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10 Delivering information via wircless transmission is becoming increasingly popular.
As seen in FIG. 1, information, such as stock prices, traffic information, weather reports,
airline schedules, and sports scores, may be broadcast from a single source, such as a
service provider 30 (not unlike a cellular phone service provider) to a number of
recipients (users) 32 via a wireless transmission media. These media may be, for
15 example, paging networks, FM subcarrier networks, cellular phone networks, and PCS
(personal communications services) networks. This application will refer to the media
simply as a "wireless media network”.
A user 32 may be a person having a wireless terminal 34, such as a personal
digital assistant (PDA), as is illustrated in FIG. 1. (The wireless terminal 34 is often
20 refetred to as a "client”, and the ultimate human recipient of the information is referred
to as a "user”.) A PDA is typically a laptop or palmtop computer connected to a
wireless media network. The wireless terminal 34 usually is not connected to any direct
power source, but rather runs on either conventional or rechargeable batteries. Because
wireless terminals are often used away from the home or office, it is an important
25 . consideration of a wireless terminal user to maximize the length of time that the terminal
may operate without having to change or recharge batteries. Thus, it is important to
minimize the power consumption necessary for the client to receive, decode, and display
information received over the wircless data network, thus increasing the useful life of the
battery.
30 One method of transmirting information over a wireless network is to broadcast
the information periodically. This method is well-known and has been discussed in
Imielinski et al, "Energy Efficient Indexing on Air", Proc. ACM SIGMOD Conference,
May, 1994. In August 1994 the inventors noted the similarity of this method to the
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is immediately sent, beginning with, in this example, stock information 61, traffic 62,

etc. Each ransmission may begin with a preamble 56, 66 indicating the beginning of a

transmission. The preamble may be followed by an index 57, 67 which indicates the

location of the beginning of each topic in the transmission. Each topic 51 - 55, 61 - 65

15 may begin with a topic header 58, 68 which indicates the start of a topic. Each
transmission may end with a trailer 59, 69 indicating the end of a transmission.

Although the example in FIG. 2 shows the broadcast is composed of different
items defined as topics of information (stock prices 51, waffic 52, etc.), it could just as
well be the case that the broadcast contains items which relate to a single topic. For

20 examplie, FIG. 2 could refer to stock prices only, with a first transmission including the
following sequetice of items which relate to a single topic: IBM price, NYNEX price, HP
price, and so on. This discussion often refers to "topics” for illustration. In most
instances, however, the illustration is equally applicable to smaller items, such as
information about particular stocks, traffic conditions on certain roadways, or weather

25 conditions for a certain geographic region.

The broadcast 40 is periodic because each transmission is immediately followed
by another. As seen in FIG. 3, the periodic broadcast 40 of FIG. 2 may be theoretically
compared to a revolving disk 70 (i.e., such as a computer or optical disk) and a read
head 80 (i.e., such as 2 magnetic or optical head) (the arrow indicates the direction of

30 disk rotation). The disk in this illustration is separated into five radial portions called
sectors. These sectors contain stock 71, traffic 72, weather 73, airline 74, and sports 75
information, respectively. Protocol related portions of the signal such as the preamble,

2
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portions called Where the transmission has no index, the receiver, such as a wireless terminal 34,

20 must be on at all times to determine whether it is receiving information it is interested

in so that it may read this information. This constant monitoring of the incoming
transmission inefficiently consumes power. Alternatively, if all of the information
sections are of equal size -- and thus of equal time length -~ the terminal 34 could be
programimed to turn on at the beginning of each section and quickly determine if the
25 section includes data desired to be read. This alternative conserves power but may be
impractical because the sections may be of differing lengths and because the information
is dynamic, each section may be a different length each broadcast. (Unlike a physical
disk, an airdisk may increase or decrease in size if information is added or deleted t0 a
topic.) If the sections are certain types of data items, such as stock prices, however, the
30 items may be med to have identical lengths.
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interested in sports and traffic information. At the random time shown in this figure, the
read head BO is positioned over airline information 74°. A first time delay -- a rotational
latency 82

-- occurs in the time it takes the disk to rotate to a topic of interest (in this illustration,
sports is the first topic of interest presented to the read head 80). The next time period
is the read time 84 (illustrated by a dashed line), that is, the time that the information
about the desired topic is being read from the disk 70’ by the read head 80. A second
time delay -- a topic (or item) spread 86 -- occurs during the time it takes the disk to
rotate to the last topic of interest. The final time period is the final topic read time 88
when the final information about the topic of interest is read by the read head B0.
Because information is read on-the-fly (i.e., it is read relatively instantanecusly as it
rotates past the read head 80), the total access latency would be the same if some or all
of the topics between sports and traffic were also desired. That is, in this illustration,
the access latency and the terminal "on”" time would have been the same if the user
wanted stock information 71°, as well. Thus, in this example, the access latency for all
of the desired topics is about three quarters of a rotation (about three quarters of a
complete transmission).

FIG. 4b illustrates the access latency for an indexed airdisk 70°'. Note that the
airdisk 70" includes an index 90. Again, the topics the user 32 is interested in are sports
75> and traffic 72*". At the random time shown in this figure, the read head 80 is
positioned over airline information 74°*. A first time delay -- a rotational latency 92 for
the index 90 — occurs in the time it takes the disk to rotate to the index 90. Note that
the sports information 75°°, which is the user is interested in, was not read because the
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| engt hs’i'o The final time period of the access latency is the final topic read time 98 when
information about the final topic of interest (sports 75°'") is read by the read head 80.
Because of the index 90, the terminal 43 is only "on" when information about topics of
interest is being read. The total "on" time for the terminal 34 is the index read time 94,
the traffic information read time 97, and the sports information read time 98. Thus, the
15 total on-time is reduced from that of the non-indexed airdisk of FIG. 4a. On the other
hand, the total access latency is much greater in this illustration, and exceeds the time for
a complete rotation due to the index rotational access latency 92.
"Access latency” as used in this patent application, refers to the total time for:
a) the rotational latency;
20 b) the first item read time;
c) the item reach or spread (including any read times); and
d) the last jtem read time.
Actual data disks have another time delay as illustrated in FIG. 4c. A disk 70"’
may be arranged with data stored in sectors divided by annular tracks. In FIG. 4c, the
25 disk 70" is divided into five sectors and three tracks. This creates fifteen areas for
' storing data (i.e., data 0 - data 14). The additional time delay is due to positioning the
read head 80 over the appropriate track when the sector is positioned by the read head
80. This time delay does not apply to the disks 70°, 70"" because they have only one
track, nor to airdisks because there is no head to be physically positioned over a track.
30
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| atency for all Broadcast (Extended Abstract)”, presented on April 27, 1995 at Rutgers University

Winlab Workshop. The contents of this paper are incorporated herein by reference.

Another problem associated with periodic wireless data broadcasts is that an

20 increased data amount results in a "bigger” airdisk. That is, the time for 2 complete

periodic transmission increases. This longer transmission time resuits in a longer

potential access latency which, as discussed above, is undesirable due to the dynamic

nature of some of the information in the broadcast. Also, in many existing wireless

spectrum transmission channels, data communications must coexist with voice

25 ‘communications. The wireless spectrum is divided into multiple channels, where the
bandwidth is optimized for voice or short message communications (such as paging).

For example, a Wireless Access Communications Systems (WACS) has been

proposed by Bellcore in a paper entitled "Generic Criteria for Version O.1. Wireless

Access Communications Systems (WACS)", Technical Advisory TA-NWT-001313, Issue

30 1, July 1992, This system uses transmissions having frames divided into time slots.

Each frame has eight time slots. Each time slot is 2.5 msec and is capable of holding

32 kb/sec. {(Other wireless transmission media may be capable of broadcasting at only
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Thus, it is an object of the present invention to provide a method for arranging
the information on a periodic transmission which reduces the average access latency for
clients of a wireless data service provider.

It is another object of the present invention to provide a transmission signal
15 structure which increases an airdisk’s storage capacity without incurring undesirable
access latency penalties.
It is yet another object of the present invention to provide an efficient periodic
wireless transmission having adequate error correction.

20

These objec:s are achieved by a periodic wireless data transmission according to
the present invention. The order of topics or items on an airdisk may be arranged by
sorting the topics or items to be transmitted onto a list in order of popularity. In one
preferred embodiment, this list may be revised by comparing each adjacent pair of topics

25 on the list. The topics’ positions on the list are exchanged if the exchange decreases the
average latency for all users. This is repeated for all of the topics on the list.

In 2 second preferred embodiment, users are provided with a number of votes to
select items or topics of interest, which may be "cast” in any manner the user chooses
{even casting fractions of one vote). This prevents users interested in a few items or

30 topics from being "outvoted” by users interested in many items or topics. One way this
may be done, for example, is by providing each user with one "popularity vote”, which
may be used on one or more items. If more than one item is chosen, the value of the
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80. This tine delphrality of "steiped? dyh diskso Mdukmm(is writiog adjmmdae&nhh@;oshave
only one Kk t g _be
phyS| cally positi or?n-ﬁ& ngﬁc rac'ﬁm%&& %ﬁ?ﬁﬁ%%&%ﬁ?a&wmr}%ﬂel o
a preferred embodiment, data is "striped” onto a wireless media transmission by writing
adjacent data units across a number of frequencies of an FDMA transmission. This

15 allows a client to receive the information of interest simultaneously from a plurality of
frequencies.

The present invention is described with reference to the following figures:
20 FIG. 1 illustrates a wireless data service;
FIG. 2 illustrates a periodic wircless data transmission;
FIG. 3 illustrates an "airdisk” analogy to the wireless data transmission illustrated in FIG.
2;
FIG. 4a illustrates access latency in an unindexed airdisk;
25 FIG. 4b illustrates access latency in an indexed airdisk;
FIG. 4c illustrates a data disk having several tracks;
FIG. § is a block diagram of a first system used to obtain user interest information;
FIG. 6 is a block disgram of a second system used to obtain user interest information;
FIG. 7 is a flow chart of one method for arranging information on a periodic
30 transmission according to the present invention;
FIG. 8 is block diagram of a system for armranging information on a periodic
transmission;
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i ncor p¥ at ed Mithei #n yyayroffdatacstrined disks; and
FIGs. 18a, 18b, 18¢c, 18d, 18¢, 18f, and 18g illustrate seven levels of error correction
for  transmissions according to the present invention.

15
To arrange topics on a penodxc wircless data transmission in a manner which
reduces the average access latency for all users, the service provider 30 must have
available some indication of which topics the users 32 have an interest. The service
20 provider 30 may be made aware of these interests in any number of ways. Three of

these methods are described below.

A first method for a service provider to obtain client interest information is to
implement a profile-based systtem. Many communications systems, for example cellular
telephone services, include 2 database, or "profile”, of client information. The customer

25 profile for a cellular telephone service provider may include, for example, data such as
the user’s name, address, long distance telephone service provider, service features (e.g.,
call forwarding and call restriction), billing, and other administrative related information.

FIG. 5 shows a profile based wireless data service 110. In a profile-based

30 information service, a user service profile may be used by the service provider 30 to
obtain user interest information. One example may be a service provider 30 that provides

traffic and weather information for several geographic areas, and New York Stock



Anot her probl em associated with periodic wirel ess data broadcasts is that
an 20 I ncre unt results in a "bigger" airdisk. That is,
the tine for a conplete periodic transm ssion increases. This

| onger transmission tine results in a |onger potential access

| at ency whi ch, as discussed above, is undesirable due to the
nature of sonEWOMB43 i nfornmation in the broadcast. Al so, Pﬁﬂ%&é@ﬁgtl ng
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nust, coexi st w m.n;( WHATERCR shissedbe wﬁewﬁéeﬁﬁoﬁemwm is
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has eight tinme Siuplesied fMAedathbs cORMIGOR fof the Aset's Pecgtaphitcregion.ahp detweern?:30mimi Ny
S e . oo 5100 3530 . T s i lereied 3 AR infrmaton abous
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receive traffic information for a route to a clients’ office, by communicating this interest
to the service provider 30 via the wireless terminal 34, telephone 118, or other
communication device. By obtaining user profile information, the service provider 30
knows sufficientdy in advance the topics and/or items each client is interested in at certain
15 periods throughout the day. A broadcast assembler, or airdisk controlier 120, uses the
profile information for all or some of the users to arrange the topics and items and
assembie the transmission in a manner described below. The assembled transmission is
sent to a wireless media transmitter 122 for broadcast.

A second method for the service provider 30 to obtain client interest information

20 is to directly poll a cross-section of all of the service provider's customers. This will
provide a "Nielsen ratings®-type profile of the customers’ information interests. The
informarion provider 30 may also use its knowledge of the particular needs of its
customers to arrange information to help reduce the average topic (or item) spread or
reach, thus reducing the average access latency for all clients. For example, a service

25 provider broadcasting traffic information to users commuting between New York City
and New Jersey might reasonably guess that consecutively ordering traffic information
about conditions on the Holland Tunnel, Lincoln Tunnel, and the George Washington
Bridge will reduce the average topic spread or reach.

A third, dynamic system to obtain client interest information is shown in FIG. 6.

30 This system 130 provides the wireless terminal 34 with an uplink to the service provider
30. An uplink is an active communication channel originating from the client 34 to the
service provider 30. The uplink is illustrated in FIG. 6 by the two way arrow between
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reduce the anount of actual data in a transm ssion, effectively reducing
the speed of a transm ssion. Thus, a 1 negabyte (i.e., 8
megabit) transm ssion nay take as long as 5 ei ght m nut es.

Mor eover, as the amount of data in the transm ssion increases, the

transm ssion tine (the rotation tine) increases linearly. The increased
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It is 2nother WEBUERE e batch lengthperied. Alrhangh the bachJength may be any-lergth.gBizon
signal 15 m&mﬁkﬁﬂ&&iﬂﬁﬁd@bﬁ&xkﬂﬁﬂﬁ%ﬁes@&aﬁ%‘k@ﬁiéfﬁé@tfr?&?r&ﬁi%ﬁc' ty
wi t hout incurring undesirable access latency penalties.

It is yet anofifferthespmplete dngthof the current transmission)o nThecqbleesed tequests azé fisedi ent

peri odi c to MA=1P rﬂlaﬁs?ﬁ" 2. havi ng adequate error correction.
Summary 8? %r@ﬁ@eﬁm %m

20 Ion These objects are
achi eved by a periloanmay i prefemsble fomitbe sarvios proyiden 30 2o amangendye ttapics on the

the prgsent imw LGS Of: | & on an airdi sk be
arranglgd by sokﬁ?’ﬁkg‘géﬂ'gg?’%g%?#hﬁ gﬁ@gfegu mwgrﬂs“f’f'gg%onto a
list in order batth fength! oltinay. alsonbeoopreferable to provide arméthod wilere rises irsguRitingt hi S
the. 1ot Theobespies pBRRBE e, er” e 2O melhls tof it Bisrdcitciange
the |ist. e ' 570N is ange
decreases t hefollows: a service pfovideR 30 providing T tb@I toplck forSBroadcast lhdlude§ it enaat ed
for all of the togiércsa on the |ist. In a second preferred

enbodi ment, u _ MM‘W@P ﬁpﬂs%mm would theng g | ect
i tens 18r tOpi Gielude valénfissRink  wiibH BfnalfckllP SaryCéblets bﬂuﬁ%@ﬁg?w er
te). This prevents

chooses ) (even casting fractions of one vo
users i nt er esopiFsi This maybe dosesfopexample, by including in all broadcasts the most popular

topics or items as determined by an average over time. Less popular requested items
would be broadcast in a subset of all transmissions. If this method is used with the user
uplink system of FIG. 6, the service provider 30 may disregard requests for the most
20 popular items because it has already been determined that they will be included in the
next transmission. The service provider may then process requests for less popular topics
or items, thus reducing the number of requests needing processing. Alternatively, users
may be precluded (either permanently or for a limited time period) from issuing requests
for the most popular items, thus having the further benefit of conserving uplink
25 ‘bandwidth.

FIG. 7 is a flow chart of a method 200 for arranging topics on a transmission
according to an embodiment of the present invention. In this illustrative method, the user
interest information is collected by the service provider 30 via user profiles as seen in
FIG. 5. The airdisk controller 120 and transminer 122 may be conventional wireless

30 media transmitting equipment programmed to perform the following method, as seen in
FIG. 8. The airdisk controller 120 comprises a computer 150 and a data processor 152,
such as a digital signal processor. The user profile information 112 includes a user
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30 topics from being "outvoted” by users interested in many itens

or topics. One way this may be done, for exanple, is by
provi di ng each user with one "popularity vote", which may be
used on one or nore itens. If nore than one itemis chosen, the val ue of
t he 7

WO 96/ 34349 ‘WO 96/34349 PCT/US96/02739
PCT/ US96/ 02739 user's vote is decreased to the fraction 1/x,

T ue af i1 tho Shipe Bt 18 ;ng‘?’@%%"‘%ﬂﬁe"&“i ! %%WMQ?’H'&
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Lopi cs or | tems. e Brerie jpiGmation Je the sotpuier 5  Theragmputss 150 e reppkves user
popular intereStihforrhatiol HoR1 thk Bfishasd 1S3 15/206ME e SpitERAGIenS il dolited
users not interested in the nost popul ar topic or item This is

repeated uhtil alordes; Thecarranged-wpiss apd iems Aep e saof, 1o dherdata processor 152 1o be
The transmi ssi on cghverted uﬁ&amam@b@?o%ﬁaﬁﬁﬂgggf BétvertddCaald @ W et 103

conbi nes a_nunber of transmssion c s to obtain greater
aggr egat e capaci cpnventional wigeless sedia transmitter 1230 /s noted above thevser may be interested

oLt 0, e 8 R Vel NPl B TRBRARY T s,
data units acrosgrices or traffic information erycephinstpadstand bridged. r ot at i ng di sks. This
2110t ot Lo, 0%, 2B e Bl B, 1. et (o8 A TS e g
information, such as the user profiles, is accessed and read (step 204). The airdisk
controller 120 creates or updates a user interest table 250, illusirated in FIG. 9 (step
208). The user interest table 250 may be compiled from the accessed user interest
information. The number of rows in the table equals the number of users interested in
15 one or more topics at the current time. In the example of FIG. 9, at the current time,
nine users are interested in receiving information. The columns in the table represent
topics. Using the examples given in FIGS. 2-4, this user interest table 250 has five
columns (stocks, traffic, airline schedules, weather, and sports). For each row i (i.e.,
for each user), a value, such as a "1" is assigned to a column j if the user i is interested
20 in topic or item j, and a "0" otherwise. If a cohumn has no 1s in it, that cobumn is
deleted. At this time, no user is interested in airline information, so this column is
deleted. The total number of columms in the final table is n. In this exampie, n = 4.
Next, a list X is calculated (step 208). The value of K(j), the jth topic on the list,
is the total value (i.e., the number of "1” entries in column j of the user interest table)
25 assigned to that topic. List X is sorted in ascending order of K(j) values (step 210). The
sorted list is called L. FIG. 10 is the list L for the user interest table 250 of FIG. 9. Of
the topics remaining on the list, stock information was the most requested topic (6
requests) and sports information was the least requested (3 requests)(airline information
had no requests and was deleted from the list). L{j) is the jth topic on list L. j ranges
30 from 1 to n.

12



adj acent data units across a nunmber of frequencies of an FDVA transn ssion.

This 15 allows a client to receive the information of_interest
simul taneously froma plurality of frequenci es.
Brief Description of the Draw ngs The present invention
I's described with reference to the followng figures: 20 FIG 1
i |1 ustrates wovéssaisess data service; FIG 2 il |pcatussémsin
peri odic wirel ess data transm ssion; FIG 3 illustrates an
‘ai rdisk” analogy to the wireless data transmission illustrated in FIG
2; G‘exn-aﬂlr F!mg!qeaafébe ehjecsive fyngtiemfoy lishL 4y calenlatetbstegt 212).di sk;

sutn/
IZZISG 4c |IIus rat es aagatf';[lﬁ%l}@én avi ngs\’aist%bgplg#ﬂtlra%dlgwmiﬁg 5

is a block di togicanre@rdesed dccarding y the listusfod alf asees>t FIIGh 10 $lkustrates the exléulation
I nformati on;

a bI ock di.agr.am o second system used
to obtain usePf ¥ pripalistl 9#1—?13”29 g° ngmmzzet.hz e8S3 f| ow
chart &f one lmabptbtfaurummf(gbn@sdrﬂflormﬂlb%m&fhraaﬁ&[ge@%h%@&tfronéthe

transm ssion accord o the present inventi

bl ock di agr anf®9# 'é'y M'gq‘ aFheAYSraRe, ascResJataudY; fOF, all 9f she Jisprs sbrained by

transm ssi on; adding up mumerical values for the positions of the last topic of interest for each user. 8
The numerical value for the positions of the topics on list L are:

Stocks 1
10 Traffic 2
Weather 3
Sports 4

Thus, user 1's last topic of interest is sports (4); user 2's last topic of interest is weather
(3). The numerical values for all nine maximum positions are added up to determine M
15 for list L. Here, M is 26.
Letj = 1 (step 214) and determine if j = n (step 216). If; is not equal to n, then
steps 218 - 226 are preformed. If j equals 2, then steps 228 and 230 are performed.
If j is not equal », then the positions of topics L() and L + ) are interchanged
and a new list L’ is created (step 2182). In this example, the positions of weather and

20 sports are exchanged. The order of new list L,’ is:
Stocks 1
Traffic 2
Sports 3
Weather 4
25 M’, the value of the objective function for list new list L,’ is calculated (step 218b) in the

same manner as above. The calculation for M, ' is illustrated in FIG. 12. Then M and
M’ are compared to determine if M" is less than M. If M” is less than M, then the new
list L’ repiaces the original list L, and the original list is discarded (step 222). If M’ is
not less than M, then the new list L' is discarded (step 224). Here, M,” > M. New list

30 L,’ is discarded and sports is returned to the last position on the list. After M* and M are
compared, j is increased to j+ I (step 226).

»
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Traffic 3
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M,’, the value of the objective function for this new list L,’ is calculated (step 218b) in
the same manner as above. The calculation for M,’ is illustrated in FIG. 14. In this
case, M,” > M, and this list L,’ is discarded.
This process is repeated until all # (all topics on the table) are sorted according
20 10 steps 218 - 226. Once all of the topics are sorted, a final list L, (which in this example
is list L,”) is provided to the airdisk controller 120 which retrieves and arranges the
topics, and generates a transmission which is transmitted by transmitter 122 (step 228).
The airdisk controller 120 waits until another broadcast is to be assembled (step 230).
This method is relatively cost effective for the service provider because it may be
25 performed with conventional equipment. For example, a single computer appropriately
programmed may arrange the topics and items for each transmission.
' Similar methods may also be used to arrange the information on the periodic
wireless data broadcast. One alternative to the method described above is to modify step
208 by utilizing the user interest table 250 in 2 way which provides each user with equal
30 "weight”. That is, each user is given a finite number of "votes” {one, for example), and
may cast those votes in any way the user desires, including casting a fraction of one vote.
Thus, a user interested in only one stock, for example, may cast all of his votes for one
stock. Another user could spread all his votes among several hundred stocks. Thus, the
user interested in only a few items or topic is not "outvoted” by a user interested in
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t el ephone services, include a database, or "profile", of client

I nf or mati-on—The custoner 25 profile for a cellular telephone

service provider may include, for exanple, data such as t he

user's nane, address, |long distance tel ephone service provider, service

features (e. call forwarding and call restrictiog} billing,
PCTIUSY

and ot her ad%’ﬂm ive related information. 6102239, 5

shows a profile based wireless data service 110. In a profil e-based 30
information s Vdrﬁeitenﬁ er \/ the.service
provi der 30 tgSE wﬁé‘ﬁ%aﬁ\b&ger |‘?1+ereg% Wm%ﬁ gq(aﬁ?fﬂe may
be a service robminjeromilet ¢éagh uger é whibhhas an interest in thé frerh fin thatentunye afrs@sd

G Or MRLTON T Ofe STV RLiR SRR ARONHSmS) S Bktion 1 it lkced theke, Where x is the number
PCT/.US96/ 027 3%f items user i is mﬁrmngeAﬁerWEBEs conipletdd o1 cdﬁ!lﬁ:% and 48l

subscripes to t‘EV ?erw cei Proflle 112 for hat user 52 may be

creat ed®ei t her¥ Pé%‘@éf%l%% W sarted by idessending:

30, ver o o orie B’ THAE e PRI UBhe 205 2100 Rl s e 0, "

comuni cati on 8@Y¥8.ce. The profile 5 112 may I ndi cat e, for exanpl e,
that between 6: 00 Anfiher altbrrdfiveds B usk Bithel SFthe Béo infthods (the method shown in FIG.
7 or the one in the preceding paragraph) and perform them iteratively. That is, after the
10 first topic in the final list has been chosen, delete all rows in the user interest table which
have a non-zero value for that topic, and repeat the methed to determine the second topic
in the final list; continue with this process until all the topics have been placed in the
final list. Referring to the user interest table 250 of FIG. 8, after the final list L is
determined, the entire process is repeated, except that the users interested in stocks are
15 deleted. That is, the process is repeated for users 3, 8, and 9 only. If this second
process determines, for example, that traffic is the second item on the list, a third process
is performed for user 3, who is not interested in traffic or stocks,

The "storage capacity™ of an airdisk may be increased by structuring the periodic
20 broadcast to combine several channels to obtain greater aggregate capacity. One way this
may be accomplished is by structuring the periodic broadcast to be theoretically compared
to the technique of data striping, as is used in a Redundant Array of Inexpensive Disks

(RAID).
Data striping has been known for magnetic disks since the 1980s and has been
25 used in high performance workstations and super computers. Data striping is described,
for example, in Chen et al., "RAID: High Performance, Reliable Secondary Storage”,
ACM Computing Surveys, Vol. 26, No. 2, June 1994. The contents of this article are
incorporated herein by reference. Briefly, data striping is writing adjacent data units
across an array of synchronized rotating disks. FIG. 15 shows an array of four disks
30 380a-d. The data unit (i.e, bit, byte, block etc.) used to stripe is catled the striping unit.
The number of disks in the array is called the stripe width. In this figure, the striping
unit is 1 bit and the striping width is four disks. This structure, often referred to as a
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i nformati on about condltlons on the Holl and Tunnel, Li ncol n

Tunnel , and the @orgmmwtosmaﬂmwmwwmenm The
average tepic spread gigd Hamming Code Own ?a#q&@éshgf@nuggﬁpmaﬁws&i%i .

to obtain client interest In orrratlon S
system 130 provi des tMﬁMMPﬁMm@FQﬁb&Mn uplink to the service

g{lo;: g:'[i ng fromthe %%ﬁ%ﬂ&%ﬁdw aﬁﬁﬁ%“qﬁg%@ri\%ncc% provfd(gﬁEQ‘?O The
uplink is illustrateddisk isusel f& gagity. he t wo way arrow bet ween
Level 4: “block interleaved parity”. This is similar to Level 3, except that the
20 striping unit is a block, not a bit.
Level S: "block interieaved distributed parity”. Data blocks and parity are
uniformly interieaved across all n disks.
Level 6: "P + Q redundancy”. This is similar to Level 5, except that Reed-
Solomon codes are used to protect against simultaneous disk failures.
25 ’ FIG. 17 compares an illustrative embodiment of a FDMA wireless periodic
transmission 450 having four frequencies f,, f,, f;, f, with a magnetic disk RAID 452
having four disks 453, 454, 455, 456. Wireless media transmissions divide time into
fixed-sized periods called "frames”. In FIG. 17, the frames are the portions of each
frequency shown (one frame is indicated by the bracket 458). A frame is divided into
30 smaller units. Some of these smaller units are protocol-related information such as the
preamble, index, headers, and trailers (omitted from FIG. 17 for clarity). Other smaller
units containing user information (i.e., voice or data information) are called "bursts”.
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10 WD 96/ 34349

PCT/ US96/ 02739 the client 34 and the wireless nedia network 114.
Users 32 can request information as it is needed by sending a
request over the uplink. In an illustrative enbodi nent of this

met hod, the service provider 30 nonitors the uplink for a period of tine
referred to awo96/34349 the "batch |l ength". The provider c®¢RUSIHREMunber
of requests received for each data 5 itemduring the batch | ength

period. Altho atch l.enat.h an ngth, i
preferred emW"?ﬂkgﬁ‘ﬁ’%h %W%’f‘ﬁ%t&f‘eg’?mﬁﬁy?% FaRAR sy, Pf ¢ e
current rot atiatburst including the sérne énforntatien toaplugiliey bEfrgrhdy 9fcalldden triniig Slod.
transm ssion).. The '?ﬁ‘lélré%[ ed r &ests ar.e t|,|sed . . .to arrange the
topics on the "H’ék‘ﬁ' jhugst gfeight consecutive ‘Tames mmae?f%’}‘f%@“%m%}e f or
the service pryyd @&edatiada tife 3ot aPECsithpIRtity GPibfsSdissios all Bursts are refqd-éﬁ(i@gg ng
transm ssion based on_only a cross-section of the requests received during

the 3 timeslots. 1o Flf7-n17, ithe four equally,sirnd sybdivisions,pleach fgme #58 aretime:t hod
where users reggiesting unpopul ar information are not "starved".
One nmethod for achieving this end is as follows: a service
provi der 30 provi diThg FDgMAt%izml(qSiﬁiG- f1@rhab rfourcfrequendiesct,u fe f3.i fz, withreach

wou d then 15 Hededty, e fraBebieRAR W ouk et 4BFLTH- DB Sroonet R GRET S5
the remai ni ng,tineslets #6Qb, K60d are assigned voicetinformation;Tthe firsvand third Slose4604,A60c
or TTel® b aceubin 'y Sin nERivE Feapeie, M bl et K tropminet ba
itenms contain stock information. The third and fourth frequencies f,, f,, contain sports
information.
The first time siot 460a of the first frequency f, contains the first byte (i.e., byte
0, which includes bits 0 - 7) of stock information, and all subsequent even bytes (i.e.,
15 0, 2, 4...) to its capacity. In this illustrative embodiment, the slot has a 16kbit capacity
(Zkbyte), so the highest byte in this slot is 3998. The first slot 460a of the second
frequency f, contains the second byte (i.e., byte 1) and each subsequent odd byte (i.e, 1,
3, 5...), so the last byte of this slot is 3999. Thus, these two simultaneously transmitted
frames contain the first 4kbytes of stock information in the transmission. In this
20 illustrative embodiment, the transmission 450 may be theoretically compared with a
RAID having a one byte "striping unit” and a two disk "stripe width" of stock
information.
The third slot 460c of the first frequency f; contains the 4001st byte (i.e., byte
4000) and each subsequent even byte (i.e., bytes 4000, 4002...) to its capacity. The third
25 slot 460c of the second frequency f; contains the 4002nd byte (byte 4001) and each
subsequent odd byte (bytes 4001, 4003...) to its capacity. The sports information may
also be compared to 2 one byte “striping unit"/two disk "stripe width" RAID.
In these transmissions, the client receives the data twice as fast as would be
possible in ordinary wireless media transmissions. Also, the stock information is
30 transmitted on two frequencies (f;, f,) and the sports information is transmitted on two
different frequencies (f;, f,). If a single user was interested in both topics, a receiver
capable of receiving four frequencies would be needed. If a user was only interested in
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woul d be broadcast in a subset of all transmissions. If this nethod is used

with the user uplink systemof FIG 6, the service provider 30
may di sregard requests for the nost 20 popul ar itenms because it has
al ready been determned that they will be included in the next

transm ssion. The service provider may then process requests for |ess
popul ar topi cs WO 96/34349 or itens, thus reducing the nunber @CTRUSHMBEYS
needi ng processing. Alternatively, users may be precluded
(either permanently or for a,limted tinme period) fromissuing requests
for the nost pop@B&ef msmwpwsmmvwgﬂﬂhefmwmmwewefmmm

uplink 25 ‘q&ﬁ,cw ~dedicated Fhiar i I B{I
nmet hod 200 for arrangi top |chsav%n ac%raxr']eg%v%rgl on = ahérgzwﬂgccorﬁéng
an enbodi nent of 36tdedlpmismtec¢lmmsubm of alltthe frequencies phithe\EDMA: $ign]. tFoe

gge\r/i a user prof F{%@ ast een 1 n %Eeivﬁr 9&5*?%&@%?%@1 |és{‘ﬂ go% t\g: Idg

120 and triansm tter 1RHfereny aipdiskomay hivediffdrentirotationsiengiis. For examplegifl here is

It:\ansmttl ng equgggnt# (%&Fgg‘?ew@%{)seé{’& t he, f%%qgsge‘gﬁhfg as seen

and a data proce%sﬁﬁcﬂ&zamnmforebemﬁdmhgeé Mﬁlmﬂameaafwmmﬁsm
The user profile information_112 includes user

11 are thgsagep, 4t willgake twice as long for the stock disk to complete one rotation than
PCT/ US96/ 02739 for the sports "digk™0f k isCalsdAiodile Shat differehb Sirdisk Tl Navel differeMCsbied ©S
the data to be included froma data

10 bursts. This is most likely to occur in FDMA airdisks.

FIG. 18 illustrates error correction formats which may be used in embodiments
of wireless data broadcasts according to the present invention. These levels are:

Level 0: no error correction or redundancy.

FIG. 18(a) shows a TDMA signal 500 having four time periods (i.e., the periods

15 may be time slots or frames) with no redundancy or parity.

Level 1: "mirrored redundancy”. All of the data is broadcast twice; if there is
a transmission or reception error with the initial broadcast, there is an identical
broadcast containing the data. If n frames are available, the data is broadcast in
n/2 frames, and these frames are repeated in subsequent frames.

20 FIG. 18(b) shows a TDMA signal S10, having with four time periods, data O -
data 3, and four time periods, redundancy O - redundancy 3, containing the
identical data as int the first four time periods.

Level 2: "memory-style ECC". Data is broadcast "striped” across a number of
disks, and the remaining frames are used to store a Hamming Code error

25 correction code. The frames with the Hamming Code are called parity frames.
The number of parity frames needed is on the order of log, n.

FIG 18(c) shows a TDMA signal 520 having four time periods containing data
(data 0 - data 3), and three time periods containing Hamming code error
correction bits (parity a - parity c¢). Here, there are four frames of data

30 broadcast, and 1+log, 4 frames are needed, therefore three parity frames are
needed.
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I nput 156, which may be a manual input, a wireless or wireline network, or
other nmeans for providing information to the conputer 150. The
conputer 150 al so retrieves user interest information fromthe
dat abase 154 to arrange the topics and itens into a desired 5

order. The arranged topics and itens are then sent to the data processor
152 to be WO 96/34349 converted into a format suitable for trBENES%S2BA. The

converted data is then sent to a conventional wi rel ess nedi a
transmtter 122. Am %W atcfogf

specific itenms wt piCs t he user may eg5 85&%“‘%%%‘\‘}
certain stock one frameris used Sooparity.af fi ¢ i nformati on on certain roads and

bridges. 10 Flrst e.ai[di co roLIer 0is |n|t|aI|zed
(step 202). The usdnC; AB(d) shows gmig#ﬂs@} B?W%é

prozllﬁs Iizgccesqasht enmﬁ%ﬁrﬂmww%mxﬁ:g?t%}eﬂeampanzh(pax} a)t 4
control Ler creates or ates a user res a ustrated in
FIG 9 Pstep Leverd @g’Fg Yedepartifyyy Pl is %“&B‘F’e“’;&!e rﬁaf"%‘ et ed
fromthe accessed Ugfing Ghi€is®Plock, notabig, | hformation. The nunber of rows

in the table equals the nunber of users interested in 15 one or
nmore topics at the K6 188} SWGWMMMW@MW% pmodatconmamgment

tinme, ni Prs he
colums in the tabll;e1 rkggr esle’BFIE w.&eﬁ)t 1110% c?: %‘gﬁe exanp @’s"%. ven
|(n FI ES 2- 4ffth| s Mlmlmbdpmwpmm?ﬁb . colums
stoc traffic & R4 r..each row i
(.o, 10 LS bR fedesia g RULA parid " DIABIoLRY 0 PR BRI,
col urm j if the usauuﬁormlymmﬂwaslomhs%ﬂnfmmes in topic or itemj, and a
"0" oth | t t

del e?ederms'?hl s t?ﬂ@o ﬁgﬁ a‘?’ Pg‘r&ﬁ‘\en I eﬁg&]ﬁ"’m YﬁWnMFPW“go

this colum is mwrkammlmmmﬁmoalx9nmﬂ>ﬁmpmml m;utmxsb? K
Nex a lls

final table is n. sexa n

is calculated (st epBQégf‘ "&E‘%Pwk&'}'}“fiw is called the left symmetsic paety

i s the gsotal val ue fiacefhent, WRRhhETHRR fAind 13 be @ Préferaid drﬁnﬁéﬂxéiﬂ'i’oﬂdnﬁﬁbﬂtﬁg user
i nterest table) 25 assigned to that topic. List is sorted in

ascendi ng order of MY Wﬁlﬁsues (step 210). The sorted list is

(&al led LoH@ tlgel%pgs r ema W t he |Iss{%ﬁ£sr?§gf;,€ﬁ$ gerﬁgln%?]%ftge
nmost requested t opi ¥olgreon codes are u-'ﬂd tomm@wystamlw frame, fadlurest i on was
£ ggulagfl? aﬁgq\ﬂg:t ggﬂﬁ%ewlrj%fﬁﬁw?hewygﬁj@i S ine ] tuﬁlet %epl C og&?ﬁ's OL.
ranges 20 interfeaved data blocks (data blocks @ - 19) and parity blocks (parity blocks OP -
4P, 0Q - 4Q).
The parity writing for the airdisk may be performed in the airdisk controller 120. Parity,
or redundancy, may be needed for each transmission (if information has been revised).
This may be performed, for example, by performing an Exclusive-Or operation of the
25 ‘new data with the data from the previous transmission.
It is also contemplated that airdisks may be structured using TDMA and CDMA
signals as well. For example, each time slot of a TDMA signal may be structured to be
an independent airdisk.

30
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30 from1l to n.

12 . WD 96/ 34349 .
PCT/ US96/ 02739 Next, M the value of the objective
function for list L is calculated (step 212). Mis the sum of

t he maxi mum position value of the topics a user is interested in when the
topi cs are or deWeas34ording to the listL for all users. FlG PCIUS96/02739
illustrates the cal cul ation of Mfor the list L of FIG 10. As

an approxi mati on of S:rret od.to mnimze the access 5 | at ency for
all users 32 (i.e sers " the topics are arranged on the list from

t he most ém itdpmvbepeﬁodh:ownélm trafimissiote isaipecribed. € Ome lifiproveient i

all .of the users obtalned ddi.n nyneri cal alues for the
osi 11 one of 1 bt maBRer S Whlkt opjes e ordered o5 U9 SHerEIM. A scond Improveppyat i
nunerical val ue Joaibuﬁﬂ‘gesem dtiafitts 18 incréiSe hgg%g‘a& s'n‘%nl taphcity. Bdth improvements
St ocks 110 Traffic
Weat her 5§ 3 decrease the average access lawgey, resulting in lessgtale data delivered to customers and
reduced power consumption by reducing the "on" time of wireless data terminals.
The above described embodiments of the invention are intended to be illustrative
only. Numerous alternative embodiments may be devised by those skilled in the art

without departing from the spirit and scope of the following claims.
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Thus, user 1's last topic of interest is sports (4); user 2's last topic of
I nterest—is weat her (3).._The nunerical values for all nine
maxi mum positions are added up to determ ne M 15 for list L. Here,

Mis 26. Letj=1(qt-ep—2:l.4.)_a.n.d_d.&t_?rmne|fj=n
(step 216). If j is not equal to n, thehTHIS SHEET HAS BEEWS 218 - 226 are
prefornmed. |f WO%34MPs n, then steps 22B and REBDAGEDE per1orm!"&T’US9‘5"’2'7-"9

s

If j is not equal n, then the positions~of~topres—~tt) d L(j + 1) are

I nt er changed and a new list L' is created (step 218a). In this

exanpl e, the posﬁ)i“g‘ns of weat her and 20 sports are exchanged. The

order of new | |1st LAanethod fos :arranging items on a periodic dmadnsmxsslon. combrising the

Traffic Sports -

Weat her ﬁ%"f M, the value of the Obj ective f b i fdat ol

new List Llerr] is gal cubiififl hemhefor Zismission; t he ﬂ by m}ﬂm

above ‘Qe calculatlonfor Merr] is illustrated in FIG 12. '.. s 8
are Xonpared t obdet ACHRSHEE pger ipterpst infagmationppdy | f M is | ess than M

then't he now 1éef3hop iifRfon ik SH g ho be Shcsssed
original list is di scardedﬁ?step 225) AV ¢ not ss tﬁan M

t hen the new | iinformation.s di scarded (step 224). Here, Merr] > M New list 30
L[err] is discarded and sports is returned to the |last position on the

list. After M and Mare conpared, j is increased to j+1 (step
226) . 2. The method of claim 1, wherein the step of accessing user interest information
10 comprises accessing information obtained from a user profile.

3. The method of claim 1, wherein the step of accessing user interest information
comprises accessing information obtained by polling at least a subset of all users.

15 4, The method of claim 1, wherein the step of accessing user imterest information
comprises accessing information obtained by monitoring an uplink for user requests.

5. The method of claim 4, wherein the step of monitoring comprises monitoring the
uplink during a time less than a time of the compiete periodic data transmission.

20
6. The method of claim 4, wherein the step of monitoring further includes
disregarding user requests for information aiready determined to be included in the period
data transmission.

25 ‘7. The method of claim 4, wherein the step of monitoring further comprises
precluding users from requesting information aiready determined to be included in the
periodic data transmission.

8. The method of claim 7, further comprising performing the step of precluding for
30 a limited time period.

_
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WO 96/ 34349
PCT/ US96/ 027EM
weat her are e

yu"“ ”m Next, the positions of traffic and
der of new I Llerr] is:

St ocks Weat hef TH#S SHEETHAS BEEN Traffic
3 Sports 4 REPIAQED: he Vil ue of the

obj ective funct wores3as4st hi s new | i st L2' TS5 Tatettat cd (SiBep 24AIMSs02739

t he same manner as above. The calculation for Merr] is illustrated in FIG
13. Ln this case, &[err] d therefore, new list L2
becones list L, 9[ er r Theymethodeaf qlaimol, WE’G step of 5°“‘“$)8§'F"FY erraerises ineluding r

and traffic rema ﬁhﬁﬂ%ﬁﬂn Sﬁﬂ;wneg,em

t he p05| tions of bgve%( er and gﬁ)r%ﬂkgﬁglgﬁggggﬁﬁ%nes fg? er of new | staﬂs""t
L[err]" is: including most popular \iems-her 1 St ocks
2 Traffic 3 15 Sports 4
Merr] the value of the objective function for this newlist L[err] is

cal cul at ed (st ep10.18bThe method of claim 9, whetein the step nﬁsum?ng ﬁﬂmﬁmlmdesilérermixﬁng

TR SR G IR E T T ——

process i s repeatieg. until all n (aII topics on the table) are sorted
accordi ng 20 to steps 218 - 226. Once all of the topics are sorted,
a final list L[err](which in this exanple

11.  The method of claim 9, wherein the step of sorting further includes dividing into
10 a plurality of secondary subsets of items for transmission not included in the first subset,
and transmitting the plurality of secondary subsets in subsequent transmissions.

12.  The method of claim &, wherein the step of sorting further comprises the steps of:
a. comparing each pair of adjacent items; and
15 b. exchanging the adjacent items’ position on the transmission if the exchange
results in a lower average access latency.

13.  The method of claim I, wherein the step of sorting further comprises generating
a user interest table reflecting the accessed user interest information.

20
14. The method of claim 13, wherein the step of sorting further comprises:
a. assigning values to entries on the user interest table; and
b. using the values on the user interest table to sort the items for transmission
onto list.
25
15. The method of claim 14, wherein the step of using the values includes calculating
an objective function for the list.
16. The method of claim 15, wherein the step of calculating an objective function
30 comprises:
a. assigning a numerical value to each item based on its position on the list;
K

22
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IS Irs-t—t:[’e’ﬂ"‘r?b'rgﬁ ded to the airdisk controller 120 which retrieves
and ar | AR muml\ topics, and generates a transmission which is
transmﬁl\mm V\b fer 122 (step 228) ' The ai rdi sk

control l*er¢12® i t% Gntil anot herrbre e assenbl ed (step 230).
This nmethod is relatively cost eff BtiSWErHASh%ﬁQ‘E vi ce provider because
it may be 25yq s Performed with conBEPAGRal eghi prent . pEpsspaml e, a
single corrputer appropriately programed nmay arrange the topics
and itens for each transm ssion. Simlar nmethods may

al so be used to ar bangedetdimining DmuikidingPositior Viluevathelibt for cach user whose user

w rel ess data broad_cgst 01e alternative to the nethod descri bed above is
to nodify stepnterest O@eﬁ?& lizing the user interest table 250 in
a way Wwhi ch provi dgs eagihniififthe Hakitms! p@tuoﬁ%nuestoommw jecfiifundtion. €ach
user is given a finite nunber of "votes" (one, for exanpl e) and

may cast those votes I n any way the user deS|res I ncl udi ng casting a

fractiog of ong wb%?: y one
st ock, ?or exarrple rré’§7’hé’21s°tf° 15 voteg? hﬁh%&&q*ﬂpﬁ& ck.

Anot her user coul dasprea'datmzlarhwéls&hyteatshaammtsm:utlmmrpmmdnssn!nhkﬁtst Thus,
the user interested in only a fewitens or topic is not

"out vot ed" by gtuser interested in

14 b. \Creassighihg A%umerical value to each item based on its position on the new

PCT/ US96/ 02739, several itens or topics. A preferred nethod for
acconpl i shi ng % s end is for each columm j, consider each user i

which has an interegst i getérifinihg & akw Makidfim positioiT valuk daitResbw list for each user
whose user interest information is accessed; and

d. summing the new maximum position values to obtain a new objective
function;
e. comparing the new objective function and the first objective function;
15 f. if the new objective function is one of greater than and equal to the first

objective function, returning the adjacent items to their positions on the first list;
g. if the new objective function is less than the first objective function, then:
(1) retaining the exchanged positions of the adjacent items; and
(2) replacing the first objective function with the new objective function;
20 h. repeat steps a - g until each pair of adjacent items has been exchanged; and
i. creating a final list after each pair of adjacent items has been exchanged.

18.  The method of claim 14, wherein the step of assigning values comprises assigning
a numerical value of 1 for each item in which a user is interested.

25
19.  The method of claim 14, wherein the step of assigning values comprises each user
casting a finite number of votes for each item that user is interested in.

20. The method of claim 19, wherein the finite aumber of votes is one, and each item
30 a user is interested in receives a value of 1/x, where x is the toral number of items that
that user is interested in.

_—
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X is the nunbigh itens_user i is interested in. After this is
conpl eted fors aII users, the_ .5 /al ues for each
colum (i.e., topic) is sumred and t NeTHISBHEET A4S BEEN pd by descendi ng
order of these suns. Then the procedure in REEEERL2Z- 23g is perfornmed as
descri bed WO 96/343ddove. | t er nEROTVESI6/8273%
use either of the two nethods (the nmethod shown in FIG 7 or the
one in the precesgy ng "RARE) ﬁﬁ?r r}gf,ﬁ? teratively. That is,
after the 10 #. ?érst toprc(l:ﬁ?rrh[) |‘§18:§1!It t has been chosen, delete
all rows in the user & nt eAfesreach paieofdjasent items has been ¢xahanged, dgleting fromvihé ue

for that topic, t &k d topic

in the final Irsﬁga*jco'!nigr nue vmeepﬂﬁ% 'S pr oiggass 'uin“{iﬁf’ﬁg’ﬁlfﬁ?ﬁgﬂt opi cs have
been placed in the b. repuuxgrtmasteﬂsmﬂlamﬁewwmaw t he user interest
table 250.0f FIG 8, after_t efkyal Iiﬁt err det er m ned,

of a "1" bei !l

’ _!!,Lmrn the colum, a fraction 1/x is placed there, where

the entird process i £rep §Bﬁ"§=ﬁw=é're§#€d'srhm§°re&ks
are 15 dablei ed. That is, the process is repeated for users 3, 8,
and 9 only. If this second process determ nes, for exanple, that
traffic is the second itemon the list, a third process S
perfornmed for usgz 3,4 icSwitdlbss dith ShRSidibn]

B. Structuring An E fi cr ent Periodic Wr nT ess Tr ansm SSi Oﬁﬁﬁ'%mmulnplex
The "storage cap#erssFDMA)signalihaying Rdinaent data ynirs insexisavedtisy atdeast vingle rige slon

peri odi c 180 Macpgsggmm?,gﬁgml&e several channels to obtain greater

aggregat e capacity may be acconplished is by
structuring the periodic broadcast to be theoretically conpared

to the techni queypf & Rj: LS ' A I f

O exmens on"yluez®! P Peblit Mifdfhs Adiainfeiti SF cluth 22, RAHACR Ml Yoeiler ot
been known for nadjacent datacinitk ere duterleaved-ontol DS thmeckldtaf tvaefreyquétsies of an FDMA ed
i n high perfor rraglg&wor kst ations and super conputers. Data striping is

descri bed, o for exarrpl e, in Chen et al., "RAID High Perfornmance,
Rel i abl e 1Secondary St or age” ACM Conputing Surveys, Vol. 26 No.

2, June 1994. Th ents of th S artlcle a i ncor por.a
herein by refere n%?’ PP‘& fé‘l“%%ﬁfmfﬂ prSieg a8 Gﬁ?ts

across an array Wﬂﬂﬁlﬁﬂﬂnﬁﬁéﬂtmwxﬁﬁmﬁt@m&ﬁoﬁhﬁw datal nythef
four disks 30 380a-d. The data unit (i. bit, byte, block etc.)

used to stripe i SO t he striping unit.

20 25.  The periodic wireless transmission of claim 22, further comprising a plurality of
headers indicating a beginning of the certain data in the transmission.

26. The periodic wircless transmission of claim 22, wherein each transmission is
followed by an identical, redundant transmission.

27.  The periodic wireless transmission of claim 22, wherein the transmission includes
a plurality of time periods having Hamming code error correction codes for the
transmitted data.

30 28.  The periodic wireless transmission of claim 22, wherein the transmission includes
bit interleaved dam among a plurality of time periods and on the order of log,n time
periods containing parity bits.

24 This Sheet Has Been Replaced
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The nunber array is called the stripe width. In this
figure, th[i mmﬂﬂlﬂ“i' unit is 1 bit and the striping width is

four di sks. often r

WD 96/ 34349 THIS SHEET HAS BEEN
PCT/ US96/ 02739 RAI D al ljows d&EBLACGEDbe rehd in parallel and
therefore i s V01434 neans for obternmg-data f PEHUP0E9

menories than froma single, large disk. Using nmultiple disks, however,

results in deczseaseﬂm@ad:m&ewmmxsswnaamhﬁnzuame&xdmenﬁhsﬁhﬁmhmida
decreases the reliabilit | f begause th re i s double the
possi bility thﬂﬁmwmm%aﬁiw%f ﬁﬁ’m periods and ordeg of logyn-time)

redundancy  andpeiof borfibfig pirig? Bits? WherEiPis e/ lnibee ﬂﬁaﬁ‘érﬁaeﬁa intdfiaved

I n RAI Ds. ustrates seven |eve error
correcti on usedpts blog¥si Ds. These | evel s ar e:

LeveL Og no error correction or redundancy. 10 Level 1:
"mrroréd redundancy”. All of the data is copied twice; if one disk fails,
there is an i dahti CBie parisdic wirelessitransmjssidncofdlaina 22,| whereiniihe kransmission\inclbdzb| e,
the data is Stri cr.oss n/2 disks, and these disks are
replicated. arity blocks nuerleavedexé:%go&% hory-style ECC'. Data is striped
across a set of di sks, and the

31. The periodic wireless transmission of claim 30, wherein the parity blocks are
10 interleaved in a left symmetric parity placement.

32.  The periodic wireless transmission of claim 22, wherein the transmission includes
Reed-Solomon codes block interleaved among the data.

This Sheet Has Been Replaced
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remai ni ng di sks are used to store a Hanm ng Code error correction code. The

15 . di sks with the Hamm ng Code_are called parity disks. The
nunber of parlty di sks needed is on the order

magni tude of log[err] n. Level 3: "bit interleaved
parity". Data is bit interleaved across n-1 di sks and one

di sk is usedwmsé/aazoi ty. Level 4: "bl ock b@'i‘/%ﬁis?o%ﬁd

parity". This is simlar to Level 3, exqu{ that the 20
striping unit is a block, not a bit. Level 5: "bl ock

interleaved distributed parity". Data Eﬁf ks ?nd parity are
Level 6:3§P + Q
mSiMlar to Level 5, except that Reed-

uni formy inteplgaved across all n dis

redundancy”. Thi S\g ,

Sol onon codes aref{me®dd to protect agai nst sinultaneous disk faighies. 25
| lustrative enbodi mrent of a FDVA wirel ess{pel
equenei es f[errLk flerr]~3f[err]

with a magnetic ffi s b havi g\ 4i sks 453 , 455,
456. Wrel ess meli 'ns;dyﬁﬁde tlne§}q~o\ Jd- si zed
periods called "fl — UG A . aK each
frequency shown e |ndi{%bed/by bh A P i S

divided into 30
protocol -rel at ed
headers, and trai
units containing
call ed "bursts".

smal | er unité’” Song oN these snaller
i pr eanbl e,
for clarity). Qher]

s(omttedfrmnFI
information (i.

SPORTS
I}

WEATHER



WD 96/ 34349

PCT/ US96/ 02739 Al'l bursts of a transm ssion have the sane size.
The ftour equally sized Subdivisi ons of a burst including the
sane information in a plurality of frames is called a "tine slot".

That is, if the first burst of eight consecutive franes includes stock
infornation,w%'?&;dbrst burst is called a tine speinusdcire
sinmplicity in thi's discussion, all bursppmqare referred to as 5 time

slots. In FIG 17, the four equally sized subdivisions_g ach frame 458
are-tine , & ots. [

has four frequencies™ r], T@;\r flerr
frequency hayi ng ; ividgdﬁn o foulRktine
and fourth rdirre sl pt &5 4

the first anq thiydsslpts 4608—46

i |l ustrative |enbopdi Bnt~R he {i

contain stocKH i nflr® il on. Th
contain sportfs 2] in
sl ot 460a of |t hq fi&ty+Eeque

0, which incljudegsfj be#ts|0 - 7)

bytes (i.e., {15 0,2, (4
enbodi nent, tihe | og hps a 1p
hi ghest byte ]in [ hig s} ot isﬁ
frequency f[grr] ,E.ta ns tthe
subsequent odd b ije_ 1, e < of this
slot is 3999.] Thuk ese> fwb | sEEull Laseousl y transm e frames
contain the flirsf |4k es oOf st%kin ormation in the transmssion. In this
20 il lusirggiye enbpdH , the transm ssion 4508y be
t heoretically co Jagd with 4| & RAI D havi ng gﬂo byte "striping
unit" and a tpwo f{ sE "ptripe|\ of stock ® P~ ¢nf ormati o,
The third sl gt 46E§T the fin equency f[err] c&n ' 1 byt e
(i.e., byte 00 :¢ach subsequent eytr 2
4000, 4002 ..| )|{oZ@t¥ dpagiitad Sthird 25 ottt e
second frequdncy| HZr] cont i| 2 e 4002d byt® te 4
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2
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subsequent odd byte (bytes 4001, 4003...) to its capacity. The sports
informati on may ~ also_be conpared to a one byte striping
unit"/two disk stripe wdth" RAID. In these

transm ssions, the client receives the data twice as fast as would be
possible in ordinary wirel ess nedia transm ssions. Al so, the stock

i nformati on W0 %B4349 transnmitted on two frequencies (fPETAUPORTEr])
and the sports information is transnihtfﬂ on two di fferent
frequencies (f[err], flerr]). If a si 6 user was interested in both
topi'cs, a receiver capabl e of receiving four frequencies would
be needed. If a user was only interested in

17 WD 96/ 34349

PCT/ US96/ 02739 one of the two topics, a receiver capable of
receiving only two frequencies is needed. It may be possible to
have "dedi cated receivers". That is, a user 32 may have a term na

34 dedicated to receiving a subset of IT@ heHrequencies of the FDVA
signal. For exanpl e, a sports~dedi cated receiver could be
configured to receive only f[err] and f[err]. 5 110 Different
air disks may have different rotation | engths. For exa e, if there is
twice as nmuch stock information as sports information the stock "di sk" wll
contain tw ce ras —nuchr-dara and THerTerore "be nuch Targer. Because
the data rates of the triansd&gi ons are the sane, it tﬂ)jﬁ t ake

twice as long for the stpck UISESR PHO?IL%O. lete P%Aﬁﬁ%?&kéﬁﬂa&ﬁ‘e” .

] ‘i' TNFORMATION (AIADISK CONTROLLER)
i ! ] ] L i
§L ' 5 1221 1 120 |
i | | NIRELESS MEDIA |
¢ I TRANSHITTER |
[} }
(] I !
{16 E 14 ] - ] ]
TELEPHONE | | WIRELESS MEDIA L.
NETHORK NETHORK [
3
| >

34



for the sports "disk". It is also possible that different airdisks may have
different sized 10 bursts. This is nost likely to occur in FDVA

ai r di sks. FIG 18 illustrates error correction formats
whi ch may be used in enbodi ments of wirel ess data broadcasts
according to the present inventiaon. These |l evels are:

Level 0: no WO96B4Mddrrecti on or redundancy. PCT/¥S9602738( a)
shows a TDMA signal 500 having four tigﬁ ﬁeriods (i.e., the periods 15

may be tinme slots or frames) with no r & dancy or parity.

Level 1: "mrrored redundancy”. Al of the data is broadcast twice; if
there is a transm ssion or reception error wwth the
initial broadcast, there is an identical br oadcast
containing the data. If n frames are available, the data is broadcast in

n/ 2 frames, and these franmes are repeated in subsequent franmes. 20

FIG 18(b) shows a TDMA signal 510, having with four tine periods, data O -
data 3, and four tine periods, redundafcl -fredundancy 3, containing the
identical data as in the first four tine periods. Level
2: "menory-style ECC'. Data is broadcast "striped" acros Jdunber of

di sks, and the remaining frames are used to store a Ha ng Code error 25
correction code. The frames with the Hamm ng Code are called parity franes.
The nunber of parity fr&hea ?eededﬂTs on the order of 1og[err] .

FI G 18(c) shows a TDMA $ig 3'1520 having four_tinme periods cont i pjhg data

(data 0 - data 3), and hreﬂ i ijods cont A gi co error
correction bits (parity+a - B%&%E&?@?: frames of data
30 br oad¢ast B0 led] therefore
three parity frames arej ! !
18 L 3 120

: i -
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E i TRANSMITTER

) ]

t4- ; L 1
NIRELESS MEDIA {.—

NETWORK |

H



WD 96/ 34349

PCT/US96/.02739 . Level 3: "bit interleaved parity". Data
is bit interleaved across n-1 franes and ' one frame 1s
used for parity. FIG 18(d) shows a TDVA signal 530
havi ng four tinme periods containing data (data 0 - data

3), and one MMM od containing bit interleaved parity (petibdod)ss 5
Level 4: "block interleaved parity”. Thigffs simlar to Level 3, except

that the .F'FB\M7 striping unit is a block, not a bit.

FIG 18(e) shows a si gnal 540 havi B bL CI S contai ning data
bl ocks (dat SUBBCREHIONORROCESD4, 10- 14, bI2 o a (()ne 200 e

peri od cont ai ni ng ock i i parity (parijty a0
-a4). 10 USERSUBSCHIPTEUGN\%l : "block interl ﬁ]g{gflﬁ- i?@é’t ed pargty"”. Data
bl ocks and pag rtormy-interl eaved across

are

all n frames.| USER INTEREST FILE READ T ToVE ST gmat—pegighavi ng
five time perj ocBROEIES ai fimig ™"~ Cﬁt’gﬁ@y’"ﬁm H%#E%%%%@E bl ocks (dat
bl ocks 0 - 19 ==t Dl OCcks a .

The interleavgfpattern shown |n4tmos fig&gﬁ%{gg‘cégl’\ LS e

| ef t
parity 15 204 pl acenent, which has bqen found to De a pr%aerred
arrangenent fof distributing

P ! 3.
Level 6: "P + Q redundancy"”. T1ig‘l“y' 1 ST Egd/ ﬁop QQTLHEt at Reed-
Sol onon codes §re used to prot @J fI= 3 L@gl res.

(e Ukl 1 5 §i ng

FIG 18(g) shoys a TDMA signal ,g 8 a U

i 210

SORT THE LIST K T0 BE IN ASCENDING
ORDER. CALL THE LIST L. L(p IS THE jTH
ITEM ON THE LIST. § GOES FROM 1 70 .

CALCULATE M, THE VALUE OF THE OBJECTIVE
FUNCTION FOR LIST L. M IS THE SUM, OVER ALL
THE USERS, OF THE MAXIMUM POSITION OF THE
ITEMS A USER IS INTERESTED IN, WHEN THE ITENS
HAVE BEEN ORDERED ACCORDING TO LIST L.

- [ Il

et

2183\
INTERCHANGE THE POSITIONS OF L{j} AND L(j+1), AND CALL THIS NEW LIST L.

|

[__CALCULATE THE VALUE M’ OF THE GBJECTIVE FUNCTION FOR LIST L'. |

218bJ 22
o= 8 @ W1 brscan LisT L

26, 20 !
j = .

GIVE THE FINAL LIST L TD THE RADIO PORT CONTROLLEA SOFTWARE, |/ 228
. WHICH RETRIEVES THE ITEMS. PLACES HEADERS ON THEM,
AND TRANSMITS THEM OVER THE AIR IN THE ORDER GIVEN BY L.

WAIT UNTIL I7 IS TIME T0 PROGRAM THE NexT 20
AIRDISK ROTATION (BROADCAST PERIOD)




20 I nterl eaved data bl ocks (data blocks 0 - 19) and parity
bl ocks (parity blocks OP - 4P, OQ - 40Q. The
parity witing for the airdisk may be perfornmed in the airdisk controller
120. Parity, or redundancy, may be needed for each transm ssion
(if information has been revised). This may be perforned, for
exanpl e, by MPMMMINg an Exclusive-Or operation of the 25 pcrmusesnoz@w dat a
with the data fromthe previous transm sg/n. It is also
contenpl ated that airdisks may be structured using TDVA and CDVA

signals as well. For exanple, each tinEQﬁSOt f a TDVA signal may be
structured to be an i ndepen caivdi sk. 30

19 WO §6L34349 (0~ I
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déﬁﬁTbeﬁmtheirmro
ordered on the transmn ssion.

vement—i s

An inmproved periodic wreless transmssion is
the manner in which topics are

. e ————— .
A second i nprovenent 1s

several channels to increase aggregate signal capacity. Both inprovenents 5

decrease the aﬁ@r!%g‘eu

to custoners a

access | atency,
reduced power consunption by reducin
The above

time of wireless data term nal s. /1
enbodi nents of the invention are intended?tb be illustrative
enbodi mrents nmay be devised by those skilled in

only. Nunerous alterna
the art W th

foll owi ng clai ns.
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20 VWhat is clained is: 1. A nethod for periodic wireless data
broadcasting of data itenms wherein the data itenms are arranged to_reduce
t he average

WO 96/34349 PCT/US96/02739
8/11

FIG. 15
(PRIOR ART)
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access |l atency for users of the broadcast data, said nethod conprising the

steps of _._. receiving the data itens _to be broadcast;
collecting user interest information with respect to the data itens;
retrieving the collected user interest information; generating a

user interest table based upon the retrieved user interest information;
based on t hé¥Q%&3434nt erest table, calculating a |list of daterTiusesm7iend
sorting the list according to the retri§y§d user interest information; and
broadcasting the data itenms in the orde rranged according to the sorted

list. 2. The nethod of claim1 wherein the step of collecting ugar

I nterest information conprises accessdﬁd’ﬁnf d/ation obtained fro E@er
profile. 3. The nethod of claim1 wherein the step of collegqting user
i nterest information conprises accessing information obtained by polling at
| east a subset of all usédiba 4460bThe net hod 480ccl ai m 1 whelggd n t he
step of collecting user irferest infdrmation conpr|ses accessin

i nformation obtained by itoring- &n uplink for gser requests(io assure

that users request
br oadcasti ng i ncl
each broadcastf,and BIT9QEZ 46428 32K al YOIER| BLTO<321000-07, umaa ROJGMK avomaa i tens

in different br acaiEYESOE 41()
of nonitoring furtW e-trete-s—eh

ep of
bt a i fens in

- oo’

458
" STOCK DATA STOCK DATA
fo | BITS 8-15,24-31...32K | VOICE BITS 32, 008-015, ...64K VOICE
(BYTES 1,3, ...4K) (BYTES 4001, 4003, ...6K)
SPORTS DATA SPORTS DATA
f | BITS 0-7, 16-23...32K | VOICE | BITS 32, 000-07, 016-023, .. .64K | VOICE
(BYTES'0, 2, .. . 4K} {BYTES 4K, 4002, .. .8K]
SPORTS DATA SPORTS DATA
f, |BITS 8-1524-31...3% | VOICE BITS 32, 008-015, . . .64K VOICE
(BYTES 1,3, ...4) {BYTES 4004, 4003, .. .8K}
STOCK BYTES SPORTS BYTES
smcx BYTES 4000, 4&02 S%ORZTS BYTES 4000, zg:xoz

..4

SPORTS BYTES 4004,
4003, .. .BK

STOCK BYTES
L3..K

TOCK BYTES 4004,

SPORTS BYTES
4003, ...8K

13,4
5




- 21- al ready determned to be included in the periodic data

t ransm.ssian. 6. The nethod of claim_4, wherein the step_of ~
nonitoring further conprises precluding users fromrequesting information
al ready determned to be included in the periodic data transm ssion.

7. The nmethod of claim®6, further conprising performng the step of

precl udi ng f¥P9%{343%i t ed period of tine. 8. A et hodcritwenasy angi ng
itenms on a periodic data transm ssion, conprising the steps of:
obtaining itens for transm ssion, 10/11 accessing user interest

i nformation; and sorting the itens for transm ssion according to

the accessed user interest information, said step of sorting conprising the
steps of conparing each pair of adjacent itens and exchangi ng the adjacent
items' position on the transmission if the exchange

FIG. 1BA
500

U%TA DATA | DATA DAE’TA

FIG. 188 5“’\

DADTA DAiTA DAJA DAa?A REDU??ANCY REBUNIDANCY REDUNEDANCY REDUNDANCY
3

FIG. 18C
520

DAOTA DAjTA DATA DASTA PARITY PAF;ITY PARTTY

FIG. 18D

530
DATA | DATA | DATA DAHTA PRITY |




results in a |l ower average access | atency.
wherein the step of calculating a list of data itens and sorting the |ist

9.

The nethod of claim1

conpri ses: a. assigning values to éentries on the USer interest
tabl e; b. using the values on the user interest table to sort

the data itens for broadcasting onto the |ist.
9, wherein tweogsap of using the val ues includes cal cul ati
function for the list.

data transm ssi on,
transm ssi on;

10. The nethod of claim

}ﬁctive

11. A method for arranging itens on a periodic
obtaining itens for

conprising the stggqq
accessing user interest information;

of :

and

sorting the itens for transm ssion according to the accessed user interest

i nformati on,

- 22 -

said step of sorting conprising

FIG. 18E
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P bl\ FULTWUO 76/ UC (D07
generating a user interest table t he acce €

I nformati on, assigning values to “ﬂﬂl gmﬂlmjﬂmser /i Zd 3{ 22% %PE1397
usi ng the val ues on the user interes rt the/dtens for

transnlsﬁhgg pot 91 %éét 19y calculating an objectlve function for the list,
said step of calcu I'ng an objective function conpri sing:

assigni ng a nurer i gahetvldbdefdo padpdilemireiedsodatashposdtaonimn dhedtast ;

determ ning a maxi num position value on the list for each user whose user

i nt er est 1Femgcwhgsedn ihg data ltem%n#ﬁﬁn@r¥%%gﬂixFﬁuﬁ?HH§PtF@ﬁ'ﬁﬁQE§SQ()

obtain 3,LLEsh GGGy ebInCilons of ché TRadBIA0daataC! Amdlnd ag
step of "Sorting turt conpri . creating a new 11 st

exchanglGQmmesﬁﬂgatE@tstép@Bof p05|t|ons on the flrst list;

reassigning a nunerical value to_each itembased on its p03|t|on on the new

list; c. recabY bRe Hrmglat delt ki Rk d¥aadinstdl ue on the new
ist for each user Mhpse Hoeruddi QiR Jdif QLEBLLAR bR ALERSSEbect to the
d. sumi ng t he new naxi posi tion values to obtarn a new jectiv

functi ondata items; €. conparlng t he new objective function and the flrst
obj ective function; I f the new objective function is one of
greater than and eﬁﬁ%¥l¢YP@%et¢¢r%ﬁlkﬁﬁﬁﬁﬁ|W§?ﬁlﬁﬂﬁqqﬁﬁt daformatg otie

adj acent

generating a user interest table based upon the retrieved
user interest information;

based on the user interest table, calculating a list of
data items and sorting the list according to the retrieved user
interest information; and

broadcasting the data items in the order arranged
according to the sorted list.

2. The method of claim 1 wherein the step of collecting user
interest information comprises accessing information obtained from
a user profile.

3. The method of claim 1 wherein the step of collecting user
interest information comprises accessing information obtained by
polling at least a subset of all users.

4. The method of claim 1 wherein the step of collecting user
interest information comprises accessing information obtained by
monitoring— an uplink for user requests to assure that users
requesting unpopular data items are not blocked, the step of
broadcasting including broadcasting all of the most popular data
items in egch broadcast and broadcasting varying subsets of less
popular data items in different broadcasts.

5. The method of claim 4, wherein the step of monitoring

further includes disregarding users requests for information

- 21-
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o T 7 l"i""" ‘T‘
itens to their positions qg ' j ot GCEA, ;{hé.héMrf%19§7
obj ective function is | esthﬁﬁllﬂ mﬂnm&m‘obj ective functigh, then:
-, 23 - « T¢CIy x11g t he exchanged positions of the

adj acent itens; and (2) replacing the first objective
functionapddigfNegetermined t “S&’OE?%Eghéa fURCtiOfe  periodic Ndata
repeating steps a - g until each pai r of adjacent 1tens haS bsen conpar ed;

and transmissiomnreating a final list after each pair of adjacent itens

: 13. /A nethod for arrangjng itens on eri,od data
has been conpgfed The metgod o?eéléim 4, wher ingthe step o% %onltofgng

further comprises precluding users from requesting information
already determined to be included in the periodic data
transmission. |
7. The method of claim 6, further comprising performing the
step of precluding for a limited period of time.
8. A method for arranging items on a periodic data
transmission, comprising the steps of:
obtaining items for transmission;
accessing user interest information; and
sorting the items for transmission according to the
accessed user interest information, said step of sorting comprising
the steps of comparing each pair of adjacent items and exchanging
the adjacent items’ position on the transmission if the exchange
results in a lower average access latency.
9. The method of claim 1 wherein the step of calculating a
list of data items and sorting the list comprises:
a. assigning values to entries on the user interest
table; and
b. using the values on the user interest table to sort
the data items for broadcasting onto the list.
10. The method of claim 9, wherein the step of using the
values includes calculating an objective function for the list.
11. A method for arranging items on a periodic data
transmission, comprising the steps of:
obtaining items for transmission;
accessing user interest information; and
sorting the items for transmission according to the

accessed user interest information, said step of sorting comprising

- 22 -
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Cranem s on,comnri i gyt meerest OB IR 97

sorting the itenms for transn155|on ding to the accessed user interest
|nfornat|on said step of sorting conprising generating a user interest
table r %é&&fé e 0EeSEnt Lag! :}aﬂéf‘é’ S IR a R 3aa 1gokal ues
to entri®s on user 1ntere ab and US| I'ng the values on the user

i nt erestitedtest On.rsﬂcﬁ:hn&ﬂftﬁ)n,t e8s I idd antiessiton editird.ed binstheander
wherein the step of assigning values conprises each user casting a finite
nunber ofntRERIL fAblenc RN BRlpHathe (RkEes §ni ther Bsegginterest taple e

met hod of , ¢l aly ]fte res%o? A UG RS, ‘1f s O;b‘?(s ic‘&'i%mﬁ@dﬁﬁac“

itema user isin i Teceives a v us of 517 Whele € tota
nunber adbjdehbvé hmndttwdnufs@f titse iy, ested in. 15. The net hod of
claim 12, further conprising a. after each pair of adjacent
items has been ex&%ge“otep &f calrplatdng e ehdedativer d8CkiPtuser entries
i nt er est rst itemon the final list; _ b. repeating the
stepS(ﬁé%égﬁ%ﬁh%% the values to entries on the user interest table and

using the val ues aisdivhitiera imiheEdal value to each item based on its

position on the list;

determining a maximum position value on the list for each
user whose user interest is accessed; and

summing the maximum position values to obtain a first
objective function.

12. The method of claim 11, wherein the step of sorting

further comprises: .

a. creating a new list by exchanging two adjacent items’
positions on the first list;

b. reassigning a numerical value to each item based on
its position on the new list;

c. determining a new maximum position value on the new
list for each user whose user interest information is accessed;

d. summing the new maximum position values to obtain a
new obijective function;

e. comparing the new objective function and the first

—

objective function;.
£. if the neW'objéctive function is one of greater than

and equal to the first objective function, returning the adjacent

items to their positions on the first list;

g. if the new objective function is less than the first

objective function, then:
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- - t abl e to sort the itens for transn155|oQg jéi?jsgkhy7g§
I'n

calcul Hu mnfé' e function for the |ist; and/ !
steps

user entries remain on the user

i nt er est table

(1) retaining the exchanged positions of the
adjacent items; and
(2) replacing the first objective function with the
new objective function;
h. repeating steps a - g until each pair of adjacent
items has been compared; and
i. creating a final list after each pair of adjacent
items has been compared.

13. A method for arranging items on a period data
transmission, comprising the steps of:

obtaining items for transmission;

accessing user interest information; and

sorting the items for transmission according to the
accessed user interest information, said step of sorting comprising
generating a user interest table reflecting the accessed user
interest information, assigning values to entries on the user
interest table, and using the values on the user interest table to
sort the items for transmission onto a list; and

wherein the step of assigning values comprises each user
casting a finite number of votes for each item that a user is
interested in.

14. The method of claim 13, wherein the finite number of
votes is one, and each item a user is interested in receives a value
of 1/x, where x is the total number of items that that user is
interested in.

15. The method of claim 12, further comprising:

a. after each pair of adjacent items has been exchanged,
deleting from the user interest all user entries interested in a
first item on the final list;

b. repeating the steps of assigning the values to entries

on the user interest table and using the values on the user interest
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table to sort the items for transmission onto a list by calculating
an objective function for the list; and
¢. repeating steps a and b until no user entries remain

on the user interest table.
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periodically-repeated time-siotted data items, analogous to sectors on a rotating
disk, over multiple broadcast frequensies, analogous to tracks on & disk. The
data itemns (1-14) on the airdisk may be sorted according to user interest, user
profile, or from polling user preferences as by the monitoring of an uplink for
user requests. The monitoring of the uplink can be performed in a time less than
the rotation period of the airdisk. Users may be precluded from requesting data
already on the airdisk for & prescribed fime period. The sorting of the data items
may be according to rank of popularity, iteratively calculated by an objective
function which exchanges ranked weighted data items on the airdisk to obtain
the value of candidate sort orders which optimize the objective function.




