
PCT/EP2005/056161 / 2004P21463WOSG  1  Description
Iterative routing method with path-dependent routing
metric  The invention relates to a method for
determining paths in a  communications network
comprising a plurality of nodes using a  routing
metric. The invention also relates to a device and a
computer program product for implementing the method.
In communications networks messages are transmitted
from the  respective sender to one or more recipients.
The  communications network has nodes, which send and
receive  messages and in some instances forward them
to an adjacent  node. The specific configuration of
the nodes and the  connections between adjacent nodes
is a function of the  network in question. In the
internet for example routers are  connected together
by way of lines, while in radio  communications
systems a radio interface connects adjacent  radio
stations. 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 object of the invention is to demonstrate a
method for  determining paths in a communications
network and a device and  a computer program product
for implementing said method. This object is achieved
by a method with the features of claim  1 and by a
device with the features of independent claims.
Advantageous refinements and developments are set out
in  subclaims. With the inventive method for
determining paths in a  communications network
comprising a plurality of nodes a  routing metric is
used. A variable, which is determined from  the number
of paths passing by way of a node, is input into  the
routing metric. A path through the communications
network passes from a start  or transmit node to a
destination or recipient node. If the  start and
destination nodes are not adjacent, the path passes
by way of one or more further nodes. A routing metric
is used  to evaluate paths, so that it is possible to
decide between  alternative paths using the routing
metric. It is thus  possible, from a plurality of
alternative paths between a  specific sender and a
specific recipient, to use the path  having the lowest
routing metric value, in other words the  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
determination 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. 



PCT/EP2005/056161 / 2004P21463WOUS  3 In addition to
the described variable, further variables can  also be
input into the routing metric. In particular the
described variable can be input into the routing
metric in  relation to a plurality of nodes. It is
thus possible for  example to form the routing metric
by adding the described  variable for all nodes, by
way of which the path passes. Or  the routing metric
can be formed by adding the described  variable for
all nodes, by way of which the path passes, and  for
all nodes having a specific relationship to the nodes,
by  way of which the path passes. In a development of
the invention, for one or more nodes: a first sum is
determined from the number of paths passing by  way of
the node and paths going out from the node, for every
adjacent node of the respective node a second sum is
determined from the number of paths passing by way of
the  respective adjacent node and paths going out from
the  respective adjacent node, and a third sum is
determined from the second sums of all adjacent  nodes
of the node and the first sum. 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  of
which the path passes, and the third sum of the
transmit  node of the path. In the second instance the
third sums of all  nodes, 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, PCT/EP2005/056161 / 2004P21463WOUS  4  while
the routing metric is however also a function of
specific paths. According to a particularly
advantageous refinement of the  invention the
iterative method is implemented until the value  of a
variable converges. The iterative method steps can be
repeated until convergence is achieved, in other words
the end  to end data throughput and/or the end to end
time delays or  the paths and/or the routing metric no
longer or scarcely  change(s) from calculation to
calculation. It is advantageous if the invention is
applied to a  communications network, wherein the
nodes communicate with  each other by radio, such as
for example to a multihop adhoc  radio communications
system. The inventive facility 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. The inventive facility can
for example be a  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
between program and computing unit) but in  



particular also to a recording medium for the computer
PCT/EP2005/056161 / 2004P21463WOUS  5 program, a file
collection, a configured computing unit and  also for
example a memory device or a server, on which the
files belonging to the computer program are stored.
Both the inventive facility and the inventive computer
program  product are particularly suitable for
implementing the  inventive method, it being possible
to apply this also to  refinements and developments.
They can have further suitable  means for this
purpose. The invention is described in more detail
below with reference  to an exemplary embodiment.
Figure 1 shows a network comprising six nodes, Figures
2a to 2h show steps of a first inventive method
sequence, Figures 3a and 3b show steps of a second
inventive method  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  is 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
is 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 PCT/EP2005/056161 / 2004P21463WOUS



6 nodes. For example therefore a path between the node
2 and the  node 4 can pass by way of the node 0 or by
way of the nodes 0  and 1. A method is proposed below,
wherein paths through the network  are determined for
all combinations of start and destination  nodes. In
other words a full routing table is determined for
the network. Since generally a number of potential
paths exist  between a specific start node and a
specific destination node,  a weighting or evaluation
of paths takes place by means of the  length of the
paths, which is ascertained by means of a routing
metric. A known example of a routing metric is the
hop-count metric, wherein the length of a path is
given as the  number of hops used by the path. In this
instance short paths  are preferred to longer ones. To
calculate the routing metric used below the number of
paths  going out from the respective node, in other
words for which  the respective node is the start
node, and the number of paths  passing by way of the
respective node are determined for each  node. This
variable is hereafter referred to as Bk, where k is
the index of the respective node. Each node is
allocated the  sum of its B(err) and the B(err) values
of the nodes adjacent to it.  This variable is
hereafter referred to as B(err), where k is the  index
of the respective node. The length of a path based on
this routing metric is given as the sum of the B(err)
values of  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(err) 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 PCT/EP2005/056161 / 2004P21463WOUS  7 time.
The more adjacent nodes a node has, by way of which a
plurality of paths pass, the longer it generally takes
before  said node can access the transmission medium.
The length of the path between the nodes 3 and 4,
passing by  way of the node 1, based on the routing
metric, is for  example: Path length 314 = Baum + B1 '
, where B" = B3 + Bo + B1 + B4 and  B1(err) = B1 + B0
+ B2 + B3 + B4 . The paths are input into a routing
table in the form of a  matrix, each column of the
matrix corresponding to a specific  destination node
and each row of the matrix corresponding to a
specific node sending or forwarding a message to this
destination node. An entry z for the matrix element
with the  position (x,y) means that the node x has to
send a message  intended for the node y to the node z.
At the start of the method all Bk values and all
Bk(err) values  are set to the value 1. This
corresponds to the hop-count  metric. A value other
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. Bk and Bk(err) are shown as
vectors in Figure 2a and  the following figures, where
Bk =[B0,B"B2,B3,B4,B5] and Bk(err) = [B0(err) B1(err),
B2(err), B3(err),B4(err), B5(err)]. 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 PCT/EP2005/056161 / 2004P21463WOUS  8 rows.
Looking at the nodes 3 and 4, it would also be
possible  for example for these to send a message
intended for the node  0 to the node 1, which then
forwards the message to the node  0. Generally a
plurality of possible paths exist between two
specific nodes. This means that when creating the
routing  table ROUTES a selection has to be made from
the alternative  paths. This selection is made using
the routing metric  described above, in other words,
when selecting from the  paths, the length of the
paths is taken into account, as  defined according to
the variable Bk(err) determined in the  previous step.
For the path between the node 3 and the node 0 the
following  consideration results: Direct path from the
node 3 to the node 0: the length of this  path is
B3(err) =1, since the node 3, in other words the
transmit  node, is the only sending node along this
path and the path  does not pass by way of any further
nodes. Path between the node 3 and the node 0 by way
of the node 1:  the length of this path is
B3(err)+B1(err) =2, since the path passes  by way of
the node 1, whose Bk(err) value has the value 1
according to Figure 2a. Path between the node 3 and
the node 0 by way of the nodes 1  and 2: the length of
this path is B3(err) + B1(err) + B2(err) = 3, since
the  path passes by way of the nodes 1 and 2, whose
Bk(err) values  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. PCT/EP2005/056161 /2004P21463WOUS  9 After
determining the routing table ROUTES the variable
Bk(err) is  calculated. To calculate Bk(err) the
variable Bk,0 is first  calculated. This is the
proportion of Bk, for which the node 0  is the
destination node. Since the node 0 does not send
messages to itself, there is a-0 at the first point of
the  vector Bk,0. Since according to the routing table
ROUTES just  one path goes out to the node 0 from the
node 1 and no path  exists, which passes by way of the
node 1 to the node 0, there  is a 1 at the second
point. The same also applies to the nodes  2, 3, 4 and
5. Since until now only the node 0 has been
considered to be the destination node, Bk is equal to
Bk,0.  Since Bk has been determined for all nodes, it
is possible to  calculate Bk(err): For the node 0 the
following applies:  Bk(err) =B0+B1+B2+B3+B4+B5
=0+1+1+1+1+1=5.  For the node 1 the following applies:
Bk(err) =B0+B1+B2+B3+B4 =0+1+1+1+1=4. For the node 2
the following applies: Bk(err) =B0+B1+B2 =0+1+1=2.
For the node 3 the following applies:
Bk(err)=B0+B1+B3+B4 =0+1+1+1=3 . For the node 4 the
following applies:  Bk(err)=B0+B1+B3+B4 =0+1+1+1=3 .
For the node 5 the following applies:
Bk(err)=B0+B5=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  evaluating
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 



PCT/EP2005/056161 / 2004P21463WOUS  10  there is a 1
at the position (0,1) of the routing table ROUTES. The
same also applies to the other nodes 2, 3 and 4
adjacent to the node 1. The node 5 sends a message
intended  for the node 1 to the node 0, therefore
there is a 0 at the  position (5,1) of the routing
table ROUTES. To determine Bk(err), Bk,1 is first
calculated. This is the  proportion of Bk, for which
the node 1 is the destination node.  According to the
routing table ROUTES a path goes out from the  node 0
to the node 1 and a path passes to the node 1 by way
of  the node 0, namely the path from the node 5 to the
node 1.  There is therefore a 2 at the first point of
Bk,1. Since the  node 1 does not send messages to
itself, there is a 0 at the  first point of the vector
Bk,1. There is a 1 in Bk,1 for the  nodes 2 to 5
respectively, since a path goes out from each of
these nodes to the node 1 and no path passes by way of
these  nodes to the node 1. Bk is calculated by adding
Bk,0 from Figure 2b, in other words  the proportion of
Bk, for which the node 0 is the destination  node, and
Bk,1 from Figure 2c, in other words the proportion of
Bk, for which the node 1 is the destination node. It
is then  possible to calculate Bk(err) from Bk, as
described above. The  following applies for the node 1
for example: Bk(err) =B0 +B1+ B2 + B3 + B4 = 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, Figure 2f
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 Bk(err) determined in the previous
step is used, PCT/EP2005/056161 / 2004P21463WOUS  11
in other words the entries are selected taking into
account the routing metric predetermined by Bk(err).
The variable Bk(err) is  then calculated based on the
new routing table ROUTES. The procedure described is
an iterative method, since on the  one hand the
routing metric by way of the variable Bk(err) is
input when determining the paths and therefore when
creating  the routing table ROUTES and on the other
hand the determined  paths are input into the routing
metric by way of the variable  Bk(err). The routing
table ROUTES and the routing metric are  therefore
updated in an alternating manner. Figures 2b to 2g
showed a first round of calculations to  determine the
paths through the network, starting with
consideration of the node 0 as the destination node
and  continuing by way of the nodes 1, 2, 3, 4 to the
node 5.  Alternatively a different sequence can also
be used. After the first round a second round can be
carried out, again starting  with the node 0 as the
destination node. Thus in the first  step of the
second round the first column of the routing table
ROUTES is redetermined, with the routing metric
according to  the variable Bk(err) from the last step
of the first round being  used. Bk and Bk(err) are
then determined. The method also proceeds
correspondingly in respect of the nodes 1, 2, 3, 4 and
5 as  destination node, 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 Bk  and
Bk(err) 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
PCT/EP2005/056161 / 2004P21463WOUS  12  for example
using the end to end data throughput and the end to
end time delay. The number of rounds required to
achieve  convergence is a function of the size of the
network in  question. Figures 3a and 3b show the steps
of an alternative calculation  sequence. The
initialization state corresponds to that of  Figure
2a. In the first round the node 0 is considered to be
the destination node in a first step and the first
column of  the routing table ROUTES is filled in. To
select from the  different possible paths, Bk(err)
from the previous round is used,  in other words
Bk(err) from the initialization. Bk and Bk(err) are
then not recalculated. Rather in the second step the
node 1 is  considered to be the destination node and
the second column of  the routing table ROUTES is
determined, with Bk(err) from the  initialization
again being used. The same also takes place in
respect of the nodes 2, 3, 4 and 5 as destination
nodes. The  values Bk(err) of the initialization are
thus used for all the  entries of the routing table
ROUTES of the first round. Once the routing table
ROUTES has been determined as part of  the first
round, as shown in Figure 3a, Bk and Bk(err) are
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
PCT/EP2005/056161 / 2004P21463WOUS  13  2, then for
the node 3, then for the node 4, and finally for the
node 5 as destination node, with the Bk(err) values
calculated  at the end of the first round being used
respectively to  evaluate the routes. After
determining the routing table  ROUTES of the second
round, Bk and Bk(err) are calculated based on  this
routing table ROUTES, as shown in Figure 3b. The
second variant of the inventive method shown in
Figures 3a  and 3b has the advantage that the
calculation outlay is lower,  since Bk(err) only has
to be determined once per round and not  after every
step, as provided for in the first variant.  However a
larger number of rounds is generally required with
the second variant, before convergence is achieved.
The calculated paths of the routing table ROUTES in
Figures 2  and Figure 3 are used to send messages
between the nodes 0, 1,  2, 3, 4 and 5. It is then
necessary to recalculate the paths,  if the topology
of the network changes, in other words if the
adjacency relationships between the nodes change or if
nodes  are added to the network or if nodes leave the
network. To determine the paths, it is assumed that
the facility making  the calculation knows the
complete topology of the network.  This can for
example be achieved in that every node 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 of the network, which  



forwards the result to the other nodes. A central
facility,  which knows the topology of the network,
can also 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
PCT/EP2005/056161 / 2004P21463WOUS  14  same network
topology and use the same algorithm to calculate the
paths, they also determine the same result. Instead of
the calculated routing table ROUTES it is also
possible to pass on the calculated variable Bk(err),
so that the  nodes determine the routing table ROUTES
based on the received  variable Bk(err). The described
methods, with which the routing metric and
respectively the length of the paths are determined
from the  sum of the Bk(err) values of the sending
nodes of a path, result  in the determination of
paths, in which critical nodes, by way  of which a
plurality of paths pass and which are  correspondingly
significantly loaded, have their load reduced.  Thus
for example paths determined according to the
inventive  method switch to edge nodes, with the
result that the paths  are longer than when nodes in
the center of the network are  used, but the load on
the paths is smaller. Use of the  inventive routing
metric results in a higher end to end data  throughput
and a reduced end to end time delay. The inventive
method can be used in any networks, in which the
nodes communicate with each other. They are used
particularly  advantageously in radio communications
systems, such as  multihop adhoc systems and sensor
networks. PCT/EP2005/056161 / 2004P21463WOUS  15
Claims 1. A method for determining paths in a
communications network  comprising a plurality of
nodes (0, 1, 2, 3, 4, 5) using a  



routing metric, wherein a variable (Bk(err) ), which
is determined from the number of paths passing by way
of a  node (0, 1,2, 3, 4, 5), is input into the
routing metric.  2. The method as claimed in claim 1,
wherein the variable (Bk(err)) is determined from the
number of paths  passing by way of the node (0, 1, 2,
3, 4, 5) and paths  going out from the node (0, 1, 2,
3, 4, 5). 3. The method as claimed in claim 1 or 2,
wherein for one or  more nodes (0, 1, 2, 3, 4, 5) a
first sum (Bk) is determined from the number of paths
passing by way of the node (0, 1, 2, 3, 4, 5) and
paths  going out from the node (0, 1, 2, 3, 4, 5), and
for every adjacent node (0, 1, 2, 3, 4, 5) of the
respective node (0, 1, 2, 3, 4, 5) a second sum (Bk)
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 (Bk(err)) is
determined from the second sums of all  adjacent nodes
(0, 1, 2, 3, 4, 5) of the node (0, 1, 2, 3,  4, 5) and
the first sum. 4. The method as claimed in claim 3,
wherein the routing metric of a path results from the
sum of the  third sums (Bk(err)) 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. PCT/EP2005/056161 / 2004P21463WOUS  16  5. The
method as claimed in one of claims 1 to 4, wherein it
is an iterative method, with which the paths are
determined using the routing metric and the routing
metric is determined using the paths in an alternating



manner. 6. The method as claimed in claim 5, wherein
the iterative  method is implemented, until the value
of a variable, in  particular the end to end data
throughput and/or the end  to end time delay,
converges. 7. 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. 8. A facility 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. 9. 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. 


