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Abstract

Thispaperdescribesdedulingalgorithmsfor schedul-
ing traffic in wirelessdata networkswith multiple channels
percell. Thepaperassumeshat a reservation-basetMAC
protocolis used.Themainobjectiveof theschedulingalgo-
rithmsis to reducethe computatiorntime while maximizing
the utilization of the networkresouces,therebyimproving
the systenthroughput.In this paper we considentwo type
of systems- singlepriority and multiple priority. For eat
systemjwo differentalgorithmsare consideed depending
on whetherslotsare allocatedcontiguouslyor not. A per-
formancestudythat consides networkutilization, compu-
tation time and the throughputfor 2 Mbpsand 10 Mbps
datasteamdfor theabovealgorithmsis presented.

1 Intr oduction

WirelessLocal Area Networks (WLANS) have become
anincreasinglyimportanttechnologyfor today’s computer
andcommunicationsndustry Thewirelesschanneis typi-
cally usedasa sharednediumbecaus®f thelimited band-
width. The channelcanbe sharedamongthe nodesusing
eitherarandomaccessnethodsuchasSlottedAloha or by
schedulingthe channelto the usersbasedon requestswith
orwithout priorities. Severalschedulingalgorithmg[2,5-8]
have beenstudiedfor organizingthetraffic from themobile
nodego the basestationsandvice versa.However, theear
lier researctdid not considerschedulingraffic in wireless
datanetworks with multiple channelger cell. We assume
thatthe mobile nodeshave a tunabletransmitteranda tun-
ablerecever. The basestationhasa setof fixedfrequeng
transmittersandrecevvers—oneperchannel.This paperad-
dresseghe schedulingof channeldor sucha system.The
schedulingalgorithmsaretypically usedwith aresenation
basednediumaccesgontrol (MAC) protocol[9].

Note that multiple channelsper cell have beenconsid-
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eredfor cellular networks, wherea channelis allocatedto
a userin a circuit-switchedmode. We focus on schedul-
ing datatraffic over multiple channelsn a paclet switched
ervironment.

The schedulingalgorithmsare designedor two type of
systems- single priority and multiple priority traffic sys-
tems.Two algorithmscalledthe ContiguousAllocation Sin-
gle Priority (CASP)algorithmandthe Non-contiguougAl-
location Single Priority (NCASP) algorithm are proposed
for systemswith single priority requests. Their perfor
manceis comparedwith the well-knovn MULTI-FIT al-
gorithm [3]. Thesetwo algorithmsare then extendedto
systemswith multiple priority requests- referredto asthe
ContiguousAllocation Multiple Priority (CAMP) andthe
Non-contiguougllocation Multiple Priority (NCAMP) al-
gorithms. A performancestudythat considersietwork uti-
lization, computationtime, andthe throughputfor 2 Mbps
and 10 Mbps datastream$or the above algorithmsis pre-
sented.

2 Problem Formulation

This sectiondescribeghe EC-MAC accesgprotocolfor
the multiple-channekystemandthe schedulingoroblems-
tatement.

The accesgrotocolis definedfor aninfrastructurenet-
work with asinglebasestationservingmobilesin its cover
agearea.EC-MAC wasdesignedo minimize enegy con-
sumptionand provide QoS supportandis basedon reser
vationandschedulingnechanismsThe EC-MAC protocol
performancean [9] was studiedwith a single channelper
cell. We are consideringthe protocolframewnork extended
to multiple channels.

Transmissiorin EC-MAC protocolis organizedby the
basestationinto frames. Eachframe hasa fixed number
of slots, where eachslot equalsthe basicunit of wireless
datatransmissionTheframeis dividedinto multiple phas-
esasdescribedbelow. In thefirst phase a framesynchro-
nizationmessag€¢FSM)is transmittecbn thedownlink and
it containsframing, synchronizatiorand other control in-
formation. The request/updatphasecompriseghe uplink
requestransmissiongrom the mobilesto the basestation



andoperatesn acollision-lesamode.New mobilesthatjust
enteredthe areacoveredby the basestationregisterthem-
selveswith the basestationin the New-User phase. The
scheduleis then computedby the basestationduring the
schedulecomputationphaseandthe computedschedules
broadcasto all themobiles. Thedataphaseas composeaf
bothuplink anddownlink traffic.

With multiple channelsvailablepercell, theframesyn-
chronization,resenation, and schedulemessagesre sent
over afixedchannelreferredto asthe control channel All
mobilestuneinto this channelduringthe appropriatgphas-
es. The downlink and uplink dataphasescanbe frequen-
cy division duplexed by allocatinga subsetof channelgso
the uplink and downlink. Alternatively, the channelscan
beusedin atime-division duplexed manneywith downlink
and uplink transmissionseparatedn time, asin single-
channelsystems. We are consideringthe latter approach
in this paper

The notationsusedin the following sectionsare ex-
plainedhere. Let M denotethe numberof mobiles,C the
numberof data channelgin additionto the control chan-
nel),andP thenumberof priorities. Thebasicunit of trans-
missionis aslot. EachrequestanbenolargerthanK slots.
L denoteghe scheduldength,in slots,computedby a giv-
enalgorithm,andQ denoteghe numberof unusedslotsin
agivenschedule.

The problemconsidereds: Giventraffic demandnfor-
mation obtainedduring the resenation phase how do we
efficiently schedulghis traffic on multiple channels?

Scheduling Problem: The uplink requestsamadeby the
M mobilesto the basestationandthe downlink traffic from
the basestationto the M mobilesover the C channelsare
representetly a M x 2P matrix. Thismatrixis alsoreferred
to asthetraffic demandnatrix (or the demandmnatrix). The
first P columnsin thematrix indicatethe slotrequestérom
the M mobilesto the basestation(uplink traffic). The sec-
ondsetof P columnsindicatethedownlink slotrequest$or
transmissiorfrom the basestation.

We now needto find a conflict-freeassignmenof there-
questontheC channelsuchthattheframelengthis min-
imized. Sinceuplink transmissionanddownlink transmis-
sionsare separatedn time domain,they canbe scheduled
independentf eachother Therestof this paperconsiders
only uplink transmissionsvith similar resultsapplicableto
thedownlink.

This schedulingproblemis similar to one of the basic,
well-studied problemsof schedulingtheory that of non-
preemptvely scheduling’M’ independentaskson 'C’ i-
dentical,parallel processorsThe objective is to minimize
thetotal time requiredto completeall thetasks.This prob-
lem is known to be NP-completg10] andapproximations
to this problemsuchas MULTI-FIT [3] for finding near

optimalschedulesiave beenstudiedearliet

3 Schedulingfor SinglePriority Systems

Wefirst consideischedulinglgorithmsfor asystensup-
porting single priority (P = 1) in this section. The data
structuredor the schedulingalgorithmare:

1. Let D = (d;) denotethe demandvector andlet d;
denotethe requesimadeby mobilei where0 < d; <
K,i=1,...,M.

2. Let S = (5;) denotethe allocationvector andlet .S;
denotethe total amountof slotscurrentlyallocatedto
channek where0 < S;,:=1,...,C.

Definition 1 The Optimal Sdedule Length, & =
maz(K, (3, di/C)).

Definition 2 A channel C;, is said to overflow if S >
&, k=1,2,...,C.

Definition 3 The channel capacity ® = (},d;/C) +

3.1 The Multi-Fit Algorithm [3]

The MULTI-FIT [3] algorithmusesthefirst fit decreas-
ing (FFD) techniqueto sortthe differentrequestsmadeby
themobilesin decreasingrder An expansiorfactoris also
defined(astheleastamountby which the optimalschedule
lengthcanbe enlaged). This guaranteethat FFD will use
all the C channeldor balancinghedemand®f the M mo-
biles. Thena packingis built (while taking the expansion
factorinto account)y treatingeachelementandassigning
it to the lowestindexed channel,that doesnot violate the
channelkapacityconstraint.

Theorem1 Thetime compleity of the MULTI-FIT algo-
rithm asappliedto this problemis O(M 1g M + M C).

Proof. Complity of the MULTI-FIT algorithmis deter
minedasfollows:

1. Computingchannekapacity ® usingthedemandrec-
tor is of theorderO(M).

2. Sortingthedemandvectoris of theorderO(M 1g M).

3. Assigningan elementfrom the demandmatrix to one
of the C channelsis of the order of O(C). Since
we areassigningM elementdo C' channelsve have,
o(MQC).

This indicatesthat the overall time complity of the
MULTI-FIT algorithmis of theorderO(M lg M + MC).
|



Algorithm CASP
For (j =1,2,...,C) S; = 0 Endfor
For (i =1,2,..., M)
find k, suchthatSy < S;,Vi=1,2,...,C.
In theeventof atie, choosek randomly
Allocated; on channelCy,
UpdateS; = S + d;
Endfor
Compute £ =max{ | S;; Q=C L - (X, d;)
End.

Figure 1. Contiguous allocation single priori-
ty (CASP) algorithm.

3.2 Contiguous allocation algorithm for single
priorities (CASP)

The contiguousallocationalgorithm for single priority
systems(CASP) maintainsthe allocation vector S listed
earlier For a given requestthe schedulingalgorithm al-
locatesthe requestscontiguously(without any splitting of
the requestspn the channelwhich currently hasthe least
partial sumof allocation. If morethanonechannehasthe
samedeastpartialsum,onechanneis choseratrandomfor
the next allocation. The algorithmis describedas pseudo-
codein Fig. 1.

Theorem 2 Thetime compleity of the CASPalgorithmis
O(M1g Q).

Proof. TheC partialsumscanbe maintainecasamin-heap
datastructure,so thatwe have O(1) time for fetchingthe

minimum elementand O (1g C) for updatingthe min-heap.
Thetotal time spentin maintainingthe heapfor M requests
isOM1gC). B

Theorem 3 Eacdh channeloverflowsat mostonce Thatis,
Vk, S > ® at mostonce

Proof. If achannels overflowing becausef requestlloca-
tion, thereis atleastoneotherchannethatis underflaving.
Thereforetheoverflowving channelwould notbeamongthe
next C — 1 channelsvhichwill be consideredor resource
allocation,i.e. 3k, S, < ®. I

Theorem4 An upperboundfor the schedulelength com-
putedby CASPalgorithmis @ + K.

Proof. Follows from Theorem3. Sincevk, S, > ® atmost
once, the worst casewill correspondo the largestentry,
K. Thisimpliesthat, S, < ® + K, Vk. Thereforeschedule

lengthcomputeddy thisalgorithmcanneverbegreatetthan
o+K.11
Fromthetheoremit followsthatthescheduldengthwill

. K
be greaterthanthe optimalvalue,by afactorof atmost—.

If the standarddeviation betweerthe requestss small (all
mobilesin the systemapproximatelaskfor the samenum-
ber of slot requests sayz), thenthe percentageverflow

will be % = Q This implies thatif the number

_r

Mz/C M

of channelss around4 or 8 andthe numberof mobilesin
the systemis around100, the percentageverflow will be

around10%.

Algorithm NCASP

Calculate ® = maz(K, )", d;/C)
For (j =1,2,...,C) S; = 0 Endfor
For(i=1,2,...,M)
find k, suchthat Sy < S;,Vi=1,2,...,C.
In the eventof atie, choosek randomly
Allocated; onchannelCy
If (Sx +d; > @)
Split anearlierassignedequest
in channelCy, s.t. S;, + d; = ®.
afterthe split
Find!l suchthat,S; < S;,Vt =1,2,...,C
and(t = k)
Relocatethe split request(sjo C;
UpdateS, = @
Endfor
Compute £ = max{ ; S;
ComputeQ=C L - (>, ds).
End.

Figure 2. Non-contiguous
priority (NCASP) algorithm.

allocation single

3.3 Non-contiguousallocation algorithm for sin-
gle priorities (NCASP)

The non-contiguousllocationalgorithmfor single pri-
ority systemgNCASP)is very similar to the CASP algo-
rithm exceptthat the CASP algorithm allocatesa request
in contiguousslots, while NCASP algorithm usesnon-
contiguousallocations Whenallocatingarequesto achan-
nel, Ck, we compardt against®. If allocatingthis request
will causeSj to exceed® by a certainamount(the over-
flow), we try to avoid the situationby:

1. Allocating the currentrequestn its entirety



2. Splitting anearlierassignedequestif it is big enoughto
yield asmuchslotsasthe overflow) in the samechannelko
thatthe overflow in the currentchannels reducedo zero.

3. If theaboveis notpossiblej.e. asinglerequests notbig
enoughto yield asmuchslotsasthe overflow, we needto
walk backthroughthe channekllocationandpick multiple
relocatableequestsuntil we getenoughslotsto eliminate
theoverflow.

4. Relocatingthe selectedequestdo a next channelwhich
will notoverflow.

Thealgorithmis describedaspseudo-coden Fig. 2.

Theorem5 Thetime compleity of the NCASPalgorithm
lies betweerO(M 1g C') andO(M?1g C).

Proof. Let 8 be the numberof splits. As before,the C
least partial sumscan be maintainedas a min-heapdata
structure ,so thatwe have O(1) time for fetchingthe min-
imum elementand O((Mg) x lg C) for maintainingthe
min-heap. Therefore,the overall algorithm complexity is
betweenO(M Ig C) andO(M?1g C). The averagecaseis
atpreseninot derived, but we areusingempiricalevidence
from simulationsto derive this result.li

One of the key requirementf the NCASP algorithm
is that sub-requestsissignedo two differentchannelsdo
not overlapin time. This is neededbecause mobile can-
nottuneto two differentfrequenciestthe sametime when
transmittingor receving datafrom the basestation.Thisis
the reasorfor the algorithmto relocatean earlierassigned
requestjnsteadof splitting the currentrequestandassign-
ing it to a differentchannel. We now prove that, split re-
guestdo notoverlapin time.

Theorem 6 For a requesthat hasbeensplit acrosstwo d-
ifferent channels,the split sub-equestdo not overlap in
time

Proof. Fig. 3 (a) shavs a systemwith three channels
C1, Cs, Cs. TheallocationvectorS atthis stageof thealgo-
rithm containsSy, Ss, S3. Thenext incomingrequest,. is
beingassignedo C, asshovnin Fig. 3 (b), sinceS; < 51
andS; < S3. LetS; + d,. > @, sowe split anearlieras-
signedrequest. The split, s, will bethe excessover @ i.e.
Sz + d, — ®. sisrelocatedo C, andd, is assignedo C,
asshown in Fig. 3 (c). ChannelC; is choserbecausét has
thenext leastpartialsum.

Obsenrethat,S; < S; whend, wasassignedo Cs. So
ary region from where s was split, would only causethat
region to grow backwardsin time. Any region to where
s wasassignedvould be in one of the otherchannelsand
would have beengreaterthan.S; (S; in this case)befores
wasassignedo it. So this region grows forward in time,
leaving no chanceor anoverlapto occur il

This sectionpresentedhetwo algorithms CASPandN-
CASR for schedulingsinglepriority traffic requests.

« osL (®)

Figure 3. (a) Channels states before request
d,. has been assigned. (b) Channel C; has
been chosen for assigning request d,.. (c)
An earlier assigned request has been split
in channel C; and the split region has been
relocated to C;.

4 Schedulingfor Multiple Priority Systems

In this section, we considerpriority amongstpaclet-
s which competefor slotsin the C channels. A mobile
may have multiple communicationsessiongrom applica-
tionslike telnet, ftp, email, InternetPhone Web Browsing
andVideoConferencingEachof theapplicationsnayhave
differentneedandservicecharacteristicsThe Differentiat-
ed Serviceq[1] modelis currently beingstudiedfor Inter-
net, basedon sucha priority mechanism.In this section,
we extendthe schedulingalgorithmsof Section3 to accom-
modatemultiple priority session®f a mobile sharingthe
multiple channels.Eachsessiontraffic within a mobile is
organizedin the orderof priority.

Thedatastructuresisedare:

1. Let D = (d;;) denotethe demandmatrix, andlet d;;
denotetherequesmadeby mobile: for priority j traf-
fic,0<d;; <K,i=1,...,Mandj =1,...,P,
P representshe numberof priorities. The actualval-
ue of P dependsiponimplementatiorof the priority
schemechosen.

2. LetS = (.5;) denotetheallocationvectorasearlier

Theideabehindthe schedulingalgorithmis to schedule
traffic of priority 1 first, followed by that of priority 2 and



soon. More sophisticatedchedulingnechanismsnay be
consideredywhich we deferto futurework.

Contiguous allocation algorithm for multiple priorities
(CAMP): Thecontiguousallocationalgorithmfor multi-
ple priority systemgCAMP) usesthe CASP algorithmto
obtain the schedulefor priority 1 requests. Oncethis is
done,it computeshe scheduldength, £, of thenew sched-
ule,initializesS; = L, (i =1, 2,..., C), andthencontinues
by allocatingthe requestsn the next priority queue.

Theorem 7 Thetimecompleity of the CAMP algorithmis
O(PM1gQ).

Proof. TheC partialsumscanbe maintainecasamin-heap
datastructure,so thatwe have O(1) time for fetchingthe
minimum elementand O (1g C) for updatingthe min-heap.
Thetotal time spentin maintainingthe heapfor M requests
(perpriority queue)s O(M lg C). So,for P priority queues,
wehae O(PM1gC). 1

Non-contiguousallocation algorithm for multiple prior -
ities (NCAMP): Thenon-contiguousllocationalgorith-
m for multiple priority systemgNCAMP) hasthe NCASP
algorithmasthe basis,andis extendedto handlemultiple
priority queueswithin a mobile,aswith CAMP.

Theorem8 Thetime compleity of the NCAMP algorithm
is betweerO(PM 1g C) andO(PM?%1g C).

Proof. Let 8 be the numberof splits. As before,the C

least partial sumscan be maintainedas a min-heapdata
structure,so thatwe have O(1) time for fetchingthe min-

imum elementand O((Mg) x lg C) for maintainingthe
min-heap. Therefore,the overall algorithm complexity is

betweenO(M 1gC) and O(M?1gC). Sincewe have P

priority queuesthe algorithm compleity lies in between
O(PM1gC) andO(PM?1g C). The averagecaseis un-

known, but we are usingempirical evidencefrom simula-
tionsto derive this result.li

5 PerformanceAnalysis

We study the performanceanalysisof the algorithm-
s basedon C-languageémplementation. The performance
metrics studiedinclude the actual schedulecomputation
time obtainedby executing the algorithmson an Ultra-
SPARC workstation. The following sectionsdescribethe
systemparametersaried,the metricsstudied,andthe per
formanceevaluation.

Thesystemparametersariedinclude M: thenumberof
mobiles,C: the numberof channelsthe transmissiorrate
perchanneland K the maximumvalue over all entriesin
thetraffic matrix.

The traffic matrix generationprogramis provided the
following parametersasinput: M, K and the numberof
matricesto be generatedEachentryin the matrix is aran-
dom numberbetween) and K (bothinclusie). The pro-
gramgeneratethe specifiedhumberof matriceswhich are
thenappliedasinputto thealgorithms.Effectively, the per
formancesimulationis conductedor a systemwith heary
load. In the study below, the metricsare calculatedusing
1000matricesper systemparametecombination.

Performance Parameters Studied:

SdeduleLength: representethy £, denoteghe numberof
slotsin the dataphaseasdetermineday the schedulingal-
gorithm.

Sdeduleefiiciency: denoteddy U, is definedasthenumber
of slotsactuallyutilized for paclettransmissionn a sched-
ule. If atotal of R slotswasrequestedy all mobiles,and
R

LxC
ComputationTime: denotedby T, is the time betweerthe
endof theresenation phaseandthe startof the dataphase,
spentin computingthe schedule.Time is reportedin mi-
crosecondsandis computedisinggettimeofday(Junctions
onanUltraSRARC/Solarisworkstation.

thescheduldengthis L, efficiencgy is givenby: U =

Throughput: calculatedn Megabitsper secondjs defined
asthe averagenumberof useful bits transmittedper data
frame,summedover all datachannelslf L,.,, denoteshe
sizeof theresenation pacletin bits, L the sizeof the data
paclets,andS thetransmissiomratein Mbps,throughputs
SRLdata

(ML’I‘ES’U + TS + ﬁL)

All the performanceanalysisdescribedbelov hasbeen
donefor varying M € {48,64,80,96,112,128,144,160}
andK = 5.

givenby: T =

5.1 SinglePriority Systems

This sectionprovidesthe performancenalysisof theal-
gorithmsfor single-prioritysystems.

Fig 4 shavs the computingtime in microsecondspf al-
gorithmsMULTI-FIT, CASPandNCASR for C = 4. The
graphsshav that CASPandNCASPrequirelesstime than
the MULTI-FIT algorithm,asexpectedfrom thetheoretical
analysesThisis mainly becauséhe MULTI-FIT algorithm
sortsthe input requests.BetweenCASP and NCASR N-
CASPtakesalongertime to computethe scheduléecause
of the extra computingrequiredto processsplitting of re-
quests.

Fig 4 also presentsthe scheduleefficiengy of the al-
gorithms. The graphsshav that the efficiengy achieved
by thesealgorithmsincreasewith increasingvaluesof M,



shaving that the architectureand the algorithmsare best
suitedfor systemswith large M /C ratios. As expectedthe
NCASPgivesmuchbetterutilizationthanbothMULTI-FIT

andCASPbecaus®f non-contiguousillocation.Thisleads
to amorepaclkedschedulevith lesswastedslots.

450

< 400~ 4
—— MULTI-FIT|

—— CASP

—— NCASP 4

w

a

=]
T

Computation Time in microseconds for No. of Channels (C)
= = N N w
o a1 =3 a o
o o o o o
T T T T T
i i I

a
=]
T

995+
< 99F
"
g
9 985F
)
2
£
©
S 98t
s
S
Z 975
8
I
3 o7F
el MULTI-FIT
i —+—  CASP
29651 —e—  NCASP q
?
2
5
12} 96 -
95.5- B
95 L L L
40 60 80 100 120 140 160

Nodes

Figure 4. A comparison of the computation

time and schedule efficienc y in micr osecond-
s for MULTI-FIT, CASP and NCASP algorithm-

s. M € {48,64,80,96,112,128,144,160}, C = 4,
K =5.

Theabove experimentsvererepeatedor C € {2,8} and
showved similar performancerendsamongthe algorithms.
IncreasingC resultedin increasedcomputationtime, and
slightly reducedschedulingefficiengy. For higher values
of C, MULTI-FIT resultedn almostthe sameefficiency as
NCASR This is dueto the inherentnatureof the MULTI-
FIT algorithmto perform betterwhenthe numberof bins
(here- thenumberof channelsjncreases.

The achieved throughput(T") for transmissionmatesof 2

Mbps and 10 Mbps s shavn in Fig 5. The graphsshav

the throughputachiesed for varying data paclet lengths
L e {64,128} and similar parameterss before. For 2

MbpsandC = 4, the highestthroughputis achiesed by

NCASPandis around6.6 Mbpsand7.2 Mbpsfor L = 64

and L. = 128 respectiely. This may be comparedo the
theoreticaimaximumof 2 x 4 = 8 Mbps. This stresseshe
importanceof the size of the datapaclet lengthto better
utilize the availablebandwidth.In this case NCASPgener

atesthe highestthroughputbecausef its betterscheduling
efficiengy.
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Figure 5. A comparison of throughput for
MULTI-FIT, CASP and NCASP algorithms for
M € {48,64,80,96,112,128,144,160}, C = 4,
K =5, Channel Speed S € {2,10} Mbps, and
L € {64,128} bytes.




For 10 MbpsandC = 4, the highestthroughputs still
achievedby NCASPalgorithm. Thisis around32 Mbpsand
35 Mbpsfor L = 64 andL = 128 respectiely, compared
to atheoreticaimaximumof 10 x 4 = 40 Mbps. At higher
speedsthe paclet transmissiortime reducesandthe com-
putationdelaybeginsto dominateoverall throughput.This
is obseredfor C = 4 whereCASPperformsrelatively bet-
tercomparedo MULTI-FIT algorithmfor M > 80. Thisis
becausef the highercomputatiortime of MULTI-FIT for
C =4
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Figure 6. A comparison of the computation
time (in microseconds) and scheduling ef-
ficiency for CAMP and NCAMP algorithms.
M € {48,64,80,96,112,128,144,160}, K = 5,
and C € {2,4,8}.

The experimentsabove wererepeatedor C € {2, 8},
andthetrendsweresimilarto C = 4. For higherC, theratio
of achievedthroughputo theoreticamaximumreducesiue

to increasedhumberof wastedslots.
5.2 Multiple Priority Systems

This sectionprovidesthe performancenalysisof theal-
gorithmsfor multiple-priority systems.

Fig 6 shavs the computingtime in microsecondspf the
CAMP andNCAMP algorithmsfor C' € {2, 4, 8} andoth-
er parametergasearlier The graphsshav thattherunning
time of CAMP is almostsimilar to thatof NCAMP. Thisis
similarto the earliercaseof singlepriority systems.

Fig 6 indicateghatthe schedulesfficiency of the CAMP
algorithmis muchlowerthanthatachievedby the NCAMP
algorithm. The problemof more wastedslotswith CAM-
P is compoundedvhen multiple priorities are considered.
Allocation usingCAMP tendsto follow a cascadingffect,
i.e. the wastageof slotsat onestageof the algorithmcom-
putationis carriedover to the next stage. SinceNCAMP
givesa morepacled scheduldor every stage wastedslots
areminimizedwhenusingNCAMP thanwhenusingCAM-
P. The graphalsoshaws thatincreasingC' resultsin lower
schedulingefficiency dueto more wastedslots, especially
for CAMP.

Fig 7 presentghe achieved throughput(T") for both al-
gorithmsfor transmissiomatesof 2 Mbpsand10Mbpsand
varying paclet lengthsL € {64,128}. For 2 Mbps and
C = 4, the highestthroughputs achiesed by NCAMP and
is around7.5Mbpsand7.7 Mbpsfor L = 64 andL = 128
respectiely, comparedo atheoreticamaximumof 8 Mbp-
s. For largervaluesof M, the throughputof CAMP seems
to asymptoticallyapproachthatof CAMP becausechedul-
ing efficiency increaseswith M. For 10 Mbps, NCAMP
agnin performsbetterthanthe CAMP algorithm. However,
theratio of highestthroughputo maximumthroughputde-
creasesvith increasingirransmissiorspeeds.For example,
this ratio is 0.94for S = 2 Mbps with NCAMP and0.90
for S = 10 Mbps. This shaws thatfor increasingspeeds,
therelative impactof computatiortime will increase.

6 Conclusion

This paper describes scheduling algorithms for a
resenation-basednedium accessprotocol for scheduling
traffic in wirelessdatanetworkswith multiple channelper
cell. The time compleity of the MULTI-FIT algorithm
adaptedo this problemwasO(M 1g M + M C). Thetime
compleitiesfor CASPandNCASPwereO(M 1g C) while
CAMP and NCAMP executedin (PM 1gC) time, where
P is the numberof priority queueswithin a mobile. Sim-
ulation studiesthat measureccomputationtime on an Ul-
tra SFARC stationare usedto study the performanceof
theabove algorithms.The higherscheduleefficiency of the



non-contiguouslgorithmsresultin higheroverall through-
put asshown in the performanceanalysis. The throughput
achieved increasesvith the numberof mobilesin the net-
work, indicating that thesealgorithmsare suitedfor larg-
er sizednetworks. Also, the systemwith eight channels
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Figure 7. A comparison of throughput perfor-
mance of CAMP and NCAMP algorithms for
M € {48,64,80,96,112,128,144,160}, K = 5,
Channel Speed S € {2,10} Mbps, C = 4, and
L € {64,128} bytes.

haslower efficiengy utilization than the systemwith four

channelsThisindicateghatthereis nolinearimprovement
in performancewith increasingnumberof channels. The

resultsalsodemonstratéhatthe non-contiguousllocation
algorithmsperformbetterthanthe contiguousonesin most
cases. This is despitethe higher averagerunningtime of

thenon-contiguouglgorithms.Also, network transmission
speedwas variedto shaw the relative impact of schedule
computatiortime in higherspeedhetworks.

A full versionof the paperis availablein [4].
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