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1 DEVI CE, ROUTER, METHOD AND SYSTEM FOR PROVI DI NG A HYBRI D
MULTHPEE~ACCESS PROTOCOL FOR USERS W TH - MUITITPLE
PRRORITIES 5 Field of the Invention The
present invention relates to nultiple access protocols for a

communi cati on syst eﬁ;ﬁland nore particularly to a broadcaidryssnasol
comuni cati on ?& aving many users with 10 nultiple priorities.
Background of the Invention Mul tiple access protocols are
geherally either classified 15 as centralized or distributed based on
where the decision is made on how when to access the physical channel.

appr oach 402, nas REVIGE, OUBRA, MTHED ANBSXsTEM FGR_PRAVIfiNG A,

| ong users can have HYBRIB MULfI'ﬂELEhAGGESSZBROﬂ';OGQtaE&BtUSERSOWWH

information to all the stations 40!“3*1?";,_ mngr||gsjes determine if the
control information is destined or tEe stations or if the control

i nfor.mation is to be ignored. The distributed approach 408 requires

users 410 to degerm ne ~when saiFelds of stheajnventiomi cate to the central
node 412 25 based on a set of rules specified in the type of nedi um access

control (MAC) algorithm.inplenente andom access
determnistic; or 3) a Ehﬁcﬂf%ﬁaj'@r'|ntVﬁH¥‘°nTP£%t§salt%o‘F‘Pmﬂié areess
protocols for a communication system, and more particularly

to a broadcast communication system having many users with
10 multiple priorities.

Background of the Invention

Multiple access protocols are generally either classified
15 as centralized or distributed based on where the decision is
made on how/when to access the physical channel. FIG. 4
numeral 400, demonstrates the concept. The centralized
approach 402, has a central node, 404, determining
who/when/for how long users can have access to the channel,
20 by broadcasting control information to all the stations 406 and
having nodes determine if the control information is destined
for the stations or if the control information is to be ignored.
The distributed approach 408 requires users 410 to determine
when said users may communicate to the centrai node 412
25 based on a set of rules specified in the type of medium access
control (MAC) algorithm implémented: 1) random access; 2)
deterministic; or 3) a stack algorithm. These algorithms are
referred to as MAC protocols and the control and decision
process is then moved from the central node to the users.
30
. ~ For each of these approaches the state of the user best
‘describes the action, FiG. 5 numeral (500). In the centralized
case, 502, the user remains in the idle state 504 until it is
| 'polled by the central node and the polled id is equal to the user
35 508. Then, the node transitions to the active state 506 and
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transnmits information to the central node. Once the node

conpletes transferring the information, 509, the node returns to

the idle state 504trahémitseinforemativrs toothiententrak nedet 0 Once the nodéd ransmt,
t hen bandw dth on ' t : . tstrihuted user
state diagram is é‘lgﬁnP E;?QP@QP ﬁger\gﬁgt g'g%i'ﬁﬁ?e'mﬁ"°"' 55_9’ C{h%f Bngoé?tuA“%ser
is idle, 510, untilc the idigestate $Qhdylfithe User has notinfersmation 6 or mat i on,
whi ch Ih s i ndi cat eqtrausmapes?]am rmareuvmtagkesn the channel i$ m{aagggu 314- | The
user then transiti gns. i ... sta nd, based on
the nul tiple a?cesgﬂ%}%@ggoﬁs%g{%gg cﬂggram is gimflar 19, téaé‘o diagram ¢
the information. M@ nhefvedserais idle, 510, untibdheseserhisr eeady tb or wi t hout
col I'i si on resol utiwansiditoinformation, whighC i Shdichtdd W%&éhﬁﬁg %hﬁaéléé%r
chene

| ncor por ates reser (afDueu8: 514.  The uSBFihers Hardiiclis ie fhecremisntion o
user can enter thestateidl@ engi dased on the multiple agcess pestoicol Ibeing
Eransmj Et! ng itlro a gééd, htteimpls ;l%etr_aﬂéhit the informathr?rfﬁeMa'g@gé i} ljé\r%Q hidy
t?gﬂim tsI innI tﬁqugﬁu§%%e\gg’eé{‘fifhshﬁ’gghﬁwt cpllision resglutiogi | YRANr mation is
transmtted. This Sygnessiii tranaolssiony the user returns to the idle state. A
modification of this scheme incorporates reservations, 516.
Then from contention, 518, a user can enter the active state,
15 520, by successfully transmitting in a slot if the user has
more information to transmit in its queue, and when using a
modulo counter, transmits in the same slot at all times until
all information is transmitted. This approach is commonly
used in a slotted system, where fixed size packet lengths
20 exist, and a frame structure is used, meaning that X slots make
a frame and after X slots the frame begins again, where X is a
positive integer. It then returns to the idle state. All of these
user state diagrams lack the flexibility required for multiple
priority traffic types, due to the rigid frame structure of 514,
25 the need to always compete in 508, and having to wait while
all activefinactive users are polled in 502. In the hybrid case,
where both are used, the state transition diagram of 516 is
appropriate. The key- difference between the hybrid approach
and the reservation-based distributed approach is that in the
30 active state, how users gain access to the channel is based on
the centralized approach of 502. In other words, only active
" users” will "‘access the charinel, and the centralized approachis”

used to schedule the active users. This is a major drawback to .

35
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and a franme structure is used, neaning that X slots nake a franme
and’ ors € frane Dbeglins agaln, where X 1s a positive
integer. It then returns to the idle state. Al of these user

state diagrans |lack the flexibility required for nmultiple

priority traff\xé @yag%s due to the rigid franme structure of pé&fmsoenzeor 25
the need to al )‘7’ npete in 508, and having to wait while : al |
activel/inactive users are polled in 502. Inghe hybrid case,

whére both are used, the state transition difagram of 516 is

appropriate. The key difference between the hybrid approach and

t he reservati on-based 'stri ut d,appr O,..active
state, how users gain Eif QB@F& BI W?'éér{;g‘tyg&'% ﬁgﬁmons ma% b?
centralized appr oaapplied E)ShoWIm o IRG. Graumerah 60Qict This network tQB@K’QW\n |
access the channel,capghst Bep %ﬁfﬁéé]" béﬁfi'ala%ﬂéaﬂfht' fust communicat8ewitho

igﬂgﬂ,‘;' e the aggl Vr%agysf Jsserwyllg% 'ﬁsggggcaét ownﬁy\ébamkchannelea%d gr art

PCT/ US96/ 13601 5 pluraluty of users that communicate with the central nofee net work
topology in which fy e@J f @ t @&?n%ﬁédﬁ%llué s%nuaeswtéﬁu@.@s 6,

nuneral 600. This n I nc on user central hode
that nust conmmuni cé8% W’?hmp %gﬁ%wft%'@@e%@ Q&!,saéf {9 eam
channel and a 5 ptemalurigatel 604erand ririg topologiesate with the central node

through an upstream channel. Exanples include: star topologies 602, bus
t opol ogi es where separ ate channei‘s are usefd é) F ni cate 604, and
ring topol ogi d0 he network topology of FiG. 6 includes a non-user

central node that must communicate with many users via a
broadcast downstream. Each priority class is assured receipt
of at least a minimum required service defined for the priority
class, and users are provided with performance measures

15 intermediate between the performance measures of a
distributed class of access protocols at a low utilization and
the performance measures of the centralized algorithms at a
high utilization.

20 Thus, there is a need for device, router, method and
system for providing a hybrid multiple access protocol for
users with mutiple priorities.

25 | Brief Description of the Drawings

FIG. 1 is a block diagram of one embodiment of a device
in accordance with the present invention.

30 FIG. 2 is a flow chart of one embodiment of steps of a
__method in accordance with the present invention. =

... . FIG. 3 shows an example of one embodiment of steps of
the method utilized by ‘'stations in accordance with the present
35 invention.



10 - The network topology of FIG 6 includes a non-user central
node that nust communi cate with many users via a br oadcast downstream
Each priority class is assured receipt of at least a mninmmrequired
service defined for the priority class, and users are provided with
per f or mance neasures 15 I ntermedi ate between the perfornmance neasures of
a - di st ri bmbethesssass of access protocols at a | ow util i z#CTASGHIIE01

t he perfornmance neasures of the centralized algorithns at a hi gh
utilization. 20 Thus, there is a need for device, router, nethod
and system for providing a hybrid nultiple access protocol for

users with nmutiple priorities. 25 Brief Description of

t he Draw ngs FIG 1 is a block diagram of one enbodi nent of a

devi ce i n accorda yt:h Lh Jipvention.. 3 . Fl 21is
a flow chart of one.en‘}gg'\é\%dg %fcﬁgﬁt%@ﬁ%}hcarepreseﬁgqt%%mwg&&%%g W t h
the present inventprigr. art defines trapsmissioBhows an exanpl e of one

enbodi ment of steps of the nethod utilized by stations in accordance

! : i on. 701 . :
\IIDMCtT?Uthg/ ggggigt 35 1 ME'S Wows a user Sits didgram gp is known in the art.

FIG. 6 illustrates prior art topoigies
FIG. 7 shows an example of one embodiment of the
10 system topology and architecture in accordance with the

present invention.

FIG. 8 illustrates a prior art method for classifying
multiple ‘access techniques based on control transfer

15
FIG. 9 illustrates one embodiment of the types of
information the downstream channel carries in accordance
with the present invention.
20 FIG. 10 shows a flow chart of one embodiment of the

method utilized by the adaptive reservation manager in
accordance with the present invention.

FIG. 11 shows a state transition diagram for one
25 embodiment of the method utilized by the adaptive resevation
manager in accordance with the present invention.

FIG. 12 shows a schematic representation of one
embodiment of a control packet that may be used in accordance
30 with the present ‘invention.

35



FIG. 4 is a diagrammatic representation showi ng how the prior art
defines transm ssion. 5 FIG 5 shows a user state diagramas is
knuY\m rTtie—art— T FrG o rrrustrates prror art topolgies

FIG 7 shows an exanpl e of one enbodi nent of the 10 system t opol ogy and
architecture in accordance with the present invention.

FIG 8 illustrates rior art nmethod for classifying PUTiUssE18602CCESS
t echni ques bas‘g‘awwgisgnt rol transfer 15 FIG 9 illustrates one

enbodi ment of the types of ' I nformat i og t he downstream channel carries
I nTaccordance with the present invention. 20 FIG 10 shows a
fl ow chart of one enbodi nent of the nmet hod utilized by the adaptive

F G 11 shows a ot ate Rttt EacRtion pha SHeSES CRIMAHERN T e
nmethod utilized by the adaptive resevation manager in accordance with
the present invention. yhe present invéritfon prodidRys tive Sfé'ﬂémﬁ? Cbenefits
representation of one . . € i ment _of ‘a _cont,r ol ket t may. be used
in accordance 30 O¥fMt ﬁxisﬁ@prseggmnsi: niEBuppoft of' Muitigie”servidd
5 categories; 2) insurance that each user admitted to the system
receives the negotiated service guarantee designated for the
user’'s service category; 3) by allowing the central controller
to dynamically vary the frequency and number of contention
subsiots on a per service category basis, the present invention
10 achieves an overall system performance that is comparable to
centralized algorithms at high system loads, while allowing
desirable performance levels of distributed access protocols
at low system loads, 4) further system level efficiency is
achieved by allowing transmission of variable number of
15 packets, each with variable size, when access is granted to a
user; and 5) reduction of the number of instances a user needs
to content for access, thereby reducing collisions and overhead
due to contention slots and improving system performance.

20 The users and the priority classes provided for the users
in accordance with the present invention are shown in FIG. 7,
numeral 700. Users 706, 708, 710, are coupled to a central
station, 704, which may be any device which provides an
interface to the network. For example, an environment such as

25 a home having a potential to connect a computer, 708, a
telephone, 706, and a cable television, 710, 1o a single outlet
may be considered a user. In prior art these connections are
using separate lines: one from the cable company and
potentially two from lines from a telephone company, all of

30 which are considered to be single users. But if a outlet to the
system allowed all three to be attached to the network and
operate independéntly of one another, then each is a separate

_ user at a single connection.
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5 Detail ed Description of a Preferred Enbodi nent

The present invention provides the foll ow ng benefits over existing
sol utions: 1)support of nultiple service 5 categories; 2) insurance that
each user admtted to the system receives the negoti ated service

guar ant ee desiwoat/esss or t he user's service category; 3)PCARUSH/1360t Ng
the central controller to dynam cally vary the frequency and nunber of
contention subsl ots on a per service cagegory basis, the present

I nvention 10 achi eves an overall system performance that is conparable to
centralized algorithns at high system| oads, while all ow ng desirabl e

IoerzI orrrz;wfe Ite\éel s of ot rrhblribﬁ? fp’ﬂ%ﬂt@% BEBbRRO lapparent B%s%@%ﬁ&t_em
oads, urt her . LCLency .l.s - chi eve .al | owi ng
transni ssi on of vaﬁ%h?e%m?%?goﬁsﬂég’ %@ﬁét §e,p%r£%hm‘et Hs%%i"gt& e size,
when access is gra8Rrvige: categories. ufdbyiously, 5j a eihonei conwdrsation nweteerin of
instances a user ngagdion and (tReC88kaY8! fdrOtrafefists of J&@égh?brﬁ'%‘ii&f (e}

col l'i sions and_ovethead due to'contention_slots, an npr.ovi ng system
performance. 20 ‘the ﬁnalrﬁigsﬂg%ygp JYRI®: 9B %94 QD ihﬁsg"é@rpﬁfo@i for the
users i n accoetands, wnolt tuserprwould bendisastisfiedr withhthen serviceG. 7,
nurreral 700. User stHéfeford)8a reblireMéntc %8I8 C Ol ik station,
704, which may be a g devi ce whi ch pr.ovi dgﬂs g%éooﬂo ?ﬁ[ﬁeﬁca%etr?fgﬁt he
net wor k. For exaanE,reAﬂ’ e‘ﬁﬁ?'? Olnfgﬁfatm”sagenerated, the information must
reach the destination within a deterministic time or the
10 quality of service is categorized as unacceptable.

Also, it is known that, upon transmission, some voice
information may be lost, and yet the sound of the reproduced
voice is still acceptable to the users. This may be compared to

15 a computer user who types a few commands and then thinks
for a while on the next action. Here, delay is not a concern, but
the transfer of information must meet the requirement of a
very small rate, e.g., 0.1e-6. Therefore, when two users are
requesting service and as ongoing service is continued, how

20 the transmissions of the two users are prioritized by the
central controller is based on a predetermined priority class
for each user. The priority class identifies the type of
service, quality and may also approximate how messages will
arrive at the network. Each user is then treated differently,

25 and the priority class provides a mechanism for the
centralized approach to determine which user gains access to
the channel and when the user gains access.

A hybrid solution is one which incorporates decision-

30 making capabilities located at both the central node and users.
The hybrid solution was introduced since, in stand-alone
‘operations, centralized  approaches, such as traditional TDMA,
large delays occur at low utilization in comparison with
distributed ‘random ‘access "techniques which have very little



25 a hone having a potential to connect a conputer, 708, a t el ephone,

706, and a cable television, 710, to a single outlet may be consi dered
a user. ITn prror art these connectlons are using separate I'rnes: one
fromthe cabl e conpany and potentially two fromlines froma tel ephone

conpany, all of 30 which are considered to be single users. But if a

outiet to the (ﬁétem allowed all three to be attached t opcyagsohgiéopr K
and opera?ve I'ndependently of one another, then each is a separate

user at a single connection. WO 97/ 1{,)655
PCT/ US96/ 13601 6 The
multiple priorities becone apparent based upon quality of service

i ssues, which separate the users ipto ser ate vi ousl y,

if a phone conver sg?{adn ahelow |ur§'ﬁza€°nses@i Bfgei?a (iizﬁgoﬂel 8y "f"bsr qu ansfer of
voi ce i nformation average delayf andithcaighpuds toe MMA parfgemancg., on t he
ST o, Oy i oo Tondssingiug o b
wherei n, when i nf o%?g‘ﬂq%eq ang.Quereeme tﬁﬁedéffcﬁ'ﬁ?%ﬁl%'t eABRy a hybr aeach t he
destination w thi nselutienewasnfcsmied. t i Thee mentiad ridde cquuhunmaws service is
categorized as una F@éﬁc%@tecontrol mforma’uorﬁ‘I afd ﬂ'fq 'u%e“é“?

transm ssi on, some Vol C l%e sound of
the reproduced using; éed!si"@{tf’#l a%Rf@&‘JBaBT é'eﬁBo'?q?lé”ﬁ% émex Tthescentrabe
compared to 1 5 acoshputacdresses ahspegifiesstationy deperdinlg emaheheontrbl nks

for a while on the,ggxds dohidhts. Tl Bothades), Sodllraily FRECEEAralitbd
10 approach initiates occurrence of the distributed actions based
on an address identified or lack thereof.

in the prior art, -a hybrid approach for all priority classes
on the broadcast medium is based on a single class of users
15 and is unable to accommodate a multiplicity of classes of
users efficiently. The contention is based on a single class
and is available in all unassigned slots, including siots
without reservations. the hybrid approach further includes the
use of a random access (slotted aloha) type of contention, and
20 once a reservation has been made, the user is polled in a
periodic fashion.

The random access approach in the prior art is not easily
upgraded to multiple priority classes, since, as the number of
25 users supported and number of contention slots available
decreases, the slots become unable to support a multipriority
user group.

Prior art devices for the central controller rely on a
30 scheduler having only one class of users wherein all users are
,_polled regardless of whether or not the users have mformatlon
“'to 'send. Typical approaches are: roli call polling; and round
.robin polling.



the. transfer of information nust neet the requirenent of a very smal
rate, e.g., 0.le-6. Therefore, when two users are requesting service
and as ongoi ng service is continued, how 20 the transm ssions of the two
users are prioritized by the central controller is based on a
predeterm ned priority class for each user. The priority class :
i denti fies thewbyireosss service, quality and may al so apFCIUSAHIENhow
nmessages Wil | arrive at the network. Each user is then treated
differently, 25 and the priority class pr@ides a nmechanismfor the
central i zed approach to determ ne which user gains access to t he
channel and when the user gains access. A hybrid solution is

one whi ch | nﬁg&gogﬁé es Klasosk Qagiin 15114 Ngstanaihiréinotd apaérmibrets bot
s
in stand-al one m%ﬁ%dol%Shem Fb*l?é ﬁBB\%@ ﬂgéa Ihg é)%ggheadflt Pgﬁal

TDVA, | ar ge dabh.g&soaccenml | contoolidri zma.othatntraoﬁmita tonang

di stributed randompRGARSS tiAfdMNsEINS FéthC stafors /o4y | Thel gentral WO
97/ 10655 /13601

: el ay Sat FORMTRla e an, ASRING FRCON JDRADRI o toor o o
aver age del ay and tdedbagk pgeneratar TDNWA anal Boschaduder 716, ddeseribed hat  of

andom access. . 10 RS Boldih. Dohe Obidteng 704 ate igmsnﬁwerovercone the

deficiencies of ea t d
conmmuni cat es WWU@&Q "ltBnPF%WS m?%lron V}@:npngﬂ tq’@ssase Etr?& ng gy

ei t her 710, which require a specific quality of service contract to be
10 arranged with the central controller, 702.

The present invention includes a system for
implementing a hybrid multiple access protocol for users with
multiple priorities that provides efficient reservation of

15 channel resources to accommodate users with randomly
transmitted requests wherein the users have multiple
priorities. The system typically includes a central controller
device having: A) an adaptive reservation manager, coupled to a
scheduler, for, upon receiving randomly transmitted requests

20 from users, accepting reservations from the users, resolving
contentions that arise, and providing contention feedback
information to a feedback generator; B) the feedback
generator coupled to the adaptive reservation manager and to
the scheduler, for providing a transmission schedule and

25 information to the users on a current state of contention; and
C) the scheduler, coupled to the adaptive reservation manager,
for providing global system information to the reservation
manager and for providing a transmission schedule for both the
feedback generator and the users .

30

In one embodiment, the contention feedback information

- ay be ‘selected ‘to be a ternary feedback indicating one of:"an
idle, a success, and a collision. Where selected, the scheduler
“iricludes a process that is embodied in a computer program
35 implemented by a microprocessor having the steps of: A)



using a distributed approach or respond only when the central control

2ggrsifes ? SEe?EfiC station, depending on the control packet
r-efpts—HA—Potihrcases,gemerar Tty tne centrari zed 10 ' initi
occurrence of the distributed act?ons based on an aggféggcrdgglg}?égs
or lack thereof. In the prior art, a hybrid approach for al
priority classes on the broadcast nediumis based on a scvgbsricetass of
users 1 5 andWQSWUﬁﬁble to accormodate a nultiplicity of classes of

users efficiently. The contention is based a single class and is
available in all unassigned slots, includingpslots wi t hout
reservations. the hybrid approach further includes the use of a

random access (slotted al oha) type of contention,, and

reservation has bewappift rapdemiy drangmisiad ggapests fork %e(r?'pg%l@ SUILRMY .
The random access gpfgP¥Fhuddrst e apylobal Bystem statepa§)| geterminin@dhded t o

multtple priority classes,. si el

nunber of contenti%ﬂn§m&s§°§\%ﬂ%ggfée fap%ow@%fésée%&%kqgéﬁ?atgp c iresl and
unabl e to support wsersl bagedopn trandomly dmr@ﬂg@pg’e@ess from “s%% %Eﬁart
devices for the ceglfraht catdsOldfetisérely on a 30 schedul er having only one

class of users wherein all users are polled re

. . gardl ess of whether or
not the users have information to send. Typical, appreoaches.are: rol
call polling; and roundThe hybrishiappseach @f. the p_resent\,@p\&ytﬁg%g izes a

PCT/ US96/ 13601 hybrid multiple access protocol in whict8 a combination of

centralized and distributed access protocols are executed. The

10 distributed approach allows users to contend for reservations
wherein a preselected centralized MAC algorithm based on
service requested and system resources available guarantees
that a minimum service requirement is met, for example, an
upper bound may be guaranteed on end to end delay for

15 isochronous trafiic, and a low error rate may be set for
asynchronous traffic. The centralized approach determines
which users may have access to the broadcast medium based
on the priority class of the user, and when users that are
inactive in the centralized approach will be allowed to contend

20 for admission.

FIG. 7, numeral 700, illustrates the environment of the
proposed method. The stations, 704, may consist of multiple
users, 706, 708, 710, that may be grouped into priority classes

25 based on the service that is negotiated during initialization,
wherein the users are waiting to gain access to the upstream
channel, 712. Each user/priority class may, for example, be
classified into one of three states as shown in FiG. 5, numeral
500. These states are: 1) idle, 517, which corresponds to a

30 priority class having no information to be transmitted; 2)
contention, 518, which corresponds to the user contending, via
a distributed MAG algorithm, for entrance into the central |

- . ... . controllers MAGC protocol; and 3) active, 520, which refers to
active stations in the centralized MAC protocol located within

35 the central controiler, 502.



A block diagramfor a systemwherein the invention is I ncorporated is

shown in FIG 7 nuneral 700. The system I ncl udes a central controller,
702, that transmts to and recei ves transm ssion from stations 704.
The* central 5 controller has an adaptive reservation manager 712, a

f eedback generator 714, and a scheduler 716, (described further bel ow).
The stations Wyeresst ypi cally further subdi vi ded i nt o uBEFUSG1364
specific priority class , 706, 708, 710, which require a specific
quality of service contract to be 10 arramged with the central controller,
702. The present invention includes a systemfor

| npl ementing a hybrid nmultiple access protocol for users with mul tiple

priorities that provides efficient reservation of 1 5 channel resources to

accommpdat e users with Lan 0 é/ tted({ ue%tts WhtEI‘EI n the users
have mul tiple pri QPP HRST We"E? m’t\Ppi S § FAY988&s'% central
controller dm'mmuhmatmgo he mna'ahptodee isedefined i mn theneapdragl coupl ed

to a schedul Qontrofier. UTHE nﬁ.&ﬁgaﬁmnﬁﬂﬁép@o\sswtgnémhhssné equests 20
from users, accept| reser 8 romthe user resolvin
contentions that A?"é@ Eﬁ r§

8RR, 2 BIRSEIRCaY BB, SE8, bitr or mat i on
to a feedback genanslier; thin @herédetdbmined finitegareticouon leongiil.edThe t he

adapti ve reserval | gl MBRAGSHICANY tther sebgfat?ﬁhﬁ@a's&e SPiwd gipedind @

transm ssi on sche nt state
of contention; andontentiary orrdedigatad i e'% olpmearat %‘ﬁ%é’“%‘&ﬁp@ﬁ/e

reservation minag&:‘etermlned‘ dy phevecentrgl gootrallesystem information to the

reservation manager and for providi ng a transm ssi on schedul e for both
t he feedlggck generator and tae user 0é1 ne errbodl ment ,
the contention feedbachi@n®remppdiment, th enﬁ?”@t'é)@l slate £0% ise )éP'F%'hhary

f eedback i ndi cati rigrthee ddcomposed intoi il 2=1asibsiotss SB0BNrh anc itegei,on.
Wher e sel ected, B@g@%hﬁg%lrﬁfmb?r é’f éMI&QGE debimoRas Ege\hel é?ﬁﬁ@pdl ed in

a conputer progra l"ene m Ccroprocessor he steps of :
A) controller depending on the system dynamics, e.g., the load on

15 the system from each service category, the active/inactive
state of users etc., and thus is variable for each contention
slot. The users in the contention state, 518, contend only for
subslots assigned with the same priority. The priority of the

. subslots is determined by the central controller. The

20 dedicated bandwidth channel, 804, is assigned to active users
that have secured a reservation and have been polled by the
central controller.

The channel assignment and subslot allocation is

25 dictated by the central controller based on priority and
allowable numbers of stations cable of being supported by the
central controller. This information is passed to the
stations/users by a broadcast packet, 806, where the
destination address indicates the user to receive the

30 information. Feedback is ternary feedback from the previous
contention slot 802, and the pollmg frame |s the defmmon of_ )
‘the-néxt -contention "slot 803. T

' The downstréam’ broadcast channel contains variable
35 length packets destined to specific users, or groups of users,
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9 mappi ng randomy transmtted requests fromusers and current
stalE€s of USers to a grobal systemstate, B) determning the

transm ssion schedule for both the feedback generator and the users
based on randomy transrn'tted requests fromusers and 5 current states of
users. hybrid approach of the present inventi garpbdisgfis 2
hybrid mul ti pl é“ég' protocol in which a conbination of centralized

and distributed access protocols are execut eId. The 10 distributed approach
al l-ows users to contend for reservations Twherein a presel ect ed

centralized MAC al gorithm based on servi ce requested and system
resources avail abl e guar ant ees that a m ni pum serv"_@fi requi renent is
met, for exanple, &@sed UPGRIRSIRAM SeRHESIS: 50188 8% 8HeN del ay

for 1 5 isochronous tchehf iservers] cablevoperators,atetephgndecormiections

asynchr onous traffl nﬁﬁ@l’ﬁg@}‘ amﬁg ﬁfﬁ]c.‘éﬁrtleéln&t?ﬂ?ol unit. M£h users

may have access to ro cas ity class of
the user, and when qﬁefr@taamvaiseenter th‘ha%Y#tﬁ@’fwtﬁﬁetrlﬁ!ntmﬁﬁQ'E@étsaﬁ foach
will be all owedst o mricenrluRiple f accesdrippotovw! for users with Hhﬁltsp'de nuner al

700, illustrates t %E r

stations, 704, mayrb? cﬁ@?/éss[' mfpfr{‘laf Qﬁ for eacR 8@&3%6{%@% 9% ﬁ‘% hat may
be gr ouped into priuggrisydewasyeam. g annabeo%ﬂ tPh@%éﬁGﬁlﬂ'@ttthﬁt S
negotiated during idowhsttéamt thannel is a bheaddast tditantre) alladewnsireany to

gain access to the MBRLEEhy read the incoming packets, decode the
10 destination id and packet type, and decide to store or discard
the packet.

One embodiment of the interface between the central
‘controller and the stations is illustrated in FIG. 9 numeral 900.
15 The central controller broadcasts control messages to the
stations/users identifying by address the information that is
being transmitted for each type of multiple access control
that is to be employed in the next bandwidth allocation:
centralized or distributed. Where the bandwidth allocation is
20 centralized, 904, the destination id indicates a specific
station/users that are allocated bandwidth on the upstream.
Where the bandwidth allocation is distributed, 902, all users
that are in the contention state for that priority class are
allowed to contend based on the predetermined distributed
25 MAC rules.

The central controller is described by the system shown
in FIG. 1, numeral 100, and contains the following functional
. units: the adaptive reservation manager, 102; the scheduler
30 104; and the feedback control 106. The adaptive reservation
_ manager, 102, is a dynamic unit that: 1) processes ,
information from the multiple access contentions, in the
.~ .. .. . .. contention subslots, on the upstream channel, 108; 2) provides
local state information to the scheduler, 114, for successful



channel , 712. Each user/priority class may, for exanple, be

classified into one of three states as showmn in FIG 5, nuneral 500.
These states are: 1) idle, 517, which corresponds to a 30 priority class
having no information to be transmtted; 2) contention, 518, which
corresponds to the user contending, via a distributed MAC al gorithm
for entrance iwg#nbé central control |l ers MAC pr ot ocol PCEHSP633601
active, 520, which refers to active stations in the centralized MAC

protocol located within 35 the central coproller, 502. VO

97/ 10655
10

conmuni cate to th
controller. The u

at |east a presel d¢pamigally (Aatings; éhe b‘?ﬁ'or'“es O%Sm I%‘fbﬁlw&n"hqﬁ?eﬂﬁi‘%r ni ned
finite maximum | egghtentiore slot; andsl4)t provides yqontention fsiot feedbagsaaaded i nt o

Hggnglorfqmo?g}%tfyﬁl % fﬁfadk??a@gck Fdd@tr&mrnqri%r a|T§90 nWh' ch

one of two types:

are determ

ggﬁr AU Qﬂﬁepnbﬁhgﬁf ! @?q?é’é’ed %LQRété%Hte[mon results

PCT/ US96/ 13601
The upstream channel, 712, used by stations to

anne

he c

ofs of

enbodi nent, the c§§ﬂt§n!ﬂf9H“§F'6f‘ "WZ'”QH ey R s o "m'tedePth
deconposed into mgueles ptsize 9PGhe rpaeket taerhead of the wjusue, tamel nurber
of subslots is dekﬁ%nb y';%@eesﬁg&lt ral control |l er depending on the

syst em dynam cs the system from each service
category, the active/inactive

The scheduler, 104, gathers global, 112, and local

10 information, 114, on the system and schedules a next group of
stations/lUSERS to be polled based upon active users priorities,
the maximum number of supportable users, and the service
contracts made. The external information, 112, relates to
information being passed through the router to the users,

15 wherein the scheduler inserts the control packets being sent
to the station/users in the information.

The giobal information to the scheduler is provided by
another portion of the system/router that is responsible for
20 providing a link to the wide area network to which the central
controller is attached. The scheduler also relays
predetermined specific global information to. the adaptive
reservation manager, 107. Then, the adaptive reservation
manager adaptively determines which service priorities are
25 allowed to compete in the next contention slots. The scheduler
also provides the scheduling information, the amount of
bandwidth allocated to each user to the feedback control, 106,
so that downstream .control information may be broadcast to
the users. |
30
The feedback control, 108, combines information from
the adaptive reservation manager, 107, being contention
assignment and results, with that provided by the scheduler,
104, in'a predetermined format. The information is passed to
35 the downstream channel interface units queue where it is



state of users etc., and thus is variable for each contention sl ot .
The users in the contention state, 518, contend only for subsl ots
assfgned W thr the sane priority. INne prrorrty or tne subsTots 1§
determ ned by the central controller. The 20 dedi cated bandw dth
channel, 804, is assigned to active users t hat have secured a
reservation and have been pol I ed by the central contr smw16m
The channel as?ﬁbﬁﬁ@ﬂ? and subslot allocation is 25 dictate

central controller based on priority and al | owabl e nunbers of
stations cabl e of being supported by the 13  central controller. This

i nformation is passed to the stations/users by a broadcast packet,
806, where the destinatio ddress, i-ndi cat es Ehe user to recei ve the
30 information. F§EH§§CH"V%bﬁ§d%ﬂ%3qeeaBH§k the Jeedrack cant

contegntion sl ot 803trategicaine platés thef caneol packetsddhtonttie cque:u‘e tsloehnext

contention sl ot 8Oi')haot&_)noges regeive. tﬁ%‘%ﬂﬂ'\‘ﬁhﬂc{r\e%ﬁ‘tjﬂ OESf‘rgéE tl?l}f@% [nay

contains vari abl e I'c use
groups of users, transmit |mg¢1,a1 gsafter decoding and processung

PCT/ US96/ 13601 5 information. 11 based upon
upstreamrequests nmade to external sources, such as client servers,
cabl e operators, telephone connections and control information from

the central control uni Whexe selectegythe deviee afvEIG trimay ineludeyst ent r out er
that inplenents theontention feedback information that is a ternary feedback

indicating one of: an idle, a success, and a collision. Also, the

10 device may be a microprocessor. The scheduler may execute a
process that is embodied in a computer program implemented
by a microprocessor having the steps of: A) mapping randomly
transmitted requests from users and current states of users to
a global system state; and B) determining the transmission

15 schedule for both the feedback generator and the users based
on randomly transmitted requests from users and current
states of users.

FIG. 10, numeral 1000, shows a flow diagram of one
20 embodiment of steps implemented by the reservation manager
in accardance with the present invention. These steps are
executed only after a contention slot, on the upstream, has
been received by the central controller which passes the
results to the adaptive reservation' manager. The information
25 that is passed is typically ternary: 1) none for no attempted
reservations made; 2) single, for one successful reservation;
and 3) error, for two or more users requesting a reservation in
the same subslot. If a request was successful, the users’' state
information that was sent in the contention subslot is
30 attached. This is the users' local information, for example,
. size of packet at the head of the queue or the depth of the
'”queue Where the request was successful information is passed
. to the scheduler, 1002, while a global information update is
requested. The giobal information contains the number of
35 available users/priority classes that may be supported on the



5 hybrid nultiple access protocol for users with multiple priorities,

the information for each user is supplied on the user's downstream
channel. Due to the fact that the downst ream channel is a broadcast
channel, all downstream stations may read the incom ng packets, decode

the 10 destination id and packet type, and decide to store or discard
t he packet. wooresss One enbodi nent of the interface bet wPEHUSHAIGMNt r al

controller and the stations is illustrated in FIG 9 numeral 900. 1 5 The
central controller broadcasts control nessaggs to the stations/users
I dentifying by address the information that is being transmtted for
each type of nultiple access control that is to be enployed in the

: : Cafyoritf
bandw dt h al |l ocati s 20 centralized, . 9Q4, the destination id Jndicates
a specific stigit thewy @%‘@Pé’%&é? gpumats Jpg; %99@8%3& ﬁErH’agrf'aE%efoﬁpst ream
y\herﬁ the bandwi dtéach |pricrityocidss. di Bhisi infordation2is @rilticalsdosthed t hat arg
in the contention e Ty ; nt en
based on the pr ede%%?ﬁrrtlﬁlnée E?%Eﬁtfﬁjt@éh%eﬁéﬁm ,rlgﬁ;%?m of "ﬂrldm? CIta%ﬁgQ

central control ertd $heSUBsiQEiny QH\?’%MW%!) t, 1006., Bi& 1. nuneral
100, and cont ai ns infermatioms nhehupassedab the feedback gdm]ieratdmptm@&

reservati on manage ; nedfHh t rJap=Fe r ol
106. The adaptive é%%%?@/%tt %ﬁ?ﬁé%l‘?@ﬁ% a%glénsi ﬂﬂaa %ﬁt Gifeficn %@tét: 1)

processes i nfmemﬁpf‘gﬁ"fﬂmqth@@n&qgﬁ’ﬁpée%sémcéﬁ%/&?ﬁ' agqlé{m |t n the

contention subslots, on the upstream channel, 108; 2) provides | ocal
state informatjgn to thg gehedil Shand branhfd THEHBES! tr the users to
determine eligibility to contend in the contention slot, such as
tree splitting algorithms, but the adaptive reservation
manager supplies the contention slot definition. The
assignment of priorities to the subslots in the contention slot
15 has a direct impact on the distributed MAC's protocols
execution and performance. An example of a system with a
fixed two priority process, where m=2 for all contention slots,
is shown in FIG. 11, numeral 1100. The values (maxx, N), 1122
are global information supplied by the scheduler and represent
20 the maximum allowable users for priority class X and the
present number of active users, N, for that class. The value N
is required since the ARM (adaptive reservation manager) does
not keep track of active users that no longer require service.
PRIx , 1121, is the predictive aggregate arrival rate on a
25 specific channel for priority class x and determined in 1004.
Block1123 shows the results of the present contention subslot
assignment and results, which may be none/single or coliision.
A bilank box represents the condition none/single, and the
shaded box an error condition for the specific class. State
30 1102 is the steady state position. The ARM will stay in the
state if condition 1108 holds true, that is, there are no
- collisions or-fhere-'was a collision in the L (low) priority and
PRIL (predictive arrival rate for priority L) is less then 0.48.
Where a single contention slot is used and an arrival rate of
35 new users of less than 0.48 exists, the system is stable. To

next bandwi dth al '%s?féé?ﬂ: channelCedo4! | Aegr@det@?ﬁﬁﬁéd)%r%éicti\o@eb dritBm
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12 contentions and priorities; 3) based on the contention results,
dyngmcalrty derines € prioritres o € SubSTotsS 1N The hext

contention slot; and 4) provides contention slot feedback and

definition information to the feedback controller, 116. The 5 state

I nf:ormati on but is not limted to, user que R TARH si ze
of the packet é’?gp’ﬁéﬁggead of the queue, and the priority requeil{ig?jl.

The schedul er, 104, gathers global, 112, anqg(xmﬂ 10 information, 114, on
the system and schedul es a next group of stations/ USERS to be polled
based upon active users priorities, t he maxi mum nunber of supportable
users, and the service,, contracts nad The external informatio 112,
relates to i nirapaidionofropei i a§§§d°€ﬁW8u§ﬁ" iHensoust Rrevale ng

5 wherein the schitdibeis anemot sint thee drigh r plionityc Eententiennglateht10, ther o the

station/users int Efé%%”%‘i"tﬂ@ state of the | Ithﬁrn l&bﬁbpﬁeﬂgjt%{méia‘? to the

schedul er is provi 3&1 ) router that is
responsi bl e for 201 1880 iy e&’t?"% f‘?o 'E'ﬂe"% dﬁo%ﬁe@yo itiope Mihi ch t he
central cont r edhtending asew:laed alldwed tbecbrhpeteatromoreathen one-

predet er i ned speckioh¢ 164 Grdabllity” 87 reBloind W GHRGHIGF tme ¢ 5o vati o0

manager, 107. Then, "the a I vely
det er m nes whi ch s@ﬁﬂe%@cbra ong tthes withe sﬁ%b"”é[l P&vt@@ SYﬁ Qﬂ?'rﬁef ea |h19h¢t"e next
contention slots. dfivasohtelul Bhis scherpesis rek eto hietp Sﬂﬂewélcnos

information, the a 0 tothe

f eedback control, @@Qﬁty bf Semﬁ@?qi#%é;tfﬁeﬁ oﬁjor g ﬁ@é J|’:on may be
broadcast to 10 useallysdhaye deiay conSf"ameTﬁ@'fﬂ&bd‘ba@ﬂ"&oﬂ'ﬂ"ﬁopﬂom%

conbi nes i nf or mat i onfentioh remairns indapoE ventileaer inthen collixiges . odduf, bei ng

contention  as YHEPlor ik ! hiitedtidd” sLBRlots! 3Y2H°C 1PYnb fesuts

of both contention subslots are none/singie, 1118, the next
slot definition returns to 1102, or HL. To enter state 1104,

15 condition 1116 must be met: the maximum number of high -
priority (H) users, or the maximum for that channel, must have
been reached or there has been a collision in the low priority
and PRI is greater then 0.48. The priority contention stays in
1104 until the number of active high priority users falls below

20 MAXH (where MAXH is a predetermined maximum high priority);
thus condition 1112 is met and the next contention state
definition is HL. Clearly, this algorithm may be expanded for
cases where greater than two priority classes exist.

25 The scheduler, 104, may use any of the existing
approximate scheduling algorithms. An approximate algorithm
is used for problems in the class of algorithms classified as
nonpolynomial time. For example, the known bin packing
algorithm would be sufficient with the modification that each

30 bin has a movabie upper bound on the present number of users
__for that priority class which can be supported and the amount
“of information that can be transferred. If a bin is supplied to |
each priority with a bandwidth capacity limiting the size of
the bin, and if there exists any unused portion of a bin, the

35 unused portion may be transferred to the next lower priority



104,. in a predetermned format. The information i's passed to 35 the

downstream channel interface units queue where it is WO 97/ 10655
PCT/ US96/ 13601 13 stored until
broadcasted. Thus, the feedback control strategically places the
control packets into the queue such that nodes receive the information
at .t he correctwéd biessnd may transmt inmediately after derwsesmysmnd
processing the 5 i nformati on. Where sel ected, the device of
FIG 1 may include contention feedbackjgnformation that is a ternary

f eedback I ndicating one of: an idle, a success, and a collision. Al so,

the 10 device nmay be a mcroprocessor. The schedul er may execute a

process that is efé‘l’%ﬁ edThig ?yﬁéOBP‘{FéHszFrﬁgrrﬁQ}('Hﬂ) Qfe%d until thByla%t

m cr opr ocessor n éﬁh cP tt ed
requests from use t Eﬁqujﬁ‘"gga@ &f qﬁ'@%&o’l §°t s’ aa"@YQbeﬁa HS% m
state; and B) det éhmmuegtlorlme Sinoes the ssloh id & fixetegizbeslb irhdhé Wwhest
feedback generat org a§8dc}fvﬁ€néﬁ§rﬁreb§§§fem retur‘ﬁ% {@%@“p&rt &ﬁ&s@léésegﬁu& 10,

requests fromgsers a current

numeral 1000, 3holR & 'BfQRy MHMBer. F?{acstWﬁet*Eefs éﬁﬁiﬂﬂ'ﬂﬂeﬁ?‘vdﬁessthﬁ)s
i mpl enented by t heontamtiontsioh israliagated. |If the aystedaizce uwd'eh_,ﬁmgdoresent

invention. These 4&RSthd BontentioR*&I0Y MldyHe YplRELE" info TR 'HiRs S{e°t
t he upstream has
reduce the queuing delay as seen by the first packet of a
contention user. The contention slot also supplies the system
10 with coarser local state information so that the accuracy of
scheduling and the adaptive reservation manager's predictive
schemes are increased.

The feedback generator, 104, is the gatherer and

I5 executer for the scheduler. The feedback generator is supplied
with the schedules that are continuously updated, and based on
the state information, creates a control feedback packet to be
supplied to all users with the appropriate control information.
FIG. 12, numeral 1200, shows an example of typical

20 information that is transferred in the control packet. Unit
1202 contains the address that the packet is destined for,
since the control information address is all zeros, indicating
availability for all users. Unit 1204 contains the feedback of
the last contention subslots, i.e., the ternary feedback, 0, 1, or

25 e (error). Unit 1206 identifies the priorities associated with
the current contention slot. An example of the feedback for
m=2 is 0000 1e HL, which represents the address field, 0000,
and the results of the last contention slot, being a success and
error. Since the stations know the priority assignments from

30 the previous slot, the central controller does not have to

- definition high and low priority. -

" FIG. 2, humeral 200, shows a flow chart for one
35 embodiment of steps for a method for efficient reservation of

repeat priority assignments. HL represents the next subslots



been- received by the central controller which passes the results to
the adaptive reservation manager. The information 25 that is passed is
typrcalTy ternary. 1) none 1or no attenptead _ reservati ons made; 2)
single, for one successful reservation; and 3) error, for two or nore
users requesting a reservation in the sane subslot. If a request was
successful, the ' sState i nformation that was sent i

contention suﬂgpéi&&§530 attached. This is the users' IocaIP?ﬁéggﬁg??%n,
for exanpl e, size of packet at the heag of the queue or the depth of
t he gueue. \Were the request was succe ul information is passed

to the scheduler, 1002, while a global infornmation update is

requested. The glohal information contains the nunber 8f 35  avail abl e

users/priority cl 8l HRSOHEGPSH L0 SAgrsrModaty, ysees with randgAly7; 10655
PCT/ US96/ 13601 transmitted requests wherein the users hhve multippst r eam

channel, 1004. A st)%a i &4 %ng&o?gggéég‘jrv“ﬁ ﬂ.llegy,#%ﬁ inv.enitiﬁnt hefhéaxecut ed to

estimate the aggr arriv C g orlt%cfass. Thi s
information is crifethad decludes the stepst pfi A} aseppting F0drakRQR reselving
alssi gnrlfggg Ofr hsr | aianidontlyataasniitted m%d&@e@ts%b&t susers] hreseprdticrntfegii on
sl ot : e n A S t e . erator
1008 such t ha‘fs%e%&? %98&' u gﬁggg?gﬁ%&%g‘%@.rt?@?’gﬁ@ oif” sl ot,
the control packetthabrarisps Bbhreniding cepjenienfagdbaskeinformation to arhere

exi st many st andarf¢edbhbiodserferatdr204is ©)sproviding 208;t Iy rtheefedddoaicki | ity to
contend in the congligg i Gfanstis8idh scheduld Hhd® MibhhbliBnlPthet Ne: but

t he adaptive rese ) o
10 wusers on a current state of contention; D) providing 208, by the

scheduler, global system state information to the reservation
manager; and E) providing a transmission schedule for both the
feedback generator and the users 210. The contention feedback
information may be a ternary feedback indicating one of: an

15 idle, a success, and a collision. The scheduler may include a
process that is embodied in a computer program implemented
by a microprocessor having the steps of: A) mapping randomly
transmitted requests from users and current states of users to
a global system state; B) determining the transmission

20 schedule for both the feedback generator and the users based
on randomly transmitted requests from users and current
states of users.

The stations receive the broadcast packet and act in one
25 of two ways based on individual priority class states. FIG. 3,
numeral 300, shows one embodiment of each station's priority
class response. Step 302 is executed when a control packet
is received. The stations decode the control packet to
determine whether there is a contention poll 304. The result
30 of 304 dictates if the station executes the centralized or
. distributed MAC protocol. If the control packet is destined to
a specific user, and not all users, path 305 holds true. A
.comparison to the stations' id is evaluated, 306. I the
station is the destination, the station updates the local state
35 information and transmits the allocated amount to the central



manager supplies the contention slot definition. The assi gnnment of
priorities to the subslots in the contention slot 1 5 has a direct inpact

on the distributed MAC s protocols execution and performance. An
exahple of a systemwith a fixed two priority process, where me2 for
all contention slots, Is shown in FIG 11, nuneral 1100. The val ues

(maxx, N), 11200 97/10655r € gl obal information supplied by the PERAIM/BH0IaNd
represent 20 the maxi num all owabl e users for priority class X and the
present nunber of active users, N, for that1glass. The value N S
required since the ARM (adaptive reservati on nmanager) does not keep
track of active users that no | onger require service. PRI x , 1121, is

the prtedl cltlve agWo@EadtSDSi”lf\'tﬁb déétﬂwatibrﬁ a?ﬁre§§?§il§ 18 ﬁi&@émqt ﬁl; Oresm s

priority class x gl er

of the present co%lt%fﬁ %'d ut{g'gl &éls ﬂh&hg ard %QQPR% h may be

none/ si ngl e or col{imeaning destmabom,uqumﬁs 8Q0)e s ddpen traeelpbraﬂm on

CTass. Siate 3D 1L B o M e
S

state if conditiof P58l H%I%f%ecﬁ'??fg Sfﬁ%tst?‘§° htBPQ Rracess he e%‘ﬁ?%x‘sl ons

or there was a coliniosinatiam fohethe (lndw)dtpall gartigulard prlorlty RElass( pif edi cti ve

arrival rate for FH\laﬂégF%’l ghd' Setetfiing NefioBitty. ;l%lbl rrﬁa90§é“9'e

contention slot is an arriva r? Iess t han
0.48 exists, the eanined in fpARy ways, for exa oM\ 538 splitting
PCT/ US96/ 13601 algorithms, probablistically, or deterministically. |If thensition

from 1102, onggof diifforfG8dhét M1 BohteMiGH dthte,! fhe contention procedure
is done 324. If the station is in a contention state, 312, and
the station contended in a previous subslot, 314, the station
determines from the feedback supplied what the result of the
contention attempt was. If the station is in a contention

15 state, 312, and no outstanding request exists, the station
determines whether it is eligible to compete in the contention
slot 320. For example, if the feedback for that subslot was 1,
success, then the station moves into the active state and
waits to be polled by the central controller, 318. Otherwise,

20 320, the station determines how many contention slots exist
for the priority class, and chooses one with equal probability,
or 1/(number of slots assigned to priority class). If no priority
subslots exist for that particular class, the station must wait
until the next contention period to determine whether it may

25 compete, 324. If the station may contend, then in 322, the
station creates a packet with the predetermined local
information and contends in the slot chosen. The station then
waits for the next contention control packet to arrive to
determine the results.

30

We claim:



there is a error in the high priority contention slot 1110, then

regardl ess of the state of M contention, state 1106,
HH, “I'FE'm‘ET'Ed‘T‘Gr‘ThF"FTe "mH m\"'ﬂ(}“ﬂﬂmrn‘tlon TT 5 contending USErs
are allowed to conpete for more them osie slot, the probability of
reduci ng the contentlon time is increased along the with stability of
t he systemfor a hi r arrival rate. This scheme is regdrfResy hel p
with the QOS 97’8%& ity OF Service) issues for high priority useiragolwhl ch
10 wusually have delay constraints applied { them The priority
contention remains in 1106 until no further®tollisions occur I n elther
of the two contention subslots, 1120. If the results of both
contention subslots are none/ si ?OQ}I e, 1118, the eﬁ{ ,SJ ot .definition
returns to 1102, dr HLA Rystemeforsimplemaring @ nyasichimultinle; 8E6€88st be
met: the maxi num mprotegoloforiugers withpmudipley peidyitiesetisat rovidesnaxi mum f or

that channel . MUStefigkht reserpatich 'SREREANG] (b8GRS DAGmEHakd 51 0" 11

thelowprlorlty rrorit
contention stays iypers W'tﬁ!lﬂaf"‘@%)‘l teansmitiace regeesis: W@'ﬂif‘gﬁh%r %‘P"Sty

users falls bekowdve I\ﬂhiil-m;ﬂehgmnmrl comprizimgtet er mi ned naxi num hi gh

BLOTTEY): o e SO Biadddiivd TeBBaRBA HaRaBEK! cGAEETY A SL2e

definition is HL. Cearl cases
where greater tharBahgsiuien ofary WRSI"a§§§§'V!!39 sl'@"doﬂﬂy transmitteth Jequestiul er
104, may use any Cfforhhasem shcoqatmg resewatbonmmmcwmem pegISIGinighms.  An

approxi mat e al gori o] a gorithms-
classified as écﬂﬁﬁ %? %oﬁrih ﬁﬁé éngoﬁ V?(@ﬁﬂl §°ﬁ{éﬁ‘é%b g%%dgtﬁ% packi ng
al gorithm woull @ bénimmattﬂfbﬁ@ wtqepdm@ n@aneraati on that each 30 bin has a
novabl e upper bound on e HieSestbackrigRneratorsedupled to ty ddaptiveriority

class which can b e upt t hat can be
transferred. If aqgﬁ%m%frn %?p{%ﬁrhﬁn@% 4 scrhedul&f f"?ﬁwﬁﬁﬁi andwi dt h
capacity limting tfan,srg|3§prbfschedu|e[ aedbmorraatuon ftot e &1sexs Hs @any unused
portion of a bin, éd?ﬁ‘er%statéuﬁﬁcbmﬁmm gpy be transferred to the next
| over priori tYs 1C) the scheduler, coupled to the adaptive reservation
manager, for providing global system information to the
reservation manager and for providing a transmission schedule
for both the feedback generator and the users .

20 2. The system of claim 1 wherein the contention feedback
information is a ternary feedback indicating one of: an idle, a
success, and a collision. '

3. The system of claim 1 wherein the scheduler comprises a
25 process that is embodied in a computer program implemented
by a microprocessor having the steps of:
3A) mapping randomly transmitted requests from users
and current states of users to a global system state;
3B) determining the transmission schedule for both the
30 f{eedback generator and the users based on randomly
transmitted requests from users and current states of users.

. .. 4. A device for efficient reservation of channel resources
to accommodate users with randomly transmitted requests
35 wherein the users have multiple priorities, comprising:
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Hm f transferral may be repeated until the |ast
b| n. The sc WI Il" nﬂﬁlﬁontention slot is a novel feature of t he

i nvention. Sfnce tthe"sl 8t ts a fixed size slot, in the worst case,
whenever the systemreturns to one particular class due 5 to a large
nunber of act ky@okfogéss requiring service, the cont ent i ORCETAUISH6/13601
allocated. If the systemis underutilized, then the contention sl ot
may be placed into multiple bins to regigce the queuing delay as seen
by. the first packet of a contention user. The contention slot also

supplies the system 10 wWith coarser local state information so that the

accuracy of schedyla9a ot Ahindder. I 187 BilRARNer

predictive schenmes dre i nc F ener at or,
104, is the gat heMPONaRECAINING b trapsmitieds  reaves. oML Usatapack
generator is suppldcedpting reserbatioms sirbrdthesusers, rsoivingt contentions

updat ed, and basegh%ln arise, érﬂ)e Fﬂ%@féﬁ%r@(ﬂftgﬁflbﬁnfeeﬁpﬁé[(eﬁlf&rﬁ%ﬁ % a

feedback packet t users w he appropri ate
control infornati daedback 9#"@"3 Of; nuneral 1200, shows an exanpl e of

typi cal 20 infornmati ogaB)hathe fetdivack eyerdaior tbeplednto the pasikeatidi t

1202 contai ns thed'ﬁg'g%ﬁ'sghgaé? %Ihgcﬁga&g, [ dﬁp&%a'ﬂgd ff?én mlSﬁlOﬁl nce the

control informati ability for

all users. Unit Bzhed @!ﬁltaélldng‘fﬂﬁﬁaﬂ'%d%ﬁl@ (yﬁers on @heurrgst state: eht i on
subslots, i.e., tmbmgﬁ'n@m,yahaedback 0, 1, or e (error). Unit 1206

identifies t h pr| ori tg_@gkaﬁ,‘seo% ﬂ&ﬁgléfy' t&upb%%dz’hﬁ‘%fééé%"ﬁgnﬁ“%ﬂéégp sl ot .

An exanpl e of he f eed nts the
address field, oodor providingadgiobal r%)éﬁtﬁms igformatiqna de %t"@ﬁ?l"@#loﬂ ot ,

bei ng a success anflanager @ndofor Srouwidingha trhAsmigiiork seedDie Hoi Both Ythe
assignments from feedback generator and the users.

15 5. The device of claim 4 wherein the contention feedback
information is a ternary feedback indicating one of: an idle, a
success, and a collision.

6. The device of claim 4 wherein at least one of 6A-6B:
20 6A) the device is a microprocessor; and
6B) the scheduler comprises a process that is embodied
in a computer program implemented by a microprocessor
having the steps of:
_ 6B1) mapping randomly transmitted requests from
25 users and current states of users to a global system state;
6B2) determining the transmission schedule for
both the feedback generator and the users based on randomly
transmitted requests from users and current states of users.

30 7. A method for efficient reservation of channel resources
to accommodate users with randomly transmitted requests
wherein the users have multiple priorities, comprising the
steps of:



.the previous slot, the central controller does not have to r epeat

pr| orit H mmmmm,”m_ represents the next subslot's definition high
and—to FTG 2, nunmeral 200, shows a flow chart for
one’ 35 ‘enbodineft bf steps for a nethod for efficient reservation of
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17 channel g urces to accommpdate users w th randonmpygrusee13eo
transmtted réﬁ %3herein the users have mul tiple priorities in
accordance with the present invention. The met hod i ncl udes the steps
of: A) accepting 202, upon receiving 5 rar%lbrﬂy transmtted requests from
users, reservations from users and resolving, by a reservation
manager, contentions that arjse; provi.di ng_contention fe ack
information to a dba@W%vaPBE’"ZEﬁPe'ﬂngFM E’ ﬁ?

f eedback geneeqUests from amm's,sseserva@badMrenlamermfandmesolmnga bhe 10

uSers on a currenty éﬁ/a%nc?r%rfaﬁ)érorl%or%n%ﬁé"tﬁhf‘ghr%f@ by the

schedul er, gl obal sys?em st at vat |
and E) providing a trarf&h sETQW"é‘@h@GUF%mf% qﬁﬁaha‘fmé" °rmatf°éba‘3a€k
generator and ghe fgedbacmgenéheon;ontentlon f eedback I nformati on may

be a ternary feedback i 'Cngmng%fftheqae&Eackg@ f:lal%rs%ccess and a

collision. The schedul er o‘&" enbodied in a
conput er program itFN¥RSEIRNd SChedUlﬁyaHdrﬁ"éQWt!ﬁbég enHSeHYy OMd st eps of :
A) mappi ng randomggrrent statenofi comientionyests fromusers and current states

of users to 7D) providing, by the scheduler, global system state
10 information to the reservation manager; and
7E) providing a transmission schedule for both the
feedback generator and the users.

manager ,

8. The method of claim 7 wherein at least one of 8A-8B:
15 8A) the contention feedback information is a ternary
feedback indicating one of: an idie, a success, and a collision;
8B) the scheduler comprises a process that is embodied
in a computer program implemented by a microprocessor
having the steps of:
20 8B1) mapping randomly transmitted requests from
users and current states of users to a global system state; and
8B2) determining the transmission schedule for
both the feedback generator and the users based on randomly
transmitted requests from users and current states of users.
25
9. A router for efficient reservation of channel resources
to accommodate users with randomly transmitted requests
wherein the users have multiple priorities, wherein the router
includes a device comprising:
30 9A) a reservation manager, coupled to a scheduler, for,
upon recelvmg randomly transmitted requests from users,
' acceptlng reservations “from the users, resolving contentions
that arise, and providing contention feedback information to a
feedback generator;



a gl.obal system state; B) determning the transm ssion 20 schedule for
both the Iﬁ qum&m,ﬂmr and the users based on randomy

transmtt users and current states of users.

The' stations recei Ve fhe*broadcast packet and act in one 25 of two ways
based on individual priority class states. FIG 3, nuneral 300, shows
one enbodi nentw@byfigeh station's priority cl ass responBET/USK6AP6OS02 i S
execut ed when a control packet is received. The stations decode the
control packet to determ ne whether tdere is a contention poll 304.
The result 30 of 304 dictates if the station executes the centralized or
di stributed MAC protocol. |If the control packet is destined to a
speci fic user, and not I e h ) ARIRAT | son
to the stations' id isgg altﬂgt Fe%,db%g g%?éﬁ}gl' %uﬁé@ttgf\lmoen r‘leg'et heI
destination, the 93013085 apdidpea seheduler for; providiag 2 Jransmissian and

transmts the all gghedaleagndrinférndtion denthealisers on a S\WPrént $t850f
PCT/ US96/ 13601 18 node, 308. |f

t he destination a&apte%nstiqnéi ?%dto mat ch t he station's id, the process
waits for the hext conPEhtitbe peheduler, coupled i) thesresesyatinpn imangaen. s
0000) . Upon recei pér @rofiding global &yistem pookmatiohhtS0be seservation, and the

feedback i nf GHAHAN Ehg oy GG 5 tih<BRICH BchBANEONAH 3% 1HE
avai | abl e, and defeedbank gengrater iang the jugers-l ity may be deternined in
many ways, for exanple, using tree splitting
10 10. The device of claim 9 wherein at least one of 10A-10C:
10A) the contention feedback information is a ternary
feedback indicating one of: an idle, a success, and a collision;
10B) the device is a microprocessor;
10C) the scheduler comprises a process that is embodied
15 in a computer program implemented by a microprocessor
having the steps of:

10C1) mapping randomly transmitted requests
from users and current states of users to a global system
state;
20 10C2) determining the transmission schedule

for both the feedback generator and the users based on
randomly transmitted requests from users and current states
of users.

25



al gorithns, probablistically, or determnistically. If the 10 station is
not in a contention state, the contention procedure s done 324. |f
t he=statrom s a CoOMtent T omr Stare, 312, and The station contended
in a previous subslot, 314, the station determ nes fromthe feedback
supplied what the result of the contention attenpt was. If the station
is in a contention 1 5 state, 312, and no outstanding reques tssiSeo1t he
station @ 8VMHWes whether it is eligible to conpete in the contention
sl ot 320. For exanple, if the feedback for that subslot was 1,
success, then the station noves into the agyigve state and waits to be
polled by the central controller, 318. O herwise, 20 320, the station
determ nes how many contention slots exist for the priority class, and
chooses one with equal probability, or 1/ (nunber of slots assigned to
priority class). If no priority subsl ots exist for that particul ar
class, the station nust wait until the nextfbntention period to
determ ne whether it may 25 cd@#ete, 3@%. I b By contend, then
d Wi !

in 322, the station crea a..nack
' S
det er %NE%RWQN
PCT/ US96/ 13601

i nformati on andXtRNAlends i ¢
1. A system
for inplementing a hybrid nultiple access

for the next JNFORMARIONN f
10
DOWNSTREAM
100 Fcf(f,?ﬁ?gf INFORMATION

FIG.7 106

Y

ACCEPTING, UPON RECEIVING RANDOMLY TRANSMITTED
REQUESTS FROM USERS, RESERVATIONS FROM USERS
AND RESOLVING, BY A RESERVATION MANAGER,
CONTENTIONS THAT ARISE

PROVIDING CONTENTION FEEDBACK INFORMATION 204
10 A FEEDBACK GENERATOR

PROVIDING, BY THE FEEDBACK GENERATOR, A
TRANSMISSION SCHEDULE AND INFORMATION TO 206
THE USERS ON A CURRENT STATE OF CONTENTION

202

PROVIDING, BY THE SCHEDULER, GLOBAL SYSTEM

8
STATE INFORMATION TO THE RESERVATION MANAGER 20

PROVIDING A TRANSWISSION SCHEDULE FOR BOTH
"THE FEEDBACK GENERATOR AND THE USERS

210

200

FIG.2



protocol for users with nmutiple priorities that provides
reservati on of channel resources to accommodate

efficient
users with randomy

t r arsmtted—regquests—whererm—theosers—5—trave—muttipl e priortti es;

conpri si ng:
schedul er, for, upon receiving randomy transmtted requests
users, accepting reservations fromthe users,

that arise, anWO@¥S¥i ng contention feedback 10
1B) t hé/Peedback generator coupled t.o the

transm ssi on schedul e and i nf or mat | orUPOM RECEIPTIOFr BROADCAST
10) the schediINFORNATE@N.pl ed t oft he adapti ve

10 (I ODd Y CIT

f eedback generator;
adaptive reservati on manager ang

and 15
manager,

of contention;

reservation for provi@C

reservati on manager and for providing a transa
the users 20

t he feedback generator
wherein the contention poack N0
i ndi cating one of: an idle,la
system of claim1 wd@bgin

1A) an adaptive reservati on nanager,

coupled to a
from
resol vi ng cont enti ons

i nf or mat i §if (52913601

~ Yo -

or_providing a

grrent state

ormation to the
sSi on_ggedul e for both
stemof claiml
stnary feedback
. 3.
process that is
#/ a m croprocessor having

The

the steps of: N0 andomYgS mtted requests from
users arfd cu 0 a gl pbal system state;
3B) determ nijng the = @fNedul e for woth the 30 feedback
generator and the users Do r BIPROCESS FEEDBACK 'IRFORWATIORCRr equests from
users and current states of [yesers.| AND UPDATE ELIGIBITY IPERIODST Fesio cient
reservation ¢f channel resolrces t FORCEACHTPRIGRIEY USEr spw th random y
transmtted rfeque 5 whgrein t - - . it | OFi ties,
conmprising. {UPDATE LOCAL STATE INFORMATION
AND TRANSMIT HEAD OF
QUEUE FOR PRIORITY CLASS 312
NO IFIN
CONTENT;?N STATE
YES
314
NO QUTSTANDING
REQUEST') EXISTS
YES
_ 316
IF FEEDBACK YES
EQUAL §UCCESS |
! 318
, V7
NO UPDATE STATUS TO ACTIVE
ARE. YOU 320
—NO_—FLIGIBLE TO COMPETE . IN
B CONTENT‘I,ON SLOT
YES
TRANSMIT REQUEST WITH ID, HEAD
322~ " OF QUEUE PACKET SIZE AND
300 NUMBER IN QUEUE
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20 4A) a reservation manager, coupled to a scheduler, for,
upormrecerving Tandonty—t r ansTitted Tequests 1 om User s, accepting
reservations fromthe users, resolving contentions that arise, and
provi di ng contention feedback information to a 5 feedback generator;

4B) the feedback generator coupled to the reservation mgm to a
schedul er, forWg® % ng a transm ssion schedul e and infornation to
the users on a current state of contention; and 10 4C) the
schedul er, coupled to the reservation nanaggs for providing global
systeminformation to the reservation manager and for providing a
transm ssi on schedule for both the f eedback generator and the users.
15 5. The device of claim4 wherein the contention feedback
information is a ternary feedback indicating one of: an idle, a

succeéss, and a collision. 40 6. The device of clai méj wherein at | east
one of 6A-6B: 20 6A) p i i i P and

in a conputer

and current
6Pg)2 det er m ni ng
hor and t he
and current

408

6B1) mapping randomy transmtfed r sts from usery

bot #0614 Wback gomy
aQsm tted requests fromA

the transm ssi on schedul e f
users based on randomy
states of users.

510

PACKET SUCCESS
- . ... . InQuUEue o

517

F I G . 5 NO PACKETS TO TRANSMIT




30 .7. A method for efficient reservation of channel resources

to

accommodate users with randon1y transmtted requests wherein the users

have ot pre priorfities, TOMPrIsrng tne Steps of .

97/ 10655 PCT/ US96/ 13601

VO

21 7A) accepting, upon receiving randomy transmtted
requests fromusers. reservations fromusers and resolving, Bgrusesnseo
reservation ndﬁgag? 85%ont enti ons t hat ari se; 7B) providing

contention feedback information to a 5 feedback generator;
provi di ng, by the feedback
I nformation to the users o
7D) providing, by thg

current state of contention;

7E) providi ng
schedul e for both the fleegback generator and
met hod of claim7 y in Y

contention feedbad R d
of: an idle, a success, f0 ollisron
conprises a process thay/i i

70

generator, a 4//5ransnission schedul e and

pbal system state 10 |nfornat|on to

by a m croprocessor
randomy transmtted

7;2 FIG.7
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user.s and current states of users to a global systemstate; and

8B2) determ n| ng the transm ssion schedul e for both the feedback
gererator—and—tire—users—Pased o randony Transm tted requests from
users and current states of users. 25 9. A router for efficient
reservation of channel resources to accommodate users wth randomy
transmtted requests wherein the users have nultipl e pripefiukécassor
wherein the r()‘g9§7’1°‘55 includes a devigggconprising: 30 9A) a
reservation manager, coupléd to a scheduler, for, upon recei ving
randomy transmtted requests from users, accepti ng reservations from
the users, resgtv VTR G RR O : 4 W contention
f eedback i nf or fat | e oARE 108 DFOIAY ORUATION) 'O 0355
PCT/ US96/ 13601 9B) the
f eedback generator coupled to the resegvation manager and to a
S(r:]hedul er, for ]—; ch ) FORMATION ERC e T mat i-oR to
the users on a c ' (O ; e
schedul er, coupjl StMEES Qh L j&. \_,= fcér SH?Pg\Wd ngag obal
system i nf or Matl Qe . LA it iding a
transm ssi on schedul e for both the feedback generator and the users.

10 10. The dgqv T BASED € THEPPAST' CONPENTION

104) the conterft sﬁﬁ§ m %FWR fva Rmard OSERS! YHE GLOBAL | 1006
mronumou ASSICN PRIORITY CLASSES TO THE CONTENTION SUBSLOTS

PASS RESULTS OF CONTENTION AND CONTENTION SLOT DEFINITION 1008
T0 THE FEEDBACK GENERATOR

1000

FIG.10
b
FIG.117 B2 ao Pii>.s

1100
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10B) the device is a m croprocessor,;
por['ﬁses=a process that Is enpbodied 15
I npl emented by a m croprocessor

10C1) mappi ng randomy transmtted r -
states of users to a global 'system 4t a é;ﬁ:&f;Q
determ ning the M ssi on vasivakid 1ecTus PRoPE yioRGUR
and the users based on randon y™"PEmA
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(57) Abstract
o A system, device (100), router and method (200) implement a hybrid multiple access protocol for users. with multiple priorities

| thiat provides ‘efficiént reservation of channel fesources to accomiriodate users with randomly transmitted fequesis ‘wherein the users have
multiple prioritics. The present invention provides the following benefits over existing solutions: 1) support of multiple service categories;
. 2) insurance that all users admitted to the system reccive their negotiated service guarantee appropriate for their service category; 3) achieves
- | an;overall system performance- that. is. comparable to centralized: algorithms -at high system loads, while-allowing. desirable performance {- -
levels of distributed access protocols at low system loads; 4) allows transmission of variable number of packets each with variable size
when access is granted to a user; and 5) reduces the number of instances a user needs to content for access, thereby reducing collisions and
overhead due to contention slots and improving system performance.




