
unit, 2 wherein the control unit receives information relating to the
resoufce, anwherdin|theldonttdll whit modifies] 4t least alpartion &f $haA&:10af 24005

PCT/ USOOb@@@&@ncel%&oi@éf Qi Ned 4t CorfeORinoRly el fah{fQH"c bEusdfs hERJEt @ portion
of thg set..of . persistence vectors of at |east one anong the plurality of

users®at MHESHY 6 indirectly. 25. The systemaccording to claim 23, wherein
at | east one anong the 2 set of persistence vectors represents a

cunul ative degs i upek 'ge&r&ﬂggt%rcl?iagzs,ﬁbﬁeém@ma&c { fihilg bR ¢ al m 25,

wherefn said cunu ensit 2 fu cHﬁg’n vector Is east in
part frofStel@eriBeRreestors FeRspsents 3 Funulative deasity, functign veqiqe sy st em

according to claim 23, wherein at | east one vector is a 2 nenber of the

set of persis ; am 0l | . 28. The
syste am&rd?tﬁgﬁ t% osy_lc g;{;%&%‘?mgﬁér@eug a “{Hgg%g s%{\? 11arhrr‘bti)lr?ﬁ(’te lr({%ﬁgz@yset of

per si §t e AEHPEAESIE 1§ pased gt deast IpRart Jrash gNe ARG G SPY 9f RFFSIBEBES | s based
at | east veetogart on (1) another anong the user's set of persistence vectors
and 4 (2) a correction vector. 29. The system according to claim 23,

wherei n at Iea;t a portion of one 2 anpng the set of persistence vectors
of at |east offe gﬁo%ét%éc‘iﬂré% fo Glaigp 23, Whetein at [paskane Kedopisdiuct of (1)
at | edst nzemploertaf the st ofipetsistencavectgrs dfeeacld aveng' the phiralify gferseisst ence
vectors and (2) a correction vector. 30. The system according to claim 29,
wherein the cg&t ol unit issges 2 .the or}[lection vector to at, | east one
anong t he pl uf&lfesystenyaesardingto claim 2huhessin At lepstpreameng the, shared
r esou? ce settof persistencletrentoisod dit &ast emesambong tae plurglity dfiusets isbasge rat e;

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

AN D



4 obtaining a random nunber; and using the shared resource at a rate
determ ned at least in part by a 6 second usage rate, said second usage
rate bei ngwiedi@sevsned at |east in part by conparing thererHsSM66ISINDer to
at | east one element of a persistence vector. 32. A data storage medi um
sai d medi um beari ng nmachi ne-readabl e 22 code, such code being instructions
executable by an array of logic elenents 1111112112112 [IIH 11T Il It CL
WO 01/ 24005ufiChs USQRIc265id2essd0 srUthedsdigital GIGHRI OsrReesin®urat, hend di gi t al

si gnal Qro%%gﬁkgg ynit. saidt 4. instructions defining a nethod conprising:
usi ng a share %oﬁ?%n%?n?f p%aoragpgpm ned at least in part by a first 6
usage rate; obt ssingrghargdaresomica atrbarte detergingdiahdeashin paabyc: fitsssource at a
rate deger s a8d. | east in part by a second usage rate, said second usage

rate being determned at |least in part by 10 conparing the random nunber
{0 at |east oneOBPENRRT "%ﬁd%é“BBF’%’FBtaé‘ ce vector. 11111111 11111 [111
I1ill & c L Masing 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
10 comparing the random number to at least one element of a persistence vector.
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