10

15

20

25

30

CA 02423507 2003-03-26

14512ROCAO02U

1

MULTI-LAYER PATH EXPLORER
FIELD OF THE INVENTION

This invention relates to methods of exploring
paths, and in particular to an improved method of exploring

paths having multiple layers.
BACKGROUND OF THE INVENTION

In many industries, it is desirable to view a path
taken by a particular object, idea or signal, as it travels
through for example, transportation, distribution, business
or communication networks. Common examples include tracking
of a courier package from an originating point to its
destination, examining the travel of individuals through a
transportation network, viewing a path a proposal may take
within a business from conception through to final approval,
or examining an assigned path of data traffic through a

telecommunication network.

Such paths typically consist of nodes and links,
with nodes representing hubs, intersections, action points,
sources, destinations, etc., and links representing the
logical or actual transportation or communication links
between the nodes. For example, in a communication network,
the nodes may be communication devices such as routers or
antenna base stations, while the links may be any means of
communication between two nodes such as through copper wire,
optical cable, or microwaves. In a transportation network,
nodes may be airports, train stations, or shipping ports,
while the links may be air routes, train routes or shipping

routes.

Many methods have been developed to view paths.
One example is a geographic topology which displays nodes

according to their geographic locations, as well as the
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links which connect the nodes. In one version, all nodes
and all links are displayed, with the specific nodes and
links comprising the path of interest highlighted in the
geographic topology. In another version, only those nodes
and links which make up the path of interest is displayed.
Another example of a method of viewing paths is a logical
topology, which is similar to the geographic topology except
that the nodes are spatially arranged not according to their
geographic locations, but in accordance with some other
logical organization. A third example is a line view,
wherein a path is represented by a simple linear
representation of all of the nodes which comprise the path,

with link representations therebetween.

Each of the above methods are useful for viewing
simple paths. However, where paths become complex, these
methods may fail. One source of complexity is the sheer
number of nodesg and links which may comprise a path.
Another source of complexity is the amount of information
which must be displayed in respect of each of the nodes and

links to be viewed.

A third source of complexity is where the nodes
are grouped into layers, wherein it may be desirable to know
which nodes fall within which layer, and further,
information respecting each layer may need to be viewed.

One example of a network in which the nodes are grouped into
layers is a distribution network, wherein the nodes may
consist of source/destinations, storage facilities, trucking
depots, and airports. In such a case, the nodes may be
grouped into four distinct node layers, the first being a
pick-up/delivery layer, the second being a storage layer,
the third being a trucking layer, and the fourth being an
air transportation layer. Thus a path from pick-up to
delivery may progress from nodes in the pick-up/delivery

layer, to the trucking layer, to the air transportation
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layer, to the storage layer, to the trucking layer, and back
to the pick-up/delivery layer. Similarly, in a
telecommunication network, node layers may include an IP
(Internet Protocol) layer, a SONET (Synchronous Optical
Network) layer, an SDH (Synchronous Digital Hierarchy)
layer, an ATM (Asynchronous Transfer Mode) layer, and an
optical layer. In a business plan network, node layers may
include a planning committee layer, a finance layer, an
engineering layer, and a marketing layer. Of course, there
may exist sub-layers within each layer. For example, in the
telecommunication context, there may be multiple SONET

layers, grouped by geographic location, for example.

Where nodes are grouped into layers, it may at
times be desirable to view all nodes in the path, grouped
according to the layer in which a particular node may
belong. Other times, it may be desirable to omit nodes of a
certain layer, allowing an individual to view only those
layers of interest. Current solutions include identifying
in a geographic or logical topology, or in a linear
representation, nodes which belong in a particular layer
using a distinctive colour, special icons, text, or by
drawing a box around nodes comprising a node layer.

However, such identifiers tend to clutter the path
representation, and make it difficult to discern the node
layers. Further, such solutions fail when a large number of

nodes need to be viewed.
SUMMARY OF THE INVENTION

In a broad aspect, the present invention provides
a method in a computer system for displaying a
representation of a path, wherein the path includes a
plurality of nodes in a sequential order, each of the nodes
being part of a first node layer or a second node layer.

This method includes the steps of displaying in a path
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explorer view, a path representation comprising a first line
of node icons, with each of these first line node icons
representing a node of the first node layer; displaying a
selectable layer expander icon; and upon a first selection
of the layer expander icon, displaying in the path
representation, a second line of node icons each
representing a node of the second node layer, the second
line being parallel to, and cffset from the first line. The
node icons are positioned in sequential order along the path
representation. Optionally, upon a second selection of the
layer expander icon, the second line of node icons will be

erased from the path explorer view.

In other aspects, the invention includes the
option of displaying in conjunction with the path explorer
view, a topology view which shows a structure of a node
layer of the path. Further, the selection of a particular
node layer, either by selecting designated icons in the path
explorer view or the topology view may cause the structure
of the selected node layer to be displayed in the topology
view, with the nodes of which the path is comprised being

visually distinguished.

The present invention also contemplates a GUI
(graphical user interface) embodying the method of the
present invention, a computer-readable medium having stored
thereon instructions for directing a host computer to
implement the method of the present invention, a computer
system adapted to execute a path explorer application
directing a computer to implement the method of the present
invention, as well as display means for implementing the

method of the present invention.

Advantageously, the present invention provides a
method of viewing paths comprising multiple layers of nodes,

which method allows a user to interactively view a large
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number of nodes, and the layers in which the nodes belong,

clearly and easily.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be

described with reference to the attached drawings in which:

Figure 1 is a block diagram of a computer system
attached to a network, which may be used to implement a

preferred embodiment method of the present invention;

Figure 2 is a topological view of an exemplary
path through a telecommunication network, said path being
used to illustrate the preferred method embodiment of the

present invention;

Figure 3 1s an illustration of a display generated
in accordance with the preferred embodiment method of the
present invention, displaying a first line of node icons in
a path explorer panel, and a topology of a first node layer

in a topology panel;

Figure 4 is an illustration of the display of
Figure 3 wherein a network administrator has selected a

layer expander icon in the path explorer panel;

Figure 5 is an illustration of the display of
Figure 4 wherein the network administrator has selected a

third layer icon in the path explorer panel;

Figure 6 is an illustration of the display of
Figure 5 wherein the network administrator has selected a

second line of node icons in the path explorer panel;

Figure 7 is an illustration of the display of
Figure 6 wherein the network administrator has selected a

third line of node icons in the path explorer panel; and
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Figure 8 is a flow chart illustrating the
functionality behind the preferred embodiment method of the

present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the method of the
present invention will now be described in the context of a
telecommunication network. 1In this example, the preferred
embodiment method is used to interactively display
information for a path through a telecommunication network
having multiple layers such as IP, SONET and optical layers.
The nodes are communication devices such as transmitters,
routers, amplifiers, and receivers, while the links are the
communication links between the nodes, most typically

optical cable.

However, before describing the preferred
embodiment method, a demonstration of which is illustrated
in Figures 3 through 7, an exemplary context for the
application of the preferred embodiment method of the
present invention will first be described with reference to
Figure 1, and an exemplary path to be explored using the
preferred embodiment method will be described with reference

to Figure 2.

Figure 1 is a block diagram of a typical computer
system used by a network administrator to administer a
telecommunication network. 1In this illustration, the
network 20 is connected to a data collector 22 which in turn
is connected to a network database 24. The network database
24 is then connected to a network management device, or NMD

26.

The data collector 22 is capable of collecting
network information from the network 20. Such network

information may include for example, a level of traffic
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across nodes and links of the network, or status information
representing the status of various nodes and links contained
in the network 20. Status information may include any
alarms which may be detected at such nodes or links. The
manner in which the data collector 22 collects network
information from the network 20 is well known in the

telecommunication field.

Upon receipt of network information from the
network 20, the data collector 22 stores this network
information in the network database 24. The network
database 24 may also have stored on it architectural,
technical, or identification data for the network nodes and
links, or various paths of data transmission in the network

20.

The NMD 26 has a network management processor 28
which is connected to a display 30, and also to user input
devices such as a mouse 32 and a keyboard 34. If the
display 30 is touch sensitive, then the display itself may
also serve as a user input device. The processor 28 is also
connected to a local database 36. The NMD 26 is adapted to
perform four functions. First, it executes the method of
the present invention to interactively display a path of
interest on the display 30. Second, it processes data
stored in the network database 24 as well as the local
database 36, in accordance with instructions received from a
network administrator through the user input devices 32, 34,
to put it into a form suitable for display. Third, in some
cases, the NMD 26 may request the data collector 22 to
obtain certain specific information from the network 20.
Finally, the NMD 26 may manipulate the performance of the
network 20, for example by respecifying a different path of

data transmission for a specific data stream.
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Although one exemplary context for the application
of the preferred embodiment method of the present invention
has been described in detail above, it is to be understood
that the method may be used in other contexts. Notably, the
computer system executing the method may be any system
wherein a processor is connectable to a network or a
database containing network information, and which is
capable of displaying graphical information and receiving

user inputs.

An exemplary path which is the subject of the
demonstration of the preferred embodiment method shown in
Figures 3 through 7 will now be described with reference to
Figure 2, which shows a topology of this multi-layer path.
Although the view shown in Figure 2 is not part of the
method of the present invention, it will be described with
some detail since the same symbols are used in the preferred
embodiment method depicted in Figures 3 through 7, and
additionally, since such detail will assist in understanding
the nature of the path which is the subject of the path

exploration example shown in these later figures.

Figure 2 shows three topological views 40, 42 and
44 depicting three node layers, and the nodes and links of
which each node layer is comprised. 1In this case, the three
node layers are an IP layer 40, a SONET layer 42 and an
optical layer 44. The IP layer 40 consists of five nodes,
JA through JE, the SONET layer 42 consists of five nodes, WA
through WE, and the optical layer 44 consists of six nodes,
BA through BF. 1In this particular example, the three layers
are distinguished by the technology used by the nodes which
make up the layer. It is to be understood that in the
telecommunication context, node layers may be distinguished

by other features, geographic location for example.
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In Figure 2, the nodes are represented by node
icons (46 for example), while the links are represented by
link lines (48 for example) connecting the node icons.
Within each of the node icons is a symbol representing the
technology used by the represented node. In this example, a
circle (54 for example) is used to depict IP technology, a
diamond (56 for example) for SONET technology, and a

triangle (58 for example) for optical technology.

Sometimes, a link between two nodes in a node
layer of a particular technology may only be a logical link
in the sense that there is no direct link of that technology
between those two nodes. Such is the case between the two
nodes JE and JD in the IP layer 40. Although a link line 60
is shown between node icons JE and JD, a layer icon 62
bisecting this link line 60 indicates that it is the nodes
of another technology layer through which traffic between
the nodes JE and JD flows. This other technology layer is
identified by a symbol within this layer icon 62, in this
case a diamond, indicating the SONET layer 42. Thus,
instead of flowing over a direct link, data traffic flowing
between nodes JE and JD in this example flows through nodes

and links of the SONET layer 42.

The same may be said of the link between nodes WD
and WC of the SONET layer 42. Again, a layer icon 65
appears between the node icons representing these two nodes,
this time with a triangle symbol within. Thus, instead of
flowing over a direct link, data traffic flowing between
nodes WD and WC flows through nodes and links of the optical

layer 44.

The actual path for data traffic represented by
the logical link between nodes JE and JD in the IP layer is
highlighted with outlining 64 in Figure 2. As may be seen,

this path has a sequential order of nodes over which it
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travels. First, the path travels from node JE in the IP
layer 40 to node WE of the SONET layer 42. The path then
travels to node WD of the SONET layer 42 where another
logical link is encountered. At this point, the actual path
traverses to node BB of the optical layer 44. After
travelling over nodes BE, BD and BC of optical layer 44, the
path returns to the SONET layer 42 where it travels over
nodes WC, WB and WA. Finally, the path returns to node JD
of the IP layer 40. It is this actual path of data
transmission between nodes JE and JD which will be the
subject of the demonstration of the preferred embodiment
method of the present invention depicted in Figures 3

through 7, and discussed below.

In this particular example, the path illustrated
in Figure 2 is a static one which has been assigned directly
or indirectly by the network administrator for a particular
stream of data traffic through the telecommunication
network. Thus, information relating to the path structure
is stored in the network database 24 which information is
retrieved and processed by the network management processor
28 for display in accordance with the preferred embodiment
method. Further, dynamic information such as the status of
nodes and links on this static path may be retrieved by the
data collector 22 from the network 20 as required, for use
by the network management processor 28. In other examples
(not shown or discussed), the preferred embodiment method of
the present invention may be used to display a dynamic path,
such as in the pure IP context. In such a case, the network
administrator would typically be viewing historic

information for a path taken by a particular packet of data.

The preferred embodiment method of the present
invention will now be described with reference to the
demonstration illustrated in Figures 3 through 7. Although

the preferred embodiment method may have many additional



