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Introduction

Inpacket radionetworkswith time divisionmultiply access (TDVWR) , eachaone of the nodes
istransmitting indetermined time intervals, called timeslots [1] . The non-conflict
functioning of the radio network requires that the neighbouringnodes mustnot interfere
in the environment during one and the same time slot [ 1, Z]. Some approaches for non-
catflictschedulingaredescribed inthe references, whichuse neural networks [1] - Themain
shortcoming of these approaches is the lack of aguarantee for convergency , whille the
approachsuggested isalways covergent.. No proof is necessary for this confimation since
it isobvious- the convergence is guaranteed by the Increase of time slots number when
Necessary.

The formal izationof the procedures defining the slots number and the construction
of anon-conflictschedule isvery important innetworkswith a large nurber of nodes.

Approachdescription

Anecessarycondition isto have the topollogy of the padket radionetworkwith time division
multiplyaccess, whichgives informationabout the neighbouring nodes. A listwith the
follovingstructure isfilled foreverynode— thenode number, the * neiighbouring”and “non-
neighboring” field, thefield“neighbouring”” cormtaining thenunbersofal l thenodes, with
which it isdirectly connected, whilethe “non-neiighboring” field—al I the remainingones..
The next stage isconnected with the determining of the nurber of “timeslots”—m, their
initial definingbeingnot final . During theprocess of schedule constructionthe increase
of mmay be implied. Inorder todefinem, the nodewitha*‘neighbouring” fieldwhich
consists of the maximumnurer of members, issearched for intre lists. S denotes the
maximal number of ““neighbouring” nodes and then m is defined by the formula
m=S_+1. It isassumed that i isthe one, which possesses the maximal number of
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“neighbouring’” nodes. The strategy selected is to representnode i and Itsneighbouring
nodes asbasic ineveryofthe definedslots, minnunber (eachslot isassignedanode) - For
eachone of the time slots a list isdefined comprisingof: the time slotnurber, field
“represanted”and field* ‘dbl igatory absent’”. The“‘represented” fieldcontains initial lyonly
one number per anode (node i1 orany of its neighbouring) - The field “obligatory absent™
includes at firstonly the neighbouring nodes of the node represented inthegivenslot.

Node i and Itsneighbours onlyare located inthe time slotsat thisstage, therestof
‘the nodes,, non—neighbouring tonode i, witthnumbers found inthe “non-neigbouring” field
ofnode 1 list, remaintobedistributed. Itisassuned that the locationcanstartfranthe
non-neigbouring tonode 1, which possesses thehighest nurber and fromaslotwith nurber
ore. Itisalsopossibletostart fronthe lorest nurber of anon-neigbouringnode, aswell
as fromaslotwith nunber mor fraom the highest number of a non-neigbouring node and
aslotwithnumberm, or fromthe lorvest number of anon-neiigbouring nodeandaslotwith
nurber one, but thiswill not lead toany advantage, just toanother schedule.

The procedure checks at firstwhether the non-neigbouring node with the highest
nurber j isnot inthe “‘dblligatoryabsent’” fieldof slotNo 1 (surely it isnotpresent for the
firstiteration). Hence, node j canbe represented inslotNo1, the listofwhichgetsanew
form— inthefield“represanted”’, nodes 1 and j areal reedy present, whi le inthe“‘doligatory
absent’” field besides the numbers of the neighbouring tonode i, the numbers of the
neighbouring to node j are also present. The same procedure is executed with the next
number of the non-neighbouring tonode i, node k (k< j) andslotNo2. Natural ly the list
of slotNo2 isaltered inananalogousway to thisof slotNo 1. After theslotsareover uder
thecondition that therearesti ll nonHeighbouringnodes tonoce 1, thatarenot distributed,
itisstarted franslotNol. There isareal possibi l ity some of the non-neiigbouring tonode
_J nodes tobe ingppropriate for representation inthe inrtial lydefinedmslots. Inorderto
ensureconvergency of theprocedure, thenunber of theslots is increaseduntil all thenodes
inthe network canbe represented.

The approach isformally describedas fol loas:

1. S, denotes the setof nodes neighbouring tonode .

2. N, denotes the setof nodes non-neigbouringtonode i .

3. Wdenotes the setof all the nodes in the network, having inmind that W=S; +N,
foreverynode; i.e. for i =lupton.

4. For i=luptonthissetsS, is looked for, which contains the maximumnumber of
members and is denotedby S _ .

5. The number of the time slots isdefined according to the formula: m=S_ +1.

6. The represernted and obl igatory absernt nodes are defined for each one of the time
slots fromP, uptoP .

7. The node wirth the highest number anong the set of theundistributed inthe time
slotsnodes isselectedand it ischedked inwhichoneofthe time slots it canbe represented,
starting fromP, . Itshouldbe accounted, that the addition ofanewnode toagiven time
slotcausesachange inthedbligatoryabsantfieldof thisslot. This iterationcontinuesupto
the lastone, i.e., uptothe lonestnumber ofnodes. Itis possible some nodes to remain
udistributed intheslotssodefined.

8. If sareundistributed nodes are present, newtimeslotsareadded uriti I theentire
finishingofal I thenodes intrenetwork. Itisdoviousthat theprocess isalways convergent.
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Anexample realization of the approach

The formal approach for constructing anon-conflict schedule is illustratedby a
‘twelve-nodes packet radionetworkwith time divisionnul tiply access. Fig. 1shoxsthe

network topology -

9 3 6
Q% ®
Fig-1

Foreachone of the nodes a list ismadewith the fol loving structure: ononeside the
nodes, thatare neighbouring tothegivennodeare included, onthe other—therest of them.
The list isformedasTable 1.

Tablel

Node No Neighbouring Non-Neighbouring
1 9,11 2,3,4,5,6,7,8,10,12
2 9,10 1,3,4,5,6,7,8,11,12
3 4,6,8,9 1,2,5,7,10,11,12
4 3,5,11 1,2,6,7,8,9,10,12
5 4 1,2,3,6,7,8,9,10,11,12
6 3,7 1,2,4,5,8,9,10,11,12
7 6 1,2,3,4,5,8,9,10,11,12
8 3 1,2,4,5,6,7,9,10,11,12
9 1,2,3 4,5,6,7,8,10,11,12

10 2 1,3,4,5,6,7,8,9,11,12
11 1,4,12 2,3,5,6,7,8,9,10

12 11 1,2,3,4,5,6,7,8,9,10

Thestrategy for initial determiningoftre timeslots inthesdhedule isasfolloas: this
node is searched for, inthe neighbouring field ofwhich therearemaximummerbers. For
theeamleconsidered thisisnode 3, itsreignbouring field inthe listcomtaining fournodes
(4, 6, 8and9) . The nurber of the time slots isdetermined fronthat, asm=S_ +1, i.e.
for thecasem=5. Thenode 3and itsneighbourswithnurbers4, 6, 8and 9are represented
inevery oneof the sodefinedslots acoording to the strategy selected.

InslotNo 1 node 3 is represented and towards ita list is attached of the nodes,
represented in itandof those that cannot be dbligatori by represented in thisslot. This
approach isagpplied foreachoneof theslots. Theresultisgiven inTable2.
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Table 2

SlotNo Represnted Obligatory absent
1 3 4,6,8,9
2 4 3,5,11
3 6 3,7
4 8 3
5 9 1,2,3

At this stage the distribution of only Five fronthe twelve nodes inthe network is
realized. Thenodes remaining for distributionare dotained fronthe listofnode 3- these
arethe nodesof the “non-neighbouring” field, naely 1,2, 5, 7,10, 11,12

The approachwhich begins the distribution fromthe nodewith the highest number
isacoepted (forthiscase it is12) andslotNol. Theprocedure dhecksat firstwhether node
12 isnotpresant inthe“ ‘obligatory absant” fieldofslotNo1 (it isdowvious that for the farst
Iterationthischeckisumecessary) .-

Inthe case discussednode 12 isnot present inthe “cbligatoryabsent”” field for slot
No 1and besides this it is non-neighbouring tonode 3, represented inslotNo 1, which is
checked by the procedure - inthe field “non-neighbouring” fronthe listof node 3, node
12nustbe present.

The same procedure isapplied fornode 11 and slot No2. There isarestriction in
thiscasebecause it isneighbouring tonode4 (It isnot inthe “nan-neighbouring” field fram
the listofnode4, represented inslotNo2) .

The procedurediscoverswhether node 11 can be represernted inslotNo 3. Inthefield
“abligatoryabsent”’ of slotNo 3, node 11 isnot present, so itshouldbechecked inthe list
ofnode6 ifnode 11 isavai lable inthe* on-neighbouring” field. Itisthere, hencenode 11
canbe represented inslotNo 3.

The nextnode 1sNo 10, forwhichthe procedure checkswhether it canbe represented
inslotNo4. Node 10 isnot present inthe* ‘obligatory absent”” field of slotNo4onone side,
andonthe other— it is non-neighbouring tonode 8, apriori represented inslotNo4, which
erables itsrepresantation inthesameslot.

The same procedure is applied for node 7 and slotNo 5. The check shows thatt node
7isnotinthe*‘dbligatoryabsernt*field inthe list for slotNo5and thenext check iswhether
it isnotneighbouringtotheapriori representednode9 inslotNo 5. The checkproves that
itisnotneighbouringtonode 9, because itispresent inthe “nonneighbouring” fieldinthe
listof node9, whichenables the representationofnode 7 inslotNo 5.

The initial ly defined slotshave finished, threenodes have remained undistributed-
5,2and1.

The increase intheslots nuber issti 1 notnecessary since theprocedure hasnot been
appliedforall thenodesandal l the primari lydeterminedslots. The listsof theslotsare
modified and they obtain the form, shown inTable 3.

Table 3
SlotNo Represnted Obligatory absent
1 3,12 4,6,8,9,11
2 4 3,5,11
3 6,11 3,7,1,4,12
4 8,10 3,2
5 9,7 1,2,3,6

Themodification consists inthe expansion of the listswithnunbersof the newly
represerted nodes,, adding the nurbers of the neighbouring nodes to the newlly represented
inthe*“‘abligatory abosent’” field. Forthis purpose the “neighbouring” fields franthenodes
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listsareusd.

According tothe strategy chosen the procedure isgpplied at first fornode 5and slot
No 1. The check in the “obligatory absent” field shows that node No 5 is not fran the
enurerated onesand therefore itcanbe represented inslotNo 1.

The same procedure isapplied fornode 2and slotNo 2 and the result isthat node
2canbe represented inslotNo2 because It isunavai lable inthe “dbligatory absent” field.

The lastnode notdistributed iswithNoland the slot, inwhichthedistribution
procedure istrying torepresent it iswithNo 3. Information isabtained franthe listof slot
No 3 about the fact, that node 1 is in the “obligatory absent”’ field, which forbids its
representation inthisslot. The procedure dooses thenextslotNo4, franthe listofwhich
rtcanbeseen thatnode 1 canbe represented inthisslotfor it isnotfoud inthe “cbligatory
st field.

The final formof the schedule isgiven inTable4.

The non-confl ict schedul ing for a twelve-nodes packet radio networkwith time
divisionmultiplyaccess isshomn inFig.- 2.

Number of the represented node

Slat 1 2 3 4 5 6 7 8 9 10 11 12

P1 1 1 1

P2 ! !

P4

P5

Fig.2

The nodes nunbers arewr itten onthe abscissaaxis, while the ordinate contains the
numbers of the timeslots, indicatingby one the representationof the givennode ina

ocorrespordingslot.
Table4
SlotNo Represented Obligatory absent
1 3,12,5 4,6,8,9,11,4
2 4,2 3,5,11,9,10
3 6,11 3,7,1,4,12
4 8,10,1 3,2,9,11
5 9,7 1,2,3,6
Conclusion

The approach has achieved two purposes — automatic determination of the time slots
number inthe process of schedulle constructionand dotaininganon-conflictschedule. The
listsformationfor theseparatenodes is the primary information, enteredat the beginning
of the process, usinga radio network topology for the purpose. Thiscouldbea labour-
consumiing process for networks withagreatnurber of nodes, which is ashortconing of
the approach, but having inmind that the design of anon-conflict schedulle for such
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networks isdifficultenough, and inmostof the cases— inpossible, 1toouldbeneglected.
The advartage of the formal approachdescribed isthat it isalwaysconvergent, which
isachievedwith the increase of the time slots nurber .
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[Monxon misa orpenesyieHrss 0€CKOHPIMKTHOT'O PACIIVMCaHUA B [1aKETHBIX
CeTaxX C KOJUJIEKTMBHEM IOCTYIIOM U BpeMeneJIeHVeM

Kupran KojmdyakoB

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

[IpenjioxeH GopMaiM30BaHHEM [TIOOXON OJid onpenejieHsS O6eCKOHOIMKTHOT'O
PaCIMCaHMA B [IaKETHEIX CETAX C KOJUIEKTUBHEM NOCTYIIOM U BpeMenereHeM. [IokasaHo
3HadeHMe IOAX0Na B CeTAX C OOJIbINM YMCIIOM y37ek . [ooxon MIJIOCTPOBaH [IPU
[IOMOLM [IPUMEPa PaaMOCeTH C OIBEeHaOlaTVM Y3JIAMA .

35



