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netric The invention relates to a nethod for
determining paths in a co ni cati ons network
conprising a plurality of notles using a routing
metric. The invention also relates to a device and a
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If the sender and recipient of a message are not adjacent, the
message is transmitted by way of a path passing by way of one
or more nodes. To configure the message transmission sequence
efficiently, a path is determined between sender and recipient
before the message is transmitted. To this end it is known
that nodes can store routing tables. These contain
information, which forms the basis for decisions when
determining the choice of route and forwarding messages in the
network. The structure and content as well as the updating
mechanisms of routing tables are essentially a function of the

routing method deployed.

A routing metric is generally used when determining paths.
This is used to evaluate different paths and to take the

decision which path is to be used from a plurality of possible

paths.
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2 The o nvention is to denobnstrate a
PCTh%?%%%5f%561@%tér%@%?ﬁ%lﬁ§§wgu$n a conmuni cati ons

network and a device and a conputer program product

for inplenmenting said nethod, This object is achieved

by a nethod with the feature% of claim 1 and by a

device with the features of independent clains.
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shortest length according to the routing metric.

The variable, which is input into the routing metric according
to the invention, is determined from the number of paths
passing by way of a node. In addition to the number of paths
passing by way of a node, it is also possible to include other
values or parameters in the deterﬁination of the variable, for
example also the number of paths going out from the node, in
other words also the number of paths, for which the respective
node is the start node. Using the number of paths passing by
way of a node and paths going out from a node corresponds to
considering how often a specific node is the sending component

of a path and thus describes the load on the node.
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PCT A2 300 HEGL var? PER21463WHES vari abl es can al so be
input into the routing netric. In particular the
descri bed variable can be input into the routing
metric in relation to a plurality of nodes. It is
thus possible for exanple to formthe routing netric
by addi ng the described variable for all .nodes, by
way of which the path passes. O the routing netric
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The routing metric of a path is preferably obtained from the
sum of the third sum of all nodes, by way of which the path
passes, or from the sum of the third sum of all nodes, by way

-0of which the path passes, and the third sum of the transmit

node of the path. In the second instance the third sums of all
nedes, which transmit along the path, are summed, in other
words the third sums of the original sender and the
intermediate nodes between the original sender and the

recipient.

In a refinement of the invention it is an iterative method,
wherein the paths are determined using the routing metric and
the routing metric is determined using the paths in an
alternating manner. This procedure takes into account the fact

that the routing metric is required to determine the paths,
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that the routing netric is required to determ ne the
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the routing netric is however also a function of

specific paths. According to a particularly

advant ageous refinenent of the invention the

iterative nethod is i npl emented until the value of a
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node of the communications network or even a central facility,
which is responsible for defining paths and informs the nodes

about the determined paths.

The inventive computer program product has means for
determining paths in a communications network comprising a
plurality of nodes using a routing metric, with a variable,
which is determined from the number of paths passing by way of
a node, being input into the routing metric. It can for

example be deployed on a node of the communications network.

In the context of the present invention a computer program
product refers not only to the actual computer program (with
its technical effect going beyond the standard physical
interaction bétween program and computing unit) but in

particular also to a recording medium for the computer



articular also to a recording nmediumfor the conputer
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collection, a configured conputing unit and also for
exanpl e a nenory device or a_server, on which the.
files belonging to the conpu?er program are stored.

Both the inventive facility and the inventive conputer
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purpose.” The invention 1s described in nore detai
below with reference to an exenplary enbodi nent.
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to &l acandlipy tbebs@desntl, 2, 3, 4 and 5, the node 1 is
adj acent to the nodes 0, 2, 3 and 4, the node 2 is

adj acent to the nodes 0 and 1, the node 3 is adjacent
Figuwe the midess O rletansik-ld, cdriyer odsy 4eis rmollecent to

the nodes 0, 1 and 3, and the node 5 is adjacent to

the node 0. The invention is preferably deployed in
Figurege?a nke Wit ks HBhow tsteentesh igptfiors ofinvantyirs aurirlod

is sinpldddachdor smaller networks, like the one

shown in Figure 1. A path in the network passes froma

start node to a destination node by way of no, one or
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sequence.

Figure 1 shows a network comprising the nodes 0, 1, 2, 3, 4
~and 5. The nodes of the network communicate with each other,
with a common transmission medium being used, for example a
common radio frequency. Lines connect adjacent nodes to each
other, in other words those nodes, which can communicate
directly with each other. The node 0 is adjacent to the nodes
1, 2, 3, 4 and 5, the node 1 is adjacent to the nodes 0, 2, 3
and 4, the node 2 is adjacent to the nodes 0 and 1, the node 3
igs adjacent to the nodes 0, 1 and 4, the node 4 is adjacent to
the nodes 0, 1 and 3, and the node 5 is adjacent to the node
0. The invention is preferably deployed in larger networks but
the description of the procedure ig simplified for smaller

networks, like the one shown in Figure 1.

A path in the network passes from a start node to a

destination node by way of no, one or a number of further
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way of the nodes 0 and 1. A nmethod is proposed bel ow,
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all conbinations of start and destination nodes. In

other words a full routing table is determ ned for
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metric. A known exanple of a routing netric is the
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I's based on the fact"that the variable B(err
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This variable is hereafter referred to as By™, where k is the
index of the respective node. The length of a path based on

o values of

this routing metric is given as the sum of the By
the nodes sending along the path, in other words the transmit

node and the nodes by way of which the path passes.

This selection of the routing metric is based on the fact that
the variable B*™ is suitable for describing the medium access
time of a node to the transmission medium shared by the nodes
of the network. It is taken into account in particular here
that a node cannot access the transmission medium, if an
adjacent node is currently using the transmission medium to

send or receive messages. This means that a node and a node

adjacent to it cannot send and/or receive messages at the same
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The nore adj acent nodes a node has, by way of which a
plurality of paths pass, the,longer it generally takes

before said node can access the transm ssion nedi um
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B cOBI €Bp@/Bist Bp+B)e hop-count nmetric. A value other
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- value (-1I). In the first step, _shown in Figure ,
intenpded t o5 Bre nedAsY de? etleWhPe® Fead to the node O,
in other words for which the node O is the
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metgrgrgiq&§iﬁgeother than 1 can also be used as the
initialization value, as the result of the method is largely
independent of this start value. A value of (-1) is input into
the routing table, if no path has yet been determined. This
situation initially corresponds to the situation shown in

Figure 2a. By and B*™ are shown as vectors in Figure 2a and
the following figures, where B, =[BO,BI,BZ,B3,B4,BS] and

B?”:JBfm,Bf“,B;m,Bfm,Bf“,BfmJ. In the routing table ROUTES all._

entries are initially given the value (-1).

In the first step, shown in Figure 2b, all the paths are
considered, which lead to the node 0, in other words for which
the node 0 is the destination node. Since all the nodes 0, 1,
2, 3, 4 and 5 are adjacent to the node 0, they send a message
intended for the node 0 directly to the node 0. Therefore the
first column of the routing table ROUTES has a 0 for all the
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PCT/aﬁﬁ’zqwfﬁcﬁrJ/@szo%‘?%%%ﬁ 99DAP21463WOUS 8 rows.

Looki ng at the nodes 3 and 4, it would al so be
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nodé"ccl‘%‘.' 4y 4,0 (}an i ndde PAEHG W Ds thers Qﬁﬁé’leéﬁe path

I'engt h™ accor erouting metric is selecfed
doesrpat RAFRIPORY (Ff 1Y diveehepaedeFor every entry

PatH bdthRedrPUWHAhddd| ® AW TEw thedef orsy abdy t &€ the node 1:
the F%I.eg-?gttﬁi qu{l’lgis a;gaﬁtlfhgé Ughed g 0G t h&ﬁc?é‘tﬁl?% P | Sasses

| Ohest val ue for
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accol 1ng igur
Path between the node 3 and the node (¢ by way of the nodes 1
and 2: the length of this path is B +B™ +B;" =3, since the
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path passes by way of the nodes 1 and 2, whose By
respectively have the value 1 according to Figure 2a.
The path with the shortest length according to the routing

metric is selected. This corresponds to the direct path.

For every entry in the routing table ROUTES therefore all the
"possible paths are evaluated using the routing metric and the
path with the lowest value for length according to the routing
metric is selected and input into the routing table ROUTES.

The different paths are evaluated here using the values of the

routing metric defined in the last step.




The different paths are eval uated here using the

PCTABR A 5§ Hel £ ot PHE2 Fh+WeURBef i ned in the | ast
step. PCT/ EP2005/ 056161 /2004P21463WOUS 9 After
determining the routing table ROUTES the vari abl e
Bk(err) is <calculated. To calculate Bk(err) the
variable Bk,0 is first <calculated. This is the
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err =B0+Bl1+B2+ +B4 0+1+1 For the nod

com’z Iotni oy il destimi bor )nede .+ Bin B Souadl £0 Br,o.

Slnd:é)ert e sh e ddierid<vifg 3Pl irfRsdes, it is possible to
calq%#err) =BQ+B1+B3+B4 =0+1+1+1=3 . For the node 4 the

applles Bk(err)=B0+B1+B3+B4 =0+1+1+1=3 .
For the node 5 the follow ng applies:

For %"i{eerl{c}%@%ﬁlg@%ﬁanggt%%% %gnd step, as shown in

efed to be the
d’egrﬂL ﬁat“lﬂbﬁrﬁnﬂ& +pB; d@s*clr*‘lﬁ’e‘d”a’bbvé the entries in

the routing table ROUTES are determ ned by evaluating
all the_possible paths to the node 1 using the
For (tdig inrferet rilee okl kewbey i #@ptiheshost favorabl e path
B acBOr B m@B, B, +1Be r@ut g lrdtr4c. Accordingly the node
0O sends a nessage intended for the node 1 directly to

the node 1, therefore
For the node 2 the following applies: B =B,+B,+B,=0+1+1=2.

For the node 3 the following applies:
B =B,+B,+B,+B,=0+1+1+1=3 .

For the node 4 the following applies:
B =B ,+B +B,+B,=0+1+1+1=3.

For the node 5 the following applies: B =B,+B,=0+1=1.

In the second step, as shown in Figure'2c, the node 1 is
considered to be the destination node. As described above, the
entries in the routing table ROUTES are determined by
évaluating all the possible paths to the node 1 using the
routing metric and selecting the most favorable path according

to the routing metric. Accordingly the node 0 sends a message

intended for the node 1 directly to the node 1, therefore
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same al so applies to the other nodes 2, 3 and 4

adj acent to the node 1. The qﬁde 5 sends a nessage
intended for the node 1 to % e node 0, therefore
there is a 0 at the position (5,1) of the routing
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Bk,1. Since the node 1 does not send nessages to
itself, there is a O at the first point of the vector
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: i vel i . pat o}
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node 2 consi Ion no
these ghpdepetahbhs npde 10@E@hn§t39thlRaﬂﬁﬁéthhEaHoéé ghese

nodés €ONshders8et 9 be the destination node, Figure 2f
shows the fifth step, in which the node 4 is

consi dered to be the destination node, and Figure 2g
By Jsilmwldddil&dtféd(tﬂg/ Sdcﬁil.ng:j B Wi faforh Mgl&ﬁ@d dbjsin hother words
' considered to the st|n ti node, In eac . .
the  REPARE B RS o B ARSTESTR ¢ 1 T | Se faption
nodéurdh@ery_ﬂe¢mrﬂlgung,2gs|ng tbkerrwotrdagthret proporhéon
of ﬂp,defcho MCGIP thdBRRA0S | eﬂ}geeqiéscgiﬁe{@ion node. It is then

possible to calculate B,°™ from Bk, as described above. The

following applies for the node 1 for example:
B =By+B +B,+B,+B,=2+1+2+2+2=9.

Figure 2d shows the third step, in which the node 2 is
considered to be the destination node, Figure 2e shows the
fourth step, in which the node 3 is considered to be the
destination node, Figurerzf shows the fifth step, in which the
node 4 is considered to be the destination node, and Figure 2g
shows the sixth step, in which the node 5 is considered to be
the destination node. In each instance the routing table
ROUTES is first filled in further by determining, using the
routing metric, the node to which a message intended for the

respective destination node is to be sent. During this

determination the By“™ determined in the previous step is used,
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useq ouhd angl Bk are then determlned The method also proceeds

correspondingly in respect of the nodes 1, 2, 3, 4 and 5 as
destination nodé, with the routing metric being taken from the
respectively preceding step of the second round in each
instance. The situation according to Figure 2h then results at

the end of the second round.

Further rounds of calculations can follow if required. During
the course of the rounds the result converges, in other words
the entries in the routing table ROUTES and the variables Bg
and B""™ no longer or only slightly change. After two rounds a
self-consistent routing table ROUTES is generally already
calculated. During further iteration rounds the entries in the
routing table ROUTES may still change but there is no further

significant increase in the output of the network, measured




-consistent rou ROUTES is general ly.
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change but there is no furtagr significant increase
in the output of the networ measur ed
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questhieRal i zati on state corresponds to that of Figure
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FioGTRRmA ROt He FBOY | et SHPEE FOBTER. FLLFFRARHVP Catgulation
seq@ém@@t Tm@nimhelauiiéeientsp@selbbfreaphﬁdsBkéethat of
fro reyio un d LNg ot her [
Flg%ﬁ?err ﬁoﬁ??hgl¥%€ g |za€$%nnoﬁﬁ anﬁSBﬁ?ég% ég?g to be
thetdﬁﬁﬁxmmtxenam@@eainda ﬁmthrstapthsdsebenﬂlssepcohemn of

the ’Bﬁe i éstaﬁf%‘sﬂz@@h?é' I%EPPiliQ& !E'ﬁ‘St ?aééPQchﬁfoﬂ”Qhe

cond colum o routi ng

“di f et preesild e oskper rPaTr oﬁﬁ%é:he MESEHIGUSmTYA is used,

in @tgt@éfl Wek g w@ﬂ frme t&m&tslcaﬁlaéeﬁsldﬂ A0G% ahd B ™™ are
ect of_th stination

the ‘?1 E.r leylate ‘g ‘é]F?’f HF {gh% ?‘ﬁ??’i‘ I?EﬁPlBﬁeande 1l is
considsraﬁedofbé ehé déetieatioesnofiet imdr thei agednlll eclumn of

e IR it AR U089 T2 e

1n1¢mhuzaasozsh@mlmnbﬂg@r1eseé 'Bkeaﬁ@lmek@ém)takes place in
resﬁ@é&u$§t€gebﬁéﬁgs°@ t?'S4r9H&'@gaéa§é§%f£LE£éh f8des. The

Some entries in the routing table
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the sane, in other words the paths are degenerate.

This situation can in principle also occur with the
Onceretiro draleisitmd beab e t ROUBEST eas ebéen FigteemiRadt as2hart of

the [BLSor SOUNA! o06chu TPl S8U1ES R O™ LS
calculated based on this routing table ROUTES, as shown in

Figure 3a.

Some entries in the routing table ROUTES have two entries
after the first round. This occurs when the routing metric for
these two paths is the same, in other words the paths are
degenerate. This situation can in principle also occur with
the method described with reference to Figures 2a to 2h. This
equivalence of a number of routes between two specific nodes
generally disappears in the course of subsequent calculation

rounds.

Figure 3b shows the result of the second round. In the second
round the entries for the routing table ROUTES are determined
first for the node 0, then for the node 1, then for the node
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the calculation knows the complete topology of the network.

This can for example be achieved in that every ncde collects
information about its adjacent nodes and passes on this “link
state” information known to it to its adjacent nodes or to a
central facility. The method, according to which information
about the network topology is collected and passed on, has no

influence on the method for determining the paths.

The paths can be calculated by one node cof the network, which
forwards the result to the other nodes. A central facility,
which knows the topology of the network, can alsc determine
the paths according to the proposed methods. It is also

possible for a plurality of nodes or every node of the network

to make the proposed calculations. Since the nodes assume the
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The inventive method can be used in any networks, in which the

)

nodes communicate with each other. They are used particularly
advantageously in radioc communications systems, such as

multihop adhoc systems and sensor networks.




routing metric, wherein a variable (Bk(err) ), which
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avef rosk asurg| ammecta megreermaifnes] dimsn theo nymbwherel rpaths
I € t hawhi ch,th ths, a

15(fsst n(‘!fnkg%%é 128?%% ng e i’|2 a%d ?he§r o%lt%dn%aths
Q‘I%Wg Oyl @é@fér %é@o@sl h@) the paths 4n ah- ad®drnating

for every adjacent node (0, 1, 2, 3, 4, 5) of the
respective node (0, 1, 2, 3, 4, 5) a second sum (By) is
determined from the number of paths passing by way of the
respective adjacent node (0, 1, 2, 3, 4, 5) and paths going
out from the respective adjacent node (0, 1, 2, 3, 4, 5)
and

a third sum (B"™} is determined from the second sums of all
adjaceht nodes (0, 1, 2, 3, 4, 5) of the node (0, 1, 2, 3,
4, 5) and the first sum.

. The method as claimed in claim 3, wherein

the routing metric of a path results from the sum of the
third sums (B of all nodes (0, 1, 2, 3, 4, 5), by way of
which the path passes, or from the sum of the third sum of
all nodes (0, 1, 2, 3, 4, 5), by way of which the paths
passes, and the third sum of the transmit node (0, 1, 2, 3,
4, 5} of the path.
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manner. 6. The nethod as clained in claimb5, wherein

PCTAERZ A2t ARG14l med HAPZ B4 P E@Pent ed, until the val ue

of a variable, in particular the end to end data

t hroughput and/or the end to end tinme del ay,
converges. 7. The method as 1 aimed in one of clains 1
to 6, wherein the nodes (0, 1, 2, 3, 4, 5) of the

t th h oth
¢ ol PeRof i FR YN i BnSS T o Leter i £ riy pagreein Lt
| msa arc anrens tciate ansthosd worktle oript ¢isi tige a4t lus aehréy of

out h
a var aréxjfhe&v%gil??sltsh%eltser m n%%"%%r#t%@gn%@n% &1?%(}’
paneHsr igasst riptsrmiaedfusingden¢ (aths 2in 3an 4legrnating
b&idithed NPUt into the routing nmetric. 9. A conputer
program product with neans for determning paths in a

comuni cations network conprising a plurality of

. hodes féshdd & cﬁbaﬂne@)lﬂlsél’bglrﬁl 3 OUlh & IR EHE, i Wotdtive

a varl%cgl £, Wi ch i'S tggrirﬁn ned }géo\rig{he n n;e\rr%sqlable in
quarrg::.cuﬂmnt e ce:tchetas Catidi n:gaﬂ:mttt]:hzﬁoughput and/or the end

to end time delay, converges.

The method as claimed in one of claims 1 to 6, wherein
the nodes (0, 1, 2, 3, 4, 5) of the communications

network communicate with each other by radio.

A facility with means for determining paths in a
communications network comprising a plurality of nodes
(G, 1, 2, 3, 4, 5) using a routing metric,

with a variable, which is determined from the number of
paths passing by way of a node (0, 1, 2, 3, 4, 5), being

input into the routing metric.

A computer program product with means for determining
paths in a communications network comprising a plurality
of nodes (0, 1, 2, 3, 4, 5} using a routing metric,

with a variable, which is determined from the number of
paths passing by way of a node (0, 1, 2, 3, 4, 5), being

input into the routing metric.



